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Abstract
Background
We developed.adigital clock drawing test (dCDT), an adaptation of the original pen and
paper clockdest, that may be advantageous over previous dCDTs in the perioperative
environment."We trialled our dCDT on a tablet device in the preoperative period to determine
the feasibility of administration in this setting. To assess the clinical utility of this test, we
examined the relationship between the performance on the test and compared derived
digital clock measures with the 4 A’s Test (4AT), a delirium and cognition screening tool.
Methods
We recruited a sample of 102 adults aged 65 years and over presenting for elective surgery
in a single tertiary hospital. Participants completed the 4AT, followed by both command and
copy clock conditions of the dCDT. We recorded time-based clock-drawing metrics,
alongside._glock replications scored using the Montreal Cognitive Assessment (MoCA) clock
scoring criteria.
Results
The dCDT had an acceptance rate of 99%. After controlling for demographic variables and
prior tablet use, regression analyses showed higher 4AT scores were associated with
greater dCDT time (seconds) for both command (p=8.2, p=0.020) and copy clocks (=12,
p=0.005) and lower MoCA-based clock scores in both command (OR=0.19, p=0.001) and
copy conditions (QR=0.14, p=0.012).
Conclusion
The digital clock drawing test is feasible to administer and is highly acceptable to older
adults in a preoperative setting. We demonstrated a significant association between both the
dCDT time and clock score metrics, with the established 4AT. Our results provide

convergent validity of the dCDT in the preoperative setting.
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Editorial Comment: Elderly patients with pre-existing cognitive disorders have an increased
risk of postoperative cognitive dysfunction. This study investigated the feasibility of a novel,
tablet-based digital clock drawing test that was developed specifically for preoperative use
and administered to patients aged 65 years or above. Patient acceptance rate was high, and
this stop was easily managed in the preoperative workflow. Performance on the new test was

associated with performance on the 4 A's Test, indicating convergent validity.

Introduction

As the,population ages, patients with undiagnosed cognitive impairment are
increasingly‘présenting for surgical procedures.’? Cognitive impairment is a known risk
factor for perioperative neurocognitive disorders (PND) such as postoperative delirium
(POD) and delayed neurocognitive recovery (ANCR).3-5 Studies report that 20 - 30% of
patients aged 65 years or more presenting for surgery have some form of pre-existing
cognitive impairment.5” Preoperative neurocognitive screening may mitigate the risk of post-
operative complications, such as POD by facilitating perioperative planning and informed
decision making between patients, families and medical staff.48-1° With the prominence of
‘same-day’ surgical admissions, the immediate perioperative period may be the only
opportune time. to assess the cognitive function of these patients, highlighting the need for
brief and effective screening tools.

Ideal perioperative cognitive screening tools are fast, reliable, easy to administer and
can be used,across groups of varying cultures, education and language proficiency levels.
Despite the range of tools currently available, there is a lack of consensus on the most
appropriate(tool for screening cognitive impairment in the perioperative environment. Current
cognitive assessment tools, such as the Mini-cog "' and the 4A’s Test (4AT) '2 have been
deemed feasible for the perioperative use,’®'* however many tools are limited by staff
training requirements, acceptance by staff, sensitivity, variability in scoring, language
barriers and time constraints.'417

A potential alternative to pen and paper-based screening tools is the digital clock
drawing test (dCDT). Similar to the traditional test, the most common dCDT conditions are
the ‘command’ and ‘copy’ clock tests. The command clock requires respondents to freely
recall and draw the face of a clock; in the copy condition, respondents replicate the image of
a clock presented to them. Multiple cognitive domains are involved in the successful
completion of both versions of the dCDT, including visuospatial construction, executive

function and attention,'8-2' making it a sensitive screening tool for cognitive impairment.
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Although previous studies demonstrate that the traditional pen and paper clock
drawing test is suitable for the perioperative period,'®' there is variability in the dCDT’s
patient acceptability, and incompatibility with some Electronic Medical Record systems.
These limitations may be overcome with a new digitised version.'” dCDT tools allow
researchersito objectively obtain additional drawing metrics, such as the time taken to draw
individual elements of the clock, a feature which may make the dCDT advantageous over
the standard paper-based test.?? Current iterations of the dCDT utilise digitised pens which
are single;purpose, bulky to draw with and require ink and paper.23 Furthermore, current
dCDT devices are limited by an inability to remotely connect to computers, instead requiring
a physical conneégtion to transfer data.

