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Two presenters will be assigned to choose and present summaries of their papers. Ideally the
two papers will represent similar topics but contrasting research methodologies. The focus
remains on critical appraisal of the research and manuscript, more than on the actual contents
of the article. Each presenter will then lead an open discussion about the article, based around
the guidelines below. The object is to open up the appraisal to wide discussion involving all
participants.

GENERAL
1. Title of paper: Does it seem like an important problem? Does it reflect the
purpose/results?
2. Authors, institution and country of origin
INTRODUCTION
1. What is the problem being addressed?
2. What is the current state of knowledge of the problem studied?
3. What is the hypothesis being tested?
4, How does testing the hypothesis help solve the stated problem?
METHODOLOGY
1. Study design:
a) Clinical trial vs. systematic review/meta-analysis
b) Prospective vs. retrospective
c) Observational vs. Experimental
d) Randomized or not
e) Blinded or not
2. Population studied: a) Human, animal, other
b) Justification
c) Control groups: experimental vs. historical
d) Is the sample size/power calculated, and how?
e) Is the population similar to your own practice?
f) Single vs. multi-centre
3. Is the study ethically sound?
a) Clinical equipoise
b) Does treatment meet standard of care (esp controls)?
c) Appropriate consent and institutional ethics approval
4, Exclusions: what groups are excluded and why?
5. Experimental protocol

a) Is it designed to test the hypothesis?



b) Is it detailed enough to be reproducible?

c) Is the methodology validated?
d) Are the drugs/equipment used detailed?
e) How does the randomization take place?

What are the primary endpoints?

Is power sufficient to justify secondary endpoints?
Is the protocol clinically relevant?

Data collection and analysis

10. Statistical analysis: Is it appropriate? Are results
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RESULTS

1. Are the groups comparable?

2. Were any subjects/data eliminated?

3. Analyzed by intent to treat?

4, Are adequate details of results provided? - data, graphs, tables
DISCUSSION

1. What is the main conclusion of the study?

2. Do the results support this conclusion?

3. Do the results address the stated purpose/hypothesis of the study?
4, How do the authors explain the results obtained?

5. Are there any alternative interpretations to the data?

6. Are the results clinically as well statistically relevant?

7. How do the results compare with those of previous studies?

8. What do the results add to the existing literature?

9. What are the limitations of the methods or analysis used?

10. What are the unanswered questions for future work?

APPLICABILITY OF THE PAPER

1. Have you learned something important from reading this paper?
2. Will the results of this study alter your clinical practice?
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Development, Implementation, and Evaluation of a
Telemedicine Preoperative Evaluation Initiative at a
Major Academic Medical Center

Nirav V. Kamdar, MD, MPP MBA,* Ari Huverserian, MD,* Laleh Jalilian, MD,* William Thi, BS,*
Victor Duval, MD,* Lauren Beck, MD,* Lindsay Brooker, MPEt Tristan Grogan, MS,*
Anne Lin, MD,+ and Maxime Cannesson, MD, PhD*

BACKGROUND: With health care practice consolidation, the increasing geographic scope of
health care systems, and the advancement of mobile telecommunications, there is increasing
interest in telemedicine-based health care consultations. Anesthesiology has had experience
with telemedicine consultation for preoperative evaluation since 2004, but the majority of stud-
ies have been conducted in rural settings. There is a paucity of literature of use in metropoli-
tan areas. In this article, we describe the implementation of a telemedicine-based anesthesia
preoperative evaluation and report the program’s patient satisfaction, clinical case cancellation
rate outcomes, and cost savings in a large metropolitan area (Los Angeles, CA).

METHODS: This is a descriptive study of a telemedicine-based preoperative anesthesia evalua-
tion process in an academic medical center within a large metropolitan area. In a 2-year period,
we evaluated 419 patients scheduled for surgery by telemedicine and 1785 patients who were
evaluated in-person.

RESULTS: Day-of-surgery case cancellations were 2.95% and 3.23% in the telemedicine and the
in-person cohort, respectively. Telemedicine patients avoided a median round trip driving dis-
tance of 63 miles (Q1 24; Q3 119) and a median time saved of 137 (Q1 95; Q3 195) and 130
(Q1 91; Q3 237) minutes during morning and afternoon traffic conditions, respectively. Patients
experienced time-based savings, particularly from traveling across a metropolitan area, which
amounted to $67 of direct and opportunity cost savings. From patient satisfaction surveys, 98%
(129 patients out of 131 completed surveys) of patients who were consulted via telemedicine
were satisfied with their experience.

CONCLUSIONS: This study demonstrates the implementation of a telemedicine-based preop-
erative anesthesia evaluation from an academic medical center in a metropolitan area with high
patient satisfaction, cost savings, and without increase in day-of-procedure case cancellations.
(Anesth Analg XXX;XXX:00-00)

KEY POINTS

Question: Can telemedicine for preoperative consultations be accomplished in a metropolitan
area?

- Findings: Preoperative telemedicine consultations can be accomplished in a metropolitan aca-
demic medical center with low case cancellation rate, high patient satisfaction, and patient
cost savings.

- Meaning: Preoperative telemedicine consultations can be used successfully as an adjunct to
in-person consultations before surgery.

GLOSSARY

ASA = American Society of Anesthesiologists; COVID-19 = coronavirus disease 2019; DRG =
diagnosis-related group; EHR = xxx; EMR = electronic medical record; HIPAA = Health Insurance
Portability and Accountability Act; IRB = institutional review board; PEPC = preoperative evaluation
and planning center; RRMC = Ronald Reagan Medical Center; SD = standard deviation; SMH =
Santa Monica Hospital; UCLA = University of California, Los Angeles
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elemedicine-based patient evaluation has
Treached an inflection point in modern medicine.

The economic pressures on health care systems
have influenced practice consolidation and, conse-
quently, increased the geographic scope of patient
care.? Major health systems now host patients spread
across a large geographic scope, and, as a result,
patients are accessing their health care systems from
distant locations, particularly for highly specialized
surgical care. Thus, preoperative anesthetic planning,
assessment, and optimization must also be accom-
plished over greater distances. Health care systems
recognize the importance of patient-centered care,
the value of the patient experience, the importance
of “on-demand” delivery of health care, and the fact
that future patient demographics are accustomed to
accessing goods and services (including health care)
via mobile platforms.® While health care systems have
incrementally incorporated telemedicine visits across
specialties,* the coronavirus disease 2019 (COVID-19)
pandemic forced the platform over the tipping point
of acceptance for health systems, physicians, and
even implementation skeptics.>” At a time when state
“shelter in place” policies made direct patient evalu-
ation near impossible, telemedicine for perioperative
care becomes even more relevant.

Despite preoperative evaluations reducing postop-
erative mortality,® anesthesiology had limited experi-
ence utilizing telemedicine for preoperative care,’ and
even more limited experience with this technology in
large, urban health care systems. Therefore, the aims of
this article are to (1) describe our telemedicine imple-
mentation experience, including descriptions of the
technological platforms that we use; (2) highlight the
patient experience best practices that we have learned
and implemented during the maintenance of the pro-
gram; (3) demonstrate patient-centered benefits from
using telemedicine evaluations for preoperative anes-
thetic evaluations; and (4) elucidate implementation
barriers and future questions.

