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Abstract
Purpose Patients want personalized information before
surgery; most do not receive personalized risk estimates.
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Inadequate information contributes to poor experience and
medicolegal complaints. We hypothesized that exposure to
the Personalized Risk Evaluation and Decision Making in
Preoperative Clinical Assessment (PREDICT) app, a
personalized risk communication tool, would improve
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patient knowledge and satisfaction after anesthesiology
consultations compared with standard care.

Methods We conducted a prospective clinical study
(before-after design) and used patient-reported data to
calculate personalized risks of morbidity, mortality, and
expected length of stay using a locally calibrated National
Surgical Quality Improvement Program risk calculator
embedded in the PREDICT app. In the standard care
(before) phase, the application’s materials and output were
not available to participants; in the PREDICT app (after)
phase, personalized risks were communicated. Our primary
outcome was knowledge score after the anesthesiology
consultation. Secondary outcomes included patient
satisfaction, anxiety, feasibility, and acceptability.

Results We included 183 participants (90 before; 93
after). Compared with standard care phase, the PREDICT
app phase had higher post-consultation: knowledge of risks
(14.3% higher; 95% confidence interval [CI], 6.5 to 22.0; P
< 0.001) and satisfaction (0.8 points; 95% CI, 0.1 to 1.4; P
= 0.03). Anxiety was unchanged (— 1.9%; 95% CI, — 4.2
to 0.5; P = 0.13). Acceptability was high for patients and
anesthesiologists.

Conclusion Exposure to a patient-facing, personalized
risk communication app improved knowledge of
personalized risk and increased satisfaction for adults
before elective inpatient surgery.

Trial registration www.clinicaltrials.gov (NCT03422133);
registered 5 February 2018.

Résumé
Objectif Les patients veulent disposer d’informations
personnalisees avant leur chirurgie, mais la plupart
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d’entre eux ne regoivent pas d’estimations de leur risque
personnalisees. Des informations inadequates contribuent
d une mauvaise experience et d des plaintes medicolegales.
Nous avons emis [’hypothese qu’une exposition d
Uapplication PREDICT (Personalized Risk Evaluation

and Decision Making in  Preoperative Clinical
Assessment), un outil de communication du risque
personnalise, améliorerait les connaissances et la

satisfaction des patients apres leurs consultations en
anesthesiologie comparativement d des soins standard.
Méthode Nous avons etude  clinique
prospective (de type avant-apres) et utilise les donnees
rapportées par les patients afin de calculer leur risque
personnalise’ de morbidite” et de mortalite, ainsi que la
duree de sejour anticipee a l’aide d’un calculateur de
risque tire’ du Programme national d’amelioration de la
qualite’ chirurgicale que nous avons calibre” localement et
integre’ a Uapplication PREDICT. Dans la phase de soins
standard (avant), le contenu et les
Uapplication n’etaient pas divulgues aux participants;
dans la phase comportant I’application PREDICT (apres),
les risques personnalises etaient communiques. Notre
critere  d’évaluation principal etait le score des
connaissances des patients apres la consultation en
anesthesiologie. Les critéres d’évaluation secondaires
comprenaient la satisfaction des patients et leur niveau
d’anxiete” ainsi que la faisabilite et ’acceptabilite’ d’une
telle approche.

Résultats Nous avons inclus 183 participants (90 avant;

realis€ une

resultats  de

93 apres). Comparativement d la phase de soins standard,
la phase avec [!’application PREDICT a demontre un
niveau plus eleve” de connaissances des risques post
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consultation (14,3 % plus eleve; intervalle de confiance
[IC] 95 %, 6,5 a 22,0; P < 0,001) et de satisfaction (0,8
point; IC 95 %, 0,1 a 1,4, P = 0,03). L’anxiete est
demeuree inchangee (— 1,9 %; IC 95 %, — 4,2 .d 0,5; P =
0,13). L’acceptabilite” etait elevee, tant chez les patients
que chez les anesthesiologistes.

Conclusion L’exposition des patients d une application de
communication du risque personnalise’ a ameliore” leurs
connaissances de leur risque personnalise et augmente la
satisfaction des adultes avant une chirurgie non urgente et
non ambulatoire.