A tablet.based dCDT may address the limitations of previous pen-based dCDT
iterations and other tablet-based tools, but to-date has not been examined with older adults
in the immediate’perioperative period. Establishing the acceptability of clock drawing on
tablet devices in this population is critical as older people may be less familiar with electronic
devices, resulting in poor performances attributable to test suitability, rather than cognitive
impairment|per se. Current literature exploring the impact of tablet device proficiency on
computerised cognitive testing performance is mixed.?42¢ In terms of other interactive tablet
software, the authors are aware of several computerised cognitive assessment tools,?”-29
which may be used in the preoperative period. However, in this setting, acceptability,
efficiency of‘administration in addition to sensitivity are of prime importance.

Thesaim of the present study was to 1) develop a novel tablet-based dCDT tool for
the perioperative environment addressing some of the limitations of previous pen-based
dCDT toolspand 2) assess patient acceptability and the feasibility of administering the dCDT
to older adults in the perioperative environment. As secondary aims we also examined the
impact of prior tablet use on dCDT performance and established the concurrent validity of

the new tool by examining the relationship between our tablet-based dCDT and the 4AT.

Materials and Methods

Participants

Participants were recruited from the day surgery pre-operative admission centre at St
Vincent's Hospitaly Melbourne, Australia over a two-week period in November 2019. We
used a convenience sampling approach and screened patients for eligibility from the daily
operating room lists on the day prior to surgery. The study received ethical approval from St.
Vincent's Hospital Human Research Committee (SVH-HREC 181/19) as a low-risk activity;
all participants provided verbal informed consent.

Patients were invited to participate if they were 65 years or older, undergoing an

elective surgical procedure and had capacity to provide verbal informed consent. Capacity to
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provide informed consent was evidenced if the participant had consented for their own
surgical procedure. We excluded people with physical or sensory deficits (e.g. vision,
hearing, tremor) expected to prevent participation or people who had an overnight hospital
stay prior to their procedure. Baseline characteristics including age, sex, and years of
education were obtained for all participants. This study adheres to The Strengthening the

Reporting of Observational studies in Epidemiology (STROBE) guidelines.3°

Tablet-Based.dCDT

Before assessing the feasibility of a new dCDT on a tablet device, we first designed a
dCDT applicatiomthat was compatible with an Apple 9.7” iPad (® Apple Corporation, 6t
generation),’andsa 13t generation Apple ® pencil. The dCDT application was conceived and
designed by the author (R.B.) and produced in conjunction with an external software coder
(see acknowledgements). The intellectual property for this program is held by R.B. The
application to acquire the dCDT image and metrics was written in Swift 5 ® (Apple
Corporation, California, USA) for an iOS 12 operating system. This dCDT system was
designed to capture a range of drawing variables, including drawing latencies and number of
strokes, as well as storing the completed drawing suitable for conventional scoring (e.g.,
MoCA clock drawing score). For the purposes of this study we used the total time spent
drawing (including time between drawing strokes) referred to as “dCDT time” and a total
score based'on,MoCA clock drawing criteria.?>23 We selected these variables as they most
closely reflect'the variables of interest in the traditional paper and pencil test. Our application
allowed for easy transfer of clock data to electronic patient medical records or standard
analytic software (e.g. spreadsheet or statistical programs). The software functions as a
standalone application and thus although compatible with electronic medical records, can
also function independently of hospital/clinic software. The software had a drawing space
equivalent to 222.3 cm? (width 14.78 cm and height 15.04 cm).

To assess feasibility we evaluated the dCDT against the recommendations described
by Bowen et al.>' We considered the extent that the dCDT met criteria for: 1) acceptability to
patients, 2) demand for preoperative cognitive screening tools, 3) ease of implementation, 4)
practicality, 5) flexible adaptation of the tool, 6) integration into existing hospital systems, 7)
areas of expansion, and 8) efficacy. We systematically evaluated our tablet-based dCDT
against these criteria to determine the feasibility and validity of our tool with older adults in

the preoperative environment.
The 4AT

The 4AT is a relatively fast and easy-to-administer paper-based tool that screens for

delirium and cognitive impairment and is recommended by the Australian Commission on
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Safety and Quality in Health Care.'21%32 The test comprises four sections that are delivered
verbally: 1) assessment of alertness, 2) Abbreviated Mental Test — 4 (AMT4), 3) attention
assessment via months backward test and, 4) assessment of acute cognitive change. ltem
scores are summated for a total scale score ranging from 0-12, with zero indicating ‘unlikely’

cognitive impairment and greater than zero indicating, “possible cognitive impairment”.'s

Procedure

Eligible.patients were invited to participate and were assessed by one investigator
(R.B.) in the day procedures waiting room prior to their procedure. Given the single assessor
and availability ofia single device, not all patients who may have been eligible to participate
were able to'besapproached. Upon providing verbal consent, participants provided
information including their age, level of education, handedness, prior touch screen use
(greater than‘once per week versus none). We then administered the 4AT.

