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Abstract 

Background: Short-term recovery after colorectal surgery has been traditionally investigated 

through length of stay (LOS); however, this measure is influenced by several confounding 

factors. This study aimed to investigate the construct validity and reliability of assessing the 

time to achieve standardised discharge criteria (Time to Readiness for Discharge - TRD) as a 

measure of short-term recovery. In a secondary analysis, we compared sample size 

requirements for RCTs using TRD or length of stay (LOS) as outcome measures.  Methods: 

Seventy patients participated in the construct validity study and 21 patients participated in the 

reliability study. TRD was defined as the number of days to achieve discharge criteria 

previously defined by consensus. Construct validity was investigated by testing the 

hypotheses that TRD is: longer in patients undergoing open surgery; (2) longer in patients 

with severe comorbities (ASA Score > 3); (3) longer in elderly patients (>80 years); (4) 

longer in patients developing complications; (5) longer in patients undergoing emergency 

surgery and (6) shorter than LOS. Reliability was calculated by comparing measures of TRD 

by two independent assessors. Results: Five of the six hypotheses were supported by the data 

(p<0.05). Interobserver reliability was excellent (ICC2.1 = 0.99). Sample size estimations 

showed that RCTs using TRD as an outcome measure require approximately 23% less 

participants compared to RCTs using LOS. Conclusion: The results of this research support 

the construct-validity and reliability of TRD as a measure of short-term recovery. Using TRD 

as an alternative to LOS may reduce sample size requirements in future RCTs.  
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Postoperative recovery is a nebulous concept. There is no universally accepted definition of 

recovery and there are few validated tests or indices to measure this construct.
1
 Studies 

involving inpatient surgery often classify the process of recovery in two phases: ‘short-term 

recovery’, i.e. the period of recovery between surgery and hospital discharge and ‘long-term 

recovery’, i.e. the period of recovery from hospital discharge until return to work and/or 

normal daily activities.
2-3

 Hospital length of stay (LOS) is a common endpoint of short-term 

recovery in surgical studies. The validity of this measure, however, is controversial as LOS is 

influenced by personal and organizational factors that are not related to the construct. These 

include health care systems, hospital culture, surgeon’s preferences, patient’s expectations 

and availability of postoperative support. 
1, 4

 

An alternative measure of short-term recovery may be obtained by assessing the time to 

achieve hospital discharge criteria. For the purpose of this study, this measure will be referred 

to as ‘Time to Readiness for Discharge’ (TRD). Rather than indicating the exact number of 

days patients stay in hospital after surgery, TRD indicates the number of days patients take to 

achieve the stage of recovery when they no longer require inpatient treatment and are 

considered ready to leave the hospital. As only factors related to physiological recovery are 

taken into account in the assessment, this measure may be a more appropriate index of short-

term recovery than LOS.
4
 The concept of TRD is not new to the literature as several authors 

have previously assessed time to achieve discharge criteria to indicate short-term recovery.
5-

12
 These authors, however, applied this outcome measure in a non-standardised manner (i.e. 

using different criteria to determine readiness for discharge), making it difficult to compare 

results across studies. In addition, there is a lack of research investigating the psychometric 

properties of TRD so that this outcome measure can be recommended for use in research.  

In the present study, we used a set of standardized discharge criteria recently defined by 

international consensus
13

 to determine TRD in a cohort of patients undergoing colorectal 

surgery. Our primary aim was to assess the construct validity and reliability of TRD as a 

measure of short-term postoperative recovery. Secondarily, we used data from this cohort to 

estimate and compare sample size requirements for randomized controlled trials (RCTs) 

using TRD or LOS as outcome measures.  

Methods 

Participants 
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Adult patients (> 18 years) undergoing open or laparoscopic colorectal surgery in a tertiary 

public hospital in Melbourne, Australia, were considered for inclusion in the study. We 

excluded patients undergoing surgery via transanal, transsacral or perineal approaches, 

surgery after trauma or surgery to other organs in addition to colorectal surgery. Ethical 

approval for the study was obtained from the Western Health Low Risk Human Research 

Ethics Panel (QA 2010.25). 

