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HIGHLIGHTS

e Digitally screened patients have the same postoperative recovery compared to face-to-face screened patients.
o Not seeing a physician in the preoperative phase does not increase preoperative anxiety.

o A digital preoperative screening can reduce loan costs by a third.

o A digital patient portal provides 24/7 access for patients to review preoperative information and instructions.

ARTICLE INFO ABSTRACT

Keywords: Study objective: Digitalizing the preoperative assessment clinic can be a solution to keep up with the growing
Digital preoperative screening demand for surgery. It remains unclear if a digital preoperative assessment clinic is as safe, and effective in terms
Noninferiority

of patient health outcomes and experience compared to face-to-face consultations. This study aimed to compare
quality of recovery and mental state in patients undergoing a digital preoperative assessment versus regular face-
to-face consultations.

Design: This was a single centre, randomized (1:1), parallel, open-label, noninferiority trial.

Setting: The preoperative clinic and preoperative unit of an urban secondary care hospital.

Patients: All adult, Dutch speaking, ASA I-IV patients with access to an online computer who required surgery.
Interventions: Digital preoperative screening, consisting of an electronic screening questionnaire and web-based
platform with personalized information and recommendations related to the procedure, or face-to-face
screening, consisting of two 20-min in-hospital consultations.

Measurements: The primary endpoint was quality of recovery, measured 48 h after surgery. The analysis followed
a per-protocol principle, and only patients who underwent the intended screening were included in the analysis.
The noninferiority margin was set at —6. The trial was registered at ClinicalTrials.gov, NCT05535205, during the
study on 09/08/2022, before analysing results.

Main results: Between March 1, 2021 and 30 august 2021, 480 patients were assessed for eligibility. 400 patients were
randomly assigned to the digital group (n = 200) or face-to-face group (n = 201), of which respectively 117 and 124
patients were eventually included in the primary analysis. The mean quality of recovery score of patients undergoing
digital screening (158) was non-inferior to that of patients undergoing face-to-face screening (155), with a mean
difference of 3-2 points and a 97.5% lower confidence limit of —2.1 points. There were no adverse events.
Conclusions: A digital preoperative screening is not inferior to face-to-face consultations in patients undergoing
predominantly low to moderate risk surgery. Given its potential to reduce physician workload, reallocate
healthcare resources, and lower healthcare costs, a digital preoperative screening may be a better choice for
preoperative assessments.
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1. Introduction

The preoperative assessment clinic (PAC) is essential to mitigate
patient risk during surgery and support patient recovery. An effective
PAC reduces postoperative length of hospital stay, lowers perioperative
morbidity and mortality, and can decrease case delay and last-minute
surgery cancellation. [1-7] To achieve this, the giving and gathering
of relevant information over patient’s health status and, from a patient
perspective, the clear communication about the procedure, the potential
risks and what this means for the individual patient, is key. [8] However,
conducting PAC to a high standard is time-intensive and the growing
demand for procedures, by a growing population of patients with
advanced age, puts pressure on screening departments worldwide. [9] In
the meantime, digital healthcare platforms are making transformative
changes to conventional healthcare processes, which can be a solution
for growing waiting lists and can provide many beneficial improvements
for patients, caregivers, and society. [10]

Multiple studies investigated the efficiency of a (partly) digital PAC
and found it can prioritize time of caregivers and safe costs. [9,11-17]
The most recent study, by Milne-Ives et al. (2022), evaluated a digital
screening platform for patients to complete questionnaires and review
information, which reduced employee workload and costs by 38%. Of
1630 patients that completed the preoperative assessment, half did not
require any further face-to-face follow-up, and it took physicians a
median of 5.3 (IQR 3.2-12.9) minutes to review the preoperative as-
sessments. However, it remains unclear if digital preoperative assess-
ment methods are as effective and safe as face-to-face assessments in
terms of patients’ physical and mental perioperative health status and
experience, using validated patient reported outcome measures. This
information is important for caregivers, patients, and policymakers to
decide which intervention benefits most, and for what price.

Therefore, this study aims to (1) demonstrate the noninferiority of a
digital preoperative screening, in terms of postoperative quality of re-
covery, compared with a face-to-face preoperative screening in patients
requiring surgery, and (2) demonstrate if there is a difference in pre-
operative anxiety, decisional conflict, patient satisfaction, postoperative
admission days, morbidity, mortality, American Society of Anaesthesi-
ologists (ASA) physical status score reliability, and costs.

2. Materials and methods
2.1. Study design

This was a randomized, parallel, noninferiority, open-label trial
performed at 2 locations of a Dutch, urban, secondary care hospital. The
trial protocol was approved by the Medical Research Ethics Committee
in Utrecht and by the institutional research board of the hospital. The
trial was performed in accordance with the Declaration of Helsinki and
updated CONSORT 2010 guidelines for noninferiority and equivalence
trials. The trial was registered at ClinicalTrials.gov (NCT0553520)
during the study on 09/08/2022, before any data was analysed. The
aims of this study were to (1) demonstrate the noninferiority of a digital
preoperative screening, in terms of postoperative quality of recovery,
compared with a face-to-face preoperative screening in patients
requiring surgery, and (2) demonstrate if there is a difference in pre-
operative anxiety, decisional conflict, patient satisfaction, postoperative
admission days, morbidity, mortality, ASA physical status score reli-
ability, and costs.

2.2. Patients

Patients aged 18 years and older, admitted to the PAC department
with a request to undergo surgery were evaluated for study enrolment.
Patients referred for surgery from the following specialties in the hos-
pital were included: general surgery (vascular, traumatic, gastrointes-
tinal, oncological), gynecology, otolaryngology, neurosurgery, plastic
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surgery, orthopedics, and ophthalmology. The trial inclusion criteria
were ASA physical status I to IV, fluent in Dutch, the availability of an
online personal computer at home, and able to give informed consent.
Exclusion criteria were pregnant women, and patients undergoing a
non-standard pre-operative screening procedure that included breast-
and gastrointestinal oncology and cardiac procedures. These patients
are screened by a specialized nurse in our hospital and undergo a spe-
cific prehabilitation program, which is not yet implemented in the dig-
ital patient portal. All patients provided written informed consent for the
trial.

2.3. Randomization and masking

Patients visiting the PAC were screened by the investigators (BTVH,
DJT, RCMVR, LXVR) for eligibility and were subsequently informed on
the aims and requirements of the study, after which written informed
consent was obtained. Participants were randomly assigned (1:1) to
either a digital preoperative screening or a face-to-face preoperative
screening without blocks or stratification. A computer-generated
randomization list (using R 4.2.1) was prepared by the principal inves-
tigator (BTVH) and incorporated within a web-based trial database, in
which treatment allocation was only concealed after assigning the pa-
tient to the consecutive participant number. Quality of recovery and
secondary PROMs were assessed by patients using paper-based ques-
tionnaires, masked from the investigators, and processed by the prin-
cipal investigator (BTVH) after the interventions. Participants and
investigators were not masked to group assignment. The analyses were
done by a blinded researcher.