Next, participants were familiarised with the tablet device by instructing them to draw
a square on the screen. This phase was not scored in the study. This ensured a baseline
level of competence with the device before proceeding with the testing. The command clock
was administered first with participants given 3 commands: “Please draw a clock face; put in
all of the numbers; set the hands to ten past eleven”.®? Instructions were repeated if
requested by the participant. Following the command clock, participants were asked to
complete thereopy clock. An image of a correctly drawn clock on a laminated piece of paper
was provided; alongside the verbal instructions, “Please copy this image”. Participants were
provided as much time as necessary to complete each assessment.

ThedCDT clock drawings were scored by two members of the research team
according to MoCA clock scoring criteria (0 = worst, 3 = best).3® The MoCA clock scoring
criteria were chosen over more detailed criteria,3*3% because of their ease of application and
consistency of administration.?" Any discrepancies in scoring were discussed and resolved
by consensus with a neuropsychology registrar who is a member of the research team
(K.A).

Statistical analysis

Using Spearman’s rank correlation coefficients, we examined the relationship
between participant characteristic variables and the dCDT command and copy clock
variables. We used linear regression to evaluate how 4AT scores and prior tablet use
affected dCDT time. To examine the impact of 4AT and prior tablet use on dCDT scores, we
used logistic regression. For the purpose of these regressions we used a MoCA clock score
of >1 to indicate normal cognition for both command and copy conditions.?' A Wilcoxon

Rank Sum Test was performed to assess differences between participants with 4AT = 0 and
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4AT > 0 on dCDT time and clock score across both command and copy clocks. This
grouping was based on the official cut off scores for the 4AT of which a score greater than
zero indicates “possible cognitive impairment”.'® Finally, weighted Kappa statistics were
conducted to assess inter-rater reliability. All data was analysed using STATA® 15.1
(STATACorp LLCyTexas, USA). Although no power analyses were undertaken, we sought
to recruit 20-30:participants with some degree of cognitive impairment which, based on our
previous data, alongside others, would require 100 participants.t”

Results

A total of 103 patients were approached, of whom 102 agreed to participate and
completed all'stidy assessments, including familiarisation with the device, resulting in an
acceptance rate:of 99% (Figure 1). Participant characteristics for this sample are presented
in Table 1. When assessed against feasibility recommendations provided by Bowen et al,
the dCDT appeared highly feasible for the preoperative environment (Table 2). In our study
the dCDT was flexibly implemented into the preoperative workflow demonstrated by its ease
of use, patient acceptability and versatile administration.

Inter-rater reliability of MoCA clock scores was 0.72 (95% CI = [0.67, 0.74]) indicating
substantial agreement between raters. A 4AT score greater than zero, suggestive of
cognitive impairment,3® was observed in 25/102 (24.5%) participants with no participant
recording a 4AT score greater than three. Spearman’s rank correlation coefficient
demonstratedithat increasing age was associated with longer dCDT time for both command
and copy. dEDT conditions (r =0.22 p =0.024; r = 0.20, p=0.046 respectively). Lower years of
education was associated with longer dCDT times for both command and copy clocks (r= -
0.39 p<0.001; r = -0.25, p=0.011) respectively.

Next we compared the dCDT clock performance of people with a 4AT score of >0 to
those with a 4AT score of <0. Command and copy clock scores were significantly lower in
those with 4AT > 0 compared with 4AT = 0. Likewise, copy dCDT time was significantly
longer in thase with 4AT > 0 compared with 4AT = 0, however in the command condition,
dCDT time did not.differ between those with 4AT > 0 and 4AT = 0 (Table 3).

To examine the impact of extraneous variables on dCDT command and copy clock
performance for dCDT time and clock score, we performed multivariable linear regression
and logistic regression respectively. We entered age, sex, education, prior tablet use and
4AT score’into these models. In both command and copy conditions, prior use of touch
screen devices was not associated with dCDT time nor clock score (Table 4 and Table 5). In
contrast, years of education and 4AT score were significant predictors of dCDT time for both
command and copy conditions (but not dCDT score).

