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ABSTRACT 

“Knowledge is power. Information is liberating.” 

Kofi Atta Annan (1998). 

Modern postoperative recovery assessment has progressed from that which was focused purely on 

the physiological restitution in the immediate postoperative period to one that is multidimensional, 

individualised, dichotomised and provided in real time. The Postoperative Quality of Recovery Score 

(PostopQRS) is an extensively validated multidimensional recovery assessment tool that has been 

developed de-novo for assessment of recovery in postoperative patients, and has been widely 

adopted as an outcome measure in observational trials. It is unique in its ability to provide 

individualised recovery information to each patient, and in its assessment of a patient’s 

postoperative recovey in relation to their own unique preoperative baseline performance. Through 

its digital interface, it has the potential to provide individualized, contemporaneous recovery data to 

each patient, thus keeping patients informed of their own recovery throughout their postoperative 

journey, and thus potentially improving their ultimate postoperative outcome.  

Prior to this thesis, the PostopQRS’ cognitive domain, whilst based on widely accepted 

neurocognitive tests, was yet to demonstrate clinical face validity in its assessment of cognitive 

recovery, and was currently unable to assess cognitive recovery in patients who score low on 

preoperative cognitive baseline testing. Simmilarly, the PostopQRS had been widely adopted as an 

outcome measure in observational trials but was yet to be implemented in interventional studies. 

Furthermore, the utility of the PostopQRS in providing real-time recovery assessment was yet to be 

fully explored.  

The EchoNOF-I pilot study demonstrated the clinical utility of the PostopQRS as an outcome measure 

in the interventional trial setting, and demonstrated feasibility with providing fractured neck of 

femur surgery patients with focused point of care ultrasound. This study highlighted the need for 

there to be a validated method with which to measure cognitive recovery in patients with low 

cognitive baseline PostopQRS scoring.  

Head-to-head comparison of patient cognitive performance on both the PostopQRS and formal 

neurocognitive test battery was performed, both at preoperative baseline and during postoperative 

recovery. This demonstrated clinical face validity in defining patients as having low, as opposed to 
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normal, PostopQRS baseline performance, and demonstrated face validity in the proposed method 

with which to score cognitive recovery in thse patients with low cognitive baseline scoring.  

The RTR-I pilot study was ground-breaking as it was the first study in which the PostopQRS was used 

as the intervention itself, and which demonstrated the clinical feasibility of the PostopQRS in 

providing patients with individualised real-time recovery information throughout their recovery 

journey. This study has the potential to revolutionise recovery assessment from one that has been 

traditionally research focused, to one that has direct clinical applications that may ultimately 

improve patient outcomes postoperatively.  

Work from this thesis has formed the basis for three additional multicentre randomised control trials 

(RTR-II, ECHONOF –II and ECHONOF –III), one MACH (Translational Research Projects 2019), one 

ANZCA (ANZCA Projects 2019) and two NHMRC grant applications (Project Grants 2019, MRFF 

Keeping Australians Out of Hospital 2019).  The modified scoring system with which to measure 

cognitive recovery in patients with low cognitive baseline PostopQRS scoring has been adopted into 

the PostopQRS.com website. What is truly exciting is the future post-doctoral exploration of the 

potential for the PostopQRS to provide individualised real-time recovery information to both patient 

and health care provider, and through this, ultimately improve patient outcomes.  
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CHAPTER 1: PROLOGUE 
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1.1 INTRODUCTION 

Modern recovery assessment has progressed from that which was focused purely on the 

physiological restitution in the immediate postoperative period to a broader multidimensional 

construct extending as a continuum and following a predictable postoperative trajectory. The 

increasing awareness of the effects of surgical stress on the neurophysiology of an increasingly 

elderly ambulant surgical population highlights the need for recovery assessment to include robust 

assessment of cognitive recovery. Ideally, recovery is assessed as a dichotomous outcome using the 

patient as their own preoperative comparator, thus allowing not just assessment of overall group 

recovery but also recovery at an individual patient level and within each recovery domain. 

Dichotomisation of recovery assessment mandates that a threshold be determined, above which 

recovery is deemed to have occurred, with this threshold ideally being the patient’s own 

preoperative baseline performance. 

The PostopQRS is an extensively validated multidimensional recovery assessment tool that has been 

developed de-novo for assessment of recovery in postoperative patients. In 2010 the PostopQRS 

Scientific Committee was formed through the Delphi method of structured expert opinion, with the 

specific aim to assess recovery in multiple domains ( including cognition) over multiple time points 

and to assess both long- and short-term recovery. From a pilot study of 133 patients, five domains 

of clinical importance were included: physiological; nociceptive; emotive; activities of daily living 

and cognition- an additional patient satisfaction domain was also included to capture subjective 

patient reported recovery outcomes. The PostopQRS consists of a 22-point questionnaire that 

produces a dichotomous score as opposed to the traditional composite score. Recovery is defined 

as a patient’s postoperative score being greater than, or equal to, their own preoperative baseline 

score. A patient is assessed as either recovered or not in one or all domains; overall recovery 

mandates that a patient has recovered in all of the five principle domains. The PostopQRS’ cognitive 

domain is unique in that it assesses cognitive function using validated neurocognitive tests as 

opposed to subjective patient reporting, and has been calibrated for repeated testing, thus allowing 

assessment of cognit ive recovery at sequential postoperative time points. 

The PostopQRS has undergone rigorous validation in heterogeneous surgical populations. A 

dedicated feasibility study confirmed face validity (1) with a further volunteer study confirming 

performance variability, test reliability and validation of the telephone method of conducting the 

survey (2). The PostopQRS has demonstrated good discriminant validity, with a significant 

association between anaesthetic duration and recovery at different study time points over  all 
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six domains (p < 0.001) (1-4). Face validity was confirmed with improved patient recovery over time 

(0.3%, 1.7%, 5.9% and 12% at T15, T40, D1 and D3 respectively). The PostopQRS has also been 

validated in heterogeneous patient populations, in eight countries and in five languages. 

Discriminant validation studies have also been performed with late measurements out to three 

months.  

The future of recovery assessment is that which is individualised, in real-time and utilises much of 

the existing electronic interfaces. This allows identification of patients in whom suboptimal recovery 

is occurring in a time frame that minimises delay in implementing targeted corrective treatment. The 

PostopQRS is unique in that it defines recovery as a dichotomous variable that evolves over time, 

thus allowing assessment of recovery to be performed at the group as well as at the individual 

patient level, and to be a measure of the postoperative trajectories of each of its recovery domains. 

It assesses individual patient recovery by comparing an individual patient’s postoperative 

performance to their own preoperative baseline. It also has the potential to provide real-time 

recovery data pertaining to each individual patient.  

Despite the robust validation of the PostopQRS and its wide utilisation in observational studies, there 

remains outstanding validation issues. Firstly, whilst the PostopQRS cognitive domain is based on 

widely utilised neurocognitive tests, it has yet to formally demonstrate face validity in assessment of 

postoperative cognitive performance. Secondly, by virtue of recovery being defined as ‘a return to a 

patient’s baseline function or better’ and there being a tolerance factor applied to each cognitive 

test (1, 2) a subset of patients is defined as having ‘low baseline cognitive performance’ and are 

hence ‘un-assessable’ using conventional methods. There is thus a requirement to develop a 

‘modified scoring system’ with which to assess cognitive recovery in these patients with low baseline 

PostopQRS cognitive function. Furthermore, what isyet to be explored is the clinical utility of the 

PostopQRS as an outcome measure in an interventional trial and, more importantly, the clinical 

utility of the PostopQRS as the intervention itself in providing real-time recovery data to patients.  

 

1.2 THESIS AIMS AND OBJECTIVES 

The objectives of this thesis are to definitively validate the PostopQRS in the assessment of 

postoperative cognitive recovery and to determine the clinical utility of the PostopQRS as 1) the 

primary outcome in an interventional study and as 2) the intervention itself in a real-time recovery 

assessment study.  
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The aims of this thesis are  

1 To determine the relationship between baseline performances on the PostopQRS 

cognitive domain to that on a formal neurocognitive test battery, for the differing 

accepted definitions of neurocognitive performance.  

2 To determine the clinical face validity of the PostopQRS cognitive domain in defining 

patients as having low, as opposed to normal, baseline PostopQRS cognition. 

3 To determine the clinical face validity of the proposed modified scoring system in 

assessing cognitive recovery in patients with low PostopQRS cognitive baseline 

performance.  

4 To determine the clinical utility of the PostopQRS as the primary outcome in an 

interventional clinical trial. 

5 To determine the clinical utility of the PostopQRS as the intervention itself, and its ability 

to provide real time recovery data, in a clinical trial.  

 

The hypotheses of this thesis are that 

1 Baseline cognitive performance is similar for each patient when cognitive performance was 

measured by the PostopQRS and formal neurocognitive test battery. 

2 There is clinical face validity in the proposed modified scoring system with which to assess 

cognitive recovery in patients with low baseline PostopQRS scores. 

3 There is clinical utility in the PostopQRS as an outcome measure in an interventional trial. 

4 Provision of real-time PostopQRS recovery assessment to patients demonstrates clinical 

feasibility and potentially may improve patient outcome.  

 

1.3 CLINICAL IMPLICATIONS 

The aims of this study directly relate to the clinical utility of the PostopQRS cognitive domain in both 

detecting patients with low cognition baseline cognition and in assessing all patients’ postoperative 

cognitive recovery. It is imperative that we validate a tool with which to measure an individual 

patient’s postoperative cognitive performance, especially in those who have poor preoperative 

cognition. Identification of patients with low preoperative cognitive baseline performance is 

essential as they represent a population at risk of increased perioperative morbidity and mortality, 
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and in whom timely intervention may be of benefit. Currently, perioperative assessment of cognition 

is hampered by the lack of a readily available, user friendly validated assessment tool. The 

PostopQRS cognitive domain, however, is brief, easy to administer and has proven patient 

acceptance. By validating the PostopQRS cognitive domain (both for those patients with normal, as 

well as low, preoperative cognitive performance), it allows for the possibility of the PostopQRS to act 

as a powerful clinical tool to be incorporated into routine preoperative assessment, and to act as a 

sentinel for those patients with poor preoperative and/or postoperative cognitive function who may 

benefit from targeted intervention.   

The future of recovery assessment is that which occurs in real-time and at an individual patient level. 

This thesis aims to demonstrate the feasibility of providing patients with individualised real-time 

recovery data. If the PostopQRS can disseminate individualised cognitive recovery data to the key 

stakeholders (i.e. patient and potentially also health-care providers) in real-time, then it represents a 

tool through which ultimate patient outcome could potentially be improved by a combined process 

of patient engagement and timely clinical intervention.  
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PREFACE  
This chapter contains concepts, parts of text and figures previously published in the following peer-

reviewed articles and book chapters, which are included in their entirety in the corresponding 

appendices. 

The orginial paper presented in this chapter in article format  “A review and scope of the scope and 

measurement of postoperative quality of recovery” (5) was published in Anaesthesia in 2014. The 

candidate was primary author (70%) and conducted the literature review and synthesis, manuscript 

preparation and manuscript submission.  

Figures 1 & 5 were published in Bowyer A, Royse CF. Measurement of Recovery within ERAS. In: 

Royse C, editor. SAGES/ERAS® Society Manual of Enhanced Recovery Programs. erassociety.org 2019  

(Appendix H) and the candidate contributed 100% to its development.  

Figures 3 & 4 were published in Bowyer A, Royse CF. Defining Postoperative Quality of Recovery. In: 

Stuart-Smith K, editor. Perioperative Medicine – Current Controversies. Cham: Springer International 

Publishing; 2016. p. 87-107 (Appendix A) and the candidate contributed 100% to its development. 

 

 

Publication Name Publication Status Appendix 

Bowyer A, Royse CF. Defining Postoperative Quality of Recovery. 

In: Stuart-Smith K, editor. Perioperative Medicine – Current 

Controversies. Cham: Springer International Publishing; 2016. p. 

87-107. 

Published A 

Bowyer AJ, Royse CF. Postoperative recovery and outcomes--what 

are we measuring and for whom? Anaesthesia. 2016 Jan;71 Suppl 

1:72-7. 

Published B 

Bowyer A, Royse C. The importance of postoperative quality of 

recovery: influences, assessment, and clinical and prognostic 

implications. Can J Anaesth. 2016 Feb;63(2):176-83. 

Published C 

Bowyer A, Royse CF. The future of postoperative quality of Published D 

7



recovery assessment: multidimensional, dichotomous, and 

directed to individualize care to patients after surgery. Curr Opin 

Anaesthesiol. 2016 Dec;29(6):683-90. 

Bowyer A, Royse, C. Approaches to the measurement of 

postoperative recovery. Best Practice & Research Clinical 

Anaesthesiology. 2018 Sept–Dec; 32, (3–4):269-276. 

Published E 

Bowyer A, Royse C. A matter of perspective - Objective vs 

Subjective outcomes in assessment of quality of recovery. Best 

Practice & Research Clinical Anaesthesiology. 2018 Sept–

Dec;32,(3–4):287-294 

Published F 

Bowyer A, Royse C. The future of recovery - Integrated, digitalised 

and in real-time. Best Practice & Research Clinical 

Anaesthesiology. 2018 Sept–Dec;32,(3–4):295-302 

Published G 

Bowyer A, Royse C. Measurement of Recovery within ERAS.  In: 

Royse C, editor. SAGES/ERAS® Society Manual of Enhanced 

Recovery Programs. erassociety.org 2019 

Accepted for 

publication 

H 
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ABSTRACT 

Quality and recovery are both abstract ideals that we are increasingly attempting to measure. 

Recovery assessment has progressed from quantification of purely physiological parameters limited 

to the immediate postoperative period, to that which assesses postoperative performance in in 

multiple domains throughout a patient’s entire recovery journey. In the advent of patient centred 

care, recovery is best assessed using objective outcomes that have inherent value to both patient 

and provider. Furthermore, with an increasingly elderly patient population and the deepening 

understanding of the interplay between peri-operative inflammation, cognitive decline and patient 

morbidity, it is essential that the modern recovery assessment tool contains a validated assessment 

of individual patient’s perioperative cognitive performance.  

The future of recovery assessment is that which is individualised to each patient, integrated with 

existing digitised platforms and is provided in real-time. The PostopQRS is an extensively validated 

tool which assesses dichotomised multidimensional recovery at an individual patient level, both 

overall and within multiple domains. It has been extensively used as a primary outcome in 

observational studies and has an established digital interface. The PostopQRS cognitive domain is 

based on current and widely accepted formal neurocognitive tests. However, to date, the PostopQRS 

has yet to formally demonstrate face validity in its assessment of postoperative cognitive recovery in 

both patients with normal, as well as low, preoperative cognitive function. It also is yet to 

demonstrate its clinical utility as an outcome measure in interventional studies, both as the primary 

study outcome as well as and the study intervention itself, and its clinical utility in providing both 

patients and their treating health-care teams with individualised real-time recovery data.  
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2.1 INTRODUCTION  

2.1.1 Defining recovery – an historical overview 

Quality and recovery are abstract quantities that we are increasingly attempting to measure. 

Recovery assessment has progressed from one focused purely on restitution of physiological 

parameters essential for patient safety in the immediate postoperative period (6) to a 

multidimensional construct that encompasses functional recovery, symptomatology, cognitive 

function and patient-reported outcomes. Historical indicators of poor recovery have been the 

presence or absence of postoperative pain and nausea (1, 7-9), emotional and psychological distress 

(1, 8, 10-12)  or dissatisfaction (1, 8, 13-15). Other fundamental clinical parameters traditionally 

assessed include cardio-respiratory status, basic functional assessment and nociceptive 

(pain/nausea) (16-18). These, along with postoperative complications, have been traditionally used 

as indicators of recovery as they impact on readiness for discharge and hence resource utilisation. 

There has been significant discussion within the literature as to what best defines modern recovery. 

A concept analysis (19) concluded that the attributes which defined modern recovery were those of 

an energy requiring processes that culminated in the return of a patient to a relative state of 

normality, independence, optimal wellbeing and self-efficacy. Similarly, an observational 

commentary (20) emphasised that modern recovery is multidimensional, follows a predictable time 

dependent trajectory and is fundamentally a process of quantifying a patient’s postoperative 

performance in comparison to a preoperative ‘ideal’. In the context of patient centred care, 

traditional unidimensional postoperative outcome measures lack patient focus and, when used in 

isolation, were found in two systematic reviews to rarely improved patient outcome (21, 22). Two 

additional systematic reviews analysing the efficacy of Enhanced Recovery After Surgery (ERAS) 

pathways (20, 23) revealed Length of Stay (LOS) and the presence of complications as being almost 

universally reported within studies, whereas patient centred outcomes were almost universally 

absent. One of these reviews (20) called on future reporting of ERAS pathways to include both 

patient centred outcomes and data that gave context to the traditional outcomes of duration of 

hospital stay and complication rates. Thus, there is a growing need for a validated recovery 

assessment tool that assesses recovery both at the individual patient, as well as the group, level, in 

multiple domains and throughout the entire recovery trajectory.  
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2.1.2 Recovery time periods and stakeholders 

Recovery is best defined as a continuous process extending over sequential time periods. Current 

literature (24) describes the recovery trajectory as that which beings with an abrupt decline in 

function (coinciding with surgical insult or trauma) followed by a time-dependent, predictable 

resolution of adverse symptomatology and restitution of function towards a plateau (which may or 

may not be identical to the patient’s preoperative baseline). Recovery thus courses over sequential 

postoperative time periods, all of which have time specific influences and importance to differing 

stakeholders (25).  ERAS has defined three recovery time periods –early, intermediate and late 

recovery (24). Early recovery is defined as that which occurs during the time from end of surgery to 

discharge from the post-acute care unit and is predominately focused on restitution of physiological 

parameters. Intermediate recovery is defined as that which occurs in the subsequent time period up 

until hospital discharge and is influenced by the presence of adverse symptomatology (pain, nausea) 

and basic resumption of activities. Late recovery is defined as that which occurs post hospital 

discharge until such time as a patient has returned to ‘normal activity’. The two former time periods 

are inherently provider and institution focused, with two systematic reviews reporting recovery 

being measured via surrogate performance indicators (most commonly length of hospital stay, 

complication rate and organ dysfunction) as a means of determining resource utilisation (20, 23). It 

is only in the late recovery time period is recovery assessed with the inclusion of patient focused 

outcomes. Alternatively, another review defined and assessed these early, intermediate and late 

recovery phases in terms of that which is important for hospital discharge (physiological function 

and absence of adverse symptomatology), successful return to home (nociceptive, emotive, 

functional and cognitive recovery) and return to previous level of function (poor functional recovery, 

persistent pain, nausea and cognitive decline) (5). Irrespective of the discrepancies in nomenclature 

defining specific time periods, it is essential that modern recovery assessment tools are 

multidimensional and validated for repeat measures extending out beyond the immediate 

postoperative period, thus enabling extended assessment patients along the recovery trajectory.   

2.1.3  Recovery Assessment Tools 

Three reviews investigating unique recovery assessment tools highlighted the difference between 

each tools’ definition of recovery, its breadth of assessment, timing and patient cohort for which it 

was validated (5, 26, 27). The progression to defining recovery as a multidimensional construct has 

seen the development of multidimensional tools that address functional activity (1, 7-12, 15), 

psychological recovery (1, 8, 10-12), satisfaction (1, 8, 13-15) and the presence of adverse 

symptomatology (1, 7-9). With an ageing perioperative population there has been renewed interest 
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in the interaction between surgical stress and neurocognitive decline. This has driven the 

development of cognitive assessment from simple assessments of orientation and comprehension 

(8, 11, 15), to more formal neuropsychologically based  assessment  (1, 28-30). More recent clinical 

recovery assessment tools, such as the Postoperative Quality of Recovery Scale (PostopQRS) (1) 

assess patient recovery in relation to an individual patient’s baseline function, in real time and over 

multiple time points. 

 

2.2 INFLUENCES ON RECOVERY 
Recovery as a general construct is influenced by identifiable factors, with surgical, anaesthetic and 

patient factors implicated in poor recovery. Laparoscopic technique has been associated with 

improved patient function at day 7 when compared to open surgery (10, 31). The hypermetabolic 

perioperative state with its associated insulin resistance and glucose derangement has also been 

implicated in delayed recovery (32-34), as has general anaesthesia in early delayed recovery in the 

elderly (35, 36). Furthermore, early poor recovery is predictive of later dysfunction, with a 

correlation between both delayed patient discharge and reduced global recovery at 30 days (11), 

and total in-hospital stay and failure to recovery at 60 days. Recovery also varies between patient 

subpopulations, with physical recovery being delayed in those > 75 years old compared to those < 65 

years old (11). 

2.2.1 The importance of cognitive recovery assessment 

Cognitive recovery is both a subset, and an integral component, of global recovery. It also has 

identifiable risk factors and is predictive of long-term morbidity and mortality. Univariate 

associations of early incomplete cognitive recovery are increasing age, duration of anaesthesia, 

reoperation, postoperative infections and respiratory complications (37). On multivariate logistical 

regression, independent risk factors for long-term cognitive decline are advanced age, lower 

education level, a history of cerebral injury without residual deficit, and POCD at hospital discharge 

(30, 37, 38). At discharge, cognitive dysfunction affects all age-groups (36.6% young, 30.4% middle-

aged and 41.4% elderly, p> 0.05) and is more prevalent than in corresponding age and ability 

matched non-surgical controls (38). Persistent cognitive dysfunction, however, is more prevalent in 

the elderly population (12.7%) compared to both age-matched non-surgical controls (p<0.001) and 

younger post-operative patients (5.7% young and 5.6% middle aged, p=0.001).   
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Early and late POCD are both predictive of short and long term mortality. The presence of POCD at 

discharge is associated with increased 3 month mortality (6.5% POCD vs. 3.4% no POCD, p=0.02) (38) 

whilst POCD at 3 months is associated with increased mortality at 12 months. Furthermore, 

persistent POCD (i.e. POCD at both discharge and 3 months) is associated with significantly higher 1 

year mortality (10.6%) compared to patients with either no POCD or transient POCD at a single 

postoperative time point such as at discharge or 3 months (mortality 2.1% & 2.86-3.9% respectively) 

(38). Whether there is a causal or confounding relationship between POCD and mortality is 

unknown, but the association is consistent with the observed increase in mortality in non-surgical 

patients displaying cognitive decline. Depression and deep-hypnotic time are also known predictors 

of long-term mortality but do not always correlate with long-term POCD (39). Thus, whilst early 

POCD affects patients of all ages, it is more persistent in the elderly and confers a higher short and 

long-term mortality risk. 

 

2.3  APPROACHES TO RECOVERY ASSESSMENT  

2.3.1 Objective vs. subjective assessment 

Current postoperative recovery assessment exists as a dichotomy; maintaining objectivity whilst 

providing relevance to patient centred care. Recovery assessment has traditionally been quantified 

using unidimensional objective measures, most commonly length of stay and mortality. The modern 

understanding of recovery as a multidimensional construct has implications to both patient and 

provider and has required recovery assessment to include more subjective (and in particular patient-

reported) outcomes. Whilst the terms ‘objective’ and ‘subjective’ outcomes are used ubiquitously 

within the medical literature, these terms lack unifying definitions.  A systematic review (40) of 90 

methodological publications and 200 clinical trial found there to be no unifying definition of either 

variable. It revealed, however, that common characteristics were associated with each. The review 

concluded that a subjective outcome was that which is dependent upon an observer’s judgement, is 

patient-reported or a private phenomenon (i.e. measurable only by the patient). Conversely, an 

objective outcome was one that was independent upon an observer’s judgement, was reported by 

an observer other than the patient or was assessable without judgement by an observer other than 

the patient. Patient centred outcomes are those which hold intrinsic value to the patient and may be 

measured either objectively or subjectively (41-44). In comparison, patient reported outcomes are 

direct patient reports from the perspective of the patient without inference or judgement from an 
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external observer (41, 45) and are thus inherently subjective. The distinction between objective vs. 

subjective measure has clinical relevance as the latter (i.e. those outcomes dependent wholly on 

observational judgement or patient perspective) are by necessity unblinded and particularly 

susceptible to reporter bias and over-exaggeration of treatment effect size (40, 46, 47).  

2.3.2 Objective outcomes 

Clinical performance indicators 

Quality of recovery is traditionally assessed at the institution and provider level by proxy through the 

use of clinical performance indicators (CPIs). CPIs are objective outcome measures that are inferred 

to reflect resource utilisation and standard of care and which have become intertwined with reward-

based service payments (48, 49). Their focus is one of detection of complications, clinical errors and 

deviations from guideline adherence rather than a true measure of the quality of an individual 

patient’s recovery (49). 

Reporting of clinical performance indicators are ubiquitous within the perioperative literature. A 

systematic review of 38 studies reporting on ERAS implementation in abdominal surgery (20) 

revealed LOS (as a surrogate for discharge readiness and hence recovery) to be the primary outcome 

in 63% of studies, with measures of in-hospital functional status and cognition included in only 16 

studies and 1 study respectively. Of note, only 7 studies included measures of health quality. 

Similarly, a meta-analysis assessing the effect of ERAS programmes on patient outcome (23) found 

the most common outcomes measured to be LOS and 30day complication rate. An observational 

before-after study involving ERAS programmes reported a disparity between LOS and the time a 

patient was deemed ready for discharge (50, 51), highlighting that even the traditional outcome 

variable ‘LOS’ was itself heavily influenced by social, cultural, institutional and patient factors. Both 

meta-analyses commented on the lack of reporting of contextual variables through which to view 

these objective outcomes and called for future studies to include higher level outcomes that reflect 

this. Furthermore, a recent consensus statement outlining ERAS pathway measurement advocated 

for routine collection of data that quantified patient case-mix and process measures as well as the 

more traditional unidimensional clinical outcomes (52). Thus, whilst objective outcome measures are 

easy to measure, it is only through their interpretation in a clinical context can they be true 

measures of quality of recovery.  
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Anaesthetic Clinical Performance Indicators 

Anaesthetic CPIs principally address patient safety and effectiveness, are heavily focused on the 

immediate postoperative period and measure restitution of physiological parameters, resource 

utilisation and risk minimisation. Current National Safety and Quality Health Service Standards (53) 

require reporting on 13 anaesthetic related indicators, including 5 pertaining to the recovery room 

(respiratory distress, PONV, hypothermia, severe pain and stay > 2hrs) and 3 to the immediate 

postoperative period (unplanned ICU admission within 24hrs, severe pain and review of epidural 

analgesia). As stated previously, these indicators are often erroneously substituted for measures of 

both quality of care and recovery. For example, PONV and pain, often identified as surrogates for 

anaesthetic recovery and patient satisfaction, are themselves interrelated and immeasurably 

intertwined with surgical and patient factors (54).  A systematic review on the use of quality and 

safety (Q&S) indicators in anaesthesia (17) concluded that the clinical utility of unidimensional 

outcome measures was in identifying sentinel events or deviations from expected performance, with 

this deviation being subsequently inferred to represent substandard care or recovery (55). However, 

fluctuations in CPIs can also result from differences in patient case mix, measurement error or 

chance (48) as well as from true differences in the quality of clinical care or recovery. These 

indicators do not account for the contextual and multifaceted nature of quality of recovery nor 

differentiate between guideline adherence, quality care provision and quality of ultimate patient 

recovery. Furthermore, when used in isolation they are rarely associated with improved patient 

outcomes (21, 22). It is only through their interpretation in concert with measures of perioperative 

complexity (anaesthetic, surgical, patient) are CPIs able to measure true quality of care and recovery. 

The aforementioned systematic review of anaesthetic related Q&S clinical performance indicators 

(55) highlighted the limitation of these the use of these variables in assessment of quality of 

recovery and  also highlighted the distinction between assessing quality of recovery versus quality of 

patient care. The anaesthetic related Q&S indicators were defined as being process (42%), outcome 

(51%) and structural (1%) variables. Process measures are those which quantify the implementation 

of a clinical pathway - i.e. the proportion of times a clinical guideline was adhered to. They are direct 

measures of quality of care only when this pathway has a priori been determined as best practice for 

each individual patient treated. Similarly, they are a measure of quality of recovery only if this 

pathway has been previously validated to positively impact on patient outcome. They are thus 

potential direct measures of quality of care, but are only measures of quality of recovery if these 

clinical components have been a priori identified as significantly impacting on ultimate patient 

recovery. Their utility lies in their ease of interpretation and sensitivity to detect change (48), thus 

being ideal in a research setting assessing specific aspect of care. They do no, however, confirm 
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causality between an adherence to a clinical pathway, quality of patient care and actual quality of 

patient recovery.  

In contrast to process measures, outcome measures are indirect measures of quality of care but may 

be direct measures of quality of recovery. Outcome measures have inherent value independent 

upon their relationship with ultimate patient recovery, such as the presence of postoperative 

complications impacting on both patient experience and resource utilisation.  In addition, they are 

the culmination of both the known and unknown variables which determine ultimate patient 

recovery and thus are beneficial when assessing recovery as a multidimensional construct with 

numerous determinants. Recovery itself is inherently an ‘outcome’ variable and thus is the result of 

known and unknown variables. Outcome measures are thus indirect measures of quality of care but 

are direct measure of patient recovery. They are, however, limited in their ability to detect rare 

clinical events (48) and must be interpreted with the clinical complexity in which they arise. Thus, 

CPIs are surrogate markers of patient recovery and are to be interpreted within the clinical context 

from which they are derived.  

2.3.3 Subjective outcomes 

Patient Reported Outcomes  

Patient Reported Outcomes (PROs) prioritise the patient’s perspective as being that which is the 

most important at the time of assessment. They form an integral component of modern recovery 

assessment by enabling global assessment across multiple domains (45, 56), centring the patient as 

the key collaborator in the perioperative experience and facilitating patient engagement in the 

recovery process (57). They most frequently aim to quantify the abstract concepts of health related 

quality of life, satisfaction, symptom burden, functional status, health related quality of life and 

personal experience of care (41).  This is performed most frequently by means of an absolute score 

(i.e. the severity of symptom at time x) or relative comparison (i.e. the severity of symptoms at time 

x compared to that at time y).  However, PROs as surrogate measures of recovery are hindered by 

the lack of validated assessment tools and their susceptibility to response shift and recall bias (42, 

45).  

Patient reported outcome measures (PROMs) are the means by which PROs are measured and range 

from self-completed questionnaires to multi-domain Likert scales.  A systematic review of the 

measurement properties of 22 PROMs (45) reported 74% as displaying only fair or poor 

development methodology, with the majority being based on limited or unknown evidence.  No 

PROM fulfilled the minimum standards as defined by the International Society of Quality of Life’s 
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Research (43), namely internal consistency, reliability, content validity, hypothesis testing validity or 

responsiveness. The review also highlighted the susceptibility of PROMs to the time interval 

between their reporting and the event being assessed, with an increasing time interval increasing 

the likelihood of both recall and response shift bias. There is thus a need for calibrated PROMs 

whose development methodology adheres to current standards and which are validated to the 

condition and time interval of interest (43, 58).   

Response shift and Recall bias 

Recovery infers comparison of a patient’s postoperative state to that of a preoperative value, 

preferably their on preoperative baseline. The resulting difference in comparison comprises the 

‘change score’; a surrogate marker of recovery for that patient in that recovery domain of interest. 

When using subjective measures, there often exists a disparity between the change score as 

perceived by the patient and that which is recorded in medical notes or by an independent observer 

(42, 59). This is in part due to recall and response shift bias.  

Three change scores are quantifiable: conventional change scores, patient perceived change scores 

and patient perceived change scores adjusted for recall bias (Figure 1). Conventional changes (CC) 

scores compare the difference in postoperative (x1) and preoperative (xo) scores, with the latter 

being the score actually recorded by the patient preoperatively. A patient perceived change (PPC) 

score is the comparison of their postoperative score (x1) to their perceived preoperative score, with 

the latter being how they would rate their preoperative function now, given their current 

postoperative perspective (xadj). A PPC adjusted for recall bias (PPCadj) is the sum of the PPC and the 

recall bias, with the latter being the difference between what the patient actually scored themselves 

preoperatively (xo) and what they subsequently recalled having scored (xrec). Response shift is 

quantified as the difference between the CC and the PPCadj. scores. This retrospective assessment of 

a preoperative event (i.e. how the patient rates their preoperative function from the perspective of 

their postoperative state) infers that past events are best compared in the context of subsequent 

events and from the perspective of those experiencing them. It also enables quantification of both 

recall and response shift bias.  
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Figure 1    Relationship between conventional change (CC) scores, patient perceived change scores 
(PPC) and patient perceived change scores adjusted for recall bias. Xo- preoperative score actually 
recorded by patient, Xrec - preoperative score a patient recalls having recorded, Xadj- preoperative 
score recorded by the patient from the postoperative perspective, X1- postoperative score recorded 
by the patient.  

 

Response shift is the alteration in a patient’s cognitive framework as a result of a stressor such that 

subsequent events are assessed through an altered perspective (44). In the perioperative setting, a 

catalyst (i.e. surgery) and antecedents (patient characteristics, culture and environment) influence a 

patient’s internal behaviours, cognitive and affective processes such that the fundamental meaning 

of a target construct (i.e. what it means to recover) is altered (44, 60, 61). This alteration may be due 

to recalibration (change in internal standards of measurement used to define recovery), 

reprioritisation (change in values associated with recovery) or reconceptualization (redefinition of 

what it means to recover) (60, 61). In regard to assessing a patient’s quality of recovery, this results 

in measurement bias in that the same construct (quality of life, recovery) is being measured pre and 

postoperatively by the same patient using different (cognitive) measurement tools. Furthermore, 

caution must be used when comparing subjective outcomes derived from differing patient groups 

(i.e. treatment vs. control) or from differing perspectives (i.e. patient vs. caregiver vs. family 

member) as the magnitude of the response shift differs amongst patient, caregivers and  providers 

as a result of differences in an individual’s experience, fear, focus or internal standards (44).  
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Satisfaction  

Satisfaction as a perioperative outcome measure has intrinsic value in its own right and is central to 

modern concept of patient centred care (62). However, its measurement as a surrogate for quality of 

recovery is hindered by the paucity of validated assessment tools, its inherently subjective nature 

and its susceptibility to cultural, cognitive, affective and  socio-demographic influences, as well as a 

patient’s perceived sense of safety (13, 62, 63).  

Satisfaction does, in-part, correlated to more objective measures of recovery, but is heavily 

influenced by internal patient factors. A large cohort study reported an association between high 

patient satisfaction (overall and with discharge planning) and reduced 3 day readmission rates (64). 

Similarly, poor satisfaction is more common in patients with negative perioperative experiences, 

namely anaesthetic awareness, preoperative anxiety, postoperative complicates and poor 

communication (1, 65, 66). Persistent pain and PONV are also associated with lower rates of 

satisfaction (67), although this can be mitigated in part by the presence of empathetic care (68). This 

latter finding emphasises that ultimate patient satisfaction is heavily influenced by both physical and 

psychological patient experiences and that negative perioperative events can be mitigated in part by 

the strength of the patient-provider relationship (62, 69). Satisfaction is closely correlated to the 

quality of the patient-health care worker relationship, the provision of individualised patient 

information, shared decision making (69), continuity of care (70) and perceived responsiveness by a 

treating team to the patient’s emotional needs and concerns (60, 61, 63, 71, 72). Importantly, 

emotional support and engagement by an anaesthetist (14, 71), such as that which occurs during 

performance of a postoperative visit (14, 73), impacts positively on patient satisfaction.  Satisfaction 

is also heavily influenced by the differential between patient expectation and experience, with high 

levels of satisfaction correlating more with patient expectation, experience and therapeutic 

relationship (62, 74) than anaesthetic outcome or professional competence (13, 75, 76). Its 

measurement also lacks a suitable comparator as it is not adjusted to a patient’s baseline 

expectation (67). Thus, whilst satisfaction has intrinsic value as an outcome in its own right, it must 

not be used as a surrogate for quality of care or recovery.  

The quantification of satisfaction as an outcome measure is hindered by its inherently subjective 

nature and the paucity of validated assessment tools. Few perioperative assessment tools for 

satisfaction to have undergone fundamental psychometric questionnaire validation, with systematic 

reviews concluding that many are of poor quality, biased by the user and lack valid construction and 

quality assessment (72, 77, 78). A review article addressing the use of surrogate outcomes in the 

measurement of satisfaction (70) identified only six satisfaction assessment tools that displayed the 
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required psychometric development (13, 63, 79-83). Of note, recovery assessment tools that include 

a single item or assessment of global satisfaction are particularly prone to bias. Global postoperative 

satisfaction, as measured by a single question ‘are you satisfied with your care?’ displays rapid and 

almost universal recovery and as such has limited discriminant validity in assessing true quality of 

care or care deficits (67, 78, 79, 84, 85). Satisfaction must therefore be measured using a validated 

tool assessing satisfaction in specific areas of care (72, 78). 

Quality of recovery vs. satisfaction   

Quality of recovery and satisfaction are both integral components of patient centred care but are 

inherently different constructs and thus not able to be used interchangeably. Quality of recovery is a 

multidimensional construct that assesses the postoperative experience using both objective and 

subjective measures (86, 87). Whilst satisfaction may be assessed as a component of quality of 

recovery, it is a discrete entity which is inherently solely subjective and influenced both external 

events and internal patient characteristics (42, 62). Thus, measurement of the quality of recovery 

and satisfaction must be by distinct assessment tools validated for each construct, time period of 

assessment and patient population.  

 

2.4  THE BASIS OF MODERN RECOVERY 

ASSESSMENT: DICHOTOMISING RECOVERY, 
THE USE OF A PRE-OPERATIVE COMPARATOR 

AND QUANTIFICATION OF POSTOPERATIVE 

CHANGE 
The core principle of recovery assessment is the comparison of a patient’s postoperative function to 

that of a preoperative baseline comparator, with subsequent quantification of this difference in 

order to determine its clinical significance. Recovery tools fundamentally differ in the baseline 

comparator used as well as their assessment of recovery as a composite score vs. dichotomous 

outcome and their assessment at a group vs. individual patient level.  
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2.4.1 Composite recovery scoring 

Recovery’s inherent basis is one of physiological processes which themselves progress along a 

continuum. Recovery, therefore, has traditionally been assessed in the research setting as a 

continuous composite score in order to minimise bias and maximize internal validity and power for a 

study population (88, 89). However, classifying recovery as a true continuous variable is not without 

its limitations. Recovery scores are derived for each patient by comparison of a patient’s 

postoperative performance compared to a baseline reference, thus deriving an individual patient’s 

‘change score’. In traditional recovery assessment, a patient’s postoperative performance is 

quantified by summation of multiple ordinal or Likert scales to derive a single postoperative recovery 

score which is then assessed as a continuous variable (a continuous composite score). Assessment of 

recovery at the group level is by comparison of the group’s mean change scores (the average change 

score within a group) between differing patient populations (Figure 2a), and at an individual patient 

level by determining whether a patient’s change score is greater in magnitude than what is deemed 

‘normal’ for recovery (Figure 2b). In both instances, a statistically significant difference between 

group mean change scores (or between an individual patient’s change score and the average change 

score of a reference population) is inferred to have clinical significance.  

The summation of multiple scale- and score-based outcomes to derive a single continuous 

composite score assumes equal difference between intervals not only within each scale, but 

between scales and between patients. This is not without its limitations. For each study domain (i.e. 

pain, nausea, anxiety cognitive function etc.), an ordinal scale classically takes the form of a linear 

visual analogue scaled scored 1-10 (or 1-5), with 1 being the best, and 10 (or 5) being the worst, 

clinical scenario. Whilst the intervals of an ordinal scale represent increases in magnitude of the 

recovery outcome (i.e. the intervals between 1 and 2 or 4 and 5 on the nausea scale represent an 

increase in reported nausea), they do not represent a standard measurement of difference (This is 

not withstanding evidence demonstrating ratio scale properties for some VAS scales (90, 91)).  For 

example, the difference between the intervals ‘no nausea’ vs. ‘mild nausea  and ‘moderate-severe 

nausea vs. ‘severe nausea’ may both be 1 on an ordinal scale but are not strictly mathematically 

equivalent. More importantly, they may not represent clinical equivalence to a patient, as they 

implications of no nausea vs. mild nausea may be different to those of moderate nausea vs. severe 

nausea. Assessing recovery as a composite variable also assumes equal differences between ordinal 

scales from which it is comprised i.e. assumes that the intervals on the pain scale are mathematically 

equal to those on the cognitive scale. Once again, these intervals may also differ in their clinical 

implications i.e. a 5 on the pain scale may impact on a patient’s mobility whereas a 5 on the 
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cognitive scale may impact on their safety and ability to drive. Finally, assumed equal difference of 

intervals and scales between patients is limited by the inherent reliance of these scores on an 

individual patient’s perspective, thus emphasising the caution that must be taken when assessing 

recovery as a single continuous composite variable.   

 

 

Figure 2a   Composite scoring of group recovery - Recovery as a continuous variable.                    
Group mean change score for group 1( Δ      )  and group 2 ( Δ     )  

 

 1  2 
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Figure 2b  Composite scoring of individual patient recovery –Recovery as a continuous variable.       
ΔX - Individual patient change score, which is a measure of individual patient recovery as a 
continuous variable derived from summation of multiple domains. 

2.4.2 Dichotomous recovery scoring 

Assessment of recovery as a dichotomous outcome also relies on the collection of ordinal and 

continuous postoperative data but, unlike when calculating a continuous composite recovery score, 

each recovery domain of interest is assessed independently and expressed as a binary outcome – the 

patient has or has not recovered in each domain of interest. A patient is deemed to have recovered 

in each recovery domain assessed if their postoperative performance meets (or exceeds) that of a 

predetermined threshold for recovery for that domain. They are deemed to have recovered overall if 

they have done so in all of the domains assessed (Figure 3). Group recovery is then assessable by 

comparison of the prevalence rates of recovery between two populations. Importantly, 

dichotomising recovery assessment this way allows for assessment of recovery within differing 

domains independent from recovery or performance in other domains assessed.  
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Figure 3  Dichotomous scoring of individual patient recovery – Recovery as a dichotomous score. 
Data interrogation to pinpoint the problem areas contributing to failed recovery, as well as allowing 
an indicator of severity of the problem.√ is recovered and x is not-recovered. 

 

Unlike composite scores, which collapse all domains into one overall score, dichotomous scores have 

the ability to ‘drill down’ and identify in which (an how many) domains a patient failed to recover. It 

preserves the ability to assess recovery at four levels; overall recovery, within each domain to see 

where recovery has failed, within each subdomain to identify the particular problem (e.g. is the 

failure of functional recovery due to eating, dressing, standing or walking), and the severity of the 

problem indicated by the scores, or by the number of tests within each subdomain that fail to 

recover, all of which are clinically relevant. This has implications in both the clinical and research 

setting, as it enables targeted clinical intervention or assessment of impact of intervention 

respectively. 

Dichotomised recovery assessment has two additional benefits compared to assessing recovery as a 

continuous variable. Firstly, unlike a composite continuous recovery score, which consists of an 

integer value (i.e. ‘126’, ‘89’ etc.), a dichotomised recovery outcome (i.e. the patient ‘has recovered’, 

‘has not recovered’) has a clinical utility that is immediately evident. Secondly, as each domain is 

assessed is isolation, dichotomised recovery scoring is resistant to compensatory bias. 

Compensatory bias occurs when poor recovery in one domain is compensated for with above 
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average in the remaining domains (when assessing individual patient recovery) or when 

demonstrable failure of recovery in one patient is compensated for by above average recovery in the 

remaining patients (when assessing group recovery) (28, 29).  

Defending the dichotomisation of recovery assessment 

Dichotomisation of a continuous variable must always be substantiated and none more so than with 

recovery. Recovery may be seen, as with many physiological variables, to occur along a continuum 

(i.e. 50% recovered, 75% recovered etc.). Thus, to maintain statistical rigor and minimise bias, it is 

argued that its data collection and statistical assessment should follow suit. In research, recovery 

data is often collected as a continuous variable which preserves data integrity and maximises 

internal validity and power with the lowest sample size (89). Comparison of recovery between 

groups is by comparing the difference in mean change score between intervention and control 

groups in order to audit or research an intervention. However, the utility of recovery as a continuous 

variable for clinical decision making is limited. Whilst recovery may be a continuum, the outcome of 

a clinical decision is binary – the patient has or has not recovered enough to finish the crossword or 

safety return to work (patient focus), or be discharged (institution focus).  A difference in mean 

change scores (derived from analysing continuous variables) does not directly indicate a tangible 

clinical effect, whilst recovery as a dichotomised outcome has direct clinical utility. When comparing 

recovery between two groups as a continuous variable, a difference in mean change scores may 

indicate a statistical difference in recovery between the two groups, but does not indicate whether 

this has clinical implications. By comparison, when comparing recovery between two groups as a 

dichotomous outcome, a difference in incidence or odds ratio of recovery has direct clinical 

consequences in terms of resource utilisation and success of clinical intervention. In addition, the 

issue regarding the increased sample size resulting from dichotomisation is irrelevant in the clinical 

setting where the assessment is on an individual patient.  This reinforces a limitation of translating 

research tools, with their definition of recovery as a continuous variable, into the clinical setting. 

 It is argued that by dichotomising a continuous variable, data richness is lost i.e. dichotomisation 

does not indicate the magnitude by which a patient may fail to recover but rather just that the 

postoperative threshold value for recovery has not been achieved.  However, this limitation can be 

mitigated by the collection of raw data in its continuous form (where applicable) and subsequent 

secondary dichotomization for analysis. This enables analysis of a clinically relevant outcome (i.e. has 

this patient recovered or not?), with secondary analysis of the raw data to determine the magnitude 

(i.e. by how much has the patient failed to recover?).   
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Defining the recovery threshold  

Dichotomising recovery mandates that a threshold be defined, above which recovery is deemed to 

have occurred. It is argued, therefore, that dichotomisation of recovery limits the external validity of 

a study’s results to the time period and clinical context for which this threshold holds true (88, 89). 

The classical example in medical literature is studies addressing hypertension, for which blood 

pressure is a continuous variable but hypertension is a clinical dichotomy (a patient is ‘hypertensive’ 

vs. ‘not hypertensive’ for the purposes of diagnosis or treatment).  The threshold above which 

hypertension is deemed to have occurred has varied considerably with time, being defined as 

>180/110mmHg in 1940’s to >140/90mHg in 2000’s (92).  Therefore, results from studies performed 

in the 1940’s are limited in their clinical application in the 2000’s. In regard to recovery assessment, 

the use of a threshold when determining recovery in a research population limits the application of 

its results to the clinical context of the study, in particular the baseline population parameters used 

to define recovery. However, by using each patient as their own comparator for each clinical event, 

and by defining recovery as a return of a patient to their own preoperative baseline (or better), the 

definition of recovery is independent not only upon current patient baseline parameters but also 

each patient’s future individual function, perception and clinical context.  

2.4.3 The use of the patient as their own preoperative comparator 

Comparison of a patient’s postoperative performance to that other than their own preoperative 

baseline is not without bias.  In both composite and dichotomous scoring of recovery where the 

patient is not compared to their own preoperative baseline, initial comparison is made between a 

patient’s postoperative performance to that of a preoperative reference value, the latter 

traditionally being a group average (i.e. the average preoperative performance of either the original 

study population or an historical cohort).  In dichotomised recovery assessment, the magnitude of 

this difference is then standardised (usually to the number of standard deviations about the mean of 

the reference population) to determine whether it is greater than the lowest value that would be 

‘expected’ in a patient experiencing ‘normal’ recovery (i.e. the recovery threshold value). For 

example, a patient’s postoperative performance may logically be expected to be initially poorer than 

their preoperative function, but an assessment must be made as to whether this difference is in 

keeping with what would be expected of a patient experiencing ‘normal’ recovery.  A statistically 

significant change is then inferred to have clinical significance.  

The absolute value of the threshold below which ‘abnormal’ recovery is deemed to occur is thus 

dependent upon the baseline reference point to which a patient is compared to (i.e. the average 
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group baseline score), and the magnitude of the ‘normal’ deviation allowed below this. However this 

biases a patient with a high personal baseline to be deemed recovered, irrespective of whether they 

experience a normal or demonstrable decline in postoperative function compared to their own 

preoperative baseline (Figure 4). This results from these patients’ postoperative function needing to 

decline by a larger magnitude (compared to a patient with ‘average’ baseline function), for their 

‘change score’ to fall below the population-based threshold defining incomplete recovery. This has 

direct clinical implications as it potentially fails to identify when suboptimal recovery occurs in these 

patients (thus preventing the opportunity of early individualised intervention) as well as erroneously 

increasing the prevalence of group recovery (thus introducing measurement error within a study).  

Furthermore, even without secondary dichotomisation, traditional analysis of recovery as a 

composite continuous score is also dependent upon how well each patient conforms to the baseline 

(or reference) group’s parameters, as the fundamental building block of this method is once again 

comparison of a patient’s postoperative performance to that of a group-defined average 

preoperative baseline. It is only by using each patient as their own comparator is this measurement 

bias minimised.  

 

Figure 4  The effect of comparing a patient’s postoperative performance to their own (vs. group 
average) preoperative baseline.     
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2.5  GENERAL METHODOLOGICAL ISSUES 

PERTAINING TO RECOVERY ASSESSMENT 
The ideal recovery assessment tool is objective, provides both quantitative and qualitative data and 

is independent of bias. Both composite and dichotomous scoring of recovery are prone to Type I 

error, which can be mitigated by the introduction of individual patient baseline data and calculation 

of individual patient change scores. A composite score allows quantification of the magnitude of 

recovery but collapses the multiple aspects of recovery into a single numerical value, thus being 

prone to compensatory bias. By comparison, a dichotomised score allows assessment of recovery at 

the group, individual and sub domain level and is resistant to compensatory error. 

Both scoring types are susceptible to ceiling and floor effects. Ceiling bias results from an assessment 

question being answered uniformly independent upon actual recovery. Patient satisfaction and 

orientation rapidly uniformly recover (1, 67, 93) and thus are poor discriminators of recovery beyond 

the immediate postoperative recovery room. Ceiling bias may also result from inappropriate timing 

of testing. Floor bias occurrs when patients respond poorly in baseline data such that it is 

mathematically impossible for them to achieve a ‘not recovered’ or ‘back to baseline’ score 

postoperatively. This occurs if the test is inappropriately difficult or administered prematurely in the 

recovery period. 

Assessment of recovery over time requires tools to be resistant to learning effects, which can be 

addressed by subtracting the mean change score of a healthy population from that of the study 

population (94) or by introducing a tolerance factor (2).  

2.5.1 Cognitive recovery assessment 

There are specific methodological issues pertaining to assessment of cognitive recovery (94-96). 

Measured cognitive performance is dependent upon the ability of the patient and the ease of the 

test. A patient with high cognitive ability may score above the population average on an easy test 

irrespective of whether there is any decline in cognitive function. Similarly, a patient with limited 

cognitive ability may fail to show an adequate performance (relative to a reference population) on a 

difficult test even when no postoperative cognitive decline (in this individual patient) is present. In 

addition, a tool that assesses cognitive recovery is biased when applied to a study population that 

has lower cognitive baseline scores than in the validation studies, as these patients are more likely to 

show increased recovery compared to the validation population. This exemplifies the importance of 

comparing a patient’s postoperative cognitive function to their own individual preoperative baseline.  
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Assessments of postoperative cognitive function are often dependent upon referencing population 

cognitive normative data – this method is particularly prone to bias. Normative cognitive function 

scores are derived using age matched, healthy study populations without dementia. However, such 

study populations often exhibit a higher IQ, less cognitive deficits and a different learning effect and 

recovery time course than the general postoperative population (35, 94), thus reducing the external 

validity of comparison to these scores in the postoperative period (35).  

 

2.6  POST-OPERATIVE COGNITIVE ASSESSMENT  
It is predicted that by 2051 almost half of all anaesthetics administered will be to patients >65 years 

old (97). This, combined with renewed interest in the effects of anaesthetic and surgical practices on 

cognitive performance, has highlighted the issue of postoperative cognitive recovery. Cognitive 

recovery has been traditionally poorly defined and often used interchangeably with other cognitive 

conditions such as postoperative delirium and postoperative cognitive dysfunction (POCD). It is, 

however, a discrete entity. Cognitive recovery and global recovery are also interrelated, with 

impaired recovery in non-cognitive domains being associated with an increased risk of postoperative 

cognitive dysfunction (30, 98). Assessment of cognition using a comprehensive yet brief tool is 

integral to perioperative management as it has both clinical and prognostic implications. 

2.6.1 Perioperative neuropathophysiology 

Postoperative cognitive changes have been long reported in initially cardiac, and then non-cardiac, 

surgical populations. This observed perioperative neurophysiological decline is hypothesised to be 

the combination of a reduction in cognitive reserve with an aggravation of underlying 

neurodegenerative disease. The concept of an individual’s cognitive reserve originated from the 

observed protective effect of education and intelligence against postoperative cognitive dysfunction 

(37, 38). Cognitive reserve can be both passive (an increase in synaptic number and neuronal mass) 

and active (activation of redundant neuronal networks) (99), and results in maintenance of cognitive 

function in the event of global or focal subclinical insults. Ageing, even in the absence of disease, is 

associated with a degree of neurodegeneration, both at the cellular (reduced neuronal cell number 

and synapse (100) and subcellular (reduced synaptic density and cerebral microvasculature, 

accumulation of oxidative stress (101)) levels. Furthermore, increased levels of IL-6 and CRP in both 

elderly human brain (102) and in perioperative animal CSF (103) suggest a pro-inflammatory cause 

for reduced cognitive reserve and/or overt cognitive decline in both the ageing process and the 
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perioperative period. Thus, even in the absence of an underlying neurodegenerative disease, an 

advanced age and a pro-inflammatory state, both of which are present in the ageing perioperative 

population, are risk factors for declining cognitive reserve.  

In addition its effects on cognitive reserve, there is concern that the perioperative period may 

potentiate any underlying neurodegenerative disease processes. Both anaesthetic and surgical 

factors have been implicated. The inhalation agents sevoflurane and isoflurane are both associated 

with altered amyloid precursor protein (APP) synthesis (104, 105) and reduced memory function in 

elderly, compared to younger, rodents (104). This infers a possible potentiation by inhalation 

anaesthetic agents of the Alzheimer’s disease process. Clinically, however, inhalation anaesthetic 

agents are not associated with an increase in cognitive dysfunction, with the incidence of POCD in 

patients undergoing regional vs. general anaesthesia (106) being comparable. This suggests that 

surgical inflammation, present with both regional and non-regional anaesthesia, may be an 

important confounder contributing to cognitive decline. 

Surgery, and in particular its pro-inflammatory state, has also been implicated in accelerating 

underlying neurodegenerative disease processes. Surgical stress induces an acute systemic 

inflammation, the latter being independently associated with a 2-fold increase in incidence of 

cognitive decline at 1 year in non-surgical patients (107). The proposed mechanisms for systemic 

inflammation causing neurodegeneration are twofold. Firstly, neuroinflammation mirrors systemic 

inflammation, with increased plasma IL-1beta and IL-6 correlating with increased levels in the 

hippocampus and associated microgliosis (103). Secondly, microglial priming, a process whereby 

diseased microglia exhibit an exaggerated neuroinflammatory response to a systemic inflammatory 

stimulus (108, 109), contributes to tau protein accumulation. Thus, surgical stress induces a 

neuroinflammatory state and subsequent neuronal injury, a process that is amplified in the presence 

of chronic inflammatory insults and neurodegeneration.  

2.6.2 Delirium 

Delirium is a well-defined medical condition and, when present in the perioperative period, has 

prognostic implications. Delirium is defined by the Diagnostic and Statistical Manual IV (DSM-IV) as  

an alteration of clarity of awareness of environment, fluctuation of orientation and an inability to 

focus, sustain or shift attention (96, 110, 111). It has demonstrable pathology of altered cortical 

function and diffuse EEG slowing, with associated increases in central cytokine production. Its 

perioperative incidence ranges from 5-15% to 62% in high risk patients and is more prevalent in 

patients with advanced age (> 70yo), urea: creatinine ratio> 18, multiple co-morbidities and surgical 
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complexity (112). Pre-existing cognitive and functional decline, even when subtle, may predict 

delirium at discharge but not necessarily at 3 months (113, 114). Postoperative delirium (POD) is 

that which occurs acutely in a previously well patient after a normal emergence (i.e. is not 

emergence delirium), typically on postoperative day 1-3.  It is independently associated with an 

increase hospital length of stay, risk of POCD (at discharge but not 3 months), mortality (in-hospital 

and beyond 12 months (112), institutional placement and progression of pre-existing neurocognitive 

disease (112, 115). However, when compared to delirium occurring in the non-operative setting, it is 

associated with an increased incidence of complete recovery, surmised to be due to transient 

perioperative factors. 