A recent narrative review summarizes the collec-
tive experience with preoperative telemedicine eval-
uations from earlier studies.’” Much of the original
research comprised pilot studies in rural locations
that demonstrated technological feasibility''? and
showed high acceptability for using telemedicine.
Applegate et al”® performed a randomized controlled
trial of 82 telemedicine visits in an academic medi-
cal center, compared results to in-person visits in
their preanesthesia assessment center, and showed
low case cancellations (1/82) and high patient sat-
isfaction. Mullen-Fortino et al"* used telemedicine

Reprints will not be available from the authors.

Address correspondence to Nirav V. Kamdar, MD, MPP, MBA, 757 Westwood
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consultations in series and in conjunction with in-
person consultation to reduce the consultation time
of patients who presented to their preanesthesia
assessment center.

Due to the dearth of experience with telemedicine
and overall low adoption of telemedicine in anesthe-
siology as a specialty,!® anesthesiologists must share
telemedicine implementation experiences, challenges,
and strategies to aid future implementation. Our
group at the University of California, Los Angeles
Health (UCLA) initiated a telemedicine-enabled pre-
operative evaluation initiative in August 2017, and, in
this article, we describe its implementation and early
results.

METHODS

The UCLA Health telemedicine preoperative anes-
thesia evaluation was initiated on August 1, 2017,
within our division’s preoperative evaluation and
planning center (PEPC). In this article, we report on
the period from its implementation until October 31,
2019. Institutional review board (IRB) approval was
obtained but given exempt status for the purposes of
analyzing and retrospectively reporting our results
to facilitate improvements in the patient experience
at UCLA Health; hence, patient consent was waived
(IRB # 19-000554).

Setting: UCLA Health Department of
Anesthesiology and Perioperative Medicine

As of October 31, 2019, the Department of
Anesthesiology and Perioperative Medicine at UCLA
Health comprises 121 faculty, 100 residents, 21 fel-
lows, and 44 certified nurse anesthetists. The depart-
ment serves 2 main hospitals: Ronald Reagan Medical
Center (RRMC), located in Westwood, and Santa
Monica Hospital (SMH), located in Santa Monica;
3 affiliated hospitals (Olive View Medical Center,
Martin Luther King Hospital, and Harbor UCLA); and
a growing community practice, including outpatient
surgery. These hospitals serve UCLA Health patients
through a distributed network of 170 UCLA Health
medical clinic locations throughout the Southern
California region. On a daily basis, the department
provides anesthesia services to more than 90 operating
sites and performs over 60,000 procedures annually.
As UCLA Health is expanding its community medical
practice to increase its foothold in Southern California
and to engage in population health management, the
2 main hospitals (RRMC and SMH) serve a growing
surgical patient population and frequently patients
must travel from outside of the Los Angeles metro-
politan area. Therefore, in-person preoperative evalu-
ations pose a challenge for many surgical patients,
especially those who have multiple comorbidities and
need specialist consultations.
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While the UCLA Health PEPC evaluates nearly
36,000 cases via telephone interview and chart review,
we physically see ~1000 patients in clinic annually
(2.78%). We established the PEPC telemedicine pro-
gram on August 1, 2017, to improve our consultation
access to surgical patients when geographic distance
and time constraints limit patient access to the PEPC
clinic. The video component improved patient expe-
rience with face-to-face, digital, interactions with an
anesthesiologist.

Intake for a preanesthesia evaluation is repre-
sented graphically in Figure 1. Many low-risk patients
are evaluated with a chart review and short phone
interview with our preoperative nursing staff. When
surgeons or proceduralists deem anesthesiologist
consultation necessary or preferable, they triage the
patient to the PEPC clinic for an in-person or telemed-
icine visit by an anesthesiologist. Our single nurse
navigator at the clinic site monitors that each patient’s
unique preoperative requirements from the consult
are met before the day of surgery, conducts follow-
up interactions, and helps schedule subsequent tele-
medicine visits if the anesthesiologist or the patient
requests an additional appointment.

The PEPC team is made up of physicians (1 faculty
in clinic per day from a group of 7 faculty), 4 nurse
practitioners, 20 registered nurses, and 3 support staff.
The clinic has 7 examination rooms equipped with an
examination bed and a computer for electronic medi-
cal record (EMR) access (Epic, Verona, WI). A sepa-
rate, private, physician workroom accommodates

Phone
Screen

an attending anesthesiologist, 1 anesthesia resident,
and either a nurse practitioner or a perioperative fel-
low. Each computer workstation in the workroom is
equipped with a computer that has a built-in camera
for telemedicine encounters. All telemedicine visits
are conducted from the PEPC clinic located at RRMC
in Westwood, CA.

Planning, Execution, and Capital Expenditures
Implementation was facilitated by the UCLA
Telehealth implementation team in the Department of
Information Technology before the June 2017 launch
in our PEPC. The implementation team consisted
of a medical director, administrative director, and 2
implementation managers. Time spent for the initial,
nonintegrated, workflow is estimated to 40 hours by
the implementation team. Technical infrastructure to
integrate the video visit platform into our electronic
health record system required an estimate of 1338
hours for all departments. Implementation of the
platform to go-live is estimated at 269 hours for the
health system, which included the development of a
training plan, tip sheets, eLearning, and training for
long-term support staff. Administrative and clinical
champions from each service line were asked to com-
plete an 8-week program to define the project scope,
build the charter, establish use cases and video visit-
specific outcome measures, and determine hardware
requirements which accounted for approximately 10
hours of administrative time dedicated to the anes-
thesia service line.

Decision for Surgery

Surgical Referralto UCLA
Health PEPC Clinic

no
=
¥
Evaluation if case meets established
criteria

no » yes
@

positive

SMART Screen + Phone Evaluation
negative B " /
Day of surgery

evaluation

0 — Additional physical examination or resting necessary
N - Additional investigation necessary

- PEPC Evaluation
In-person Evaluation «- Telemedi-cine
Evaluation
Surgery g

Figure 1. UCLA Health PEPC Screening Process for evaluation of preoperative patients suitable for a telemedicine visit. Dotted arrows indicate
possible flow if clinical decision is made. PEPC indicates preoperative evaluation and planning center; UCLA, University of California, Los

Angeles.
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Telemedicine Visits

Once a patient or surgeon chooses a telemedicine
consultation, PEPC staff assign an appointment date
and time for their telemedicine preoperative consul-
tation. As a care team, an attending anesthesiologist
and anesthesia resident conduct the consultation
via a video visit for 30 minutes. Consults include a
verbal informed consent, a review of the goal of the
visit, review of medications, and a full medical and
anesthetic history with a brief examination of airway
anatomy. The details of the anesthetic visit are seen
in our document of best practices and workflow and
given to each practitioner as a consult checklist before
each telemedicine consultation (Supplemental Digital
Content, Figure 1, http:/ /links.lww.com/AA /D195).