Procedures 

Four surgeons with extensive experience in laparoscopic and open colorectal surgery 

performed all operations. Bowel preparation was used in patients undergoing left sided or 

rectal resection. A nasogastric tube was not used.  Drain tubes were used only below the 

peritoneal reflection. Postoperative fluids and electrolytes were given according to clinical 

requirement. Clear liquids and carbohydrate drinks were offered on postoperative day (POD) 

1. Solid food was given after the first flatus occurred, and meals were served at the bedside. 

Analgesic requirements were assessed daily by the hospital’s pain management team. 

Postoperative analgesia was multimodal with the majority of patients receiving patient-

controlled analgesia and transitioned to oral analgesics after diet was tolerated. Patients were 

encouraged to sit out of bed from POD 1 by the medical and nursing staff and mobilized as 

remaining tubes and catheters permitted. 

For this study, readiness for discharge was considered to have been achieved when patients 

fulfilled all five discharge criteria defined by consensus (Table 1).
13

 An assessor independent 

to the colorectal surgery team and therefore to decisions regarding patient management and 

discharge (Assessor 1) was responsible for recording the achievement of criteria using a 

standardized assessment form (Appendix 1). Discharge criteria were evaluated during the 

morning ward rounds from POD 1. TRD was calculated by subtracting the date of surgery 

from the date when patients achieved readiness for discharge. The clinical team was unaware 

of the study purpose, ensuring discharge decisions were not influenced by the proposed 

discharge criteria.  

Demographic data (age, sex, preoperative diagnosis, ASA Score) and surgical outcome data 

(type of surgery, surgical access, surgery duration, complications and readmissions) were 

obtained from medical records. Intraoperative and postoperative complications were 



5  

 

 

registered according to the criteria outlined by Lang et al (2001).
14

 and classified according 

the Clavien-Dindo criteria.
15

 

Reasons for patients staying in hospital after discharge criteria had been achieved were 

analysed through a qualitative thematic analysis of discharge planning notes. These notes 

were taken by Assessor 1 during the colorectal surgery ward rounds. The thematic analyses 

involved: (1) transcribing of the notes into an excel spreadsheet; (2) coding the data by 

highlighting each important element of the transcripts; (3) identifying of themes based on 

patterns observed in the codes and (4) reviewing the themes for refinement.
16

 Patient medical 

records were reviewed if there was a significant discrepancy between TRD and LOS (>1day). 

Measurement of Construct Validity  

Our aim was to assess the construct validity of TRD by testing the following hypothesis: 

(1) TRD is longer in patients undergoing open in comparison with laparoscopic colorectal 

surgery.  

(2) TRD is shorter than actual hospital length of stay.  

(3) TRD is longer in patients with severe comorbidities (ASA > 3) in comparison with those 

with less severe comorbidities (ASA < 3).  

 (4) TRD is longer in elderly patients (>80 years old) in comparison with younger patients 

(<80 years old). 

 (5) TRD is longer in patients developing postoperative complications in comparison with 

those not developing complications.  

 (6) TRD is longer in patients undergoing emergency in comparison with those undergoing 

elective surgery.  

The sample size calculation for this validity study was based upon a comparison of TRD in 

open versus laparoscopic colorectal surgery. We used a formula for unequal sample sizes
17

 as 

the proportion of patients undergoing laparoscopic colorectal surgery in our institution was 

approximately 75%. With α=0.05 and β=0.20, considering a standard deviation of 2.4 days
5, 7, 
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9
 and an assumed dropout rate of 10%, a sample of 72 patients was considered sufficient to 

detect a difference of two days between groups.  

Measurement of Reliability  

We assessed interobserver reliability in a subgroup of patients who were evaluated by a 

second assessor (Assessor 2). Assessors 1 and 2 collected data independently, were blinded to 

each other’s evaluations and were asked not to discuss their findings until the completion of 

the study. It was hypothesised that the reliability between these assessors would be excellent 

(ICC2.1>0.75). 