2.6.3 Postoperative Cognitive Dysfunction 

In comparison, postoperative cognitive dysfunction (POCD) is defined as a neurocognitive disorder 

that presented in the first few postoperative weeks as a subtle alteration in patient memory and/or 

cognitive function (96, 110, 111). It is a neuropsychological construct that arose as an attempt to 

quantify the observed subtle decline in cognition post cardiac, and subsequently non-cardiac, 

surgery. It is defined as a statistically significant deterioration in performance on objective 

neurocognitive testing that is inferred to have clinical significance. There is discrepancy of self-

reporting functional decline between patients exhibiting POCD in executive, but not memory, 

domains (116). This, combined with the poor correlation between objective neurological impairment 

and self-reported deficits (37, 94), leads to an under-reporting of POCD, and emphasises the need 

for objective, rather than subjective, measures when testing cognition. Accurate assessment is vital 

due to the correlation of POCD with short and long term mortality (38, 116). POCD assessment, 

however, is complicated by the heterogeneity of tests used, the inherent inability to assess each 

test’s sensitivity, the dependence of overall test accuracy on number of tests utilised and the impact 

of learning effect on neurocognitive performance.  

Early POCD is predictive of late (3month) POCD. Conversely, however, prediction of late POCD is 

limited by the subset of patients displaying ‘new’ POCD at 3 months i.e. patients who did not display 

cognitive decline at discharge. This suggests that late POCD is heterogeneous in origin and comprises 

patients that have persistent postoperative cognitive decline (‘true’ POCD), a progression of an 

underlying neurodegenerative disease or a new cerebral insult. Furthermore, early POCD may also 

be heterogeneous in aetiology and confounded by factors limited to the short-term perioperative 

period.  POCD at discharge is associated with ASA score, surgical complexity, hospital LOS, operative 

duration and complexity and an episode of delirium. Whilst delirium must be excluded before POCD 

may be assessed, screening tests for such are not always powered to detect subclinical delirium and 
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may result in patients being diagnosed with early POCD when an underlying delirium may be 

present. This hypothesis is consistent with the current understanding of the effects of 

neuroinflammatory mediators, perioperative pharmacology and sleep deprivation on cognitive 

performance (38). Thus, as cognitive decline is associated with increased short and long term 

mortality in both surgical and non-surgical populations, the ability to predict long-term cognitive 

dysfunction would have direct clinical utility. 

Defining POCD 

Arising as a neurophysiological statistical construct, there is as yet no consensus as to the definition 

of POCD. A systematic review (96) reported POCD as being variably defined as occuring when there 

was a change of greater than one (or two) standard deviation from preoperative score in 2 or more 

tests or the same change in one or more tests (117, 118), a 20% change in at least 20% of tests or 

identification of clinically significant differences between groups (119, 120). Comparing 

neurocognitive performance between two groups involves comparing each group’s mean change 

score, i.e. the average difference in individual postoperative and preoperative performances. This 

assesses whether the difference in cognitive performance between the two groups is statistically 

significant but does not discern clinical significance or quantify this in relation to the expected 

variation in cognitive performance in the non-surgical population. In addition, it does not directly 

indicate recovery at the individual patient level or within specific domains. 

Assessment of POCD is dependent upon meaurement of an individual patient’s postoperative 

function compared to their own preoperative reference, with the magnitude of this change 

standardised in relation to the variation in the study population’s preoperative value. Assessment of 

group performance is thus the mean individual standardised change score, i.e. the average individual 

change in function, divided by a measure of the group variation. A limitation of this approach is that, 

as intra-group variation is unique to each study population, the absolute difference represented by 

each standard deviation differs between studies. This difference in magnitude may have clinical 

implications.  

Sensitivity and Specificity of POCD testing 

POCD is defined as change in cognitive performance on neurocognitive testing beyond a 

predetermined threshold deemed clinically significant. Assessment tools thus have inherent 

difficulties with regard to evaluating their sensitivity and specificity, with the lack of a ‘gold standard’ 

rendering it impossible to assess true test sensitivity. Furthermore, the measured incidence of POCD 

is dependent upon the magnitude of cognitive change defined as significant and the number of tests 
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comprising assessment. Increasing the number of neuropsychological tests within a test battery 

increases the sensitivity of the overall test for POCD (i.e. ability to detect cognitive dysfunction) but 

concurrently increases the random (Type I) error and decreases overall test specificity (i.e. the 

measured incidence of POCD varies from 13.3% to 49.4% in accordance with increasing the number 

of tests (121)). Furthermore, neuropsychological tests were originally derived to detect gross 

changes in cognitive function in overall populations and thus often lack the sensitivity to detect the 

more subtle changes of POCD at the individual patient level.  

Assessment of POCD is prone to Type I error arising from both random (inter-patient variation) and 

systematic (learning effect) sources. The increase in random error associated with increasing the 

number of tests used can be ameliorated by increasing the threshold deemed significant, such as 

increasing the threshold from 1SD to 2SD or a mandating a deficit to be in more than one test. 

Systematic error associated with repeated testing of patients over time (learning effect) can be 

minimised by increasing the time interval between testing (not relevant when timing of tests are 

determined by clinical significance), performing the tests in random order or using parallel forms. In 

addition, the use of a control group that has been exposed to repeated testing is essential to 

distinguish POCD from Type I error as it quantifies learning effects, inter-patient variation (variation 

between patients at each testing time point) and intra-patient variation (variation in cognitive 

performance present in patients that have not been exposed to the potential cognitive insult of 

surgery) (95).  

2.6.4 Cognitive Recovery 

Postoperative cognitive recovery differs from both delirium and POCD in that it is defined as a return 

of a patient to baseline function (or better), with each patient providing their own preoperative 

benchmark. Thus, it differs from POCD in that it represents a failure to return to preoperative 

cognitive function as opposed to a new cognitive deficit (1). Important for future research is the 

finding that only 86% patients attain cognitive recovery at postoperative day three (2). Thus, 

previously diagnosed ‘early POCD’ may actually represent delayed cognitive recovery or, as recovery 

delay is predictive of future development of POCD, this early cognitive and global recovery 

assessment may itself identify patients at risk. Irrespective of the underlying cause, identification of 

failure of early cognitive recovery allows the identification of those patients at future risk or who 

may benefit from early intervention. 
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2.6.5 Timing of cognitive assessment 

Cognitive function has been historically assessed at clinically relevant time points, namely that 

corresponding to readiness for discharge (early assessment < 7 days postoperatively) and at an 

assumed recovery plateau (late assessment usually at 3 months).  However, the type, prevalence 

and severity of cognitive dysfunction differs between the two assessment periods.  

Cognitve recovery has been compared in young, middle-aged and elderly patients at discharge and 

at 3 months (116). At discharge, the majority of patients (44.3%) showed no decline (>1SD) in 

cognitive function compared to baseline. However, when present, deficits were equal in terms of 

domain affected and severity (23.5% executive, 18.3% memory, and 14.9% combined executive and 

memory dysfunction). The presence and type of cognitive deficit at discharge was predictive of 

presence and type of cognitive dysfunction at 3 months and, most importantly, any associated 

functional impairment. Of those patients with executive cognitive dysfunction at discharge, 60% 

displayed no deficit on cognitive testing at 3 months, whilst in the remaining 40% the persistent 

cognitive deficit was 3 times more likely to be in executive function (17% executive vs.8% memory 

vs. 1.3% combined dysfunction). Importantly, this persistent deficit was associated with reduced 

ability in commuting, shopping, meal preparation, housework and management of medicine and 

finances. In comparison, patients with memory cognitive dysfunction at discharge were less likely to 

have persistent deficit at 3 months (68.9% of patients with a memory deficit at discharge displayed 

no cognitive dysfunction at 3 months) whilst of those that did show a deficit, it was predominately 

persistently in the memory domain. (19.7%, 4.9% and 1.6% deficit in memory, executive and 

combined function respectively). Overall, the dominant cognitive defect at 3 months was in memory 

function, due primarily to either persistence of early postoperative memory dysfunction or 

development of memory dysfunction in patients in whom early executive dysfunction had resolved.  

Furthermore, persistent deficits in patients with only a single domain affected (executive or 

memory) were deemed mild in severity and not associated with functional decline, compared to 

those with a combined (executive and memory) impairment. Patient insight was also reduced in 

those with executive, but not memory, impairment. These findings have direct clinical implications 

as, although less common than memory deficits, persistent deficits in executive and combined 

cognitive domains are more severe and are associated with reduced patient insight and functional 

impairment.  
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2.7 THE FUTURE OF RECOVERY ASSESSMENT:  

INDIVIDUALISED, INTEGRATED AND IN REAL 

TIME. 
2.7.1 Patient Centred Care and patient engagement  

Inclusion of patient-focused outcomes is essential in modern recovery assessment but contrast 

somewhat to traditional performance outcomes. Patient focused outcomes place more emphasis on 

an ability of a patient to return to activities previously undertaken rather than full physiological 

healing (122). Retrospective analysis of electronic databases and penomenographic studies reported 

patient focused recovery being defined in terms of a return to ‘normality’ or the successful 

resumption of previous roles, with the quality of this recovery being defined by the level or the 

process through which this is attained (7-9).  This is in contrast to a recent meta-analysis reporting 

length of stay as the most frequently assessed outcome in ERAS colorectal surgery (123).  

Patient Centred Care (PCC) has emphasized the importance of providing patients with individualized 

information regarding their care and recovery in real time. PCC is defined as care that ‘is responsive 

to the preferences, needs and values of patients and consumers’ (53). It is a care philosophy 

encompassing a shared control of decision-making between the clinician and patient regarding 

clinical interventions or health care management, with a focus on the patient as a whole person with 

individual preferences. It is a concept that is foremost in healthcare worldwide, is advocated by the 

WHO and is associated with reduced mortality, length of stay, readmission and health-care cost (53). 

A systematic review of 43 randomized control trials assessing the effects of patient engagement in 

their care also indicated PCC to be associated with improved patient satisfaction, health behaviours 

and health status (124). PCC was also associated with an improvement in functional status, patient 

satisfaction and real-time outcomes.  

Self-efficacy is integral to the concept of patient centred care and is defined as the patient’s own 

perception of their competence and capability to complete a specific course of action (125). Arising 

from Social Cognitive Theory, it is formed by a patient’s past mastery of similar experiences, social 

observation, persuasive information and current emotional/affective states (126). Its effect on 

patient functional and emotive outcome has been documented in non-operative and operative 

populations (127-129), with three systematic reviews concluding that self-efficacy positively 

influenced functional improvement and emotive recovery (130-132). Central to patient self-efficacy 

is the feedback to patients of relevant individualized information. Not only is disclosing information a 
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core component of ethical medical care but is increasingly being recognized as contributing to 

improved outcomes in rehabilitation (97, 133, 134). This requires the provision of individualised 

postoperative clinical data pertaining to each patient, rather than to a postoperative population as a 

whole. 

2.7.2 Perioperative Risk Stratification 

Traditional perioperative risk stratification aims to preoperatively identify those patients at risk of 

adverse outcomes, and hence suboptimal recovery, in order to implement a protective measure 

aimed at mitigating the risk of postoperative complications. Postoperative complication rates do 

correlate with preoperative risk, with two systematic reviews reporting correlation between adverse 

postoperative outcomes and poor preoperative cardiopulmonary exercise performance (135, 136). 

Cardiorespiratory complications have been reported to increase from 11% to 41% in patients ranked 

in the lowest and highest risk quintiles respectively (137), resulting in an increase in ICU based 

resource utilisation rates from 6% to 25%. Similarly, the incidence of postoperative mortality 

parallels perioperative risk, with the former increasing on one observational study from 1.3% in 

patients with a surgical mortality score <17 to 25.1% in patients with a surgical mortality score >21 

(138).  

Predictive analytics and perioperative risk stratification 

In the advent of electronic medical records (EMR) and ‘meta data’, predictive analytics have 

modernised perioperative risk stratification into real-time. Predictive analytics refers to the 

processes of real-time data mining, predictive modelling and analysing disease characteristics 

specific to individual patients in order to influence clinical decisions at the individual patient level to 

influence patient outcome (138, 139). At the time of patient admission, an individual patient’s 

clinical status and EMR history is analysed in the context of evidence based algorithms in order to 

rationalise interventions to those patients who would benefit. In a prospective controlled before and 

after trial, readmission rates of heart failure patients were reduced by targeted discharge 

interventions applied to high-risk  patients using EMR-based risk stratification (140).  

The limitation of these risk prediction tools is that they identify populations of patients at risk of 

suboptimal recovery but not individual patients in whom this actually occurs. They are not predictors 

of poor recovery in its entirety (141). Perioperative risk stratification is assessed at a population 

level, which is then extrapolated as a risk band to individual patients. The implications of this are 

twofold. Firstly, identification of a patient population at high perioperative risk and subsequent 

implementation of a protective measure exposes all those patients within that high risk group to the 
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intervention, including those in whom no adverse event was to have otherwise occurred. This results 

in both exposure of these aforesaid patients to an intervention’s potential side effects without its 

benefit, as well as utilisation of finite health care resources that could have otherwise been directed 

elsewhere. Secondly, whilst adverse postoperative events occur most frequently in high risk patient 

groups, a significant number occur in those patients deemed to be a low perioperative risk.  This is 

due to the majority of patients being classified as low, as opposed to high, perioperative risk (141). A 

retrospective review of 4,117,727 surgical procedures (142) identified a high risk surgical population 

that accounted for only 12.5% of all procedures but 83% of all deaths. By inference, 17% of all study 

deaths, or 15,038 patients, died in the group deemed not to be at high perioperative risk. Thus, 

whilst perioperative risk assessment is essential for preoperative optimisation and resource 

planning, it has its limitations in identifying individual patients in whom suboptimal recovery actually 

occurs.  

2.7.3 Real time Recovery Assessment  

In light of the limitations of perioperative risk stratification, it is imperative that there is assessment 

of the recovery that is actually occurring in a time frame that minimises delay in implementation of a 

corrective measure.   

Real-time recovery (RTR) is a concept beneficial to any multi-faceted time-dependent system and is 

the ability of a system to recover from any error (human induced or infrastructure) in a time frame 

that has minimal impact. It thus involves the contemporaneous collection, analysis and reporting of 

data that enables i) the identification of an error or deviation from an anticipated norm  and ii) the 

implementation of a corrective measure in a timeframe that maximises its impact. Traditional 

assessment of recovery in the research setting compares recovery profiles between two patient 

populations to determine the benefit, if any, of an intervention or care bundle. It is inherently 

retrospective and thus is introduces a time delay between identification of a treatment benefit (or 

harm) that is prohibitive against any benefit for half the original study participants. Real time 

recovery, however, has both clinical and research applications and is both patient and provider 

focused.  As with traditional recovery assessment, RTR data can be analysed post-hoc to compare 

recovery trajectories between patient groups to determine any treatment effect. However, its 

clinical advantage is via synchronous data collection, analysis and the use of automated alerts, 

through which individual patients experiencing suboptimal recovery can be identified at the time at 

which it is occurring, thus rationalising finite resources and targeted treatments to those individual 

patients who would benefit most in a timeframe that minimises harm. Conversely, patients deemed 
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to have recovered can be fast-tracked, thus averting unnecessary treatment and resource 

consumption.  

RTR assessment is integral to the modern concept of recovery as a predictable trajectory, with its 

benefit being its ability to minimise the time delay between identification of poor recovery and 

implementation of corrective treatment. There is universal acceptance of the benefit of early 

intervention in patients with acute ST-elevation myocardial infarction (143, 144), out of hospital 

cardiac arrest (143, 144) and acute neurological deficits (145, 146). Similarly, trauma patient 

outcomes are improved with minimisation of treatment delay in post general (147) intracranial 

(148), intra-abdominal (149) and thoracic (150) injury. However, target timely intervention requires 

the identification of both the individual patients and individual domains in which recovery is 

suboptimal. Whilst perioperative risk stratification identifies patient populations at risk of poor 

recovery, it is only by real time assessment of actual recovery that those patients with suboptimal 

recovery are identified.  

RTR and dichotomised recovery assessment 

RTR is optimally assessed using a multidimensional dichotomous recovery assessment tool enabling 

drilling down of recovery assessment to determine in which domains performance is suboptimal, 

thus allowing for implementation of treatment targeted to the cause of impaired function. Targeted 

timely intervention requires not only identification of the presence of sub-optimal recovery but in 

which domain. Composite recovery scores are sensitive to the former, but not the latter. 

Multidimensional dichotomised assessment tools, however, allow a drill down of recovery 

assessment. They first identify poor recovery (a failure of performance in relation to a preoperative 

baseline) and then allow assessment of the domains involved and in which individual patients. This 

allows individual targeted intervention relevant to the clinical issue in an individual patient i.e. 

failure to recover due to persistent nausea requires different clinical interventions compared to 

cognitive decline. Postoperative recovery sub domains are interrelated (i.e. persistent pain may 

result in concomitant persistent nausea due to increased opiate use) but, by drilling down of 

recovery at the sub domain level, identification of the primary cause can target clinical intervention 

(i.e. use of non-opiate analgesia to reduce the persistent pain and subsequent nausea).  

Existing applications of real-time recovery assessment  

Real-time recovery assessment resembles existing continuous remote monitoring (CRM) models of 

care well established in medical and professional sporting arenas. CRM is the continuous or high 

frequency assessment of patients beyond that which occurs during standard face-to-face 
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consultation. The clinical benefits of CRM models of care are attributable to a reduction in time 

delay between clinical event and treatment implementation as well as the ability for them to identify 

subclinical adverse events. Two prospective multicentre trials patients in patients with cardiac 

pacemakers and automatic defibrillators revealed that continuous remote automated monitoring 

minimised time from detection of arrhythmia to implementation of treatment, identified 

asymptomatic clinical events and resulted in reduced mortality (151, 152).  A review of the use of e-

alerts in detection of acute kidney injury in critically ill patients emphasised the potential to which 

they could impact favourably on patient outcome (153). Both a reduction in time delay and ability to 

detect subclinical events are directly applicable to real time recovery assessment using the CRM 

model and infrastructure.  

Much of the infrastructure required for RTR assessment is already in existence and includes 

wearable biometric technology, hybrid external devices and digitalised platforms. Wearable 

biometric technologies already utilised include clothing, jewellery, watches  and badges which are 

light weight, durable and have proven patient acceptability (154). These provide continual 

individualised patient biometric data that can be analysed within the device itself or remotely via 

transmission through hybrid external devices.  Data currently recorded include electrograms, bio-

impedance, cardiorespiratory and kinetic variables (154). Remote transmission of data is through 

either the device itself or through external hybrid platforms such smartphones via wireless 

connection. The latter devices already have widespread penetrance worldwide, thus adding to 

patient familiarity and acceptance (154-157). By comparing a patient’s postoperative data to the 

patient’s own preoperative baseline, these devices have the ability to provide both individualised 

real-time physiological recovery data as well as a biometric context in which to view other domains 

of recovery.  

Real time recovery assessment requires a digital platform through which to integrate and analyse 

the plethora of data generated by these devices, with subsequent generation of automated alerts to 

the clinician and/or patient in the event of an adverse event or suboptimal recovery. Ideally these 

platforms are individualised to the clinician or patient cohort for which they represent. One such 

platform is Doctella (Doctella Digital Health Studio for Providers: Patient Doctor Technologies; 

https://www.doctella.com), a digital health studio allowing a clinician to individualise a web-based 

App enabling integration of real time patient data from existing cloud based  databases (i.e. 

Healthkit, GoogleFit and EMRs) and customisation of automated SMS or email alerts. Similarly, 

Carekit® and Researchkit® are open source digital frameworks from Apple® enabling clinicians to 

create Apps to be utilised by patients through smartphones in clinical and research settings 

39



respectively. An example is Epiwatch (Epiwatch: John Hopkins University; 

https://hopkinsmedicine.org/epiwatch) an iPhone App that allows individual patients to accurately 

track the onset and duration of their own seizures with the aim, through the use of predictive 

analytics and an individual’s own biometric data, for this to act as an early warning system for 

impending seizures. CornieHealth App (CorrieApp: John Hopkins University; 

https://corriehealth.com) allows patients discharged post cardiac events to track medication 

adherence, physical activity and vitals, with feedback of this data to treating clinicians via automated 

alerts.  

In the postoperative setting, a recent multicentre randomised control trial showed proof of concept 

for use of App based platforms in measuring postoperative recovery (158). Similarly, the PostopQRS 

(https://www.PostopQRS.com) is a multidimensional recovery assessment tool validated for repeat 

measures and assesses recovery via a PostopQRS online platform and smart device App. Two 

fundamental advantages of the PostopQRS are its assessment of recovery by comparison of a 

patient’s post-operative performance to their own baseline and the ability for data to be entered 

online at the time of patient assessment. The PostopQRS website allows clinicians to prospectively 

customise specific recovery data to be assessed and at which study time period, with automatic 

generation of case report forms that can be utilised in either paper or electronic format. Entering 

data directly into the online platform at the time of assessment results in an automatic 

contemporaneous analysis of individual patient recovery that is available to both clinician and 

patient.  

The clinical applications of this real-time recovery assessment are twofold. Firstly, alerting the 

clinician to which individual patients (and in which domains) suboptimal recovery is occurring allows 

for targeted intervention to be administered to the patients who would benefit most in a time frame 

that has maximal impact. Secondly, real time feedback to patients of their recovery status (i.e. they 

have or have not returned to their individual preoperative baseline) facilitates a mode of patient 

engagement in their own postoperative experience, a concept central to the modern process of 

recovery. 

  

2.8  RECOVERY ASSESSMENT TOOLS 
Whist it is accepted that the definition of recovery has progressed beyond the immediate restitution 

of physiological parameters, the abstract nature of recovery resulted in the absence of a unifying 
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assessment tool. Three literature reviews (5, 26, 27), one of which the candidate was first author (5), 

identified 13 unique recovery tools which differed in their derivation, validation and breadth of 

assessment. The fact that the search results of these literature reviews were not identical (i.e. the 

inclusion of each tool within each of the reviews was not universal) reflects the abstract nature of 

recovery and the subsequent lack of it’s unifying definition.  

8.1 Recovery tool validation  

The recovery assessment tools identified in the reviews differed in with respect to the patient 

populations and assessment time periods used in their derivation. This directly impacts their clinical 

utility as tools are only valid in assessing recovery in those patient populations and over the time 

intervals from which they were derived. Recovery tools were variably validated using inpatient (1, 8, 

9, 11, 159) or ambulatory surgical patients (7, 10, 15) and assessed either short term (24hrs (8, 15) 

and 7 days (7, 10, 12)) , intermediate (day 28 (9), day 60 (11), 6 weeks (93)) or long term (3 months 

(1) and 12 months (160) recovery. Tools were either derived de-novo specifically for the assessment 

of postoperative recovery (1, 7, 9, 12, 161), or were applications of tools originally designed to 

assess  the non-surgical population (with (8, 11, 15, 162) or without (10) subsequent validation for 

assessment of postoperative recovery).  

Further validation of the recovery assessment tools was variable.  Ideally, recovery assessment tools 

were validated according to consensus criteria (163);  namely, content validity, internal consistency, 

criterion validity, construct validity, reproducibility, responsiveness, floor and ceiling effects and 

interpretability.  The abstract nature of recovery and the subsequent lack of a gold standard 

definition impaired the assessment of each tool’s criterion validity (the extent to which a tool’s 

measurement reflects a ‘gold standard’). Content validity is the degree to which a measurement tool 

represents the construct of interest (i.e. recovery), was determined in the original development 

process and was uniformly reported for each assessment tool. Internal consistency is particularly 

pertinent to the measurement of recovery and refers to the degree to which items measuring the 

same underlying construct (i.e. cognitive recovery) are correlated. This was only variably reported (1, 

2, 8, 10-12). In contrast, construct validity is degree to which a tool’s subdomains correlated with 

each other and the stage of recovery (i.e. recovery domains improve with time). This was assessed 

using either human volunteer (1, 2) or test-retest (8) studies. Reproducibility is the degree to which 

repeated testing in the same conditions produces the same result and was reported in eight studies 

(1, 2, 7-9, 93, 161-163). Responsiveness is a measure of a tool’s ability to detect clinically important 

changes over time and was measured in only 4 studies (1, 2, 7, 8).  
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Recovery tools were also assessed for the presence of floor and ceiling effects, with both deemed to 

be present when ≥15% of patients scored the lowest or highest value possible respectively. Both 

effects limit a tool’s content validity, reliability and responsiveness and are more prevalent when a 

measurement tool is applied to a population and time period other than that for which it was 

originally validated. For example, measurement of cognitive recovery either too early in the 

postoperative period or in a population with a lower IQ than that of the original validation 

population predisposes to floor effects of that test for that test application.  

Interpretability is the degree to which quantitative scores reflect a tangible qualitative entity. This is 

central to the assessment of recovery as an assessment tool that compares the average recovery 

scores between two groups may identify a statistically significant difference that may or may not 

have tangible clinical implications. Conversely, a recovery score that compares the prevalence of 

dichotomised recovery between two groups has direct clinical implications for resource utilisation 

and patient readiness to return home.  

2.8.2 Scope of recovery tool assessment  

The crucial process which determined the scope of recovery assessed differed with each of the tools 

identified in the reviews, and was most commonly determined by using focus groups (comprising 

patient (1-3) and/or clinical (7, 9, 12, 15) participants) or by the more structured Delphi (164) 

method. Almost universally, assessment tools addressed a patient’s postoperative physical function, 

psychological/emotional state (most commonly anxiety and depression (1, 8, 10-12)) and the 

presence of adverse symptomatology (most commonly pain and nausea (1, 7-9)).  Only a minority of 

studies included measures of patient satisfaction (1, 15, 162). Importantly, only five studies included 

assessment of cognition (1, 8, 11, 15, 162), with only one of these utilising validated 

neuropsychological cognitive testing (1). The inclusion of a validated assessment of a patient’s 

postoperative cognition greatly enhances a tool’s clinical utility due to the correlation between an 

ageing perioperative population, the systemic surgical inflammatory response and poor cognitive 

function (38, 101, 103, 111).   

The assessment tools identified in the reviews also differed in their assessment of recovery as 

occurring at a single vs. multiple time points, the use of the patient as their own comparator and the 

assessment of group vs. individual recovery. An essential component of the modern recovery 

assessment tool is its validation for repeat measures, i.e. the ability of a tool to perform repeated 

assessment of recovery at sequential postoperative time points. This repeated measurement of 

recovery performance is essential in light of the concept of modern recovery occurring along a 
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trajectory, and is advantageous when providing real-time recovery data in a clinical context. Validity 

of repeated measures was, however, demonstrated in a minority of the identified recovery tools (1, 

7, 9). Similarly, only 4 tools routinely collected preoperative data to use as a baseline comparator (1, 

7, 11, 165). Of those 4 tools, only 2 studies (1, 11) compared a patient’s postoperative performance 

to each patient’s own individual preoperative baseline and allowed assessment of recovery in 

individual patients in addition to the standard assessment of group recovery. Furthermore, only 1 

tool (1) defined recovery as a dichotomous outcome occurring in multiple domains, thus allowing 

assessment of recovery at an individual patient and individual recovery domain levels.  
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2.8.3 Original Paper   

A review of the scope and measurement of postoperative quality of 
recovery. A Bowyer, J Jacobsson, O Lujungqvist and C Royse.  Anaesthesia. 2014 
Nov;69(11):1266-78. 
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2.9  THE POSTOPERATIVE QUALITY OF 

RECOVERY SCORE (POSTOPQRS) 
The Postoperative Quality of recovery Score (PostopQRS) is a unique assessment tool designed 

specifically for the assessment of individualised, multidimensional postoperative recovery (Figure 5 

& Appendix I). Its inception arose from a growing need to assess individual, and importantly, 

cognitive, recovery at multiple time points along the recovery trajectory. To date, it has undergone 

rigorous validation, with its original definition and scope of recovery defined using a structured 

Delphi method of expert opinion from anaesthetists, surgeons and statisticians(1). Its face, construct 

and discriminant validity have been confirmed in large multi-group and human volunteer trials (1, 2, 

4); these validations are often lacking in other recovery assessment tools. The PostopQRS has been 

validated for assessment of recovery within heterogeneous surgical populations (including cardiac, 

orthopaedic, general and ear, nose and throat surgery) and over a broad range of patient ages (6-70 

years old). It has proven patient satisfaction with its approach as a verbal questionnaire, 

administered either face-to-face or via telephone (1, 2, 67). Importantly, it has been validated for 

repeat measures i.e. it has been validated to assess recovery within each individual at multiple 

sequential time points. This quality is integral to the modern recovery assessment tool and the 

concept of a patient’s postoperative recovery trajectory.  

The PostopQRS measures recovery within five domains (physiological, nociceptive, emotive, 

functional and cognitive) (Figure 5). Recovery  in a domain is defined as a postoperative return of a 

patient to their preoperative level or functioning (or better) for that domain.  Overall recovery 

mandates recovery in all five domains. The PostopQRS also includes a patient reported outcome 

measure (overall patient perspective). 
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Figure 5  The PostopQRS 

 

2.9.1 The PostopQRS and cognitive recovery assessment 

The PostopQRS assesses individualised patient’s postoperative cognitive function which is essential 

to modern recovery assessment. The PostopQRS’ cognitive domain is unique and differs from other 

recovery assessment tools as it is based on validated objective neuropsychological tests.  It 

comprises five verbal tests or subdomains; Orientation, Digits Forward, Digits Back, Word Recall and 

Word Generation. A patient’s postoperative performance in each test is compared to their own 

preoperative baseline. Recovery in each test is defined as a patient’s postoperative performance 

being equal to, or greater than, their own preoperative baseline, within a pre-determined margin of 

error. This pre-determined margin of error, or tolerance factor, of each test is the qualification of the 

normal variation seen within each test when it is applied repeatedly to healthy volunteers. Cognitive 

recovery is then defined as a patient performing postoperatively at, or above, their own 

preoperative baseline in all cognitive subdomains.  

The introduction of a tolerance factor to each of the cognitive tests thus mandates that a patient’s 

baseline score in individual cognitive tests must be above the test’s tolerance factor in order for 
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failure to recover to be mathematically possible. Therefore, whilst the introduction of the tolerance 

factor reduced bias in cognitive recovery assessment, it also defined a subset of patients as having 

low baseline cognitive function on PostopQRS testing, and therefore ‘unassessable’ in terms of 

cognitive recovery using customary PostopQRS methods. These patients were defined as having 

‘low’ as opposed to ‘normal’ baseline cognitive performance (as measured by the PostopQRS). 

2.9.2 Validation of the PostopQRS cognitive recovery domain 

To date, the PostopQRS cognitive domain has been validated for performance variability and hence 

repeat measures of cognitive recovery. However, what is yet to be formally demonstrated is its face 

validity in assessing cognitive recovery, when compared to simultaneous neurocognitive assessment 

of cognitive performance. It is also imperative that a method with which to assess cognitive recovery 

in patients with low baseline cognitive performance is validated, as these patients represent a 

vulnerable patient population particularly at risk of increased perioperative morbidity and mortality.  

 

2.10 CONCLUSION 
Modern recovery assessment has progressed from that which was focused purely on the 

physiological restitution in the immediate postoperative period to a broader multidimensional 

construct extending as a continuum and following a predictable postoperative trajectory.  Recovery 

is best described as a continuous process extending over sequential postoperative time-periods and 

cannot be predicted in its entirety using pre-operative risk stratification. Its assessment has 

progressed from that which uses purely unidimensional objective measures to one which includes 

patient focused, yet objective, outcomes. Recovery can be assessed at clinically relevant 

postoperative time intervals, with early, intermediate and late recovery having both prognostic 

implications. The increasing awareness of the effects of surgical stress on the neurophysiology of an 

increasingly elderly ambulant surgical population has highlighted the need to include robust 

assessment of cognitive recovery. Recovery is ideally assessed as a dichotomous outcome overall 

and at a subdomain level, with real-time assessment at the individual and group level having both 

clinical and research utility. 

The recovery assessment tools identified in three literature reviews differed in their derivation, 

validation and scope of assessment. Importantly, few were validated for repeat measures; an aspect 

crucial when assessing the temporal nature of modern recovery. Dichotomisation of recovery 
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assessment mandates that a threshold be determined, above which recovery is deemed to have 

occurred. The limitations imposed by the use of a threshold value with which to define recovery can 

be mitigated by the use of each individual patient as their own preoperative comparator for each 

perioperative experience. Ideally, recovery is assessed as a dichotomous outcome using the patient 

as their own preoperative comparator, thus allowing not just assessment of overall group recovery 

but also recovery at an individual patient level and within each recovery domain.     

The future of recovery assessment is that which is individualised, in real-time and utilises much of 

the existing biometric technology, hybrid devices and electronic interfaces. This allows identification 

of patients in whom suboptimal recovery is occurring in a time frame that minimises delay in 

implementing targeted corrective treatment. PostopQRS.com is one such existing electronic 

interface, which has the potential to provide both patients and clinicians with real-time, 

individualised recovery data.  

The PostopQRS is an extensively validated multidimensional recovery assessment tool that already 

has a pre-existing electronic interface that provides real-time individualised recovery data. The 

PostopQRS  has  demonstrated face, content and construct validity, internal consistency, 

reproducibility and discriminant validation (1, 2, 4, 67, 166) and  has been used as an outcome 

measure within multiple observational studies (3, 4, 167-169). It assesses individual patient recovery 

by comparing an individual patient’s postoperative performance to their own preoperative baseline. 

Its cognitive domain is unique as it is based on widely utilised neurocognitive tests but has yet to 

formally demonstrate face validity in assessment of postoperative cognitive performance. It is 

imperative that the PostopQRS is formally validated in its assessment of cognitive recovery, that 

there exists a method with which to measure cognitive recovery in patients who score low on 

preoperative baseline testing and that the clinical utility of the PostopQRS in assessing recovery in 

interventional trials and in real-time is fully explored.  
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CHAPTER 3:  A PILOT RANDOMISED TRIAL 

TO DETERMINE WHETHER PREOPERATIVE 

FOCUSED TRANSTHORACIC 

ECHOCARDIOGRAPHY IMPROVES THE 

QUALITY OF RECOVERY OF PATIENTS 

UNDERGOING FRACTURED NECK OF FEMUR 

SURGERY  (ECHONOF I- TRIAL)  
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ABSTRACT 

Postoperative Quality of Recovery Score (PostopQRS) is a multidimensional, dichotomous 

postoperative recovery assessment tool that has been validated in heterogeneous patient 

populations and used extensively in observational trials. This study represented the first study in 

which the PostopQRS was utilised in a randomised interventional trial. It also highlighted the need to 

validate a scoring system with which to measure recovery in patients with low baseline cognitive 

scoring.  

Focused transthoracic echocardiography (FCU) augments the accuracy of clinical assessment of 

cardiac disease, influences anaesthetic management and reduces 30d and 12 month mortality 

without incurring surgical delay in hip fracture patients. However, FCU has yet to be assessed in 

regard to its effect on quality of patient recovery. This study was the pilot for a definitive 

randomised control trial whose primary aim was to determine whether preoperative FCU (in 

addition to standard care alone) is associated with improved quality of recovery at day 3 (as 

measured by the PostopQRS) in patients aged >65 years post hip fracture surgery. The definitive 

trial’s secondary aim was to whether FCU influences preoperative cardiac diagnosis and 

perioperative management. This pilot study’s primary aim was to determine the incidence of 

recovery in the control group, to preliminarily determine group separation in regard to the definitive 

study’s primary outcome, and to determine the feasibility of providing the definitive study’s 

intervention (a FCU) in a real-world perioperative setting.   

This pilot study revealed a high incidence of pre-existing and persistent cognitive dysfunction, 

incomplete postoperative recovery and previously un-diagnosed cardiac disease in fractured neck of 

femur patients. This pilot study demonstrated feasibility with providing FCU in the perioperative 

setting, as well as the clinical utility of the PostopQRS as the primary outcome in an interventional 

trial. Determination of group separation was limited in this study by the high proportion of patients 

scoring low on baseline cognitive testing. This pilot study highlighted the need for a large 

randomised control trial assessing the impact of FCU on clinical diagnosis and perioperative clinical 

management, and there to be a method with which to assess cognitive recovery in patients with a 

low baseline cognitive performance.  
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3.1  INTRODUCTION 

3.1.1 Background 

Postoperative Quality of Recovery Score (PostopQRS) is a multidimensional, dichotomous 

postoperative recovery assessment tool that was developed de novo for the assessment of recovery 

in postoperative patients. It has been extensively validated in heterogeneous patient populations 

and over a wide distribution of patient ages. To date, its clinical use has been limited to 

observational studies, where it has been used as the primary outcome in numerous studies. This 

study represented the first study in which the PostopQRS was utilised in a randomised interventional 

trial.  

By 2051, it is estimated that >48% surgeries will occur in patients >65yrs of age (97) and the 

incidence of surgical fixation of fractured neck of femur (NOF) will quadruple (170, 171).  NOF 

surgery is associated with a high perioperative morbidity and mortality (172, 173), predominantly 

due to the high prevalence of cardiac disease (especially aortic stenosis (174), congestive cardiac 

failure (175), pulmonary hypertension (176)) and altered hemodynamic state. A failure to diagnose 

and adequately treat these cardiac conditions (172, 177), as well as the presence of these conditions 

inducing any delay in orthopaedic surgical management (172), have been identified as causes 

contributing to preventable perioperative deaths (178).  

Focused cardiac echocardiography (FCU) is defined as one that is performed at the time of 

treatment (‘point of care’) and is limited in scope to assessment of clinically relevant physiology and 

anatomy (179).  FCU has been demonstrated to augment the accuracy of isolated clinical assessment 

of cardiac disease and hemodynamic state, influence anaesthetic management and reduce mortality 

(180-183).  A  systematic review (184) identified FCU as altering the diagnosis of clinically significant 

cardiac pathology when used both as a screening test (7%) or in patients in whom there was clinical 

suspicion (67%) of cardiac pathology (173, 185-187), most commonly by identifying left ventricular 

dysfunction (23%) or valvular disease (48%). FCU was also found to impact on patient medical 

management (4-52%), anaesthetic technique (2-12%), use of inotropes/vasopressors (8-25%), fluids 

(12-65%) and surgical management (7-46%) (173, 185-189). It also correlated highly with formal 

transthoracic echocardiography (TTE) assessment of significant cardiac disease, hemodynamic state 

and perioperative fluid resuscitation (190). FCU has demonstrated superiority to clinical assessment 

alone in diagnosing or excluding clinically significant cardiac disease, and its use has been associated 

with either a corresponding increase in the acuity of perioperative management or rationalisation of 
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clinical resources (anaesthetic type, invasiveness of perioperative monitoring and post-acute care 

discharge destination (173)). In NOF surgical patients, when FCU was added to standard care and 

compared to standard care alone,  it demonstrated a lower 30d (5% FCU vs. 15% standard care, log 

rank p=0.047) and 12 month (17% FCU vs. 33% standard care, log rank p=0.031) mortality without 

incurring surgical delay (173, 186, 187, 189) and altered cardiac diagnosis and management plans by 

up to 78% (173). To date, however, there exists a paucity of data assessing the effect of anaesthetist 

performed FCU on quality of patient recovery.    

3.1.2 Aims 

The objective of this study was to be the pilot of the first randomised control trial in which the 

PostopQRS was used as the primary outcome measure and which assessed the influence of FCU 

performed by anaesthetists on patient quality of recovery. This study was the pilot for a definitive 

single centre randomised control trial whose primary aim was to determine whether preoperative 

FCU (in addition to standard care) was associated with improved quality of recovery in patients aged 

> 65 years post hip fracture surgery (as measured by the PostopQRS). The definitive trial’s secondary 

aim was to whether FCU influenced preoperative cardiac diagnosis and perioperative management.  

Thus, this pilot study’s primary aim was to determine the incidence of recovery in the study’s control 

group (which would determine the power analysis of the definitive trial) and preliminary group 

separation in regard to the definitive study’s primary outcome (overall patient recovery at 

postoperative day 3, as measured by the PostopQRS). It also aimed to determine the clinical utility of 

the PostopQRS as the primary outcome in an interventional trial and to determine the feasibility of 

providing the definitive study’s intervention (a FCU) in a real-world perioperative setting.   

3.1.3  Clinical Implications 

This study aims to directly determine the clinical utility of the PostopQRS when used as an outcome 

measure in an interventional trial.  The PostopQRS is an extensively validated multidimensional 

recovery assessment tool that has proven clinical utility but to date has been limited to assessing 

recovery in observational studies. As it is brief, easy to use and has proven patient satisfaction with 

its approach, it is ideally suited to use in an interventional trial setting such as this study. In addition, 

as significant cost is associated with widespread implementation of perioperative FCU, it is 

imperative to determine in a randomised control trial whether FCU improves patient outcome, 

specifically in terms of patient diagnosis, management and quality of recovery. The aims of this study 

thus also directly relate to the feasibility and clinical benefit of providing a FCU in the perioperative 

setting. If the performance of FCU is associated with improved patient outcome, improved diagnosis 
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of significant cardiac conditions or improved tailoring of perioperative care, then the cost associated 

with the implementation of this non-invasive test could be substantially mitigated. The results of this 

pilot study will underpin the final design and implementation of the definitive interventional trial 

assessing the impact of FCU on patient quality of recovery post fractured NOF surgery.  

 

3.2  METHODS 

3.2.1 Study design, environment and participants 

This single centre randomised control study (MH HREC 2014.309) at the Royal Melbourne Hospital, 

Australia was undertaken with recruitment of patients occurring in 2014 & 2015. Inclusion criteria 

included patients >65yrs of age scheduled for fractured NOF surgery. Exclusion criteria included an 

inability to perform PostopQRS testing such as inadequate English, or clinically documented 

psychiatric disease and dementia. Other exclusion criteria included a documented transthoracic or 

transesophageal echocardiography performed in the 6 months prior to surgery or if 

echocardiography was insisted on by the treating anaesthetist prior to surgery.  

3.2.2 Recruitment and Randomisation 

After Ethic Committee approval and informed patient consent was obtained, patients undergoing 

fractured NOF surgery were recruited by convenience sampling of the electronic theatre booking 

system by surgery type, patient age and co-morbidities. Screening, recruitment and randomisation 

were performed by trained research staff, with the focused TTE performed by a non-treating 

anaesthetist proficient in echocardiography and trained in FCU. Randomisation occurred via 

computer random number generation and sealed opaque envelope, with blinding occurring at the 

level of the anaesthetist and surgeon (as to baseline PostopQRS testing) and at the level of the 

surgeon (as to patient randomisation).  Patients were randomised to receive, or not to receive, a 

preoperative FCU (HARTScan®,) in addition to standard practice of care.  

3.2.3 Study Intervention  

In the intervention (FCU) group, the treating anaesthetist was asked to perform a routine 

preoperative anaesthetic assessment and document their clinical cardiac diagnoses and proposed 

anaesthetic management. The study intervention FCU (HARTScan®, Heartweb.com.au, Appendix J) 
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was then performed. The HARTScan® is a standardised, focused, point of care transthoracic 

ultrasound that documents a patient’s haemodynamic state (Normal, Hypervolemia, Primary 

Diastolic Failure, Systolic Failure, Systolic and Diastolic Failure, Vasodilation and Right Ventricular 

Failure) and clinically significant valvular pathology. The HARTScan® reports were retrospectively 

checked for accuracy by an independent echocardiographer. After its performance, the treating 

anaesthetist was informed of the FCU results (the patieint’s current haemodynamic state and 

presence of clinically significant valvular disease)  and asked to document their proposed anaesthetic 

management. In the definitive trial, the pre and post-FCU diagnosis and management sheets were to 

capture the effect of FCU on peri-operative diagnosis and management.  

3.2.4 Study Data 

Additional study data collection for patients in the FCU and non-FCU groups was identical and 

comprised of both feasibility data and PostopQRS recovery data. The PostopQRS was performed at 

baseline, day 1, day 3-5 and 3 months, with each patient acting as their own control. Assessment 

modality was face-to-face for baseline, day 1 and day 3-5, with post-discharge PostopQRS 

assessment (3 months) via telephone interview (the equipoise of these twin assessment modalities 

has previously been validated (3)). The PostopQRS (www.postopQRS.com) assesses 

multidimensional recovery in nociceptive, emotive, physiological, functional (Activities of Daily 

Living) and cognitive domains (as well as overall patient perspective). It defines recovery as a return 

to a patient’s baseline function (or better), with each patient being their own control. It has been 

validated in heterogeneous surgical populations in over 8 languages and using multiple modes of 

delivery (1, 2, 4). The cognitive domain comprises five subdomains assessing orientation, working 

memory, working memory and scanning, verbal memory and executive function. These have been 

calibrated in healthy volunteers to reduce the learning effect of repeat measures (2). This calibration 

defines a subset of patients as having low baseline cognition, as measured by the PostopQRS, which 

renders them unassessable using conventional PostopQRS methodology. Hence, low baseline 

cognitive scores excluded recovery assessment of these patients in the cognitive domain, but were 

included for assessment in other non-cognitive domains in keeping with previous PostopQRS studies 

(2, 4). Similarly, missing data in each domain did not preclude that patient from recovery assessment 

in other domains or at subsequent time periods for which they had complete data. 

3.2.5 Primary and Secondary Outcomes 

This study’s primary outcome was the incidence of overall patient recovery at day 3 (as measured by 

the PostopQRS) after hip fracture surgery in those patients who received preoperative FCU 
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compared with those patients who received standard care alone. The study’s secondary outcome 

was the feasibility of providing FCU to fractured NOF surgical patients in terms of patient 

recruitment rate, satisfaction and ability to administer preoperative FCU to this patient cohort. 

3.2.6 Statistical Analysis 

Data storage and analysis was via Microsoft Excel (Microcorp., CA, USA), SPSS v21 (SPSS Inc., 

Chicago, IL, USA) and GraphPad Prism 5 (GraphPad Software, La Jolla, CA, USA). Demographic data 

was analysed using the chi-squared and independent sample t-test for categorical and continuous 

data respectively. Continuous data was presented as mean +/- SD, binary data as absolute numbers 

and percentages. Data analysis was comparison of the prevalence of recovery in the focused TTE 

group vs. standard care group at each study time point and over multiple study time points using the 

chi-squared and Cochran-Mantel-Hansel (191) tests respectively. Recovery was assessed as a 

dichotomous outcome and defined as “a patient’s return to baseline or better”, with each patient 

acting as their own control.  

 Sample Size 

A sample size estimate for the definitive trial was performed using a continuity corrected Mantel-

Haenszel (Cochran) test with an 80% power, a two-sided α significance level of 0.05, an effect size of 

20% and an anticipated 26% prevalence of recovery at day 3 (1, 3, 192) in the control group.  

Analysis was via intention to treat.  This produced a definitive trial sample size of 1276 per group.  

This pilot trial study size was based on 5% of the definitive study (64 patients per study group), 

rounded up to 70 patients per study group to allow for in-study attrition.  

 

3.3 RESULTS 

3.3.1 Patient Recruitment and characteristics 

Recruitment of patients occurred between August 2014 and February 2015 inclusive, with final 

PostopQRS 6 week assessment concluding in March 2015. From a total of 260 patients screened, 66 

patients were enrolled in this study (Figure 6). The final study size was significantly reduced 

compared to that of the sample size calculation due to the higher than anticipated incidence of pre-

existing significant cognitive impairment in our sample population, which resulted in a 
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screeing:recruitment rate of 4:1 and cessation of recruitment at 7 months.  Only 5% of all patients 

screened were excluded based on their refusal.  

The follow-up rate at study conclusion was 82%, with one patient in both the FCU and non-FCU 

groups declining involvement post randomisation but pre-baseline PostopQRS testing. All patients 

randomised to FCU had the HARTScan® performed. Low patient baseline cognitive scores (Table I) 

were present in 21 patients in the FCU and 15 patients in the non-FCU group, with 7 patients in the 

FCU and 4 patients in the non-FCU group displaying low cognitive baseline scores in more than one 

subdomain. These patients with low baseline cognitive scores were unable to be assessed for 

recovery in the cognitive domain, or for overall recovery, but were included for analysis of recovery 

in the other recovery domains.  Missing data in each domain via time period (Table II) did not 

preclude that patient from recovery assessment in other domains or at subsequent time periods.  

 

 

 

Figure 6  EchoNOF patient recruitment. FCU – preoperative focused transthoracic echocardiography 
group, No FCU- standard care group. 
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Table I  EchoNOF Patients with low baseline cognitive scores.  n- number of patients with low 
baseline PostopQRS cognitive scores. FCU- preoperative focused transthoracic echocardiography 
group, No FCU- standard care group. C1 – orientation, C2 – working memory, C3 – working memory 
and scanning, C4 – verbal memory, C5 – executive function.  

 

 

Table II   EchoNOF incomplete PostopQRS data by study time point. Data represents number (n) of 
patients with incomplete PostopQRS data, FCU- preoperative focused transthoracic 
echocardiography group, No FCU-standard care group.  

 

Demographic data for study participants (Table III) revealed no statistically significant difference in 

the demographic profile between the study intervention and control groups save for the presence of 

co-existing medical conditions (63% FCU group vs. 86% non-FCU group, p=0.05). 30% patients were 

male, with an average age of 78 +/- 8 years and 10 +/- 4 years of education. 75% of patients were 

either ASA Score IV or V, with 63% having never smoked and 79% currently not employed. 
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Table III  EchoNOF Demographic data. n - number of patients, FCU- preoperative focused 
transthoracic echocardiography group, No FCU - standard care group, SD – standard deviation 

 

3.3.2 Outcome data 

PostopQRS Recovery Profiles 

Recovery profiles of overall PostopQRS recovery (Figure 7) and within each PostopQRS domain 

(Figure 8a) and subdomain (Figure 8b) showed the incidence of group recovery to increase over 

sequential study time points for both the intervention and control groups. There was no difference 

between the study’s groups in terms of the definitive trial’s primary outcome (incidence of overall 

recovery at day 3 between those patients who received FCU (7.1%) compared to those that did not 

(8.3%), p=1.0).  Of note, there was a statistically significant increase in overall recovery incidence at 

FCU No FCU p
N 35 29
Age yrs, mean (SD) 78.1 (8) 78.2 (6) 0.95
Male gender, n (%) 10 (29) 9 (31) 1
Education years, mean (SD) 9.4 (4) 9.7 (3) 0.8
BMI kg/m², Average (SD) 23.9 (5) 26.5 (5) 0.08
Alcohol consumption, standard drinks/day, Mean (SD) 2.4 (5) 2.8 (6) 0.81
ASA Score, n (%) 0.25

ASA I 1 (3) 1 (4)
ASA II 9 (26) 5 (18)
ASA III 14 (40) 19 (64)
ASA IV 11 (31) 4 (14)

Smoking Status, n (%) 0.81
Never, 21 (60) 19 (66)
Former 11 (31) 7 (24)
Active 3 (9) 3 (10)

Co-existing medical conditions, n (%) 22 (63) 25 (86) 0.05
Previous anaesthetic complications, n (%) 6 (17) 4 (13) 1
Employment status, n (%) 0.35

Not employed at present (including student, child or retired) 30 (85) 21 (71)
Not working due to ill health - intending to return to work 3 (9) 6 (21)
Currently employed - intending to return to work 2 (6) 2 (7)

Anaesthetic Type, n (%) 0.87
General anaesthesia 8 (23) 7 (24)
General and regional anaesthesia 9 (26) 9 (31)
General and spinal anaesthesia 1 (3) 0 (0)
Spinal anaesthesia only 11 (31) 9 (31)
Spinal anaesthesia and sedation 5 (14) 4 (14)
Regional anaesthesia only 1 (3) 0 (0)
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day 30 in patients not randomised to receive a FCU compared to those that were (42.1% vs.8.3%, 

p=0.01), and this was significant when corrected for multiple comparisons (p=0.04).  

At the domain level, patients in whom there was a preoperative anaesthetist-performed FCU had a 

higher incidence of recovery in the emotive domain, both overall and in each subdomain, compared 

to that did not.  FCU was associated with an increase in global emotive recovery at day 1 compared 

to standard care alone (FCU 80% vs. no FCU 54%) and day 3-5 (FCU 81% vs. no FCU 58%), with this 

relationship being statistically significant over multiple time points (p = 0.01). At the emotive 

subdomain level, performance of FCU was also associated with an increased incidence of recovery 

from anxiety at all study time points (day 1: FCU 83% vs. no FCU 58%, day 3-5: FCU 87% vs. no FCU 

73%, 3 months: FCU 93% vs. no FCU 84%), which was significant over multiple time points (p=0.01).  

There was no statistically significant difference in the incidence of recovery between those that 

received a FCU compare to those that did not with respect to overall nociceptive recovery, nor 

recovery from persistent pain. Interestingly, recovery from nausea appeared more common in the 

non-FCU patients at day 3-5 (FCU 78% vs. no-FCU 96%), although this was not significant at this time 

point (p=0.06) or when corrected for multiple comparisons (p=0.41).  

In the cognitive domain, there was rapid and overwhelming recovery in both groups at all time 

points in regard to orientation (C1), working memory (C2 and C3), verbal memory (C4) and executive 

function (C5). This resulted in an absence of a statically significant difference in these domains 

between the FCU and non-FCU groups.  
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Figure 7  EchoNOF PostopQRS recovery profile – overall recovery. FCU- preoperative focused 
transthoracic echocardiography group, No FCU- standard care group.  
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Figure 8a  EchoNOF PostopQRS recovery profiles – individual recovery domains. FCU- preoperative 
focused transthoracic echocardiography group, No FCU- standard care group. 
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Figure 8b  EchoNOF PostopQRS recovery profiles – individual recovery subdomains. FCU- 
preoperative focused transthoracic echocardiography group, No FCU- standard care group. 
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Figure 8b   cont’d   
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Figure 8b cont’d  
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The influence of FCU on diagnosis and management by the treating anaesthetist 

In those patients who received a focused FCU, there was a high incidence of a significant HARTScan® 

result (significant valvular or haemodynamic state pathology diagnosed with echocardiography) 

(Figure 9). This was irrespective of whether significant pathology was a-priori suspected on clinical 

assessment alone by the treating anaesthetist - 93% of patients suspected of having significant 

cardiac disease pre-FCU had a subsequent significant HARTScan® result, whereas 76% of patients 

not suspected of having significant cardiac disease pre-FCU had a significant HARTScan® result.  An 

altered haemodynamic state with no significant valvular pathology was the most common significant 

cardiac abnormality reported on FCU, both in patients suspected and not suspected clinically of 

having cardiac disease (54% and 58% respectively). Concomitant valvular and hemodynamic state 

pathology occurred in 38% of patients suspected, as opposed to 21% of patients not suspected, of 

having cardiac disease on clinical assessment.  

Significant cardiac disease identified on FCU lead to changes in clinical management, both in patients 

with (69%) and without (53%) clinical suspicion of cardiac disease.  In addition, a focused FCU 

reporting absence of clinically significant valvular or haemodynamic pathology also resulted in 

changes to clinical management, both in patients suspected and not suspected clinically of cardiac 

pathology (100% and 33% respectively).  Changes in management resulting from focused FCU 

included both step-ups and step-downs in acuity, with changes to haemodynamic monitoring and 

support being the most common.  
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3.4 DISCUSSION 

This study highlighted the high incidence of undiagnosed cardiac disease, pre-existing cognitive 

dysfunction and incomplete postoperative recovery in fractured NOF patients, all of which are 

factors associated with significant perioperative morbidity and mortality. This study confirms the 

feasibility of the PostopQRS as an outcome measure in a randomised control trial and highlights the 

need to develop a scoring system with which to measure cognitive recovery in patients with low 

baseline PostopQRS scoring. This study also supports the need for a definitive randomised control 

trial of the use of focused clinical FCU in augmenting preoperative clinical cardiac assessment, the 

design of which must consider the high incidence of pre-existing cognitive dysfunction in NOF 

surgical patients, and the high incidence of patients scoring low on baseline PostopQRS testing.   