2.4. Procedures

Both interventions comprised a preoperative screening that extended
from the time of randomization to the day of surgery. A protocol was
used to standardize the extent of contact between patients and physi-
cians. The aim was to ensure no systematic differences between in-
terventions, beyond the intervention itself. Patients were informed on
the intervention alternatives before random allocation.

The control group consisted of a face-to-face screening including two
standard 20-min consecutive consultations with a nurse and an anaes-
thesiologist or physician assistant (PA). Information provided was not
scripted since we aimed to compare the intervention with standard-of-
care. The nurse obtained basic patient health information, provided
information on the upcoming hospital admission, and gave advice in
lifestyle procedures around the surgery. Subsequently, the physician
assessed the patient’s health status and based on co-morbidities, medi-
cation use, previous surgery, and lifestyle habits predicted the preop-
erative risks and assigned patients with an ASA physical status score. In
accordance with patients’ preferences the most optimal anaesthetic
technique was chosen and informed consent, to proceed with surgery,
was obtained. If required, additional diagnostics (e.g., blood test, elec-
trocardiogram, x-ray), were ordered and scheduled the same day.

The intervention group comprised a digital screening in where pa-
tients provided health information through an electronic screening
questionnaire and had access to a web-based portal to review informa-
tion and recommendations related to their upcoming surgery. The
screening questionnaire that is normally used by the nurse, consisting of
50 health related questions (e.g., previous procedures, illnesses, medi-
cation use, lifestyle habits), was digitalized and integrated with the
digital patient portal. Patients could assess the electronic questionnaire
directly after inclusion on a hospital computer or at home. Through the
same web-based patient portal, patients had access to animated
instructional videos. The videos informed patients on risks associated
with the various anaesthetic procedures, how to prepare for admission
(lifestyle advises, checklist of items to bring, and transport to the hos-
pital) and anaesthesia (medication use and last meal), what to expect
after surgery (symptoms, medication use, mobility), and what to arrange
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for their aftercare. They were created, in collaboration with a third
commercial party and not specifically for this research purpose, to fully
cover the information normally provided by the nurse and physician
with the additional advantage that the videos could be reassessed.
Physicians screened the patient based on the electronic questionnaire
and information in the medical record and subsequently assigned an
ASA physical score. In case any diagnostic tests were required, these
could usually be planned in combination with other in-hospital ap-
pointments or at the day of surgery. After the screening, a telephone
appointment was scheduled with the patient solemnly to decide on the
anaesthesia technique, based on patient preferences, and to obtain
informed consent. Obtaining informed consent digitally was not
permitted by the medical ethics committees when this study took place.
Anaesthesiologists and PAs were thoroughly instructed not to provide
more information or answer questions, and patients were well informed
on this principle. Patients were instructed to complete the electronic
screening questionnaire and assess the animated videos before the
scheduled telephonic appointment with the physician. An automated
message was instated on the day of allocation and one week later to
notify patients of these requirements. When the requirement was not
met, a new appointment was scheduled.

Patients who declined participation were screened by telephone,
which was standard of care during the COVID-19 pandemic. This
screening comprised two 20-min consecutive telephonic consultations
with a nurse and physician.

Adverse events were defined as any clinically significant unfav-
ourable change in the participants’ physical or mental status, regardless
of its relationship to the intervention. Mortality was classified as a
serious adverse event.

Patient outcomes were assessed using paper questionnaires one day
prior to surgery, and two days after surgery. Patient characteristics and
baseline values were assessed verbally with the patient directly after
inclusion at the preoperative department. For information on compli-
cations, mortality, surgery cancellation, and appointment cancellation
the medical record was retrospectively assessed up until 30 days after
surgery.

The study physicians were 14 anaesthesiologists and three PAs. PAs
were specialized in the preoperative assessment, and they accounted for
60% of the screenings. Physicians were carefully instructed on the study
aims and were trained in performing a digital screening in the two weeks
prior to the start of the study.

2.5. Outcomes

The primary outcome was quality of recovery measured with the
Quality of Recovery 40 (QoR-40) questionnaire and assessed at 48 h
postoperative. The QoR-40 is a validated composite endpoint that is
used in perioperative studies, and was incorporated in a recently
developed set of core outcome measures for perioperative and anaes-
thetic Care (COMPAC), to guide outcome selection in perioperative
clinical trials. [18-21] The questionnaire consists of 40 questions on a 5-
point Likert scale that provides a global score and sub scores across five
dimensions: patient support, comfort, emotions, physical independence,
and pain. The highest achievable score, indicating maximum quality of
recovery, is 200. The lowest score, indicating worst quality of recovery,
is 40. The questions are related to the quality of recovery over the past
24 h. [22] Since the vast majority of participants was not hospitalized
48 h after surgery (97 of 117 vs 112 of 124 in the in-hospital group and
digital group, respectively) the ‘support by hospital staff’ domain, con-
sisting of 3 questions which should only be completed by patients when
hospitalized, was omitted to prevent imbalances between groups. Scores
on the modified version could range from 37 to 185 points. QOR-40 is
translated and validated in Dutch. The QOR-40 has shown excellent test-
retest reliability (intra-class r = 0.92, p < 0.001) and internal consis-
tency (Cronbach’s alpha = 0.93, p < 0.001) in adults. [23,24]

The secondary outcomes included preoperative anxiety, decisional

Journal of Clinical Anesthesia 90 (2023) 111192

conflict, patient satisfaction with information and the procedure, ASA
physical status score reliability, postoperative admission days, 30-day
complications (due to surgery or anaesthesia e.g.: bleeding, infection,
readmission), 30-day mortality, PAC appointment cancellation, surgery
cancellation, and labour costs.

Preoperative anxiety was measured by the State-Trait Anxiety In-
ventory (STAI) Y form, which is the most used questionnaire for
measuring anxiety and has been translated in Dutch. The STAI shows
good internal consistency in the original study (a = 0.86 to 0.95). [25]
The questionnaire consists of two separate, 20-item, five-point rating
scales for measuring trait and stat anxiety. The score range lies between
a minimum of 20 to a maximum of 80 points, the highest score indi-
cating the highest level of anxiety.