Discussion
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The present study aimed to assess the feasibility and validity of the dCDT in testing
older adults in the perioperative setting. Feasibility and acceptability was established with
99% of patients undertaking and completing the dCDT task. The dCDT was aligned with
feasibility recommendations making it feasible for cognitive screening in day of surgery
admission patients.3' The tool was highly acceptable to people aged 65 years or more
presenting forelective surgery regardless of prior tablet experience. Approximately one third
of older adults (35%) recruited to this study had minimal prior tablet use (less than an hour
per week), however our findings suggest that this limited experience did not affect test
performance, consistent with prior research.?* Validity was suggested by a robust
relationship between the dCDT time and clock scores with the 4AT. Our results indicate that
longer dCDTutimes and lower clock scores are sensitive to cognitive impairment in the older
adult surgical population. On balance, our findings support the dCDT as a screening tool for
cognitive impairment in perioperative settings.

The dCDThin this study is an improvement on paper-based tools and current
commercial versions of stand-alone digitised pens, which are single purpose, bulky to draw
with and require ink and paper. By using a tablet display and stylus this new tablet-based
dCDT provides immediate feedback to the user about dCDT metrics without requiring an
external computer: In this study the dCDT took ~ 2 minutes to complete and was faster than
other perioperative tablet-based applications for screening cognition.?”3” Finally, a distinct
advantage ofithe dCDT compared to paper-based tests is its potential for integration with
electronic.medical records.

The acceptance rate reported here was reinforced by qualitative feedback from
participantspwho described their experience with the tablet as ‘fun’ and ‘enjoyable’. The brief
questions, short duration of the test and familiarity with the shape of the digitised pencil
(rather than direct finger to tablet), may explain why the uptake of the test was higher
compared to other perioperative tablet-based studies that had rejection rates as high as
35%. 38

The design of the tablet-based dCDT application was appropriate for the clinical
environment. There were no software failures and no ommision of data points related to
human error. The Jusability of the dCDT could be further improved through the
implementation ofiin-app voiceover/text instructions for the command and in-app clock
image forthe copy clock condition of the dCDT to minimise personnel requirements and
minimise confounding effects of sensory impairments. For infection control, the tablet device
was used in a sealed cover which withstood over one hundred wipes with 70% isopropyl
alcohol surface cleaner without malfunction, as expected based on the manufacturers
disinfectant protocol.?® An unexpected positive finding from this study was the flexibility in

test administration that the dCDT enabled; participants were able to perform the test at the
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nurse check in station, lying supine or whilst standing. This makes the dCDT suitable for
bedside assessments and is an advantage over the standard pen an paper test because
lower limits of pen pressure are required to create an image on the digitised surface and an
additional firm surface is not required.

Importantly in this sample, prior tablet use was not associated with dCDT time or
clock scores. This is consistent with work by Fazeli et al, who reported that prior computer
experience did not influence performance on computerised tests. Moreover, the majority
(65%) of participants were prior touch screen users.?* Interestingly, age was not associated
with dCDT copy performance, suggesting that the dCDT may be a suitable screening tool for
older peoplesspanning multiple decades. In contrast, less years of education was associated
with poorer d€DT performance. This is an important caveat and education must be taken
into account to/correctly interpret screening test results in the clinical setting.

Our results contribute to ongoing work to determine the clinical utility of dCDT
variables in screening cognitive impairment in the perioperative period. Our findings are
consistent with previous work, supporting the notion that dCDT time is associated with
cognitive impairment.22:40.41

This study has limitations that may affect its generalisability. First, we compared the
sensitivity of the dCDT to a simple cognitive screening tool (i.e., the 4AT) and did not include
a comprehensive neuropsychological test battery. We are therefore unable to make
conclusions‘about the specific cognitive domains that the dCDT captured or how these
domains relate to broader neurocognitive disorders in the perioperative population. A
broader neuropsychological examination of cognitive domains would allow for a more
comprehensive interpretation of the dCDT results, but this lay outside the scope of the
present study. To reduce administration burden in the perioperative environment, we
developed the tablet-based dCDT to record clock drawing time from the moment the pen
connected with the digitised surface. As a result, time spent planning after the delivery of
test instructions but before commencing clock drawing was not calculated. Although this was
not a variable of interest in the present study, planning time is a metric of interest for some
clinicians and may be considered for future iterations of the dCDT. Ninety-one eligible
participants were not approached in this study because there was only a single assessor
and one device. Iln terms of the study population we did not collect formal data pertaining to
ethnicity or socioeconomic status, however the appropriateness of the dCDT across diverse
populations should be a focus of future research. Moreover, we did not account for levels of
depression, anxiety or pain. These psychological variables are known to have transient
effects on cognition*? and may have had an influence on participant performance,
particularly in the immediate preoperative period. Future research may seek to address the