Telemedicine Platform

During the period of this study, UCLA Health tran-
sitioned through 2 telemedicine platforms. From
August 1, 2017 to June 8, 2018, PEPC telemedicine
consultations were conducted via Zoom (Zoom Video
Communications Inc, San Jose, CA). Zoom offers a
Health Insurance Portability and Accountability Act
(HIPAA) compliant platform with point-to-point
encryption for video conferencing that was approved
by our Office of Compliance Services for patient pri-
vacy through a Business Associate Agreement with
the UC System. The PEPC scheduler confirms the
appointment with the patient and then sends an indi-
vidual meeting link directly to the patient via e-mail.
Each link is unique to the individual meeting to ensure
patient privacy. This platform was useful to start our
initiative because it offered basic video conferencing
tools and a stable login portal for both patients and
clinicians. However, 1 difficulty with Zoom as a plat-
form includes the inability to easily use photo capture
to embed airway photos into the telemedicine assess-
ment documentation. Additionally, appointments
need to be made via patient e-mail rather than within
the EMR. From June 8, 2018, UCLA Health transi-
tioned to a video visit tool from Vidyo (Vidyo, Inc,
Hackensack, NJ) that practices and health systems
can license and integrate within Epic and use directly
within the EMR system. At the time of this study,
UCLA maintained a contract of 25 Vidyo licenses.
Subsequent to transitioning to Vidyo, PEPC admin-
istrative staff scheduled patients directly within the
Epic scheduling software; anesthesiologists logged
into the video visit from the EMR-based clinic sched-
ule. Patients logged into the myUCLA Health patient
portal via the Epic MyChart application (Epic Systems
Corporation, Verona, WI) on their smartphone or tab-
let. Their telemedicine appointment would be located
within their appointments tab with a “Begin Visit”
button allowing them to join directly in the app with-
out any additional downloads. Due to the complexity

4 www.anesthesia-analgesia.org

of the website application for video visits, UCLA
Health made an enterprise-wide operational decision
to use a mobile-only option for patients as a way to
optimize the user experience and avoid most techni-
cal problems. Within the video visit tool, an image
capture tool was used to photograph the airway for
the preanesthetic evaluation documentation for the
day-of-surgery anesthesia care team. The interfaces
for both patient and provider can be seen in Figure 2.
Over the course of this study, these 2 different tele-
medicine platforms were implemented into our tele-
medicine program, and during the transition periods,
there were a few technical failures.

Patient Satisfaction

To measure patient satisfaction, after completion of a
telemedicine video visit, the UCLA Connected Health
team issues each patient a patient experience survey
via e-mail, as seen in Supplemental Digital Content,
Figure 2, http://links.lww.com/AA/D195. Patients
had the option to opt out of the experience survey.
Eleven questions in 5-point Likert scale format are
included in the survey, including a section for a free-
text comment about the experience with the provid-
ers and the technological platform. Survey questions
include items on interactions with the telemedicine
team, technical ease of use, patient satisfaction, and
future interest in telemedicine services. All responses
are included in this analysis.

Case Cancellation Rate Analysis

We retrospectively compared the case cancellation rate
of our telemedicine cohort to the current standard in-
person clinic cohort. We extracted the total cases seen
in the PEPC clinic using a digital extraction method
from UCLA’s DataMart'® between January 1, 2017 and
October 31, 2019. The total scheduled telemedicine and
in-person visits were N = 419 and N = 1785, respec-
tively. Case cancellations were tabulated if surgical
cases were canceled on the day of surgery within 1 year
of a presurgical anesthesia visit. Therefore, multiple
surgical cases were possible for the same patient, thus
accounting for 645 surgical cases among the telemedi-
cine cohort and 3006 cases within the in-person cohort.

Calculation of Patient Cost Savings

We examined cost savings from the perspective of the
surgical patient. In a metropolitan area, patients expe-
rience cost savings from both transportation to our
clinic as well as time-based savings. The total direct
cost to the patient included the total fuel cost, parking
cost, and time-based savings (Supplemental Digital
Content, Figure 3, http://links.Iww.com/AA/D195).
We used the median values for fuel costs and fuel
economy among California vehicles ($3.36'7 and 24.90'
mi/gal, respectively). Day parking at UCLA is $12. We
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Figure 2. IT infrastructure. A, The computer console with the provider and video camera (left) on the upper panel of the computer monitor
(right). B, Epic display that shows when the patient is active and ready for a telemedicine visit and is waiting for their provider to log into the
encounter. The provider can connect either via the desktop computer monitor or from their mobile smartphone. C, The telemedicine encounter
utilizes a window to display the patient with a smaller image to show the provider(s). D, The display from Epic smartphone mobile app so
that patients can identify their video visit time and provider. E, The smartphone video encounter utilizes the phone’s cameras to display both
patient and provider on the single screen. The patient can obtain the after-visit recommendations within their phone directly from their anes-

thesia provider. ®Epic Systems Corporation. Used with permission.

conducted sensitivity analyses by varying the fuel cost
($3.15-4.00/ gal), the median round trip distance (5-200
miles), and the fuel economy (15-60 MPG) to help char-
acterize the range of total costs. The time-based savings
were calculated by measuring the travel time from each
subject’s originating zip code to the UCLA PEPC clinic
using Google Maps’ Distance Matrix API (Google,
Mountain View, CA). The methods were used and
reported in previous literature involving telemedicine.”
In our patient cohort, 14 zip codes were not entered into
the EMR; hence, our time savings analysis was based on
405 subjects. We estimated the travel time with traffic
by assuming morning telemedicine encounters occur-
ring at 10 AM and afternoon encounters beginning at
1 pMm. We used the median hourly wage in California
($20.40%) to calculate time-based savings for traveling
to UCLA and conducted sensitivity analyses by vary-
ing originating distance and hourly wage to estimate
the time-based savings of the subject cohort.

Statistical Analyses

Patient characteristics and study variables were sum-
marized between the telemedicine and in-person
cohorts using mean (standard deviation [SD]) or fre-
quency (%) unless otherwise noted.

XXX XXX @ Volume XXX ¢ Number XXX

RESULTS

Demographics

In a 2-year period, we conducted N = 419 telemedi-
cine preoperative consultations and N = 1785 in-
person consults. On average, the population who
used the UCLA PEPC telemedicine program was
predominantly Caucasian and younger. Patient
demographic characteristics are presented in
Table 1.

Patient Satisfaction Data

Out of 419 patients evaluated by telemedicine, 131
(31%) of the patients completed the patient experi-
ence survey, 11 patients (3%) opted out from taking
the survey, and 277 patients (66%) did not complete
the survey. The majority of patients who responded
to the survey (>90%) either agreed or strongly
agreed with statements regarding what to expect
from the video visit, confidence heading into it, clar-
ity of video, meeting patient needs, overall satisfac-
tion, and having more in the future (Table 2). Fewer
patients (83% agree or strongly agree) found the
technical process of joining to be easy, although still
a clear majority. We present the results of the patient
experience survey in Table 2.

www.anesthesia-analgesia.org 5
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Table 1. Demographic Characteristics of Patients
Who Had a Telemedicine Encounter for a PEPC

Video Visit Between August 2017 and October
2019 (Mean and 95% Confidence Intervals,
Median, and Interquartile Range)

Telemedicine In-Person

Variables (N =419) (N =1785)
Age

Mean 56.1 (15.8) 61.1 (15.7)

Median 57 (45-68) 64 (51-73)
Sex

Male 160 (38.2%) 699 (39.2%)

Female 259 (61.8%) 1086 (60.8%)
Race

Native American 1 (0.2%) 9 (0.5%)

Asian 20 (4.8%) 153 (8.6%)

African American 28 (6.7%) 163 (9.1%)

Declined 4 (1.0%) 9 (1.6%)

LatinX 41 (9.8%) 301 (16.9%)

Other 48 (11.5%) 272 (15.2%)

Pacific Islander 0 (0.0%) 7 (0.4%)

Unknown 2 (0.5%) 9 (0.5%)

Caucasian 275 (65.6%) 842 (47.2%)
ASA physical status

| 8 (1.9%) 1 (1.2%)

Il 149 (35.6%) 484 (27.1%)

I} 170 (40.6%) 885 (49.6%)

\% 6 (3.8%) 6 (4.3%)

Null 76 (18.1%) 319 (17.9%)

Abbreviations: ASA, American Society of Anesthesiologists; PEPC,
preoperative evaluation and planning center.