Decisional conflict in deciding on type of anaesthesia was measured
using the widely used Decisional Conflict Scale (DCS), which is validated
in Dutch. The internal consistency of the DCS in Dutch cancer patients
was found to be sufficient to good (o = 0.61-0.83). [26] It measures a
person’s perception of their uncertainty in making a choice about health
care options based on 5 dimensions: feeling uninformed, feeling un-
certain, feeling unsupported, feeling unclear about values, and feeling
ineffective in decision making. It is a 16-item scale, ranging from O (no
decisional conflict) to 100 (highest decisional conflict). Decisional
conflict was only assessed in cases where patients had >1 option for
anaesthesia.

Patient satisfaction with the provided or available information and
satisfaction with the preoperative screening in its entirety was measured
on a NR-scale ranging from 1 (not satisfied) tot 10 (most satisfied).

Secondary patient reported outcome measures (PROMS) were
assessed 1 day prior to surgery and other outcomes were assessed using
the electronic hospital record. Baseline values were assessed for STAI,
directly after inclusion, and QOR-40 on 1 day prior to surgery. Our
outcomes covered all endpoints recommended by the COMPAC set. [21]

ASA physical status score reliability was defined as the level of
agreement between the ASA physical status assigned by the physician in
the PAC versus the ASA physical status assigned by the physician in the
preoperative unit. The anaesthesiologist responsible for the preopera-
tive unit received instructions to perform a physical reassessment of all
participants scheduled for surgery on that day and assign an ASA
physical status. Physicians were not blinded to the ASA physical status
score assigned on the PAC, although they reported being unaware of the
classification during reassessment due to the rapid turnover of patients
in most cases.

Costs were calculated from an employee workload perspective. La-
bour costs represented the total expenditure incurred by the hospital for
the employment of the nurses and physicians and were based on the
Dutch Collective Labour Agreement (CAO) and the Labour Terms and
Conditions Medical Specialists (AMS) for anaesthesiologists.

Patient characteristics included age, sex, smoking, body mass index
(BMI), diabetes, use of blood thinners, ASA physical status score, health
literacy, years of education, work status, marital status, history of
anaesthesia, number of previous operations, type of anaesthetics to be
performed, treating specialty, and procedure risk. Health literacy is the
ability to gather, understand, and use health information to make
health-related decisions. The Newest Vial Sign (NVS) health literacy test
is based on a nutrition label of vanilla ice cream, with an overall score
ranging from O to 6. As in the original NVS study, we separated the
resulting NVS scores into inadequate (0-3) and adequate (4-6) health
literacy. [27] The procedure risk was classified as low, moderate, or high
(Supplemental material 3 — Procedures and risks).

2.6. Statistical analysis

This sample size calculation was based on noninferiority tests for our
continuous primary outcome quality of recovery score (QoR-40)
measured at 48 h after surgery. The noninferiority margin was set at —6
points, which was based on a study by Myles et al. who found a minimal



B.T. van Hoorn et al.

clinical important difference (MCID) of 6.3 for the QOR-40 question-
naire, which was subsequently rounded down. [28] Based on this study,
we expected a QoR-40 score of 177 with a standard deviation of 16 on
postoperative day 2 in the control group (face-to-face consultations). A
total of 224 patients, 112 in each group, would yield a power of 80%,
using a one-sided 97.5% confidence interval (CI), to establish whether
digital screening was noninferior compared to a face-to-face screening.
With an estimated lost to follow-up of 25%, a total of 299 patients (150
patients per group) needed to be enrolled.

Primary analysis was based on a per-protocol sample including all
randomized patients, without exclusions and patients lost to follow-up
(Fig. 1), who underwent the allocated intervention. All statistical ana-
lyses were performed according to the study protocol (see registered
protocol on clinicaltrial.gov). For the primary analysis, a linear mixed
model (LMM) was conducted with intervention, QoR-40 baseline, sex,
and extent of surgery as fixed effects and treating specialty as random
effect. Sex and extent of surgery have been reported as significant pre-
dictors for poor QoR-40 outcome and were therefor included in the
model. [29] LMM analysis was done using R version 4.2.1 for Windows
11. Assumptions for LMM, including normality of residuals, were
checked and met.
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The primary outcome of QoR-40 was presented as the mean differ-
ence between study groups (digital screening — face-to-face screening)
with the lower limit of the one-sided 97.5% CI, and was labelled non-
inferior when the noninferiority margin of —6 lied outside the lower
limit of the one-sided 97.5% CI. CIs were calculated using linear
regression analysis. Eleven patients in the study group did not complete
the QOR-40 questionnaire or QOR-40 baseline and were excluded,
leaving 241 patients (124 in the digital group versus 117 in the face-to-
face group) included in the primary analysis. These patients either did
not include the questionnaire in the envelope or left it blank. This likely
happened because they returned the questionnaires before their surgery
and forgot they had to complete the QOR-40 questionnaire 48 h post-
operatively. Missing data were imputed using mean substitution. Com-
parison of repeated analyses for the primary outcome, using data in
which missing data was imputed with extreme values (lowest score of 1
and highest score of 5), showed no relevant changes in the mean dif-
ference and 97.5% CI of the difference between groups (Supplemental
material 1 — Sensitivity analysis). Therefore, we can safely conclude the
results will not benefit from complex multiple imputations models.

The secondary outcomes including preoperative anxiety, decisional
conflict, satisfaction, and postoperative admission days (assessed

Assessed for eligibility (n=480)

[ Enrollment ]

Excluded (n=80)
¢ Not meeting inclusion criteria (n=34)
¢ Declined to participate (n=46)

4

\4

Did not want risk to visit the hospital (n=28)
Wanted face-to-face consultation (n=18)

Randomized (n=400)

\ [ Allocation } A/
Allocated to face-to-face screening group (n=199) Allocated to digital screening group (n=201)
¢ Received allocated intervention (n=178) ¢ Received allocated intervention (n=175)
¢ Did not receive allocated intervention (n=21) ¢ Did not receive allocated intervention (n=25)
- Surgery was cancelled (n=10) - Surgery was cancelled (n=11)
- Not able to come to hospital (n=11) - Erroneously screened by telephone (n-fl l).
- Not able to complete electronic questionnaire (n=3)
v ( Follow-Up 1 v
A J
Lost to follow-up (n=57) Lost to follow-up (n=44)
¢ Did not return questionnaires (n=57) ¢ Did not return questionnaires (n=45)
Y [ Analvsis ] v
. J

Analysed (n=117)
¢ Excluded from analysis (n=4)

- Did not complete primary questionnaire
(n=4)

Analysed (n=124)
¢ Excluded from analysis (n=7)

- Did not complete primary questionnaire
(n=7)

Fig. 1. Flow diagram.
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retrospectively) were analysed using ANCOVA, controlling for QOR-40
baseline (fixed effect), and treating specialty (random effect) in LMM.
Preoperative anxiety was also adjusted for its baseline values. Secondary
analyses were based on a per-protocol sample. Assumptions including
linearity, normality, homogeneity of residuals, and homogeneity of
regression slopes were all met. Missing data were imputed using mean
substitution. There is no consensus in literature about the MCIDs for
STAI and DCS. Previous randomized controlled trials used MCIDs of 10
points for both questionnaires, requiring a total of 38 and 54 patients for
the STAI and DCS respectively, using 80% power and an alpha of 0.05.
[30-32] However, these MCID were chosen arbitrarily and seem liberate
compared to proposed MCID calculation methods in literature. [28]
Therefore, we employed different methods (0.3SD, 0.5SD, 5% instru-
ment range) to determine the MCIDs and required sample sizes for both
questionnaires (Supplemental material 2 — Minimal clinical important
difference STAI and DCS).