impact of transient psychological states of dCDT performance in the perioperative period.
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Conclusion
The dCDT is feasible for the perioperative environment and demonstrates

convergent validity with the 4AT. This study showed a positive uptake of the dCDT amongst
patients, which was in contrast to other cognitive screening and tablet-based tools.'"38
Alongside a high,level of acceptability, the dCDT has several advantages over paper based
screening tools, including the ability to transfer information readily to online medical records,
making it:appropriate for use in busy perioperative hospital settings, and the minimal training
required of staff to administer the test. Given the practicality of the tool, it may prove a useful

addition to fagtilitate routine cognitive screening in clinical practice.

Acknowledgements
The authors would like to acknowledge Mr. M. A. Arslan for his assistance coding the

dCDT software. This study received departmental funding only.

Conflict of Interest

None to declare.

References

1. Dall“T, Reynolds R, Jones K, Chakrabarti R, lacobucci W. 2019 update: the
complexities of physician supply and demand: projections from 2017 to 2032. 2019.

2. Partridge JSL, Dhesi JK, Cross JD, Lo JW, Taylor PR, Bell R, Martin FC, Harari D.
The prevaleneesand impact of undiagnosed cognitive impairment in older vascular surgical
patients. Journal of Vascular Surgery 2014; 60: 1002-11.e3.

3. Bilotta'F; Lauretta MP, Borozdina A, Mizikov VM, Rosa G. Postoperative delirium:
risk factorsydiagnosis and perioperative care. Minerva Anestesiologica 2013; 79: 1066-76.
4. Evered L, Silbert B, Scott DA. Pre-existing cognitive impairment and post-operative
cognitive dysfunction: should we be talking the same language? International
Psychogeriatrics 2016; 28: 1053-5.

5. Ewered LA, Silbert BS. Postoperative Cognitive Dysfunction and Noncardiac
Surgery. Anesthesia & Analgesia 2018; 127: 496-505.

6. Culley DJ, Flaherty D, Reddy S, Fahey MC, Rudolph J, Huang CC, Liu X, Xie Z,
Bader AM, Hyman BT, Blacker D, Crosby G. Preoperative Cognitive Stratification of Older

This article is protected by copyright. All rights reserved



Feasibility of a digital clock test 11

Elective Surgical Patients: A Cross-Sectional Study. Anesthesia and analgesia 2016; 123:
186-92.

7. Silbert B, Evered L, Scott DA, McMahon S, Choong P, Ames D, Maruff P, Jamrozik
K. Preexisting cognitive impairment is associated with postoperative cognitive dysfunction
after hip jointreplacement surgery. Anesthesiology 2015; 122: 1224-34.

8. Culley DJ; Flaherty D, Fahey MC, Rudolph JL, Javedan H, Huang CC, Wright J,
Bader AM, Hyman BT, Blacker D, Crosby G. Poor Performance on a Preoperative Cognitive
Screening Test Predicts Postoperative Complications in Older Orthopedic Surgical Patients.
Anesthesiology 2017; 127: 765-74.

9. Arias\F, Bursian AC, Sappenfield JW, Price CE. Delirium History and Preoperative
Mild Neurogognitive Disorder: An Opportunity for Multidisciplinary Patient-Centered Care.
Am J Case Rep 2018; 19: 1324-28.

10. Arias F, Wiggins M, Urman RD, Armstrong R, Pfeifer K, Bader AM, Libon DJ,
Chopra A, Price CC. Rapid in-person cognitive screening in the preoperative setting: Test
considerations and recommendations from the Society for Perioperative Assessment and
Quality Imprevement (SPAQI). J Clin Anesth 2020; 62: 109724.

11. Seitz\DP, Chan CCH, Newton HT, Gill SS, Herrmann N, Smailagic N, Nikolaou V,
Fage BA/Mini - Cog for the diagnosis of Alzheimer’ s disease dementia and other
dementias withifi a primary care setting. Cochrane Database of Systematic Reviews 2018.
12. MacLullich AMJ, Shenkin SD, Goodacre S, Godfrey M, Hanley J, Stiobhairt A,
Lavender EgBoyd J, Stephen J, Weir C, MacRaild A, Steven J, Black P, Diernberger K, Hall
P, Tieges Z, Fox C, Anand A, Young J, Siddiqi N, Gray A. The 4 ‘A’s test for detecting
delirium in acute medical patients: a diagnostic accuracy study. 2019; 23: 40.