Enregistrement de Pétude www.clinicaltrials.gov
(NCT03422133); enregistree le 5 fevrier 2018.

Keywords surgery - risks - communication - eHealth -
technology

Ten million Americans have inpatient surgery every year.'
Approximately 40% experience an adverse event during
the perioperative period,” including 10-15% who have a
serious complication,” and 1-2% who die within 30 days of
surgery.‘"5 Nevertheless, the risk of adverse events varies
substantially between individual patients, and is largely
predicted by personal factors.®’ Patients consistently report
a desire to receive more information prior to surgery.®’
Despite this, personalized risks are rarely communicated to
patients.®'°

Studies have shown that preoperative patient knowledge
and anxiety are inversely related.'""'* Technical details of
the operative period are well-described by clinicians, but
patients express an un-met desire for personalized
information regarding recovery, complications, and
expected survival."> Medicolegal reviews suggest that
failure to explain risks and possible adverse effects of
surgery are the most common allegations brought forward
by plaintiffs.'* Despite the availability of validated risk
prediction models'>™"” and technology solutions to
facilitate risk  calculation and communication,
personalized quantitative risk assessment is rarely
performed in perioperative medicine. A recent scoping
review identified only seven studies that directly calculated
and communicated personalized risks to patients.'®

Available examples of personalized risk communication
in perioperative medicine have many limitations.'®'® In the
only prospective evaluation of the National Surgical
Quality Improvement Program (NSQIP) risk calculator in
a preoperative clinic, the process relied upon a single
anesthesiologist manually completing the online NSQIP
calculator for each participant. Furthermore, this approach
was not compared with standard care, precluding any
causal inference.'® Therefore, we designed and developed

the Personalized Risk Evaluation and Decision Making in
Preoperative Clinical Assessment (PREDICT) app, a tablet
application that was calibrated to local data, followed best
practices for risk communication, and leveraged patients’
ability to provide and receive their own health information.
We hypothesized that use of the PREDICT app would
improve patients’ knowledge of their risks of morbidity
and mortality and expected length of stay compared with
standard care. We further hypothesized that anxiety levels
would not increase, and that patient satisfaction would
improve with using the app.

Methods
Study design and setting

Following protocol registration (ClinicalTrials.gov; NCT
03422133) and research ethics board approval (Ottawa
Health Sciences Network Research Ethics Board Protocol
#20170737-01H; 27 February 2018), we conducted a
prospective before-after study at two geographically
distinct campuses of an academic health sciences network
(The Ottawa Hospital). The Ottawa Hospital network (900-
beds) provides elective inpatient surgical care for general,
vascular, neurologic, thoracic, major orthopedic, major
gynecologic, and urologic surgeries. Each inpatient campus
has a preoperative assessment unit and all patients are
assessed before surgery by a registered nurse and/or
physician anesthesiologist. This study is reported in
accordance with the Consolidated Standards of Reporting
Trial (CONSORT)-eHealth®  and Template  for
Intervention Description and Replication (TIDieR)21
checklists.

Study population

Eligible participants were 18 yr or older, were scheduled to
undergo elective, major non-cardiac inpatient surgery,
could communicate in English or French, were seen by a
physician anesthesiologist for preoperative consultation,
and provided written informed consent. Patients who were
unable to provide consent on their own and bariatric
surgery patients (because one hospital is a bariatric centre
of excellence with care and discharge patterns distinct from
typical perioperative care) were excluded. Throughout the
manuscript, the before phase will be referred to as the
“standard care phase”; these participants were enrolled
between April 2018 and September 2018. The after phase
will be referred to as the “PREDICT app phase”; these
participants were enrolled between December 2018 and
May 2019.
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Before (standard care) and after (PREDICT app)
conditions

Patients undergoing surgery at The Ottawa Hospital are
triaged prior to coming to the preoperative assessment unit
using standardized criteria (see criteria for consultation in
the Electronic Supplementary Material [ESM], eAppendix
1) to receive a telephone assessment by a registered nurse,
an in-person visit with a registered nurse, or an in-person
visit with a registered nurse plus a physician
anesthesiology consultation. These assessments occur one
month to one week before surgery.