Recovery profiles of all domains assessed showed the incidence of recovery increasing with time, 

thus confirming face validity of the PostopQRS in assessing recovery in this patient cohort and is 

consistent with that seen in previous studies using the PostopQRS tool (1, 2, 4). The preponderance 

of elderly, female ASA VI patients in this study is also consistent with the demographics seen in the 

underlying fractured NOF patient population (173) and thus strengthens the generalisation of this 

study’s results.  

This pilot study demonstrated the feasibility of providing fracture neck of patients with routine 

preoperative FCU, but highlighted the important issue of pre-existing cognitive impairment in this 

study population that must be addressed in the definitive study’s design. This pilot study 

demonstrated a screening: recruitment rate of 4:1, with the overwhelming majority of ineligible 

patients (131 patients) being excluded due to pre-existing cognitive impairment (67.5% ineligible 

patients, 50.0% total patients screened). In comparison, only 14 patients were excluded due to 

patient refusal. This high incidence of pre-existing cognitive impairment is consistent with the high 

incidence of cognitive dysfunction documented in the underlying wider study population (37, 38) but 

was considerably higher than what we expected in our patient cohort.  This lead to this study being 

terminated at 7 months prior to the recruitment of the full study patient quota, and may have 

contributed to possible Type II error in our primary endpoint results and lack of group separation in 

terms of the definitive trial’s primary outcome.  It may have also contributed to a Type I error in 

regard to the observed improved recovery in patients who did not receive a FCU; this result needs to 

be definitively assessed in a fully powered study, as it was the opposite of what was anticipated. 

Similarly, interpretation of differences between the two groups in terms of the incidence of recovery 

for all PostopQRS domains and subdomains must be interpreted with caution given the low sample 
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size and will be ultimately determined in the definitive trial. This high incidence of pre-existing 

cognitive impairment in fractured neck of femur surgical patients, and its impact on the number of 

patients eligible for study enrolment, must be anticipated when planning the definitive trial.   

Both the high incidence of pre-existing cognitive disease and the high incidence of incomplete 

cognitive recovery represents a significant morbidity burden in NOF surgical patients. The presence 

of these cognitive impairments is also predictive of poor recovery in non-cognitive domains and an 

increase in short and long-term mortality (3, 38, 98). This high incidence of pre-existing cognitive 

impairment must also be anticipated when determining perioperative management and resource 

utilisation in fractured neck of femur patients.   

Within our study patients there was also a high incidence of patients who scored low on baseline 

PostopQRS cognitive testing (60% and 52% of FCU and non-FCU groups respectively). This was in 

addition to the high proportion of screened patients that were excluded from the study due to pre-

existing documented poor cognitive performance. Furthermore, 11 study patients (7 in the FCU and 

4 in the non-FCU group) displayed low baseline cognitive scores in more than one cognitive 

subdomain, indicating a preponderance of subclinical global cognitive dysfunction in these surgical 

NOF patients.  Low baseline cognitive scoring prohibited these patients from being assessed with 

regard to the cognitive domain of recovery, and hence prohibited from being included in overall 

recovery assessment. This reduced our sample size further (to 12 and 11 patients in the FCU and 

non-FCU group respectively)  in regard to assessment of overall recovery at day 3, which may have 

thus also contributed to the lack of group separation at this study time point in regard to this study 

outcome.  As low baseline scoring in the PostopQRS cognitive domain prohibits subsequent 

assessment of cognitive recovery (as measured by the PostopQRS) in these patients, from a clinical 

standpoint we are yet to determine whether these patients represent a particularly vulnerable 

patient population at risk of poor cognitive recovery, and hence greater postoperative morbidity. 

This highlights the need to validate a method with which the PostopQRS can assess cognitive 

recovery in these patients with low baseline PostopQRS cognitive performance. 

The lack of group separation seen in this pilot study between the intervention and control group in 

terms of overall recovery at day 3 may hace been attributable to the reduced number of patient’s 

enrolled in this study, the reduced number of patient eligible for overall recovery assessment at day 

3 as well as the lower than anticipated incidence of recovery in this study’s control group. Our 

original pilot study size was based 5% of the definitive trial’s study size and on the incidence of day 3 

recovery being 26% in the control group (as reported in the literature).  However, the incidence of 

recovery observed in our pilot study was half that reported in the literature (and may reflect the 
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particularly frail patient population at the study site).  A revised definitive trial study sample size, 

using out study’s observed incidence of recovery in the control group (8.3%), would require 3211 

patients per group. Thus, our pilot study sample size represents 0.37% of the definitive trial’s sample 

size, which may not have been adequate to detect a 20% improvement in day 3 overall recovery. 

This reduced incidence of overall recovery in patients post fractured NOF surgery reported in this 

pilot study must be anticipated in calculation of the definitive trial’s sample size and determining 

feasibility of conducting a definitive trial using this patient population.  

The low incidence of recovery at all study time points and in both the FCU and non-FCU group may 

reflect the high morbidity burden of these patients. The statistically significant increase in incidence 

in overall recovery at day 30 in the non-FCU group must be interpreted with caution given the study 

sample size as it may represent a Type I error. This trend must be confirmed in the proposed larger 

powered trial.  

This study highlighted that clinically significant cardiac disease is prevalent in NOF surgical patients, 

irrespective of whether there is a preoperative clinical suspicion. The majority of patients, 

irrespective of whether there was suspicion of cardiac disease post clinical assessment alone, had 

clinically significant cardiac disease on focused FCU. This not only supports current literature 

indicating that FCU augments and is superior to clinical assessment alone  in the diagnosis of cardiac 

pathology , but also more importantly that clinical assessment alone is failing to identify patients in 

whom there is  co-existing cardiac disease that may benefit from perioperative treatment. This 

postulates one mechanism which may account for the observed reduced perioperative morbidity 

and mortality associated with focused FCU use and would benefit from confirmation in a larger, fully 

powered randomised control trial.   

The use of preoperative focused FCU resulted in changes to perioperative management in both 

patients in whom cardiac disease was, and was not, suspected and lead to both an increase and 

decrease use of clinical resources. In the patient in whom clinically significant cardiac disease was 

suspected but was found to be absent on FCU, clinical management was ‘stepped down’; 

correspondingly, clinical management was ‘stepped up’ in the majority of patients in whom the 

focused FCU revealed previously un-suspected cardiac disease. Interestingly, changes in 

management also occurred in patients suspected of cardiac disease where significant pathology was 

also identified on FCU, as well as in patients not suspected of cardiac disease who had a reassuring 

FCU. Whilst the former may represent a ‘refinement’ of clinical diagnosis of cardiac disease by the 

FCU, both warrant further investigation. What also warrants further investigation is the health 
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economic impact of performing a perioperative FCU and how this compares to any corresponding 

improvements made to patients’ perioperative course.  

A major lesson learnt from this pilot trial was the importance of data integrity. A major limitation of 

this trial’s data analysis was due to the high proportion of patients who had incomplete data. This 

was most notable at day 3, where 37% and 40% of FCU and non-FCU patients had missing data in at 

least one PostopQRS domain. This rendered them unable to be assessed for that domain at that 

study time point and, importantly, not able to be assessed for overall recovery at that study time 

point. This significantly impacted on this pilot trial’s ability to determine group separation in the 

definitive trial’s outcome (overall recovery at day 3) and may have contributed to a Type II error. 

Interrogation of raw data revealed that this incomplete data was due primarily to incomplete coding 

that was unable to be rectified for existing datasets but that was prevented in subsequent datasets 

by implementation of corrective procedures. This was an invaluable lesson to have learned and 

corrected prior to the design and implementation of the definitive trial.  

The performance of FCU and overall trial design was widely accepted by all those that took part 

(both clinician and patient). No patient or treating anaesthetist refused to have an FCU performed 

on those patients randomised to receive a perioperative FCU, and all treating anaesthetists were 

amenable to completing the pre-FCU and post-FCU management plans. Furthermore, 98% of 

patients who receive an FCU reported to be completely or at least moderately satisfied with their 

anaesthetic care, of which the FCU was a component, which was not statistically different to that 

reported by patients who did not received a FCU (98%, p=1.0). This strengthened the clinical 

feasibility of implementing this pilot study’s design as the basis for that of the definitive trial, and 

demonstrated clinical feasibility in using the PostopQRS as an outcome measure in an interventional 

trial.  

3.4.1  Study Limitations 

Limitations of this study include its single institution nature, the small study sample size and the low 

incidence of overall recovery. Whilst an underlying incidence of pre-existing cognitive impairment 

was anticipated from previous studies, it was higher in our study population and resulted in 

significant reduction in the number of eligible patients for enrolment and ultimately termination of 

patient recruitment prior to attaining the calculated sample size. This may have contributed to the 

lack of group separation between the study groups in terms of the definitive trial’s primary outcome 

(overall recovery at day 3 as measured by the PostopQRS), and may have contributed to Type I error 

in other study results.  Low baseline cognitive scores in patients enrolled in the study prevented 
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assessment of these patients with regard to cognition but did not exclude them from analysis in 

other domains. This study highlighted the need to account for this potentially high incidence of 

cognitive impairment when designing future studies and for there to be a validated method with 

which to assess PostopQRS cognitive recovery in these patients with low cognitive baseline.  

 

3.5 CONCLUSION 

There is a high incidence of pre-existing and persistent cognitive dysfunction, incomplete 

postoperative recovery and undiagnosed cardiac disease in fractured NOF patients, all of which are 

correlates of significant postoperative morbidity and mortality. Performance of a FCU as part of 

perioperative management of fractured neck of femur patients demonstrated clinical feasibility, 

with a recruitment rate of 4:1, 82% follow-up rate, high patient satisfaction and low rate of patient 

refusal. The incidence of recovery in NOF surgical patients increased with time but was incomplete 

at 3 months, irrespective of whether a focused FCU was performed.  Performance of a focused FCU 

by an anaesthetist was not associated with improved overall recovery at day 3, but was associated 

with an increased incidence of recovery over time with respect to emotive recovery.  This must be 

interpreted with caution due to the risk of a Type II and Type I error respectively. Performance of a 

focused FCU identified clinically significant cardiac disease both in patients in whom there was, and 

was not, a pre-existing clinical suspicion, and lead to alterations in perioperative management, both 

by a step-up and step-down in resources. This study was limited by the higher than anticipated 

exclusion rate of participants due to cognitive impairment, which impacted on the study’s 

recruitment rate and ultimate study size, and emphasised the need to develop a validated method 

with which to score these patient’s postoperative cognitive performance. Nevertheless, this study 

demonstrated clinical feasibility in using the PostopQRS as the primary outcome measure in a 

randomised, interventional trial and highlighted the need for a large randomised control trial 

assessing the impact of focused FCU on patient morbidity, mortality and clinical management.  
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CHAPTER 4 :  ASSESSMENT OF PATIENT 

BASELINE COGNITIVE FUNCTION: 

COMPARISON OF NEUROCOGNITIVE TEST VS. 
POSTOPQRS COGNITIVE DOMAIN 

PERFORMANCE. 
 

Preface 

This chapter is a sub-analysis of the study “Comparison of neurocognitive assessment vs. PostopQRS 

cognitive domain performance to assess cognitive recovery in patients undergoing cardiac surgery” 

(Melbourne Health Human Research and Ethics Committee 2015.142). The scope of this chapter is 

the comparison of patient baseline cognitive performance in both the PostopQRS and a formal 

neurocognitive test battery. The analysis of cognitive recovery assessed this study is addressed in 

Chapter 5 of this thesis.  

Text, Table IV, VI and Figure 13c have been published as a component of the article Bowyer A.J., 

Heiberg J., Sessler D.I., Newman S., Royse A.G., Royse C.F.: Validation of the cognitive recovery 

assessments with the Postoperative Quality of Recovery Scale in patients with low baseline 

cognition. Anaesthesia. 2018 Nov, 73 (11):1382-1391 (Appendix K). The candidate was the primary 

author of these text, figures and tables.   
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ABSTRACT 

The process which validated the PostopQRS cognitive domain resulted in a proportion of patients 

being classified as having low baseline cognitive performance based on statistical criteria. The sub-

study in this chapter aimed to demonstrate clinical face validity in the PostopQRS classifying patients 

as having low, as opposed to normal, baseline cognition. This was by comparison of each patient’s 

baseline cognitive performance on the PostopQRS cognitive domain versus formal 

neuropsychological test battery. Patients with low baseline PostopQRS scores differed in their formal 

neuropsychological test performance from those patients that had normal PostopQRS baseline 

scores, both in their distribution of overall neuropsychological baseline scores as well as their 

propensity to meet the criteria for poor performance in a greater number of neuropsychological 

tests. Patients with low PostopQRS baseline cognitive performance were also relative insensitive to 

changes in the definitions used to classify low neuropsychological performance, indicating that these 

patients may represent a cohort who have demonstrably poor cognitive function and in whom 

timely intervention may be of most benefit.  The PostopQRS classification of patients into those that 

have low, as opposed to normal, baseline cognition correlated most strongly with the 

neuropsychological classification of a low baseline cognitive performance of being ≤-1.96SD in 2 or 

more neurocognitive tests.  
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4.1 INTRODUCTION  

4.1.1 Background 

Of fundamental importance to the assessment of modern recovery is the appraisal of each patient’s 

perioperative cognitive performance. Accurate perioperative cognitive assessment is essential due 

to the interplay between poor postoperative cognitive performance and increased patient 

perioperative morbidity and mortality (30, 37-39, 116). Postoperative recovery in cognitive and non-

cognitive domains are also interrelated, with failure in the former being predictive of suboptimal 

performance in the latter (30, 98). Furthermore, accurate perioperative cognitive assessment is 

increasingly more pertinent given an ageing perioperative population and the interplay between 

perioperative neuroinflammation, reduced cognitive reserve and potential acceleration of 

underlying neurodegenerative processes (100-109). Of most importance is the need to identify those 

patients presenting preoperatively with pre-existing low cognitive performance, as these represent a 

patient population at most risk of perioperative morbidity and mortality (106, 193-195), and a 

population in whom timely intervention may be of most benefit.  

Accurate assessment of cognitive performance is hampered by the cumbersome nature of formal 

neuropsychological testing and a paucity of validated alterative cognitive screening tools. A 

fundamental issue in assessing an individual patient’s performance on neuropsychological (NP) 

testing is the lack of consensus as to what defines ‘unhealthy’ or ‘low’ cognitive performance using 

these NP tests. A systematic review (96) reported postoperative cognitive dysfunction (POCD), as 

measured by these tests, as being variably defined as  

• A difference in group change scores  

• A change of greater than one (or two) standard deviation from preoperative score in 2 or 

more tests or the same change in one or more tests (117, 118) 

•  A 20% change in at least 20% of tests or  

• Identification of clinically significant differences between groups (119, 120).  

Similarly, there is lack of consensus as to what NP tests should be included in a test battery, what 

defines a suitable reference population and, most importantly, whether to assess a patient’s 

performance on individual NP tests independently or to assess a patient’s performance using an 

overall aggregated composite score (96, 117-121).   
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Traditional research application of NP cogntive assessment was by comparison of cognitive 

performance between two study groups, with a statistically significant difference of performance 

between groups inferred to have clinical significance. However, cognitive recovery is ideally assessed 

at an individual patient level by comparison of a patient’s postoperative cognitive performance in 

relation to their own baseline cognitive function. This allows not only individualised recovery 

assessment, but also enables early identification of patients in whom preoperative (as well as 

postoperative) cognitive performance is suboptimal and in whom timely intervention may be most 

beneficial.  

It is essential that a recovery assessment tool provides an objective measure of a patient’s cognitive 

performance due to the poor correlation between subjective (patient-reported) measures of 

cognitive abilities, patient insight and patient performance on objective cognitive testing (116). 

Three recent literature reviews (5, 26, 27) identified 13 unique recovery assessment tools, of which 

only four tools included an assessment of cognition (1, 11, 15, 162). Of those, only the PostopQRS 

cognitive assessment (‘domain’) was derived directly from current formal neuropsychological tests.   

The PostopQRS is a multidimensional recovery assessment tool that includes assessment of cognitive 

recovery. It has been validated in heterogeneous surgical populations for patient acceptability, 

performance variability and equipoise in administration face to face vs. over the phone assessment 

of multidimensional recovery (1, 2, 67). Through its validation process, a tolerance factor was 

applied to the cognitive domain in order to account for normal test performance variability (2). This 

resulted in a subset of patients being defined as having low, as opposed to normal, baseline 

cognitive performance (as measured by the PostopQRS). This classification of patients according to 

baseline PostopQRS performance has proven statistical validity (2) but has yet to prove its clinical 

face validity. Thus, this sub-study aims to determine the clinical face validity of the PostopQRS in 

classifying patients into those that have normal versus low baseline cognition by comparison of 

these two groups in terms of their baseline performance on a formal neurocognitive test battery.  

4.1.2 Aim 

The primary objective of this study was to validate the PostopQRS cognitive domain in identifying 

patients as having normal vs. low cognitive baseline performance.  This was via exploring the 

relationship between a patient’s performance at baseline in the PostopQRS cognitive domain versus 

that in formal NP testing, with the latter being the gold standard. An additional objective was to 

assess how this relationship was impacted upon by the differing definitions used to define low 

neuropsychological performance. The aim of this study was thus to compare the proportion of 

88



patients classified as having low baseline using the PostopQRS vs. NP test battery, with the latter 

being defined as the gold standard with which to assess cognitive performance.  

4.1.3 Clinical Implications  

The aims of this study directly relate to the clinical utility of the PostopQRS cognitive domain in 

detecting patients with low baseline cognition. Identification of patients with low preoperative 

cognitive baseline performance is imperative as they represent a population at risk of increased 

perioperative morbidity and mortality, and in whom timely intervention may be of benefit (38, 116). 

Currently, perioperative assessment of cognition is hampered by the lack of a readily available, user 

friendly, validated assessment tool. The PostopQRS cognitive domain, however, is brief, easy to 

administer and has proven patient acceptance (1, 67). By validating the PostopQRS cognitive domain 

as an assessment of baseline cognitive function, it allows for the possibility of it to act as a powerful 

clinical tool to be incorporated into routine preoperative assessment in order to identify this at risk 

patient population.   

 

4.2 METHODS 

4.2.1 Study design, environment and participants  

This was a single centre observational study (MH HREC 2015.142) conducted at the Royal Melbourne 

Hospital, Australia in 2015 – 2016.  Adult patients undergoing cardiac surgery were enrolled if they 

possessed adequate English to conduct the testing surveys and were excluded if they had clinically 

documented psychiatric disease, dementia or any medical or learning disorder that would indicate 

cognitive disability.  

The PostopQRS and the neuropsychological (NP) test battery were performed by nominated 

research staff trained in the administration of both the PostopQRS and the formal 

neuropsychological tests. The neuropsychological testing coincided with the corresponding face-to-

face PostopQRS interviews, with baseline PostopQRS and neuropsychological data collection 

occurring no more than 14 days prior to surgery. Subsequent PostopQRS data collection for an 

additional recovery sub-study (Chapter 5) also occurred at postoperative day 1, day 3-5, day 14, day 

30 and week 6-8, whilst additional  neuropsychological testing occurred at postoperative day 3-5 and 

week 6-8. Blinding within the study occurred at data entry and analysis. 
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4.2.2  Recruitment  

After Ethics Committee approval was obtained, recruitment of patients occurred by professional 

research nurses and clinicians via convenience sampling of prospective theatre operative lists. 

Patients were randomised to the order in which their baseline cognitive performance was assessed 

(i.e. whether the PostopQRS or NP test battery was performed first), with randomisation occurring 

via computer generated randomisation sequence and sealed opaque envelopes.  

4.2.3  Study Data  

Data recorded was in a re-identifiable format and included baseline patient demographic and 

cognitive assessments, as well as perioperative and recovery data that were to be used in the 

subsequent recovery sub-study (Chapter 5). Each patient’s baseline cognitive performance was 

assessed twice, once each by the PostopQRS cognitive domain and the NP test battery.  In each of 

these tests, the patient was classified as having normal vs. low baseline cognitive performance.  

Cognitive Baseline Assessment  

i The PostopQRS 
The PostopQRS (PostoQRS.com) is a multidimensional recovery assessment tool that has previously 

been validated in heterogeneous surgical populations with respect to repeat testing, dual interview 

modalities (face to face vs. telephone), discriminant validity and performance variability (1, 2, 4). 

Whilst the PostopQRS assesses each patient’s perioperative performance in multiple domains 

(physiological, nociceptive, emotive, functional and cognitive), this sub-study’s focus was confined to 

individual patient performance in the cognitive domain only, and to their initial preoperative 

(baseline) performance.  

  PostopQRS assessment of baseline cognitive performance 

The cognitive domain of the PostopQRS consists of 5 tests or subdomains: orientation (C1), digits 

forward (C2), digits back (C3), word recall (C4) and word generation (C5). Recovery in the cognitive 

domain mandates recovery in all five tests; if a patient fails to recover in one or more tests they are 

deemed to have not recovered in the cognitive domain. Each of the cognitive tests has its own 

tolerance factor. The application of a tolerance factor in scoring each test in the PostopQRS cognitive 

domains accounts for >90% performance variability on neurocognitive testing (the variation 

between initial and subsequent cognitive test scores observed in healthy volunteers which is due to 

chance or learning effect, rather than underling cognitive impairment). The tolerance factors for the 

cognitive subdomains are 0 for orientation, 2 for digits forward, 1 for digits back, and 3 for word 
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recall and word generation. A patient is deemed to have recovered in a cognitive test if their 

postoperative test score is equal to (or greater than) their preoperative score, within a margin of 

error that is equal to the tolerance of that test.  

The introduction of a tolerance factor for each of the cognitive tests thus mandates that a patient’s 

baseline score in individual cognitive tests must be above the test’s tolerance factor in order for 

failure to recover to be mathematically possible. Therefore, whilst the introduction of the tolerance 

factor reduced bias in cognitive recovery assessment, it also defined a subset of patients as having 

low cognitive baseline and therefore ‘un-assessable’ using customary methods (these patients would 

be biased to be defined as recovered irrespective of their postoperative performance). These 

patients were defined as having ‘low’, as opposed to ‘normal’, baseline cognitive performance (as 

measured by the PostopQRS).  

ii Neuropsychological test battery 

The neuropsychological (NP) test battery in this study comprised 11 validated and widely utilised 

neurocognitive tests that whose breadth complied with the Consensus Statement on Postoperative 

Neurobehavioral Outcomes (28, 196). The individual tests used and the corresponding domains 

assessed are in Table IV.  Test outcomes were either ‘time to test completion’ (Trail A & B and 

Grooved Pegboard (Dominant (GP-Dom) and Non-Dominant (GP-NDom) hands)) or ‘number of 

correct responses’ (Controlled Oral Word Association Test (COWA), Stroop Colour Word Test 

(SCWT), Rey Auditory Verbal learning Test (Total and Recall), Longest Digit Span (forward (LDSF) and 

backward (LDSB)) and Symbol Digit Modality Test (SDMT)). Reference parameters of these tests 

were sourced from published literature and age- and gender- matched, with parallel forms used 

where appropriate effect (197-199). 
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Table IV   Neuropsychological test battery. 

 

  Neuropsychological assessment of baseline cognitive performance  

Assessment of individual patient baseline neuropsychological (NP) performance was by comparison 

of a patient’s preoperative NP test scores to that of age and gender matched healthy population 

norms. This began with standardisation of a patient’s performance in each NP test in reference to 

published age and gender matched healthy populations, and denoted as z (standardised individual 

test performance).  

z = x-μ/σ where  x = patient baseline performance 

μ, σ = mean and standard deviation of reference population 

Equation 1 Standardised individual test performance (z).  

Subsequent assessment of a patient’s baseline NP performance was via two parallel methods, both 

of which are commonly used in the current literature to define postoperative cognitive dysfunction 

and low neuropsychological performance.  

Neurocognitive domain assessed Outcome variable

Timed tests

Trail A & B attention, speed, mental flexibility time to test completion

Grooved Pegboard (Dominant and Non-Dominant Hands) motor function time to test completion

Count Tests 

Longest Digits Span (Forward & Backwards) short term verbal memory number of correct responses

Controlled Oral Word Association Test verbal association fluency (phonemic version) number of correct responses

Stroop Colour Word Test - Interference (Trennery)
executive function, selective attention, 

cognitiv flexibility
number of correct responses

Rey Audity Verbal Learning Test  (Total, Recall) verbal learning and memory number of correct responses

Symbol Digit Modality test
divided attention, visual scanning, tracking, 

motor speed
number of correct responses
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 Neuropsychological assessment as a continuous composite score 

Firstly, a patient’s baseline NP performance was assessed as a single, normalised composite score,  

denoted as a patient’s overall normalised baseline score (NBS). A patient’s overall NBS was derived 

by averaging a patient’s standardised performance on each of the 11 NP tests.  

overall NBS = Σ(z1 … z11)/11  where z1 … z11  = standardised individual test performance for 

NP tests 1 through to 11 

Equation 2 Individual patient baseline performance as a single composite score (NBS). 

Comparison was made as to the distribution of normalised baseline scores between those patients 

that had low vs. normal PostopQRS baseline cognition.  

 Neuropsychological assessment as a dichotomous score 

Secondly, a patient’s baseline NP performance was assessed as a dichotomous NP score. A patient’s 

standardised performance in one NP test (z) was assessed independent of any of the other 10 

remaining NP tests. In each test, a patient was deemed to have low NP performance if they scored 

below a predetermined threshold value of ‘normality’ for that test, i.e. their test performance 

differed from (and was deemed significantly lower than) that of a reference (healthy) population.  A 

patient was then deemed to have low overall baseline NP performance if they had low performance 

in a predetermined number of NP tests. There was a lack of consensus as to both the threshold value 

within each test which defines a low NP performance, as well as the number of tests that a patient 

must be ‘low’ in order to be defined as having low overall baseline NP performance. The threshold 

values of -0.5SD, -1.0SD, -1.96SD, -10%, -20%, -30% below a healthy population mean commonly 

define poor performance within a NP test (95, 200-202). Similarly, a poor performance in 1,2 or 3 or 

more tests is commonly quoted as clinically significant (95, 200-202). Hence, repeated comparison of 

baseline NP performance with that of PostopQRS cognitive performance was performed, 

sequentially using the commonly utilised thresholds used to dichotomise low NP performance - a 

standardised baseline performance of ≤-0.5SD, ≤-1.0SD or ≤1-.96SD occurring in 1,2 or 3 or more NP 

tests, or a standardised baseline performance which was a  ≥-10%, ≥-20% and ≥ -30% change from 

the reference population mean in 1,2 or 3 or more NP tests.  

For all methods used to define low NP test performance as a dichotomous outcome, comparison 

was made as to whether each patient’s baseline cognitive performance was defined as ‘low’ or 

‘normal’ by each of the PostopQRS and NP battery (as a dichotomous assessment). Comparison was 

made for the NP battery for all threshold values and number of significant tests commonly accepted 
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in the literature (95, 200-202). An assessment was also made as to the differences in classification of 

a patient’s NP performance when it is assessed as composite vs. dichotomous method. 

Sources of Bias in neuropsychological testing 

Further analysis of patient baseline neuropsychological test performance was conducted to identify 

any potential intrinsic sources of bias within the NP test battery. Potential sources of bias assessed 

included non-discriminatory tests (floor and ceiling effects) and the variation in NP test standard 

deviations (203-205).  A test was deemed to be non-discriminatory if a predetermined proportion 

(>15%) of patients attain the lowest or highest score possible.  A ceiling effect, when present at 

baseline testing, biases a patient to fail in that test as it is mathematically impossible for them to 

improve on their baseline performance; inversely, a floor effect present at the same time period in 

the same test biases a patient to recover.  The coefficient of variation (CV) is the standard deviation, 

SD, of a test as a proportion of the test mean, μ, (CV = SD/μ) and is a measure of the precision of a 

test. Differences in the magnitude of each tests’ CV impacts on the probability that a patient will be 

classified as having  ‘low’ as opposed to ‘normal’ baseline cognition in that test i.e. A test with a large 

CV biases patients to be classified as ‘normal’ for that test compared to a test with a smaller CV.  

Subsequent assessment was made as to the effect that these potential sources of bias may have on 

the relationship between NP and PostopQRS performance in terms of the sub-study’s primary 

outcome. 

4.2.4  Primary Outcome 

The primary outcome of this sub-study was comparison of the proportion of patients classified as 

having low baseline cognitive performance using the PostopQRS as opposed to the NP test battery.  

The secondary outcome of this sub-study was an assessment of the impact that the differing 

definitions used to define low NP performance and potential NP test bias had on the primary 

outcome.  

4.2.5 Statistical Analysis 

Data storage and analysis was via Microsoft Excel 2010 (Microsoft Corp., CA, USA), SPSS v25 (SPSS 

Inc., Chicago, IL, USA) and GraphPad Prism 7 (GraphPad Software, La Jolla, CA, USA). Demographic 

data was analysed using the chi-squared and independent sample t-test for categorical and 

continuous data respectively. Continuous data was presented as mean +/- SD, binary data as 

absolute numbers and percentages.  Data analysis was via comparison of the proportion of patients 

classified as having low baseline using the PostopQRS vs. NP test battery. NP baseline performance 
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was assessed as both a continuous composite score and a dichotomous outcome, both overall and 

with each NP test. Quantification of this comparison was via sensitivity, specificity, PPV and NPV of 

the PostopQRS in detecting low cognitive performance as measured by the NP test battery. 

Comparison was made as to the effect that removal of non-discriminatory test had on the primary 

outcome.     

Sample size analysis 

This sub-study was a component of a larger study assessing cognitive recovery up to postoperative 

week 6 (Chapter 5) whose study sample size was calculated to be 100 patients (Section 5.2.3). 

 

4.3 RESULTS 

4.3.1 Patient recruitment and characteristics 

Recruitment of patients occurred between August 2015 and January 2016 inclusive. From a total of 

144 patients screened, 69 patients were enrolled into the study (Figure 10). 2 patients were 

subsequently excluded from analysis due to incomplete baseline NP data (patient refusal to 

complete the NP test battery), resulting in 67 patients undergoing both NP and PostopQRS 

assessments. Neither one of the patients with incomplete baseline NP data scored low baseline in 

the NP tests which they completed.  27% (n=17) of patients were classified as having low baseline 

PostopQRS cognitive scores.  
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Figure 10  PostopQRS Cognitive Baseline patient recruitment.  

 

Demographic data was compared for patients with normal versus low PostopQRS cognitive 

performance (Table V). The average age of the study population was 58yrs, with patients with low 

PostopQRS cognitive testing being older than those with normal cognition (64 +/- 13yrs vs. 57+/- 

13yrs). These differences between groups were statistically significant (p=0.05). Groups were 

similarly matched in regard to gender, smoking status, ASA score and surgery type.  
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Table V  PostopQRS Cognitive Baseline demographic data. BMI - Body mass index, ASA - American 
Society of Anaesthesiologist, CABG - Coronary artery bypass graft, SD – standard deviation. 

 

4.3.2 Normative Neuropsychological Data  

Normative data for the 11 NP tests were obtained from the literature (Table VI) (197-199), and were 

age- and gender-matched where appropriate.  

p
n 49 18
Age Yrs, mean (SD) 57 (13) 64 (13) 0.05
Male gender, n (%) 40 (82) 15 (83) 0.87
BMI kg/m², mean (SD) 30 (5) 30 (7) 0.73
ASA Score 0.04

ASA I 0 (0) 0 (0)
ASA II 0 (0) 1 (6)
ASA III - V 49 (100) 17 (94)

Smoking Status 0.26
Current, n (%) 6 (12) 5 (29)
Never, n (%) 28 (57) 8 (47)
Current, n (%) 15 (30) 4 (24)

Co-existing medical conditions 0.21
Angina, n (%) 10 (20) 1 (5)
Congestive cardiac failure, n (%) 13 (27) 7 (39)
Previous myocardial infarction, n (%) 18 (37) 3 (17)
Previous cardiac surgery, n (%) 7 (14) 0 (0)
Dialysis dependent renal failure, n (%) 3 (6) 0 (0)

Type of Surgery 0.35
CABG (on-pump), n (%) 37 (76) 10 (56)
Valve, n (%) 3 (6) 3 (17)
CABG (on-pump) + valve, n (%) 4 (8) 3 (17)
Aortic, n (%) 3 (6) 1 (5)
Other, n (%) 2 (4) 1 (5)

Normal PostopQRS 
Baseline

Low PostopQRS 
Baseline

97



 

Ta
bl

e 
VI

  N
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
t n

or
m

at
iv

e 
da

ta
   

 *
 n

um
be

r o
f c

or
re

ct
 re

sp
on

se
s (

n 
)  

 #
 ti

m
e 

to
 te

st
 c

om
pl

et
io

n 
(s

ec
). 

LD
SF

 - 
Lo

ng
es

t D
ig

it 
Sp

an
 F

or
w

ar
d,

 
LD

SB
 –

 L
on

ge
st

 D
ig

it 
Sp

an
 B

ac
kw

ar
d,

 C
O

W
A 

- C
on

tr
ol

le
d 

O
ra

l W
or

d 
As

so
ci

at
io

n 
Te

st
, S

CW
T 

- S
tr

oo
p 

Co
lo

ur
 W

or
d 

Te
st

 (T
re

nn
er

y 
Ve

rs
io

n)
, G

P 
- G

ro
ov

ed
 

Pe
gb

oa
rd

 (D
om

 –
 D

om
in

an
t, 

N
Do

m
 –

 N
on

do
m

in
an

t)
, R

AV
LT

 - 
Re

y 
Au

di
to

ry
 V

er
ba

l l
ea

rn
in

g 
Te

st
 (T

ot
al

 a
nd

 R
ec

al
l),

 S
DM

T 
- S

ym
bo

l D
ig

it 
M

od
al

ity
 T

es
t.

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

M
EA

N
6.

9
4.

9
24

.5
54

.7
43

.5
10

5.
5

62
.8

67
.8

66
.8

74
.5

56
.7

11
.3

53
.6

SD
1.

3
1.

5
7.

8
18

.9
9.

4
10

.9
8.

9
9.

2
10

.7
10

.9
7.

3
2.

2
6.

6

M
EA

N
6.

8
5.

1
25

.2
56

.8
43

.5
10

5.
5

62
.8

67
.8

66
.8

74
.5

53
.6

11
.1

53
.6

SD
1.

4
1.

5
8.

1
19

.3
9.

4
10

.9
8.

9
9.

2
10

.7
10

.9
8.

3
2.

8
6.

6

M
EA

N
6.

8
4.

9
25

.3
60

.2
43

.5
10

5.
5

62
.8

67
.8

66
.8

74
.5

53
.6

11
.1

51
.1

SD
1.

4
1.

5
8.

5
20

.5
9.

4
10

.9
8.

9
9.

2
10

.7
10

.9
8.

3
2.

8
8.

1

M
EA

N
6.

8
4.

9
27

.8
64

.6
34

.2
10

5.
5

63
.1

71
.9

69
.9

79
.1

51
.1

10
.2

51
.1

SD
1.

4
1.

5
9.

0
22

.4
12

.5
10

.9
4.

4
15

.1
6.

5
14

.9
8.

6
2.

8
8.

1

M
EA

N
6.

8
4.

8
29

.6
70

.3
34

.2
10

5.
5

63
.1

71
.9

69
.9

79
.1

51
.1

10
.2

46
.8

SD
1.

4
1.

5
9.

8
25

.0
12

.5
10

.9
4.

4
15

.1
6.

5
14

.9
8.

6
2.

8
8.

4

M
EA

N
6.

8
4.

8
31

.8
77

.1
34

.2
94

.5
63

.1
71

.9
69

.9
79

.1
47

.6
9.

9
46

.8

SD
1.

4
1.

5
10

.6
28

.4
12

.5
18

.9
4.

4
15

.1
6.

5
14

.9
8.

1
3.

2
8.

4

M
EA

N
6.

5
4.

8
34

.3
85

.2
34

.2
94

.5
78

.6
83

.7
84

.3
91

.0
47

.6
9.

9
41

.5

SD
1.

3
1.

3
11

.6
32

.6
12

.5
18

.9
11

.7
10

.2
15

.3
12

.7
8.

1
3.

2
8.

6

M
EA

N
6.

5
4.

8
37

.2
94

.3
32

.3
94

.5
78

.6
83

.7
84

.3
91

.0
43

.4
8.

8
41

.5

SD
1.

3
1.

3
12

.7
37

.4
12

.7
18

.9
11

.7
10

.2
15

.3
12

.7
7.

7
3.

0
8.

6

M
EA

N
6.

5
4.

5
40

.4
10

4.
7

32
.3

94
.5

78
.6

83
.7

84
.3

91
.0

43
.4

8.
8

37
.4

SD
1.

3
1.

3
14

.0
43

.1
12

.7
18

.9
11

.7
10

.2
15

.3
12

.7
7.

7
3.

0
11

.4

M
EA

N
6.

2
4.

3
43

.9
11

6.
3

32
.3

94
.5

78
.6

83
.7

84
.3

91
.0

37
.1

7.
0

37
.4

SD
1.

4
1.

3
15

.4
49

.4
12

.7
18

.9
11

.7
10

.2
15

.3
12

.7
7.

5
2.

4
11

.4

M
EA

N
6.

3
4.

4
47

.9
12

9.
0

32
.3

94
.5

78
.6

83
.7

84
.3

91
.0

37
.1

7.
0

37
.4

SD
1.

3
1.

3
17

.0
56

.6
12

.7
18

.9
11

.7
10

.2
15

.3
12

.7
7.

5
2.

4
11

.4

M
EA

N
6.

3
4.

1
52

.1
14

2.
9

29
.4

94
.5

78
.6

83
.7

84
.3

91
.0

37
.1

7.
0

37
.4

SD
1.

3
1.

1
18

.7
64

.4
13

.1
18

.9
11

.7
10

.2
15

.3
12

.7
7.

5
2.

4
11

.4

70
-7

4

75
-7

9

≥ 
80

<3
0

30
-3

4

35
-3

9

40
-4

4

45
-4

9

50
-5

4

55
-5

9

60
-6

4

65
-6

9

N
eu

ro
ps

yc
ho

lo
gi

ca
l T

es
t

LD
SF

 *
LD

SB
 *

Tr
ai

l A
 #

Tr
ai

l B
 #

C
O

W
A

T 
*

SC
W

T 
*

R
A

V
LT

 T
ot

al
 *

R
A

V
LT

 R
ec

al
l *

SD
M

T 
*

G
P 

- D
om

 #
G

P 
- N

D
om

 #

A
ge

 (y
rs

)

98



4.3.3 Neuropsychological assessment as a continuous composite score 

Comparison of the PostopQRS vs. Overall Normalised Baseline Score 

Classification of patients’ baseline cognitive function using the PostopQRS vs. overall normalised 

neuropsychological baseline score (NBS) is depicted in Figure 11.  Patients classified as having 

normal PostopQRS baseline cognition had overall NBS scores which were distributed above and 

below the reference population’s average score (overall NBS = 0). In contrast, all save 1 patient 

classified as having low PostopQRS baseline cognition had an overall NBS score that fell below the 

reference population’s average composite score.  There was also a difference in the distribution of 

NP baseline scores between patients with low vs. normal PostopQRS baseline (Figure 12) when 

comparing the NBS for each individual NP test.  

 

Figure 11  Neuropsychological baseline test performance – composite score.   NP – 
neuropsychological , NBS – Normalised baseline score. 
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Figure 12  Normalised baseline scores for individual neuropsychological tests. NBS – Normalised 
baseline score. LDSF - Longest Digit Span Forward, LDSB – Longest Digit Span Backward, COWA - 
Controlled Oral Word Association Test, SCWT - Stroop Colour Word Test (Trennery Version), GP - 
Grooved Pegboard (Dom – Dominant, NDom – Nondominant), RAVLT - Rey Auditory Verbal learning 
Test (Total and Recall), SDMT - Symbol Digit Modality Test. 

100



 

Figure 12  cont’d    

101



4.3.4 Neuropsychological assessment as a dichotomous score 

Comparison of the PostopQRS vs. entire NP test battery 

Classification of patients’ baseline cognitive function using the PostopQRS vs. a dichotomous NP 

assessment score is depicted in Figures 13a & b. Figure 13a depicts the generic classification of 

patients as having low baseline based on their performances in the PostopQRS vs. NP test battery. 

For the PostopQRS cognitive assessment, the threshold number of low tests that defined low 

cognitive baseline was one (Figure 13a, point A; Figure 13b, point D); all patients that scored low 

baseline on one or more PostopQRS tests was classified as having low PostopQRS baseline.  For the 

neuropsychological assessment, as there was lack of consensus as to the number of tests that a 

patient must score low in to be defined as having low baseline cognition on NP testing, the threshold 

number of low tests that defined low cognitive NP baseline (Figure 13a, point B) was either ≥1, ≥2 or 

≥3 (Figure 13b, points A, B and C respectively). This analysis (and graph) was performed for each of 

the threshold definitions which commonly define low performance within each NP test (i.e. ≤-0.5SD, 

≤-1SD, ≤-1.96SD, ≤10%, ≤-20% and ≤-30%) (Figure 13b, individual graphs). Patients that scored low 

baseline in the threshold number of NP tests were defined as having low NP baseline. 

More patients were classified as having low cognitive performance when classified by NP testing as 

opposed to the PostopQRS (Figure 13b). This was true for all definitions used to define low NP 

performance. More patients were classified as having low baseline on NP testing as the magnitude 

of the threshold defining low cognitive performance within each test decreased (i.e. more were 

deemed to have low baseline when the threshold within each test was ≤-0.5SD as opposed to ≤-

1.0SD or ≤-1.96SD). Similarly, more patients were classified as having low baseline using NP testing 

when the number of tests which required a low performance decreased (i.e. more were deemed to 

have low cognitive baseline when the number of required tests decreased from ≥ 3 tests down to  ≥ 

1 test).   
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Figure 13a   Generic comparison of PostopQRS vs. neuropsychological baseline test performance as a 
dichotomous score.  
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Figure 13b  Comparison of PostopQRS vs. neuropsychological (NP) baseline test performance as a 
dichotomous score and the effect of variation in the threshold which defined low NP performance.  
Low NP baseline performance - a score below the ‘Threshold’ NP score in ≥1 (Point A), ≥2 (Point B) or 
≥3 (Point C) NP tests. Low PostopQRS baseline if score low in ≥1 PostopQRS test (Point D). 
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There was closest agreement between the PostopQRS and the NP test battery when, in NP 

assessment of baseline performance, the number of tests required to be low was two, and the 

threshold value defining low performance being ≤-1.96SD.  i.e. a patient was deemed to have low NP 

baseline cognition if their standardised test score was ≤-1.96SD below the healthy reference average 

performance in two or more NP tests (Figure 13c). For this definition, there was agreement between 

the PostopQRS and NP test battery in 74% of participants. Where there was disagreement, the 

difference was 1 NP test in all but five patients. Of those 11 patients who were classified as normal 

PostopQRS but low neuropsychological baseline, 9 failed in at least one motor test (a domain which 

is not assessed using the PostopQRS). Of the 6 patients that were classified as normal 

neuropsychological but low PostopQRS baseline, 4 failed one neuropsychological test.  

 

 

Figure 13c  Comparison of PostopQRS vs. neuropsychological baseline test performance as a 
dichotomous score. Threshold for low NP performance (Point A) -  ≤-1.96SD ≥2 tests.  

 

The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of the 

PostopQRS cognitive domain in classifying patients as having low baseline cognition was calculated 

using the NP test battery as gold standard (Table VII). These were calculated for all definitions used 

105



to classify low cognition on NP testing. The sensitivity and NPV of the PostopQRS in detecting low 

baseline cognition increased with an increase in the threshold used to define low NP test 

performance, and with an increase in the number of tests that a patient was required to score low 

NP performance. Conversely, the specificity and PPV of the PostopQRS in detecting low baseline 

cognition decreased. 
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Comparison of the PostopQRS vs. corresponding individual NP tests 

Comparison of patients’ baseline cognitive performance in each of the PostopQRS cognitive 

subdomains vs. the corresponding NP from which it is based, with the corresponding test sensitivities 

and predictive values, are depicted in Tables VIII & IX. The orientation PostopQRS subdomain (C1) 

was a screening assessment of delirium rather than neurocognition and thus had no equivalent NP 

test for comparison. More patients were classified as having low cognitive function when using the 

NP test battery as opposed to the PostopQRS. This was true for all thresholds used to define low NP 

performance. The PostopQRS and NP tests were once again in most agreement for the threshold of 

low NP test performance being ≤-1.96SD.   
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Comparison of the frequency of low baseline NP scores between patients with 
normal, as opposed to low, PostopQRS baseline scores.  

Normal and low PostopQRS baseline patients were sub-classified according the number of NP tests for 

which they scored a low baseline (i.e. at least one, two or three or more tests). Comparison was then 

made between the normal vs. low PostopQRS groups as to the relative frequencies of low NP tests 

within each group. The threshold used to define low NP test performance was ≤-1.96SD, as this showed 

the closest agreement between PostopQRS and NP test performance as described above and is a 

definition commonly used in the literature. 

The number of NP tests that patients scored low at baseline (Figure 14) differed between patients 

classified as normal, as opposed to low, PostopQRS cognitive performance. There was a trend for 

patients in the low PostopQRS group to score low in a greater number of NP tests. 20% of patients in 

the normal PostopQRS baseline group did not score low baseline on any NP test, compared to 0% in the 

low baseline PostopQRS group. Conversely, the number of patients who scored low baseline in 4 or 

more NP tests was higher in those classified as having low PostopQRS cognitive performance (75%), 

compared to those with normal PostopQRS (38%) performance.   

 

 

Figure 14  Comparison of the number of neuropsychological tests scoring low at baseline between 
patients that had normal vs. low PostopQRS baseline NBS. NP – Neuropsychological. 
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4.3.5 Relationship between composite vs. dichotomous neuropsychological 
scores 

Comparison was made as to the classification of each patient’s baseline cognitive performance using the 

PostopQRS, the NP test battery as a continuous composite score (overall NBS) and the NP test battery 

as a dichotomous outcome (Figure 15). The definition of low NP baseline using the dichotomous 

method was a performance ≤-1.96SD in 2 or more tests, as this showed the closest agreement between 

the PostopQRS and NP performance, and was a commonly used definition in the literature. All patients 

classified as having low NP baseline using the dichotomous method had an overall NBS <0 (the healthy 

reference population’s average performance). Patients classified as having low NP performance using 

the dichotomous method were variably classified as having normal or low PostopQRS baseline 

performance; however,  66% (n=12) patients classified as having low PostopQRS baseline were classified 

as having low NP dichotomous baseline,  compared to 22% (n=11) patients classified as having normal 

PostopQRS baseline.   

 

 

Figure 15   Comparison of the classification of patients into low vs. normal baseline cognition using the 
PostopQRS, NP continuous and NP dichotomous scores. NP – Neuropsychological, NBS – Normalised 
Baseline Score. 
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4.3.6 Bias in neuropsychological testing 

Sources of Bias in Neuropsychological testing 

Potential sources of bias arising from the NP tests include ceiling bias and large variations in test 

standard deviation in relation to test mean (large co-efficient of variation, CV)  (Table X).   A test is 

deemed to be non-discriminatory if a predetermined precent (usually 15%) of patients attain the lowest 

or highest score possible.  A ceiling effect, when present at baseline testing, biases a patient to fail in 

that test; alternatively, a floor effect present at the same time period in the same test biases a patient 

to recover. Of the 11 NP tests, only the SCWT displayed baseline ceiling effects, with 38 patients (55%) 

attaining the maximal possible test scores. In the timed NP tests (Trail A&B, GP-Dom and GP-NDom), no 

patient recorded the maximum score set for each test. In the count tests (LDSF, LDSB, SCWT, and RAVLT 

Total and RAVLT Recall), no patient recorded the maximal score, with no maximal score definable for 

the COWA.   

 

Table X   Potential sources of bias in NP tests. CV – Coefficient of Variation. 

The SD of a test as a percentage of test mean (coefficient of variation, CV) for each of the NP tests are 

depicted in Figures 16a & b and Appendix L, and were calculated using the healthy reference population 

normative data. Within each NP test, there was non-uniform association between the test CVs and the 

corresponding age matched mean.  CV values variably increased (Trail A, Trail B), decreased (COWA, 

RALT Total, RACLT Recall, SCWT, SDMT) or remained relatively constant (LDSF, LDSB, GP Dom, GP 

NDom) in response to a corresponding increase in mean test scores.  The magnitude of CVs were largest 

for Trail A (31.8-35.8) and Trail B (34.5-45.1) tests, with in-test variation in CVs (difference between 

smallest and largest CV as a proportion of the smallest CV for that test) being largest in in  COWA (21.7-

44.43, 104%), Trail B  (34.5-45.1, 30.1%), RAVLT Total (12.9-20.2, 57%), RAVLT Recall (19.4-34.29, 77%), 

SCWT (10.3 – 19.99, 94%) and SDMT (12.3-30.4, 147%).  

Source of bias NP Test

Ceiling SCWT

Large CV (static) Trail A, Trail B

Highly variable or large CV Trail A, Trail B, COWA, RAVLT Recall
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Figure 16  Neuropsychological test standard deviation (SD) as percentage of mean (Co-efficient of 
variation, CV). GP - Grooved Pegboard (Dom – Dominant, NDom – Nondominant), LDSF - Longest Digit 
Span Forward, LDSB – Longest Digit Span Backward, COWA - Controlled Oral Word Association Test, 
SCWT - Stroop Colour Word Test (Trennery Version), RAVLT - Rey Auditory Verbal learning Test (Total 
and Recall), SDMT - Symbol Digit Modality Test.  
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Figure 16  cont’d. 
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Effect of non-discriminatory tests on baseline NP classification 

Potential non-discriminatory NP tests were grouped according to their aetiology, namely ceiling effects 

or large +/- variable CV. Analysis of the effect (if any) that these potential sources of bias had on NP 

scoring was by comparison of a patient’s baseline PostopQRS performance to that of their NP test 

performance, with the latter performance being calculated without the inclusion of these potentially 

biasing NP tests (Figure 17). Surprisingly, the distributions of overall NBS between patients with normal 

vs. low PostopQRS cognitive function did not diverge with the omission of these non-discriminatory 

tests, with considerable overlap of NBS scores between the groups remaining.  
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 Figure 17  Effect of removal of non-discriminatory tests on overall NBS. Overall NBS calculated by 
removal of potential individual non-discriminatory neuropsychological tests. NBS – Normalised baseline 
score NP – neuropsychological, SD – standard deviation. 
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4.4 DISCUSSION 
This sub-study has demonstrated clinical face validity in classifying patients according to whether they 

have low vs. normal baseline cognitive performance on the PostopQRS. Patients with low PostopQRS 

baseline scores differed from those with normal PostopQRS baseline scores in terms of their baseline 

neuropsychological testing; in particular the distribution of their normalised baseline scores, the 

number of NP tests for which they scored low, and their relative insensitivity to the threshold used to 

define low NP test performance.  

Face validity implies that the test responds as expected and includes construct validity where tests 

measuring similar constructs should produce similar results (163). The PostopQRS agreed with 

neuropsychological categorisation of patients as having low baseline cognition in most participants 

when both were defined as a dichotomous outcome. Importantly, where disagreement occurred, it was 

usually by a small margin on 1 test on the neuropsychological battery. This is unsurprising, as PostopQRS 

cognitive tests are derivatives of the neuropsychological battery, with a focus on brief, verbal tests 

designed to facilitate telephone use (2). The 11–item battery includes visuospatial and motor tests in 

addition to the verbal tests, and though they essentially measure similar constructs, the motor tests 

assess cognitive performance in areas that the PostopQRS does not. Most participants with normal 

baseline PostopQRS but low baseline neuropsychological cognition failed at least one motor test, 

whereas the majority of low baseline PostopQRS/normal baseline neuropsychological participants failed 

a single verbal test. It is of note that motor tests are not included in the PostopQRS Cognitive 

subdomain tests.   

The differing normalised baseline scores (NBS) between patients with normal vs. low PostopQRS 

baseline function  indicate that these two PostopQRS populations are dissimilar in regard to baseline 

cognitive performance, as measured by formal (gold standard) NP testing.  This group separation was 

evident when comparison was made with respect to both overall NBS (a patient’s average performance 

over all the NP tests), as well as when comparing NBS for those tests which form the basis of the 

PostopQRS cognitive tests (i.e. LDSF, LDSB, COWA, RAVLT Total and RAVLT Recall).  Interestingly, 

removal of non-discriminatory NP tests, or tests which were potential sources of bias, did not alter this 

group separation demonstrably.  
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When NP performance was assessed as a dichotomous score, the utility of the PostopQRS in detecting 

low NP baseline cognition was dependent upon the definition used to define low NP performance. This 

was namely the threshold within each test that defined poor cognitive performance and the number of 

tests required to record this poor performance.  For each NP test, as the threshold which defined poor 

performance increased, it was harder for a patient to score a ‘low’ performance in an individual NP test 

and hence more patients were defined as having ‘normal’ NP test performance. This occurred more 

commonly for patients with normal, as opposed to low, PostopQRS baseline cognitive performance. 

Similarly, as the number of tests that a patient was required to perform poorly in increased, it was 

harder for a patient to be classified as having an overall low NP test performance.  This resulted in more 

patients being defined as having ‘normal’ NP baseline cognition. This also occurred more commonly in 

patients with normal, as opposed to low, PostopQRS baseline cognition.  

For all definitions used to define low NP test performance, the number of NP tests deemed low at 

baseline differed between the normal vs. low PostopQRS baseline groups, with the latter group trending 

towards scoring ‘low baseline’ in a greater number of NP tests. 

The implications of these results are twofold. Firstly, the sensitivity and NPV of the PostopQRS in 

detecting low baseline cognition (as measured by  NP testing) increased with both an increase in the 

test threshold that defined low performance and number of tests required for this to occur,  and the 

specificity and PPV  decreased accordingly. This persisted even when potential non-discriminatory tests 

were removed from the NP test battery. Secondly, it indicated that patients with low PostopQRS 

baseline cognition are relative resistant to incremental changes in the definitions used to define low NP 

performance (i.e. variations in the number of tests or test threshold). This suggests that these patients 

demonstrably exceed the minimum requirement which defines a low NP performance (i.e. a similar 

number of patients were deemed to have low NP performance when the threshold was ≤-0.5SD as 

when the threshold was ≤-1.96SD, or when the number of tests was ≥1 as when the number of tests 

was ≥4).  This infers that patients with low PostopQRS cognitive baseline represent a cohort who have 

significantly poor cognitive function and in whom timely intervention may be of most benefit.   

There was good correlation between the classification of baseline cognitive performance between the 

PostopQRS and the NP tests from which they were derived. There was almost uniform agreement 

between PostopQRS C2 subdomain vs. LDSF and PostopQRS C3 subdomain vs. LDSB for all thresholds 

used to define low baseline NP cognition. This is understandable given that they are truncated but 

parallel versions of the same test. For PostopQRS C4 vs. RAVLT Total and PostopQRS C5 vs. COWA, there 

was best agreement between the PostopQRS subdomain and NP test when the threshold for poor NP 

cognitive performance was -1.96SD. This threshold was also the one at which group separation within 
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each NP test was strongest for patients with normal PostopQRS cognition (i.e. the threshold at which 

the proportion of normal PostopQRS cognition patients scoring normal: low NP test scores was better 

than 50:50). This is in keeping with ≤-1.96SD being a commonly accepted threshold within a NP test 

used to define POCD in the current literature (96, 117-120).  The PostopQRS low baseline group, 

however, was relative resistant to changes in the threshold value used to define low NP performance 

i.e. similar numbers of patients in the low PostopQRS baseline group were defined as having low, as 

opposed to normal, NP baseline irrespective of the threshold used to define this. This is in keeping with 

this group’s relative insensitivity to changes in threshold values when assessing their overall NP 

performance. This once again suggests that patients with low PostopQRS baseline scores are ‘failing’ 

baseline NP testing demonstrably, such that changes in the threshold with which to define poor NP 

performance have little effect on classification of their performance as normal vs. low. This indicates 

that these patients represent a group that have significantly poorer cognitive performance compared to 

age and gender matched healthy controls and are thus at most risk of perioperative morbidity.  