13. Saller, Ts:MacLullich AMJ, Schifer ST, Crispin A, Neitzert R, Schiile C, von Dossow
V, Hofmann-Kiefer KF. Screening for delirium after surgery: validation of the 4 A's test
(4AT) in the post=anaesthesia care unit. Anaesthesia 2019; 74: 1260-66.

14. Amint S, Crowley S, Hizel L, Arias F, Libon DJ, Tighe P, Giordano C, Garvan CW,
Enneking FK;Price CC. Feasibility and Rationale for Incorporating Frailty and Cognitive
Screening Protocols in a Preoperative Anesthesia Clinic. Anesthesia and analgesia 2019.

15. Bellelli Gy;Morandi A, Davis DH, Mazzola P, Turco R, Gentile S, Ryan T, Cash H,
Guerini F, Torpilliesi T, Del Santo F, Trabucchi M, Annoni G, MacLullich AM. Validation
of the 4AT, a new instrument for rapid delirium screening: a study in 234 hospitalised older

people. Age Ageing 2014; 43: 496-502.

This article is protected by copyright. All rights reserved



Feasibility of a digital clock test 12

16. Schofield I, Stott DJ, Tolson D, McFadyen A, Monaghan J, Nelson D. Screening for
cognitive impairment in older people attending accident and emergency using the 4-item
Abbreviated Mental Test. Eur J Emerg Med 2010; 17: 340-2.

17. O'Regan N, Maughan K, Liddy N, Fitzgerald J, Adamis D, Molloy D, Meagher D,
Timmons'S. Five'short screening tests in the detection of prevalent delirium: Diagnostic
accuracy and performance in different neurocognitive subgroups. International Journal of
Geriatric Psychiatry 2017; 32: 1440-49.

18. Cosentino S, Jefferson A, Chute DL, Kaplan E, Libon DJ. Clock drawing errors in
dementia: neuropsychological and neuroanatomical considerations. Cogn Behav Neurol
2004; 17: 74-84.

19.  Kaplan/E. The process approach to neuropsychological assessment of psychiatric
patients. The Journal of neuropsychiatry and clinical neurosciences 1990; 2: 72-87.

20. Libon DJ, Malamut BL, Swenson R, Sands LP. Further analyses of clock drawings
among demented and nondemented older subjects. Archives of Clinical Neuropsychology
1996; 11: 193-205.

21. Price.€€5Cunningham H, Coronado N, Freedland A, Cosentino S, Penney DL, Penisi
A, Bowers Dy Okun MS, Libon DJ. Clock drawing in the Montreal Cognitive Assessment:
recommendations for dementia assessment. Dement Geriatr Cogn Disord 2011; 31: 179-87.
22. Muller,SyHerde L, Preische O, Zeller A, Heymann P, Robens S, Elbing U, Laske C.
Diagnostic value of digital clock drawing test in comparison with CERAD
neuropsychelogical battery total score for discrimination of patients in the early course of
Alzheimer's disease from healthy individuals. Sci Rep 2019; 9: 10.

23. Hizel LP, Warner ED, Wiggins ME, Tanner JJ, Parvataneni H, Davis R, Penney DL,
Libon DJ, Tighe P, Garvan CW, Price CC. Clock Drawing Performance Slows for Older
Adults After Total Knee Replacement Surgery. Anesthesia and analgesia 2019; 129: 212-19.
24, Fazéli PL,; Ross LA, Vance DE, Ball K. The relationship between computer
experience and‘computerized cognitive test performance among older adults. J Gerontol B
Psychol ScisSeesSci 2013; 68: 337-46.

25. Iverson GL, Brooks BL, Ashton VL, Johnson LG, Gualtieri CT. Does familiarity with
computers affect,computerized neuropsychological test performance? J Clin Exp
Neuropsychol 2009; 31: 594-604.

26. Wallace SE, Donoso Brown EV, Simpson RC, D'Acunto K, Kranjec A, Rodgers M,
Agostino C. A Comparison of Electronic and Paper Versions of the Montreal Cognitive

Assessment. Alzheimer Dis Assoc Disord 2019; 33: 272-78.

This article is protected by copyright. All rights reserved



Feasibility of a digital clock test 13

217. Monsch RJ, Burckhardt AC, Berres M, Thomann AE, Ehrensperger MM, Steiner LA,
Goettel N. Development of a Novel Self-administered Cognitive Assessment Tool and
Normative Data for Older Adults. Journal of Neurosurgical Anesthesiology 2019; 31: 218-26.
28. Sahakian BJ, Owen AM. Computerized assessment in neuropsychiatry using
CANTAB#diseussion paper. J R Soc Med 1992; 85: 399-402.