Self-reported patient health data were collected
identically in both phases of the study using a tablet.
Compared with physician history, patient-entered health
histories in the preoperative clinic have substantial to near
perfect agreement,””*® while previous research showed
similar predictive accuracy based on patient-reported data
vs data collected using NSQIP processes.”* Nevertheless,
in the standard care phase, there was no further interaction
with the tablet, and calculated risks were simply stored in
the study database. In the PREDICT app phase,
participants continued through the PREDICT app process
to receive and share their personalized predicted risks.
Study processes and data collection in each phase are
displayed in Fig. 1.

Standard care for before phase

Patients seen by a physician anesthesiologist undergo a
systems-based  history, physical examination and
discussion of options, care processes, and risks at the
discretion of the anesthesiologist. Formal or personalized
risk calculation and/or communication is not a standard
part of the preoperative anesthesiology consultation
process and the electronic health record did not contain
built-in risk scores or calculators. Anesthesiologists may
use online risk calculators at their discretion, but their use
is not formally documented. Patients receive procedure-
specific documentation about preparation for surgery and
day of surgery instructions.

Care processes in the PREDICT app phase

Participants were provided an iPad with the PREDICT app
open in the waiting room of the preoperative assessment
unit. Participants first inputted answers to health condition
questions required to populate the risk calculator. Surgical
procedure codes were inputted by the research assistant.
Next, participants were prompted to provide (using free
text) up to three benefits that they hoped to achieve from
having surgery. The app then generated personalized risk
predictions and a paper printout of anticipated benefits and

@ Springer

personalized risk estimates was provided to the patient and
their clinician. The printout also included three evidence-
based questions used to encourage shared-decision-
making: 1) what are my options; 2) what are the pros
and cons of each option; 3) how do I get the support to
make the decision that is right for me.?> These can be used
to help encourage discussion of their care with their
anesthesiologist (see Fig. 2). See eAppendix 2 (ESM) for
the development of the PREDICT app.

Participants then engaged in their anesthesiology
consultation. Anesthesiologists were not trained in use of
the application or any study outcomes. Anesthesiologists
were asked to provide informed consent and were made
aware that patients may present personalized risk estimates
in the clinic via the PREDICT app.

Outcomes

All outcome data were collected using a Research
Electronic Data Capture (REDCap; Nashville, TN, USA)
system and were entered by participants on a tablet (iPad).
The primary outcome was the patient’s knowledge of their
personalized risk profile after their anesthesiology
consultation. This was measured using a knowledge
questionnaire developed for this study based on
recommended standards for knowledge questionnaires,”®
designed to capture factual items specifically related to the
patient’s personalized risk profile.”” The questionnaire was
applied at the time of enrollment (baseline) and after
anesthesiology consultation by asking patients to estimate
their risk of morbidity, their risk of mortality, and their
expected length of stay within one of five ranges
(eAppendix 3; ESM). A question was marked as correct
if the patient’s self-estimated risk and their model
estimated risk were within the same range category. The
pre- and post-appointment knowledge scores were
normalized on a 100-point scale ([questions correct/total
questions]-100).

Patient-centred secondary outcomes that were compared
between the study phases included patient satisfaction of
the process used to communicate their risk of surgery
(assessed using a likelihood to recommend ten-point Likert
scale)®® and patient anxiety levels (at baseline and after the
consultation using the short form State-Trait Anxiety
Inventory,”’ which is normalized to a 100-point scale;
higher scores mean greater anxiety, with a score > 40
being clinically relevant).*°

For PREDICT app phase participants, we also measured
patient acceptability and how willing they would be to use
the app again before a future surgery using a modified
version of a validated five-point Likert scale.®’ Clinician-
centred secondary outcomes in the PREDICT app stage
included acceptability questions (using five-point Likert



Preoperative personalized risk

1753

Fig. 1 Study processes by
phase. This figure illustrates the
clinical and data-collection
processes and timelines in the
standard care and PREDICT
app phases. PREDICT =
Personalized Risk Evaluation
and Decision Making in
Preoperative Clinical
Assessment

STANDARD CARE PHASE

Standard
discussion

Appointment timeline

Waiting room Consultation Post visit

Data collection timeline

Baseline health data, knowledge score,
anxiety level

PREDICT PHASE

Knowledge score, anxiety level, likelihood
to recommend, acceptability

Personal
data

/’ Ao \output
4 —
- [

Personalized
discussion

Personalized

PREDICT

scales)’! of the intervention (eAppendix 4; ESM) and the
likelihood for clinicians to change management based on
the risks generated by the PREDICT app (using a five-point
scale with five indicating that a change would definitely be
made). Feasibility reflected the proportion of patients for
whom a risk score could be calculated and proportion of
missing data from the patient-entered health questionnaire.