Sample size requirements for the reliability study were calculated based on using an 

intraclass correlation coefficient (ICC).
18

  With two assessors evaluating the outcome 

measure TRD, expecting a reliability of 0.9 and a dropout rate of 10%, a sample of 21 

patients would be sufficient to detect a minimally acceptable reliability of 0.7.  

Statistical analyses 

Validity and reliability studies 

Statistical analyses of the data were performed using SPSS software version 17.0 (Chicago, 

Illinois, USA). Data regarding TRD were treated as non-normally distributed as per analysis 

of skewness and kurtosis. Hypotheses 1, 3, 4, 5, 6 and 7 were tested using Mann Whitney U 

test and hypothesis 2 was tested using Wilcoxon Signed Rank test. Reliability between the 

two assessors evaluating TRD was calculated using the intraclass correlation coefficient 

(ICC2,1), including the 95% confidence interval.
19

 The degree of reliability was defined based 

on following criteria: > 0.75 = excellent reliability; 0.75 – 0.40 = fair to good; < 0.40 = 

poor.
20

 Absolute reliability was calculated using the standard error of measurement (SEmeasure 

= SD√ 1 – ICC). 

Calculation of sample size requirements for hypothetical RCTs using TRD or LOS as 

outcome measures of short-term recovery 

As a secondary aim of this study, we used variability estimates (standard deviations) of data 

obtained from this cohort to calculate the minimum sample size needed to conduct adequately 

powered RCTs comparing the effect of different interventions on LOS and TRD. This 
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analysis followed the principles described by Wittes (2002).
21

 Sample sizes were calculated 

based on the assumption that a hypothetical RCT should be able to detect a relative difference 

of one or two days in LOS or TRD.
6, 22-24

 All calculations were based on a single-centre trial 

with no dropouts. α was set at 0.05 to control for type I error (false-positive result) and β at 

0.20 to control for type II error (false-negative result). A two-sided testing was assumed. All 

sample size calculations were performed using IBM® SPSS® SamplePower.  

Results 

Seventy-two patients undergoing colorectal surgery were recruited from November 2010 to 

April 2011. As two patients were lost to follow up (one transferred to tertiary private hospital 

and one transferred into care of another team), a cohort of 70 patients were included in the 

analysis. Data for the reliability study were collected from 20 consecutive patients from this 

cohort, between February and March 2011. Demographic, operative and postoperative 

outcome data are described in Table 2. Data on time to achieve each discharge criterion, TRD 

and LOS are presented in Table 3. Thirty-five patients (50%) remained in hospital after TRD 

were achieved. Most of these patients (43%) were not discharged because the surgical team 

judged they required further time in hospital (Table 4). Specific reasons included waiting for 

patients to improve their general condition (27%) spend more time out of bed (20%), or pass 

stool (7%).  

Five of the six hypotheses were supported by the data (Table 5). TRD was longer in patients 

undergoing open surgery (Hypothesis 1) (p=0.01) and shorter than LOS (Hypothesis 2) 

(p<0.001). TRD was also longer in patients with lower preoperative physical status 

(Hypothesis 3) (p=0.001), in those developing postoperative complications (Hypothesis 5) 

(p<0.001) and in patients undergoing emergency colorectal surgery (Hypothesis 6) (p=0.01). 

One hypothesis was not supported (Hypothesis 4) as TRD was found to be similar in elderly 

(>80 years old) and younger patients (<80 years old) (p=0.60).  

Interobserver reliability between the two assessors evaluating TRD was excellent (ICC 2.1 = 

0.99; 95% CI = 0.97-0.99). Standard error of measurement was 0.34. This indicates that, 

when different assessors evaluate TRD, a variation of +0.34 days can be expected with 68% 

confidence and a variation of +0.68 days can be expected with 95% confidence.  
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The standard deviations of the measures TRD and LOS were 3.45 and 3.95 respectively. 

Sample size estimates considering these standard deviations are presented in Table 6. 

Because TRD is a more precise measure (i.e. with lower standard deviation), RCTs using 

TRD require approximately 23% less participants to become adequately powered regardless 

of the effect size being assumed. 