ASA physical status score reliability for both interventions was
calculated using quadratic weighted kappa scores (0 = random agree-
ment between raters, 1 = complete agreement between raters).

Continuous data were presented in terms of the mean and the stan-
dard deviation (SD). Categorical data were presented which frequencies
and percentages. Two-tailed P values <0.05 were considered statisti-
cally significant. There was no data monitoring committee established
for this study.

2.7. Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

3. Results

From March 1, 2021 to 30 August 2021, a total of 480 patients
referred for a PAC were screened by the investigators, and 400 were
randomly assigned to either the face-to-face PAC (n = 199) or the digital
PAC (n = 201; Fig. 1). Forty-six patients declined to participate because
they refused did not want to visit the hospital (n = 28), or wanted a face-
to-face consultation (n = 18), and 34 patients did not meet inclusion
criteria. After randomization, 46 of 400 patients (12%) were excluded
because their surgery was cancelled (n = 21), they were erroneously
telephonically screened by the anaesthesiologist (n = 11), they were
unable to visit to the hospital (n = 11), or they could not complete the
electronic screening questionnaire (n = 3). After the intervention and
surgery, 102 of 400 patients (26%) were lost to follow-up since they did
not return the questionnaires, leaving 252 patients. Ninety-five percent
(239 of 252) of patients completed the electronic questionnaire at home
and all patients assessed the instructional videos at least once before the
preoperative assessment. Baseline characteristics in the study sample
were similar to the excluded group. Eleven patients did not fully com-
plete the primary questionnaire, leaving 141 patients for the primary
analysis (Table 1).

For the primary outcome, the mean between-group difference in
quality of recovery was 3.2 with a 97.5% lower confidence limit of -2.1,
establishing noninferiority. (Fig. 2; Table 2).

There was no statistically significant difference between the groups
in preoperative anxiety (mean difference = 1.0; CI: —0.24 to 3.7; p =
0.084), decisional conflict (mean difference = —0.5; CI: —4.6 t0 3.9;p =
0.89), and satisfaction with information (mean difference = —0.22; CI:
—0.49 to 0.07; p = 0.15) and total screening process (mean difference =
—0.24; CL: —0.58 to 0.07; p = 0.12), at 1 day before surgery. There was
also no statistically significant difference in postoperative admission
days (mean difference = —0.1; CI: —0.35 to 0.16; p = 0.49), complica-
tions (5% versus 3.8%; p = 0.89), cancelled PAC appointments, and
surgery cancellations (7.4% versus 4.6%; p = 0.35), between the face-to-
face and digital intervention respectively. There was no mortality.
(Table 2).
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Table 1
Baseline characteristics of the per protocol population.
Variables n Intervention p-
Face-to-face (n Digital (n = value
=117) 124)

Age, years 241 55 (42-68) 57 (37-72) 0.83

Female 241 55 (47%) 62 (50%) 0.74

ASA physical status score 241 0.49
1 31 (26%) 42 (34%)

2 65 (56%) 67 (54%)
3 19 (16%) 14 (11%)
4 2 (2%) 1 (1%)

Procedure risk 241 0.44
low 84 (72%) 84 (68%)
moderate 32 (27%) 40 (32%)
high 1(1%) 0 (0%)

Decided anaesthesia 241 0.54
General 92 (79%) 90 (73%)

Regional 17 (15%) 24 (19%)
Sedation 8 (7%) 10 (8%)

Smoking 241 18 (15%) 19 (15%) >0.99

Diabetes 241 8 (7%) 5 (4%) 0.50

BMI 241 26 (23—-30) 25 (22-29) 0.086

Blood thinners 241 21 (18%) 24 (19%) 0.91

History of anaesthesia 240 95 (81%) 100 (81%) >0.99

Number of procedures 236 2(1-3) 2(1-3) 0.69

Preoperative anxiety 240 33 (28-40) 34 (27-39) >0.99

Health literacy 240 0.45
limited 35 (30%) 32 (26%)
adequate 81 (70%) 92 (74%)

Years of Education 237 17 (15-17) 17 (14-17) 0.98

Work status 240 0.36
working 76 (66%) 72 (58%)
retired 34 (29%) 47 (38%)
disabled 6 (5%) 5 (4%)

Marital status 241 0.99
single 35 (30%) 37 (30%)
partner 82 (70%) 87 (70%)

Treating specialism 241 0.24
General surgery 58 (50%) 50 (40%)
Otorhinolaryngology 16 (14%) 9 (7%)

Plastic surgery 4 (3%) 12 (10%)
Gynecology 2 (2%) 5 (4%)
Orthopedics 19 (16%) 24 (19%)
Urology 10 (9%) 9 (7%)
Gastroenterology 2 (2%) 4 (3%)
Neurosurgery 4 (3%) 6 (5%)
Ophthalmology/Oral 2 (2%) 5 (4%)
surgery

Data are n (%), or median (IQR). BMI = body-mass index.

ASA physical status score reliability was 0.93 for the digital and 0.92
for the face-to-face group. For the digital and face-to-face group
respectively, the physician in the preoperative unit assigned 5 (4%) and
2 (2%) patients to a higher, and 3 (3%) and 8 (7%) patients to a lower
ASA physical status classification than the physician in the PAC
(Table 3). All 7 patients who received a higher ASA physical status
classification by the physician in the preoperative unit were assigned a
classification one class higher.