Sample size

Minimal data are available to estimate expected knowledge
changes with a personalized preoperative risk
communication tool. Therefore, we based our effect size
estimate on the distinct, but related, decision aid literature,
which suggests a standard deviation (SD) for the change in
knowledge test of 10.*> We estimated that standard care
phase participants would likely experience a small
improvement in knowledge (5%) compared with those in
the PREDICT app phase (10%). Although we could not
identify a minimally important difference for patient
knowledge tests, we prespecified a net improvement of
5% to be clinically important. Using a two-sided ¢ test at
the 5% level of significance and assuming a common SD of
10%, 86 patients per phase achieved 90% power to detect
an important difference. Ninety-five patients per group
were targeted to allow for 10% dropout. Use of analysis of
covariance was expected to further increase the statistical
power.”> Secondary outcome analyses were considered

exploratory, so no adjustment for multiple testing was
made.

Statistical analysis

Descriptive statistics were calculated for each group using
means and SD for continuous variables and proportions for
binary and categorical variables. Comparisons between
groups were made between patients in the standard care
and PREDICT app phases using Chi square tests for binary
and categorical variables, and ¢ tests for continuous
variables.

As recommended, because our primary outcome (patient
knowledge score) was a continuous variable measured at
baseline and post-consultation follow up, we prespecified
use of an analysis of covariance approach in a linear
regression model.>*** This means that the post-
consultation score was our dependent variable, but each
participant’s knowledge score at baseline was entered into
the regression model as a covariate. We could then
compare the knowledge score at the end of the
anesthesiology consult between the study phases,
conditional on the baseline scores. We conducted
unadjusted analyses first, followed by primary analyses
adjusted for patient characteristics that were imbalanced
(sex, age [as a cubic term based on fractional polynomial
transformation]) between phases. As a first sensitivity
analysis, we also compared the change in knowledge score

@ Springer
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<« Fig. 2 PREDICT app output. Personalized risk output, benefits, and

shared decision-making cues from the PREDICT app as provided to
participants and clinicians. PREDICT = Personalized Risk Evaluation
and Decision Making in Preoperative Clinical Assessment

from baseline to post-consultation between groups. The
change in score analysis is an alternative approach to
analyzing continuous outcomes measured at baseline and
follow up, but is thought to be more prone to bias.
Nevertheless, when baseline scores differ between groups,
some authors recommend comparing the different analytic
approaches to ensure consistent results, especially in non-
randomized studies.®® As a final sensitivity analysis of the
primary outcome, we modeled the dependent variable as a
count of correct responses in a repeated measures Poisson

Standard care phase

Potentially eligible participants
(192)

Not assessed

-Not interested in research (44)
-RA not available (29)
-Preoperative visit not
completed (2)

A

\i

Assessed for eligibility
(117)

Ineligible

-Langugae barrier (2)
-Cognitive impairment (3) <
-No MD assessment planned

(@)

\

Eligible and consented
(104)

Exclusions

-Ineligible procedure (11)
-Patient declined because of |«
timing (2)
-Data error (1)

Y

Included in final analysis
(90)

regression model using general estimating equations to
account for repeated measures (baseline and post-
consultation) within subjects.

For PREDICT app phase participants only, patient and
clinician  acceptability = outcomes were analyzed
descriptively to generate proportions responding with
strong or moderately strong agreement, or strong or
moderately strong disagreement. No data for study phase,
covariates, or primary outcome measures were missing.