The sub-absolute agreement between two PostopQRS subdomains and their corresponding NP test 

reflect that the former are truncated versions of the latter NP test. LDSF and LDSB reference a maximum 

of eight correct number sequences, whereas the corresponding PostopQRS C2 and C3 subdomains 

reference six. RAVLT TOTAL comprises five sequential word recall tasks, whereas the PostopQRS C4 is 

comprised of one. Similarly, COWA comprises three sequential word-generation tasks, whereas the 

PostopQRS C5 subdomain is comprised of one. It is conceivable that reducing the number of 

permutations within a test reduces the sensitivity of the test in detecting more subtle cognitive 

impairment. For example, the cognitive learning effect that is measured as a result of a test being 

repeating five times (in the formal RAVLT Total NP test) is not assessed when it is administered once (in 

the PostopQRS C4 subdomain). Thus, the truncated forms of NP tests used in the PostopQRS, whilst 

providing vital clinical utility to its cognitive assessment, may account for a proportion of patients being 

defined as having normal cognition on the PostopQRS subdomain but low on the corresponding formal 

NP test. 

The number of NP tests for which a patient scored low at baseline also differed between the normal vs. 

low PostopQRS baseline groups, with the latter group trending towards scoring ‘low baseline’ in a 

greater number of NP tests.   This adds to the clinical validity of dividing patients into groups according 

to a ‘low’ vs. ‘normal’ PostopQRS baseline cognitive performance. 

Whilst performance on the PostopQRS cognitive domain and formal neurocognitive testing appear 

related, they are not complete surrogates for one another. This was evident in the considerable overlap 

of overall neurocognitive baseline scores between the two groups of patients that had normal vs. low 
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baseline PostopQRS scores, as well as the fewer number of patients classified as low baseline using the 

PostopQRS compared to NP testing (for all classifications used to define low NP performance). This 

reflects the increased number of tests utilised by the formal NP battery and the resultant broader 

breadth of its cognitive assessment. This is also consistent with previous studies demonstrating that the 

calculated incidence of POCD increases in parallel with an increase in the number of tests used to define 

it (121). Furthermore, the PostopQRS comprises non-motor assessment of cognition, whereas the NP 

test battery contains both verbal and non-verbal assessment. These differences may account for some 

of the discordant classification of patient baseline performance between the two test modalities.  

Assessment of baseline NP performance via the dichotomous, compared to the continuous, method was 

less prone to bias.  There were patients classified as low baseline using the dichotomous method that 

had overall NBS which were deemed as ‘normal’. For example, when using the definition of low NP 

performance as being ≤-1SD (either a NBS ≤-1SD or a performance of ≤-1Sd in 2 or more tests), some 

patients that failed by at least 1SD in 2 or more tests also had an overall NBS which was above -1.0SD. 

These patients were thus deemed to have low performance on dichotomous NP testing but normal 

performance on continuous NP testing.  Furthermore, all patients that were classified as low baseline on 

dichotomous NP testing using the commonly used thresholds of 1SD or 1.96SD were done so by failing 

in 2 or more NP tests; no patient recorded a NBS below -1.96SD or-1.0SD without also failing by the 

same magnitude in at least one test. This highlights a limitation of assessing recovery using a single 

composite score, where failure in one domain may be ‘compensated for’ by above average performance 

in another. Caution must be therefore be required when assessing cognition using a composite score, as 

this has the potential for subtle clinical deficits, and a patient at potentially high perioperative risk, to be 

overlooked. 

There was a complex relationship between those patients defined as low baseline using the PostopQRS, 

the NP as a continuous score and the NP as a dichotomous outcome. The majority of patients classified 

as low PostopQRS baseline were also defined as having low NP using dichotomous scoring (66%); 100% 

of these low PostopQRS baseline patients had an overall NBS which was less than the average 

performance of a healthy age and gender matched reference population. Whilst a ‘normal’ PostopQRS 

baseline performance did not exclude poor performance on formal dichotomous NP testing, a ‘low’ 

PostopQRS baseline performance was highly suggestive of a poor performance on NP testing (both 

using the composite and dichotomous methods). Thus, the clinical utility of the PostopQRS cognitive 

domain is its positive predictive value in identifying these patients with low baseline cognitive 

performance (as measured by the PostopQRS), who represent a patient population at risk of increased 

perioperative morbidity and in whom timely intervention may be of benefit.  
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4.4.1 Study Limitations 

This study was limited to patients undergoing cardiac surgery in a single tertiary centre. This was in 

comparison to other validation studies of the PostopQRS, which were undertaken in non-cardiac 

surgery study populations. However, whilst poor cognitive function is more prevalent in patients 

undergoing cardiac surgery compared to those undergoing non-cardiac procedures, the 

pathophysiology underpinning impaired perioperative cognition is shared amongst all surgical 

populations. This strengthens the external validity of this sub-study’s results to the wider surgical 

patient population.  

 

4.5 CONCLUSION 
This sub-study demonstrated clinical face validity in the PostopQRS defining patients as having low, 

versus normal, baseline cognition. Patients that were classified by the PostopQRS as having low baseline 

cognition differed in baseline NP testing, as measured by both dichotomous and continuous NP 

methods, to those patients who are classified as having normal baseline cognition.  Patients with low 

baseline PostopQRS scores differed from patients with normal baseline PostopQRS scores in terms of 

their neuropsychological baseline scores (both their overall NBS as well as the NBS for each NP test), 

and their propensity to perform below a predetermined threshold value of neuropsychological 

performance (both for an overall NP test battery and for each individual NP test). This was independent 

upon the presence, or omission, of non-discriminatory tests from the NP test battery. Furthermore, the 

group of patients classified as having low PostopQRS baseline cognition were relative insensitive to 

changes in the definitions used to classify low NP performance, indicating that these patients may 

represent a cohort who have demonstrably poor cognitive function and in whom timely intervention 

may be of most benefit.  The PostopQRS classification of patients into those that have low, as opposed 

to normal, baseline cognition correlates most strongly with the NP classification of a low baseline 

cognitive performance of ≤-1.96SD in 2 or more tests.  
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CHAPTER 5:  ASSESSMENT OF PATIENT 

COGNITIVE RECOVERY: COMPARISON OF 

NEUROCOGNITIVE TEST VS. POSTOPQRS 

COGNITIVE DOMAIN PERFORMANCE. 
 

Preface 

This chapter is a sub-analysis of the study “Comparison of neurocognitive assessment vs. PostopQRS 

cognitive domain performance to assess cognitive recovery in patients undergoing cardiac surgery” 

(Melbourne Health Human Research and Ethics Committee 2015.142). Its scope is the comparison of 

patient cognitive recovery (postoperative performance) in both the PostopQRS and a formal 

neurocognitive test battery. The analysis of cognitive baseline performance in this study is addressed in 

Chapter 4 of this thesis.  

Text, Figure 20 & Figure 21 have been published as a component of the article Bowyer A.J., Heiberg J., 

Sessler D.I., Newman S., Royse A.G., Royse  C.F.: Validation of the cognitive recovery assessments with 

the Postoperative Quality of Recovery Scale in patients with low baseline cognition. Anaesthesia. 2018 

Nov, 73 (11):1382-1391 (Appendix K). The candidate was the primary author of these text, figures and 

tables. 
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ABSTRACT  
Accurate assessment of cognitive recovery is essential given the complex interplay between impaired 

cognition, the perioperative neuroinflammatory milieu and increased perioperative morbidity and 

mortality. In order to mitigate bias due to performance variability in cognitive testing, validation of the 

PostopQRS cognitive domain introduced a tolerance factor to each of its PostopQRS cognitive 

subdomains. This identified a subset of patients as having ‘low baseline cognitive performance’, 

rendering their postoperative cognitive performance un-assessable by conventional PostopQRS 

methodology. This sub-study demonstrated face validity in a modified scoring system with which to 

assess postoperative cognitive recovery in these patients with low baseline cognition. PostopQRS and 

neuropsychological (NP) cognitive recovery was similar in patients who had normal and low baseline 

cognition, irrespective of whether the PostopQRS or NP test battery was used to define baseline 

cognitive performance. This sub-study’s validation of the PostopQRS cognitive domain in its assessment 

of cognition in patients with low and normal baseline cognition further emphasises the clinical utility of 

the PostopQRS in its assessment of multidimensional, individualised postoperative recovery.  
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5.1  INTRODUCTION  

5.1.1 Background 

Accurate assessment of postoperative cognition is an essential component of modern perioperative 

care. This is due to the increasing awareness of the association between increasing age, postoperative 

cognitive dysfunction and increased perioperative morbidity and mortality (30, 37-39, 116), as well an 

increasing awareness of the interplay between the perioperative neuroinflammatory milieu, 

potentiation of underlying neurodegenerative disease processes and reduced cognitive reserve (100-

109).  What is not clear, however, is whether patients with poor pre-operative cognitive function are 

more prone to incomplete postoperative cognitive recovery (and the associated increased morbidity 

and mortality), or whether they return postoperatively to their original, albeit low, preoperative level of 

cognitive performance with a frequency similar to which is seen in those patients with normal baseline 

cognition.  

It is essential that incomplete cognitive recovery is identified at the individual patient level as it 

identifies the postoperative patient at risk. Postoperative cognitive dysfunction (POCD) occurs in all 

patient age groups (116), with an incidence of 13.3-49.4% according to increasing number of 

neuropsychological tests used (121). Poor postoperative cognitive function is predictive of future 

increased mortality, with POCD occurring at discharge and 3 months being correlated with increased 

mortality at 3 months and 12 months respectively (38, 116). Furthermore, persistent POCD is most 

common in elderly postoperative patients, may be permanent (30, 106, 202, 206) and infers a higher 1 

year mortality. Performance in cognitive and non-cognitive domains is also interrelated, with failure in 

one predictive of the other (30, 98). Whilst perioperative risk indices identify patient groups at risk of 

poor perioperative outcomes, they do not predict individual patient recovery in its entirety (141, 142, 

207).  Therefore, accurate early assessment of postoperative cognitive performance in each individual 

patient is essential in order to identify those patients who have poor cognitive recovery and hence 

higher perioperative risk. This then would faciclitate early clinical intervention being administerd to 

those patients who would most benefit.  

Conventional assessment of cognitive performance and its limitations to assessment 

of patients with low baseline cognition 

Assessment of a patient’s postoperative cognitive performance using population parameters is 

potentially flawed when the patient’s individual baseline performance is significantly worse than that of 

the reference population.  In conventional cognitive recovery assessment at an individual patient level, 
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each patient’s individual’s postoperative performance (xn) on a test is compared to their preoperative 

(xBL) performance to derive their individual change score (Δx). The magnitude of this individual change 

score is then standardised by dividing it by the standard deviation of a reference population’s baseline 

performance (SDBL). This then generates a patient’s individualised standardised change score (i.e.         

Δx = (xn- xBL)/ SDBL). A patient is deemed to have failed in a test (i.e. not recovered) if their standardised 

change score is below a predetermined threshold (Figure 18). 

 

 

 

Figure 18  Individual Patient recovery.  ΔX = patient has recovered, ΔX’ = patient has not recovered for 
the same given threshold value of recovery. 

 

There is inherent mathematical bias when a patient’s baseline cognitive scores are significantly worse 

than that of the reference population. The ability for it to be mathematically possible for a patient to fail 

or pass a test depends on whether the outcome variable assessed is counted or timed.  In cognitive 

tests whose assessment variable is a counted integer (i.e. number of words starting with the letter “N”), 

it is mathematically impossible for a patient to fail (i.e. “not recover”) if their preoperative baseline 

score (xBL) is less than baseline standard deviation of the reference population (SDBL). Similarly, in 

cognitive tests whose assessment variable represents a timed response (i.e. time to complete a task) a 

Comparing individual patient recovery   
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patient is mathematically unable to fail if the difference between the maximum time allowed for the 

test (tMAX) and an individual’s preoperative performance time (time taken to compete the task at 

baseline tBL) is less than the reference preoperative population standard deviation (SDBL).  

Thus, a patient is unable to fail (is unable to ‘not recover’) if:  

Baseline count test score  xBL < SDBL. 

Baseline timed test score tMAX- tBL <  SDBL 

 

Furthermore, the further a patient’s preoperative baseline performance lies below that of the reference 

population’s mean performance, the less is their ability to fail on that specific test i.e. they are biased to 

recover. Hence, an additional method for cognitive assessment of patients with low preoperative 

baseline function is required that is not defined by healthy population parameters.  

The PostopQRS cognitive domain 

The PostopQRS is a multidimensional recovery assessment tool whose cognitive recovery domain is 

based on validated formal neuropsychological tests. Cognitive recovery is defined as a return of a 

patient to their own preoperative level of function (or better) in each of the PostopQRS cognitive tests.  

The introduction of a tolerance factor to the PostopQRS cognitive domain (2) mitigates bias due to 

performance variability in healthy subjects but identifies a subset of patients as ‘low baseline cognitive 

performance’, rendering them un-assessable by conventional PostopQRS methodology. There is thus a 

need for a validated scoring system that enables accurate postoperative cognitive assessment of low 

cognitive baseline patients. This would assist in determining whether these patients are at risk of poor 

cognitive recovery or, alternatively, whether these patients fully recover to their (albeit lower than 

average) preoperative baseline. Furthermore, whilst Chapter 4 demonstrated clinical face validity of the 

PostopQRS cognitive domain in assessing baseline cognitive function, there is a need to demonstrate 

face validity of the PostopQRS in its assessment of cognitive recovery in these patients with low 

PostopQRS cognitive baseline scores.  

5.1.2 Aim:   

The primary objectives of this sub-study were to demonstrate clinical face validity of the proposed 

method of scoring cognitive recovery in patients who have low PostopQRS baseline cognitive 

performance. The aim of this sub-study was thus to compare the incidence of cognitive recovery 

between patients who had normal, vs. low, baseline cognitive performance, as measured by the 

PostopQRS and formal neuropsychological test battery. A secondary aim was to assess how this 
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relationship was impacted by the differing definitions used to define low neuropsychological 

performance.  

5.1.3 Clinical Implications  

The aims of this sub-study directly relate to the clinical utility of the PostopQRS cognitive domain in 

assessing cognitive recovery, both in patients with normal as well as low baseline cognition. It is 

imperative that there exists a brief, easy to use and validated assessment tool with which to assess 

cognitive recovery in all patients and that is specifically validated to assess cognitive recovery within 

patients with low baseline cognition. The validation of the PostopQRS cognitive domain specifically for 

these uses builds on the already extensive validation of this recovery assessment tool (1, 2, 4, 86). By 

validating the PostopQRS cognitive domain as an assessment of cognitive recovery in patients 

irrespective of their preoperative cognitive baseline, the PostopQRS is further enhanced as a powerful 

clinical tool with which to assess each individual patient’s cognitive, and overall, recovery.  

 

5.2   METHODS 
This was a sub-analysis of the study “Comparison of neurocognitive assessment vs. PostopQRS cognitive 

domain performance to assess cognitive recovery in patients undergoing cardiac surgery”. This sub-

study is the continuation of the study described in Chapter 4 of this thesis. Its study design, recruitment 

and baseline cognitive data have been previously described in Chapter 4, with a brief summary 

described below.  

5.2.1 Study design, environment and participants  

This was a single centre observational study conducted at the Royal Melbourne Hospital, Australia in 

2015 – 2016.  Adult patients undergoing cardiac surgery were enrolled if they possessed adequate 

English to conduct the testing surveys and were excluded if they had known psychiatric disease, 

dementia or any medical or learning disorder that would indicate cognitive disability. Patients’ baseline 

cognitive performance was assessed within 2 weeks of their surgery with both the PostopQRS and 

neuropsychological (NP) tests to ensure accurate baseline data for each patient.  

The PostopQRS and the neuropsychological (NP) battery tests were performed at multiple time points 

by nominated trained research staff. The PostopQRS interviews were conducted both face-to-face 
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(whilst in hospital) and/or via telephone (post discharge) (2). The neurocognitive testing coincided with 

the corresponding face-to-face PostopQRS interviews at day 3-5 and week 6. Initial PostopQRS and 

neurocognitive baseline data collection occurred no more than 14 days prior to surgery to ensure 

accurate baseline data for each patient. Subsequent PostopQRS recovery data collection also occurred 

at postoperative day 1, day 3-5, day 14, day 30 and week 6-8. Neurocognitive testing occurred at 

postoperative day 3-5 and week 6-8. Each test was carried out by a trained research member, with 

blinding occurring at data entry and analysis. 

5.2.2 Recruitment  

Recruitment of patients occurred by professional research nurses and clinicians via interrogation of 

theatre operative lists. Patients were randomised to the order in which their baseline cognitive 

performance was assessed, with randomisation occurring via computer generated randomisation 

sequence and sealed opaque envelopes.  

5.2.3 Study Data  

Data recorded was in a re-identifiable format and included patient demographic and perioperative data. 

Each patient’s baseline and postoperative cognitive performance was assessed using the PostopQRS 

cognitive domain at each of the postoperative study time points, as well as using the NP test battery at 

day 3-5 and week 6-8. When both the NP and PostopQRS were performed in the same study time point, 

patients were randomised to the order in which the tests were performed.   

Defining normal vs. low baseline cognitive performance 

i  The PostopQRS  

The classification of patients into those with low vs. normal baseline cognition was extensively 

described in Chapter 4, Section 4.2.3. Patients were defined as having low, as opposed to normal, 

baseline cognition according to whether their preoperative PostopQRS test scores were equal to, or less 

than, the corresponding test’s tolerance factor in one or more PostopQRS cognitive tests.  

ii  The Neuropsychological test battery 

Assessment of a patient’s baseline neuropsychological (NP) test performance was described in detail in 

Chapter 4. In brief, a literature search was conducted to identify age- and gender-matched reference 

values (mean and SD) for each of the 11 tests within the NP test battery. These were used as reference 

values to standardise each patient’s preoperative NP test performance. Chapter 4 revealed that the 

classification of patients into those that had low baseline cognition using the PostopQRS most closely 
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resembled the neuropsychological definition of low cognitive baseline performance being a 

standardised test performance of ≤-1.96SD in 2 or more NP tests. This is consistent with the most  

commonly accepted definition of poor neuropsychological performance quoted in the literature and 

was the primary definition used in this sub-study to define low NP baseline performance. However, 

analysis of this study’s primary outcome for all other quoted definitions of low NP test performance was 

also conducted (Appendices M and N).  

Cognitive recovery assessment – The PostopQRS 

The PostopQRS assessment of cognitive recovery in patients with normal baseline cognition has been 

briefly introduced in Chapter 4, Section 4.2.3 and will be expanded further below.  

The cognitive domain of the PostopQRS consists of 5 tests or subdomains: orientation, digits forward, 

digits back, word recall and word generation. Recovery in the cognitive domain mandates recovery in all 

five tests; if a patient fails to recover in one or more tests they are deemed to have not recovered in the 

cognitive domain. Each of the cognitive tests has its own tolerance factor. The application of a tolerance 

factor in scoring each test in the PostopQRS cognitive domains accounts for >90% patient performance 

variability (the variation between initial and subsequent test scores observed in healthy volunteers due 

to chance or learning effect) (2). The tolerance factors for the cognitive subdomains are 0 for 

orientation, 2 for digits forward, 1 for digits back and 3 for word generation and word recall.  

  PostopQRS cognitive recovery in patients with normal cognitive baseline 

A patient is deemed to have recovered in a PostopQRS cognitive test if their postoperative test score is 

equal to (or greater than) their preoperative score, within a margin of error that is equal to the 

tolerance of that test (Equation 3).  

PostopQRS Cognitive Recovery = Σ (patient’s postoperative performance + test’s tolerance factor) ≥ patient’s 

preoperative score. 

Equation 3 PostopQRS Cognitive recovery in patients with normal cognitive baseline. 

For example, if a patient’s baseline score was 8 for word recall, a postoperative score of 6 would be 

considered as recovered as it was within 3 of their baseline performance (the tolerance factor for that 

test). Conversely, a postoperative score of 4 would be considered as not recovered (i.e. (4+3)<8). The 

introduction of a tolerance factor for each of the cognitive tests thus mandates that a patient’s baseline 

score in individual cognitive tests must be above the test’s tolerance factor in order for failure to 

recover to be mathematically possible. Therefore, whilst the introduction of the tolerance factor 

reduced bias in cognitive recovery assessment, it also defines a subset of patients as having low baseline 
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and therefore ‘un-assessable’ using customary PostopQRS methods. These patients were defined as 

having ‘low’ as opposed to ‘normal’ baseline cognitive performance (as measured by the PostopQRS). 

 PostopQRS cognitive recovery in patients with low cognitive baseline 

Baseline cognitive scores that were less than the corresponding test’s tolerance factor prohibited 

further assessment of cognitive recovery in these patients using conventional methods without inducing 

recovery bias (2). Therefore, a modified scoring system was developed to assess cognitive recovery in 

these patients. In a patient who was classified as having low baseline cognitive scores, the number of 

tests for which they scored ‘low’ (i.e. less than the magnitude of the test’s tolerance factor) 

postoperatively was compared to the number of tests for which they scored ‘low’ preoperatively. These 

patients were deemed to have recovered if the number of tests that they scored low postoperatively 

was equal to or less than the number for which they scored low preoperatively (Equation 4). Thus, 

patients who had an increase in the number of PostopQRS tests with low scores after surgery were 

rated as not recovered, whereas those who had a decrease (or no change) in the number of tests were 

rated as recovered. Recovery was also assessed as group prevalence for all study time points, in keeping 

with assessment of group recovery in patients with normal cognitive baseline. 

PostopQRS Cognitive Recovery = Σ |PostopQRS tests scored low|n ≥ Σ |PostopQRS tests scored low|BL  

Equation 4 PostopQRS Cognitive recovery in patients with low cognitive baseline. 

Cognitive recovery assessment - Neuropsychological test battery 

The neuropsychological (NP) test battery and the calculation of baseline cognitive performance using 

the NP test battery has been extensively described on Chapter 4, Section 4.2.3. The calculation of 

cognitive recovery using the neurophysiological test battery is described in the following.  

The neuropsychological (NP) test battery in this study comprised 11 validated and widely utilised 

neurocognitive tests that whose breadth complied with the Consensus Statement on Postoperative 

Neurobehavioral Outcomes (28, 196). The individual tests, corresponding domains assessed and 

normative data are in Chapter 4, Tables IV and  VI. Test outcomes were either time to test completion 

(Trail A & B and Grooved Pegboard (Dominant and Non-Dominant hands)) or number of correct 

responses (Controlled Oral Word Association Test, Stroop Colour Word Test, Rey Auditory Verbal 

learning Test (Total and recall), Digit Span (forward and backward) and Symbol Digit Modality Test).  

Where appropriate, reference parameters of these tests were age- and gender-matched, and parallel 

forms containing different word and number lists were used in order to reduce bias due to learning 

effect (197-199).  
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Neuropsychological assessment of cognitive recovery (Absence of POCD) 

Postoperative cognitive dysfunction (POCD) lacks a uniform definition but broadly refers to a decline in 

postoperative performance from baseline that is deemed statistically significant (121, 196, 200, 202). In 

this study, the presence or absence of POCD was defined using criteria commonly used within the 

literature, (37, 95), with modification due to the absence of a control group.  

Each patient’s postoperative neuropsychological performance was assessed by firstly  determining their 

individual ‘change score’ (Δx) in each of the 11 NP tests. A patient’s change score for each test was the 

difference in magnitude between their pre-operative (xBL) vs. post-operative (xn) NP test score (i.e.        

Δx =xn-xBL), with the magnitude of this change score being standardised via dividing it by the standard 

deviation of baseline NP scores of a healthy reference population (SDref) (Equation 5).  

Individualised NP test standardised change score = Δx /SDref. 

Equation 5 Individual standardised change score for each neuropsychological test.   

A patient was then deemed to have failure of cognitive performance (i.e. “not recovered”) if their 

standardised change score(s) met predetermined neuropsychological criteria for POCD. Chapter 4 

revealed that the classification of patients by the PostopQRS into those that had low baseline cognition 

most closely paralleled the neuropsychological classification of low cognitive baseline performance as 

being a baseline test score ≤-1.96SD in 2 or more NP tests. This neuropsychological definition is also a 

commonly used criteria used to define poor postoperative cognitive performance (i.e. POCD).  Thus, for 

this sub-study, the primary definition of low NP postoperative performance (i.e.  “not recovered”) was 

defined as ≤-1.96SD in 2 or more of the NP test battery.  However, other definitions of low NP 

performance used in the literature are the following: 

• A performance which falls below a predetermined threshold in x or more NP tests or 

• An average test performance (overall normalised recovery score, NRS) which falls below a 

predetermined threshold.  

Thus,  included in this chapter’s analysis of postoperative NP cognitive performance (Appendix N) is the 

incidence of NP recovery when using these alternative definitions: a NP score ≤-1.96SD in 1 or more 

tests, a NP ≤-1.96SD SD in 2 more tests, a NP≤-1SD in 1 or more tests, NP ≤-1SD in 2 or more tests, a NRS 

≤-1.96SD,  a NRS ≤-1.0SD, and either a NP ≤-1.96SD in two or more NP tests or a NRS ≤-1.96SD. NP 

recovery was defined in all cases as the absence of POCD, with the Prevalence (NP Recovery)t = 1-

Prevalence(POCD)t  
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Comparison between postoperative performance on the PostopQRS versus 

neuropsychological test battery  

Each patient’s cognitive recovery was assessed twice – once by the PostopQRS as once by the 

neuropsychological test battery. Cognitive recovery in the PostopQRS domain was calculated using the 

current scoring method for normal baseline participants, and the modified scoring method for low-

baseline participants. Neuropsychological cognitive recovery on the NP test battery was defined by the 

absence of POCD, with POCD being defined as a patient recording a test performance ≤-1.96SD in 2 or 

more NP tests. 

Comparison was made of PostopQRS cognitive recovery between patients classified as having normal 

versus low cognitive baseline. This was to determine whether PostopQRS cognitive recovery was similar 

amongst groups classified as having low versus normal baseline cognition. A reverse analysis was 

subsequently performed, where neuropsychological recovery was compared for both normal and low 

baseline groups. Once again, low vs. normal baseline group classification was determined by both the 

PostopQRS and neuropsychological definitions. This determined whether neuropsychological recovery 

was similarly defined by PostopQRS and neuropsychological definitions of low versus normal baseline 

cognition.   

5.2.2 Primary Outcome 

The primary outcome of this sub-study (clinical face validity) was comparison of the prevalence of 

cognitive recovery between low versus normal baseline patients using the PostopQRS and an 11-item 

neurocognitive battery. Face validity was considered to have been established if cognitive recovery was 

similar for low and normal baseline cohorts using each method (the PostopQRS or formal NP test 

battery). The primary outcome was measured as the proportion of patients classified as recovered, as 

measured by both the PostopQRS and a formal NP test battery, between patients with low vs. normal 

baseline cognitive performance. The primary definition of low NP baseline and failure of NP recovery 

was a performance of ≤-1.96SD in 2 more NP tests at baseline or postoperatively respectively. The 

secondary outcome of this sub-study was an assessment of the impact that differing definitions used to 

define NP cognitive recovery had on the primary outcome by graphical representation of the incidence 

of cognitive recovery.  
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5.2.3 Statistical Analysis 

Data storage and analysis was via Microsoft Excel 2010 (Microsoft Corp., CA, USA), SPSS v25 (SPSS Inc., 

Chicago, IL, USA) and GraphPad Prism 7 (GraphPad Software, La Jolla, CA, USA). Demographic data was 

analysed using the chi-squared and independent sample t-test for categorical and continuous data 

respectively. Continuous data was presented as mean +/- SD, binary data as absolute numbers and 

percentages. NP performance was assessed as a dichotomous outcome, with failure to recover being 

defined as a postoperative score of ≤-1.96SD in 2 more NP tests. Data analysis was via comparison of 

the proportion of patients classified as having cognitive recovery using the PostopQRS vs. NP test 

battery using the using the Cochran–Mantel–Haenszel test.  

Sample size analysis: 

Sample Size analysis was based on the assessment of cognitive recovery at postoperative week 6, with 

the primary power calculation being on cognitive recovery in patients with normal cognitive baseline. 

Failure to recover is a more frequent event then the development of POCD, which reflects the greater 

severity of dysfunction that is required to trigger the diagnosis of POCD.  Our previous research found 

failure to recover of approximately 60% at 6 to 8 weeks (1-4), whereas it is expected that 30 to 40% of 

patients would have POCD measurable at 6 to 8 weeks. We considered it a relatively unlikely event that 

there would be POCD in the event of cognitive recovery, and likely that there would be failure of 

recovery in patients with POCD. The majority of discordant pairs were likely to be “failure of recovery 

and no POCD”. 

A sample size of 50 pairs was based on an 80% power to detect a difference in proportions of 0.200 

when the proportion of discordant pairs was expected to be 0.300 and the method of analysis is a 

McNemar's test of equality of paired proportions with a 0.050 two-sided significance level. We thus 

planned to study 50 patients with normal cognitive baseline. 

 

5.3 RESULTS 

5.3.1 Patient recruitment and characteristics 

Patient recruitment has been described in Chapter 4 Section 4.3.1. In summary, a total of 69 patients 

were enrolled into the study (Figure 19), with 67 patients undergoing complete NP and PostopQRS 
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postoperative assessments. 6 patients withdrew from the study between day 30 and week 6. 27% 

(n=17) of patients were classified as having low baseline PostopQRS cognitive scores. Patients were 

included for analysis at each study time point for which they had complete data. 

Demographic data was compared for patients with normal versus low PostopQRS cognitive 

performance and was presented in Chapter 4, Table V. The average age was 58yrs, with patients with 

low PostopQRS cognitive testing being older than those with normal (64 +/- 13yrs vs. 57+/- 13yrs, 

p=0.05). Groups were similarly matched in regard to gender, smoking status, ASA score and surgery 

type.  

 

Figure 19  PostopQRS Cognitive Recovery -  Patient recruitment. 
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5.3.2 Outcome data 

PostopQRS cognitive recovery 

Cognitive recovery as measured by the PostopQRS (Figure 20) was similar between patients with normal 

and low baseline cognition. This was the case irrespective of whether the tool used to define low 

baseline cognition was the PostopQRS (p=0.40) or the NP test battery (p=0.60). This trend remained 

constant when this comparison was repeated for the differing definitions used to define low NP test 

performance (Appendix M).  

 

 

 

Figure 20  PostopQRS Cognitive recovery.  

 

Neuropsychological cognitive recovery 

Neuropsychological recovery as measured by formal NP test battery on days 3-5 and week 6-8 (Figure 

21) was similar between patients who had normal and low baseline cognition. This was irrespective of 

whether the tool used to define low baseline cognition was the PostopQRS (p=0.63) or the NP test 
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battery (p=0.68). This trend remained constant when this comparison was repeated for the differing 

definitions used to define low NP test performance (Appendix N).  

 

 

Figure 21  Neuropsychological Recovery (absence of POCD). 

 

5.4 DISCUSSION 
This study provides further clinical face validity in the PostopQRS defining patients as having low 

baseline cognition. It also demonstrates face validity in the modified scoring system with which to 

measure cognitive recovery in patients with low baseline cognitive performance.  

Face validity is demonstrated when a test responds as expected, with construct validity implying that 

two tests measuring similar constructs produce similar results (163). Cognitive recovery was similar in 
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patients who had normal and low baseline cognition, irrespective of whether the PostopQRS or NP test 

battery was used to define baseline cognitive performance. Similarly, in the reverse analysis where 

cognitive recovery was defined using neurocognitive methods, cognitive recovery was similar in those 

with normal and low baseline cognition, irrespective of whether the PostopQRS or NP test battery was 

used to define baseline cognitive performance.  

Cognitive recovery improved in a temporal manner in all groups irrespective of the definition, or tool, 

used to define low baseline cognition. This is consistent with both what is expected clinically and what 

has been reported in previous PostopQRS studies (1, 2, 4, 167, 208). Importantly, the proposed scoring 

system with which to score cognitive recovery in patients with low PostopQRS baseline performance 

demonstrated that the cognitive recovery in these patients was similar to that of patients with normal 

baseline cognition (i.e. patients with low preoperative cognition were similarly likely to return 

postoperatively to their (albeit lower) preoperative cognitive level of function compared to patients 

with normal baseline cognitive performance). This is important given the current debate as to the 

complex interplay between pre-existing cognitive impairment, poor postoperative cognitive 

performance and increased morbidity (37, 38, 193, 194, 209, 210), and further highlights the clinical 

need for a validated scoring system (such as the PostopQRS) with which to measure cognitive recovery 

in those patients with a low preoperative baseline.  

 As this study conducted the NP test battery on two postoperative occasions, it is unclear of the 

complete NP cognitive recovery profile of patients throughout the postoperative period. The truncated 

timetable of NP testing in this study (ie two postoperative occasions) was necessary for patient 

acceptance of the study protocol (cognitive testing using the NP test battery commonly required 30 

mins to complete and would otherwise have been associated with poor patient compliance). However, 

it is realistic to assume that a patient’s performance on formal postoperative NP test battery was not 

linear but underwent an early postoperative nadir, followed by a cumulative return towards their own 

baseline cognitive performance. Irrespective of the true nature of the NP recovery trajectory, a 

significant number of patients were deemed to have POCD (ie not attained neuropsychological 

recovery) at 6 weeks postoperatively in both the normal and low baseline groups. This often 

unrecognised sign of perioperative morbidity is consistent with that reported in the literature and 

highlights the need to routinely assess cognitive recovery in the postoperative period. 

5.4.1 Limitations 

This study differs to other PostopQRS validation studies in that it exclusively comprises patients 

undergoing cardiac surgery. This is in comparison to other PostopQRS validation studies, which were 

undertaken in study populations comprised of cardiac, as well as non-cardiac, surgery. However, the 
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hypothesis as to the aetiology of failure to recover is not limited to any specific type of surgery. This 

study population was chosen due to its anticipated high incidence of POCD, which allowed for a smaller 

sample size. Thus, the external validity of this study and applicability of PostopQRS in other forms of 

surgery is maintained. 

 

5.5 CONCLUSION 
This study has demonstrated face validity in the proposed scoring system with which to measure 

cognitive recovery in patients with low baseline PostopQRS cognitive performance. Cognitive recovery 

was similar between patients who had normal, as opposed to low, baseline cognitive performance, 

irrespective of whether cognitive performance was measured by the PostopQRS or formal 

neuropsychological test battery.  Given the current discussion regarding pre-existing cognitive 

impairment and poor postoperative cognitive function, this study emphasises the important clinical 

utility of the PostopQRS as a validated tool with which to accurately assess cognitive recovery in 

patients with normal, as well as low, baseline cognitive performance.  
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Chapter 6 :  A FEASIBILITY PILOT 

RANDOMIZED CONTROL TRIAL TO DETERMINE 

THE IMPACT OF REAL-TIME FEEDBACK ON 

PATIENT RECOVERY (Pilot RTR-I.) 
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ABSTRACT 
Thus far this thesis has demonstrated the clinical face validity in the PostopQRS in its classification of 

patients as having low baseline cognition, and in the modified scoring system with which to measure 

their cognitive recovery. It has also demonstrated the clinical utility of the PostopQRS as an outcome 

measure in an interventional trial. What is remaining is to explore the as yet untested applications of 

the PostopQRS, namely the use of the PostopQRS as the intervention itself in providing patients with 

individualised, real-time recovery data.  

In the advent of Patient Centred Care (PCC) and the age of instantaneous digitised informatics, it is 

essential that patients are kept informed of their own perioperative journey. PCC has emphasized the 

importance of providing patients with individualized information regarding their care and recovery in 

real time. Provision of individual recovery information thus requires a multidimensional assessment tool 

that provides recovery information in multiple domains and in real time. The PostopQRS provides 

recovery assessment that is individualised, dichotomised and contextual; however its clinical utility in 

providing real-time recovery information has yet to be explored. 

This single centre randomised trial involving abdominal surgical patients was the first in which the 

PostopQRS was used as the intervention itself, as well as the outcome measure, and was the first to 

explore the ability of the PostopQRS to provide real-time individualised recovery data. It was the pilot 

for a large randomised control trial whose primary aim was to determine whether providing patients 

with real-time recovery information improved patient recovery at week 6-8 postoperatively (as 

measured by the PostopQRS). This pilot trial’s primary aim was thus to determine the incidence of 

recovery in the control group and to preliminarily determine group separation with regard to the 

definitive trial’s primary outcome. Its secondary aim was to determine operational feasibility and 

patient satisfaction with providing patients with the PostopQRS in providing individualised recovery 

information.   

This study demonstrated excellent operational feasibility with the proposed study design, with 

screening: recruitment rate 3:2 and recruitment of >1 patient/week despite being limited to an 

abdominal surgical population in a single centre. It also demonstrated excellent patient satisfaction with 

the study’s design, with >86% follow-up rate and 95% satisfaction (as reported by the PostopQRS). This 

was similar for both those patient who received real-time recovery feedback and to those that did not 

(p=0.82). This study did not demonstrate improved overall recovery (as measured by the PostopQRS) at 

week 6-8 in patients that received real-time recovery feedback (p=0.99), although this must be 
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interpreted with caution as it may represent a Type II error. Thus, it is imperative that a definitive study 

is performed to confirm whether providing patients with real-time recovery information ultimately 

improves their overall postoperative outcome. 
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6.1 Introduction  
6.1.1 Background 

In the advent of patient centred care and the age of instantaneous digitised informatics, it is essential 

that patients are kept informed of their own recovery throughout their perioperative journey. To date, 

postoperative recovery assessment has been the domain of research and, as such, recovery has been 

assessed retrospectively at the conclusion of clinical trials. This has thus prevented the opportunity for 

any clinical benefits of an intervention being directed at those patients who were members of the initial 

study control group. In addition, in real-world clinical scenarios we as clinicians are also limited in our 

ability to determine in which individual patients poor recovery will actually occur. The development of 

health informatics and electronic medical records has maximised the information on which we 

preoperatively predict patients at risk of a poor postoperative outcome, but these electronic interfaces 

have yet to subsequently follow and contemporaneously report on each patient’s actual postoperative 

journey. However, these limitations in recovery assessment would be ameliorated if each patient’s 

recovery data was assessed in real-time. Furthermore, by keeping a patient informed of their own 

unique recovery progress, patients are maximally engaged in their postoperative care, which in turn has 

the potential to optimise their ultimate postoperative recovery.  Patient Centred Care (PCC) has 

emphasized the importance of providing patients with individualized information regarding their care 

and recovery in real time. Self-efficacy is integral to the concept of patient centred care and is defined 

as the patient’s own perception of their competence and capability to complete a specific course of 

action (125). Central to patient self-efficacy is the feedback to patients of relevant individualized 

information. Provision of individual recovery information requires an multidimensional tool that 

provides recovery information in multiple domains and in real time.  

Real-time recovery (RTR) is a concept ubiquitous in any arena that involves systems (i.e. business, 

computing as well as health) and is directly relevant to assessing a patient’s course of recovery. It 

requires first identification of a failure (i.e. poor recovery) and in which domains. Multidimensional 

dichotomized assessment tools allow a more comprehensive view of recovery. They first identify poor 

recovery overall (a failure of performance in relation to a preoperative baseline) and then allow 

assessment of which domains recovery is suboptimal and in which individual patient.  

Recovery assessment tools have developed from measuring unidimensional, physiologically based 

outcomes to measuring recovery as a multidimensional construct that variably encompasses 

physiological, functional, emotional and cognitive domains. In addition, the definition of recovery in the 

setting of patient centred care focuses more on an individual patient’s perception of a return to 
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activities and quality of life reflective of what they had preoperatively, rather than purely complete 

physiological healing (122, 123, 211). 

The PostopQRS provides recovery assessment that is individualised, dichotomised and contextual. It 

measures recovery in each individual patient as a multidimensional dichotomous outcome, both overall 

and within nociceptive, emotive, functional, satisfaction and cognitive domains. Importantly, the 

PostopQRS compares each patient’s postoperative performance to their own preoperative baseline, 

thus assessing each patient’s postoperative function in context of each patient’s individualised 

preoperative milieu. The PostopQRS has been previously validated in multiple surgical populations, over 

varied patient age groups and in multiple languages. It has demonstrated face validity, construct 

validity, performance variability and test reliability (2, 4, 212). Importantly, it has confirmed equipoise 

for the twin interview modalities of face-to-face and telephone interview and has also been validated 

for repeat measures. These attributes are essential to measurement of recovery over multiple 

postoperative time points, some of which extend past the time of patient discharge from hospital (2).  

Chapters 4 and 5 of this thesis have demonstrated face validity for the PostopQRS cognitive domain in 

its assessment of baseline cognitive performance and cognitive recovery respectively. Chapter 3 of this 

thesis has also demonstrated the clinical utility of the PostopQRS as the primary outcome measure in an 

interventional trial. However, the use of the PostopQRS as the clinical intervention itself has yet to be 

investigated, in particular the use of the PostopQRS in providing real-time recovery information to 

patients and the effect of this on ultimate patient outcome. 

6.1.2 Aim 

This study was the pilot for a large RCT of 800 patients whose primary aim was to determine whether 

real-time feedback to patients regarding their performance on a multidimensional assessment tool (the 

PostopQRS) improved patient recovery at 6 weeks postoperatively. The primary aim of this pilot 

feasibility study was thus to determine the incidence of recovery in the study’s control group (which 

would determine the power analysis for the definitive trial) and determine a preliminary estimate of the 

effect size of the intervention in the post-abdominal surgery population. This study’s secondary aim was 

to perform feasibility analysis (recruitment rate, follow-up rate and patient satisfaction) of the 

PostopQRS in providing patients with individualised real-time recovery data to individual patients. The 

null hypothesis of the definitive trial was that real-time feedback to patients on their performance on 

the PostopQRS would not have an impact > 20% on overall recovery rates at the 6-8 week study time 

point.  
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6.1.3 Clinical Implications  

The PostopQRS is the ideal tool with which to assess real-time recovery as it provides individualised, 

multidimensional, dichotomized recovery assessment and has an existing digital interface that enables 

instantaneous recovery assessment (1, 2, 4). In addition, as it compares an individual patient’s 

postoperative performance to their own preoperative baseline, it has the ability to provide real-time 

feedback to patients of their postoperative function in comparison to their own baseline. This ability is 

unique to the PostopQRS in that no other postoperative recovery tool has this ability or existing digital 

infrastructure.  

In the advent of patient centred care there is increasing emphasis on the importance to inform and 

empower patients regarding their perioperative care. In addition, a patient’s self-efficacy has a 

fundamental impact on their postoperative course, with evidence that improved self-efficacy has a 

beneficial effect on patient outcome (97, 124, 126-133). Central to both PCC and patient self-efficacy is 

information provision; that is, providing individual patients with information regarding their health 

status, options and, importantly, current real-time progress towards recovery. It has been previously 

suggested that the pure act of information provision, independent upon how this information is acted 

upon, improves patient self-efficacy and, in turn, patient outcome. 

This pilot study was designed to demonstrate clinical feasibility and estimation of effect size for a larger 

trial assessing whether the intervention of providing patients with real-time feedback on individual 

postoperative performance ultimately improves quality of patient recovery.  

 

6.2  METHODS 

6.2.1 Study design, environment and participants  

This study was a parallel randomized control trial with allocation ratio 1:1 (intervention:control). The 

study protocol and design adhered to the CONSORT guidelines (213). This was a single site study at the 

Royal Melbourne Hospital (MH HREC 2015.317) conducted in 2016-2018. All patients were recruited 

from The Royal Melbourne Hospital (outpatients, operating theatres and surgical wards). Participants 

were eligible if they were undergoing major abdominal surgery at the research site, with major surgery 

being defined as laparoscopic or open abdominal surgeries involving organ resection or abdominal 

surgeries > 2 hours expected duration. Additional inclusion criteria included being ≥18 years of age and 

an adequate understanding of written and verbal English to able to complete the PostopQRS. Patients 
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were excluded if they declined consent or had pre-existing clinically documented dementia or 

intellectual disability.  

6.2.2  Recruitment and Randomisation  

After Ethics Committee approval was obtained, recruitment of patients was performed by professional 

research nurses and research clinicians. Intraoperative data was collected by the treating anaesthetist 

or by retrospective medical record review. The PostopQRS and postoperative data were collected by 

professional research staff trained in performing the PostopQRS. Recruitment was by convenience 

sampling of elective and emergency theatre booking lists. Randomisation was by opaque sealed 

envelopes produced by a non-study researcher, with the randomization sequence being generated 

using online computer random sequencing. The randomization code was not known to the treating 

team and occurred on day of surgery after a patient had been recruited. Patients were randomized to 

receive, or not receive, real-time feedback on their individual postoperative performance in the 

PostopQRS.  

6.2.3  Study Intervention  

Patients randomized to receive real-time feedback of their performance on the PostopQRS underwent 

identical data collection and PostopQRS testing as the control group (see Section 6.2.4). The feedback 

provided to each patient in the intervention group was whether the patient had recovered (returned to 

their preoperative baseline or better) in each of the recovery domains assessed. The intervention was 

that, at the end of each of the postoperative PostopQRS assessments, patients in the intervention group 

were given real-time feedback as to their performance in the PostopQRS in relation to their own 

preoperative baseline.  

At the end of each PostopQRS assessment, randomized patients were told the following (Appendix O):  

1. The PostopQRS assessment was now complete 

2. The following information related to their performance at that time in relation to their 

preoperative baseline performance 

3. Not returning to their baseline performance was not a reflection on them or their care and 

often changed over the course of postoperative recovery. 

4. The domains/areas that the patient had returned to their preoperative baseline function in at 

the testing assessment were (delete those not applicable): physiological, pain/nausea, 

anxiety/depression, functional activities of daily living, satisfaction and cognition.  
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This was a pragmatic trial design. Hence, all aspects of each patient’s postoperative course (save for the 

intervention in those patients randomised to receive this) were determined by the treating anaesthetist, 

surgeon and/or postoperative physicians. No aspect of medical care was withheld in either group or 

differed from standard perioperative care.  

6.2.4  Study Data  

The study data collected included patient demographic and perioperative data, as well as the 

PostopQRS recovery surveys. The PostopQRS was performed preoperatively (within 14 days of surgery) 

to provide each patient with their own preoperative baseline in all of the PostopQRS domains, as well as 

at four postoperative time points (day 1, day 3-5, day 14 and week 6-8).  Recovery was defined as a 

postoperative performance that was equal to, or better than, a patient’s preoperative baseline 

performance for each of the physiological, nociceptive, emotive and functional domains assessed. 

Cognitive recovery for patients with normal and low baseline cognition was assessed as per the 

methods described in Chapter 5 Section 2.3 (Equation 3 & 4 respectively).   Overall recovery was defined 

as recovery in all of the PostopQRS domains assessed. The test was applied at baseline (prior to surgery) 

and repeated at multiple time periods postoperatively to determine the differing temporal trajectories 

of each recovery domain. The interviews were conducted face-to-face whilst the patient was in hospital 

or via telephone once the patient had been discharged. A detailed description of the PostopQRS and its 

previous validation has been included in the methods section of Chapters 2, 3, 4 and 5.  

 PostopQRS Cognitive recovery assessment  

This study was performed after to the completion of the validation study for the modified scoring 

system assessing cognitive recovery in patients with low PostopQRS baseline cognition (Chapters 4 & 5 

of this thesis). Hence, all patients were included in analysis irrespective of whether they had normal vs. 

low baseline cognitive PostopQRS scoring. Thus, in patients with normal baseline PostopQRS cognition, 

cognitive recovery was defined as a postoperative cognitive performance that was as good as, or better, 

than their preoperative performance. In patients with low baseline PostopQRS cognition, cognitive 

recovery was defined according to the modified scoring system outlined in Chapter 5.  

6.2.5  Primary and Secondary Outcomes 

The primary outcome of this study was the incidence of (and group separation between) the 

intervention and control groups in terms of the definitive trial’s primary outcome (quality of overall 

patient recovery at week 6-8, as assessed using the PostopQRS (1)).  The secondary outcomes for this 
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study assessed operational feasibility of the study protocol (recruitment rate, follow-up rate for each 

study group) as well as patient satisfaction with participation in the study.  

6.2.6 Statistical Analysis 

Data storage and analysis was via Microsoft Excel (Microcorp., CA, USA), SPSS v25 (SPSS Inc., Chicago, IL, 

USA) and GraphPad Prism 7 (GraphPad Software, La Jolla, CA, USA). Demographic data was analysed 

using the chi-squared and independent sample t-test for categorical and continuous data respectively. 

Continuous data was presented as mean +/- SD, binary data as absolute numbers and percentages. 

Recovery was assessed using the PostopQRS via the PostopQRS.com website. Variables of “recovery” 

were dichotomized to "recovered" or "not recovered" based on whether patients had achieved baseline 

values or better at each of the time points when measurement was performed. Satisfaction was 

assessed using the previously validated satisfaction questions included in the PostopQRS. Data analysis 

was comparison of the prevalence of overall recovery in the intervention group (those that received 

real-time feedback as to their postoperative performance) vs. control group (those that did not receive 

contemporaneous feedback) at each of the study time points and over multiple study time points using 

the chi-squared and Cochran-Mantel-Haenszel (191) tests respectively, using the 95% significance level.  

Sample size analysis 

A sample size estimate for the definitive study was based on a study power of 80% and a two sided 

0.050 level of significance. From previous PostopQRS studies involving non-cardiac surgical patients, the 

incidence of recovery in all domains at 3 months ranged from 35% in orthopaedic surgical patients (167) 

to 60% in head and neck surgical patients (212). Thus, the definitive study’s sample size was calculated 

using an estimated incidence of recovery of 50% in the non-intervention group and a minimum effect 

size >20%. Thus 385 patients were required in each of the control and intervention groups. This pilot 

study thus aimed to have n=100 patients (approximately 10% of definitive trial’s expected total 

patients), accounting for in-study attrition.  

 

6.3 RESULTS 

6.3.1 Patient recruitment and characteristics 

Recruitment of patients occurred between September 2016 and August 2018 inclusive, with final 

PostopQRS assessment occurring in September 2018. Due to surgeon leave, this represented 90 
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absolute weeks of active patient recruiting. From a total of 157 patients, screened, 100 patients were 

ultimately enrolled in this study, resulting in a recruitment rate of 3:2 (Figure 22) (during recruitment, 

three additional patients were enrolled but, prior to patient randomisation, their procedure was 

postponed indefinitely. They were hence not included in the study population). A total of 50 patients 

were enrolled into each of the intervention and control groups. Of those patients screened but not 

recruited, 30 (19%) patients were excluded based on their refusal. No patient was excluded due to pre-

existing cognitive impairment. 

The follow-up rate at study conclusion was 86%, with 12 patients (7 patient in the intervention, 5 

patients in the control group) being lost to follow-up and two patients (one in each group) withdrawing 

from the study (Table XI). Missing data in each domain did not preclude that patient from recovery 

assessment in other domains or at subsequent time-periods. All patients randomised to the 

intervention group received real-time feedback regarding their recovery at all the PostopQRS study time 

points.  

 

 

 

Figure 22  RTR-Pilot patient recruitment  
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Table XI  RTR-Pilot complete PostopQRS dataset by study time point. Data represent n = number of 
patients with complete data.  

 

Demographic data for the study participants (Table XII) showed demographic profiles between the 

intervention and control groups that were significantly different with respect to age (52yrs vs. 59yrs 

respectively, p=0.03), surgical site (p=0.03) and ASA score (p=0.02).  6 patients (12%) patients in each of 

the intervention and control groups had low baseline cognition when assessed by the PostopQRS.  
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Table XII  RTR-Pilot demographic data. BMI - Body mass index, ASA - American Society of 
Anaesthesiologist. 

 

Intervention Control p
N 50 50
Low baseline, n 6 6
Age yrs, mean (SD) 52.30 (17) 59.86 (17) 0.03
Male gender, n (%) 28 (56) 28 (56) 1.00
Education years, mean (SD) 11.96 (3) 13.48 (4) 0.08

 BMI kg/m², Average (SD) 50.26 (31) 47.14 (9) 0.50
Alcohol consumption, standard drinks/day, Mean (SD) 4.68 (9) 7.00 (16) 0.38
ASA Score, n (%) 0.02

ASA I 4 (6) 4 (8)
ASA II 19 (38) 31 (62)
ASA III 27 (54) 11 (22)
ASA IV 1 (2) 4 (8)

Smoking Status, n (%) 0.10
Never 18 (36.73) 26 (53.06)
Former 31 (63.27) 23 (46.94)
Active 1 (1) 1 (1)

Co-existing medical conditions, n (%) 0.30
Respiratory 4 (8) 3 (6)
Cardiac 11 (22) 9 (18)
Respiratory & Cardiac 4 (8) 8 (16)
Other 17 (34) 23 (46)
Nil 14 (28) 7 (14)

Previous anaesthetic complications, n (%) 8 (16) 13 (26) 0.22
Employment status, n (%) 0.65

Not employed at present (including student, child or retired) 27 (54) 29 (58)
Not working due to ill health - intending to return to work 6 (12) 4 (8)
Not working due to ill health - not intending to return to work 1 (2) 0 (0)
Currently employed - intending to return to work 16 (32) 16 (32)
Currently employed - not intending to return to work 0 (0) 1 (2)

Surgical Type, n (%) 0.28
Open 32 (64) 28 (56)
Endoscopic  1 (2) 0 (0)
Endoscopic assisted 10 (20) 8 (16)
Port Access 7 (14) 14 (28)

Surgical Site, n (%) 0.02
Lower     Open 18 (36) 10 (20)
                Closed 11 (22) 15 (30)
Upper     Open 2 (4) 8 (16)
                Closed 0 (0) 6 (12)
Hernia    Abdominal 2 (4) 4 (8)
                Inguinal 4 (8) 1 (2)
Pancreatectomy 3 (6) 2 (4)
Hepatectomy (partial) 2 (4) 1 (2)
Other  8 (16) 3 (6)

Anaesthetic Type, n (%) 0.54
General anaesthesia 48 (96) 46 (92)
General & epidural anaesthesia 2 (4) 3 (6)
General & spinal anaesthesia 0 (0) 1 (2)
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6.3.2  Outcome data 

Recovery Profiles 

Recovery profiles for overall recovery (Figure 23), as well as recovery within each domain (Figure 24) 

and subdomain (Figure 25) revealed the incidence of group recovery to increase in a temporal manner. 

The incidence of overall recovery at week 6 (Figure 23) was 43.2% and 45.24% in the intervention and 

control groups respectively. This was not statistically significant (p=0.99). Overall recovery between the 

two groups was not statistically significant when corrected for multiple comparisons (p=0.73).  

The incidence of recovery between the study groups in each recovery domain (Figure 24) was not 

statistically significant save for overall physiological recovery, where recovery was worse in those who 

received real-time recovery feedback (p=0.03). However, differences between the two groups at the 

physiological subdomain level (Figure 25) were not statistically significant.  Conversely, ‘Ability to walk 

independently’ in the functional domain was the only subdomain that showed a statistically significant 

difference between the two groups (p=0.04) despite the two groups not differing statistically at the 

overall corresponding (functional) domain level (Figure 25) when corrected for multiple comparisons. 

Importantly, there was no difference between the two groups in terms of overall patient satisfaction 

(p=0.82).  

 

 

Figure 23  RTR-Pilot PostopQRS recovery profile – overall recovery 
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Figure 24   RTR-Pilot PostopQRS Recovery profiles – individual recovery domains 
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Figure 25  RTR-Pilot PostopQRS Recovery profiles – individual recovery subdomains  
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Figure 25   cont’d 

 

155



 

Figure 25   cont’d 
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Figure 25   cont’d 
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Figure 25   cont’d 
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6.4 DISCUSSION 
This study demonstrated excellent feasibility with providing patients with individualised real-time 

recovery data. It did not, however, demonstrate group separation in terms of improved overall recovery 

at week 6-8 in those patients who received contemporaneous recovery information, compared to those 

patients that did not. This is despite the growing literature regarding patient engagement, self-efficacy, 

patient empowerment and improved patient outcome (124, 127-132, 134). This lack of effect may be 

due to a Type II error due to the small sample size with each group. This highlights the need to perform 

a definitive trial to determine what effect, if any, the simple act of providing patients with 

contemporaneous information regarding their own recovery has on ultimate patient outcome.  