Case Cancellation Rate Outcomes

Day-of-surgery case cancellations among evaluated
patients occurred in 19 patients (2.96%) in the tele-
medicine cohort and 97 patients (3.23%) in the in-per-
son cohort.

Travel Distance and Time Saved

The median round trip travel distance saved
among telemedicine patients, as calculated from the
patients” home zip codes to the UCLA PEPC Clinic,
was estimated as 63 miles (Q1 24.7; Q3 119). When
travel time and traffic conditions were factored,
an estimated median of 137 minutes for a morning
appointment (Q1 95; Q3 195) and 130 minutes for an
afternoon appointment (Q1 91; Q3 237) based on traf-
fic conditions were observed respectively. Figure 3
presents the geographical distribution of patients
who participated in a telemedicine video visit with
the PEPC clinic.

Patient Cost Savings With Telemedicine

The median round trip driving distance for patients
in California who underwent a PEPC telemedicine
visit was 63 miles. Direct savings per patient was
estimated at $20 per visit (Q1 $15; Q3 $28). We con-
ducted several sensitivity analyses and varied the
round trip driving distance, fuel economy, and fuel
prices per gallon. Savings for the patient ranged from
$12 to $44 when round trip distances were 200 miles

6 www.anesthesia-analgesia.org

(Supplemental Digital Content, Figures 4-5, http://
links.lww.com/AA/D195). The time-based savings
based on initial assumptions was $46 (Q1 $32; Q3
$66). Sensitivity analyses were conducted to reflect
the value of a telemedicine encounter based on wage
(Supplemental Digital Content, Figure 6, http://
links.lww.com/AA /D195). Therefore, the estimated
median savings by using telemedicine for preopera-
tive evaluation totaled $67 (Q1 $47; Q3 $94).

DISCUSSION

This retrospective study represents the largest pub-
lished case series of telemedicine for preoperative
evaluation in a metropolitan, urban, health system.
Whereas we used telemedicine in place of in-person
visits, in a comparable study, Mullen-Fortino et al*
used telemedicine consultations in series and in con-
junction with in-person consultation. Additionally,
we discuss issues related to patient savings, satisfac-
tion, and cancellation.

Patient Satisfaction

Similarly to other studies,®'*!® patients rated tele-
medicine consultations favorably. Mullen-Fortino et
al'* showed that 97.5% of patients preferred telemed-
icine-based applications for anesthesia presurgical
evaluation. Of the 131 respondents, 129 of 131 partici-
pants (98%) “agreed” or “strongly agreed” that they
were satisfied with a video preoperative consultation,
with 120 of 131 patients (92%) reporting that they
“agreed” or “strongly agreed” that they preferred
these visits in the future. That said, 12 of 131 patients
(9%) either “disagreed” or “strongly disagreed” that
the technological link process was easy. Compared to
other health centers with EMR-based video visits,
our group did not have a telemedicine coordinator
review the download, login, or connection qual-
ity. Lack of an organized orientation program for
patients may explain some patient dissatisfaction,
particularly among our older demographic.

Case Cancellation Rate

Without a full physical examination, case cancella-
tions or case delays are of concern in telemedicine
consultations. We found the case cancellation rate
among evaluated patients was similar between our
telemedicine cohort (n = 19 patients, 2.96% case can-
cellation rate) and in-person cohort (n = 97 patients,
3.25% cancellation rate). Although our in-person
cohort had a slightly higher American Society of
Anesthesiologists (ASA) physical status, the results
of our data demonstrate that, despite a limited phys-
ical examination, we can successfully use telemedi-
cine on ASA physical status of I-IV patients without
increasing case cancellation, as similarly reported at
other institutions.?1213
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Table 2. UCLA Health Telemedicine Patient Satisfaction Survey Results (n = 131/419 [31%] Patients)

Strongly Agree Neutral Disagree Strongly
Survey Question Agree (%) (%) (%) (%) Disagree (%)
The care team adequately explained what to expect during my video visit session 55) 37 7 2 1
| felt confident in meeting with my provider via video visit 63 31 5 1 1
The technical process of joining the video visit was easy 50 88 8 5 5)
| could clearly see and hear my provider during the video visit session 63 29 6 2 1
The video visit met my expectation for the needs of my appointment 67 30 2 1 1
Overall, | was satisfied with my video visit 70 28 1 1 1
Given the option, | would choose to have other appointments via video 63 28 7 2 (0]

visit in the future

Abbreviation: UCLA, University of California, Los Angeles.

Legend
@ UCLA Clinic

Number of Visits

ba

Figure 3. Geographical distri-
bution of patients who had a
UCLA Health PEPC telemedicine
encounter. PEPC indicates pre-
operative evaluation and plan-

Patient Savings

Telemedicine patients experienced direct savings in
fuel and parking at the university campus. We con-
ducted sensitivity analyses by varying fuel costs,
distance, and fuel economy. Our results show that
patients directly saved a median of $20. This sav-
ings becomes greater as driving distance increases.
The time-based savings adds significant value to
patients distant from the main consultation area,
those on high-traffic routes, and those who experi-
ence opportunity costs from missed work. We pro-
vide a hypothetical clinical vignette demonstrating
the cost savings for an individual patient (Figure 4).
Reflecting a median wage of $20, the time-based

XXX XXX @ Volume XXX ¢ Number XXX

ning center; UCLA, University of
California, Los Angeles.

opportunity savings is $46, bringing the total sav-
ings to greater than $65 per patient—greater than
$43 previously published.?? While studies from
management consulting firms show time savings
value scales particularly when the patient’s socio-
economic status is high,” we found some savings
across all socioeconomic statuses. Within the free-
text feedback in the patient experience survey,
participants rated eliminating transport highly.
However, our analysis was limited, neglecting the
unemployed, full-time students, retired, etc, who
may reflect a $0/h opportunity cost. Future studies
should investigate the consumer value and willing-
ness to pay for telemedicine.

www.anesthesia-analgesia.org 7
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Savings Vignette: JP is a 56 year old female working in marketing who lives approximately 40 miles roundtrip from
UCLA driving for a 9AM pre-operative appointment. She drives a 2014 Nissan Sentra and values her time at $40/hr
including benefits. The direct and time-based savings experienced by JP using telemedicine are calculated using the

following sensitivity tables:

Lowest Fuel Cost in JP’s zipcode: $3.49. Roundtrip Distance: 40mi. Fuel Economy 2014 Nissan Sentra: 33mi/gal

Fuel Cost ($/gal)
I H

B B

100 120
$ 2806 § 3128 §
el E Direct Savings: $16.23
5 746 5 3055
s 126 § 30m §
§ 206 § 3007 $
5 2686 § 2983 §
s 2686 § 2959 §
$ 2646 5 2935 §
s 2626 § a1 $
$ 2606 5 28E S
S 258 § 2863 §
S 2585 5 2839 §
$ 2845 § 2818 §
S 2525 5§ 2790 §
S 2505 S 286 S
$ 2485 § 742 §
5 6 § bW §

49333 § 53333 § 57333 5 6
61667 S 66667 $ 7IEE §

Hourly Wage: $40/hr

Roundtrip Driving Time (minutes)

Roundtrip Time: 110min
Time Savings: $73.33

86333 § 93333 $100333 § 107333 § 114333
130567

Total Savings: $89.56

Figure 4. Savings vignette from a hypothetical patient to show readers how to navigate the sensitivity analyses presented in Table 3. UCLA

indicates University of California, Los Angeles.

Geography

As a referral center in Southern California, UCLA
Health treats patients inside and outside the met-
ropolitan area; for residents of Los Angeles County,
traveling short distances can take significant time
due to traffic. Figure 3 shows the geographical reach
of patients who received a telemedicine preoperative
consultation. While some patients were in Northern
California and the Central Valley, a vast majority of
patients within neighboring counties to UCLA opted
for a telemedicine visit. Because Los Angeles has
high traffic congestion,* patients significantly value
time saved with video visits from home or work.
Compared to other studies conducting telemedicine
consultations with patients in rural areas, our data
show that there is high demand for telemedicine pre-
operative consultations even within metropolitan
areas over shorter distances.

Organizational Learning and Telemedicine Best
Practices

Our case series of 419 telemedicine preoperative con-
sultations gave our group insight into telemedicine
best practices. Our PEPC Clinic keeps a best practices
checklist within each room where telemedicine con-
sults occur (Supplemental Digital Content, Figure 1,
http:/ /links.lww.com/AA/D195), outlining neces-
sary communication points about telemedicine con-
sent, limited physical examination, and necessity to
capture still airway images for EHR documentation.
The largest participants in telemedicine emerge from
a younger demographic accustomed to “on-demand”

8 www.anesthesia-analgesia.org

services. Therefore, we aimed for punctual telemedi-
cine consults. To facilitate patient satisfaction and
workflow of our in-person anesthesiology clinic, tele-
medicine encounters were kept to 30 minutes.

Future Challenges

Telemedicine among anesthesiologists is nascent;
thus, many questions remain unanswered and many
challenges remain. From a financial perspective,
telemedicine reimbursement remains regulated on a
state-by-state basis; individual state health plans have
individual stipulations for reimbursement, and these
regulations need to be understood by anesthesiol-
ogy departments in their respective state of practice.
While, typically, Medicare does not reimburse for tele-
medicine visits, Congress lifted those provisions for
the COVID-19 pandemic. We hope the telemedicine
parity laws within 30 states, mandating commercial
insurance companies to reimburse services for tele-
medicine visits, will expand nationwide. These poli-
cies are evolving, and we expect more US states and
commercial insurers will provide reimbursement for
telemedicine services, broadening the use of tele-
medicine for outpatient encounters. At UCLA, PEPC
telemedicine visits were bundled within the surgical
diagnosis-related group (DRG) both to aid both adop-
tion of telemedicine visits before the day of surgery
and as a value-add to preoperative optimization.

Limitations

This study has several limitations. First, this is a

retrospective, nonrandomized implementation
ANESTHESIA & ANALGESIA

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.


http://links.lww.com/AA/D195

22 ORIGINAL CLINICAL RESEARCH REPORT

study for telemedicine preoperative consultation.
Although we present cancellation results in tele-
medicine and in-person consultation workflow,
we did not randomize the patient population to
test if telemedicine consultations were noninferior
to in-person consultation and do not make direct
statistical comparison. Rather, this study demon-
strated feasibility of telemedicine implementation
in opposition to a brick and mortar preanesthesia
evaluation center. Second, we did not make statis-
tical comparisons between the in-person and tele-
medicine cohorts to compare demographic and case
cancellation data, which would require controls
for confounding bias. Finally, our patient satisfac-
tion scores were measured only in the telemedicine
group and our technological platform changed from
Zoom to an Epic-bundled product midway dur-
ing our retrospective analysis. Therefore, change in
satisfaction could have resulted from the change in
platform itself. However, we did not see a signifi-
cant change in satisfaction scores before and after a
change to our platform.

CONCLUSIONS

This study examines a 419 patient case series of tele-
medicine for preoperative consultation in patients
across surgical service lines in a large, tertiary, metro-
politan health center. We describe telemedicine imple-
mentation among ASA physical status of I-IV patients
as the cornerstone of our preoperative evaluation
enterprise at our academic medical center, low levels
of case cancellations or delays, and high patient sat-
isfaction with the technology and platform. We show
direct patient savings from transportation costs and
illustrate that larger savings could be realized due to
opportunity cost savings. Our article illustrates that
anesthesiologists can use telemedicine safely, effi-
ciently, and with high patient satisfaction with sav-
ings benefits within metropolitan areas where patients
may be geographically near but temporally far from
health care institutions. We conclude that the UCLA
PEPC telemedicine program may be an effective and
appropriate substitute for face-to-face PEPC visits in
an urban metropolitan area, and our experience illus-
trates that anesthesiologists can use telemedicine as
a capstone technology and platform with which to
interact and consult with patients in the periopera-
tive environment. Implementation of telemedicine in
anesthesia practices across the United States should
be further explored, and the impact on departmental
revenue should be quantified. &2
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Abstract

Background: Surgical volumes and use of preoperative anaesthesia consultations are increasing. However, contemporary
data estimating the association between preoperative anaesthesia consultation and patient (days alive and at home
[DAH30], mortality) and system (costs, length of stay, and readmissions) outcomes are not available.

Methods: We conducted a population-based comparative effectiveness study using linked health administrative data
among patients aged >40 yr who underwent intermediate-risk to high-risk elective, inpatient, noncardiac surgery in
Ontario, Canada (2009—17). Our primary outcome was DAHj3,. Secondary outcomes included DAHg, 30-day and 1-yr
mortality, 30-day health system costs, length of index admission, and 30-day readmissions. Propensity score overlap
weights were used to adjust for confounders. Prespecified effect modifier analyses focused on high-risk subgroups.
Results: Among 364 149 patients, 274 365 (75.3%) received a preoperative anaesthesia consultation. No adjusted asso-
ciation was found (22.5 days us 22.5 days; adjusted ratio of means 1.00, 95% CI 1.00—1.00) between consultation and DAH3g
in the full population. We identified significant effect modification (significantly more DAHj3p) among patients with
ischaemic heart disease, ASA physical status >4, frailty index score >0.21, and who underwent vascular surgery. Sec-
ondary outcomes were associated with preoperative consultation, including greater DAHg, decreased length of stay,
lower 30-day and 1-yr mortality, and reduced 30-day costs.