Total labour costs were €3994 for the face-to-face group and €2779
for the digital group, which resulted in a 26% labour cost reduction. This
could be mainly attributed to the fact that no nurse was required to
collect basic health information, and inform patients on procedures
around the upcoming surgery in the digital screening group. Thereby,
consultation time for physicians in the digital screening was reduced to
15 min. Due to growing experience with the digital screening process,
this could eventually be reduced to 10 min, which resulted in a labour
cost reduction of 37% (€3994 versus €2500 for face-to-face and digital
screening, respectively).
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Test for noninferiority
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Fig. 2. The figure shows the result for the primary
outcome. Test and Ref indicate quality of recovery
(QOR-40) score in the digital and face-to-face group
respectively. The red line indicates the absolute dif-
ference in quality of recovery (Test-Ref) with 95%
confidence interval (CI) limits. The lower limit of the
one-sided 97.5% CI for the difference is —2.1 and lays
within the noninferiority margin of —6, concluding
noninferiority for the digital group. (For interpreta-

3.2 Mean difference - e
tion of the references to colour in this figure legend,
the reader is referred to the web version of this
) article.)
0 No difference (Test—Ref)
-6 Noninferiority margin
Table 2
Primary and secondary outcomes results.
Group Outcomes Intervention Absolute mean difference (digital - face-to-face; 95% CI) P value
Face-to-face Digital

Primary QOR-40 score 155 (20) 158 (19) 3.2(-2.1t05.7)

Secondary STAI score 37 (11) 38 (10) 1.0 (—0.24 to 3.7) 0.084
DCS score 19 (14) 19 (13) —0.5 (—4.6 to 3.9) 0.89
Satisfaction with information 8.2 (1.1) 8.0 (1.2) —0.22 (—0.49 to 0.07) 0.15
Satisfaction with process 8.1(1.1) 7.8 (1.5) —0.24 (—0.58 to 0.07) 0.12
Postoperative admission days 0.68 (1.2) 0.58 (0.94) —0.10 (—0.35 to 0.16) 0.49
PAC appointment cancelations 18 (14%) 15 (11%) 0.47
Surgery cancelations 9 (7%) 6 (5%) 0.35
Complications 6 (5%) 5 (4%) 0.89
Mortality 0 (0%) 0 (0%)

Data are n (%), or mean (SD). CI = Confidence interval. In the primary analysis, n = 117 (face-to-face) versus n = 124 (digital). In the Secondary analyses, n = 118
versus n = 130 for STAI; n = 86 versus 78 for DCS; n = 119 versus n = 130 for both satisfaction scores; n = 126 versus n = 133 for PAC cancelations, n = 121 versus 131

for the rest of the outcomes.

Table 3
ASA physical status score reliability per study group

ASA score preoperative unit

Group ASA score PAC 1 2 3 4 Total

Digital 1 39 0 0 0 39
2 2 59 4 0 65
3 0 1 13 1 15
Total 41 60 17 1 119

Face-to-face 1 37 1 0 0 38
2 4 59 1 0 64
3 0 4 16 0 20
4 0 0 0 1 1
Total 41 64 17 1 123

Quadratic weighted kappa scores were 0.93 and 0.92, for the digital and face-to-
face group respectively. In the digital group, 5 patients (4%) received a higher
ASA score on the preoperative unit versus 2 patients (2%) in the face-to-face
group.

4. Discussion

Our results suggest that digital preoperative screening is noninferior
to face-to-face preoperative screening in terms of patient quality of re-
covery. There was no difference in anxiety, decisional conflict, patient
satisfaction, and postoperative admission days, and ASA physical status
score reliability in the digital group was highly accurate, with similar
high kappa values in the face-to-face group. Furthermore, labour costs
were 26% lower in the digital preoperative screening group, and

appointment and surgery cancelations were of lower frequency. This
investigation adds to the emerging evidence of effective and efficient
implementation methods of preoperative assessment clinics in patient
requiring surgery in general.

There are two studies that directly compared a digital PAC with a
face-to-face PAC. However, both studies focused primarily on efficiency
parameters and did not include endpoints recommended by the COM-
PAC set. [21] Milves-ives et al. (2022) investigated the use of a digital
platform were patients could complete an electronic assessment from
which an ASA physical status score was derived based on an algorithm
and were patients could find specific information about their procedure.
They reported 85% of patients (317 out of 397) found the overall
experience of their digital platform good or very good, against a po-
tential reduction in service costs of 38% (7.2 WTE nurses and 3.6 WTE
health care assistants versus 3.7 WTE nurses and 1.1 WTE assistants, for
the face-to-face and digital PAC respectively). [9] Results on satisfaction
are in line with satisfaction scores and cost reduction in our study.
Blanco Vergas et al. (2015) retrospectively analysed 5112 elective sur-
gical procedures in 2008 and 6867 procedures in 2010, respectively
before and after the introduction of the online screening. They reported
a drop of face-to-face consultations to 21%, and surgery cancellation
before (2.3%) and after (1.8%) the introduction was in favour of the
online screening but did not significantly differ, which is similar to our
results. To our knowledge there are no studies present investigating the
effectiveness of a digital PAC compared to standard of care using stan-
dardized patient-centred endpoints.

Multiple randomized controlled trials have used the QOR question-
naire to measure effects of preoperative interventions, including



B.T. van Hoorn et al.

different preoperative counselling methods and prehabilitation pro-
grams, and showed the QOR questionnaire to be a responsive measure in
this setting (Supplemental material 4 - Systematic review). The QOR-40
questionnaire captures important domains of the patient-centered-
recovery including the physiological, nociceptive, emotive, activities
of daily, and satisfaction domains. In view of the relative absence of
major complications the quality of recovery (QOR) is considered one of
the principal endpoints in surgical care. [22,33-35] Since we used a
modified version of the QOR-40 questionnaire, excluding the ‘support by
hospital staff’ domain, following questionnaire guidelines, average
QOR-40 scores are lower in this study. This should be taken into account
when comparing results from other studies using the QOR question-
naire. As this procedure was conducted on all participants, the com-
parison of the groups will remain unaffected.