The demographic profile of patients in this study is comparable to that of previous PQRS studies, 

although it was not as frail as that described in the EchoNOF pilot study in Chapter 3. Interestingly no 

patient was excluded based on cognitive impairment – a stark difference compared to the EchoNOF trial 

(Chapter 3). Recruitment of the full patient cohort was achieved despite a higher than anticipated 

incidence of non-English speaking patients in the study’s target population. We anticipate ameliorating 

any issues with patient recruitment in the definitive trial by increasing the study’s inclusion criteria to 

include patients undergoing major abdominal, orthopaedic and cancer surgery and to recruit over 

multiple study sites.  

The incidence of recovery improved with time in both groups and in all recovery domains assessed, 

which is consistent with previous PostopQRS studies as well as being consistent with the physiological 

processes underlying the recovery process. The 45% incidence of overall recovery in the control group 

was also in keeping with that reported in previous PostopQRS studies (and was notably higher than that 

reported in the EchoNOF study in Chapter 3) and was in keeping with that which was used to calculate a 

definitive trial’s sample size. We did, however, perform a revised definitive trial sample size based on 

this pilot’s incidence of recovery in its control group. Using this incidence of 45% overall recovery in the 

control group, a study power of 80%, a two sided 0.050 significance level and a >20% effect size, a 

definitive trial would require 481 patients in each study group, or 500 to account for in-study attrition. 

Thus, this pilot study represents 10% of a definitive trial’s sample size, which was sufficient to 

demonstrate study feasibility.  

This pilot study demonstrated excellent feasibility with the study protocol providing patients with real-

time recovery data. Recruitment in this pilot study was limited to a single institution that had a high 

incidence of non-English speaking patients and was limited to those patients undergoing major 
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abdominal surgery. Despite this, it demonstrated a robust recruitment rate of 3:2 (equal to a screening 

rate of 2 patients/week and a patient recruitment rate was >1 patient/week), and a follow-up rate of 

>86%. There was also excellent patient satisfaction with the proposed trial design, with only two patient 

declining to participate once enrolled in the study (one in each group), and with no difference between 

the high levels of overall patient satisfaction reported using the PostopQRS between those that did, vs. 

did not, receive real-time recovery feedback (95.5% and 95.2% respectively). This supports the 

feasibility of a larger definitive trial involving multiple study sites and in which the study population is 

widened to include major surgery not limited to the abdomen, both of which would logically result in a 

higher recruitment rate.  

The PostopQRS is a tool ideal for the assessment of modern recovery. It provides a multidimensional 

assessment of individual patient postoperative performance, both in the traditional provider focused 

physiological domains as well as in the patient-centric functional and emotive domains. Importantly, the 

PostopQRS includes an assessment of postoperative cognitive function; an essential component of any 

modern recovery tool given the ageing perioperative population and the interplay between surgical 

inflammation, impaired cognition and increased perioperative morbidity and mortality (38, 96, 98, 103, 

106, 107, 109, 116, 117). The PostopQRS uses each patient as their own preoperative comparator and 

provides dichotomised recovery, both overall as well as within each recovery domain. It thus has 

intrinsic clinical meaning by allowing a ‘drilling down’ to determine in what area suboptimal recovery 

has occurred. Of most importance is the PostopQRS.com website, which enables contemporaneous 

assessment and analysis of individual patient recovery data. By entering PostopQRS recovery data onto 

the website at the time of recovery assessment, a bedside discussion can be had with the patient as to 

their current postoperative performance, both in terms of their own preoperative baseline as well as 

what would be expected for that particular postoperative time point. This then has the potential to 

maximise patient engagement in their care, and in turn ultimately maximise their recovery process. If a 

definitive trial demonstrates that provision of individualised real-time recovery data improves patient 

outcome, then the PostopQRS has the potential to be a powerful clinical tool with which to optimise 

each patient’s recovery journey.  

6.4.1 Limitations 

This was a single centre randomised pilot trial limited to recruiting patients undergoing major 

abdominal surgery. As this is a pilot study, it was not powered to detect statistically significant group 

differences between study groups. Thus, whilst providing patients with real-time feedback was not 

associated in this study with improved patient overall recovery at week 6-8, this must be interpreted 

with caution as this may represent a Type II error and this between-group difference confirmed in a 
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definitive trial. Whilst this study limited assessment of recovery to the general surgery population, the 

underlying physiological processes and the impact of patient engagement is shared across all patient 

populations. Hence, the results of this study, and any future definitive studies, have external validity in 

their application to the wider perioperative population.  

 

6.5 CONCLUSION 
This study confirms excellent feasibility and patient satisfaction with providing patients with 

individualised real-time recovery information at multiple postoperative time points throughout their 

recovery journey. This single centre pilot study achieved a screening: recruitment rate of 3:2 and a 

recruitment rate of >1 patient per week despite being limited to an abdominal surgery population. It 

reported excellent patient satisfaction with the trial design, with 86% follow-up rate and >95% patient 

satisfaction in both the intervention and control groups.  This study did not demonstrate a difference in 

overall recovery at week 6-8 between those that received real-time feedback as to their own recovery 

compared to those that did not, although this must be interpreted with caution and may be a Type II 

error.  Thus, it is imperative that a definitive study is performed to confirm whether providing patients 

with real-time recovery information ultimately improves their overall postoperative outcome.   
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Expectations as to what define successful postoperative recovery is, and will continue, to evolve. So to 

then must our tools with which to assess it. Successful postoperative recovery has progressed beyond 

being defined purely by traditional short-term, provider-centric variables concerned with physiological 

restitution and freedom from surgical complications, to one that is multidimensional and defined by 

variables which have inhernet value to both patient and provider. In the advent of low surgical 

mortality, modern recovery is best quantified as to how much a patient is able to experience quality, 

rather than just quantity, of life.  

It is essential that modern recovery assessment includes a validated method with which to measure 

postoperative cognitive function, as this has inherent value to both patient and health care provider.  

Suboptimal cognitive recovery not only has a tangible impact to a patient, but also alerts health care 

providers to a patient at increased risk of poor recovery in non-cognitive domains and who has an 

increased need for health care services. Poor cognitive recovery is also a predictor of increased risk of 

persistent cognitive impairement and overall mortality. It is thus imperative that cognitive assessment is 

incorporated as a component of routine perioperative care.  

Given the importance of optimal cognitive recovery, it is logical that there is much discussion in the 

literature as how best to ameilioriate its etiological factors (38, 39, 111, 194, 210). The direct impact of 

general anesethic agents on long term cognitive function is conflicting, but there is general consensus as 

to the prudence of minimising the exposure of a frail central nervous system to general anaestheic 

agents, and in maintaining optimal intraoperative cerebral and systemic arterial perfusion. Minimising 

the postoperative systemic inflammatory milieu is also essential, be it by refining minimally invasive 

surgical techniques, optimising postoperative regional analgesia or protocoling ‘bundles of care’ aimed 

at maintaining physiological homeostasis in the face of overt surgical trauma. All these interventions 

require that there is a convenient and validated assessment tool with which to measure a patient’s 

postoperative cognitive performance.  

Contained in the preceding pages of this thesis are the clinical studies that have successfully addressed 

the final validation issues of the PostopQRS in its assessment of cognitive performance (both at baseline 

and during recovery), and that have begun to explore the as yet untested applications of the PostopQRS 

in providing patients with contemporaneous individualised recovery information. This body of work has 

generated seven peer-reviewed journal articles (5, 25, 87, 207, 214-216) and two book chapters (217), 

Appendix H), has been invaluable to the development of three additional clinical trials (EchoNOF-III, 

RTR-II and RTR-III), and has formed the basis of four grant applications (NHMRC Project Grant 2019 “A 

pragmatic randomised controlled trial to determine the impact of real-time recovery feedback to 

patients and healthcare providers on recovery after surgery – the RTR II trial”; RART Translational 
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Research Project Grants 2019 “Feedback of real-time recovery information to patents and their health 

care providers – a pilot multicentre randomised feasibility study”; ANZCA Project Grant 2019 “A 

randomised controlled pilot trial to determine the impact of real-time recovery feed-back to patients 

and their health-care providers on recovery after surgery.”; MRFF Keeping Australians Out of Hospital 

2019 “Real-time feedback of recovery information to patents and their health care providers – a pilot 

multicentre randomised feasibility study”). Collectively, this work forms the foundation for post-

doctoral research focused on realizing the full potential of individualised real-time recovery information 

in improving postoperative patient outcomes.  

This thesis has demonstrated clinical face validity in the PostopQRS classification of patients into those 

that have low, vs. normal, baseline cognition. It also has demonstrated the validity of the proposed 

scoring system with which to assess cognitive recovery in these patients with low baseline cognition. 

Prior to this thesis, the classification of patients by the PostopQRS into those that had low vs. normal 

cognition had demonstrated statistical validity but lacked demonstrated clinical validity. Chapter 4 

reported that patients with low normal PostopQRS baseline cognition differed in their baseline 

(preoperative) cognitive performance on formal neuropsychological test battery, with patients with low 

PostopQRS performing poorer than those classified as having normal PostopQRS baseline cognition. This 

was irrespective of which of the myriad of currently accepted definitions was used to define poor 

neuropsychological test performance. Chapter 4 also reported that the classification of patients by the 

PostopQRS into those that had low (vs. normal) baseline cognition most closely resembled the NP 

definition of low performance as being a baseline performance ≤-1.96SD in 2 or more NP tests. This is a 

widely accepted definition used to define POCD in the literature. Chapter 5 reported that patients with 

normal vs. low PostopQRS baseline cognition had similar cognitive recovery profiles, irrespective of 

whether baseline performance was determined by the PostopQRS or formal NP test battery, or whether 

cognitive recovery was assessed using the PostopQRS or formal NP test battery.  This demonstrated face 

validity of the proposed modified scoring system with which to assess cognitive recovery in patients 

with low baseline PostopQRS cognition. The results of both Chapters 4 and 5 have been combined with 

that of another sub-study (216) to demonstrate face and discriminate validate of the proposed scoring 

system with which to assess cognitive recovery using the PostopQRS in those patients with low baseline 

cognition.  

The PostopQRS has demonstrated excellent clinical feasibility is its use as the primary outcome in an 

intervention study. Prior to the study described in Chapter 3 of this thesis, the PostopQRS had been 

widely used in observational studies only.  The pilot study in Chapter 3 was the first to utilise the 

PostopQRS as the primary outcome in an interventional study, and showed excellent feasibility with the 
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use of the PostopQRS in the interventional setting, and with providing focused cardiac ultrasound in a 

real-world perioperative setting. This study has since formed the basis for a subsequent pilot multi-

centre, randomised control trial of the use of point-of-care ultrasound (218). This study also highlighted 

the frailty with which many patients present for fractured neck of femur surgery, and was the impetus 

to design a method with which to measure cognitive recovery in patients with low baseline cognition.  

What is truly exciting is the proven feasibility of the PostopQRS in providing patients with individualised 

real-time recovery data and the suggestion that this simple act of information provision may improve 

ultimate patient outcome. In the advent of patient centred care, and with the increasing awareness of 

the importance of patient engagement in optimising patient recovery (97, 130, 132, 134), providing 

patients with up-to-date information regarding their own perioperative journey is becoming the 

cornerstone of modern postoperative care. The study reported in Chapter 6 demonstrated clinical 

feasibility of the PostopQRS in providing real-time recovery data to individual patients. This was a 

landmark trial as it was the first (and to date remains the only) trial in which provision of real-time 

recovery data was implemented in the perioperative setting. Since its completion, this pilot study has 

formed the basis of an additional pilot randomised control trial assessing the clinical feasibility and 

potential clinical benefit that may occur when both patients and members of their treating medical 

teams are provided with individualised real-time recovery information. This subsequent pilot study 

benefits from the feasibility analysis of the original pilot study described in Chapter 6, has ethics 

approval and is due to commence in 2019. This future study has also been submitted for an NHMRC 

grant application (Keeping Australians out of Hospital 2019).  

The ultimate aim of the candidate’s real-time recovery research is to combine the results of these two 

pilot studies and perform a definitive three-arm multi-centre randomised control trial assessing the 

effect on recovery when there is no real-time recovery feedback (current standard of care) versus when 

real-time recovery feedback is provided to patient, or to patient and members of their treating medical 

team. This definitive trial has the potential to revolutionise recovery assessment from a historically 

research entity to a modern tool with direct clinical applications. If providing patients, and potentially 

also members of their treating medical team, with contemporaneous individualised recovery 

information improves ultimate patient outcome, then the PostopQRS can be incorporated into routine 

postoperative care. The PostopQRS has the potential to improve patient outcome by enhancing patient 

engagement in their own recovery process, by promoting timely targeted interventions to patients in 

whom poor recovery is occurring, and by acting as a communication scaffold to facilitate patient-

provider interactions. This further post-doctoral research will continues to utilise the PostopQRS as a 

real-time multidimensional recovery assessment tool, will build on the preliminary results of this first 
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pilot study and aims to assess what additional effect, if any, that provision of real-time recovery data to 

the members of a patient’s treating medical team has on ultimate patient outcome.  
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    Chapter 5   
 Defi ning Postoperative Quality of Recovery                     

       Andrea     Bowyer       and     Colin     F.     Royse     

    Abstract     Central to the practice of perioperative medicine and patient centred care 
are the abstract ideals of quality and recovery, neither of which have a universally 
accepted defi nition or assessment tool. Recovery defi nitions have progressed from 
a historical emphasis on short-term restitution of purely physiological parameters to 
a multidimensional concept, which includes physiological, nociceptive, emotive, 
functional and cognitive domains. With an ageing, ambulant perioperative popula-
tion and an increasing understanding of the interplay between physiological stress 
and neurophysiology, there is increased importance of cognitive assessment. Current 
recovery assessment tools vary in their validation and differ in their assessment of 
recovery as a dichotomous vs. continuous variable, and at the individual vs. group 
level. Ideally, quality of recovery would be defi ned as a return of a patient’s function 
to their own baseline or better and assessed in multiple domains and over multiple 
time points. The ideal recovery assessment tool would allow real-time assessment 
of recovery with facility to identify in which sub-domain recovery has failed, in 
both individual patients and at a population level, thus allowing both clinical time- 
critical interventions and research applications.  
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5.1       Introduction 

 Quality and recovery are two abstract ideals that are integral to the practice of peri-
operative medicine. With the developing emphasis on patient centred care in both 
clinical and research settings, there is an increasing need to both defi ne and measure 
these ideals in real time. Traditionally, assessment of recovery was uni-dimensional 
and short-term, focusing primarily on restitution of physiological parameters in the 
immediate postoperative period. The breadth of recovery assessed was originally 
derived from expert opinion or patient focus groups, with only some tools subse-
quently being systematically validated [ 1 ]. The maturation of perioperative medi-
cine into an independent speciality mandated the development of multidimensional 
tools that addressed recovery in terms of functional activity [ 2 – 9 ], psychological 
recovery [ 2 ,  3 ,  5 ,  8 ,  9 ], satisfaction [ 2 ,  3 ,  6 ,  10 ,  11 ] and the presence of adverse 
symptomatology [ 2 – 4 ,  7 ]. With an increasingly elderly and ageing surgical popula-
tion, there has been renewed interest in perioperative neurocognitive pathology and 
cognitive recovery. Cognitive recovery has thus developed from simple assessments 
of orientation and comprehension [ 3 ,  5 ,  6 ], to a broader assessment derived from 
neurocognitive testing [ 2 ,  12 – 14 ]. Validation of recovery tools was often incom-
plete and limited to the patient population and clinical context from which it was 
developed, with only some subsequently being systematically validated [ 1 ]. Thus, 
there remains a need for uniformity with respect to defi ning recovery, the timing of 
its assessment and recovery tool validation. The ideal recovery tool would assess 
multidimensional recovery at the individual or patient level, both overall and at the 
subdomain level. It would be validated for repeated measures (assessing recovery at 
sequential time points) in both the clinical and research setting and provide real- 
time recovery data. This latter aspect of a tool has the potential to impact clinically 
on individual patient outcome via timely early intervention as well as be applied to 
the research setting.  

5.2     Historical Defi nitions of Recovery 

 The abstract concepts of quality and recovery are quantities that we are increasingly 
attempting to measure. A recent review of 11 unique recovery assessment tools 
highlighted their differences in defi nition of recovery, its breadth of assessment, 
timing and patient cohort [ 15 ]. The defi nition of recovery has evolved since the 
initial attempt at its quantifi cation, which focused purely on restitution of physio-
logical parameters in the immediate postoperative period [ 16 ]. Historical indicators 
of poor recovery have been the presence of postoperative pain and nausea [ 2 – 4 ,  7 ], 
emotional and psychological distress [ 2 ,  3 ,  5 ,  8 ,  9 ] or dissatisfaction [ 2 ,  3 ,  6 ,  10 ,  11 ]. 
Other fundamental clinical parameters assessed included cardio-respiratory status, 
basic functional assessment and nociceptive (pain/nausea) [ 17 – 19 ]. These, along 
with postoperative complications, have been traditionally used as indicators of 
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recovery as they impact on readiness for discharge and hence resource utilisation. 
The progression to defi ning recovery as a multidimensional construct has seen the 
development of multidimensional tools that addressed functional activity [ 2 – 9 ], 
psychological recovery [ 2 ,  3 ,  5 ,  8 ,  9 ], satisfaction [ 2 ,  3 ,  6 ,  10 ,  11 ] and the presence 
of adverse symptomatology [ 2 – 4 ,  7 ]. With an ageing perioperative population there 
has been renewed interest in the interaction between surgical stress and neurocogni-
tive decline. This has driven the development of cognitive assessment from simple 
assessments of orientation and comprehension [ 3 ,  5 ,  6 ], to more formal neuropsy-
chologically based assessment [ 2 ,  12 – 14 ]. More recent clinical recovery assessment 
tools, such as the Postoperative Quality of Recovery Scale (PostopQRS) [ 2 ] assess 
patient recovery in relation to individual baseline function, in real time and over 
multiple time points.  

5.3     Recovery Versus Process and Outcome Measures 

 At an institutional and legislative level, recovery is often defi ned by clinical perfor-
mance indicators that affect either resource utilisation, funding or indicate potential 
substandard care [ 15 ]. Using clinical indicators, variations in patient recovery (how-
ever this is defi ned) can be due to patient case-mix, measurement, chance or true 
differences in quality of clinical care [ 20 ]. However, these performance indicators 
are inherently different from patient focused recovery as they focus mainly on com-
plications and potential clinical errors rather than patient function [ 21 ]. Their utility 
is in identifying sentinel events or changes in performance indicators that may 
refl ect defi cits in patient care, rather than recovery itself. Furthermore, ultimate 
patient recovery may not refl ect quality of patient care, as the latter is only one of 
many perioperative infl uences on the former. 

 A systematic review [ 21 ] identifi ed 108 contemporary quality and safety (Q&S) 
anaesthetic related clinical performance indicators, 53 of which assessed postopera-
tive outcomes. Only 40 % demonstrated more than purely face validity and, of these, 
42 % used process, 57 % outcome and 1 % structural measures. A process indicator 
is one that focuses on the implementation of a component of the clinical care path-
way (i.e. administration of DVT prophylaxis, instituting early postoperative ambula-
tion). Process measures are thus direct measures of  quality of care , but are only 
measures of  recovery  if these clinical components have been a priori identifi ed as 
signifi cantly impacting on ultimate patient recovery. They are also easy to interpret 
and sensitive to changes in quality of care [ 20 ], thus being ideal in a research setting 
assessing specifi c aspect of care. They do not, however, confi rm causality between 
quality of care and recovery, nor do they assess the impact of any other direct or 
indirect variables on ultimate patient outcome. In comparison, outcome measures are 
indirect measures of  quality of care  but are direct measure of  patient recovery . 
Recovery itself is inherently an ‘outcome’ variable and thus is the result of known 
and unknown variables. Outcome variables correlate more closely with quality of 
care when that quality has substantial infl uence on patient outcome, particularly 
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when technical expertise is involved. They also account for both known and unknown 
variables infl uencing patient recovery. It is important to acknowledge that outcome 
variables such as presence/absence of nausea or pain are also important in their own 
right irrespective of causality. They have direct implications to both the patient and 
the institution, impacting on patient experience and discharge readiness respectively. 
They are, however, often underpowered to detect rare clinical events [ 20 ] and lack 
sensitivity and specifi city [ 22 ]. 

 Q&S clinical indicators address primarily patient safety (83 %) and effectiveness 
(68 %). Current National Safety and Quality Health Service Standards [ 23 ] require 
reporting on 13 anaesthetic related indicators, including 5 pertaining to the recovery 
room (respiratory distress, PONV, hypothermia, severe pain and stay >2 h) and 3 to 
the immediate postoperative period (unplanned ICU admission within 24 h, severe 
pain and review of epidural analgesia). As stated previously, these indicators are 
often erroneously substituted for measures of both quality of care and recovery. For 
example, PONV and pain, often identifi ed as surrogates for anaesthetic recovery 
and patient satisfaction, are themselves interrelated and immeasurably intertwined 
with surgical and patient factors [ 24 ]. Unidimensional outcome measures do not 
account for the contextual and multifactorial components of quality of recovery (i.e. 
transient PONV and pain may be crucial to a patient’s concept of recovery in the 
palliative setting but less so in the curative setting). Furthermore, quality and safety 
outcomes, when used in isolation, are rarely shown to improve patient outcome 
[ 25 ,  26 ]. Thus, it is erroneous to use purely outcome measures to assess quality of 
patient recovery without also incorporating measures of patient, anaesthetic and 
surgical complexity.  

5.4     Infl uences on Recovery 

 Recovery as a general construct is infl uenced by identifi able factors, with surgical, 
anaesthetic and patient factors implicated in poor recovery. Laparoscopic technique 
has been associated with improved patient function at day 7 when compared to open 
surgery [ 8 ,  27 ]. The hypermetabolic perioperative state with its associated insulin 
resistance and glucose derangement has also been implicated in delayed recovery 
[ 28 – 30 ], as has general anaesthesia in early delayed recovery in the elderly [ 31 ,  32 ]. 
Furthermore, early poor recovery is predictive of later dysfunction, with a correla-
tion between both delayed patient discharge and reduced global recovery at 30 days 
[ 5 ], and total in-hospital stay and failure to recovery at 60 days. Recovery also var-
ies between patient subpopulations, with physical recovery being delayed in those 
>75 years old compared to those <65 years old [ 5 ]. 

 Cognitive recovery is both a subset, and an integral component, of global recov-
ery. It also has identifi able risk factors and is predictive of long-term morbidity and 
mortality. Univariate associations of early incomplete cognitive recovery are 
increasing age, duration of anaesthesia, reoperation, postoperative infections and 
respiratory complications [ 33 ]. On multivariate logistical regression, independent 
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risk factors for long-term cognitive decline are advanced age, lower education level, 
a history of cerebral injury without residual defi cit, and POCD at hospital discharge 
[ 14 ,  33 ,  34 ]. At discharge, cognitive dysfunction affects all age-groups (36.6 % 
young, 30.4 % middle-aged and 41.4 % elderly, p > 0.05) and is more prevalent than 
in corresponding age and ability matched non-surgical controls [ 34 ]. Persistent cog-
nitive dysfunction, however, is more prevalent in the elderly population (12.7 %) 
compared to both age-matched non-surgical controls (p < 0.001) and younger post- 
operative patients (5.7 % young and 5.6 % middle aged, p = 0.001). Early and late 
POCD are both predictive of short and long term mortality. The presence of POCD 
at discharge is associated with increased 3 month mortality (6.5 % POCD vs. 3.4 % 
no POCD, p = 0.02) [ 34 ] whilst POCD at 3 months is associated with increased 
mortality at 12 months. Furthermore, persistent POCD (i.e. POCD at both discharge 
and 3 months) is associated with signifi cantly higher 1 year mortality (10.6 %) com-
pared to patients with either no POCD or transient POCD at a single postoperative 
time point such as at discharge or 3 months (mortality 2.1 % & 2.86–3.9 % respec-
tively) [ 34 ]. Whether there is a causal or confounding relationship between POCD 
and mortality is unknown, but the association is consistent with the observed 
increase in mortality in non-surgical patients displaying cognitive decline. 
Depression and deep-hypnotic time are also known predictors of long-term mortal-
ity but do not always correlate with long-term POCD [ 35 ]. Thus, whilst early POCD 
affects patients of all ages, it is more persistent in the elderly and confers a higher 
short and long-term mortality risk.  

5.5     Recovery Assessment Tools 

 A recent review [ 15 ] of current recovery assessment tools identifi ed differences in 
their target patient populations, timing, validation and breadth of assessment. They 
also differed in their defi nition of recovery and its assessment as a continuous vs. 
dichotomous outcome at a group vs. individual level. 

 The review highlighted the difference in patient populations used to derive recov-
ery tools, with exclusively inpatients [ 2 ,  5 ,  7 ,  16 ], ambulatory patients [ 4 ,  6 ,  8 ,  36 ], 
a combination of ambulatory and inpatients [ 3 ,  37 ] or non-surgical patients [ 8 ] vari-
ably utilised. Timing of recovery assessment also differed between tools, with short- 
[ 3 ,  4 ,  6 ,  8 ,  9 ,  16 ,  36 ,  37 ] or intermediate-term [ 2 ,  5 ,  7 ] single [ 3 ,  6 ,  8 ,  9 ,  16 ,  36 ,  37 ] 
or multiple [ 2 ,  4 ,  5 ] time points commonly used. Comparison of recovery also dif-
fered in its assessment at the groups [ 2 – 9 ,  16 ,  36 ,  37 ] or at an individual level [ 2 ,  4 ] 
using either composite [ 3 – 9 ,  16 ,  36 ,  37 ] or dichotomous [ 2 ] variables. 

 As recovery tools differed in their time periods of assessment, they therefore dif-
fered in their focus of recovery. Modern ambulatory anaesthesia recovery assess-
ment tools [ 3 ,  4 ,  6 ,  8 ,  36 ] assess recovery over short term intervals (24 h [ 3 ,  6 ] and 
7 days [ 4 ,  8 ,  9 ]) and focus on physiological and early functional recovery important 
for discharge (physiological safety, pain, nausea, return of gastrointestinal func-
tion). Tools that assess intermediate recovery (postoperative day 28 [ 7 ], day 60 [ 5 ]), 
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focuses on nociceptive, emotive, functional and cognitive recovery. Assessment of 
late recovery (6 weeks [ 38 ] and 3 months) [ 2 ] seeks to quantify persisting pain, 
nausea, poor functional recovery and cognitive decline. The time interval for mea-
suring recovery is important as early recovery is infl uenced by physical symptoms 
(pain, nausea, anxiety), perioperative medications (anaesthesia and analgesia) and 
coexisting delirium [ 31 ]. In addition, the utility of a recovery assessment tool is 
limited to the post-operative time-period and patient population for which it has 
been previously validated. 

 Recovery lacks a universal defi nition and, as such, recovery assessment tools 
have been designed and validated using a variety of approaches. Most simply, pre- 
existing non-operative patient assessment tools were applied to the postoperative 
period [ 8 ] or were extended and validated to the postoperative period [ 3 ,  5 ,  6 ,  37 ]. 
More comprehensive was the development of new [ 2 ,  4 ,  7 ,  9 ,  36 ] recovery assess-
ment tools, with their defi nitions and scope of recovery measured originally being 
determined by patient [ 4 ,  6 ,  7 ] and/or clinical focus groups [ 4 ,  6 ,  7 ,  9 ].  A  more 
structured approach was the Delphi method [ 39 ], a structured group communication 
whereby expert opinion was collected, collated and refi ned using sequential rounds 
of questionnaires and feedback. 

 Historically, validation of recovery tools according to existing criteria [ 1 ,  40 ] has 
been variable. Typically, initial feasibility was confi rmed in either a pilot study, fol-
lowed by assessment of face validity and feasibility in a large multi-group study [ 2 ]. 
Alternatively, all validation was performed in a single defi nitive study [ 3 – 7 ,  9 ]. 
Although the lack of a gold standard for quality of recovery hindered assessment of 
criterion validity, content and construct validity were uniformly reported. Content 
validity, the tool’s ability to sample the domain of interest (i.e. recovery), was deter-
mined in the original development process. Construct validity, the tool’s sub- 
domains being consistent with anticipated recovery, was confi rmed using either 
human volunteer [ 2 ,  41 ] or test-retest [ 3 ] studies. Surprisingly, discriminant validity, 
the important measure of the tool’s ability to differentiate between groups of 
patients, was often performed using the original study population [ 4 – 7 ,  9 ]. Rarely 
was this important attribute confi rmed in a meta-analysis [ 42 ] or subsequent trials. 
Discriminant validation using multiple trials, different surgical populations and 
time frames is a very important aspect that is seldom performed. Additional valida-
tion criteria assessed included internal consistency, reproducibility, responsiveness, 
interpretability, and fl oor and ceiling effects.  

5.6     Post-operative Cognitive Assessment 

 It is predicted that by 2051 almost half of all anaesthetics administered will be to 
patients >65 years old [ 43 ]. This, combined with renewed interest in the effects of 
anaesthetic and surgical practices on cognitive performance, has highlighted the 
issue of postoperative cognitive recovery.  Cognitive recovery  has been traditionally 
poorly defi ned and often used interchangeably with other cognitive conditions such 
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as postoperative delirium and postoperative cognitive dysfunction (POCD). It is, 
however, a discrete entity. Cognitive recovery and global recovery are also interre-
lated, with impaired recovery in non-cognitive domains being associated with an 
increased risk of postoperative cognitive dysfunction [ 14 ,  44 ]. Assessment of cogni-
tion using a comprehensive yet brief tool is integral to perioperative management as 
it has both clinical and prognostic implications.  

5.7     Perioperative Neuropathophysiology 

 Postoperative cognitive changes have been long reported in initially cardiac, and 
then non-cardiac, surgical populations. This observed perioperative neurophysio-
logical decline is hypothesised to be the combination of a reduction in cognitive 
reserve with an aggravation of underlying neurodegenerative disease. The concept 
of an individual’s cognitive reserve originated from the observed protective effect of 
education and intelligence against postoperative cognitive dysfunction [ 33 ,  34 ]. 
Cognitive reserve can be both passive (an increase in synaptic number and neuronal 
mass) and active (activation of redundant neuronal networks) [ 45 ], and results in 
maintenance of cognitive function in the event of global or focal subclinical insults. 
Ageing, even in the absence of disease, is associated with a degree of neuro- 
degeneration, both at the cellular (reduced neuronal cell number and synapse [ 46 ] 
and subcellular (reduced synaptic density and cerebral microvasculature, accumula-
tion of oxidative stress [ 47 ] levels. Furthermore, increased levels of IL-6 and CRP 
in both elderly human brain [ 48 ] and in perioperative animal CSF [ 49 ] suggest a 
pro-infl ammatory cause for reduced cognitive reserve and/or overt cognitive decline 
in both the ageing process and the perioperative period. Thus, even in the absence 
of a underlying neurodegenerative disease, an advanced age and a pro-infl ammatory 
state, both of which are present in the ageing perioperative population, are risk fac-
tors for declining cognitive reserve. 

 In addition its effects on cognitive reserve, there is concern that the perioperative 
period may potentiate any underlying neurodegenerative disease processes. Both 
anaesthetic and surgical factors have been implicated. The inhalation agents sevo-
fl urane and isofl urane are both associated with altered amyloid precursor protein 
(APP) synthesis [ 50 ,  51 ] and reduced memory function in elderly, compared to 
younger, rodents [ 50 ]. This infers a possible potentiation by inhalation anaesthetic 
agents of the Alzheimer’s disease process. Clinically, however, inhalation anaes-
thetic agents are not associated with an increase in cognitive dysfunction, with the 
incidence of POCD in patients undergoing regional vs. general anaesthesia [ 52 ] 
being comparable. This suggests that surgical infl ammation, present with both 
regional and non-regional anaesthesia, may be an important confounder contribut-
ing to cognitive decline. 

 Surgery, and in particular its pro-infl ammatory state, has also been implicated in 
accelerating underlying neurodegenerative disease processes. Surgical stress 
induces an acute systemic infl ammation, the latter being independently associated 
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with a twofold increase in incidence of cognitive decline at 1 year in non-surgical 
patients [ 53 ]. The proposed mechanisms for systemic infl ammation causing neuro-
degeneration are twofold. Firstly, neuro-infl ammation mirrors systemic infl amma-
tion, with increased plasma IL-1beta and IL-6 correlating with increased levels in 
the hippocampus and associated microgliosis [ 49 ]. Secondly, microglial priming, a 
process whereby diseased microglia exhibit an exaggerated neuroinfl ammatory 
response to a systemic infl ammatory stimulus [ 54 ,  55 ], contributes to tau protein 
accumulation. Thus, surgical stress induces a neuroinfl ammtory state and subse-
quent neuronal injury, a process that is amplifi ed in the presence of chronic infl am-
matory insults and neurodegeneration.  

5.8     Delirium 

 Delirium is a well-defi ned medical condition and, when present in the perioperative 
period, has prognostic implications. Delirium is defi ned by the Diagnostic and 
Statistical Manual IV (DSM-IV) as an alteration of clarity of awareness of environ-
ment, fl uctuation of orientation and an inability to focus, sustain or shift attention 
[ 56 – 58 ]. It has demonstrable pathology of altered cortical function and diffuse EEG 
slowing, with associated increases in central cytokine production. Its perioperative 
incidence ranges from 5–15 % to 62 % in high risk patients and is more prevalent in 
patients with advanced age (>70 yo), urea:creatinine ratio >18, multiple co- 
morbidities and surgical complexity [ 59 ]. Pre-existing cognitive and functional 
decline, even when subtle, may predict delirium at discharge but not necessarily at 
3 months [ 60 ,  61 ]. Postoperative delirium (POD) is that which occurs acutely in a 
previously well patient after a normal emergence (i.e. is not emergence delirium), 
typically on postoperative day 1–3. It is independently associated with an increase 
hospital length of stay, risk of POCD (at discharge but not 3 months), mortality (in- 
hospital and beyond 12 months [ 59 ], institutional placement and progression of 
pre-existing neurocognitive disease [ 59 ,  62 ]. However, when compared to delirium 
occurring in the non-operative setting, it is associated with an increased incidence 
of complete recovery, surmised to be due to transient perioperative factors.  

5.9     Postoperative Cognitive Dysfunction 

 In comparison, postoperative cognitive dysfunction (POCD) is defi ned as a neuro-
cognitive disorder that presented in the fi rst few postoperative weeks as a subtle 
alteration in patient memory and/or cognitive function [ 56 – 58 ]. It is a neuropsycho-
logical construct that arose as an attempt to quantify the observed subtle decline in 
cognition post cardiac, and subsequently non-cardiac, surgery. It is defi ned as a 
statistically signifi cant deterioration in performance on objective neurocognitive 
testing that is inferred to have clinical signifi cance. There is discrepancy of 
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self-reporting functional decline between patients exhibiting POCD in executive, 
but not memory, domains [ 63 ]. This, combined with the poor correlation between 
objective neurological impairment and self reported defi cits [ 33 ,  64 ] leads to an 
under-reporting of POCD, and emphasises the need for objective, rather than sub-
jective, measures when testing cognition. Accurate assessment is vital due to the 
correlation of POCD with short and long term mortality [ 34 ,  63 ]. Its assessment, 
however, is complicated by the heterogeneity of tests used, the inherent inability to 
assess their sensitivity, the dependence of test accuracy on number of tests and the 
impact of learning effect on neurocognitive performance. 

 Early POCD is predictive of late (3 month) POCD. Conversely, however, predic-
tion of late POCD is limited by the subset of patients displaying ‘new’ POCD at 3 
months i.e. patients who did not display cognitive decline at discharge. This sug-
gests that late POCD is heterogeneous in origin and comprises patients that have 
persistent postoperative cognitive decline (‘true’ POCD), a progression of an under-
lying neuro-degenerative disease or a new cerebral insult. Furthermore, early POCD 
may also be heterogeneous in aetiology and confounded by factors limited to the 
short-term perioperative period. POCD at discharge is associated with ASA score, 
surgical complexity, hospital LOS, operative duration and complexity and an epi-
sode of delirium. Whilst delirium must be excluded before POCD may be assessed, 
screening tests for such are not always powered to detect subclinical delirium and 
may result in patients being diagnosed with early POCD when an underlying delir-
ium may be present. This hypothesis is consistent with the current understanding of 
the effects of neuro-infl ammatory mediators, perioperative pharmacology and sleep 
deprivation on cognitive performance [ 34 ]. Thus, as cognitive decline is associated 
with increased short and long-term mortality in both surgical and non-surgical pop-
ulations, the ability to predict long-term cognitive dysfunction would have direct 
clinical utility. 

 Arising as a neurophysiological statistical construct, there is as yet no consensus 
as to the defi nition of POCD. A systematic review [ 57 ] reported POCD as being 
variably defi ned as a difference in group change scores, a change of greater than one 
(or two) standard deviation from preoperative score in 2 or more tests or the same 
change in one or more tests [ 65 ,  66 ], a 20 % change in at least 20 % of tests or iden-
tifi cation of clinically signifi cant differences between groups [ 67 ,  68 ]. In a research 
setting, comparing neurocognitive performance between two groups involves com-
paring each group’s mean change score, i.e. the average difference in individual 
postoperative and preoperative performances. This assesses whether the difference 
in cognitive performance between the two groups is statistically signifi cant but does 
not discern clinical signifi cance or quantify this in relation to the expected variation 
in cognitive performance in the non-surgical population. In addition, it does not 
directly indicate recovery at the individual patient level or within specifi c domains. 

 The initial defi nition of POCD was a change of greater than one standard devia-
tion (1SD) in an individual’s postoperative performance. This was a measure of an 
individual’s postoperative function compared to their own preoperative reference, 
with the magnitude of this change standardised in relation to the variation in the 
study population’s preoperative value. Assessment of group performance was thus 
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the mean individual standardised change score, i.e. the average individual change in 
function, divided by a measure of the group variation. A limitation of this approach 
is that, as intra-group variation is unique to each study population, the absolute dif-
ference represented by 1 SD differs between studies. This difference in magnitude 
may have clinical implications.  

5.10     Sensitivity and Specifi city of POCD Testing 

 POCD is defi ned as change in cognitive performance (in neurocognitive testing) 
beyond a predetermined threshold deemed clinically signifi cant. Assessment tools 
thus have inherent diffi culties with regard to evaluating their sensitivity and speci-
fi city, with the lack of a ‘gold standard’ rendering it impossible to assess true test 
sensitivity. Furthermore, the measured incidence of POCD is dependent upon the 
magnitude of cognitive change defi ned as signifi cant and the number of tests com-
prising assessment. Neuropsychological tests were originally derived to detect gross 
changes in cognitive function in overall populations and thus often lack the sensitiv-
ity to detect the more subtle changes of POCD at the individual level. However, the 
incidence of POCD to varies from 13.3 to 49.4 % in accordance with increasing the 
number of tests [ 69 ]. Increasing the number of neuropsychological tests within a 
test battery increases the sensitivity of the overall test for POCD (i.e. ability to 
detect cognitive dysfunction) but concurrently increases the random (Type 1) error 
and decreases overall test specifi city. 

 Assessment of PCOD is prone to type 1 error arising from both random (inter- 
patient variation) and systematic (learning effect) sources. The increase in random 
error associated with increasing the number of tests used can be ameliorated by 
increasing the threshold deemed signifi cant, such as increasing the threshold from 
1SD to 2SD or a mandating a defi cit to be in more than one test. Systematic error 
associated with repeated testing of patients over time (learning effect) can be mini-
mised by increasing the time interval between testing (not relevant when timing of 
tests are determined by clinical signifi cance), performing the tests in random order 
or using parallel forms. In addition, the use of a control group that has been exposed 
to repeated testing is essential to distinguish POCD from Type 1 error as it quantifi es 
learning effects, inter-patient variation (variation between patients at each testing 
time point) and intra-patient variation (variation in cognitive performance present 
patients that have not been exposed to the potential cognitive insult of surgery) [ 70 ].  

5.11     Cognitive Recovery 

 Postoperative cognitive recovery differs from both delirium and POCD in that it 
is defi ned as a return to baseline (or better), with each patient providing their own 
preoperative benchmark. Thus, it differs from POCD in that it represents a failure 
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to return to preoperative cognitive function as opposed to a new cognitive defi cit 
[ 2 ]. Important for future research is the fi nding that only 86 % patients attain 
cognitive recovery at postoperative day 3 [ 41 ]. Thus, previously diagnosed ‘early 
POCD’ may actually represent delayed cognitive recovery or, as recovery delay 
is predictive of future development of POCD, this early cognitive and global 
recovery assessment may itself identify patients at risk. Irrespective of the under-
lying cause, identifi cation of failure of early cognitive recovery allows the iden-
tifi cation of those patients at future risk or who may benefi t from early 
intervention.  

5.12     Timing of Cognitive Assessment 

 Cognitive function has been historically assessed at clinically relevant time points, 
namely that corresponding to readiness for discharge (early assessment <7 days 
postoperatively) and at an assumed recovery plateau (late assessment usually at 3 
months). The type, prevalence and severity of cognitive dysfunction, as well as 
patient population affected, differ between the two assessment periods. Price et al 
assessed cognitive recovery in young, middle-aged and elderly patients at discharge 
and at 3 months [ 63 ]. At discharge, the majority of patients (44.3 %) showed no 
decline (>1SD) in cognitive function compared to baseline. However, when present, 
defi cits were equal in terms of domain affected and severity (23.5 % executive, 
18.3 % memory, 14.9 % combined executive and memory dysfunction). The pres-
ence and type of cognitive defi cit at discharge was predictive of presence and type 
of cognitive dysfunction at 3 months and, most importantly, any associated func-
tional impairment. Of those patients with executive cognitive dysfunction at dis-
charge, 60 % displayed no defi cit on cognitive testing at 3 months, whilst in the 
remaining 40 % the persistent cognitive defi cit was 3 times more likely to be in 
executive function (17 % executive vs. 8 % memory vs. 1.3 % combined dysfunc-
tion). Importantly, this persistent defi cit was associated with reduced ability in com-
muting, shopping, meal preparation, housework and management of medicine and 
fi nances. In comparison, patients with memory cognitive dysfunction at discharge 
were less likely to have persistent defi cit at 3 months (68.9 % of patients with a 
memory defi cit at discharge displayed no cognitive dysfunction at 3 months) whilst 
of those that did show a defi cit, it was predominately persistently in the memory 
domain. (19.7 %, 4.9 % and 1.6 % defi cit in memory, executive and combined func-
tion respectively). Overall, the dominant cognitive defect at 3 months was in mem-
ory function, due primarily to either persistence of early postoperative memory 
dysfunction or development of memory dysfunction in patients in whom early exec-
utive dysfunction had resolved. Furthermore, persistent defi cits in patients with only 
a single domain affected (executive or memory) were deemed mild in severity and 
not associated with functional decline, compared to those with a combined (execu-
tive and memory) impairment. Patient insight was also reduced in those with execu-
tive, but not memory, impairment. These fi ndings have direct clinical implications 
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as, although less common than memory defi cits, persistent defi cits in executive and 
combined cognitive domains are more severe and are associated with reduced 
patient insight and functional impairment.  

5.13     Recovery Assessment Methodological Issues 

5.13.1     Recovery as a Dichotomous Versus Continuous Variable 

 A fundamental issue in comparing recovery is the variation in scoring. Recovery 
assessment can be at the group or individual level, with the comparator being 
another group or the individual themselves, and can be measured as a continuous or 
dichotomous outcome. For recovery as a continuous variable, each patient’s com-
posite recovery score results from summing the values from analogue scores or 
from multiple Likert scales to produce a single number [ 2 – 9 ,  16 ,  36 ,  37 ], with or 
without a cut-off ‘threshold’ value defi ning acceptable recovery [ 16 ]. Assessing 
(or restitution) of a group recovery as a continuous variable can then be expressed 
as a ‘mean change score’; the group’s mean difference in scores postoperatively 
compared to preoperatively, which describe differences in  overall  recovery at the 
group level. Subsequent comparison of mean change scores between groups can 
determine any statistical signifi cance. For an individual patient, recovery is assessed 
as an individual’s change score compared to a reference population (the mean 
change score of the group to which they belong or a historical control) and a pre-
defi ned acceptable threshold in variation (Fig.  5.1 ). Recovery as a continuous vari-
able thus preserves the power of parametric analysis, but does not allow assessment 
of recovery at the subdomain level. It also assigns equal clinical weight to each 
domain assessed (e.g. persistent pain equal to cognitive decline) and, when compar-
ing group recovery, is susceptible to undue infl uence by those patients with extreme 
values- i.e. those that fail demonstrably in all domains or those whose performance 
is enhanced by practice [ 12 ]. Thus, although convenient, composite scores reduce a 
data rich assessment tool into a data poor output and are more suited to comparison 
of recovery between groups, rather than individual patients.

   Defi ning recovery as a dichotomous variable enables analysis at the group and 
individual level, with some advantages. In dichotomous recovery, a patient is recov-
ered if their postoperative score equates to or exceeds a threshold value (usually their 
pre-surgical value), either overall or in each domain. Recovery can be compared 
between groups (by comparison of the prevalence, and hence odds ratio, of recovery) 
or at the individual level. Importantly, it can assess recovery  within   differing domains. 
Unlike composite scores, which collapse all domains into one overall score, dichoto-
mous scores have the ability to ‘drill down’ and identify in which (an how many) 
domains a patient failed to recover. It preserves the ability to assess recovery at four 
levels; overall recovery, within each domain to see where recovery has failed, within 
each subdomain to identify the particular problem (e.g. is the failure of functional 
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recovery due to eating, dressing, standing or walking), and the severity of the  problem 
indicated by the scores, or by the number of tests within each subdomain that fail to 
recover (Fig.  5.2 ), all of which are clinically relevant. This has implications in both 
the clinical and research setting, as it enables targeted clinical intervention or assess-
ment of impact of intervention respectively.

   Dichotomisation of a continuous variable must always be substantiated and none 
more so than with recovery. Recovery may be seen, as with many physiological 
variables, to be a continuum (i.e. 50 % recovered, 75 % recovered etc.). Thus, to 
maintain statistical rigor and minimise bias, it is argued that its data collection and 
statistical assessment should follow suit. In research, recovery data is often col-
lected as a continuous variable which preserves data integrity and maximises inter-
nal validity and power with the lowest sample size [ 71 ]. Comparison of recovery 
between groups is by comparing the difference in mean change score between inter-
vention and control groups in order to audit or research an intervention. However, 
the utility of recovery as a continuous variable for clinical decision-making is 
 limited. Whilst recovery may be a continuum, the outcome of a clinical decision is 
binary – the patient has or has not recovered enough to fi nish the crossword or 
safely return to work (patient focus), or to be discharged (institution focus). A dif-
ference in mean change scores (derived from analysing continuous variables) does 
not directly indicate a tangible clinical effect, whilst recovery as a dichotomised 
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  Fig. 5.1    Recovery as a continuous variable. X = individual patient change score, which is a mea-
sure of individual patient recovery as a continuous variable derived from summation of multiple 
domains       
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outcome has direct clinical utility. When comparing recovery between two groups 
as a continuous variable, a difference in mean change scores may indicate a statisti-
cal difference in recovery between the two groups, but does not indicate whether 
this has clinical implications. By comparison, when comparing recovery between 
two groups as a dichotomous outcome, a difference in incidence or odds ratio of 
recovery has direct clinical consequences in terms of resource utilisation. In addi-
tion, the issue regarding the increased sample size resulting from dichotomisation is 
irrelevant in the clinical setting where the assessment is on an individual patient. 
This reinforces a limitation of translating research tools, with their defi nition of 
recovery as a continuous variable, into the clinical setting. 

 It is argued that by dichotomising a continuous variable, data richness is lost i.e. 
dichotomisation does not indicate the magnitude by which a patient may fail to 
recover but rather just that the postoperative threshold value for recovery has not 
been achieved. However, this limitation can be mitigated by the collection of raw 
data in its continuous form (where applicable) and subsequent secondary dichoto-
mization for analysis. This enables analysis of a clinically relevant outcome (i.e. has 
this patient recovered or not), with secondary analysis of the raw data to determine 
the magnitude (i.e. by how much has the patient failed to recover?). 

 Dichotomisation of recovery requires a postoperative performance threshold to 
be defi ned, under which a patient is deemed to have failed to recover. The external 
validity of the recovery tool is thus limited by the duration in which this threshold 

Level 1
Overall recovery

All domains

Physiological

Name, place, DOB

Digits forward

Digits backwards

Word list

Word generation

Nociceptive

Emotive

Cognitive

ADL

Overall perspective
• Not working before surgery

• Mild impact on ADL

• Mild impact on clarity of thought
• Very high satisfaction

Level 4
Severity

Level 3
Which sub-domains
are affected

Level 2
Which domains are affected

X

X

X

X

X

X

X

  Fig. 5.2    Recovery as a dichotomous score. This approach to domain analysis allows multiple 
levels of data interrogation to pinpoint the problem areas contributing to failed recovery, as well as 
allowing an indicator of severity of the problem.√ is recovered and X is not-recovered
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is valid. However, by defi ning recovery as ‘a return to a patient’s own baseline or 
better’, this allows the recovery threshold defi nition to be independent upon future 
changes in nomenclature. This is because the patient’s postoperative recovery is 
derived using their own preoperative performance as a control  for that specifi c  post-
operative event.  

5.13.2     Objective vs. Subjective Testing 

 Although recovery has inherent implications to individual patients, it is essential 
that it be measured objectively to avoid undue infl uence of reduced postoperative 
patient insight [ 3 ,  38 ,  72 ,  73 ], impaired cognition or patient satisfaction. There is 
poor correlation between objective neurological impairment and self reported defi -
cits [ 33 ,  64 ] and functional ability [ 63 ]. Although important in its own right, satis-
faction is limited as a recovery assessment due to its lack of uniform defi nition, ease 
of measurement and rapid early recovery [ 74 ], with satisfaction rates of above 95 % 
[ 2 ] postoperatively reducing its discriminant utility. Satisfaction is also correlated 
more with patient expectation, patient experience and quality of therapeutic rela-
tionship [ 74 ] than with professional competence and anaesthetic outcome [ 74 ].  

5.13.3     General Methodological Issues 

 The ideal recovery assessment tool is objective, provides both quantitative and qual-
itative data and is independent of bias. The introduction of baseline data and calcu-
lation of individual patient change scores addresses the initial differences between 
each group, thus reducing Type 1 error. A composite score allows quantifi cation of 
the magnitude of recovery but collapses the multiple aspects of recovery into a sin-
gle numerical value. By comparison, a dichotomised score allows assessment of 
recovery at the group, individual and sub domain level. 

 Both scoring types are susceptible to ceiling and fl oor effects. Ceiling bias results 
from an assessment question being answered uniformly independent upon actual 
recovery. Patient satisfaction and orientation rapidly uniformly recover [ 2 ,  38 ,  75 ] 
and thus are poor discriminators of recovery beyond the immediate postoperative 
recovery room. Ceiling bias may also result from inappropriate timing of testing. 
Floor bias occurred when patients respond poorly in baseline data such that it is 
mathematically impossible for them to achieve a ‘not recovered’ or ‘back to 
 baseline’ score postoperatively. This occurs if the test is inappropriately diffi cult or 
administered prematurely in the recovery period. 

 Assessment of recovery over time requires tools to be resistant to learning effects, 
which can be addressed by subtracting the mean change score of a healthy popula-
tion from that of the study population [ 64 ] or by introducing a tolerance factor [ 41 ]. 
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 There are specifi c methodological issues pertaining to assessment of cognitive 
recovery [ 57 ,  64 ,  70 ]. Measured cognitive performance is dependent upon the 
ability of the patient and the ease of the test. A patient with high cognitive ability 
may score above the population average on an easy test irrespective of whether 
there is any decline in cognitive function. Similarly, a patient with limited cogni-
tive ability may fail to show an adequate performance (relative to a reference 
population) on a diffi cult test even when no cognitive decline is present. In addi-
tion, a tool that assesses cognitive recovery is biased when applied to a study 
population that has lower cognitive baseline scores than in the validation studies, 
as these patients are more likely to show increased recovery compared to the 
validation population. This exemplifi es the importance of comparing a patient’s 
postoperative function with their individual preoperative baseline. Cognitive 
function scores were derived using age matched, healthy study populations with-
out dementia. However, such study populations often exhibit a higher IQ, less 
cognitive defi cits and a different learning effect and recovery time course than 
the general postoperative population [ 31 ,  64 ], thus reducing the external validity 
of the score [ 31 ].   

5.14     The Future of Recovery and its Assessment: Patient 
Centred Care (PCC) and Real Time Recovery (RTR) 

 Patient Centred Care (PCC) has emphasised the importance of quantifying and opti-
mising postoperative recovery in real time. PCC is defi ned as care that ‘is respon-
sive to the preferences, needs and values of patients and consumers [ 76 ]. It is a 
concept that is foremost in healthcare worldwide, is advocated by the WHO and is 
associated with reduced mortality, length of stay, readmission and health-care cost. 
It is also associated with an improvement in functional status, patient satisfaction 
and real-time outcomes. PCC highlights the need for real time identifi cation and 
management of patient’s with poor recovery and the corresponding need for routine 
qualitative and quantitative data collection and feedback. 

 Real-time recovery (RTR) is a concept ubiquitous in any arena that involves 
systems (i.e. business, computing) and is directly relevant to assessing a patient’s 
course of recovery. RTR is the ability of a system to recover from any error 
(human induced or infrastructure) in a time frame that has minimal impact. It 
thus requires fi rst identifi cation of a failure (i.e. poor recovery) and then second-
arily implementation of an intervention known to counter this failure (i.e. imple-
mentation of an early intervention known to improve recovery). This highlights 
the difference between assessment of recovery in the research vs. clinical setting. 
Research recovery tools compare patient selection, anaesthetic and surgical tech-
nique and their impact on postoperative factors (i.e. pain management, function 
and discharge destination). It is  retrospective  and thus induces a time delay in the 
identifi cation of poor recovery (and associated factors), which is prohibitive of 

A. Bowyer and C.F. Royse



103

early intervention for the original study patients. However, a recovery assess-
ment tool that identifi es RTR can serve both research and clinical functions. A 
RTR assessment tool analyses data as it is entered at clinically signifi cant time-
points and, through processes such as automated alerts, alerts the clinician  at the 
time  to patients that have sub-optimal recovery. Therapeutic interventions known 
to improve recovery can thus be implemented in a timely manner. Resources can 
thus be directed to those patients that would benefi t most in a time frame that 
may have the most clinical impact, and in addition, resource use may be 
decreased in patients with good early recovery and facilitate fast-track care. RTR 
recovery tools also have research utility in that the databank can retrospectively 
assess recovery at the group level with respect to pre, intra and postoperative 
variables. 

 Integral to RTR assessment is the assumption that a patient’s recovery can be 
modifi ed by early intervention. This requires not only identifi cation of the presence 
of sub-optimal recovery but in which domain. Composite recovery scores are sen-
sitive to the former, but not the latter. Multidimensional dichotomised assessment 
tools, however, allow a drill down of recovery assessment. They fi rst identify poor 
recovery (a failure of performance in relation to a preoperative baseline) and then 
allow assessment of  the domains involved  and  in which individual patients . This 
allows individual targeted intervention relevant to the clinical issue in an individual 
patient. For example, failure to recover due to persistent nausea requires different 
clinical interventions compared to cognitive decline. Postoperative recovery sub 
domains are interrelated (i.e. persistent pain may result in concomitant persistent 
nausea due to increased opiate use) but, by drilling down of recovery at the sub 
domain level, identifi cation of the primary cause can target clinical intervention 
(i.e. use of non-opiate analgesia to reduce the persistent pain and subsequent 
nausea).  