29. Westerman R, Darby DG, Maruff P, Collie A. Computer-assisted cognitive function
assessment of pilots. ADF Health 2001; 2: 29-36.

30. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin Epidemiol 2008; 61: 344-9.

31. Bowen DJ; Kreuter M, Spring B, Cofta-Woerpel L, Linnan L, Weiner D, Bakken S,
Kaplan CP, Squiers L, Fabrizio C, Fernandez M. How we design feasibility studies. Am J
Prev Med 2009; 36: 452-7.

32. Standards NSaQHS. User guide for health service organisations providing care for
patients with cognitive impairment or at risk of delirtum. Level 5, 255 Elizabeth Street,
Sydney NSWa2000: the Australian Commission on Safety and Quality in Health Care, 2019.
33. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V, Collin I,
Cummings JL, Chertkow H. The Montreal Cognitive Assessment, MoCA: a brief screening
tool for mild cegnitive impairment. Journal of the American Geriatrics Society 2005; 53:
695-9.

34, Freedman M, Leach L, Kaplan E, Shulman K, Delis DC. Clock drawing: A
neuropsychological analysis: Oxford University Press, USA, 1994.

35.  Zhao H, Wei W, Do EY, Huang Y. Assessing Performance on Digital Clock Drawing
Test in Aged Patients With Cerebral Small Vessel Disease. Front Neurol 2019; 10: 1259.

36. Shenkin SD, Fox C, Goodacre S, Weir CJ, Godfrey M, Siddiqi N, Young J, Anand A,
Gray A, Hanley.J; MacRaild A, Steven J, Black PL, Boyd J, Tieges Z, Stephen J, MacLullich
AM. Utility"ofthe 4AT rapid assessment instrument in assessment of delirium and cognitive
impairmentidnracute care. Age and Ageing 2019; 48: 138-138.

37. Collie"A, Darekar A, Weissgerber G, Toh MK, Snyder PJ, Maruff P, Huggins JP.
Cognitive testing.in early-phase clinical trials: development of a rapid computerized test
battery and application in a simulated Phase I study. Contemp Clin Trials 2007; 28: 391-400.
38. O'Gara BP, Mueller A, Gasangwa DVI, Patxot M, Shaefi S, Khabbaz K, Banner-

Goodspeed V, Pascal-Leone A, Marcantonio ER, Subramaniam B. Prevention of Early

This article is protected by copyright. All rights reserved



Feasibility of a digital clock test 14

Postoperative Decline: A Randomized, Controlled Feasibility Trial of Perioperative
Cognitive Training. Anesth Analg 2020; 130: 586-95.

39.  Apple. (2020) Cleaning Apple Products. [www document]
https://support.apple.com/en-au/HT204172#ipads [accessed on July 2020]

40. MiillerSyPreische O, Heymann P, Elbing U, Laske C. Increased Diagnostic Accuracy
of Digital v§. Conyventional Clock Drawing Test for Discrimination of Patients in the Early
Course of Alzheimer's Disease from Cognitively Healthy Individuals. Front Aging Neurosci
2017; 9: 101-01.

41. Dion.C, Arias F, Amini S, Davis R, Penney D, Libon DJ, Price CC. Cognitive
Correlates of Digital Clock Drawing Metrics in Older Adults with and without Mild
Cognitive Impairment. Journal of Alzheimer's Disease; 75: 73-83.

42. Cohen'J, Penney DL, Davis R, Libon DJ, Swenson RA, Ajilore O, Kumar A, Lamar
M. Digital Clock Drawing: differentiating "thinking" versus "doing" in younger and older

adults with depression. J Int Neuropsychol Soc 2014; 20: 920-28.

Figure legend:

Figure 1: Participant eligibility, sources and methods of selection.
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Table 1. Participant Characteristics. Values are number (proportion), mean (SD)

N =102
Age (years) 74.4 (6.7)
Sex (M) 52 (51%)
Education (years) 11.7 (5.6)
Handedness«(R) 91 (89%)
Prior tabletuse (Y) 66 (65%)
4AT total score
AAT =0* 77 (75%)
4AT >0 25 (25%)
MoCA Clocksscores
Commands 1~ 74 (73%)
Copy > 1* 93 (96%)

Data are presented as mean # standard deviation or n (%).
Abbreviations: 4AT, 4 A’s Test, SD, standard deviation.