Results

We enrolled 201 participants (104 standard care, 97
PREDICT app). The final analytic cohort included 183
participants (90 before, 93 after) who were exposed to full
study procedures (see Fig. 3; flow diagram, including post-

PREDICT app phase

Potentially eligible participants
(155)

Not assessed

-Not interested in research (37)
-RA not available (6)
-Preoperative visit not
completed (2)

-Missing information (1)

A/

Assessed for eligibility
(109)

Ineligible
»| -Langugae barrier (1)
-Cognitive impairment (1)

\

Eligible and consented
(97)

Exclusions
-MD not cosented (1)
»| -Inelligible procedure (3)

Y

Included in final analysis
(93)

Fig. 3 Study population flow. This figure illustrates identification and accrual of eligible patients in the standard care phase (left side) and
PREDICT app phase (right side). PREDICT = Personalized Risk Evaluation and Decision Making in Preoperative Clinical Assessment
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Table 1 Baseline characteristics of study population

Characteristic Standard care PREDICT app P value
n =90 n=93

Age, mean (SD) 57 (14) 64 (11) 0.02

BMI, mean (SD) 30 (8) 30 (6) 0.89

Female (%) 53 37 0.02

Heart failure (%) * * 0.57

High blood pressure (%) 39 50 0.12

Dyspnea (%) 18 19 0.81

Steroids (%) * * 0.15

Ascites (%) * * 0.89

Metastatic cancer (%) * * 0.51

Diabetes (%) 17 10 0.12

Dialysis (%) * * 0.12

Smoking (%) 22 14 0.11

COPD (%) * * 0.33

Need help with ADL (%) 10 7 0.35

Surgical service 0.16

General (%) 20 16

Thoracic (%) 10 3

Orthopedic (%) 21 19

Neurologic (%) 23 34

Vascular (%) 4 10

Urology/gynecology (%) 17 13

Other (%) 4 6

*Cell sizes < 6 have been suppressed to maintain confidentiality. ADL = activities of daily living; BMI = body mass index; COPD = chronic
obstructive pulmonary disease; PREDICT = Personalized Risk Evaluation and Decision Making in Preoperative Clinical Assessment; SD =

standard deviation

Table 2 Outcomes by study phase

Outcomet Phase Baseline  Post- Unadjusted difference (95% P value Adjusted difference (95% P
consultation CI)* CI)** value
Knowledge Standard 24.1 32.2 (28.5) 13.9 < 0.001 143 < 0.01
(0-100), mean (26.5)
(SD) PREDICT 354 53.0 (33.1) (6.5 to 21.4) (6.5 to 22.0)
app (32.9)
Anxiety Standard 38.6 36.3 (11.6) -2.4 0.04 -1.9 0.13
(0_100), mean care (11.9)
(SD) PREDICT 322 29.4 (11.6) (-4.8 to (-4.2 10 0.5)
app (11.3) -0.1)
Satisfaction Standard 79 (2.5) 1.1 0.001 0.8 0.03
(0-10), mean care
(SD) PREDICT 8.9 (2.2) 0.4 to 1.7) (0.1to 1.4)
app

tKnowledge was measured using a standardized questionnaire, anxiety using the State-Trait Anxiety Inventory, and satisfaction refers to the
likelihood to recommend; *represents difference after consultation between standard care and PREDICT app (adjusted for baseline score using
analysis of covariance for knowledge and anxiety);**additional adjustment for age and sex. CI = confidence interval; PREDICT = Personalized
Risk and Evaluation Decision Making in Preoperative Clinical Assessment; SD = standard deviation
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enrollment exclusions). No surgeries were cancelled as a
result of exposure to the PREDICT app. Participants in the
standard care phase were younger and more often female;
no other baseline -characteristics were significantly
different between the groups (Table 1).

Change in knowledge scores

The mean knowledge score at baseline was lower in the
standard care phase than in the PREDICT app phase
(Table 2), but scores improved after anesthesiology
consultation in both conditions. Controlling for baseline
scores, our analysis of covariance showed that participants
in the PREDICT app phase had significantly better
knowledge of their personal risk profile after their
anesthesiology consultation (an adjusted average increase
of 14.3%; 95% confidence interval (CI), 6.5 to 22.0; P <
0.001) than patients in the standard care phase did (see
Table 2). Results of the White’s test for heteroskedasticity
were not significant (P = 0.09), suggesting variance across
variables was consistent (an important assumption of linear
regression). A significant improvement in knowledge
continued to be present in the PREDICT app phase when
analyzing changes in score (adjusted difference, 9.5%;
95% CI, 1.1 to 17.9; P = 0.03) and the number of correct
responses (rate ratio, 1.43; 95% CI, 1.27 to 1.61; P <
0.001).