Although our study sample was too small to perform sub analyses for
ASA physical status III-IV patients, our results suggest digital preoper-
ative screening is safe for these patients. We found physicians were well
capable of identifying surgical risks and assigning ASA physical status
scores when screening patients digitally, even in more complex patients.
We experienced that important comorbidities and diagnostic tests are
well-documented, and that physicians seldomly required additional
tests or presurgical optimization to approve for surgery. This observa-
tion was stressed during the recent years of the COVID-19 pandemic,
where ASA physical status III-IV patients were screened by telephone
and sometimes underwent invasive surgery without an increase in
complications. Thereby, complication rates in ASA physical status III-IV
patients were low and similar between the interventions. However, if a
digital preoperative screening is as effective as a face-to-face screening
in terms of perioperative physical and mental status, and patient satis-
faction, remains unclear. High-risk patients often need to process more
complex information and adhere to detailed and strict instructions to
adequately prepare for surgery. Its effectiveness is largely determined by
the quality and extent of the digital information that is provided, since it
needs to be easy to access and understand, highly personalized to indi-
vidual cases, and responsive enough to answer common patient ques-
tions. Nonetheless, we believe understandable, consistent, and 24/7
available digital information and instructions have the potential to be
more effective than regular face-to-face communication, since commu-
nication errors and cognitive biases are common in face-to-face con-
versations and empathic opportunities are frequently missed. [36,37]
Future trials will need to investigate which patient are less suitable for a
digital PAC by investigating greater numbers of ASA physical status III-
IV patients and higher risk procedures, using patient factor analyses.
Factors that should be included are health literacy, digital literacy,
socio-economic status and comorbidities. After this study, the digital
PAC was implemented and covered 80% of the appointments, keeping
20% availability for in-hospital consultations for high-risk patients,
patients without access to an online computer, and patients who prefer a
face-to-face consultation.

The true cost-effectiveness of a digital PAC in a similar population is
likely significantly higher than found in this study since cost were only
viewed from a narrow hospital perspective. Reducing in-hospital con-
sultations likely leads to lower societal costs since there will be less work
absenteeism and lower costs related to transportation. Secondary ad-
vantages are less crowded and better accessible hospitals, and reduction
of carbon dioxide emission.

This study has several strengths. Recruitment of ASA physical status
[-IV surgical patients from all surgical specialties, corresponding fre-
quency of socioeconomic patient characteristics (such as limited health
literacy) with pooled estimates from a large meta-analysis, and the large
number of participating physicians could contribute to the generaliz-
ability of the results. [38] Furthermore, this study had sufficient power
to detect relevant differences in our secondary endpoints, and to our
knowledge, this is the first noninferiority study testing the effectiveness
of a digital PAC to a regular face-to-face PAC using validated PROMs.
The use of various patient reported outcome measures adds important
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information on the effects of a digital PAC on patients’ perioperative
mental and physical status in a field with predominantly efficiency
studies. The low amount of missing data is an additional strength of this
study.

This study had some limitations. First, the frequency of ASA physical
status III-IV patients in this study was lower than normally seen in our
hospital. It is possible that more fragile or high-risk patients postponed
their surgery due to the risks involved with the COVID-19 pandemic, or
that these patients applied more to our exclusion criteria such as non-
Dutch speaking and ability to use an online computer. This limits the
generalisability and reduces the applicability of the findings to tertiary
hospitals that provide care to patients with intricate comorbidities and
procedures. Second, it was required by the ethics committee for physi-
cians to obtain informed consent on anaesthesia technique by telephone
after the digital screening. Although, physicians and patients were
carefully instructed that no additional information exchange was to be
taken place considering the study aims, it is possible that information
was exchanged in a few cases. However, it is not likely that this has
significantly affected our outcomes given the precautions taken. Third,
this study was too small to compare morbidity between groups given the
relative absence of serious complications. This issue is highlighted by
previous studies. [29] Fourth, investigators were not masked to group
assignment, however, the degree of bias resulting from this is likely
neglectable for our primary and secondary PROMs since these were
assessed by patients, without interference of investigators. Fifth, phy-
sicians were not blinded for the ASA physical status score assigned in the
PAC, which could have affected ASA physical status score reliability.
However, physicians claimed they were most of the time not aware of
the classification during reassessment because of the high turnover of
patients. Sixth, most patients were able to complete the digital assess-
ment. These results may not be applicable to other patient populations
with lower rates of digital competency.

In conclusion, a digital preoperative screening is not inferior to face-
to-face consultations in patients undergoing predominantly low to
moderate risk surgery. Given its potential to reduce physician workload,
reallocate healthcare resources, and lower healthcare costs, a digital
preoperative screening may be a better choice for preoperative assess-
ments. Significant attention must be dedicated to the advancement and
execution of a digital screening platform, as its effectiveness relies
extensively on the quality of the digital content, the suitability of said
content for each patient, and the accessibility and comprehensibility for
individuals with limited (digital) health literacy. Future trials should
focus on identifying patients who are less suitable for a digital screening
by using greater sample sizes and patient factor analyses, including
health literacy, digital literacy, socio-demographic variables, higher risk
procedures, and patient comorbidities.

Data sharing

In the written informed consent before entering the trial, participants
were informed that data from the study, which could not be used to
identify them as individuals, could be shared with other researchers. The
datasets are available if the material requested does not contain infor-
mation that is classified as secret in accordance with the Public Access to
Information and Secrecy Act. The assessment of the information in the
material requested must be done at the time of the request and only if the
information is secret can the request be denied. The decision over
whether data are secret in cases where other researchers request data
sharing includes judgment over whether individual people could be
harmed by the data sharing. Requests to access the datasets should be
directed to the principal investigator BTVH (bastiaanvanhoorn@gmail.
com).

Funding

Support was provided solely from institutional and/or departmental


mailto:bastiaanvanhoorn@gmail.com
mailto:bastiaanvanhoorn@gmail.com

B.T. van Hoorn et al.

sources.

CRediT authorship contribution statement

Bastiaan T. van Hoorn: Conceptualization, Data curation, Formal
analysis, Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation, Visuali-
zation, Writing — original draft, Writing — review & editing. Daniel J.
Tromp: Data curation, Formal analysis, Investigation, Methodology,
Project administration, Resources, Software, Visualization, Writing —
original draft. Rosalie C.M. van Rees: Data curation, Investigation,
Writing — original draft. Luke X. van Rossenberg: Data curation,
Investigation, Writing — original draft. Hanna K. Cazemier: Conceptu-
alization, Funding acquisition, Investigation, Methodology, Project
administration, Resources, Supervision, Writing — review & editing.
Mark van Heijl: Conceptualization, Funding acquisition, Investigation,
Methodology, Resources, Supervision, Writing — review & editing.
Reinier C. Tromp Meesters: Conceptualization, Funding acquisition,
Investigation, Methodology, Resources, Supervision, Writing — review &
editing.

Declaration of Competing Interest

We declare no competing interests.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jclinane.2023.111192.

References

[1

—

Farasatkish R, Aghdaii N, Azarfarin R, Yazdanian F. Can preoperative anesthesia
consultation clinic help to reduce operating room cancellation rate of cardiac
surgery on the day of surgery? Middle East J Anaesthesiol 2009;20:93-6.