Conclusions: Preoperative anaesthesia consultation was not associated with greater DAHj3g across the overall study
population. However, important potential benefits were observed among high-risk subgroups. Research is needed to
identify optimal patient populations and consultation processes.

Keywords: epidemiology; economics; patient-centred outcomes; preoperative assessment; propensity score
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Editor’s key points

e Previous studies demonstrate increasing use of pre-
operative anaesthesia consultation in response to
greater demand for surgical services and complexity
of perioperative populations. However, the patient
benefits of this approach remain unclear.

e In a population-based cohort of patients having
elective major noncardiac surgery, anaesthesia con-
sultations were not associated with more days alive
and at home within 30 days of surgery. However, for
high-risk patients, potential patient and health sys-
tem benefits were observed.

e Further research is needed to define the patient
groups who most benefit from preoperative anaes-
thesia consultation, and the health system impacts
of this approach.

Worldwide, more than 300 million surgeries occur annually.
The majority are performed on a scheduled (also referred to as
elective) basis.! After scheduled surgery, serious complication
rates are 10—20%.” Among those who experience a complica-
tion, the risk of subsequent mortality is doubled and resource
use is substantially increased (up to $100 000 increase in
costs).> ™ One approach to reducing adverse postoperative
events is to ensure that patients’ risk profiles are understood
and optimised before surgery. Preoperative anaesthesia con-
sultations could support such an approach through clinical
and diagnostic assessment of patients’ health status to guide
personalised perioperative optimisation, resulting in reduced
healthcare resource use and improved patient outcomes
postoperatively.®’ In some settings, their utilisation has
doubled over the past 15 yr.?

Despite the increasing use of preoperative anaesthesia
consultation,®° the effectiveness of anaesthesia consultations
in improving patient- and system-relevant outcomes remains
uncertain. A systematic review of prospective observational
studies, along with a population-based comparative effec-
tiveness study of encounters prior to 2005, demonstrate an
association between preoperative consultation and reduced
hospital length of stay (typically 0.5—1 day).>'° Consultations
may also act to improve resource use and patient flow by
avoiding day-of-surgery cancellations, which are reportedly
reduced in those who receive a consultation.’® However, the
association between preoperative anaesthesia consultation
and costs appears mixed.''"® Available data do not support a
substantive impact on postoperative mortality,” while patient-
centred outcome data are lacking.

As demand for surgical services grows from an increasingly
complex perioperative population,'*'> clinicians and health
system leaders require a contemporary understanding of what
preoperative interventions may improve outcomes, while also
considering the value added by such interventions. These data
may justify the economic costs of establishing preoperative
anaesthesia clinics and the transfer of anaesthetists away from
the operating room. Concurrently, a greater focus on patient-
centred outcomes is required to ensure that interventions’ im-
pacts are understood in a patient-oriented manner. Therefore,
our objective was to perform a population-based comparative
effectiveness study to estimate the association between pre-
operative anaesthesia consultation and patient-centred out-
comes (days alive and at home, 30-day and 1-yr mortality) and

perioperative healthcare resource utilisation (costs, length of
stay, and readmissions) for adults who underwent
intermediate-to high-risk, elective, inpatient, noncardiac sur-
gery. We further aimed to describe recent trends in rates of
preoperative anaesthesia consultations over time.

Methods
Design, setting, and protocol

We conducted a population-based cohort study using linked
health administrative data from the Canadian province of
Ontario (approximately 15 million people). Findings were re-
ported in accordance with the STROBE and RECORD state-
ments.'® The study protocol was developed and published a
priori in the Open Science Framework registry (https://osf.io/
8r23d/). Protocol amendments are described in Supplementary
Appendix 1.

Data sources

Ontario residents are provided universal health insurance for
hospital and physician services. Health administrative data are
collected and stored in a standardised fashion at ICES, an in-
dependent research institute. We developed our analytic data
set using the following databases: Discharge Abstract Database
(DAD; surgeries, present on admission diagnoses, in-hospital
resource use); the Registered Persons Database (RDPB; de-
mographic data and non-hospital deaths); the Ontario Drug
Benefit Database (ODB; outpatient prescription drugs for people
aged >65 yr); the National Ambulatory Care Reporting System
(NACRS; emergency room [ER] visits); Ontario Health Insurance
Plan (OHIP; all physician service claims, baseline healthcare
utilisation); Continuing Care Reporting System (CCRS; complex
and continuing care); and Home Care Database (HCD; home-
based healthcare receipt). Given that the data set was derived
from data that are routinely collected and anonymised, Ontar-
io’s Personal Health Information Privacy Legislation exempted
this study from research ethics board review.

Cohort

We identified all Ontario residents aged >40 yr who underwent
elective, inpatient surgery between 2009 and 2017 (meaning
that 1-yr follow up data were captured up to 2018). Eligible
surgeries were intermediate-to high-risk procedures that can
be accurately identified, and whose processes and outcomes
have been previously evaluated: vascular (aortic surgery, ma-
jor peripheral vascular, carotid endarterectomy), orthopaedic
(hip and knee replacement), general (large bowel, liver, pan-
creaticoduodenectomy), urologic (cystectomy, nephrectomy),
and thoracic (lung and oesophageal resection) surgeries were
included.>"*® All had an elective admission status to exclude
emergency surgeries. A patient-level data set was constructed
by including only the first qualifying surgery for any individual
in the study period.

Patient and public involvement

Our research did not formally involve patients or the public in
the study design, conduct, or reporting.

Exposure

Our primary exposure was the receipt of a preoperative
anaesthesia consultation in the 60 days preceding surgery,
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which is a previously described time interval for consulta-
tion.>? We identified those who had a preoperative anaes-
thesia consultation using validated OHIP physician billing
codes specific to the provision of non-inpatient anaesthesia
consultation (A015) by a specialist physician anaesthetist.
Physician billing codes in Ontario, where anaesthetists are
paid in a fee for service model, are highly accurate (88—95%
inter-rater agreement) and have been used previously for
research purposes.?’ Although fee for service billing in Ontario
is standardised, the clinical process of anaesthesia consulta-
tion (e.g. who requires a consultation, what processes are
conducted during a consultation) is not standardised across
the province, but instead tends to vary at each hospital.

Covariates

As the association of preoperative anaesthesia consultations
and outcomes are likely subject to indication and confounding
biases, we collected variables that we postulated were asso-
ciated with the receipt of a preoperative anaesthesia consul-
tation and outcome. These included age, sex, year of surgery,
hospital type, neighbourhood income quintile (a marker of
socioeconomic status), surgery type (based on the full proce-
dural code), all Elixhauser comorbidities (using a 3-yr look-
back),’! American Society of Anesthesiologists (ASA) physical
status score, a validated frailty index,? receipt of concurrent
preoperative medical consultation within 60 days of surgery,?
and invasive haemodynamic monitoring.