5.15     Conclusion 

 Defi ning the abstract ideals of quality and recovery is of paramount importance in 
perioperative medicine. Postoperative quality of recovery has developed from a 
unidimensional construct focused on restitution of physiological parameters, to 
one that is multidimensional and assesses recovery at both the individual patient 
and group level. Recovery can be assessed at clinically relevant postoperative 
time intervals, with early, intermediate and late recovery having both prognostic 
implications. The increasing awareness of the effects of surgical stress on the 
neurophysiology of an increasingly elderly ambulant surgical population high-
lights the need to include robust assessment of cognitive recovery. Recovery is 
ideally assessed as a dichotomous outcome overall and at a subdomain level, with 
real-time assessment at the individual and group level having both clinical and 
research utility.     
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Summary
Recovery is an abstract quantity the definition of which varies according to the pre-dilection of individual institu-

tions, clinicians or patients. While traditionally focused on immediate postoperative restitution of function and readi-

ness for discharge, recovery assessment has progressively expanded its focus to include other clinically relevant time

periods, each of which is influenced by specific factors. Assessment tools have progressed from assessing one dimen-

sion of recovery, such as physiological variables, to multidimensional assessment of physical, nociceptive, emotive,

functional and cognitive performance. They should be validated ideally for repeat measures and should provide real-

time recovery data, as recovery can be viewed as a continuous process.
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Recovery time periods – relevance,
influences and focus
Postoperative recovery is complete when function is

restored and adverse symptoms have resolved. Function

and symptoms can be assessed at time points considered

significant by the patient, clinician or institution.

The outcomes of the ‘enhanced recovery after sur-

gery’ pathways were initially determined by clinicians

rather than patients, and emphasised what happened

in hospital – length of hospital stay, complications and

early organ dysfunction [1]. However, reductions in

length of hospital stay and complications associated

with the enhanced recovery pathway are of limited

interest to patients [2, 3]. Patients rarely achieve nor-

mal levels of function and are usually symptomatic on

discharge after major surgery, the timing of which is

influenced by organisational factors and correlates

poorly with longer term recovery [1, 2].

Postoperative enhanced recovery, as a process and

as an endpoint, is now assessed during three stages:

from the end of surgery to discharge from the

postanaesthetic care unit; from then until hospital dis-

charge; and, finally, until normal function has been

restored. Simple physiological variables predominantly

influence the first stage. The second and third stages

are predominantly influenced by pain, more complex

physiology and function.

Tools generated by clinicians from various spe-

cialties, rather than just surgery, also define recovery

over three phases, their cumulative duration exceeding
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that of the surgically-focused enhanced recovery path-

way [4]. The recovery phases described by these tools

can be categorised as early, intermediate and late. The

early postoperative recovery phase has been defined

as the first 24 h [5, 6] or the first seven days [7–9].

The speed and extent of recovery in the early phase

is influenced most by pain, nausea, peri-operative

medications and delirium [10]. The intermediate

phase of postoperative recovery has been defined as

the first 28 [11] or 60 [12] days. The extent of recov-

ery in the intermediate phase is influenced most by

pain, anxiety and depression, physical impairment

and cognitive dysfunction. The late postoperative

recovery phase has been defined as the first six weeks

[13] or three months [14]. Symptoms that afflict the

early and intermediate phases of recovery can persist

into this extended period.

How measurement tools assess recovery has been

influenced by the interests of the authors. Tools gener-

ated by authors interested in modern ambulatory sur-

gery focus principally on patients’ recovery at 24 h [5,

6] and up to seven postoperative days [7–9]. Authors

interested in recovery after major surgery have had to

generate tools that reliably measure the same variables

on many occasions up to three postoperative months

that include measurements of cardiovascular status,

pain and cognition [8, 12, 14].

Recovery assessment tools
The recovery of health and function means different

things to different people. This may be because they

have had different operations, but it may also be

because different things constitute health and function,

for instance for a sedentary octogenarian, a young ath-

lete and a self-employed electrician with four children.

Hence, recovery assessment tools differ in their deriva-

tion, validation, timing of administration and breadth

of assessment. Tools validated for gauging postopera-

tive recovery have been derived in non-surgical popu-

lations [7], or have been derived in other surgical

populations [5, 6, 12, 15] or are new [8, 9, 11, 14, 16].

The ‘general symptom distress scale/functional sta-

tus questionnaire’ (GSDS/FSQ) [7] was developed to

assess non-surgical populations. It has been used to

assess peri-operative patient distress and the resump-

tion of activities of daily living, despite its components

having been validated for the domiciliary care of non-

surgical patients (GSDS) [14] and patients with

chronic illness (FSQ) [15]. Assessments that extend

existing tools include the ‘24 h functional ability ques-

tionnaire’ (24 h FAQ) [6], and the 40-item and 15-

item ‘quality of recovery scores’ (QoR-40 [5], QoR-15

[12]). The 24 h FAQ was derived to assess the use of

anaesthetic agents and other resources, but has been

validated to assess satisfaction and recovery 24 h after

ambulatory surgery, the realisation of pre-operative

expectations, symptoms and activities of daily living.

The QoR-40 and QoR-15 were derived from a patient

quality of recovery score. They have been validated

after inpatient and ambulatory surgery. They assess

recovery in five dimensions 24 h after surgery (emo-

tional state, physical comfort, psychological support,

physical independence and pain).

Recovery assessment tools developed for postoper-

ative patients include the ‘post-anaesthesia short-term

quality of life tool’ (PASQOL) and the ‘postdischarge

surgical recovery scale’ (PSR) [11]. The PASQOL is a

40-item questionnaire that assesses functional, physical

and psychological domains. The PSR was designed to

assess postoperative recovery in ambulatory anaesthe-

sia. It addresses health status, activity, fatigue, ability

to work and patient expectations once within 4 days

of surgery.

Tools have been developed to detect small changes

in each recovery domain to observe their changes with

time and with interventions, including the ‘functional

recovery index’ (FRI) [8], the ‘surgical recovery index’

(SRI) [12] and the ‘postoperative quality of recovery

score’ (PQRS) [14]. The FRI assesses pain, social inter-

action, lower limb movement and physical activity at

multiple time points over the first postoperative week.

The SRI assesses overall pain, pain with common

activities, overall health and daily activity over the first

postoperative month. The ‘surgical recovery scale’

(SRS) [12], derived from a non-surgical population,

has been validated to assess emotional and functional

recovery at 3, 7, 30 and 60 postoperative days. The

PQRS (the acronym now renamed as PostopQRS) was

specifically developed to assess short and long-term

recovery in multiple domains and at multiple time

points. An additional benefit of the SRS, FRI and Post-

opQRS is that they assess patient recovery in relation
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to individual baseline performance, with the latter two

also assessing individual patient, as well as group,

recovery.

Assessing whether a patient has
recovered
Recovery may be viewed and assessed as an endpoint

or a process. Recovery may also be viewed as absolute

or relative. Therefore, it is not necessarily obvious

whether a patient has ‘recovered’ from their operation

as the definition of ‘recovered’ can vary.

Scores for each recovery characteristic can be sum-

mated for an individual, the value of which is analysed

as a continuous variable, either in reference to the

individual’s baseline – the ‘change score’ – or a popu-

lation norm [5–9, 11, 12, 14–16]. The recovery of a

cohort is quantified as their mean change score – the

less the change, the better the recovery. An individual’s

change score may be compared with the cohort’s mean

change score, or it may be compared with an historical

control or tested against a pre-determined value defin-

ing a recovery endpoint (Fig. 1).

The summation of different variables into a com-

posite recovery score suffers from the generic problems

faced by any composite score. For instance, different

recovery characteristics are treated as mathematically

equivalent, with the resolution of nausea being consid-

ered as important as the recovery of cognitive function.

Composite scores are dominated by the most common

component, symptom or dysfunction, and may be

unduly biased by patients with extremes of recovery, i.e.

patients who remain incapacitated, or those who recover

completely and rapidly [17]. Recovery can be cate-

gorised as complete once a threshold composite value

has been exceeded. However, threshold values lose

much of the information contained within the scores, as

all values above the threshold are considered equivalent,

as are all values below the threshold. Threshold values

that are validated in some way in one population might

be invalid in another population.

Using thresholds to define recovery
A threshold implies that a patient has recovered if their

postoperative score matches or exceeds a pre-deter-

Figure 1 Recovery may be assessed as a continuous variable (change from the pre-operative norm), or as an out-
come that is or is not achieved (threshold value). Patient X1 is considered ‘recovered’, patient X3 has not recovered
and patient X2 might be considered to have recovered based upon the threshold value, but has not recovered as well
as the mean change score for the cohort.
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mined threshold, ideally their pre-operative value. The

proportion of patients in each group whose composite

or domain-specific recovery reaches their individual

thresholds can be compared, allowing one to distinguish

which recovery characteristics are responsible for differ-

ences between groups. Recovery can be assessed globally

or in more detail (Fig. 2): complete recovery; domain-

specific recovery; recovery of characteristics within each

domain, such as needing help to eat in the domain ‘ac-

tivities of daily living’; and the severity of the problem

indicated by the number of characteristics within each

domain that have not recovered.

Recovery thresholds are invalid if their use loses

important information [18]. However, clinical deci-

sions are always based around thresholds, below which

one course of action is followed and above which a

different course of action is followed. While underlying

processes of recovery may progress along a continuum,

clinical decisions and their outcomes are binary – ‘has

this patient recovered adequate physical and gastroin-

testinal function to be safely discharged’ (institutional

focus) or ‘has this patient the cognitive function to

read the newspaper’ (patient focus)? Recovery thresh-

olds can reveal important clinical effects for individual

patients that are not immediately apparent when com-

paring differences in change scores. Similarly, the

mean change score for a cohort may be statistically

significant but may or may not represent a clinically

relevant change; when recovery is defined using a clin-

ically important threshold a difference in the rate of

recovery is clearly important.

Perhaps the best solution is to determine whether

the process of recovery has progressed beyond an

acceptable threshold (dichotomous analysis) and then

to determine how much beyond the minimum thresh-

old recovery has progressed (continuous analysis).

Retention of continuous measures of recovery allows

one to recalibrate the definition of recovery, as the

same dataset can be dichotomised multiple times using

different threshold values.

Objective vs subjective testing
Subjective assessment is limited by impaired postoper-

ative patient insight, cognition or satisfaction [5, 13,

19, 20]. Self-reported deficits and dysfunction correlate

poorly with objective neurological function [21–23], as

do satisfaction and professional competence [24]. Dys-

function becomes familiar with time and can become

accepted. Patients can recalibrate what it means to be

recovered, can reassign the importance of different

aspects of recovery and can change their concepts of

what it means to be recovered [25]. Patients might not

recover from curative surgery if they experience mild

but persistent pain, whereas the same patient might

consider themselves recovered if they have less pain

when the operation was palliative. Nevertheless, recov-

ery is in the eye of the patient, as is the degree of

residual dysfunction, so the subjectivity of assessments

does not make them subordinate to objective mea-

sures, as long as the patient acts as their own peri-

operative control.

The future of recovery – active
assessment and immediate treatment
The typical recovery trajectory is characterised by an

initial abrupt decline in function, followed by progres-

sive resolution towards the original state or a new equi-

librium [1, 26]. The assessment of recovery as it

happens depends on automated data analysis, so that

clinicians are alerted immediately to patients whose

Figure 2 Using thresholds to define recovery at different levels of detail. In this example, the patient has not recov-
ered (level 1) due to failure to recover activities of daily living (ADL, level 2), which in turn was due to failures to
stand and walk (level 3), quantified in level 4.
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recovery trajectory fails. Patients with acceptable recov-

ery trajectories receive fast-track care and do not unnec-

essarily consume resources they do not need.

Traditional research into recovery has been retrospec-

tive, so that interventions to improve recovery can only

be applied to a later population, not the patients who

were under study. Real-time recovery can be used for

research: an individual’s postoperative deviation from

the desired trajectory is identified, the patient is treated,

the ‘effect’ is analysed, the treatment might be modified,

the modification is given to the next patient who needs

treatment, and so on [27]. It is analogous to dosing

research that uses an ‘up-down’ methodology, with the

next patient’s dose being adjusted in the light of the

effect of the dose given to the previous patient.

Real-time recovery assumes the principle that

rapid correction of pathology prevents harm. This

principle has been proven for ST-elevation myocardial

infarction, for which mortality is halved by early detec-

tion and rapid intervention [28, 29]. Other examples

proving the benefit of early intervention are head

injury [30] and trauma, whether intra-abdominal [27],

thoracic [31] or general [32]. Pre-operative risk stratifi-

cation can identify patients’ risks of postoperative

death, functional decline and reduced life-expectancy

[33–36]. The personalised postoperative care that real-

time recovery can realise can therefore anticipate

which patients might most benefit from timely inter-

vention, even before they deteriorate, by taking note of

pre-operative risk stratification and intra-operative

events.

Interventions should be targeted to whichever

aspect of recovery has failed in a particular patient,

which is often best served by domain-specific dichoto-

mous measures of recovery, rather than a composite

score. Failure in one domain is often accompanied by

failure in another domain. For instance, a patient may

fail to recover cognitively because they have been in

pain and subsequently received opioid analgesia.

Cognitive function
Cognition is potentially permanently worse after sur-

gery, particularly in older patients [37–40]. Postopera-

tive cognitive impairment includes acute delirium and

cognitive dysfunction, both of which compare patient

performance to population norms. In contrast, ‘cogni-

tive recovery’ compares patient performance to their

own pre-operative baseline. Cognitive and non-cogni-

tive recovery are associated with one another [41, 42].

Both short- and long-term cognitive impairment are

also associated with long-term mortality. For instance,

cognitive dysfunction at discharge is associated with

mortality three months later and cognitive dysfunction

at three months is associated with mortality nine

months later [43]. The older the patient, the more per-

sistent the cognitive impairment. Cognitive recovery

should be assessed ideally at multiple postoperative

time points, to help both prognostication and treat-

ment.

Conclusions
The assessment of postoperative recovery has devel-

oped from a single measurement at a single point in

time to measurements of many variables at multiple

time points. More recent assessment tools aim to tar-

get the right patients at the right time by detecting

specific deficits in their recovery trajectories, whether

due to pain, cognitive dysfunction, physical dysfunc-

tion or some other characteristic. A promising devel-

opment is the automated detection and immediate

treatment of individual recovery trajectories that devi-

ate outside pre-determined safe limits.
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Abstract Quality of recovery is a complex construct

whose definition is influenced heavily by the opinions and

biases of the individual patient, clinician, or institution. As

a result, recovery assessment tools differ in their

fundamental definitions of recovery, breadth, and

assessment time frame. Accurate assessment of recovery

is essential as suboptimal recovery has both economic and

prognostic implications. Quality of care is often substituted

as a surrogate at the institutional level for quality of

recovery, but it is ideologically distinct from patients’

perceived quality of care, recovery, and satisfaction.

Recovery tools also differ in their assessment of recovery

as a continuous vs dichotomous variable and in their focus

at the group vs individual level. Ideally, recovery measures

should assess outcomes in a simple dichotomous fashion

and maintain relevancy by assessing in multiple domains at

various time points. Assessment of recovery in a

dichotomous fashion also has both clinical and research

applications. It allows identification of suboptimal

recovery at both individual and group levels,

respectively, and when performed in real time, it allows

the opportunity for timely targeted intervention specific to

individual patients as well as for resource rationalization.

Résumé La qualité de récupération est un construit

complexe dont la définition est fortement influencée par les

opinions et les biais du patient, du clinicien, voire de

l’établissement. Dès lors, les outils d’évaluation de la

récupération diffèrent de par la définition-même de la

récupération, leur envergure, et le cadre temporel de

l’évaluation. Une évaluation précise de la récupération est

essentielle; en effet, une récupération sous-optimale a des

implications tant économiques que pronostiques. Au niveau

institutionnel, on utilise souvent la qualité des soins comme

substitut de la qualité de récupération mais, d’un point de

vue idéologique, ce concept se distingue de la qualité des

soins, de la récupération et de la satisfaction telles que

perçues par les patients. Les outils de récupération

diffèrent également dans leur évaluation de la

récupération en tant que variable continue ou

dichotomique et dans leur emphase sur le groupe ou

l’individu. Dans l’idéal, les mesures de la récupération

devraient évaluer les pronostics de manière dichotomique

simple et maintenir leur pertinence en évaluant plusieurs

domaines à différents moments dans le temps. L’évaluation

dichotomique de la récupération a également des

applications cliniques et en recherche. Elle permet

d’identifier une récupération sous-optimale tant au

niveau du groupe que de l’individu. D’autre part, lorsque

ce type d’évaluation est réalisé en temps réel, elle nous

donne la possibilité d’intervenir d’une manière ciblée et

opportune spécifique à chaque patient tout en

rationnalisant les ressources.
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The abstract nature of both ‘‘quality’’ and ‘‘recovery’’ does

not lend either to a universal definition; hence, their

definitions and scope are heavily influenced by the

perspective of the user. This often results in a lack of

connection between the perception of perioperative

recovery viewed by patient, clinician, and institution and

the use of performance indicators and quality of care as

surrogate markers for recovery.

Institution-focused recovery

At the institutional level, quality of recovery is often used

interchangeably with quality of care; however, it is a

discrete entity. Quality of care is defined as evidence-based

treatment that maximizes the likelihood of desired health

outcomes.1 It is often the preferred institutional standard

for assessment of patient experience as it is inherently

measurable using performance indicators that in turn link

perceived quality of care to policy formation and

healthcare funding.2 Nevertheless, this ignores the

complex nature of recovery and erroneously assumes a

direct causal relationship between both adherence to

performance indicators and provision of high-quality

healthcare and ultimate patient recovery.

The utility of an indicator is limited by the extent to

which it can detect a true difference in quality, whether it is

for quality of patient care or recovery. Performance

indicators are direct measures of service provision but

not necessarily patient care or recovery.3 They reflect high

quality of care only by inference that it is correlated with

adherence to selected indicators (e.g., absence of

complications or a length of stay below the average

equates to optimal quality of care).4 Although differences

in performance indicators may represent true differences in

quality of care, these differences do not necessarily equate

to differences in recovery, and they are also influenced by

variations in patient case mix, data measurement, or

chance.2

Performance indicators relating to anesthesia primarily

assess patient safety and effectiveness in the recovery

room and immediate postoperative period,5 and

they address occurrences of adverse symptomatology

(e.g., postoperative nausea and vomiting, severe pain,

hypothermia, respiratory distress) and increased resource

utilization (e.g., unplanned admission to the intensive care

unit [ICU], delayed stay in the postanesthesia care unit,

epidural assessment.5 Nevertheless, although these

indicators may influence patient status, they do not fully

define either quality of care or recovery. Complications, as

with other performance measures, are important in their

own right, but they are contextual and form just one

component of a multidimensional recovery construct. For

example, they are unable to help differentiate between

postoperative pain being either crucial or a transient

tolerable inconvenience to a patient undergoing palliative

vs curative surgery, respectively. Furthermore, quality of

recovery can be independent of the quality of care

received. For instance, patients can recover to previous

function despite the provision of suboptimal care, while

patients can receive excellent high-quality care yet

experience suboptimal recovery.

There are fundamental issues regarding the use of

performance indicators for assessment of both quality of

care and recovery, specifically, they are unidimensional,

lack context, and rarely improve patient status when used

in isolation.6,7 Thus, they are only surrogate measures of

quality of care, which in turn is a surrogate marker of

quality of recovery. Furthermore, neither performance

indicators nor quality of care address the contextual

nature of the direct and indirect influences on ultimate

patient recovery. It is important to emphasize that outcome

performance indicators can assess unidimensional recovery

(e.g., ambulation, independent activities of daily living

[ADLs]) and can have direct implications in their own right

on both the patient and the institution, impacting on patient

experience and discharge readiness, respectively.

Nevertheless, they cannot facilitate assessment of

contextual multidimensional recovery, are often

underpowered to help in the detection of rare clinical

events,2 and lack sensitivity and specificity.8

Patient-focused recovery

At the institutional level, the focus on adherence to

performance indicators as a measure of quality of care

and a surrogate for recovery differs sharply from that of

patients. Patients define recovery as a return to previous

‘‘normality’’ in their various daily roles, and the quality of

their recovery is defined by the level of ‘‘normality’’ they

attained and the process they experienced to reach their

goal.9-11 Although patient-defined recovery often has an

emphasis on the traditional parameters of return of

physiological and physical function, its scope is often

broadened to include nociceptive, emotive, social,

satisfaction, and cognitive domains.9,12 Furthermore,

recovery is not just the absence of complications or

negative symptoms but the return to a resemblance of their

previous life.3 Nevertheless, there is often a disconnect

between patient perceived quality of recovery and

traditional indicators, with the former being heavily

influenced by individual patient personality traits,

knowledge regarding normal recovery trajectory,

preparedness, coping strategies, and a global sense of

security.9
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Patient satisfaction

Patient satisfaction, while important in its own right, must

not be used as a surrogate for quality of recovery. Five

dimensions have been identified as impacting on patient

satisfaction: provision of information, physical comfort/

discomfort, emotional support, involvement in care, and

privacy.13 When compared with traditional quality

indicators, satisfaction has been shown to correlate with

large hospitals, high surgical volumes, and a low mortality

index (P\ 0.001) but not with other process indicators or

patient outcomes (length of stay, complications (P =

0.491), and readmission (P = 0.056).9,10 It is heavily

influenced by culture and institution and has a stronger

correlation with patient expectations, subsequent patient

experience, strong therapeutic relationships,14,15 work

activity, and procedural outcome rather than with

professionalism or anesthetic outcome.16,17 The

discriminate utility of satisfaction as an indirect measure

of quality of recovery is also limited by its lack of a

uniform definition or assessment tool, rapid early

recovery,18,19 and an inconsistent relationship with

traditional recovery markers (nociceptive complications).

Thus, a disconnect remains between an institution’s

unidimensional performance indicators and patients’

perceived multidimensional recovery.

Implications of poor recovery

The importance of quality of recovery assessment lies in

the fact that recovery itself is often incomplete and

correlates with long-term morbidity and mortality.20

Delayed physical recovery is present in up to 60% and

50% of patients at three and six months, respectively.21,22

Cognitive recovery can be delayed at postoperative day 3

in 14% of the general population23 and can persist,

especially in the elderly population.24 Cognitive and

non-cognitive recovery are also intertwined, with failure

of recovery in one being predictive of suboptimal recovery

in the other.25,26 Incomplete early recovery is also

predictive of long-term adverse outcomes. Long-term

functional recovery is reduced in patients with longer

initial hospital stay or early readmission.27 Similarly,

significant acute postoperative pain is associated with

poorer long-term nociceptive recovery.28-31 Cognitive

dysfunction occurring at any point in the postoperative

period is associated with increased short- and long-term

sequelae, with postoperative cognitive dysfunction at

discharge and three months being associated with

increased mortality at three and 12 months,

respectively.20 This does not prove causality between

early cognitive dysfunction and long-term sequelae but is

consistent with the increased mortality associated with

rapid cognitive decline in the non-surgical community.32,33

Thus, the direct clinical utility of accurate early assessment

of multidimensional recovery is the ability to identify those

patients who are at risk of increased morbidity

and mortality and may benefit from intervention.

Nevertheless, early intervention to modulate quality of

recovery is a new concept, and therefore, there are few data

to validate this concept.

Measurement of recovery

Inherent in the assessment of recovery is the need for clear

definitions and quantification. As recovery is defined by the

stakeholder, current clinical recovery assessment tools differ

in their definition of recovery, their breadth and timing of

assessment, and overall validation, all of which reflect the

original focus for developing the tool.34 Traditional recovery

assessment tools were institutional and focused on the

provider, limiting assessment to addressing restitution of

physiological parameters in the immediate postoperative

period.35 Historically, factors with a direct impact on

discharge readiness and institutional cost were assessed—

nausea and vomiting, severe pain,36-39 psychological

distress,37,38,40-42 and basic physiological function.43-45

With the advent of patient-centred care, recovery has

developed into a multidimensional construct, with recovery

assessment tools addressing physical (nociceptive),36-39

psychological (emotive, satisfaction),37,38,40-42 functional

(ADLs),36-42,46 and more recently, cognitive domains. The

latter has become more pertinent in the advent of an aging

population and increasing awareness of the interplay between

the perioperative inflammatory state, anesthetic agents, and

neurodegenerative processes.47-51 Assessment of cognitive

recovery has thus progressed from simple assessments of

orientation and comprehension38,41,46 to more formal

neuropsychological-based assessment.26,37,52,53 More recent

clinical recovery assessment tools, such as the Postoperative

Quality of Recovery Scale (PostopQRS),37 assess cognitive

recovery by applying formal neuropsychological tests in

truncated form and assessing patient recovery in relation to

individual baseline function both in real time and over

multiple time points.

The timing of recovery assessment differs amongst

tools, which directly affects clinical utility, as a tool is

validated only for the time period (and patient group) for

which it was originally designed. Ambulatory anesthesia

requires patient recovery to be quantified in the short term,

while subsequent recovery tools focus on quantifying

factors that influence patient discharge on the first

postoperative day38,46 or one week following

surgery.36,40,42 While initial reporting of surgical
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recovery was comprehensive, it was principally focused on

the provider and limited to in-hospital and 30-day

performance indicators.22 Enhanced Recovery After

Surgery (ERAS) pathways now extend recovery to

include three phases (up to discharge from the

postanesthesia care unit, hospital discharge, and

restitution of normal function), but they are still primarily

focused on performance indicators in the immediate

postoperative period. In comparison, the development of

recovery assessment tools that address early (over

days),38,46 intermediate (over weeks),39,41 and late (over

months)37,54 recovery allow for a broader and contextual

assessment of persistent adverse symptoms, functional

impairment, and cognitive decline beyond the traditional

postoperative period.

Recovery involves the restitution of physiological

processes, comprising an acute deterioration (surgery),

followed by a time-dependent improvement in function,

resolution of adverse symptomatology, and a return to

baseline.10,12,22 Thus, an important advantage of a recovery

assessment tool is its ability to aid in the assessment of

recovery at multiple clinically relevant time points. By

using validated repeat measures,36,37,41 it can model the

trajectory of recovery over time, from discharge (early

recovery), to resumption of basic social activities

(intermediate recovery), to resolution of full cognitive

function (late recovery).

It is essential for all stakeholders, namely, institutions,

clinicians, and patients, to broaden the assessment time

frame for recovery, as it enables clinical management to be

judged in the context of both short- and long-term

outcomes. For example, implementation of ERAS

pathways has been associated with favourable short-term

benefits, including a reduction in direct costs (anesthetic,

nursing, laboratory medicine), hospital length of stay,

readmission rates, and complications.55-58 Nevertheless, it

is yet to be definitively determined whether this is an

overall reduction or a reduction at the expense of cost

transfer to the community through increased indirect costs

due to delayed complications, losses in productivity (i.e.,

delayed return to employment), and utilization of

community resources.21,22

Dichotomizing recovery

A fundamental difference in recovery tools is their

assessment of recovery as a dichotomous vs a continuous

variable at an individual vs a group level. Traditionally,

recovery assessment was the domain of research and hence

involved assessment of a continuous variable at the group

level with differences in recovery between groups being

quantified by the corresponding difference in mean change

scores. Nevertheless, while continuous composite scores

allow an assessment of the difference in the magnitude of

recovery between groups, this approach neither identifies

the specific domains in which recovery is suboptimal nor

differentiates between statistical vs clinical significance.

In comparison, dichotomization of recovery facilitates

identification of poor recovery at the group, individual, and

domain levels. Individuals are scored to ‘‘recovered’’ or

‘‘not recovered’’ according to whether their postoperative

performance meets or exceeds a predetermined value, the

latter preferably their own preoperative performance. At

the group level, recovery is assessed by a comparison of the

incidence of recovery between groups. Dichotomized

recovery can thus be assessed overall (recovery in all

domains assessed) or ‘‘drilled down’’ to the domain (i.e.,

functional, cognitive, nociceptive), sub-domain, and raw

data level. While the magnitude of recovery (or failure

thereof) is not immediately evident with dichotomization,

this can be mitigated by collecting data in its raw

continuous form (where relevant) for assessment during

the ‘‘drill down’’. Thus, the inherent value in

dichotomization of recovery is the potential to allow

assessment of both individual and group recovery, both

overall and at multiple levels.

The importance of patients functioning as their own

preoperative control

It is integral to the assessment of patients’ recovery for

them to function as their own preoperative controls.

Recovery implies comparison of postoperative function

with a control population, threshold value, or, ideally,

individual patient preoperative function. Use of threshold

values restricts the clinical utility and internal validity59

of an assessment tool or study results to the time period

for which that threshold is valid (e.g., a patient

with systolic blood pressure [SBP] 145 mmHg is

‘‘hypertensive’’ as long as the definition of hypertension

is SBP [120 mmHg). Conversely, dichotomizing

recovery by defining it as ‘‘a return to a patient’s own

baseline or better’’ mitigates this restriction by assessing

individual patients in relation to their preoperative

function for that unique perioperative experience,

independent of future events or patient ability. The use

of population standard threshold values can thus be

reserved for emergent perioperative experiences when

baseline patient data cannot be collected. Having a patient

function as their own immediate preoperative control for

each perioperative experience also minimizes subjective

bias resulting from response shift,60 an assumed equal

difference of ordinal scales, and perioperative subjective

impairment.38,54,61,62
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Essential components for the future of quality of

recovery

Real-time recovery (RTR)

The future of recovery assessment encompasses that which

is multidimensional, patient focused, and occurring at

multiple clinically relevant postoperative time points and in

real time. Real-time recovery (or concurrent recovery

monitoring), the synchronous collection, analysis, and

reporting of data, is beneficial in any multifaceted

time-dependent system as it minimizes the time delay in

implementing a corrective intervention in response to any

error or deviation from the expected norm.63 Real-time

recovery can itself be classified as a clinical intervention,

as it allows identification of those patients with poor

recovery at the time the lapse occurs, thus minimizing the

delay between identification and implementation of

treatment. It is complimentary to, but distinct from,

clinical care pathways, with the latter referring to an

overarching document delineating proposed patient care

based on best practice, ultimate care received, the

indication for variances between the two, and ultimate

patient outcome.64 Thus, the clinical utility of RTR is

dependent on two factors, specifically, identification of

poor recovery at the individual patient level and an

effective corrective treatment to help the patient return to

the expected recovery trajectory. The clinical utility of

RTR is in its ability to optimize treatment and resource

utilization. Real-time identification of patients with

suboptimal recovery facilitates the possibility of

rationalizing finite resources and targeting treatment to

those patients who would most benefit in a time frame that

maximizes clinical impact. Conversely, patients with

acceptable recovery can be fast tracked and thus avoid

exposure to unnecessary interventions and use of finite

resources.

Domain-specific assessment

Optimal patient care is dependent on timely and targeted

intervention that requires identifying the presence of

suboptimal recovery as well as the domain(s) where it

occurs. Recovery assessment tools that define recovery

as a multidimensional dichotomized variable allow

identification of suboptimal performance (failure to

recover) as well as the particular domain AND the

individual patients. Furthermore, recovery domains are

interrelated, and it is only by this subsequent ‘‘drilling

down’’ and assessing other recovery domains that

appropriate clinical intervention targeted to the cause of

suboptimal recovery can be instituted. For example, failure

of overall recovery may be due to a myriad of factors, but it

is only by drilling down and identifying persistent pain and

its cause (e.g., anastomotic bowel leak or bile duct injury)

that timely targeted treatment can be instituted to restore

the recovery trajectory.65,66

Clinical vs research recovery assessment

Real-time recovery also highlights the difference between

assessments of recovery in the research vs clinical setting.

Research is inherently retrospective, thus inducing a

necessary time delay between identification of poor

recovery and timely intervention for the original study

population. Comparison of mean change scores between

groups indicates whether there is a statistical difference

between groups, but it does not identify changes in

individuals unless further analysis is performed. In

comparison, a tool that performs RTR has both clinical

and research applications. The ability to identify domain-

specific recovery failure and implement targeted therapies

to improve recovery is a new area for perioperative

medicine. It requires a tool for early identification of

recovery failure as well as for assessment of the outcomes

following the interventions. As an example, the online

PostopQRS has the facility to assess individual recovery in

real time through automated scoring of the recovery data

(www.PostopQRS.com), and the scale can be used to

assess recovery after the interventions. Future directions in

real-time recovery could involve automation that alerts

clinicians, or even patients, that recovery has failed and

specifies the recovery domain where the failure occurred.

Using recovery assessment to change patient outcome

There is a fundamental need for recovery to be assessed in

real time because current risk stratification tools can

identify only those patients at high risk of poor

postoperative outcomes but not those patients in whom

these events actually occur. Postoperative complication

rates do parallel preoperative risk stratification, with

cardiorespiratory complications increasing from 11-41%

of patients in the first and fifth quintiles, respectively.67

Resource utilization and its associated costs also parallel

preoperative risk, with base ICU rates increasing from

6-25% in patients in the first and fifth quintiles,

respectively, correlating with a base increase of $5,909

per patient.67 When poor recovery and complications

occur, mean total in-hospital costs increase twofold.68

Nevertheless, complications occur in all perioperative risk

groups, with the majority (by number) occurring in lower-

risk patients and being heavily influenced by factors other

than perioperative risk, namely, patient age, comorbidities,

and individual institutions.69 In addition, highest

postoperative mortality is not limited only to those with
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high preoperative risk, it also includes those requiring an

unanticipated transfer from a postoperative ward to ICU

admission.70-72 This highlights that recovery is a

multifactorial concept that preoperative risk stratification

cannot predict in its entirety at the individual patient

level.73,74 Thus, it is essential that there is real-time

assessment of patient recovery in order to detect those

patients who might benefit from a timely intervention.

Conclusion

Quality of recovery is an abstract construct whose definition,

scope, and timing of assessment are heavily influenced by the

user. At the institutional level, quality of recovery is often

substituted by quality of care, which is measured using

performance indicators but lacks the contextual milieu that is

central to that of patient-perceived recovery. Quality of

recovery has prognostic and economic implications and is

best measured as a dichotomized multidimensional variable

at multiple clinically relevant time points and, importantly,

in real time, thus enabling both clinical and research

applications.
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 CURRENT
OPINION The future of postoperative quality of recovery

assessment: multidimensional, dichotomous, and
directed to individualize care to patients
after surgery

Andrea Bowyer a and Colin F. Royseb

Purpose of review

Recovery after surgery is a complex interplay of the patient, the surgery, and the perioperative anaesthesia
management. Assessment of recovery should address the needs of multiple stakeholders, including the
institutions and healthcare providers, but primarily should be focused on the patients and their perception
of quality of recovery and return to normalcy. This review will summarize the development of assessment of
recovery to a multidimensional dichotomous construct that requires a real-time assessment tool validated for
repeat measures and containing cognitive assessment.

Recent findings

Recovery is neither defined by a single composite number nor is it quantified at a single time point, but
rather it is a continuum occurring in multiple domains and over periods of time from hours, to days to
weeks or months after surgery. Recovery is often incomplete which may persist long term, leading to patient
suffering, loss of work, and increased demands on family and healthcare providers long after apparently
successful surgery. The important correlation between poor recovery, cognitive decline, institutional
placement, and increased short and long-term mortality has been hampered by the heterogeneity of
definitions and tools used and their assessment of recovery as a continuous vs. dichotomous score and at
the group vs. individual level. Most research has been aimed at audit or group comparison rather than
attempting to identify incomplete recovery at an early time period after surgery in specific patients and
individualization of care based on the domain where recovery has failed.

Summary

Recovery is best defined as a multidimensional dichotomous construct encompassing nociceptive, emotive,
functional, and cognitive domains. Its assessment tool should provide both real-time and restrospective
recovery data, thus enabling clinical and research applications, and be validated for repeat measures over
a breadth of multiple clinically relevant postoperative time points.

Keywords

cognition, multidimensional, Postoperative Quality of Recovery Score, quality, recovery

INTRODUCTION

The concept of postoperative recovery has pro-
gressed from a unidimensional focus on readiness
for discharge to the ward or home, to a multidimen-
sional entity whose assessment has been hampered
by the lack of uniformity regarding its definition,
timing of assessment, and multiplicity of tools.
Traditional quantification of recovery was limited
to the restitution of physiological parameters in the
immediate postoperative period and, being princi-
pally provider focused, was limited to that which
influenced patient discharge and resource utiliz-
ation (surgical complications, cardiorespiratory,

and functional assessment [1
&

]. The advent of
patient-centred care and the broadening of recovery
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to a multidimensional construct have driven the
development of tools assessing functional and
psychological recovery, satisfaction, and resolution
of adverse symptomatology. Cognitive recovery has
emerged as essential to multidimensional assess-
ment because of a greater understanding of its
relationship to increased preoperative mortality
and the interplay between preoperative inflam-
mation, neurodegeneration, and an aging patient
population. Cognitive assessment has thus matured
from simple assessment of orientation and compre-
hension [2–4] to that based on validated neuropsy-
chological assessments [5,6,7

&

].

RECOVERY: A DESTINATION VS. A
JOURNEY

Modern recovery is described not only as a destina-
tion but also as a continuous process with a

predictable trajectory over time [8
&&

,9
&&

] character-
ized by an abrupt deterioration (surgery) preceding a
time-dependent reinstatement of independence
and optimal state of well-being [10]. It is thus more
appropriately described with a risk factor (multiple
risks overall effect) rather than a causation (1 : 1
cause effect) model, with assessment time periods
having phase-specific influences, clinical implica-
tions, and importance to differing stakeholders
[1

&

,9
&&

]. Early recovery after surgery (ERAS) pro-
grammes have defined early, intermediate, and late
recovery time periods to that which occur up to
discharge from postacute care unit, hospital dis-
charge, or full return to previous preoperative func-
tion, respectively [9

&&

]. Early recovery thus primarily
involves biological and physiological processes and
is concerned with safe patient discharge from post-
acute care unit, whereas intermediate recovery is
principally still provider focused and influenced
by that which determines readiness for hospital
discharge (gastrointestinal function, adverse symp-
tomatology, and performance of basic Activities of
Daily Living). Late recovery is both provider and
patient focused and addresses overall return of
patient function, cognition, and health to presur-
gery values [8

&&

]. Standardization of terminology
allows comparison of clinical recovery to that of
an expected trajectory, thus enabling both research
and clinical applications via assessment of the
impact of bundles of care, or identifying individual
patients with suboptimal function, respectively
[11].

THE IMPORTANCE OF RECOVERY
ASSESSMENT

The importance of identifying poor recovery lies in
its high prevalence, the interrelationship between
cognitive and noncognitive recovery, and their
correlation to short and long-term morbidity/
mortality. Incomplete early physical and cognitive
recovery is common (40 and 14% at day 3, respec-
tively), may be persistent (especially >75 years old),
and predictive (failure in cognitive and non-
cognitive domains are interrelated, as is delayed
patients discharge and reduced 30-day recovery)
[3,6,12,13,14

&

]. Cognitive recovery is predictive of
both short and long-term increased mortality, with
postoperative cognitive dysfunction (POCD) at
discharge and 3 months being associated with
increased 3-month and 12-month mortality,
respectively [15]. Thus, accurate and timely assess-
ment of multidimensional recovery is essential to
identify those patients at increased perioperative
risk and in whom timely intervention may be
beneficial.

KEY POINTS

� Quality of recovery has progressed from a
unidimensional construct focused primarily on restitution
of physiological parameters in the immediate
postoperative period to a multidimensional entity
encompassing nociceptive, emotive, physiological,
functional, patient perspective, and cognitive domains.

� The characteristic recovery trajectory comprises phase-
specific early, intermediate, and late periods, all of
which differ in their physiological processes, appropriate
recovery assessment, and importance to differing
stakeholders.

� Recovery assessment has been hampered by a lack of
uniformity regarding its definition as a continuous vs.
discrete variable, assessment at the group vs. individual
patient level, timing of assessment, and multiplicity
of tools.

� Cognitive recovery is integral to perioperative
assessment because of the aging ambulatory
population and the interrelationship between normal
neuronal aging, perioperative neuroinflammatory
pathophysiology, poor cognitive recovery, and
increased perioperative morbidity and mortality.

� The future of recovery assessment is that of a
multidimensional dichotomous outcome which
encompasses cognitive assessment and is measured
by a tool that has been validated over multiple time
periods and for repeat measures and which provides
RTR data.

� The Postoperative Quality of Recovery Score allows for
real-time multidimensional dichotomous assessment of
recovery at group and individual level, thus providing
research and clinical utility, respectively.
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METHODOLOGICAL ISSUES

Important methodological issues pertaining to
recovery assessment include the assessment of
recovery as a dichotomous vs. continuous variable
and at a group vs. individual level. This, in part, has
arisen as a result of translation of research tools to
the clinical environment.

Recovery is assessable at the group or individual
level, with the comparator being either another
group or an individual’s own baseline. As a continu-
ous variable, a composite recovery score is calculated
for each patient by the summation of multiple ordi-
nal or Likert scores, which is compared with a pre-
determined threshold above which recovery is
deemed to have occurred (change score). Intergroup
overall recovery is thus compared by comparison of
each group’s ‘mean change score’ (the mean differ-
ence between each patients’ post vs. preoperative
performance). Individual patient recovery is assessed
by comparison of individual change scores to a pre-
determined reference, either the mean change score
of a population (accounting for acceptable variation)
or an historical ‘threshold’. It does not, however,
quantify this in relation to individual patient’s pre-
operative performance. A single composite recovery
score retains the power of parametric analysis but at
the expense of recovery assessment at the subdomain
level and attributes clinical equivalence to recovery
domains. Furthermore, group recovery is unduly
influenced by patients with extremes of recovery –
that is, demonstrable failure or accelerated perform-
ance because of learning effect – and is susceptible to
overlooking reduced postoperative function in those
with high preoperative scores [16].

In comparison, dichotomization of recovery
(recovered or not recovered) allows assessment at
the group and individual level while preserving the
ability to drill down at domain levels. Individualized
dichotomized recovery involves assessment of an
individual’s postoperative performance to a prede-
termined threshold, ideally their own preoperative
baseline and ideally in each domain, above which a
patient is said to have recovered. Group assessment
is then by the comparison of prevalence, and hence
odds ratio, of recovery. It is data rich, allowing
assessment of recovery at four levels: overall recov-
ery (has the patient recovered in all domains?),
within each domain (which area of recovery is sub-
optimal?) and subdomain (what are the specific
issues?), and the severity of failure (by the number
of domains/subdomains failed or the raw data
scores). It thus has clinical as well as research appli-
cations as it enables individual patient-targeted
therapy or assessment of an intervention’s impact,
respectively.

Dichotomization of a continuous variable is
mathematically discouraged unless it can be substan-
tiated. Recovery and its many physiological processes
is a continuum, and thus statistical analysis must
follow suit to maximize internal validity and power
and minimize sample size [17]. However, clinical
recovery (the culmination of these physiological
processes) is binary; an institution deems a patient
safe for discharge or the patient views themselves as
back to preoperative performance. Comparison of
group mean change scores (a continuous variable)
to assess intervention effects is applicable in research,
but does not differentiate statistical vs. clinical
significance nor readily identifies the effects of an
intervention on individual patients or in which
recovery domains. In comparison, dichotomized
recovery assessment has direct clinical utility at the
group and individual level, both in terms of resource
utilization (prevalence of recovery) and targeted
intervention (identification of individual patient,
domain, and subdomain recovery). Furthermore,
the concern regarding loss of quantification of
recovery that occurs with dichotomization can be
mitigated by collection (where applicable) of con-
tinuous data in its raw form and secondarily dicho-
tomized preanalysis, thus allowing identification of
thepresence of poor recoveryand then its subsequent
quantification.

THE IMPORTANCE OF USING THE PATIENT
AS THEIR OWN COMPARATOR

Recovery infers a restitution and quantification of
postoperative function in relation to a pre-existing
ideal, with the comparator being either a group
mean (or SD there from), a predetermined threshold
of ‘normality’ or an individual patient’s base-
line function. Dichotomizing recovery requires a
threshold to be predetermined, below which recov-
ery is deemed incomplete. Thresholds restrict a
tool’s clinical utility and internal validity to those
clinical scenarios for which it remains true [17,18

&

].
For example, a fasting blood glucose of 7.0mmol/l is
considered abnormal insofar as that threshold for
hyperglycaemia has clinical consensus. In com-
parison, the use of a patient’s own baseline as a
comparator mitigates this limitation as it defines
recovery as a ‘return to their own baseline or better’
for that specific perioperative event. It is thus time
independent, not influenced by patient future
ability, and minimizes the subjective bias resulting
from response shift (recalibration, reprioritization,
and reconceptualization, assumed equal difference
of ordinal scales and subjective impairment)
[2,8

&&

,19,20].
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COGNITIVE FUNCTION

The aging perioperative population and an increas-
ing awareness of the interplay between periopera-
tive influences and neuropathophysiology have
emphasized the importance of assessing cognitive
recovery. Postoperative cognitive assessment has
been hampered by a lack of uniformity in defi-
nitions and assessment tools, with tools often
providing cursory assessment and not founded on
validated neuropsychological testing. Cognitive
recovery, POCD, and postoperative delirium are
often used interchangeably but, although inter-
twined, are discrete entities with recognized risk
factors and correlations with both long-term
cognitive and noncognitive recovery. Suboptimal
early cognitive function, however this is defined,
is associated with increasing age, anaesthetic
duration, reoperation, postoperative infection,
and respiratory complications [21], whereas long-
term cognitive decline is associated with increasing
age, lower education level, cerebral insult without
residual deficit and POCD at hospital discharge
[6,15,21]. Cognitive dysfunction at hospital dis-
charge is present in all age groups, (36.6% young,
30.4% middle aged, and 41.4% elderly, P>0.05) and
is more persistent in the elderly (12.7%) compared
with age-matched nonsurgical controls (P<0.001)
or younger surgical counterparts (5.7% young, 5.6%
middle aged, P¼0.001). Thus, cognitive assessment
using a comprehensive yet brief tool is integral to
perioperative management as it has both clinical
and prognostic implications.

DELIRIUM

Delirium is a well defined medical entity that, when
present in the perioperative period, is associated
with increased patient mortality and institutional-
ization [22

&

]. It has a clear consensus as to its
definition: ‘alteration of clarity of awareness of
environment, fluctuation of orientation and an
inability to focus, sustain or shift attention’
[23,24], neuropathology (altered cytokine func-
tion, diffuse EEG slowing and increased cytokine
function), and identifiable risk factors (age >70
years old, urea : creatinine > 18, pre-existing cogni-
tive decline and increasing surgical complexity,
multiple comorbidities, alcohol consumption,
and sensory deficits) [25

&&

,26,27]. Postoperative
delirium is associated with increased resource
utilization (increased hospital length of stay,
institutional placement), patient morbidity (POCD
at discharge and progression of pre-existing neuro-
cognitive disease), and mortality (in hospital and
12 months) [26–28].

POSTOPERATIVE COGNITIVE
DYSFUNCTION

POCD is a neuropsychological construct that also has
identifiable risk factors and prognostic implications,
but is hampered by a plethora of definitions. A sys-
tematic review [24] highlighted the heterogeneity of
definitions used for POCD, which identifies a stat-
istically significant difference in cognitive function
that may or may not have clinical relevance. Broadly,
it is characterized by a subtle alteration in memory or
cognitive function [23,24], is more common in
patients with advancing age, lower education status
and postoperative complications [15,22

&

], and occurs
even after minor surgery (6.8 and 6.6% elderly
patients at 1 week and 3 months postoperatively,
respectively) [29]. It has a variable association with
perioperative hypoxaemia, blood pressure variabil-
ity, and total anaesthetic dose, and is predictive of
reduced functional activity, quality of life, and 5-year
cognitive performance [21,22

&

,30–32]. POCD occur-
ring at any postoperative time point is predictive of
increased short and long-term mortality, with POCD
at discharge or 3 months being associated with
increased 3-month and 12-month mortality, respect-
ively [13,15], and persistent POCD being associated
with higher 1-year mortality (10.6%) compared with
patients with either no POCD or transient POCD at a
single postoperative time point (POCD at discharge
mortality 2.1% vs. 3 months 2.86–3.9%).

COGNITIVE RECOVERY

Postoperative cognitive recovery is defined as a ‘return
to baseline (or better)’, with each patient providing
their own preoperative baseline. It thus differs from
delirium in that orientation and attention is preserved
and from POCD in that it represents a failure to return
to preoperative level of function as opposed to a new
cognitive deficit [5,25

&&

]. Postoperative cognition
shows early rapid (24h) recovery [33], with variable
fluctuations in subsequent days followed by a plateau
from day 3 to 3 months [7

&

]. Cognitive deterioration
occurs even after minor surgery [25

&&

], is present in
14% patients at day 3 [34], and is associated with
concurrent deficits in physiological, nociceptive,
and functional recovery domains [7

&

,34].Thus, it is
imperative that cognitive recovery assessment is per-
formed at clinically relevant time points to enable
identification of patients at future risk or who may
benefit from early intervention.

PERIOPERATIVE
NEUROPATHOPHYSIOLOGY

The importance of cognitive assessment has been
emphasized by a greater understanding of the
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interplay between neurophysiologic decline and
perioperative physiology, with the former (reduced
cognitive reserve and aggravation of underlying
neurodegenerative disease) hypothesized to be
expedited by the latter. Cognitive reserve maintains
cognitive function despite focal or subclinical
insults and consists of an increase in synaptic num-
ber and neuronal cell mass (passive reserve) or acti-
vation of redundant neuronal networks (active
reserve) [35]. Age-related cellular and subcellular
degradation, combined with increased central nerv-
ous system Interleukin 6 and C-reactive protein in
elderly humans and perioperative animals suggest
shared proinflammatory pathways common to both
the aging process and the perioperative period [36],
with both anaesthetic and surgical factors being
implicated in perioperative potentiation of under-
lying neurodegenerative processes. However,
although inhalation agents increased amyloid pre-
cursor protein synthesis in elderly vs. younger
rodents [37], clinically, cognitive dysfunction
with inhalation vs. intravenous anaesthetic agents
was either comparable, limited to the immediate
postoperative period, or was similar postregional
vs. general anaesthesia [25

&&

,38]. The systemic
proinflammatory surgical state is implicated in
accelerating neurodegeneration, principally by the
association between systemic inflammation
(increased plasma Interleukin 6), microgliosis, and
microglial priming [36,39]. This is consistent with
the 100% increase in 12-month cognitive decline
associated with nonoperative chronic inflammatory
disease processes and indicates that, even in the
absence of neurodegenerative disease, an advancing
age and proinflammatory state, both of which are
present in the aging perioperative population, are
risk factors for perioperative cognitive decline.

IDENTIFYING RECOVERY: WHERE ARE WE
CURRENTLY?

The presence of at least three recent literature
reviews [1

&

,40
&

,41] on recovery assessment tools
exemplifies the heterogeneity that exists with
respect to defining and quantifying recovery and
the influence that the predilection of the user
has on a tools’ development. Tools have been var-
iably derived using either inpatients, ambulatory
patients, a combination of the latter two, or non-
surgical populations and validated over short, inter-
mediate, or multiple time periods and at the group
or individual patient level [1

&

,40
&

] (Table 1). Tools
vary in their domains assessed, the use of objective
vs. subjective testing, and the use of formal validated
neurocognitive testing of cognitive recovery. They
also differ in their ability to assess the recovery
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trajectory over time (i.e. measure recovery using
repeated measures at multiple time points) as well
as in their assessment of recovery as a continuous vs.
dichotomous variable at a group vs. individual
patient level. Tools assessing appropriateness for
discharge focused on short-term (24 h, 7 days) phys-
iological and early functional recovery, whereas
those assessing long-term recovery (6 weeks,
3 months) concentrated on persistent adverse symp-
tomatology, suboptimal functional recovery, and
cognitive decline [1

&

]. Rarely is cognition assessed
using validated formal neurocognitive tests. Rami-
fications of the variation in breadth and timing of
assessment are that the use of assessment tools is
only valid for the time period and patient popu-
lation from which it was derived (or validated a
posteriori). Furthermore, tools assessing recovery
at multiple time points must be calibrated (either
by subtraction of a healthy population’s mean
change score from that of the study population or
the introduction of a tolerance factor [34,49]) to
address the learning effect associated with repeat
measures [3,5,48], with the latter being essential for
assessment of the modern concept of recovery being
a trajectory towards resumption of ‘normal’ daily
activities and full cognitive recovery. The Postoper-
ative Quality of Recovery Score (www.PostopQRS.
com) is a multidimensional assessment tool that
quantifies recovery as a dichotomous variable, both
overall and in physiological, nociceptive, emotive,
functional, and cognitive domains. It has been
validated in heterogeneous patient populations, at
multiple clinically relevant time points important
to modern assessment of recovery beyond the
immediate surgical period and has been validated
for repeat measures [5,34,50].

THE FUTURE OF RECOVERY
ASSESSMENT: MULTIDIMENSIONAL,
IN REAL TIME, AND WITH REPEAT
MEASURES

The development of recovery as a continuous tra-
jectory towards equilibrium, the identification of
early intervention on improved outcomes, and
the awareness of the limitations of current risk
stratification tools highlight the need for recovery
to be assessed in real time and over repeated time
points. Real-time recovery (RTR) is advantageous in
all multifaceted, time-dependent systems, be they
physiological or inorganic, and is the ability of a
system to recover from an error in a time-frame that
minimizes impact [51]. It thus requires the synchro-
nous collection, analysis, and reporting of data to
first identify failure (i.e. suboptimal recovery) and
then secondarily implementation of a corrective

measure (clinical intervention) that is individual-
ized to the problem, and in a time-frame that has
maximal impact.

The benefit of RTR assessment mandates the
existence of interventions that, when implemented
in a timely fashion, improve outcome. Documented
throughout the surgical and medical literature are
such interventions that reduce disease progression
or improve recovery trajectories. Ischaemic penum-
bra and corresponding short and long-term
mortality are reduced with timely intervention in
cerebral and myocardial infarction [52–54]; sim-
ilarly, early identification and surgical intervention
improve patient outcome in head, intra-abdominal,
thoracic, and general trauma [55,56]. These are
processes directly implicated in postoperative recov-
ery. Postoperative RTR assessment thus requires not
only identification of suboptimal recovery, but in
which domain recovery is incomplete. Unlike com-
posite scores, which identify the former but not the
latter, multidimensional dichotomous scores allow
first identification of poor recovery and then, by
drilling down, assessment of individual domains
and subdomains in which it is occurring. Recovery
domains are interrelated, and it is only through
identification at the subdomain level (i.e. identifi-
cation of poor cognitive recovery, nausea and vom-
iting because of persistent pain, and subsequent
high opiate use) that targeted interventions (multi-
modal analgesia) can be implemented.

The historical use of perioperative risk stratifi-
cation tools in predicting poor recovery is limited to
identification of patient populations at high risk of
poor recovery, complications, and death [57], but
not of individual patients in whom these events will
actually occur. Adverse events, poor recovery, and
their associated increase in resource utilization
occur in all patient populations, emphasizing that
recovery is multifaceted and not predictable in its
entirety by preoperative risk stratification. Identifi-
cation of high-risk patient populations allows for
pre-emptive group intervention (i.e. b blockade)
which, while beneficial to some patients, utilizes
finite resources and exposes all patients to an
intervention that may benefit a few or harm a
few without inducing benefit. In comparison, RTR
assessment allows identification of individual
patients in whom suboptimal recovery is actually
occurring at the time that it is occurring, thus allow-
ing timely targeted intervention to those patients
in whom it has shown to be most beneficial.

RTR assessment tools have both clinical and
research applications via rapid identification of
patients with poor recovery and retrospective group
assessment of data, respectively. Research recovery
tools retrospectively investigate the relationship
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between perioperative (anaesthetic, surgical) and
postoperative variables (complications, length of
stay, recovery), thus inducing a time delay between
identification of patients with suboptimal outcomes
that is prohibitive of timely intervention for the
original study participants. RTR tools, however, con-
sist of the synchronous entering of data and its
analysis in electronic databases, with their clinical
utility being identifying those patients in whom
recovery falls below their baseline (or predetermined
threshold deemed acceptable) in a time-frame that
maximizes interventional impact. This rationalizes
finite resources or allows implementation of fast-
track care to those with suboptimal or normal recov-
ery, respectively. RTR tools also have inherent
research utility in retrospective group analysis with
respect to recovery and perioperative variables.