Secondary outcomes

Table 2 provides summary statistics and effect estimates
for secondary outcomes. Participants in the PREDICT app
phase reported lower anxiety scores after their clinic visit
than standard care participants, as well as higher
satisfaction scores. After adjustment for age and sex,
satisfaction scores were significantly higher; anxiety scores
were not significantly different after adjustment.

Feasibility and acceptability of the PREDICT app

The PREDICT app was feasible for clinical use. All
participants were able to provide the data required to
calculate their personalized risk scores and risk scores were
calculated successfully for all participants. We only
instituted formal notation of how many people needed
help with the tablet in the PREDICT app phase. There were
26 (27.8%) participants who required assistance with data
entry. Our experience was that these were typically older
people who were not accompanied by a younger support
person (e.g., an adult child). Eighty-seven (93.6%)
participants found the PREDICT app to be easy or very
easy to use. Ninety-one (98.2%) reported that they would
be willing or very willing to use the app before a future

surgery. The majority of participants (67; 72%) reported
actively discussing their risk estimates with their
anesthesiologist.

Fifty-six clinicians rated the PREDICT app; 52 (96%)
strongly or moderately agreed that the personalized risk
profiles were clear and unambiguous, and 51 (91%) agreed
or strongly agreed that the information provided was easy
to use. Only 37 anesthesiologists provided their opinion on
whether the PREDICT app would benefit patients, but 26
(70%) moderately or strongly agreed that the app would be
of benefit. Clinician feedback on other domains is provided
in eAppendix 4 (ESM). When asked after each consultation
if the information provided by the PREDICT app would
lead to them making a change in anesthetic management,
only two (2%) anesthesiologists strongly or moderately
agreed that the PREDICT app would lead to them making a
change in anesthetic management, while 31 (33%) slightly
agreed. The majority (65%) did not feel the information
provided would lead to changes in anesthetic management.

Discussion

In this prospective before-after study, we found that
exposure to a tablet-based, patient-facing personalized
risk calculation and communication application (the
PREDICT app) significantly improved patient’s
knowledge of their personalized expected morbidity and
mortality risks and length of stay. This increase in
knowledge of risks was not accompanied by an increase
in patients’ levels of anxiety. The application also led to a
significant increase in patient satisfaction, with a higher
likelihood of recommending a risk communication
approach that included the PREDICT app compared with
the standard approach in a clinical encounter. Finally, the
PREDICT app was found to be acceptable to patients and
clinicians. Future evaluation of this process (ideally in a
cluster randomized trial) is warranted to show
generalizability and increase the evidence base for the
application’s effectiveness.

Despite studies documenting strong preferences from
surgical patients to receive more personalized risk
information before surgery,®>'? few examples of
systematic preoperative approaches to personalized risk
calculation and communication exist.'® Where these data
do exist, significant limitations have been identified,
including lack of comparator groups'® and high risk of
bias study designs.'® Therefore, understanding whether
engaging patients in a systematic process to calculate and
communicate personalized risks and expected outcomes
improves patient-important outcomes is a major gap in the
perioperative literature. Based on our findings, it appears
that personalized estimates of risk and expected outcomes
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can be feasibly and acceptably (to patients and clinicians)
calculated and communicated to preoperative patients
without altering clinic patient flows or other processes.
By using the PREDICT app, a significant increase in
patient knowledge may be achievable, and this change
(over 10% higher with a 95% CI excluding the prespecified
minimally important difference) is similar to what is shown
by patient decision aids (which, it must be noted, have
purpose beyond risk communication).** Furthermore, our
findings are consistent with those of Raymond et al. that
demonstrated no increase in anxiety when preoperative
personalized risks are communicated to patients.'”