Outcomes

Our primary outcome was days alive at home in the 30 days
after surgery (DAHsg), a validated and patient-centred mea-
sure that combines the effects of complications and other
adverse events, acute hospitalisation, non-home discharge,
institutionalisation, readmissions, and mortality. This
outcome has an established minimally important difference of
3 days and was calculated by subtracting the total number of
days in an acute care hospital, rehabilitation, or long-term care
facility from the number of days an individual survived in the
30 days after surgery.’»?* Secondary outcomes included days
alive at home in the 90 days after surgery (DAHg), total health
system costs (calculated using a validated patient-level
costing algorithm that accounts for direct and indirect costs,
as well as resource intensity weights from the perspective of
the provincial health insurer, from 60 days preceding surgery
to end of follow-up window),”® 30-day and 1-yr mortality, 30-
day readmission rates, and index hospitalisation length of
stay. We identified baseline preventative healthcare uti-
lisation within 2 yr of surgery (screening mammogram and
colon cancer screening [faecal occult blood testing and colo-
noscopy]) to assess whether potential unmeasured con-
founding variables were likely to exist related to health
behaviours.

Analysis

All analyses used Stata (Stata Corporation, College Station, TX,
USA). Descriptive data were compared between exposed and
unexposed groups using absolute standardised differences,
with values >0.1 suggesting substantive differences.”’” Trends
in anaesthesia consultations by year were calculated as pro-
portions by year with corresponding 95% confidence intervals.
A linear test for trend was estimated.

The unadjusted and adjusted associations between receipt
of a preoperative anaesthesia consultation and outcomes were
estimated. Adjustment for postulated confounders was
accomplished using propensity score (PS) overlap weights.?
First, a PS for receipt of a preoperative anaesthesia consulta-
tion was calculated using logistic regression with all listed
covariates included as predictors (see Supplementary
Appendix 2 for parametrisation of each variable); clustering
by hospital was accounted for using a fixed effect for each
centre in estimating the PS. The PS model was iteratively
refined to ensure that all standardised differences were <0.1.
Next, overlap weights were applied (1-PS for exposed; PS for
unexposed) in regression analyses using generalised linear
regression models appropriate for each outcome type (nega-
tive binomial for days alive at home, log-gamma for costs and
length of stay, logistic for binary outcomes) to estimate
adjusted relative effect sizes. We further calculated E-values,
which is a form of quantitative bias analysis that estimates the
effect size of a potential unmeasured confounder that would
be needed to attenuate our estimated effect to the null
(Supplementary Appendix 3).%°

Sample size and missing data

Assuming a mean number of days alive at home of 24 (sp 4), a
sample size of 86 was required to identify a minimally
important difference of 3 days using a two-sided Wilcoxon
test; a 1-day difference required 712.?° As our approach also
required a stable multivariable regression model, with log-
transformation of the dependent variable and 30 parameters,
a stable model with an explained variance (Cox-Snell R?) of 0.2
required 1119 participants.’® Being a population-based study,
we included all eligible participants, meaning that we had
adequate power for our planned analyses. A prespecified
approach to missing data was included in our protocol. As
exposure and outcome data were complete, we proceeded
with a complete case analysis (income quintile data were
missing for 0.2% of the study population; therefore, our com-
plete case analysis included 99.8% of included participants). A
sensitivity analysis centrally imputing missing income quin-
tile to assess any possible impact on results was conducted.
Although the analyses were prespecified, we did not apply any
formal adjustment for multiple testing. Therefore, the signif-
icance of our results, especially for secondary analyses, should
be interpreted cautiously and will require verification in
future, purpose-designed studies.?

Sensitivity and effect modifier analyses

To test the robustness of our primary analyses, we re-ran our
primary analysis using a multilevel regression framework to
control for measured confounders and random intercepts to
account for clustering by hospital. We further investigated
possible unmeasured differences in health behaviours at
baseline by comparing adjusted rates of cancer screening be-
tween exposure groups in the 2 yr preceding surgery.

To estimate whether certain characteristics might act as
effect modifiers in the anaesthesia consultation—outcome as-
sociation, we tested for effect modification between exposure
and primary outcome by introducing a multiplicative interac-
tion term between our exposure variable and the following
postulated effect modifiers (separate, adjusted models for each
effect modifier): ischaemic heart disease (IHD; see
Supplementary Appendix 4 for diagnostic and procedure
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codes),’’ ASA physical status (<2; 3; >4), frailty index score
(<0.21 vs >0.21),%? and surgery type. These variables were cho-
sen a priori as they are well-established risk factors for adverse
postoperative outcomes and are core constructs used to risk
stratify patients and inform process selection prior to surgery.

Processes of care analyses

Given that preoperative consultation was expected to impact
rates of diagnostic testing, we also identified processes of care
within 60 days of surgery (pulmonary function testing, chest
radiography, coronary angiogram, transthoracic echocardio-
gram [TTE], cardiac stress testing, and coronary revascular-
isation).'? Unadjusted and adjusted associations between
anaesthesia consultation and receipt of preoperative diag-
nostic tests and procedures were estimated.

Results

Among 364 149 patients included in the study, 274 365 (75.3%)
received a preoperative anaesthesia consultation. Rates
increased from 70.3% to 78.2% between 2009 and 2017 (mean
increase per year 0.9%; ratio of means [RoM] 1.01, 95% CI
1.01-1.01) (Fig. 1). We included 364 149 (99.8%) of eligible par-
ticipants in the primary analyses as they had complete data
(Table 1). Patients who received a consultation were older,
lived with greater frailty, had higher ASA physical status, had
more comorbidities, and were more likely to have received a
preoperative general internal medicine consultation. Abdom-
inal aortic aneurysm (AAA) repair and pneumonectomy/lo-
bectomy were more common among those who received a
consultation, whereas large bowel resection was more com-
mon among those who did not. The distribution of consulta-
tions varied substantially across hospital types.

Primary outcome

On an unadjusted basis, the mean number of DAH3, was lower
among patients who received a preoperative anaesthesia

consultation than those who did not (22.4 days vs 22.9 days;
unadjusted RoM 0.98, 95% CI 0.98-0.98; Supplementary
Appendix 5). After adjustment for postulated confounders,
receipt of consultation was not associated with a difference in
mean DAH3zg (22.5 days vs 22.5 days; adjusted RoM 1.00, 95% CI
1.00—1.00; Table 2).

Secondary outcomes

Prior to adjustment, patients who received a consultation
experienced fewer DAHgp and shorter hospital length of stay;
1-yr mortality, 30-day readmission rates, and 30-day health
system costs were higher in the consultation group (see
Supplementary Appendix 5 for the unadjusted effect esti-
mates). Following PS overlap weighted adjustment, receipt of
preoperative anaesthesia consultation was associated with a
significant increase in mean DAHg (80.5 days vs 79.9 days;
adjusted RoM 1.01, 95% CI 1.01—-1.01). Preoperative consulta-
tion was also associated with a significantly reduced odds of
30-day (adjusted OR 0.85, 95% CI 0.75—0.95) and 1-yr (adjusted
OR 0.86, 95% CI 0.82—0.90) mortality, as well as a reduced
length of stay (5.3 days vs 5.9 days; adjusted RoM 0.90, 95% CI
0.89—0.92) and mean 30-day health system costs ($16 803 vs
$16 962; adjusted RoM 0.99, 95% CI 0.98—0.997). Consultation
status was not associated with a significant difference in 30-
day readmission rates (adjusted OR 1.01, 95% CI 0.97—-1.05;
Table 2). E-values for the primary and secondary outcomes can
be found in Supplementary Appendix 3.