CONCLUSION

Modern recovery assessment is a multidimensional
construct, occurring over time periods and extend-
ing beyond the immediate postoperative period.
It is ideally assessed as a dichotomous multi-
dimensional outcome, in real time, by a tool that
that has been validated for cognitive assessment
repeat measures.
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Modern recovery assessment has progressed from that which
addressed purely physiological restitution in the immediate post-
operative period to that which is a multi-dimensional construct
existing as a continuum and which follows a predictable trajectory.
Recovery tools differ in their derivation, validation and scope of
assessment. Importantly, few are validated for repeat measures, an
aspect crucial when assessing the temporal nature of modern re-
covery. Recovery can be assessed as a continuous or dichotomous
outcome and as occurring within an individual patient or within a
group. Dichotomisation of recovery assessment mandates that a
threshold be determined, above which recovery is deemed to have
occurred. Ideally, recovery is assessed as a dichotomous outcome
using the patient as their own pre-operative comparator, thus
allowing recovery assessment at an individual patient, as well as
group, level and overall as well as within each recovery domain.
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Defining recovery

Recovery assessment has progressed from one focused on purely immediate physiological recovery 
essential for patient safety [1] to a multi-dimensional construct that encompasses functional recovery, 
symptomatology, cognitive function and patient-reported outcomes. A concept analysis [2] concluded 
that the attributes that defined modern recovery were those of energy requiring processes that 
culminated in the return of a patient to a relative state of normality, independence, optimal well-being 
and self-efficacy. Similarly, an observational commentary [3]emphasised that modern recovery is 
multi-dimensional, follows a predictable time-dependent trajectory and is fundamentally a process of 
quantifying a patient's post-operative performance in comparison to a pre-operative ‘ideal’. In the 
context of patient-centred care, traditional unidimensional post-operative outcome measures lack 
patient focus and, when used in isolation, were found in two systematic reviews to rarely improve 
patient outcome [4,5]. Two systematic reviews analysing the efficacy of enhanced recovery after sur-
gery pathways [6,7] revealed length of stay and the presence of complications as being almost uni-
versally reported within studies, whereas patient-centred outcomes were almost universally absent. 
One of the reviews [6] called on future reporting of ERAS pathways to include both patient-centred 
outcomes and data that gave context to the traditional outcomes of duration of hospital stay and 
complication rates. Thus, there is a need for a patient's post-operative performance by dedicated re-
covery assessment tools that provide multi-dimensional assessment at the individual and group levels.

Recovery assessment tools

Whilst it is accepted that the definition of recovery has progressed beyond the immediate resti-
tution of physiological parameters, the abstract nature of recovery resulted in the absence of a unifying 
assessment tool. Three literature reviews [8e10] identified 13 unique recovery tools, which differed in 
their derivation, validation and breadth of assessment. The fact that the search results of these liter-
ature reviews were not identical (i.e. the inclusion of each tool within each of the reviews was not 
universal) reflects the abstract nature of recovery and the subsequent lack of its unifying definition.

Recovery tool validation

The recovery assessment tools identified in the reviews differed with respect to the patient pop-
ulations and assessment time periods used in their derivation. This directly impacts their clinical utility 
as tools are only valid in assessing recovery in those patient populations and over the time intervals 
from which they were derived. Recovery tools were variably validated using inpatient [11e15] or 
ambulatory surgical patients [16e18] and assessed either short-term (24 h [11,16], 7 days [17e19] and 
15 days [20]), intermediate (28 days [13], 60 days [15] and 6 weeks [21]) or long-term (3 months [14] 
and 12 months [22]) recovery. Tools were either derived de novo specifically for the assessment of 
post-operative recovery [13,14,18,19,23] or were applications of tools originally designed to assess the 
non-surgical population (with [11,15,16,24] or without [17] subsequent validation for the assessment of 
post-operative recovery).

Further validation of the recovery assessment tools was variable. Ideally, recovery assessment tools 
were validated according to consensus criteria [25], namely, content validity, internal consistency, 
criterion validity, construct validity, reproducibility, responsiveness, floor and ceiling effects and 
interpretability. The abstract nature of recovery and the subsequent lack of a gold standard definition 
impaired the assessment of each tool's criterion validity (the extent to which a tool's measurement 
reflects a ‘gold standard’). Content validity is the degree to which a measurement tool represents the 
construct of interest (i.e. recovery), and it was determined in the original development process and was 
uniformly reported for each assessment tool. Internal consistency is particularly pertinent to the 
measurement of recovery and refers to the degree to which items measuring the same underlying 
construct (i.e. cognitive recovery) are correlated. This was reported in six studies [11,14,15,17,19,24]. By  
contrast, construct validity is the degree to which a tool's subdomains correlate with each other and the 
stage of recovery (i.e. recovery domains improve with time). This was assessed using either human 
volunteer [14,26] or test-retest [11]studies. Reproducibility is the degree to which repeated testing in
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the same conditions produces the same result, and this was reported in eight studies 
[11,13,14,18,20,22e24]. Responsiveness was a measure of a tool's ability to detect clinically important 
changes over time and was measured in only four studies [11,14,18,24].

Recovery tools were also assessed for the presence of floor and ceiling effects, with both deemed to 
be present when �15% of patients scored the lowest or highest value possible, respectively. Both effects 
limit a tool's content validity, reliability and responsiveness and are more prevalent when a mea-
surement tool is applied to a population and time period other than that for which it was originally 
validated. For example, the measurement of cognitive recovery either too early in the post-operative 
period or in a population with a lower IQ than that of the original validation population predisposes 
to floor effects of that test for that test application.

Interpretability is the degree to which quantitative scores reflect a tangible qualitative entity. This is 
central to the assessment of recovery as an assessment tool that compares the average recovery scores 
between two groups may identify a statistically significant difference that may or may not have 
tangible clinical implications. Conversely, a recovery score that compares the prevalence of dicho-
tomised recovery between two groups has direct clinical implications for resource utilisation and 
patient readiness to return home.

Scope of recovery assessed

The crucial process that determines the scope of recovery assessed differed with each of the tools 
identified in the reviews and was most commonly determined by using focus groups (comprising 
patient(1e3) and/or clinical [13,16,18,19]participants) or by the more structured Delphi [27] method. 
Almost universally assessment tools addressed a patient's post-operative physical function, psycho-
logical/emotional state (most commonly anxiety and depression [11,14,15,17,19]) and the presence of 
adverse symptomatology (most commonly pain and nausea [11,13,14,18]). Only a minority of studies 
included measures of patient satisfaction [14,16,24]. Importantly, only five studies included the 
assessment of cognition [11,14e16,24], with only one of these utilising validated neuropsychological 
cognitive testing [14]. The inclusion of a validated assessment of a patient's post-operative cognition 
greatly enhances a tool's clinical utility due to the correlation between an ageing perioperative pop-
ulation, systemic surgical inflammatory response and poor cognitive function [28e31].

The assessment tools identified in the reviews also differed in their assessment of recovery as 
occurring at a single vs. multiple time points, the use of the patient as their own comparator and the 
assessment of group vs. individual recovery. An essential component of the modern recovery assess-
ment tool is its validation for repeat measures, i.e. the ability of a tool to perform repeated assessment 
of recovery at sequential post-operative time points. This repeated measurement of recovery perfor-
mance is essential in light of the concept of modern recovery occurring along a trajectory and is ad-
vantageous when providing real-time recovery data in a clinical context. Validity of repeated measures 
was, however, demonstrated in a minority of the identified recovery tools [13,14,18]. Similarly, only 
four tools routinely collected pre-operative data to use as a baseline comparator [14,15,18,32], and of 
those, only two studies [14,15] compared a patient's post-operative performance to their own indi-
vidual pre-operative baseline, thus allowing the additional assessment of recovery in individual pa-
tients, in addition to the standard assessment of group recovery. Furthermore, only one tool [14] 
defined recovery as a dichotomous outcome occurring in multiple domains, thus allowing the 
assessment of recovery at an individual patient and individual recovery domain levels.

The basis of recovery assessment e the use of a pre-operative comparator and quantification of 
post-operative change

The core principle of recovery assessment is the comparison of a patient's post-operative function to 
that of a pre-operative baseline comparator, with subsequent quantification of this difference in order 
to determine its clinical significance. Recovery tools fundamentally differ in the baseline comparator 
used and their assessment of recovery as a composite score vs. dichotomous outcome and at a group vs. 
individual patient level.
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Composite scoring

Recovery's inherent basis is one of the physiological processes that themselves progress along a 
continuum. Recovery, therefore, has traditionally been assessed in the research setting as a 
continuous composite score in order to minimise bias and maximise internal validity and power for a 
study population [33,34]. However, classifying recovery as a true continuous variable is not without 
its limitations. Recovery scores are derived for each patient by comparison of a patient's post-
operative performance with a baseline reference, thus deriving an individual patient's ‘change 
score’. In traditional recovery assessment, a patient's post-operative performance is quantified by 
the summation of multiple ordinal scales to derive a single post-operative recovery score, which is 
then assessed as a continuous variable (a continuous composite score). Assessment of recovery at the 
group level is by comparison of the mean change scores (the average change score within a group) 
between differing patient populations and at an individual patient level by determining whether a 
patient's change score is greater in magnitude than what is deemed ‘normal’ for recovery. However, 
the summation of multiple scale- and score-based outcomes to derive a single continuous composite 
score assumes equal difference between intervals not only within each scale, but between scales and 
between patients. For each study domain (i.e. pain, nausea, anxiety, cognitive function etc.), an 
ordinal scale classically takes the form of a lineal visual analogue scale scored from 1 to 10 (or 1e5), 
with 1 being the best and 10 (or 5) being the worst, clinical scenario. Whilst the intervals of an 
ordinal scale represent an increase in the magnitude of the recovery outcome (i.e. the intervals 
between 1 and 2 or 4 and 5 on the nausea scale represent an increase in reported nausea), they do not 
represent a standard measurement of difference (This is not withstanding evidence demonstrating 
ratio scale properties for some VAS scales [35,36]). For example, the difference between the intervals 
‘no nausea’ vs. ‘mild nausea’ and ‘moderate-severe nausea’ vs. ‘severe nausea’ may both be 1 on an 
ordinal scale but are not strictly mathematically equivalent. More importantly, they may not 
represent clinical equivalence to a patient, as the implications of no nausea vs. mild nausea may be 
different from those of moderate nausea vs. severe nausea. Assessing recovery as a composite var-
iable also assumes equal differences between ordinal scales from which it is comprised, i.e. assumes 
that the intervals on the pain scale are mathematically equal to those on the cognitive scale. Once 
again, these intervals may also differ in their clinical implications, i.e. a 5 on the pain scale impacts a 
patient's mobility, whereas a 5 on the cognitive scale impacts their safety and ability to drive. Finally, 
assumed equal difference of intervals and scales between patients is limited by the inherent reliance 
of these scores on an individual patient's perspective, thus emphasising the caution that must be 
taken when assessing recovery as a single continuous composite variable.

Dichotomous scoring

Assessment of recovery as a dichotomous outcome also relies on the collection of ordinal and 
continuous post-operative data but, unlike when calculating a continuous composite recovery score, 
each recovery domain of interest is assessed independently and expressed as a binary outcome e 
whether the patient has recovered or not in each domain of interest. A patient is deemed to have 
recovered in each recovery domain assessed if their post-operative performance meets (or exceeds) 
that of a pre-determined threshold for recovery in that domain. They are deemed to have recovered 
overall if they have done so in all the domains assessed. Group recovery is then assessable by com-
parison of the prevalence rates of recovery between two populations. Unlike a composite continuous 
recovery score, which is an integer value (i.e. ‘126’, ‘89’ etc.), a dichotomised recovery outcome (i.e. the 
patient ‘has recovered’, ‘has not recovered’) has a clinical utility that is immediately evident. 
Furthermore, as each domain is assessed in isolation, dichotomised recovery scoring is resistant to 
compensatory bias. This occurs when poor recovery in one domain is compensated for by above 
average in the remaining domains (when assessing individual patient recovery) or when demonstrable 
failure of recovery in one patient is compensated for by above average recovery in the remaining 
patients (when assessing group recovery) [37,38].



Patients as their own pre-operative comparator

Comparison of a patient's post-operative performance to other than their own pre-operative
baseline is not without bias. In both composite and dichotomous scoring of recovery, initial compar-
ison is made between a patient's post-operative performance to a pre-operative reference value, the
latter traditionally being a group average (i.e. the average pre-operative performance of either the
original study population or an historical cohort). In dichotomised recovery assessment, themagnitude
of this difference is then standardised (usually to one standard deviation about the mean of the
reference population) to determinewhether it is greater than the lowest value that would be ‘expected’
in a patient experiencing ‘normal’ recovery (i.e. the recovery threshold value). A statistically significant
changewas then inferred to have clinical significance. The absolute value of the threshold belowwhich
‘abnormal’ recovery is deemed to occur is thus dependent upon the baseline reference point to which a
patient is compared to (i.e. the average group baseline score) and the magnitude of the ‘normal’ de-
viation allowed below this. However, as depicted in Fig. 1, this biases a patient with a high personal
baseline to be deemed recovered, irrespective of whether they experience a normal or demonstrable
decline in post-operative function compared to their own pre-operative baseline. This results from
these patients' post-operative function needing to decline by a larger magnitude (compared to a pa-
tient with ‘average’ baseline function), for it to fall below the population-based threshold defining
incomplete recovery. This has direct clinical implications as it potentially fails to identify when sub-
optimal recovery occurs in these patients (thus preventing the opportunity of early individualised
intervention) and erroneously increasing the prevalence of group recovery (thus introducing mea-
surement error within a study). Furthermore, evenwithout secondary dichotomisation, the traditional
analysis of recovery as a composite continuous score is also dependent upon how well each patient
conforms to the baseline (or reference) group's parameters, as the fundamental building block of this
method is once again comparison of a patient's post-operative performance to that of a group-defined
average pre-operative baseline. This measurement bias is minimised only by using each patient as their
own comparator.

Defining the recovery threshold

Dichotomising recovery mandates that a threshold be defined, above which recovery is deemed to
have occurred. It is argued, therefore, that dichotomisation of recovery limits the external validity of a
study's results to the time period and clinical context for which this threshold holds true [33,34]. The
classical example inmedical literature is studies addressing hypertension, for which blood pressure is a

Fig. 1. The effect of comparing a patient's post-operative performance to their own (vs group average) pre-operative baseline.
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continuous variable but hypertension is a clinical dichotomy (a patient is ‘hypertensive’ vs. ‘not hy-
pertensive’ for the purposes of treatment). The threshold above which hypertension was deemed to
have occurred has varied considerably with time, being defined as >180/110 mmHg in 1940s to >140/
90 mHg in 2000s [39]. Therefore, results from studies performed in the 1940s are limited in their
clinical application in the 2000s. With regard to recovery assessment, the use of a threshold when
determining the recovery in a research population limits the application of its results to the clinical
context of the study, in particular the baseline population parameters used to define recovery. How-
ever, by using each patient as their own comparator for each clinical event, and by defining recovery as
a return of a patient to their own pre-operative baseline (or better), the definition of recovery is in-
dependent not only upon current patient baseline parameters but also future individual patient
function, perception and clinical context.

Conclusion

Modern recovery assessment has progressed from that which was focused purely on the physi-
ological restitution in the immediate post-operative period to a broader multi-dimensional
construct extending as a continuum and following a predictable post-operative trajectory. The re-
covery assessment tools identified in three literature reviews differed in their derivation, validation
and scope of assessment. Importantly, few were validated for repeat measures, an aspect crucial
when assessing the temporal nature of modern recovery. Recovery can be assessed as a continuous
or dichotomous outcome and as occurring within an individual patient or within a group. Dichot-
omisation of recovery assessment mandates that a threshold be determined, above which recovery is
deemed to have occurred. The use of a threshold value, above which recovery is deemed to have
occurred, limits that definition of recovery (and any studies using this) to the time period and clinical
context for which this is valid. However, this can be mitigated by the use of each individual patient as
their own pre-operative comparator for each perioperative experience. Ideally, recovery is assessed
as a dichotomous outcome using the patient as their own pre-operative comparator, thus allowing
not just assessment of overall group recovery but also recovery at an individual patient level and
within each recovery domain.

Practice points

� Recovery assessment has progressed from one focused on purely immediate physiological
recovery essential for patient safety to a multi-dimensional construct that encompasses
functional recovery, the presence of adverse symptomatology and cognitive function.
� Modern recovery tools differ in their derivation, validation and breadth of assessment.
� Few recovery tools are validated for repeat measures, an essential quality given the modern
concept of recovery as that which exists as a continuum andwhich occurs along a predictable
trajectory.
� The core principle of recovery assessment is the comparison of a patient's post-operative
function to a pre-operative baseline comparator, with subsequent quantification of this dif-
ference in order to determine its clinical significance.
� Recovery can be assessed as either a composite continuous score or a dichotomised
outcome.
� Dichotomisation of recovery enables its assessment to occur at the individual patient, as well
as the group, level and overall as well as within individual recovery domains.
� Ideally, recovery is assessed as a dichotomous outcome using the patient as their own pre-
operative comparator, thus allowing not just assessment of overall group recovery but also
recovery at an individual patient level and within each recovery domain.
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Current post-operative recovery assessment exists as a dichotomy,
maintaining objectivity whilst providing relevance to patient-
centred care. Both objective and subjective measures are utilised
in modern recovery assessment and are best viewed as compli-
mentary. At institutional and provider levels, performance in-
dicators are utilised as surrogates for quality of recovery but only if
these indicators are assessed in the clinical context fromwhich they
are derived. Patient-reported outcomes prioritise the patient's
perspective of symptoms and care, which are the most important
aspects at the time of assessment but are limited by their suscep-
tibility to response shift and recall bias. Ideally, quality of recovery is
assessed using objective measures in concert with measures of
clinical complexity and in parallel with patient-reported outcomes.
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using unidimensional objective measures, most commonly length of stay (LOS) and mortality. The 
modern understanding of recovery as a multidimensional construct has implications to both patient 
and provider and has required recovery assessment to include more subjective (and in particular 
patient-reported) outcomes. Although the terms ‘objective’ and ‘subjective’ outcomes are used ubiq-
uitously within the medical literature, these terms lack unifying definitions. A systematic review [1] 
involving 90 methodological publications and 200 clinical trials found that there was no unifying 
definition of any of the variables. It revealed, however, that common characteristics were associated 
with each other. The review concluded that a subjective outcome is one that is dependent upon an 
observer's judgement, is patient-reported, or is a private phenomenon (measurable only by the 
patient). Conversely, an objective outcome is one that is independent of an observer's judgement, is 
reported by an observer other than the patient, or is assessable without judgement by an observer 
other than the patient. Patient-centred outcomes are those that hold an intrinsic value to the patient 
and may be measured either objectively or subjectively [2e5]. In comparison, patient-reported out-
comes are direct patient reports from the perspective of the patient without inference or judgement 
from an external observer [2,6] and are thus inherently subjective. The distinction between objective 
and subjective measures has clinical relevance, as the latter (i.e. those outcomes dependent on 
observational judgement or patient perspective) are by necessity unblinded and particularly suscep-
tible to reporter bias and over-exaggeration of treatment effect size [1,7,8].

Objective outcomes

Clinical performance indicators

Quality of recovery is traditionally assessed at the institution and provider levels by proxy through 
the use of clinical performance indicators (CPIs). CPIs are objective outcome measures that are inferred 
to reflect resource utilisation and standard of care and that have become intertwined with reward-
based service payments [9,10]. Their focus is to detect one of the complications, clinical errors and 
deviations by adhering to guidelines rather than a true measure of quality of recovery [10].

Reporting of CPIs is ubiquitous within the perioperative literature. A systematic review of 38 studies 
reporting on ERAS implementation in abdominal surgery [11] revealed LOS (as a surrogate for discharge 
readiness and hence recovery) to be the primary outcome in 63% of studies, with measures of in-hospital 
functional status and cognition included in only 16 studies and 1 study, respectively. Of note, only 7 studies 
included measures of health quality. Similarly, a meta-analysis assessing the effect of ERAS programmes 
on patient outcome [12] found that the most common outcomes measured were LOS and 30-day 
complication rate. An observational beforeeafter study involving ERAS programmes reported a 
disparity between LOS and the time a patient was deemed ready for discharge [13,14], thus highlighting 
that the traditional outcome variable ‘LOS’ was itself heavily influenced by social, cultural, institutional 
and patient factors. Both meta-analyses commented on the lack of reporting of contextual variables 
through which these objective outcomes can be viewed and hence called for future studies to include 
higher level outcomes that reflect this issue. Furthermore, a recent consensus statement outlining ERAS 
pathway measurement advocated for routine collection of data which quantified patient case-mix, pro-
cess measures and clinical outcomes [15]. Thus, although objective outcome measures are easy to mea-
sure, it is only through their interpretation in a clinical context that they can be true measures of recovery.

Anaesthetic CPIs principally address patient safety and effectiveness, are heavily focused on the 
immediate post-operative period and measure restitution of physiological parameters (i.e. respiratory, 
thermoregulation, PONV and severe pain), resource utilisation (PACU stay >2 h, unanticipated ICU stay) 
and risk minimisation (epidural review within 24 h) [16]. A systematic review on the use of quality and 
safety (Q&S) indicators in anaesthesia [17] concluded that the clinical utility of unidimensional 
outcome measures was in identifying sentinel events or deviations from expected performance, with 
this deviation being subsequently inferred to represent substandard care or recovery [17]. However, 
fluctuations in CPIs can also result from differences in patient case-mix, measurement error or chance 
[9] as well as from true differences in the quality of clinical care or recovery. These indicators neither 
account for the contextual and multifaceted nature of quality of recovery nor differentiate between
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guideline adherence, quality care provision and quality of ultimate patient recovery. Furthermore, 
when used in isolation, they are rarely associated with improved patient outcomes [18,19]. The ability 
of CPIs to measure the true quality of care and recovery is limited to their interpretation in concert with 
measures of perioperative complexity (anaesthetic, surgical and patient complexities).

The aforementioned systematic review of anaesthetic-related Q&S CPIs [17] highlighted the limita-
tion of these variables to be assessed for the quality of recovery. These Q&S CPIs were found to be process 
(42%), outcome (51%) and structural (1%) variables. Process measures are those that quantify the 
implementation of a clinical pathway e i.e. the proportion of times a clinical guideline was adhered to. 
They are direct measures of quality of care only when this pathway has a priori been determined as the 
best practise for each individual patient who is treated. Similarly, they are a measure of quality of re-
covery only if this pathway has been previously validated to have a positive impact on patient outcome. 
Their utility lies in their ease of interpretation and sensitivity to detect change [9]. They do not, however, 
confirm causality between an adherence to a clinical pathway, quality of patient care and actual quality of 
patient recovery. In contrast to process measures, outcome measures are indirect measures of quality of 
care but may be direct measures of quality of recovery. They have an inherent value independent of their 
relationship with ultimate patient recovery, such as the presence of post-operative complications having 
an impact on both patient experience and resource utilisation. In addition, they are the culmination of 
both the known and unknown variables that determine ultimate patient recovery and thus are beneficial 
when assessing recovery as a multidimensional construct with numerous determinants. They are, 
however, limited in their ability to detect rare clinical events [9]. Thus, CPIs as surrogate markers of 
recovery should be interpreted within the clinical context from which they are derived.

Subjective outcomes

Patient-reported outcomes

Patient-reported outcomes (PROs) prioritise the patient's perspective on symptoms and care, and 
define these as most important aspects at the time of assessment. They form an integral component of 
modern recovery assessment by enabling global assessment across multiple domains [6,20], centring 
the patient as the key collaborator in the perioperative experience and facilitating patient engagement 
in the recovery process [21]. They most frequently aim to quantify the abstract concepts of health-
related quality of life, satisfaction, symptom burden, functional status, health-related quality of life 
and personal experience of care [2]. This is performed most frequently by means of an absolute score 
(i.e. severity of symptom at time x) or relative comparison (i.e. the severity of symptoms at time x 
compared to that at time y). However, PROs as surrogate measures of recovery are hindered by the lack 
of validated assessment tools and their susceptibility to response shift and recall bias [3,6].

Patient-reported outcome measures (PROMs) are the means by which PROs are measured, and these 
measures range from self-completed questionnaires to multi-domain Likert scales. A systematic review 
of the measurement properties of 22 PROMs [6] reported 74% as displaying only fair or poor develop-
ment methodology, with the majority being based on limited or unknown evidence. No PROM fulfilled 
the minimum standards as defined by the International Society of Quality of Life's Research [4], namely, 
internal consistency, reliability, content validity, hypothesis testing validity or responsiveness. The re-
view also highlighted the susceptibility of PROMs to the time interval between their reporting and the 
event being assessed, with an increasing time interval increasing the likelihood of both recall and 
response shift bias. There is thus a need for calibrated PROMs that have their development methodology 
adhered to current standards and are validated to the condition and time interval of interest [4,22].

Response shift and recall bias

Recovery infers comparison of a patient's post-operative state to that of a pre-operative state, 
preferably their pre-operative baseline. The resulting difference in comparison comprises the ‘change 
score’, which is a surrogate marker of recovery for that patient in that recovery domain of interest. 
When using subjective measures, there often exists a disparity between the change score perceived by
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the patient and the change score recorded in medical notes or by an independent observer [3,23]. This 
is partly due to recall and response shift bias. Three change scores are quantifiable: conventional 
change (CC) scores, patient-perceived change (PPC) scores and patient-perceived change scores 
adjusted for recall bias. CC scores compare the difference between post-operative (x1) and 
pre-operative (xo) scores, with the latter being the score actually recorded by the patient pre-
operatively. PPC scores compares the difference between post-operative score (x1) and their 
perceived pre-operative score, with the latter being how they would rate their pre-operative function 
now, given their current post-operative perspective (x0-perspective). A PPC adjusted for recall bias 
(PPCadj) is the sum of the PPC and the recall bias, with the latter being the difference between the pre-
operative score that the patient actually scored themselves (xo) and the score that they subsequently 
recalled having scored (xo-perspective). Response shift is quantified as the difference between the CC and 
the PPCadj scores. This retrospective assessment of a pre-operative event (i.e. how the patients rate 
their pre-operative function from the perspective of their post-operative state) infers that past events 
are best compared in the context of subsequent events and from the perspective of those experiencing 
them. It also enables quantification of both recall and response shift bias.

Response shift is the alteration in a patient's cognitive framework as a result of a stressor such that 
subsequent events are assessed through an altered perspective [5]. In the perioperative setting, a 
catalyst (i.e. surgery) and antecedents (patient characteristics, culture and environment) influence a 
patient's internal behaviours as well as cognitive and affective processes such that the fundamental 
meaning of a target construct (i.e. what it means to recover) is altered [5,24,25]. This alteration may 
be due to recalibration (change in internal standards of measurement used to define recovery), rep-
rioritisation (change in values associated with recovery) or reconceptualisation (redefinition of what it 
means to recover) [24,25]. With regard to assessing a patient's quality of recovery, this results in 
measurement bias in that the same construct (quality of life and recovery) is being measured pre- and 
post-operatively by the same patient using different (cognitive) measurement tools. Furthermore, 
caution must be used when comparing subjective outcomes derived from differing patient groups 
(i.e. treatment vs control) or from differing perspectives (i.e. patient vs caregiver vs family member) as 
the magnitude of the response shift differs amongst patient, caregivers and providers as a result of 
differences in an individual's experience, fear, focus or internal standards [5].

Satisfaction

Satisfaction as a perioperative outcome measure has intrinsic value in its own right and is central to 
the modern concept of patient-centred care [26]. However, its measurement as a surrogate for quality 
of recovery is hindered by the paucity of validated assessment tools; its inherently subjective nature 
and its susceptibility to cultural, cognitive, affective and socio-demographic influences and a patient's 
perceived sense of safety [26e28]. It correlates partly to more objective measures of recovery, with a 
large cohort study reporting an association between high patient satisfaction (overall and with 
discharge planning) and reduced three-day readmission rates [29]. Similarly, poor satisfaction is more 
common in patients with negative perioperative experiences, namely, anaesthetic awareness, pre-
operative anxiety, post-operative complicates and poor communication [30e32]. Persistent pain and 
PONV are also associated with lower rates of satisfaction [33], although this can be mitigated partly by 
the presence of empathetic care [34]. This latter finding emphasises that ultimate patient satisfaction is 
heavily influenced by both physical and psychological patient experiences and that negative periop-
erative events can be mitigated partly by the strength of the patienteprovider relationship [26,35]. 
Satisfaction is closely correlated to the quality of the patientehealth care worker relationship, the 
provision of individualised patient information, shared decision-making [35],continuity of care [36] 
and a perceived responsiveness by treating team to the patient's emotional needs and concerns 
[26,28,37e39]. Importantly, emotional support and engagement by an anaesthetist [37,40], such as 
those which occur during a post-operative visit [40,41], have a positive impact on patient satisfaction. 
Satisfaction is also heavily influenced by the difference between patient expectation and experience, 
with high levels of satisfaction correlating more with patient expectation, experience and therapeutic 
relationship [26,42] than those of anaesthetic outcome or professional competence [27,43,44]. Its 
measurement also lacks a suitable comparator, as it is not adjusted to a patient's baseline expectation



[33]. Thus, whilst satisfaction has intrinsic value as an outcome in its own right, it must not be used as a
surrogate for quality of care or recovery.

The quantification of satisfaction as an outcome measure is hindered by its inherently subjective
nature and the paucity of validated assessment tools. Few perioperative assessment tools for satis-
faction have undergone fundamental psychometric questionnaire validation, with systematic reviews
concluding that many are of poor quality, biased by the user as well as lack valid construction and
quality assessment [35,45,46]. A review article addressing the use of surrogate outcomes in the
measurement of satisfaction [36] identified only six satisfaction assessment tools that displayed the
required psychometric development [27,28,47e51]. Of note, recovery assessment tools that include a
single item or assessment of global satisfaction are particularly prone to bias. Global post-operative
satisfaction, as measured by a single question ‘are you satisfied with your care?’ displays rapid and
almost universal recovery and as such has limited discriminant validity in assessing true quality of care
or care deficits [33,46,47,52,53]. Satisfaction must therefore be measured using a validated tool that
assesses satisfaction in specific areas of care [35,46].

Quality of recovery vs satisfaction

Quality of recovery and satisfaction are both integral components of patient-centred care but are
inherently different constructs and thus not able to be used interchangeably. Quality of recovery is a
multidimensional construct that assesses the post-operative experience using both objective and
subjectivemeasures [54,55]. Whilst satisfactionmay be assessed as a component of quality of recovery,
it is a discrete entity that is inherently solely subjective and influenced by both external events and
internal patient characteristics [3,26]. Thus, measurement of the quality of recovery and satisfaction
must be through distinct assessment tools validated for each construct, time period of assessment and
patient population.

Summary

Recovery assessment has progressed from a quantification method that uses purely unidimensional
objective measures to one that includes patient-focused outcomes. Although there is lack of true
consensus as to what defines an ‘objective’ and ‘subjective’ outcome, a distinction between the two that
the latter is dependent upon a judgement being made (either by the patient or an external observer),
whereas the former is not. CPIs are objective outcome measures inferred to reflect resource utilisation
and standards of care but can onlymeasure true quality of recoverywhen assessed in their perioperative
context. Conversely, patient-reported outcomes emphasise the importance of the patient's perspective
but are hindered by the lack of validated assessment tools and susceptibility to response shift and recall
bias. Ideally, quality of recovery is assessed using objectivemeasures in concert withmeasures of clinical
complexity and in parallel with patient-reported outcomes.

Practice points

� Current recovery assessment utilises both objective and subjective outcome measures.
� There is lack of consensus as to the definition of what constitutes an objective vs subjective
measure.
� Performance Indicators are utilised at an institutional and provider level as surrogates for
quality of recovery but they are utilised only if assessed in the clinical framework from which
they are derived.
� Patient-reported outcomes prioritise the patient's perspective on symptoms and care, which
are the most important at the time of assessment but are limited by their susceptibility to
response shift and recall bias.
� Satisfaction has intrinsic value as an outcomemeasure but is limited as a surrogate measure
of quality of recovery, by the paucity of validated assessment tools and its susceptibility to
cultural, cognitive, affective and socio-demographic influences.
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Traditional perioperative risk prediction recovery identifies patient
populations at risk of suboptimal recovery but not individual pa-
tients in whom this actually occurs and in whom timely inter-
vention is beneficial. Patient-focused recovery emphasises a return
to a semblance of normality and an ability to perform activities
previously undertaken. A patient's sense of self-efficacy and
engagement in their own care positively influences functional
improvement and emotive recovery.
The future of recovery assessment is that which is individualised,
digitalised, integrated and in real time. Real-time recovery (RTR)
assessment is the contemporaneous collection, analysis and
reporting of data that enable the identification of suboptimal re-
covery in individual patients in a timeframe that minimises the
delay in the implementation of the targeted treatment.
There is a need to validate the clinical utility of existing biometric
technology, wireless hybrid devices and digitalised platforms in
providing both clinician and patient with RTR data and to deter-
mine the effect, if any, that RTR has on patient engagement and
outcome.
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Recovery perspectives

Recovery is an abstract quality which lacks a unifying definition. Modern definitions of recovery 
assessment have progressed from ones focused on unidimensional functional or physiological 
restoration assessed at a single short-term postoperative time point [1] to those encompassing a 
temporal assessment of multidimensional patient- and provider-focused outcomes extending beyond 
the immediate postoperative period [2,3]. Recovery is best defined as a continuous process extending 
over sequential time periods. Feldmann [4] describes the recovery trajectory as that which brings an 
abrupt decline in function (coinciding with surgical insult or trauma) followed by a time-dependent 
predictable resolution of averse symptomatology and the restitution of function towards a plateau 
(which may or may not be identical to the preoperative baseline). Recovery thus extends over 
sequential postoperative time periods, all of which have time specific influences and importance to 
differing stakeholders [5]. Enhanced Recovery After Surgery (ERAS) has defined three recovery time 
periodsdearly, intermediate and late recovery [4]. Early recovery is defined as that which occurs 
during the time from the end of surgery to discharge from the post-acute unit to the ward, and is 
predominately focused on the restitution of physiological parameters. Intermediate recovery is 
defined as that which occurs in the subsequent time period up until hospital discharge and is 
influenced by the presence of adverse symptomatology (pain, nausea) and basic resumption of ac-
tivities. Late recovery is defined as that which occurs post-hospital discharge until a patient returns 
to ‘normal activity’. The two former time periods are inherently provider and institution focused, 
with two systematic reviews reporting recovery being measured through surrogate performance 
indicators (most commonly the length of hospital stay, complication rate and organ dysfunction) as a 
means of determining resource utilisation [6,7]. It is only in the late recovery time period that re-
covery assessed with the inclusion of patient-focused outcomes. Alternatively, another review 
defined and assessed these early, intermediate and late recovery phases in terms of that which is 
important for hospital discharge (physiological function and the absence of adverse symptom-
atology), successful return to their home (nociceptive, emotive, functional and cognitive recovery) 
and return to the previous level of function (poor functional recovery, persistent pain, nausea and 
cognitive decline) [8]. Irrespective of the discrepancies in nomenclature defining specific time pe-
riods, it is essential that modern recovery assessment tools are multidimensional and validated for 
repeat measures extending beyond the immediate postoperative period, thus enabling the extended 
assessment of patients along the recovery trajectory.

Patient-centred care (PCC) and patient engagement

The inclusion of patient-focused outcomes is essential in modern recovery assessment and they 
contrast somewhat with traditional performance outcomes. Patient-focused outcomes place more 
emphasis on an ability of a patient to return to activities previously undertaken rather than full 
physiological healing [9]. A retrospective analysis of electronic databases and penomenographic 
studies defined patient-focused recovery in terms of a return to ‘normality’ or the successful 
resumption of previous roles, with the quality of this recovery being defined by the level or the process 
through which this is attained [7e9]. This is in contrast to a recent meta-analysis, reporting length of 
stay as the most frequently assessed outcome in ERAS colorectal surgery [10].

Patient-centred care (PCC) has emphasised the importance of providing patients with individu-
alised information regarding their care and recovery in real time. PCC is defined as care that ‘is 
responsive to the preferences, needs and values of patients and consumers’ [11]. It is a care philosophy, 
encompassing a shared control of decision-making between the clinician and patient regarding clinical 
interventions or health-care management, with a focus on the patient as a whole person with indi-
vidual preferences. It is a concept that is foremost in healthcare worldwide, is advocated by the World 
Health Organization (WHO) and is associated with reduced mortality, length of stay, readmission and 
health-care cost [11]. A systematic review of 43 randomised control trials assessing the effects of pa-
tient engagement in their care also indicated PCC to be associated with improved patient satisfaction, 
health behaviours and health status [12]. It is also associated with an improvement in functional status, 
patient satisfaction and real-time outcomes.
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Self-efficacy is integral to the concept of PCC and is defined as the patient's own perception of their 
competence and capability to complete a specific course of action [13]. Arising from the social cognitive 
theory, it is formed by a patient's past mastery of similar experiences, social observation, persuasive 
information and current emotional/affective states [14]. The effect on the patient's functional and 
emotive outcomes has been documented in non-operative and operative populations [15e17], with 
three systematic reviews concluding that self-efficacy positively influenced functional improvement 
and emotive recovery [18e20]. Central to patient self-efficacy is the feedback to patients with relevant 
individualised information. Not only is disclosing information a core component of ethical medical 
care, but it is also increasingly being recognised as contributing to improved outcomes in rehabilitation 
[21e23]. This requires the provision of individualised postoperative clinical data pertaining to each 
patient, rather than to a postoperative population as a whole.

Perioperative risk stratification

Traditional perioperative risk stratification aims to preoperatively identify those patients at risk of 
adverse outcomes, and hence suboptimal recovery, in order to implement a protective measure 
aimed at mitigating the risk of postoperative complications. Postoperative complication rates do 
correlate with preoperative risk, with two systematic reviews reporting a correlation between 
adverse postoperative outcomes and poor preoperative cardiopulmonary exercise performance 
[24,25]. Cardiorespiratory complications are reported to have increased from 11% to 41% in patients 
ranked in the lowest and highest risk quintiles, respectively [26], resulting in an increase in intensive 
care unit (ICU)- based resource utilisation rates from 6% to 25%. Similarly, the incidence of post-
operative mortality parallels perioperative risk, with the former increasing in one observational study 
from 1.3% in patients with a surgical mortality score <17e25.1% in patients with a surgical mortality 
score >21 [27].

In the advent of electronic medical records (EMR) and ‘meta data’, predictive analytics has 
modernised perioperative risk stratification into real time. Predictive analytics refers to the pro-
cesses of real-time data mining, predictive modelling and analysing disease characteristics specific 
to individual patients in order to influence clinical decisions at the individual patient level to in-
fluence patient outcome [28,29]. At the time of patient admission, an individual patient's clinical 
status and EMR history is analysed in the context of evidence-based algorithms in order to ratio-
nalise interventions to those patients who will benefit [28,29]. In a prospective controlled before 
and after trial, readmission rates of heart-failure patients were reduced because of targeted 
discharge interventions applied to high-risk patients using EMR-based risk stratification [30]. The 
limitation of these risk prediction tools is that they identify populations of patients at risk of sub-
optimal recovery but not individual patients in whom this actually occurs. They are not predictors of 
poor recovery in its entirety [31]. Perioperative risk stratification is assessed at a population level, 
which is then extrapolated as a risk band to individual patients. The implications of this are twofold. 
Firstly, identification of a patient population at high perioperative risk and subsequent imple-
mentation of a protective measure expose all those patients within that high-risk group to the 
intervention, including those in whom no adverse event otherwise occurred. This results in both 
exposure of these aforesaid patients to the intervention's potential side effects without its benefit 
and the utilisation of finite health-care resources that could have otherwise been directed else-
where. Secondly, whilst adverse postoperative events occur most frequently in high-risk patient 
groups, a significant number occurs in those patients deemed to be at a low perioperative risk. This 
is due to the majority of patients being classified at low, as opposed to high, perioperative risk [31]. 
A retrospective review of 4,117,727 surgical procedures [32] identified a high-risk surgical popula-
tion that accounted for only 12.5% of all procedures but 83% of all deaths. However, by inference, 17%
of all study deaths, or 15,038 patients, died in the group were deemed not to be at a high peri-
operative risk. Thus, whilst perioperative risk assessment is essential for preoperative optimisation 
and resource planning, it has its limitations in identifying individual patients in whom suboptimal 
recovery actually occurs.
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RTR assessment

In light of the limitations of perioperative risk stratification, it is imperative that there is an 
assessment of the recovery that actually occurs in a timeframe that minimises delay in the imple-
mentation of a corrective measure.

RTR is a concept beneficial to any multi-faceted time-dependent system and involves the 
contemporaneous collection, analysis and reporting of data that enable (i) the identification of an 
error or deviation from an anticipated norm and (ii) the implementation of a corrective measure in a 
timeframe that maximises its impact [33,34]. The traditional assessment of recovery in the research 
setting compares recovery profiles between two patient populations to determine the benefit, if any, 
of an intervention or care bundle. It is inherently retrospective and thus introduces a time delay in the 
identification of a treatment benefit (or harm) that is prohibitive against any benefit for half the 
original study participants. RTR, however, has both clinical and research applications and is both 
patient and provider focused. As with traditional recovery assessment, RTR data can be analysed post-
hoc to compare recovery trajectories between patient groups to determine any treatment effect. 
However, its clinical advantage is through synchronous data collection, analysis and the use of 
automated alerts, through which individual patients experiencing suboptimal recovery can be 
identified at the time at which it occurs, thus rationalising finite resources and targeted treatments to 
those individual patients who would benefit most in a timeframe that minimises harm. Conversely, 
patients deemed to have recovered can be fast-tracked, thus averting unnecessary treatment and 
resource consumption.

RTR assessment is integral to the modern concept of recovery as a predictable trajectory, with its 
ability to minimise the time delay between the identification of poor recovery and implementation of 
corrective treatment as its benefit. There is universal acceptance of the benefit of early intervention in 
patients with acute ST-elevation myocardial infarction [35,36], out-of-hospital cardiac arrest [35,36] 
and acute neurological deficits [37e39]. Similarly, trauma patient outcomes improve with mini-
misation of treatment delay in post-general [40] intra-cranial [41], intra-abdominal [42] and thoracic 
[43] injuries. However, target timely intervention requires the identification of both the individual 
patients and in which domains recovery is suboptimal. Whilst perioperative risk stratification iden-
tifies patient populations at risk of poor recovery [44e46], it is only by real-time assessment of actual 
recovery that those patients with suboptimal recovery are identified. Furthermore, RTR is optimally 
assessed using multidimensional recovery assessment tools, enabling the drilling down of recovery 
assessment to determine in which domains the performance is suboptimal, thus allowing for imple-
mentation of treatment targeted to the cause of the impaired function.

The future of recovery assessmentddigitalised, integrated and in real time

RTR assessment resembles existing continuous remote monitoring (CRM) models of care well 
established in medical and professional sporting arenas. CRM is the continuous or high-frequency 
assessment of patients, beyond that which occurs during standard face-to-face consultation. The 
clinical benefits of CRM models of care are attributable to a reduction in the time delay between the 
clinical event and treatment implementation as well as the ability for them to identify subclinical 
adverse events. Two prospective multicentre trials in patients with cardiac pacemakers and automatic 
defibrillators revealed that continuous remote automated monitoring minimised time from the 
detection of arrhythmia to implementation of treatment, identified asymptomatic clinical events and 
resulted in reduced mortality [47,48]. A review of the use of e-alerts in the detection of acute kidney 
injury in critically ill patients emphasised the potential to which they could impact favourably on 
patient outcomes [49]. Both reduction in time delay and the ability to detect subclinical events are 
directly applicable to RTR assessment using the CRM model and infrastructure.

Much of the infrastructure required for RTR assessment is already in existence and includes 
wearable biometric technology, hybrid external devices and digitalised platforms. Wearable biometric 
technologies are already utilised in items including clothing, jewellery, watches and badges, which 
are light-weight, durable and have proven patient acceptability [50]. These provide continual
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individualised patient biometric data that can be analysed within the device itself or remotely via 
transmission through hybrid external devices. Data currently recorded include electrograms, bio-
impedance, cardiorespiratory and kinetic variables [50]. Remote transmission of data is through 
either the device itself or external hybrid platforms such smartphones through wireless connection. 
The latter devices already have widespread penetrance worldwide, thus adding to patient familiarity 
and acceptance [50e53]. By comparing the postoperative period to the patient's own baseline, these 
devices have the ability to provide both individualised real-time physiological recovery data and a 
biometric context to view other domains of recovery.

RTR assessment requires a digital platform through which we can integrate and analyse the 
plethora of data generated by these devices, with subsequent generation of automated alerts to the 
clinician and/or patient in the event of an adverse event or suboptimal recovery. Ideally these plat-
forms are individualised to the clinician or patient cohort for which they represent. One such plat-
form is Doctella [54], a digital health studio allowing a clinician to individualise a web-based App 
enabling the integration of real-time patient data from existing cloud-based databases (i.e. Healthkit, 
GoogleFit and EMRs) and customisation of automated SMS or email alerts. Similarly, Carekit (Carekit. 
org) and Researchkit (Researchkit.org) are open-source digital frameworks from Apple® enabling 
clinicians to create Apps to be utilised by patients through smartphones in clinical and research 
settings, respectively. An example is Epiwatch [55](Johns Hopkins University), an iphone 
application that allows individual patients to accurately track the onset and duration of their own 
seizures with the aim, through the use of predictive analytics and an individual's own biometric 
data, for this to act as an early warning system for impending seizures. Corrie App [56](John 
Hopkins University) allows patients with discharged post-cardiac events to track medication 
adherence, physical activity and vitals, with feedback from this data treating clinicians through 
automated alerts. In the postoperative setting, a recent multicentre randomised control trial 
showed proof of concept for the use of app-based platforms in measuring postoperative recovery 
[57,58]. Similarly, the PostopQRS (PostopQRS.org) is a multidimensional recovery assessment tool 
validated for repeat measures and assesses recovery through a PostopQRS online platform and 
smartdevice app. Two fundamental advantages of PostopQRS are its assessment of recovery by 
comparison of a patient's postoperative performance to their own baseline and the ability for data 
to be entered online at the time of patient assessment. The PostopQRS website allows clinicians to 
prospectively customise specific recovery data to be assessed and the study time period, with 
automatic generation of a case report form that can be utilised in either a paper format or an 
electronic format. Entering data directly into the online platform at the time of assessment results 
in an automatic contemporaneous analysis of individual patient recovery that is available to both 
the clinician and the patient. The clinical applications of this RTR assessment are twofold. Firstly, 
alerting the clinician to the individual patients (and in which domains) where suboptimal recovery 
occurs allows for targeted intervention to be administered to the patients who would benefit most 
in a time frame that has maximal impact. Secondly, real-time feedback to patients of their 
recovery status (i.e. they have or have not returned to their individual preoperative baseline) 
facilitates a mode of patient engagement in their own postoperative experience, a concept central 
to the modern process of recovery.

Conclusion

Modern recovery is best described as a continuous process extending over sequential postoperative 
time periods and cannot be predicted in its entirety using pre-operative risk stratification. Inclusion of 
patient-centred outcomes is an essential component of recovery assessment, with patient self-efficacy 
and engagement positively influencing functional and emotive recovery. The future of recovery 
assessment is that which is individualised, in real time and utilises much of the existing biometric 
technology, hybrid devices and electronic interfaces. This allows identification of patients in whom 
suboptimal recovery is occurring in a time frame that minimises delay in implementing the targeted 
corrective treatment.

http://Carekit.org
http://Carekit.org
http://Researchkit.org
http://PostopQRS.org
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Practice points

� Traditional risk prediction identifies populations at risk of suboptimal recovery but not indi-
vidual patients in whom this occurs.
� Predictive analytics enables real-time risk prediction of individual patients and does not
identify individual patients in whom poor recovery actually occurs.
� Preventative interventions solely based on pre-operative risk stratification exposes some
patients to interventions in whom no adverse event was to occur and fails to identify some
patients in whom intervention would have been beneficial.
� The definition of recovery differs according to the predilections of the user and can be viewed
as a continuum occurring over predictable time periods.
� Patient-focused recovery emphasises a return to a semblance of normality and an ability to
perform activities previously undertaken.
� A patient's sense of self-efficacy and engagement in their own care positively influences
functional improvement and emotive recovery.
� The future of recovery assessment is that which is individualised, digitalised, integrated and
in real time.
� RTR assessment is complementary to, but distinct from, current perioperative risk prediction
models.
� RTR assessment is the contemporaneous collection, analysis and reporting of data that
enable the identification of suboptimal recovery in individual patients in a time frame that
minimises the delay in the implementation of the targeted treatment.
� Future RTR assessment can be facilitated by the use of existing biometric technology,
wireless hybrid devices and digitalised platforms to provide both the clinician and the patient
with individualised real-time recovery data.

Research agenda

� To validate the inclusion of RTR assessment in existing integrated models of care.
� To determine the effect, if any, that RTR has on patient engagement and the ultimate post-
operative course.
� An assessment of the utility of existing wearable biometric technology, external hybrid de-
vices and digitalised platforms in the assessment of RTR.
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Measurement of recovery within ERAS 

Abstract 
Obtaining quality of recovery is an abstract construct that is the ultimate goal of each perioperative 

experience. Modern recovery has progressed from being defined as a purely unidimensional, short-

term outcome to a multidimensional concept that is occurring along a time trajectory and which 

extends beyond the traditional immediate postoperative period. Meta-analyses and systemic 

reviews have revealed the most commonly reported outcome measures used to evaluate ERAS 

pathways to be hospital length of stay and 30day readmission rates. Concept analyses and the rise of 

patient centred care have led to a call for measurement of recovery within ERAS programs to be 

extended to include both patient-centric and to include contextual variables through which to assess 

these traditional outcomes. Recovery assessment variables may be objective or subjective and are 

prone to bias due to lack of context or susceptibility to response shift respectively. Recovery 

assessment infers a comparison of a patient to a preoperative comparator, ideally their own 

preoperative baseline. Ideally, recovery is assessed using a multidimensional dichotomous recovery 

assessment tool that has the infrastructure to provide recovery both patient and clinician in real-

time.  
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What does it mean to recover? 
Obtaining quality of recovery is an abstract construct that is the ultimate goal of each perioperative 

experience. Recovery assessment has progressed from the unidimensional historical construct 

focused purely on that which determined safe discharge from theatre (1), to a multidimensional 

construct that encompasses functional recovery, symptomatology, cognitive function and patient-

reported outcomes. Historical indicators of poor recovery have primarily addressed that which is 

important for hospital discharge and resource utilisation: basic functional assessment, the presence 

or absence of adverse symptomatology (pain, nausea etc.) (2-8), emotional and psychological 

distress (6, 7, 9-11)  or patient dissatisfaction (6, 7, 12-14). Modern recovery, however, is best 

viewed as a multidimensional construct extending beyond the immediate postoperative period and 

is best defend by outcomes that are important to both clinician and patient.   

The temporal nature of recovery 
Integral to the concept of recovery within ERAS is the notion that recovery is a multidimensional and 

continuous process which occurs over sequential time periods (15-17). The recovery trajectory 

commences with an abrupt decline from function (temporally associated with surgical injury or 

trauma), which precedes a time-dependent restitution of function and wellbeing towards a plateau 

which may be similar to, or differ from, the patient’s own preoperative baseline. Recovery 

assessment is thus inherently a comparison of a patient’s postoperative function to that of a 

preoperative performance, ideally their own, with an assessment of the magnitude of this change to 

determine its clinical significance.  

ERAS has traditionally defined three recovery time periods- early, intermediate and late recovery 

(15). Early recovery is defined as that which is important for safe discharge to the ward (restitution 

of physiological parameters), intermediate recovery as that which is essential for hospital discharge 

(presence of adverse symptomatology (pain, nausea), basic resumption of functional activities, self-

care) and late recovery as that which occurs post hospital discharge until such time as a patient has 

returned to ‘normal activity’. The two former time periods are inherently provider and institution 

focused, and assess recovery via surrogate performance indicators which also determine resource 

utilisation (18, 19). Patient focused outcomes are only assessed within the latter recovery period. 

Alternatively, early, intermediate and late recovery can be defined in terms of that which is 

important for hospital discharge (physiological function and absence of adverse symptomatology), 

successful return to home (nociceptive, emotive, functional and cognitive recovery) and return to 

previous level of function (poor functional recovery, persistent pain, nausea and cognitive decline) 

respectively (20). Despite discrepancies in terminology used to temporally define recovery, it is 



essential that modern recovery assessment tools are multidimensional and validated for repeat 

measures, thus enabling extended assessment of patients along the recovery trajectory out beyond 

the immediate postoperative period.   

Measurement of recovery within ERAS programmes 
Recovery assessment within the scope of ERAS programmes has traditionally focused on 

unidimensional outcomes important for patient discharge (length of hospital stay (LOS)) and 

resource utilisation (hospital readmission). Two systematic reviews analysing the efficacy of 

Enhanced Recovery After surgery pathways (18, 19) revealed LOS and the presence of complications 

as being almost universally reported within ERAS studies, whereas patient centred outcomes were 

almost universally absent. This is important given that traditional unidimensional postoperative 

outcome measures lack patient focus and, when used in isolation, were found in two systematic 

reviews to rarely improved patient outcome (21, 22).  

A systematic review of the outcome measures used to evaluate ERAS programmes (19) identified 38 

studies, 25 of which were randomised control trials. LOS was the most commonly reported outcome, 

being reported in all but one study, and was specifically defined as the primary outcome in 18 of the 

studies. Other commonly reported outcomes also pertained to the immediate in-hospital period, 

namely physiological parameters (25 studies), pulmonary function (5 studies) and basic physical 

strength (3 studies). 50% of studies included parameters that addressed basic functional status, 

most commonly in-hospital mobility; whist this has been traditionally a surrogate for readiness for 

discharge, it has yet to be determined whether this correlates to successful resumption of daily 

activities once a patient has been discharged. Cognitive assessment was included in only one study; 

a significant omission due to the known interplay between impaired cognitive and non-cognitive 

recovery, and increased patient morbidity and mortality (23-25). Interestingly, quality of life 

measures were included in 7 studies, but only one of these using a validated health-related quality 

of life specific instrument. The time periods over which recovery was assessed was predominantly 

limited to the in-hospital and immediate discharge period; whilst all studies reported on the 

aforementioned in-hospital variables, only 17 studies reported on variables specifically confined to 

post hospital discharge. A meta-analysis of ER programmes in 5099 surgical patients (18) reported 

ERAS pathways to be associated with a reduce length of hospital stay (-1.14, 95% CI -1.45 - -0.88) 

and 30 day mortality (RR 0.71, 95% CI 0.6 – 0.86) but was unable to detect additional benefits due to 

the included studies non-uniform study design, non-uniform definitions and low power. One of 

these reviews (19) called on future reporting of ERAS pathways to include both patient centred 

outcomes, as well as data that could provide context to the traditional outcomes. These reviews, 



along with editorials (26, 27), highlighted that, whilst traditional outcomes of LOS and readmission 

rates are essential components of recovery assessment as they have direct impact on resource 

utilisation, they lack patient focus and do not fully address the multidimensional nature of modern 

recovery assessment.  

Concept analyses and the development of modern ERAS recovery 
assessment 
There has been significant discussion within the literature as to what best defines modern ERAS 

recovery. A concept analysis (28) concluded that the attributes which defined modern recovery were 

those of an energy requiring processes that culminated in the return of a patient to a relative state 

of normality, independence, optimal wellbeing and self-efficacy. Recovery was thus defined in terms 

of the absence of unpleasant symptoms, re-establishing emotional wellbeing and resumption of 

functional activities. Similarly, another concept study (29) also defined recovery in terms of absence 

of adverse symptomatology and restitution of basic bodily functions. A more recent concept analysis 

specifically addressing recovery within the ERAS framework (17) aimed to develop a conceptual 

framework with which to define, and hence assess, recovery post abdominal surgery. It first defined 

22 recovery related concepts, classified them according to The International Classification of 

Functioning, Disability and Health and used this as the basis to determine the content validity of 8 

patient-reported outcome assessment tools. The four most important concepts of recovery (an 

energy requiring process, an absence of pain, general physical endurance and ability to carry out 

daily routine) was consistent with that reported in previous studies and emphasised recovery as the 

resumption of previous activities undertaken. These concept analyses are in keeping with the wider 

literature where patients define recovery not just in terms of restitution of basic physiological 

function, but also in terms of their ability to return to a previous ‘normality’, a resumption of 

previous life roles (30-33). There is, however, often a disparity between traditional objective 

recovery assessment variables and that which is defined by the patient, as the latter is heavily 

influenced by each patient’s individual internal cognitive framework (personality traits, coping 

mechanisms and global sense of security) and knowledge regarding their expected recovery 

trajectory (31). Thus, modern assessment of ERAS recovery must include both traditional parameters 

such as restitution of physiological and physical function as well as the broader nociceptive, emotive, 

social, satisfaction and cognitive domains (31, 34).  