Discussion 

The results of this research support the construct-validity and reliability of TRD as a measure 

of short-term recovery after colorectal surgery. Moreover, our results showed that using the 

TRD as an alternative to LOS reduces data variability (i.e. standard deviation) and, as a 

result, may reduce sample size requirements for RCTs assessing strategies to enhance 

postoperative recovery. Hence, the use of this outcome measure as an alternative to LOS may 

reduce research costs, decrease study duration and increase feasibility of full implementation 

of RCTs. Assessment of TRD is simple, practical and inexpensive. It requires a minimal 

amount of training and modification to clinical routine as it involves information that is 

commonly recorded in medical charts. 

From a clinical perspective, our results suggest that the use of standardized discharge has the 

potential to improve the efficiency of postoperative care by decreasing medically unnecessary 

hospital stays. Fifty percent of the patients included in the analysis stayed in hospital after 

discharge criteria were achieved. This may reflect uneasiness of clinicians in discharging 

patients or aggressiveness of the discharge criteria proposed. This result is supported by 

studies by Maessen et al,
4, 25

 where around 65% of prolonged hospital stays were considered 

clinically inappropriate. Although there are social, organizational and psychological factors 

that will invariably influence discharge decisions,
13

 our results showed that 43% of hospital 

stays beyond short-term recovery can potentially be avoided by the use of specific discharge 

criteria. The use of standardized discharge criteria by surgical units may also be a useful tool 

to audit clinical practice and identify systemic issues affecting lengths of stay.
 13

 

The median difference between LOS and TRD found in our validity study was one day.  In 

previous literature, this difference varied from 0 to 3 days.
5, 7-12

 Differences in discharge 

criteria and health care environments may be the reason for this variation. Our results are also 

in agreement with previous research suggesting that patients undergoing open
26

 or emergency 
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surgery
27-28

, with high ASA scores,
29-31

 or developing postoperative complications
29-30

 have 

slower short-term recovery.  

The only hypothesis rejected in the validity study was the one stating that elderly patients 

(>80 year old) have longer TRD compared to younger patients (<80 year old). Age alone may 

be a surrogate marker of LOS and postoperative recovery. In one of the largest cohort studies 

aimed at assessing recovery outcomes after colorectal surgery (n= 1035), Hendry et al 

(2009)
31

 identified age over 80 years old as an independent predictor of prolonged time to 

mobilization and prolonged LOS. Our sample included only 10 patients >80 and therefore 

may not have been adequately powered for the comparison.  

An excellent level of reliability was observed when two independent assessors measured 

TRD. This is reassuring that discharge criteria agreed by consensus have endpoints that are 

well defined and easy to assess.
13

 The use of the same standardized assessment form by both 

assessors may also have facilitated agreement. The reliability study involved a medical 

(surgical registrar) and a non-medical assessor (physiotherapist), suggesting that health-care 

professionals from different disciplines can reliably evaluate TRD. 

We were not using a full ERAS protocol at the hospital at the time of measurement. 

Therefore, LOS, TRD, and time to achieve each discharge criterion observed in our study 

were comparable to studies performed within a ‘traditional care’ setting but not to studies 

using ERAS protocols. The average LOS observed in our study was seven days compared to 

approximately five days in the ERAS literature.
32-33

 Time to achieve discharge criteria in 

ERAS studies varied from three to five days
10-12

 compared to six days in our study. Time to 

pass flatus and time to tolerate solid food was also longer in the current study in comparison 

to studies using ERAS (3 vs 2 days and 5 vs. 1-3 days, respectively).
10-12, 23

 Although 

participants in our study were encouraged to mobilize from POD 1, they took an average of 

five days to achieve discharge criteria regarding mobilization and self-care (i.e. ability to sit 

up, walk, go to the toilet, dress, shower and climb stairs if needed at home). In ERAS studies 

the time to achieve similar criteria (e.g. mobilization as preoperative) was approximately 

three days.
23, 31, 34-35

 This difference may be explained by the use of different protocols of 

early mobilization. While we did not use a standardized program to guide patient 

mobilization during the hospitalization period, studies using full ERAS protocols encouraged 

patients to stay out of bed for up to eight hours and perform up to six walks on the ward per 
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day.
31, 34, 36-39