While our findings are promising and build directly on
the ever-increasing availability of mobile technology and
validated perioperative risk models,'>™' future design or
implementation of related processes should be informed by
evidence-based considerations. First, risk estimates should
be based on valid and accurate models. In our study, we
harnessed the well-validated NSQIP universal risk
calculator, combined with our hospital network’s NSQIP
outcome data, to create locally calibrated models to predict
risks and expected outcomes. Next, we actively engaged
patient partners in designing our application and piloting
our process. We ensured that risk information was
communicated to patients using best practices, including
absolute risk estimates displayed using pictographs and
explained in terms of personalized but population-informed
probabilities.>® We made sure to elicit patients’ perceived
benefits of having surgery to support consideration of the
risk-benefit balance. Finally, we provided evidence-based
shared decision-making cues® to support patients in
actively discussing their risks and care with their
anesthesiologist.

Further research will be required to fully understand the
role and impact of systematic personalized risk calculation
and communication on patient experience, outcomes, and
health system performance. Further development will be
required to allow direct interfacing with a variety of
electronic health record systems, which should facilitate
input of variables (such as surgical codes) typically
unknown by patients and to allow direct upload of results
into the medical record. Questions related to timing and
setting should also be considered. While risk assessment
and stratification are well within the scope of practice of
anesthesiologists, it 1is reasonable to consider the
implementation of a personalized risk calculation and
communication process at the time of surgical consultation
(as this is typically where a patient is making the decision
about proceeding with surgery). Nevertheless, formal
acceptability data from surgeons has not yet been
collected. Formal integration with electronic health
records could allow for automatic input of surgical codes
and the possibility for patients to access this tool at their
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convenience, even from home. Furthermore, directly
linking this process to formal evidence-based shared
decision-making resources (such as decision aids or
decision coaching)**>’ could also support better quality
decision-making for individual patients. Finally, linkage of
personalized risk estimates with actionable processes of
care also has the potential to improve patients’ health
outcomes and health system performance but will require
robust evaluation.

Strengths and limitations

Our study should be appraised in consideration of its
strengths and limitations. First, although a randomized trial
would provide stronger causal evidence, we could not
perform an individual patient randomized trial as the risk of
contamination was deemed to be very high (we were
concerned that exposure to a patient randomized to the
PREDICT app would bias the clinician to access an online
risk calculator [e.g., NSQIP online calculator] when caring
for subsequent patients randomized to the control
condition). An alternative design would be an interrupted
times series; however, we estimated that 960 participants
would have been required. Instead, we focused on robust
conduct of a prespecified and registered prospective
before-after design. Nevertheless, this design is liable to
certain biases including confounding bias, temporal bias,
and inadequate allocation concealment. Fortunately, we
were able to pre-specify, register, and complete our study
over a short time frame. This helped to ensure that both
phases were identical in terms of data collection processes
and temporally proximate; importantly, no other changes in
practice at our hospital occurred. Furthermore, baseline
characteristics of both groups were similar and primary
results were consistent after adjustment for unbalanced
covariates. While we could not blind clinicians in the
PREDICT app phase, they were not aware of the standard
care phase and participants were not aware of being in one
phase of the study vs the other. Additionally, all participant
data and outcome collection were performed prospectively
and in the same fashion in both groups. Outcomes were
based on validated approaches where possible®®; however,
to our knowledge, a standardized and validated
preoperative risk knowledge questionnaire does not exist.
Our approach was to follow methods used in the decision
aid literature, but as the knowledge assessed comes from
the app, this could bias our results in favour of the
PREDICT app. As a single-centre study, we cannot
comment on the generalizability of our findings to other
hospitals or jurisdictions with differing approaches to
preoperative assessment. Future studies should also follow
patients after surgery to record outcomes and satisfaction
with the preoperative process after surgery has occurred.
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Conclusions

In a prospective before-after study, we found that exposure
to a tablet-based, patient-facing, personalized risk
communication application improved patients’ knowledge
of their personalized risks and expected outcomes
compared with standard preoperative assessment by a
physician anesthesiologist. This process was feasible and
acceptable, and led to improved patient satisfaction without
increasing anxiety levels.
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