* Defined as normal cognition

Table 2. Key areas for the feasibility of the dCDT

Questions for investigators to Outcomes observed:
determine feasibility:

Acceptability Do participants complete the Patients continued to completion of task.
task in its entirety? Patients expressed satisfaction at completing
the task.

Do participants spontaneously
express satisfaction with the
dCDT?
Demand Is.the dCDT likely to be used? Demand for a quick, easy screening tool is high.
Patients reacted positively to the use of this tool.

Implementation «Can the dCDT be delivered to We have demonstrated this tool can be
intended participants? effectively delivered to older adults in the
preoperative setting regardless of prior tablet

use.
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Practicality Can the dCDT be delivered in a

clinical environment?

Adaptation Does the dCDT perform when

used in different environments?

Integration Can,the dCDT be integrated

with existing systems?

Expansion To'what extent can the dCDT be

improved?

Efficacy testing Does the dCDT show promise of
being useful for the elderly
perioperative population?

The device is portable, light weight, able and
was effectively sterilised without damage.

The tablet device can be used on multiple
surfaces, while the patient is sitting in a chair or
in a bed.

The outputs of the application can be easily
forwarded to other computers or software
systems. This includes via screenshots, videos
and data of dCDT metrics.

The tablet used is multifunctional and already
houses medical record software. Future
developments could allow the software to
connect with the dCDT.

The program on the tablet could implement
voice commands to assist linguistically diverse
groups without the need for an interpreter. This
may also assist out of hospital administration.

The program could contain a pre-drawn clock to

assist the copy condition.

We have shown some early data that the
outputs of the dCDT have convergent validity
with the 4AT. Further analysis of the how dCDT
metrics correlate to neuropsychological testing is
required. Furthermore, longitudinal analysis of
dCDT variables over time are underway and
may provide other insights into cognition.

Table 3. Wilcoxon Rank Sum test between 4AT groups (4AT = 0, 4AT > 0).

4AT = 0 (n = 77) 4AT > 0 (n = 25)
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Median (IQR [range]) Median (IQR [range]) p - value

Command
dCDT Time (s) 32 (26 —39[14-85]) 37 (26-55[15-107]) 0.092
Clock Score 2(2-2[1-3)) 2(1-2[0-3)) <0.001
Copy
dCDT Time (s) 29 (24 -35[18—-118]) 41 (31 -53[17-120]) 0.002
Clock score 2 (2-3[1-3) 2 (2-3[1-3)) 0.038

Abbreviations: 4AT, 4 A’s Test, IQR, interquartile range, dCDT, digital clock drawing test.

Table 4. Linear regression assessing variables association with dCDT time. Cl, Confidence

interval.
Command Clock Copy Clock
dCDT Time dCDT Time
. B p
Predictors p-value p-value
[95% CI] [95% CI]
-.29 43
Prior tablet use? 0.931 0.911
[-6.9, 6.3] [-7.2,8.1]
27 .39
Age (years) 0.061 0.155
[-.01, .56] [-.15, .93]
-.75 -.81
Education (years) 0.009 0.016
[-1.8, -.20] [-1.5, -.15]
-1.4 6.6
Sex (F) 0.653 0.060
[-7.3, 4.6] [-.30, 14]
8.2 12
4AT (= 0) 0.020 0.005
[1.3, 15] [3.7, 19]

@ Dichotomous yes/no variable
Abbreviations: dCDT, digital clock drawing test, Cl, Confidence interval, B, Beta coefficient,
4AT, 4 A’s Test:

Table 5. Logistic regression assessing variables association with clock score. Cl,
Confidencesinterval.

Command Clock Copy Clock
Clock score > 1 Clock score > 1
OR OR
Predictors p-value p-value
[95% CI] [95% CI]
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1.5
Prior tablet use?
[.52, 4.1]
Age ( ) .98
e (years
ey [.93, 1.0]
1.1
Education (years)
[.96, 1.2]
1.0
Sex (F)
[.38, 2.8]
19
4AT (= 0)
[.068, .53]

0.475

0.521

0.244

0.963

0.001

2.8
[.55, 14]
94
[.84, 1.1]
1.0
[.90, 1.2]
65
[.13, 3.2]
14

[.031, .66]

0.217

0.300

0.570

0.589

0.012

2 Dichotomoussyes/no variable

Abbreviations: dCDT, digital clock drawing test, Cl, Confidence interval, OR, odds ratio, 4AT,

4 A’s Test.
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