 The time to mobilization observed in our cohort is comparable to other 

Australian studies where patient mobilization was not standardized.
40

 

The current era of evidence-based medicine raises the need for valid and reliable methods to 

measure if a new treatment is better than a previously accepted one. Although widely used as 

a measure of short-term recovery, LOS is influenced by patient and organizational factors 

that do not reflect recovery and invariably add variance to the measure. As the influence of 

these factors will vary across hospitals and health care systems, even when studies are 

concordant in demonstrating a LOS benefit for a given treatment, it is difficult to assess the 

relative magnitude of treatment effects among studies and compare their results. The choice 

between LOS and TRD may have little influence on the results of studies assessing 

interventions with a substantial effect size (e.g. ERAS vs. standard care); however, excessive 

variance will increase the probability of a negative result (type II error) or considerably 

increase sample size requirements in studies involving interventions with smaller effect sizes.  

The need for more precise estimates of short-term recovery rises, for example, in studies 

aimed at understanding the relative contribution of different components of ERAS. The 

controversial results observed in RCTs investigating the effect of laparoscopic surgery,
23, 39, 41

 

epidural analgesia,
24, 42

 optimized fluid therapy
43-44

 and preoperative carbohydrate loading
45-46

 

might in part be explained by inadequate outcome measurement and differences in statistical 

power across different studies. In addition to TRD, the use validated performance-based 

measures of recovery (e.g. six-minute walk test
47

) and patient-reported recovery measures 

(e.g. Surgical Recovery Scale
48

) may also overcome the limitations involved in the 

assessment of LOS. Investment in developing better outcome measures of postoperative 

recovery may be a more cost-effective strategy to improve research quality than simply 

increasing sample sizes.  

In the last decade, numerous studies in colorectal surgery have evaluated TRD as an index of 

short-term recovery.
5-12

 Although this provides evidence of face validity (i.e. researchers 

believe that TRD measures recovery), our study is the first to formally assess the 

psychometric properties of this measure. A major strength of our study was its prospective 

use of standardized criteria agreed by international consensus.
13

 This ensures that these 

criteria have face and content validity within an international context and, therefore, can be 

reproduced in future research. Data collection was contemporaneous and standardized. 

Consecutive patients undergoing a wide variety of colorectal surgery procedures were 
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included to avoid sampling bias. We performed a priori sample size calculations to ensure 

adequate statistical power.  

A limitation of this study was that patient’s postoperative care was not standardized using an 

ERAS program, which is currently considered as gold-standard care after colorectal 

surgery.
32-33

 A survey study by Kahokehr et al,
49

 published in 2010, suggested that the uptake 

of ERAS programs in Australia and New Zealand has been slow. Although some components 

of ERAS were already in use in the institution (e.g. early mobilisation, removal of nasogastric 

tube in the operating room), some interventions considered important to enhance recovery, 

such as epidural analgesia and early oral intake, were not routinely implemented. It is 

possible that patients would have taken less time to achieve discharge criteria if an ERAS 

program had been fully applied. Evaluation of discharge criteria was made once a day during 

the colorectal surgery morning ward rounds.  Assessments at shorter intervals (e.g. every 12 

hours, or in the morning and afternoon) could have produced more precise results in regards 

to the day of achievement of criteria. In regards to the sample size estimates presented in this 

study, it is important to note that these estimates do not intend to guide sample size decisions 

for future RCTs assessing TRD.  The intention of presenting these data was to provide a 

proof-of-concept of the potential sample size reductions by using TRD as an alternative to 

LOS.  

Our study provides avenues for future research. Establishing the psychometric properties and 

usefulness of a measurement tool is a continuous process of investigation and development. 