[2] LiuS, Lu X, Jiang M, Li W, Li A, Fang F, et al. Preoperative assessment clinics and

case cancellations: a prospective study from a large medical center in China. Ann

Transl Med 2021;9:1501. https://doi.org/10.21037/atm-21-4665.

van Klei WA, Moons KGM, Rutten CLG, Schuurhuis A, Knape JTA, Kalkman CJ,

et al. The effect of outpatient preoperative evaluation of hospital inpatients on

cancellation of surgery and length of hospital stay. Anesth Analg 2002;94:644-9.
table of contents, https://doi.org/10.1097/00000539-200203000-00030. table of
contents.

[4] Song I-A, Lee Y-K, Park J-W, Kim J-K, Koo K-H. Effectiveness of rapid response

system in patients with hip fractures. Injury 2021;52:1841-5. https://doi.org/

10.1016/j.injury.2021.04.029.

Chan FWK, Wong FYY, Cheung YS, Chui PT, Lai PBS. Utility of a preoperative

assessment clinic in a tertiary care hospital. Hong Kong Med J = Xianggang Yi Xue

Za Zhi 2011;17:441-5.

Meyers N, Giron SE, Burkard JF, Bush RA. Preventing surgical delay and

cancellation with patient-centered interventions. J Perianesth Nurs Off J Am Soc

Perianesth Nurs 2021;36:334-8. https://doi.org/10.1016/j.jopan.2020.10.008.

Olson RP, Dhakal IB. Day of surgery cancellation rate after preoperative telephone

nurse screening or comprehensive optimization visit. Perioper Med (London,

England) 2015;4:12. https://doi.org/10.1186/513741-015-0022-z.

Hepner DL, Bader AM, Hurwitz S, Gustafson M, Tsen LC. Patient satisfaction with

preoperative assessment in a preoperative assessment testing clinic. Anesth Analg

2004;98:1099-105. https://doi.org/10.1213/01.ANE.0000103265.48380.89.

Milne-Ives M, Leyden J, Maramba I, Chatterjee A, Meinert E. The potential impacts

of a digital preoperative assessment service on appointments, travel-related carbon

dioxide emissions, and user experience: case study. JMIR Perioper Med 2022;5:

€28612. https://doi.org/10.2196/28612.

[10] Sheikh A, Anderson M, Albala S, Casadei B, Franklin BD, Richards M, et al. Health
information technology and digital innovation for national learning health and
care systems. Lancet Digit Health 2021;3:€383-96. https://doi.org/10.1016/
$2589-7500(21)00005-4.

[11] Taylor SK, Andrzejowski JC, Wiles MD, Bland S, Jones GL, Radley SC.

A prospective observational study of the impact of an electronic questionnaire
(ePAQ-PO) on the duration of nurse-led pre-operative assessment and patient
satisfaction. PloS One 2018;13:e0205439. https://doi.org/10.1371/journal.
pone.0205439.

[12] Howell M, Hood AJ, Jayne DG. Use of a patient completed iPad questionnaire to

improve pre-operative assessment. J Clin Monit Comput 2017;31:221-5. https://

doi.org/10.1007/510877-015-9818-0.

[3

—

[5

—

[6

i

[7

—

[8

[}

[9

—

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Journal of Clinical Anesthesia 90 (2023) 111192

van den Blink A, Janssen LMJ, Hermanides J, Loer SA, Straat FK, Jessurun EN,
et al. Evaluation of electronic screening in the preoperative process. J Clin Anesth
2022;82:110941. https://doi.org/10.1016/j.jclinane.2022.110941.

Zuidema X, Tromp Meesters RC, Siccama I, Houweling PL. Computerized model for
preoperative risk assessment. Br J Anaesth 2011;107:180-5. https://doi.org/
10.1093/bja/aer151.

Roberts S, Spain B, Hicks C, London J, Tay S. Telemedicine in the Northern
Territory: an assessment of patient perceptions in the preoperative anaesthetic
clinic. Aust J Rural Health 2015;23:136-41. https://doi.org/10.1111/ajr.12140.
Osman T, Lew E, Lum EP-M, van Galen L, Dabas R, Sng BL, et al. PreAnaesThesia
computerized health (PATCH) assessment: development and validation. BMC
Anesthesiol 2020;20:286. https://doi.org/10.1186/512871-020-01202-8.

Blanco Vargas D, Faura Messa A, Izquierdo Tugas E, Santa-Olalla Bergua M,
Noguera Sopena MM, Manoso Noriego M. Online versus non-standard face to face
preoperative assessment: cost effectiveness. Rev Esp Anestesiol Reanim 2012;59:
350-6. https://doi.org/10.1016/j.redar.2012.05.039.

Myles PS. Measuring quality of recovery in perioperative clinical trials. Curr Opin
Anaesthesiol 2018;31:396-401. https://doi.org/10.1097/
ACO.0000000000000612.

Christelis N, Wallace S, Sage CE, Babitu U, Liew S, Dugal J, et al. An enhanced
recovery after surgery program for hip and knee arthroplasty. Med J Aust 2015;
202:363-8. https://doi.org/10.5694/mjal14.00601.

Asakura A, Mihara T, Goto T. The effect of preoperative oral carbohydrate or oral
rehydration solution on postoperative quality of recovery: a randomized,
controlled clinical trial. PloS One 2015;10:e0133309. https://doi.org/10.1371/
journal.pone.0133309.

Boney O, Moonesinghe SR, Myles PS, Grocott MPW. Core outcome measures for
perioperative and anaesthetic care (COMPAC): a modified Delphi process to
develop a core outcome set for trials in perioperative care and anaesthesia. Br J
Anaesth 2022;128:174-85. https://doi.org/10.1016/j.bja.2021.09.027.

Gornall BF, Myles PS, Smith CL, Burke JA, Leslie K, Pereira MJ, et al. Measurement
of quality of recovery using the QoR-40: a quantitative systematic review. Br J
Anaesth 2013;111:161-9. https://doi.org/10.1093/bja/aet014.

Wensing AGCL, van Cuilenborg VR, Breel JS, Heineman DJ, Hermanides J,
Hollmann MW, et al. Psychometric evaluation of the Dutch 40-item quality-of-
recovery scale. Br J Anaesth 2022;128:e6-8. https://doi.org/10.1016/j.
bja.2021.09.022.

Myles PS, Weitkamp B, Jones K, Melick J, Hensen S. Validity and reliability of a
postoperative quality of recovery score: the QoR-40. Br J Anaesth 2000;84:11-5.
https://doi.org/10.1093/oxfordjournals.bja.a013366.

Spielberger CD. Manual for the state-trait anxiety inventory: STAI (form Y). Palo
Alto, CA: Consult Psychol Press; 1983.

Koedoot N, Molenaar S, Oosterveld P, Bakker P, de Graeff A, Nooy M, et al. The
decisional conflict scale: further validation in two samples of Dutch oncology
patients. Patient Educ Couns 2001;45:187-93. https://doi.org/10.1016/s0738-
3991(01)00120-3.