Approaches to recovery assessment 

Objective vs. subjective assessment 
Modern postoperative recovery assessment faces the challenge of providing objective measurement 

of variables that, by their nature are inherently subjective, and including in its breath of assessment 

recovery domains that have tangible meaning to both patient and provider. Traditionally, recovery 

assessment was quantified using unidimensional objective measures. However, the 

multidimensional recovery construct has implications to both patient and provider and has required 

recovery assessment to include more subjective (and in particular patient-reported) outcomes. 

The terms ‘objective’ and ‘subjective’ outcomes are entrenched within the medical literature yet 

lack unifying definitions.  A systematic review (35) of 90 methodological publications and 200 clinical 

trials found there to be no unifying definition of either variable. It revealed, however, that common 

characteristics were associated with each. A subjective outcome was concluded to be that which is 

dependent in part by an individual’s judgement (be it either the patient or an observer), is patient-

reported or a private phenomenon (measurable only by the patient). Conversely, an objective 

outcome was one that was independent of an individual’s judgment (be it patient or an observer), 

and was reported and assessable without judgement by an observer other than the patient.  Patient 

centred outcomes may be measured either objectively or subjectively are those which hold intrinsic 

value to the patient (36-39). In comparison, patient reported outcomes are inherently subjective as 

they are direct patient reports from the perspective of the patient without inference or judgement 

from an external observer (36, 40). This distinction between objective vs. subjective variables has 

clinical ramifications, as subjective outcomes are by necessity un-blinded and  hence particularly 

susceptible to reporter bias, over-exaggeration of treatment effect size and are influenced heavily by 

the patient-provider relationship (35, 41, 42).  

Objective outcomes 

Clinical performance indicators 
Recovery at the institutional and provider level has been traditionally by proxy through the use of 

clinical performance indicators (CPIs). The benefit of CPIs is that they are objective outcome 

measures that are easily reported and retrospectively audited (such as length of hospital stay), and 

reflect resource utilisation. They have become linked to reward based payment systems and are 

often used as a surrogate for quality of recovery (43, 44). However, their utility is in detection of 

complications, clinical errors and deviations from guideline adherence rather than a true measure of 

quality of recovery (44). 



Reporting of clinical performance indicators are ubiquitous within the perioperative literature and 

the most common outcomes reported in ERAS studies. However, an observational before-after study 

involving ERAS programmes reported a disparity between LOS and the time a patient was deemed 

ready for discharge (45), with 87% ERAS patients being discharged a median 1 day after discharge 

criteria were fulfilled. This highlights that even the dichotomous traditional outcome variable ‘LOS’ 

was itself heavily influenced by social, cultural, institutional and patient factors (46). Of interest, a 

study demonstrated construct validity for Time to Readiness for Discharge as an alternative 

surrogate measure of short term recovery (46), which aims to mitigate the impact of confounding 

influences on assessment of recovery. These studies emphasised the lack of collection of contextual 

variables (patient comorbidities and surgical complexity) with which to analyse these objective 

outcomes (length of stay) and recommended future studies to include these. Furthermore, a recent 

ERAS consensus statement advocated for traditional clinical outcomes to be routinely recorded with 

contextual variables such patient case-mix (47). Another systematic review (17) concluded that 

unidimensional outcomes are beneficial in assessing adherence to clinical pathways and 

identification of sentinel events, but must be viewed in the context of confounding variables 

(differences in patient case mix, anaesthetic and surgical complexity, measurement error or chance 

(43)). Importantly, when used in isolation they are rarely associated with improved patient 

outcomes (21, 22). Thus, whilst objective outcomes are easy to measure, it is only through their 

interpretation in a clinical context can they be true measures of the multifaceted nature of recovery. 

(48) 

Subjective outcomes 

Patient Reported Outcomes  
Patient Reported Outcomes (PROs) are subjective measures which prioritise the patient’s 

perspective as being that which is the most important at the time of assessment and are essential to 

the provision of high level patient centred care (26, 40, 49). They are specifically adept in capturing 

the multidimensional and inter-related nature of recovery domains (40, 50), define recovery in terms 

of the patient as the key stakeholder and ultimately optimise patient outcome through facilitating 

patient engagement in the recovery process (51). PROs commonly  aim to quantify more abstract 

concepts of recovery not traditionally assessed – postoperative quality of life, satisfaction and 

personal experience of care (36).  However, PROs as surrogate measures of recovery are hindered by 

their inherent subjective nature, lack of validated assessment tools and their susceptibility to 

response shift and recall bias (37, 40).  



Patient reported outcome measures (PROMs) are the means by which PROs are measured. PROMs 

were initially utilised in pharmacological and health service research, but have now become 

commonplace in the clinical arena to the extent that they are embedded in regulatory requirements 

and routine clinical care reporting (36, 52, 53). However, a systematic review identifying 22 unique 

PROMs post abdominal surgery (40) reported 74% as displaying only fair or poor development 

methodology, with the majority being based on limited or unknown evidence.  Importantly, no 

PROM adhered to the International Society of Quality of Life’s Research (38) minimum standards 

(internal consistency, reliability, content validity, hypothesis testing validity or responsiveness), 

although the four recovery specific PROMs did demonstrate sound content validity. In addition, 

PROMs were reported to be susceptible to the time delay between their reporting and the event 

being assessed, which directly impacted on the likelihood of both recall and response shift bias. In 

response, groups such as the Patient Reported Outcomes Measurement Information System 

(PROMIS) and Oxford Patient Reported Outcomes Group aim to calibrate and standardise 

contemporary PROMs for both clinical and research applications (38, 50, 54-56).   

Response shift and Recall bias 
Although not insurmountable, a major limitation of subjective outcomes is its susceptibility to 

measurement bias, in particular that due to response shift and error in patient recall. There is also 

the issue of whose view the health state is measured. Recovery inherently infers that a comparison 

is made between a patient’s postoperative state of health (or part thereof) and a preoperative 

control, ideally their own preoperative baseline. This ‘change’ is a surrogate marker of recovery for 

that health domain being assessed, with subsequent assessment of the magnitude of this change to 

determine whether it is within what is expected for that recovery interval. However, change scores 

that are reported by the patient and those that are recorded by an observer are often disparate (37, 

57). This is in part due to recall and response shift bias. 

When assessing change scores, three change scores are quantifiable, which differ in their primary 

state of reference and susceptibility to bias (Figure 1). Conventional change (CC) scores are derived 

by comparison of the patient’s postoperative (x1) and preoperative (xo) scores, with the latter being 

the score actually recorded by the patient preoperatively. CC scores infer that the most important 

perspective from which to measure the domain of interest is that at the time of each assessment 

(i.e. the preoperative score is derived from the patient preoperatively and the converse for the 

postoperative score). It’s benefit is that it is immune to recall bias but is susceptible to bias due to 

response shift. In contrast, patient perceived change (PPC) scores are derived by comparison of the 

patient’s postoperative score (x1) to that preoperative score that they would now give, given their 

current postoperative perspective (xadj). PPC scores thus infer that the most important perspective 



from which to measure the domain of interest is from one time point (i.e. the postoperative time 

point is the most suitable time for the patient at which to determine both postoperative and 

preoperative scores). Its benefit is that it is immune to bias due to response shift (as both pre- and 

post-operative events are assessed in the context of the postoperative experience), but is 

susceptible to recall bias.  

Recall bias is defined as the difference between what the patient recalls having scored 

preoperatively (xrec) and what they actually had documented (xo). Thus, a third change score, the PPC 

score adjusted for recall bias (PPCadj), was described (37) and is the sum of the PPC and recall bias. 

Similarly, response shift can be quantified as the difference between the CC and PPCadj (which is the 

difference between the patient’s xadj and xrec preoperative scores). This retrospective assessment of 

a preoperative event (i.e. how the patient rates their preoperative function from the perspective of 

their postoperative state) infers that past events are best compared in the context of subsequent 

events (the postoperative period) and from the perspective of those experiencing them (the 

patient). It also enables quantification of both recall and response shift bias.  

Figure 1  - Relationship between conventional change (CC) scores and patient perceived change (PPC) 

scores. Xo- preoperative score actually recorded by patient, Xrec - preoperative score a patient recalls 

having recorded, Xadj- preoperative score recorded by the patient from the postoperative 

perspective, X1- postoperative score recorded by the patient.  



Response shift was initially described within the domain of educational research and management 

science, and was subsequently applied to the clinical arena (58) in order to quantify the normal 

adaptive changes that occur within a patient’s internal framework in response to the passage of time 

and the experience of major life stressors (such as surgery of significant illness). Response shift is the 

alteration in a patient’s cognitive framework as a result of a stressor such that subsequent events 

are assessed through an altered perspective(39). For a postoperative patient, a catalyst (surgery, 

trauma or major illness) challenges a patient’s internal mechanisms by which he or she 

accommodates the catalyst (internal behaviours, cognitive and affective processes) such that the 

fundamental meaning of a target construct (i.e. what it means to recover) is altered for that patient 

(39, 59, 60). The mechanisms by which this alteration occurs is by one or more of recalibration 

(change in internal standards of measurement used to define recovery), reprioritisation (change in 

values associated with recovery) or reconceptualization (redefinition of what it means to recover) 

(59, 60). When assessing a patient’s quality of recovery using CC scores, this results in measurement 

bias in that the same construct (quality of life, recovery) is being measured pre and postoperatively 

by the same patient using different (cognitive) measurement tools. This is mitigated when the same 

construct is calculated using PPC scores.   

Response shift thus impacts on the reliability, validity and responsiveness of a PROM tool (58, 61, 

62). Construct validity is impacted as it assumes constant correlation between two domains of 

interest, a phenomenon that is does not occur when two patients experience vastly different 

recovery experiences.   Reliability is impacted as it requires that all patients share a common (and 

constant) frame of reference and experiences through which to view the recovery domain of 

interest. Thus, measurement error results when subjective outcomes are compared between 

disparate groups (i.e. treatment vs. control) or in the one patient but from differing perspectives (i.e. 

patient vs. caregiver vs. family member), as both the baseline cognitive framework and magnitude of 

response shift  differs amongst patient, caregivers and  providers as a result of differences in an 

individual’s experience, fear, focus or internal standards (39). Interestingly, when correcting for the 

effect of response shift on health related outcome measures, there is often an increase in the 

treatment effect detected and a reclassification of the mechanism by which this change occurs (63).  

Satisfaction  
Satisfaction is a subjective PRO that has intrinsic value and is central to the modern concept of 

patient centred care (64), but must is not a surrogate for quality of recovery.  Quality of recovery is a 

multidimensional construct that assesses the postoperative experience using both objective and 

subjective measures (65, 66). Whilst satisfaction may be assessed as a component of quality of 

recovery, it is a discrete entity which is inherently solely subjective and influenced both external 



events, socio-demographic variables and internal patient characteristics  (37, 64, 67, 68). Satisfaction 

as an outcome measure is hindered by its inherently subjective nature and the paucity of validated 

assessment tools and lack of a suitable comparator (69-72). Satisfaction is heavily influenced by the 

provider-patient relationship, being improved with empathetic care, provision of individualised 

health information, realistic patient expectation, shared decision making, emotional engagement 

and perceived responsiveness of the patient’s treating team (59, 60, 68, 69, 73-75). It is, in, part, 

correlated to objective measures of recovery, with high satisfaction being associated with reduced 

early readmission rates (76) and low satisfaction being correlated with persistent adverse 

symptomatology and postoperative complications (6, 72, 77, 78).  Thus, whilst satisfaction has 

intrinsic value as an outcome in its own right, it must not be used as a surrogate for quality of care or 

recovery and must be measured using a validated tool assessing satisfaction in specific areas of care 

(69, 71). 

Quantifying Recovery 
Recovery fundamentally assesses a patient’s postoperative performance to that of a preoperative 

comparator, with subsequent inference as to whether the magnitude of this difference is clinically 

significant. However, recovery assessment tools differ in their method by which they assess a 

patient’s postoperative performance, and, importantly, the preoperative baseline performance to 

which they compare.  

Composite change scores 
Recovery and its fundamental physiological processes exist along a continuum. Hence, recovery 

assessment begins with assigning a mathematical value to a patient’s postoperative performance in 

a health domain of interest.  These commonly take the form of Likert or Visual Analogue Scales, 

where a patient’s performance is assigned an integer value by either the patient or an independent 

observer, with 1 and 10 (or 5) being the minimum and maximum scores respectively. Each domain is 

assessed using one or more health related questions or ‘items’. In multidimensional recovery 

assessment, scores from each item are then summated to produce a single postoperative score 

(composite score) for each patient. This score is then compared to a preoperative baseline score, 

with this latter score being either the patient’s own baseline performance, or, more commonly, the 

average preoperative performance of a group (either the group to which the patient belongs or an 

historical group). This conventional change score is referred to as a composite change score. The 

significance of this score can then be assessed in two ways (Figure 2); either by comparison of the 

difference between two groups’ mean change scores to determine whether different clinical 

pathways infer a benefit, or by comparing an individual patient’s change score to a predetermined 



threshold in order to determine whether a patient’s performance is in keeping with what would be 

expected for ‘normal recovery’. In both assessments, a statistical significance is inferred to have 

clinical significance.  

Figure 2 - Composite change scores.  Δ xa  – Individual change score for patient a.  Δ xb  - Individual 

change score for patient b, Δ x1  - Group 1 mean change score, Δ x2  - Group 2 mean change score. 

Assessing recovery as a composite change score is not without its limitations. Firstly, whilst 

composite scores allow for assessment of recovery in multiple domains, it assigns equal weight to 

each scale which may not reflect their clinical implications i.e. a score of 7/10 for each on the pain 

and nausea scales, whilst mathematically equal and contribute to the final composite score to the 

same degree, may have different clinical implications. Secondly, each domain is commonly assessed 

using more than one response item, but the number of response items per domain may not be equal 

i.e. the nociceptive domain may be assessed using three response items, whist the cognitive domain

may have only one. This biases the overall composite score to reflect that domain which is assessed

by the most number of response items i.e. in the previous example, a patient with poor

postoperative pain will score a worse composite score compared to a patient that may have severe

cognitive dysfunction but excellent pain control. Thirdly, composite scores have the potential to



‘mask’ poor postoperative function, as demonstrable failure by a patient in one domain may be 

compensated for by their above average performance in the remaining domains (79, 80). Finally, a 

composite change score that is deemed to be reflective of poor recovery does not identify in which 

domain a patient’s performance is suboptimal, but only that is occurring.   

Dichotomised recovery scores 
An alternative method of recovery assessment is dichotomisation of each domain, such that each 

recovery domain is assessed independent upon all others.  This mitigates bias due to differences in 

the number of items used to assess each domain, as well as that due to patient’s failure in one 

domain being obscured by their excellent recovery in the remaining domains. At an individual 

patient level, a patient is deemed to have recovered on a recovery item if their postoperative 

performance is equal to, or exceeds, a predetermined value (ideally their own preoperative 

performance). Domain recovery requires that a patient scores as “recovered’ in all the items 

pertaining to that domain. Overall recovery mandates that a patient is deemed to have recovered in 

all of the domains assessed (Figure 3). Group recovery is assessed by comparison of recovery 

prevalence rates, either overall or for each domain. Dichotomising recovery assessment thus has 

direct clinical utility, as it identifies not only in which patients poor recovery is occurring (this patient 

“has recovered” vs. “has not recovered”), but in which domains (they have recovered in the emotive, 

functional domains and cognitive domains but not the nociceptive domain). This allows for targeted 

intervention to be given to those patients who would most benefit (physiotherapy assessment to 

patients with poor functional recovery and psychological review for those with poor emotive 

recovery). A perceived limitation of dichotomised recovery is that data richness is lost and that it 

identifies only the patient who has not recovered but not the magnitude by which they failed to do 

so. This is mitigated by recording continuous variables in their raw form, thus enabling a ‘drill down’ 

of domains with poor recovery to identify its severity.  



Figure 3 - Dichotomous recovery score – Patient has not recovered overall, due to failure to recover 

in the nociceptive domain due to persistent nausea (but no pain). 

The importance of using the patient’s own baseline as the comparator 
It is essential that the comparator to which a patient’s postoperative performance is assessed is the 

patient’s own baseline (preoperative) performance.  When ordinal scales are summated, it is 

assumed that there is not only mathematical equivalence between scales (the increments within the 

pain scale are identical to that on the nausea scale), but within each scale (i.e. the difference 

between 1 and 2 on the nausea scale is the same as 9 to 10) and between patients (each patient 

assigns the same weight to each increment on the nausea scale as they do to the pain scale).  

However, as each patient differs in their internal cognitive framework from which they assess the 

quality of their experiences, so too will they differ in the relative magnitude that they assign to the 

increments within each scale and between scales. This has direct implications when a patient’s 

postoperative performance is compared to anything other than their own, as the internal framework 

assigning value to each of the recovery scales postoperatively (the patient’s) is not the same internal 

framework that is assigning value to the scales preoperatively (either a person other than the 

patient or even a group average). For example, a patient is more likely to report a lower 

postoperative pain score pain if they are undergoing curative surgery compared to a patient who has 

undergone a palliative procedure (ref). Similarly, a patient who has previously experienced 

debilitating postoperative nausea may assign a greater significance to a single increment in nausea 

compared to a patient who has not. In addition, by using a patient’s own preoperative baseline for 

each individual perioperative event, response shift and recall bias is further reduced as it minimises 

the time delay between postoperative and preoperative assessments. As each perioperative journey 



is assessed independent upon previous, or future, events, this minimises the bias due to changes in a 

patient’s internal cognitive framework as a result of chronic illness or trauma.  

When assessing objective measures, comparison of a patient’s postoperative performance to that 

other than their own preoperative baseline is also biased when the patient differs significantly from 

the reference population in regard to the recovery item being assessed.  The fundamental building 

block of recovery assessment is comparison of a patient’s postoperative performance to a 

preoperative reference (traditionally this being an average performance of a reference preoperative 

group), with subsequent assessment as to whether this difference is in keeping with what would be 

expected for that particular time in a patient’s recovery course. A threshold difference in 

performance must therefore be determined, below which suboptimal recovery is deemed to be 

occurring. This is usually defined using common statistically significant thresholds (i.e. a change that 

is greater than 1 or 2 standard deviations from a reference population’s average performance) that 

is inferred to have clinical significance.   

A patient with a preoperative baseline performance significantly greater than that of the reference 

population is biased to be deemed to have recovered, even in the event that their postoperative 

function is demonstrably less than their own (high) preoperative baseline. This is as a result of the 

fact that the absolute value above which recovery is deem to have occurred is based on population 

parameters (the average group baseline score and the accepted ‘normal’ group variation above and 

below this) that may not mathematically model the individual patient’s performance. A patient with 

high preoperative baseline is biased to be recovered irrespective of whether they experience a 

normal or demonstrable decline in postoperative function compared to their own preoperative 

baseline. (Figure 4). As the population based pre-operative reference is less than the patient’s own 

baseline performance, these patients’ postoperative function must decline by a larger magnitude 

(compared to a patient with ‘average’ baseline function), for it to fall below the population-based 

threshold defining incomplete recovery. For example, a patient with high cognitive baseline may be 

able to recall 9 out of 10 words at baseline (compared to a population’s whose average is 6 and a 

standard deviation of 2) but only 6 postoperatively. If the threshold that defines poor recovery is a 

change score greater than -1SD from baseline, this patient would be deemed to be recovered when 

assessed using population parameters, but not necessarily when assessed to their own preoperative 

baseline. In this instance, they would be required to score less than 4 (a demonstrable decline from 

their own baseline) for them to be deemed ‘not recovered’. It is only by using each patient as their 

own comparator is this measurement bias is minimised.  



Figure 4 - The effect of comparing a patient’s postoperative performance to their own (vs. group 

average) preoperative baseline.   

Contextual real-time recovery – the future of modern recovery 
assessment 
Recovery assessment is complimentary to, but distinct from, traditional perioperative risk models. 

Perioperative risk assessments aim to predict patients in whom perioperative compilations (i.e. 

suboptimal recovery) may occur in order to rationalise resources to the patents who would benefit 

the most. Modern risk reduction tools utilise predictive analytics and patients’ electronic metadata 

in order to drive clinical decision and improve patient outcome (81, 82).  They are beneficial at the 

institutional and provider level to anticipate resource utilisation. At the individual patient level, 

population-based risk parameters are applied to determine a risk band for each patient’s 

perioperative event. Perioperative risk stratification does, in part, correlate with postoperative 

outcomes (83, 84) but requires all patients within a population (high risk patients) to all be given a 

treatment in order to prevent adversity in a proportion of them, and fails to address the 

perioperative issues (poor recovery) which may occur in a proportion of patients a priori classified as 

low perioperative risk.  Thus, whilst traditional perioperative risk models predict patient populations 

at risk of suboptimal recovery (and hence resource utilisation), they do not identify individual 

patients in whom this actually occurs in entirety (85).  

Real-time recovery (RTR) assessment is complementary to traditional risk assessment as it identifies 

individual patients in whom suboptimal recovery is actually occurring at the time that it is occurring. 



RTR has the potential to improve patient outcome by minimising the time delay between 

identification of suboptimal recovery and implementation of a corrective measure (86-93) as well as 

through improved patient engagement and promotion of self-efficacy (94-96).  

RTR is a concept originating from information technology and organisational literature but is directly 

applicable to the concept of recovery as that which occurs along a time dependent predictable 

trajectory. RTR is the ability of a system to detect and recover from a deviation from an expected 

norm in a time frame that minimises system losses. In regard to patient recovery, RTR requires first 

identification of individual patients, and in which domains, suboptimal recovery is occurring, and 

then implementation of a clinical corrective treatment aimed at the cause of this suboptimal 

recovery. RTR is thus ideally measured using a dichotomous recovery tool with contemporaneous 

collection and analysis of data. This real-time individualised data assessment is in addition to, and 

contrasts sharply from, traditional assessments of recovery which have been limited to retrospective 

assessment of recovery between groups (rather than between individual patients). 

The infrastructure and tools required for RTR assessment are already well established within the 

medical and surgical fields. These include data detection devices (either automated biometric 

technology or electronic apps collecting recovery specific parameters) and digitised analytic 

platforms. Automated biometric technology include items of clothing and jewellery which provide a 

continuous, or high frequency, individualised biometric setting (cardiorespiratory and basic 

physiological variables) from which to view other measures of recovery (97)). Recovery specific 

parameters range from PROMs (pain, anxiety) to procedure specific outcomes (return of bowel 

function, ability to flex knee).  Data is transmitted to digitised platforms either by automatic uploads 

through the device itself, via external hybrid devices or by manual entry by the patient into recovery 

specific smart-apps. Thus, each individual patient’s recovery data is assessed in context of their 

individual biometric profile, and ideally in reference to their own preoperative baseline.   

Digitised platforms are ideally tailored to the clinical context that they are applied to. For example, a 

recovery assessment may be tailored to include operation specific items that a surgeon has deemed 

important to measure or to what has been defined by the patient as important for a successful 

surgical outcome. Smart devices have high population penetrance and patient familiarity (97-100), 

biometric technology has high patient acceptability (97) and the use of smart devices for the 

collection of recovery data has demonstrated proof of concept (101, 102).  Through 

contemporaneous collection, uploading and analysis of data and the use of automated alerts, a 

clinician can be alerted at the time to a patient who is experiencing suboptimal recovery, 

irrespective of the geographic location of the patient (in patient versus outpatient). In addition, 



inclusion of the patient into the alert, patients are kept informed of their own recovery progress; an 

integral component of patient centred care and engagement.  

The Postoperative Quality of Recovery Scale (PostopQRS) 
The PostopQRS is a dichotomous multidimensional recovery assessment tool which has an 

established digitised analytic platform and smart device app. Recovery assessment may be tailored 

to the user (patient or clinician) and encompasses both basic physiological variables as well as the 

nociceptive, emotive, functional and cognitive domains. In addition, it compares each patient’s 

postoperative performance to their own preoperative baseline, thus minimising measurement bias. 

It has both clinical and research applications, as automated alerts can identify patients in whom 

suboptimal recovery is occurring at the time it is occurring (and in which domains) and retrospective 

assessment of data can analyses the prevalence of recovery within a clinician’s patient population . It 

has been validated in heterogeneous patient populations, includes a cognitive domain which is 

based on formal neuropsychological tests and which has been calibrated for repeated assessments 

and has been calibrated for assessment either face-to-face face or via telephone(6, 103-105). These 

attributes are essential for a tool to assess individualised patient recovery at multiple time points, 

both in the immediate postoperative period as well as post hospital discharge.    

Conclusion 
 Modern recovery has progressed from a unidimensional to multidimensional construct, is defined as 

occurring along a predictable time trajectory and extends beyond the traditional immediate 

postoperative period. The most commonly reported outcome measures used to evaluate ERAS 

pathways were length of stay and 30day readmission rates. There is a call for measurement of 

recovery within ERAS programs to be extended beyond the use of these traditional surrogate 

markers of patient recovery and to include both patient-centric outcomes and contextual variables 

in a multidimensional assessment. Recovery assessment variables may be objective or subjective, 

and are prone to bias due to lack of context or susceptibility to response shift respectively. Recovery 

assessment infers a comparison of a patient to a preoperative comparator, ideally their own 

preoperative baseline. Ideally, recovery is assessed using a multidimensional dichotomous recovery 

assessment tool that has the infrastructure to provide recovery both patient and clinician in real-

time.  
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Summary
Patients with pre-surgery cognitive impairment cannot currently be assessed for cognitive recovery after
surgery using the Postoperative Quality of Recovery Scale (PostopQRS), as they would mathematically be
scored as recovered. We aimed to validate a novel method to score cognitive recovery in patients with
low-baseline cognition, using the number of low-score tests rather than their numerical values. Face validity
was demonstrated in 86 participants in whom both the Postoperative Quality of Recovery Scale and an 11-
item neuropsychological battery were performed. The Postoperative Quality of Recovery Scale agreed with
neuropsychological categorisation of low vs. normal cognition 74% of the time, with all but five incorrectly
coded participants deviating by only one neurocognitive test. Cognitive recovery over time was compara-
ble for groups with differing baseline cognitive function, irrespective of whether the Postoperative Quality
of Recovery Scale or neuropsychological methods were used. Discriminant validation was demonstrated in
a post-hoc analysis of the steroids in cardiac surgery substudy by allocating groups to normal (n = 246) or
low-baseline cognition (n = 231) stratified by cognitive recovery on day 1. Recovery was similar for partici-
pants with low and normal baseline cognition. Postoperative length of stay was longer in patients with
failed cognitive recovery whether they had normal mean (SD) (10.4 (10.0) vs. 8.0 (5.9) days, p = 0.02) or
low-baseline cognition (12.0 (11.1) vs. 8.2 (4.7) days, p < 0.01). Overall quality, as well as cognitive, emotive
and physiological recovery was independent of baseline cognition. The modified scoring method for the
Postoperative Quality of Recovery Scale cognitive domain demonstrates acceptable face and discriminant
validity.
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Introduction
Postoperative cognitive dysfunction (POCD) is associated

with serious morbidity and mortality [1–5]. Cognitive

decline is common after major surgery [6–9], particularly

in the elderly [3, 8], making cognitive recovery an impor-

tant determinant of overall long-term surgical outcome.

Early detection of cognitive recovery may alert healthcare

practitioners to the risk of poor overall recovery and,

possibly, provide opportunity for early intervention. The

Postoperative Quality of Recovery Scale (PostopQRS) is a

multidimensional survey-based tool, which includes a

domain designed to measure cognitive postoperative

recovery over time [10]. The cognitive domain includes

five verbal cognitive tests. The other domains are

physiological, emotive, nociceptive and activities of daily

living. The scale also includes an overall patient

perspective domain.

The scale is determined pre-operatively to provide

individual baseline measurements for each patient. There-

after, recovery in various domains is defined by post-

operative values equalling or exceeding individual

baseline values, except for the cognitive domain where a

tolerance level is added to adjust for normal performance

variability [11]. That is, patients can perform a little worse

than baseline in the cognitive domain, by the magnitude

of the tolerance factor, and still be scored as recovered.

Currently, patients whose pre-operative performance is

so low such that any postoperative performance will fall

within the tolerance factor, are considered to have a low-

baseline performance in that test. A consequence of

having low-baseline cognition on a test pre-operatively is

that these patients will be automatically scored as ‘recov-

ered’ when assessed postoperatively for these tests.

Accordingly, participants with low-baseline cognition are

not currently scored in the cognitive domain post-

operatively, although they can be scored in other recov-

ery domains. The difficulty is that patients with pre-

existing cognitive impairment are at especially great risk

of poor outcomes, especially if their cognition deterio-

rates [1, 2, 12]. To address this limitation of the Post-

opQRS, we developed a novel scoring method for

cognitive recovery in patients with low-baseline scores in

the cognitive domain. Specifically, we now consider the

number of cognitive tests (out of five) on which a patient

performs poorly pre-operatively (i.e. below the test’s

threshold value for low-baseline cognition). Postoperative

recovery in this population is then defined as the same

number of tests or fewer that score below the threshold

value. If more tests score below the threshold values than

seen pre-operatively, then cognitive recovery has not

occurred. Our aim was to demonstrate both face and

discriminant validity for this modified scoring method.

Methods
We used two existing datasets. The first was from a single-

centre observational study entitled ‘Comparison of neu-

rocognitive assessment vs. PostopQRS cognitive domain

performance to assess cognitive recovery in patients under-

going cardiac surgery’, conducted at the Royal Melbourne

Hospital, Australia. It included 69 patients undergoing

cardiac surgery, each of whom had both PostopQRS and

a comprehensive neurocognitive test battery. The second

was from the quality of recovery substudy of the steroids In

cardiac surgery (SIRS) trial [13]. All participants understood

and spoke English well enough to complete the testing

surveys, and none had known psychiatric disease, dementia

or any medical or learning disorder that would impair

cognitive ability.

In each study, patients were assessed pre-operatively

and at multiple postoperative times. We compared cogni-

tive recovery in patients who had normal or low cognitive

baseline and determined whether clinical outcomes

(quality of patient recovery, length of stay, cardiovascular

complications, surgical complications and death) differed

for participants who did and did not demonstrate cogni-

tive recovery on the first postoperative day.

The cognitive domain of the PostopQRS consists of

five verbal cognitive tests: orientation, digits forward,

digits back, word recall and word generation. Cognition

is deemed recovered when scores on all five tests return

to within a small delta (‘tolerance factor’) of baseline

values. The tolerance factors for the cognitive sub-

domains are 0/3 for orientation, 2/6 for digits forward,

1/6 for digits back and 3/15 for word recall, and

3/unlimited for word generation [11]. Since patients

whose initial cognitive performance on any test is less

than the allowed tolerance are automatically scored as

recovered postoperatively with the original scoring

approach, we modified our scoring system for patients

whose pre-operative cognitive function was poor, with

poor being defined by an initial score within the toler-

ance range on any of the five cognitive tests. Specifically,

the modified system considers the number of cognitive

tests on which patients scores below the tolerance range

pre-operatively. Patients are then considered recovered

postoperatively when they score poorly on no more tests

than they did pre-operatively. For example, a patient who

had one low-baseline cognitive test pre-operatively will
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be scored as recovered if they perform poorly on

no more than any one of the five cognitive tests post-

operatively, but not if they have low performance on two

or more of the tests.

We determined face validity by comparing low vs.

normal baseline patients using an 11-item neurocognitive

battery as the reference method. Face validity was con-

sidered to have been established if cognitive recovery

was similar for low and normal baseline cohorts using

each method. The PostopQRS and the neuropsychologi-

cal battery tests were performed by trained research

staff. The PostopQRS interviews were conducted face-to-

face while patients were hospitalised or via telephone

after discharge (11). The neurocognitive testing coin-

cided with the corresponding face-to-face PostopQRS

interviews, with both tests being performed by the same

research team member. Baseline PostopQRS and

neurocognitive baseline data collection occurred no more

than 14 days before surgery. Subsequent PostopQRS

data collection occurred on postoperative day 1, days

3–5, day 14, day 30 and weeks 6–8. Postoperative

neurocognitive testing occurred at postoperative days

3–5 and weeks 6–8. Each test was carried out by a

trained research member, with blinding occurring at data

entry and analysis.

The neuropsychological battery included 11

validated and widely utilised neurocognitive tests that

assessed domains recommended in the Consensus State-

ment on postoperative neurobehavioral outcomes [14,

15]. Test outcomes were either time to test completion

(trails A & B and grooved pegboard) or number of

correct responses (controlled oral word association test,

stroop colour word test, rey auditory verbal learning test,

longest digit span (forward and backward) and symbol

digit modality). Where appropriate, reference parameters

of these tests were age and sex matched and parallel

forms containing different word and number lists were

used in order to reduce learning effect [16–18].

The analysis of the neuropsychological tests was

conducted as follows.

1 A literature search was conducted to identify age- and

sex-matched reference values for each test (mean and

standard deviation), which were used as reference

values to standardise each participant’s test perfor-

mance and are shown in Table S1.

2 Baseline neuropsychological performance was deter-

mined by comparison of the participant’s pre-operative

neuropsychological test scores to that of the age- and

sex-matched population norms [16–18], expressed as Z

scores (standard deviations from the mean). Baseline

neuropsychological cognition was considered poor

when patients had normalised Z scores less than �1.96
in at least 2 of the 11 tests in the battery which is consis-

tent with PostopQRS scoring in patients who were

categorised as having low-baseline cognition when

they had a low-baseline score in at least one of the five

tests in the battery, as well as current definitions of

poor neuropsychological performance.

The number of tests in which a patient achieved

normal baseline scores was compared for both neuropsy-

chological and PostopQRS tests. This process quantified

agreement between the reference neuropsychological

method and the PostopQRS in categorising low vs.

normal baseline participants. Cognitive recovery in the

PostopQRS domain was calculated using the current

scoring method for normal baseline participants, and the

modified scoring method for low-baseline participants.

PostopQRS cognitive recovery, as defined by both

PostopQRS and neurocognitive testing, was compared in

normal and low-baseline participants using Cochran–

Mantel–Haenszel tests. We were, thus, able to determine

whether cognitive recovery, as measured by the Post-

opQRS, was similar among groups classified as having

low vs. normal baseline cognition. A reverse analysis was

also performed. Neuropsychological recovery was

graphed for days 3–5 and weeks 6–8 for both low and

normal baseline groups, with baseline group classifica-

tion being determined both by the PostopQRS and

neuropsychological definitions. This approach allowed us

to determine whether neuropsychological recovery was

similarly defined by PostopQRS and neuropsychological

definitions of low vs. normal baseline cognition.

To investigate discriminant validation [13], we

hypothesised that the quality of recovery as well as clini-

cal outcomes (length of stay, cardiovascular complica-

tions, surgical complications and death) would be worse

in patients who failed to recover early (day 1) in the

cognitive domain, compared with those patients who did

have early cognitive recovery, independent of whether

they had low or normal baseline cognitive function. This

substudy was part of the steroids in SIRS trial [19]. The

substudy started well after the underlying trial began,

and was restricted to the Royal Melbourne Hospital

(Australia), the Cleveland Clinic (USA) and the Hamilton

Health Sciences and McMaster University (Canada).

Amendments to the SIRS ethics approvals and local gov-

ernance approvals were obtained at each participating

centre to conduct this substudy.

© 2018 The Association of Anaesthetists 3
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A detailed description of the underlying SIRS trial

has been published [19]. In brief, it was a double-blind,

placebo-controlled, randomised, multi-centre trial on

high-risk patients undergoing cardiac surgery (Euro-

SCORE ≥6). The intervention was to administer 250 mg

of methylprednisolone at anaesthetic induction and a

further 250 mg just before commencement of cardiopul-

monary bypass. The PostopQRS was conducted within

two weeks before surgery (baseline) and one day,

two days, three days, one month and six months after

surgery. The physiological subdomain was only measured

on postoperative days 1–3. The results of the comparison

between methylprednisolone and placebo have been

previously reported and showed no difference between

groups [20]. In this analysis, the participants were, there-

fore, combined.

Cognitive recovery was scored using the current

method for participants with normal baseline scores and

using the modified scoring system for participants with

low-baseline scores (see above). Two groups were

defined post-hoc according to the presence or absence

of cognitive recovery on day 1 after surgery. The primary

outcome used to determine discriminant validation was

length of hospital stay after cardiac surgery. Secondary

outcomes used to support discriminant validation

included other clinical adverse events, including death,

atrial fibrillation, myocardial infarction, stroke, acute

kidney injury and infections within six months after car-

diac surgery as well as failure to recover in the overall

domain and the physiological, nociceptive, emotive, func-

tional and cognitive subdomains over six months follow-

ing cardiac surgery.

Differences in clinical events were assessed using

Students t-tests for continuous data and Chi-squared tests

for binary data. In terms of the quality of recovery over

time, differences between groups were assessed using

the Cochrane–Mantel–Haenszel test. In case of a signifi-

cant difference between groups in quality of recovery

over time, Chi-squared tests were used to compare the

proportions of participants recovered at each individual

time-point. Statistical analysis was not performed for the

evaluation of severity of incomplete cognitive recovery

due to an inadequate sample size to exclude type-2

error. P values < 0.05 were considered statistically signifi-

cant. All p values are two-sided. Descriptive data were

stored in Microsoft Excel 2016 (Microsoft Corp., Redmond,

WA, USA), statistical analyses were performed using

Stata/IC 12.1 for Mac (Stata Corp., College Station, TX,

USA), and data were graphically described in Graph Pad

Prism 6 (GraphPad Software, La Jolla, CA, USA). A

sample size was determined by the number of partici-

pants assessed with the PostopQRS in the SIRS studies,

therefore, no formal sample size estimates were

performed.

Results
Sixty-nine participants were enrolled, but two were not

studied due to incomplete data. Eighteen participants

(27%) had low-baseline PostopQRS cognition. Baseline

characteristics and operative data are shown in Table S2.

For each participant, the number of tests that were

scored as normal for both PostopQRS and for neuropsy-

chological batteries are shown in Fig. 1. There was agree-

ment in categorisation in 74% of participants. Where

categorisation differed, the magnitude of difference was

one test on the neuropsychological battery in all but five

participants. Among the 11 patients who had a normal

PostopQRS but low neuropsychological at baseline, nine

failed in at least one motor test. Of those with normal neu-

ropsychological baseline but low PostopQRS cognition,

four of six failed one neuropsychological verbal test.

Cognitive recovery in the PostopQRS domain is shown for

normal and low-baseline participants in Fig. 2. Cognitive

recovery was similar for normal and low-baseline

participants, irrespective of the definition used to cate-

gorise low-baseline participants. Neuropsychological

recovery on days 3–4 and at 6–8 weeks is shown in Fig. 3.

Recovery in the normal baseline group was similar to that

in the low-baseline group, irrespective of the definition

used to categorise low-baseline participants.
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Figure 1 The number of tests that were scored above
the cut-off values for low-baseline cognition are shown
for the 11-item neuropsychological better (y-axis) and the
PostopQRS (x-axis). The cut-off for low-baseline cognition
is ≤ 9 neuropsychological, or ≤ 4 PostopQRS tests.
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From January 2012 to December 2013, 555 partici-

pants were enrolled, of whom 48 had incomplete base-

line scores and 27 had missing follow-up data on the first

day after surgery. There were, thus, 482 participants

available for data analyses (246 normal cognitive baseline

and 234 low cognitive baseline, Figure S1). Seventy-nine

of 246 participants with normal baseline cognitive scores,

and 89 of 234 participants with low-baseline cognitive

scores had cognitive recovery on the first postoperative

day.

Baseline characteristics and operative details for

normal and low-baseline cognition groups are shown in

Table S3. Mean (SD) ages were 72 (12) years in the cog-

nitively recovered group, and 72 (11) years in the non-

recovered group. Generally, the cognitively recovered

and non-recovered participants were similar, although

there was a tendency towards a higher proportion of

active smokers among the non-recovered participants.

The normal and the low-baseline groups were similar

except the tendency towards higher age in the low-

baseline group.

A comparison of recovery in all domains of the Post-

opQRS, using the modified scoring system for low-

baseline cognition, is shown for all participants with

normal and low-baseline cognition in Figure S2. The low-

baseline group had slightly better cognitive recovery, but

with a similar profile across time to the patients with

normal baseline cognition. Recovery profiles did not

differ significantly in any other domains.

Clinical outcomes of participants with normal cogni-

tive baseline scores are displayed in Table 1. The total

length of hospitalisation in the cognitively recovered

group was mean (SD) 8.0 (5.9) vs. 10.4 (10.0) days,

p = 0.02). The proportion of participants with a length of

stay beyond 10 days was 13% in the recovered group vs.

25% in the non-recovered group, (OR: 2.4, 95%CI 1.1–

5.0, p = 0.02). The mean (SD) length of stay in the inten-

sive care unit (ICU) was 2.1 (3.0) days vs. 3.2 (5.5) days,

p = 0.049; and the proportion of participants with a

length of ICU stay beyond two days was 14% in the

recovered group, which was lower than 34% in the non-

recovered group, (OR: 3.1, 95%CI 1.5–6.3, p = 0.01).

There were no differences between groups in any of the

other outcomes.

Quality of recovery over time to six months after

surgery in normal baseline cognition participants is shown

for cognitively recovered vs. not recovered groups in

Fig. 4. The incidence of overall recovery was higher for

recovered compared with non-recovered participants,

p < 0.01. The cognitive and physiological domains showed

better recovery for the recovered group (p < 0.01), but not

emotive, nociceptive or functional recovery.

Clinical outcomes for participants with low-baseline

cognitive scores are shown in Table 2. Total length of

stay was shorter in the cognitively recovered group

(8.2 (4.7) vs. 12.0 (11.1) days, p < 0.01), as was the pro-

portion of participants with a length of stay beyond

10 days (16% vs. 37%, p < 0.01, OR: 3.2, 95%CI 1.7–6.2).

Length of ICU stay was shorter in the cognitively recov-

ered group (2.4 (2.5) vs. 3.9 (4.7), p < 0.01), as was the

proportion of participants with a length of ICU stay

beyond two days (19% vs. 42%, p < 0.01, OR: 3.1, 95%CI

1.7–5.8). In addition, the incidence of death at 30 days

after randomisation was lower in cognitively recovered

participants (1% vs. 9%, p = 0.01). The groups were

generally similar in terms of the other adverse outcomes.
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Figure 2 The proportion of participants who recovered
in the PostopQRS cognitive domain is shown over time
for participants with low and normal baseline cognition.
Low-baseline cognition is categorised by both
PostopQRS and neuropsychological definitions.
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using neuropsychological criteria is shown over time for
participants with low and normal baseline cognition.
Low-baseline cognition is categorised by both
PostopQRS and neuropsychological definitions.
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Quality of recovery over time for patients with low

cognitive baseline scores is illustrated in Fig. 5. Overall

recovery was higher in the recovered group (p < 0.01).

Cognitive, physiological and emotive recovery was higher

in the recovered group (all p < 0.01), whereas there were

no differences between the groups in terms of nocicep-

tion or activity of daily living.

Recovery profiles for participants with normal cogni-

tive baseline scores based on the number of tests where

recovery had failed, are shown in Figure S3 and partici-

pants with low cognitive baseline scores are displayed in

Figure S4. Generally, recovery was worse in patients with

poor baseline cognitive function, especially in the cogni-

tive, physiological and overall recovery domains.

Discussion
Face validity implies that the test responds as expected

and includes construct validity where tests measuring

similar constructs should produce similar results [21]. The

PostopQRS agreed with neuropsychological categorisation

of low vs. normal baseline cognition in most participants.

Importantly, where disagreement occurred, it was usually

by a small margin on one test on the neuropsychological

battery. This is unsurprising, as PostopQRS cognitive tests

are derivatives of the neuropsychological battery, with a

focus on brief, verbal tests designed to facilitate telephone

use [11]. The 11-item battery includes visuospatial and

motor tests in addition to the verbal tests, and although

they essentially measure similar constructs, the motor tests

assess cognitive performance in areas that the PostopQRS

does not.

Most participants with normal baseline PostopQRS but

low-baseline neuropsychological cognition failed at least

one motor test, whereas the majority of low-baseline

PostopQRS/normal baseline neuropsychological partici-

pants failed a single verbal test. It is of note that motor tests

Table 1 Clinical outcomes of cardiac surgery patients with normal cognitive baseline scores. Values are mean (SD) or
number (proportion).

Recovered at day 1 Non-recovered at day 1 OR
p valuen = 79 n = 167 (95%CI)

Length of stay

Postoperative stay; days 8.0 (5.9) 10.4 (10.0) 0.02

< 10 days 69 (87%) 124 (74%) 2.4 (1.1–5.0)

11–16 days 8 (10%) 24 (14%) 0.03

> 17 days 2 (3%) 19 (11%)

ICU stay; days 2.1 (3.0) 3.2 (5.5) 0.049

< 2 days 68 (86%) 111 (66%) 3.1 (1.5–6.3) 0.01

3–5 days 7 (9%) 40 (24%)

> 6 days 4 (5%) 16 (10%)

Adverse outcomes

Death 3 (4%) 10 (6%) 1.6 (0.5–5.6) 0.47

Atrial fibrillation 27 (34%) 63 (38%) 1.2 (0.7–2.0) 0.59

Myocardial infarction 24 (30%) 72 (43%) 1.7 (1.0–3.1) 0.06

Stroke 2 (3%) 6 (4%) 1.4 (0–3.1) 0.66

Acute kidney injury 10 (13%) 34 (20%) 1.8 (0.8–3.7) 0.14

Normal function 69 (87%) 133 (80%) 1.8 (0.8–3.7)

Risk 5 (6%) 19 (11%)

Injury 4 (5%) 9 (5%) 0.51

Failure 1 (1%) 3 (2%)

Loss of function 0 0

End-stage disease 0 3 (2%)

Surgical site infection 3 (4%) 15 (9%) 1.6 (0.7–3.6) 0.15

Other infection 8 (10%) 25 (15%) 2.5 (0.7–8.3) 0.30

Status of recovery refers to the cognitive subdomain on the first postoperative day, and renal function is defined according to the
RIFLE criteria. Odds ratios and confidence intervals are calculated as superiority of cognitive recovery to cognitive non-recovery at
first postoperative day, that is, an OR of more than 1 indicates superiority of recovery, whereas an OR of less than 1 indicates
superiority of non-recovery.
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are not included in the PostopQRS Cognitive subtests. We

demonstrated further face validity by showing that cognitive

recovery was similar for both low and normal baseline

cohorts, whether or not PostopQRS or neurocognitive

methods were used to categorise low-baseline cognition.

We included a reverse analysis, and showed face validity

that a neurocognitive definition of recovery was compara-

ble in normal- and low-baseline participants, irrespective of

the method used to categorise low-baseline.

Recovery improved over time in both normal and

low-baseline groups in a manner that is consistent with

previous data [10, 11, 22–25], indicating that the new

scoring system produces similar results in low-baseline

participants to the normal baseline participants. This

similarity of cognitive recovery between groups that have

normal vs. low-baseline cognition has potentially

important clinical implications given the current debate

regarding the relationship between pre-existing cognitive

impairment and poor postoperative cognitive function [1,

3, 6, 26–28], and emphasises the need to validate a

scoring system with which to measure cognitive recovery

in those patients with a low pre-operative baseline.

We demonstrated discriminant validity for the modi-

fied scoring system using the SIRS trial substudy data
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Figure 4 Recovery over time is shown for the SIRS substudy cohort in participants with normal baseline cognition,
categorised by the presence or absence of cognitive recovery on day 1 after surgery. *p < 0.05.
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[13]. Quality of recovery in the SIRS trial was similar in

normal and low-baseline participants for domains other

than cognition (which could previously not be scored for

the low-baseline group). However, when the modified

cognitive scoring was applied to the low-baseline partici-

pants, and groups were allocated according to cognitive

recovery on day 1, then the differences in clinical and

quality of recovery outcomes in both low and normal

baseline groups were similar, favouring early cognitive

recovery. Discriminant validity was further demonstrated

by a pattern of increasingly worse recovery as the

number of tests failed at baseline increased, indicating a

severity effect.

Our primary aim was to validate a new scoring method

for cognitive recovery in patients with low-baseline

cognition. The cohort study comparing PostopQRS and

the neuropsychological test was sufficient to demonstrate

face validity, but too small to evaluate clinical outcomes. In

the clinical trial, we allocated groups according to cogni-

tive recovery on day 1 and, hence, only participants who

completed the PostopQRS at day 1 were included in these

analyses. It is possible that participants who declined to

complete the assessment at this time-point had a worse

outcome introducing a potential inclusion bias. The sample

size in this substudy was determined by the number of par-

ticipants assessed with the PostopQRS in the SIRS study,

and it was not a priori powered for the post-hoc analysis to

detect potential differences between low and normal cog-

nitive baseline scores. Comparison of these groups was

used to test for discriminant validation of the proposed

scoring system for low-baseline patients, rather than to

assess the importance of early cognitive recovery, and we

urge caution in further analysis of these data. However,

whether early detection of cognitive failure provides a

Table 2 Clinical outcomes of patients undergoing cardiac surgery with low cognitive baseline scores. Values are mean
(SD) or number (proportion).

Recovered at day 1 Non-recovered at day 1 OR
p valuen = 89 n = 142 (95%CI)

Length of stay

Postoperative stay; days 8.2 (4.7) 12.0 (11.1) < 0.01

< 10 days 75 (84%) 89 (63%) 3.2 (1.7–6.2)

11–16 days 9 (10%) 30 (21%) < 0.01

> 17 days 5 (6%) 23 (16%)

ICU stay; days 2.4 � 2.5 3.9 � 4.7 < 0.01

< 2 days 72 (81%) 82 (58%) 3.1 (1.7–5.8) < 0.01

3–5 days 9 (10%) 38 (27%)

> 6 days 8 (9%) 22 (15%)

Adverse outcomes

Death 1 (1%) 13 (9%) – 0.01

Atrial fibrillation 33 (37%) 51 (36%) 1.0 (0.6–1.6) 0.86

Myocardial infarction 33 (37%) 58 (41%) 1.2 (0.7–2.0) 0.57

Stroke 1 (1%) 2 (1%) – 0.85

Acute kidney injury 19 (21%) 30 (21%) 0.99 (0.5–1.9) 0.97

Normal function 70 (79%) 112 (79%) 0.99 (0.5–1.9)

Risk 11 (12%) 16 (11%)

Injury 3 (3%) 5 (4%) 0.98

Failure 2 (2%) 5 (4%)

Loss of function 0 0

End-stage disease 3 (3%) 4 (3%)

Surgical site infection 1 (1%) 12 (8%) – 0.02

Other infection 7 (8%) 32 (23%) 3.4 (1.5–7.9) < 0.01

Status of recovery refers to the cognitive subdomain on the first postoperative day, and renal function is defined according to the
RIFLE criteria. Odds ratios and confidence intervals are calculated as superiority of cognitive recovery to cognitive non-recovery at
first postoperative day, that is, an OR of more than 1 indicates superiority of recovery, whereas an OR of less than 1 indicates supe-
riority of non-recovery. Data reported as means � standard deviations or absolute numbers and percentages of patients. –, OR
cannot be calculated due to low number of events. *p <0.05.
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window-of-opportunity for interventions that might

improve outcomes, merits further research.
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APPENDIX M 

Cognitive recovery as measured by the PostopQRS for differing definition 
used to define low NP performance.  

Threshold – standardised NP test score which defined low baseline performance, SD – standard 
deviation, NP – neuropsychological.  
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i PostopQRS Cognitive recovery -  threshold for low cognitive neuropsychological (NP) 

baseline defined as ≤-0.5SD
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ii PostopQRS Cognitive recovery -  threshold for low cognitive neuropsychological (NP) 

baseline defined as ≤-1.0SD 
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iii PostopQRS Cognitive recovery -  threshold for low cognitive neuropsychological (NP) 

baseline defined as ≤-1.96SD 
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iv PostopQRS Cognitive recovery -  threshold for low cognitive neuropsychological (NP) 

baseline defined as ≤-10% 
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v  PostopQRS Cognitive recovery -  threshold for low cognitive neuropsychological (NP) 

baseline defined as ≤-20% 
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vi PostopQRS Cognitive recovery -  threshold for low cognitive neuropsychological (NP) 

baseline defined as ≤-30% 

307



vii PostopQRS Cognitive recovery -  threshold for low cognitive neuropsychological (NP) 
baseline defined as NBS ≤-0.5SD, ≤-1.0SD or ≤-1.96SD 
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APPENDIX N 

Cognitive recovery as measured by the formal NP test battery, for differing 
definitions used to define low NP performance.  

Threshold – standardised NP test score which defined low baseline performance (baseline performance) 
and failure of recovery (postoperative performance), SD – standard deviation, NP – neuropsychological 
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i Neuropsychological recovery – threshold of low cognitive neuropsychological (NP) baseline 
and failure of NP recovery defined as ≤-0.5SD 
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ii Neuropsychological recovery - threshold of low cognitive neuropsychological (NP) baseline 
and failure of NP recovery defined as ≤-1.0SD 
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iii Neuropsychological recovery - threshold of low cognitive neuropsychological (NP) baseline 
and failure of NP recovery defined as ≤-1.96SD 
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iv Neuropsychological recovery - threshold of low cognitive neuropsychological (NP) baseline 
and failure of NP recovery defined as ≤-10% change from reference population mean performance. 
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v Neuropsychological recovery - threshold of low cognitive neuropsychological (NP) baseline 
and failure of NP recovery defined as ≤-20% change from reference population mean performance. 
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vi Neuropsychological recovery - threshold of low cognitive neuropsychological (NP) baseline 
and failure of NP recovery defined as ≤-30% change from reference population mean performance. 
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 vii  Neuropsychological recovery – threshold of low cognitive neuropsychological (NP) baseline 
defined as ≤-0.5SD, ≤-1.0SD or ≤-1.96SD where the threshold of failure of neuropsychological (NP) 
recovery defined as a Normalised recovery Score (NRS) ≤0.5SD, 1.0SD or 1.96SD  respectively.  
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APPENDIX O 

RTR-Pilot study intervention 
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15 | P a g e

T 0+day 14 PostopQRS Real-Time Feedback Intervention

Is this patient randomized to the intervention group (real-time feedback)?

The PostopQRS is complete

Proceed overleafYES

NO



RTR-PostopQRS Booklet November 2015
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T 0+day 14 PostopQRS Real-Time Feedback Intervention

For patients randomized to the intervention group ONLY:

The PostopQRS assessment is now complete, however you have been randomized in this
study to receive real-time feedback of your performance. The following information
compares your performance on the PostopQRS at this time in relation to your preoperative
baseline performance on the PostopQRS. Not returning to your baseline performance is not
a reflection on you or the care you have received and often changes and fluctuates over the
course of postoperative recovery. Any concerns regarding your care can be discussed with
your treating clinical team.

The PostopQRS assesses recovery in the following domains/areas

Physiological

Pain/nausea

Anxiety/Depression

Functional Activities of Daily Living

Cognition

To recover overall you must have returned to your baseline preoperative function on all of
the areas just listed.

On the PosotpQRS assessment just competed you have returned to your baseline
preoperative level (or better) in the following domains/areas

Physiological Yes□No□
Pain/Nausea Yes□No□
Anxiety/Depression Yes□No□
Functional Activities of Daily Living Yes□No□
Cognition Yes□No□

Therefore, you HAVE/HAVE NOT YET (delete as appropriate) returned to your overall
preoperative baseline function.

Thank-you for your time.
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