Therefore, we encourage the reproduction of our protocol in external settings, especially in 

units using ERAS programmes. Our results suggest that the use of standardized discharge 

criteria in clinical practice has the potential to reduce medically unnecessary hospital stays. 

This finding encourages future studies to confirm the safety and benefits of this approach to 

patient discharge.  

Conclusion 

This cohort study involving an Australian sample of patients undergoing colorectal surgery 

treated in a traditional care environment supports the construct validity and reliability of TRD 

as a measure of short-term recovery. Using this outcome measure as an alternative to LOS 

has the potential to reduce sample size requirements in future RCTs. This has the potential to 

increase research efficiency and decrease research costs.  
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Table 1. Criteria to determine readiness for hospital discharge following colorectal surgery* 

     Criteria 
Endpoints to determine when criteria should be 

considered to have been achieved 

 

Tolerance of oral intake  

 

Patient should be able to tolerate at least one solid meal 

without nausea, vomiting, bloating or worsening 

abdominal pain. Patient should drink liquids actively 

(ideally > 800-1000 ml/day) and not require intravenous 

fluids infusion to maintain hydration 

 

 

Recovery of lower gastrointestinal function 

 

Patient should have passed flatus 

 

Adequate pain control with oral analgesia 

 

Patient should be able to rest and mobilise (sit up and 

walk, unless unable preoperatively) without significant 

pain (i.e. patient reports pain is controlled or pain score < 

4 on a scale from 0 to 10) while taking oral analgesics 

 

 

Ability to mobilise and self-care 

 

Patient should be able to sit up, walk and perform 

activities of daily living (e.g. go to the toilet, dress, shower 

and climb stairs if needed at home) unless unable 

preoperatively 
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Clinical examination and laboratory tests show no 

evidence of complications or untreated medical 

problems 

 

Oral temperature should be normal  

 

Pulse, blood pressure and respiratory rate should be stable 

and consistent with preoperative levels  

 

Serum haemoglobin concentration should be stable, within 

acceptable levels  

 

Patient should be able to empty the bladder without 

difficulty or match preoperative level of bladder function  

 

 

When the criteria described above are fulfilled, the patient is considered to have reached short-term postoperative 

recovery and should be considered ready for discharge. Discharge may take place as soon as the patient has 

adequate post-discharge support (family at home, nursing or rehabilitation facility) and is willing to leave hospital. 

If the patient had a stoma constructed, he or his family should have received training on stoma care or had 

outpatient training arranged.  

 

*Fiore, J. F. J., Bialocerkowski, A., Browning, L., Faragher, I. G., & Denehy, L. (2012). Criteria to Determine 

Readiness for Hospital Discharge Following Colorectal Surgery: An International Consensus Using the 

Delphi Technique. Dis Colon Rectum, 55(4), 416-423. 

 

Table 2. Demographic, operative and postoperative outcome data 

 

  

Age, years 65.9+12.0 
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Gender (Male/Female) 40 (57)/30 (43) 

BMI, kg/m2 27.8+4.9 

ASA Score (I/II/III/IV) 8 (11)/38 (54)/22 (31)/2 (3) 

Diagnosis (cancer/benign disease) 47 (67)/23 (33) 

Surgery urgency (elective/emergency) 57 (81)/13 (19) 

Surgical access   

  Laparoscopic 38 (54) 

  Open 24 (34) 

  Other (reversal of temporary colostomy/ileostomy) 8 (11) 

Type of surgery   

  Right colonic resection (ileocectomy to extended right hemicolectomy)  20 (29) 

  Left colonic resection (left hemicolectomy to high anterior resection) 21 (30) 

 Subtotal/total colectomy 4 (6) 

  Rectal resection (low anterior resection to abdominoperineal resection) 14 (20) 

  Colostomy 3 (4) 

 Reversal of temporary colostomy/ileostomy 8(10) 

Formation of stoma (yes/no) 23 (33)/47(67) 

Surgery duration, minutes 180.5+76.9 

Postoperative analgesia (PCA/epidural) 67 (96)/3 (4) 

Postoperative complications  24 (34) 