Weiss BD, Mays MZ, Martz W, Castro KM, DeWalt DA, Pignone MP, et al. Quick
assessment of literacy in primary care: the newest vital sign. Ann Fam Med 2005;3:
514-22. https://doi.org/10.1370/afm.405.

Myles PS, Myles DB, Galagher W, Chew C, Macdonald N, Dennis A. Minimal
clinically important difference for three quality of recovery scales. Anesthesiology
2016;125:39-45. https://doi.org/10.1097/ALN.0000000000001158.

Stessel B, Fiddelers AA, Joosten EA, Hoofwijk DMN, Gramke H-F, Buhre WFFA.
Prevalence and predictors of quality of recovery at home after day surgery.
Medicine (Baltimore) 2015;94:e1553. https://doi.org/10.1097/
MD.0000000000001553.

Parker K, Cunningham SJ, Petrie A, Ryan FS. Randomized controlled trial of a
patient decision-making aid for orthodontics. Am J Orthod Dentofacial Orthop
2017;152:154-60. https://doi.org/10.1016/j.ajodo.2017.04.011.

Corsaletti BF, Garcia M-D, Proenca L, Kelren G, Bisca W, Leite JC, et al. Minimal
important difference for anxiety and depression surveys after intervention to
increase daily physical activity in smokers. Fisioter Pesqui 2014;21:359-64.
10.590/1809-2950,/13087821042014.

Bhattacharya IS, Haviland JS, Turner L, Stobart H, Balasopoulou A, Stones L, et al.
Can patient decision aids reduce decisional conflict in a de-escalation of breast
radiotherapy clinical trial? The PRIMETIME study within a trial implemented using
a cluster stepped-wedge trial design. Trials 2021;22:1-10. https://doi.org/
10.1186/513063-021-05345-y.

Myles PS, Reeves MD, Anderson H, Weeks AM. Measurement of quality of recovery
in 5672 patients after anaesthesia and surgery. Anaesth Intensive Care 2000;28:
276-80. https://doi.org/10.1177/0310057X0002800304.

Bellani ML. Psychological aspects in day-case surgery. Int J Surg 2008;6(Suppl. 1):
S44-6. https://doi.org/10.1016/j.ijsu.2008.12.019.

Wessels E, Perrie H, Scribante J, Jooma Z. Quality of recovery in the perioperative
setting: a narrative review. J Clin Anesth 2022;78:110685. https://doi.org/
10.1016/j.jclinane.2022.110685.

Janssen SJ, Teunis T, Ring D, Parisien RC. Cognitive biases in orthopaedic surgery.
J Am Acad Orthop Surg 2021;29:624-33. https://doi.org/10.5435/JAAOS-D-20-
00620.

van Hoorn BT, Menendez ME, Mackert M, Donovan EE, van Heijl M, Ring D.
Missed empathic opportunities during hand surgery office visits. Hand (N Y) 2021;
16:698-705. https://doi.org/10.1177/1558944719873395.

Roy M, Corkum JP, Urbach DR, Novak CB, von Schroeder HP, McCabe SJ, et al.
Health literacy among surgical patients: a systematic review and meta-analysis.
World J Surg 2019;43:96-106. https://doi.org/10.1007/500268-018-4754-z.


https://doi.org/10.1016/j.jclinane.2023.111192
https://doi.org/10.1016/j.jclinane.2023.111192
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0005
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0005
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0005
https://doi.org/10.21037/atm-21-4665
https://doi.org/10.1097/00000539-200203000-00030
https://doi.org/10.1016/j.injury.2021.04.029
https://doi.org/10.1016/j.injury.2021.04.029
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0025
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0025
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0025
https://doi.org/10.1016/j.jopan.2020.10.008
https://doi.org/10.1186/s13741-015-0022-z
https://doi.org/10.1213/01.ANE.0000103265.48380.89
https://doi.org/10.2196/28612
https://doi.org/10.1016/S2589-7500(21)00005-4
https://doi.org/10.1016/S2589-7500(21)00005-4
https://doi.org/10.1371/journal.pone.0205439
https://doi.org/10.1371/journal.pone.0205439
https://doi.org/10.1007/s10877-015-9818-0
https://doi.org/10.1007/s10877-015-9818-0
https://doi.org/10.1016/j.jclinane.2022.110941
https://doi.org/10.1093/bja/aer151
https://doi.org/10.1093/bja/aer151
https://doi.org/10.1111/ajr.12140
https://doi.org/10.1186/s12871-020-01202-8
https://doi.org/10.1016/j.redar.2012.05.039
https://doi.org/10.1097/ACO.0000000000000612
https://doi.org/10.1097/ACO.0000000000000612
https://doi.org/10.5694/mja14.00601
https://doi.org/10.1371/journal.pone.0133309
https://doi.org/10.1371/journal.pone.0133309
https://doi.org/10.1016/j.bja.2021.09.027
https://doi.org/10.1093/bja/aet014
https://doi.org/10.1016/j.bja.2021.09.022
https://doi.org/10.1016/j.bja.2021.09.022
https://doi.org/10.1093/oxfordjournals.bja.a013366
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0125
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0125
https://doi.org/10.1016/s0738-3991(01)00120-3
https://doi.org/10.1016/s0738-3991(01)00120-3
https://doi.org/10.1370/afm.405
https://doi.org/10.1097/ALN.0000000000001158
https://doi.org/10.1097/MD.0000000000001553
https://doi.org/10.1097/MD.0000000000001553
https://doi.org/10.1016/j.ajodo.2017.04.011
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0155
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0155
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0155
http://refhub.elsevier.com/S0952-8180(23)00142-3/rf0155
https://doi.org/10.1186/s13063-021-05345-y
https://doi.org/10.1186/s13063-021-05345-y
https://doi.org/10.1177/0310057X0002800304
https://doi.org/10.1016/j.ijsu.2008.12.019
https://doi.org/10.1016/j.jclinane.2022.110685
https://doi.org/10.1016/j.jclinane.2022.110685
https://doi.org/10.5435/JAAOS-D-20-00620
https://doi.org/10.5435/JAAOS-D-20-00620
https://doi.org/10.1177/1558944719873395
https://doi.org/10.1007/s00268-018-4754-z

	Effectiveness of a digital vs face-to-face preoperative assessment: A randomized, noninferiority clinical trial
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Patients
	2.3 Randomization and masking
	2.4 Procedures
	2.5 Outcomes
	2.6 Statistical analysis
	2.7 Funding sources

	3 Results
	4 Discussion
	Data sharing
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