 Minor (Clavien-Dindo Grade I and II) 18 (26) 

 Major (Clavien-Dindo Grade > III) 6 (8) 

Discharge destination (home/rehabilitation hospital or nursing home) 64 (91)/6 (9) 

Unplanned readmission within 30 days 7 (10) 

    

Results are expressed as n (%) or mean+SD. BMI = body mass index, ASA = American Society of Anesthesiologists, PCA = 

patient controlled analgesia.  
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Table 3. Time to achieve each discharge criterion, TRD and LOS 

 

  

Tolerance of oral intake, days  5.0 (4.0-7.0) 

Recovery of lower gastrointestinal function, days 3.0 (2.0-4.0) 

Adequate pain control with oral analgesia, days 4.0 (4.0-6.0) 

Ability to mobilise and self-care, days 5.0 (3.0-6.0) 

No evidence of complications or untreated medical problems, days 4.0 (3.0-7.0) 

  

TRD, days 6.0 (4.0-8.0) 

LOS, days 7.0 (5.0-9.0) 

  

 

Results are expressed as median (interquartile range), unless otherwise stated.  

TRD = time to readiness for discharge, LOS = hospital length of stay 

Table 4. Reasons for staying in hospital after short-term recovery had been 

achieved 

Patient did not achieve sufficient recovery according to the surgeons' judgment (medical decision)  15 (43%) 

Patient required training (or more training) to manage the stoma 7 (20%) 

Absence of sufficient post-discharge support or planning 6 (17%) 

Awaiting discharge by another medical team 4 (11%) 

Awaiting scheduled procedure (normally performed as an outpatient) 2 (6%) 

Patient not willing to discharge 1 (3%) 
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        Table 5. Hypotheses tested to contribute evidence for construct validity of TRD as an outcome measure of short-term postoperative recovery. 

 

Comparison n 

Median  

(IQR), days 

Median difference   

(95% CI), days 

p value 

 

 
Open vs. Laparoscopic surgery 24 vs. 38* 6.0 (5.0-9.0) vs. 5.0 (4.0-7.0) 1.0 (0.0 – 2.0) 0.01†  

 

TRD vs. LOS 

70  

(within group 

comparison) 

6.0 (4.0-8.0) vs. 7.0 (5.0-9.0) 1.0 (0.0 – 1.0) <0.001‡  

 Lower physical status (ASA > 3) vs. Higher physical status (ASA <3) 24 vs. 36 7.0 (5.5-9.0) vs. 5.0 (4.0-7.0) 2.0 (1.0 – 3.0) 0.001†  

 Octogenarians (> 80yo) vs. Younger patients (< 80 yo) 10 vs. 60 6.5 (4.2-8.5) vs. 5.5 (4.0-7.2) 1.0 (-1.0 – 2.0) 0.6  

 
Complications vs. No Complications 24 vs. 46 9.0 (6.0-11.5) vs. 5.0 (4.0-6.0) 4.0  (2.0 – 5.0) <0.001†  

 
Emergency vs. Elective surgery 13 vs. 57 8.0 (5.0-12.0) vs. 5.0 (4.0-7.0) 2.0 (0.0 – 5.0) 0.01†  
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 vs. = versus, TRD = time to readiness for discharge, LOS = hospital length of stay, ASA = American Association of Anesthesiology Scale, IQR = interquartile range, CI = confidence interval 

* Eight patients undergoing surgery for closure of stoma were excluded from this analysis. 

† Mann Whitney U test 

‡ Wilcoxon Signed Rank test 

 

 

Table 6. Sample size estimates for studies using LOS and TRD as outcome measures of short-term recovery 

 

Outcome 

measure 
SD 

n to detect a relative 

difference of ONE day 

n to detect a relative 

difference of TWO days 

LOS 3.95 490 (245 per arm) 124 (62 per arm) 

TRD 3.45 376 (188 per arm) 96 (48 per arm) 

Difference  114 (23%) 28 (22.5%) 

 

 TRD = time to readiness for discharge, LOS = hospital length of stay, SD = standard deviation 

 

 