Processes of care

Unadjusted ORs for process of care measures can be found in
Supplementary Appendix 6. In the adjusted analyses, preop-
erative anaesthesia consultation was associated with higher
rates of preoperative TTE (adjusted OR 1.14, 95% CI 1.10—-1.17),
cardiac stress testing (adjusted OR 1.19, 95% CI 1.14-1.24),
pulmonary function testing (adjusted OR 1.28, 95% CI
1.22—1.34), and chest radiography (adjusted OR 1.51, 95% CI
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Fig 1. Annual trend of receipt of preoperative anaesthesia consultation.
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Table 1 Unadjusted and propensity-weighted baseline cohort characteristics by preoperative anaesthesia consultation status. AAA,
abdominal aortic aneurysm; ASA, American Society of Anesthesiologists; ASD, absolute standardised differences; sp, standard devi-
ation. *All are n (%), unless otherwise indicated. TASD >0.10 represent a substantive difference. ‘Medical consultations were within 60

days of surgery.

Unadjusted cohort

Propensity-weighted cohort

Baseline characteristics* Preoperative No preoperative ASDf Preoperative No preoperative ASD
anaesthesia anaesthesia anaesthesia anaesthesia
consultation consultation consultation consultation
(n=274 365; (n=89 784; (n=273 739; (n=89 548;

75.3%) 24.7%) 75.4%) 24.6%)

Age, mean (sp) 67 (10.4) 66 (10.8) 0.13 66 (10.7) 66 (10.9) 0

Male sex 130,246 (47.5) 42,682 (47.5) 0.00 181,320 (47.4) 70,250 (47.4) 0

ASA physical status

2 59,717 (21.8) 33,658 (37.5) 0.35 82,950 (30.3) 27,135 (30.3) 0
3 166,006 (60.5) 46,698 (52.0) 0.17 152,484 (55.7) 49,882 (55.7) 0
4 48,236 (17.6) 9250 (10.3) 0.21 37,661 (13.8) 12,320 (13.8) 0
5 406 (0.1) 178 (0.2) 0.01 644 (0.2) 211 (0.2) 0
Frailty index score, mean (sb) 0.14 (0.06) 0.13 (0.06) 0.18 0.13 (0.06) 0.13 (0.06) 0
Income quintile
1 (lowest) 49,087 (17.9) 15,822 (17.6) 0.01 48,33 (17.8) 15,975 (17.8) 0
2 55,324 (20.2) 17,775 (19.8) 0.01 54,708 (20.0) 17,897 (20.0) 0
3 54,997 (20.1) 18,487 (20.6) 0.01 55,294 (20.2) 18,088 (20.2) 0
4 55,573 (20.3) 18,680 (20.8) 0.01 56,194 (20.5) 18,383 (20.5) 0
5 (highest) 58,758 (21.4) 18,784 (20.9) 0.01 58,709 (21.5) 19,206 (21.5) 0
Hospital type
Teaching 98,900 (36.1) 28,494 (31.7) 0.09 107,565 (39.3) 35,188 (39.3) 0
High-volume non-teaching 42,801 (15.6) 34,228 (38.1) 0.53 61,698 (22.5) 29,183 (22.5) 0
Mid-volume non-teaching 62,539 (22.8) 14,621 (16.3) 0.16 51,729 (18.9) 16,922 (18.9) 0
Low-volume non-teaching 70,125 (25.6) 12,441 (13.9) 0.30 52,747 (19.3) 17,255 (19.3) 0
Surgery type
AAA repair 8886 (3.2) 1104 (1.2) 0.14 5616 (2.1) 1837 (2.1) 0
Carotid endarterectomy 5381 (2.0) 1180 (1.3) 0.05 5702 (2.1) 1865 (2.1) 0
Peripheral vascular bypass 9041 (3.3) 2107 (2.4) 0.06 9305 (3.4) 3044 (3.4) 0
Total hip replacement 64,391 (23.5) 20,384 (22.7) 0.02 62,280 (22.8) 20,374 (22.8) 0
Total knee replacement 112,280 (40.9) 36,121 (40.2) 0.01 104,668 (38.2) 34,240 (38.2) 0
Large bowel resection 36,760 (13.4) 21,304 (23.7) 0.27 54,429 (19.9) 17,805 (19.9) 0
Gastrectomy or esophagectomy 5932 (2.2) 1322 (1.5) 0.05 5363 (2.0) 1754 (2.0) 0
Liver resection 3224 (1.2) 619 (0.7) 0.05 2895 (1.1) 947 (1.1) 0
Whipple procedure 2358 (0.9) 347 (0.4) 0.06 1761 (0.6) 576 (0.6) 0
Nephrectomy 12,808 (4.7) 3812 (4.2) 0.02 14,493 (5.3) 4741 (5.3) 0
Cystectomy 3496 (1.3) 524 (0.6) 0.07 2345 (0.9) 767 (0.9) 0
Pneumonectomy or lobectomy 9808 (3.6) 960 (1.1) 0.17 4882 (1.8) 1597 (1.8) 0
Comorbidities
Coronary artery disease 31,515 (11.5) 7236 (8.1) 0.12 24,893 (9.1) 8143 (9.1) 0
Congestive heart failure 6977 (2.5) 1811 (2.0) 0.04 6276 (2.3) 2053 (2.3) 0
Cerebrovascular disease 4493 (1.6) 1140 (1.3) 0.03 4427 (1.6) 1448 (1.6) 0
Hypertension 87,272 (31.8) 20,941 (23.3) 0.19 75,021 (27.4) 24,541 (27.4) 0
Diabetes mellitus 53,688 (19.6) 14,168 (15.8) 0.10 46,397 (17.0) 15,178 (17.0) 0
Pulmonary disease 16,382 (6.0) 3857 (4.3) 0.08 13,797 (5.0) 4513 (5.0) 0
Dialysis or renal disease 3340 (1.2) 866 (1.0) 0.02 3319 (1.2) 1086 (1.2) 0
Malignant disease 66,624 (24.3) 21,740 (24.2) 0.00 69,265 (25.3) 22,659 (25.3) 0
Medical consultation?
General internal medicine 69,807 (25.4) 14,581 (16.2) 0.23 46,840 (17.1) 15,323 (17.1) 0
Cardiology 15,537 (5.7) 4896 (5.5) 0.01 15,541 (5.7) 5084 (5.7) 0
Intraoperative monitoring
Arterial line 72,740 (26.5) 15,179 (16.9) 0.23 63,716 (23.3) 20,843 (23.3) 0
Central venous line 17,920 (6.5) 3024 (3.4) 0.15 13,394 (4.9) 4382 (4.9) 0
Pulmonary artery catheter 551 (0.2) 178 (0.2) 0.00 707 (0.3) 231 (0.3) 0
1.49—-1.54) in the 60 days preceding surgery. Conversely, consultation was associated with increased rates of

consultation was associated with lower rates of preoperative
coronary angiogram (adjusted OR 0.60, 95% CI 0.53—0.68) and
coronary revascularisation (adjusted OR 0.54, 95% CI
0.42—0.69) (Table 3).

Unadjusted and adjusted associations for baseline pre-
ventative healthcare screening tests can be found in
Supplementary Appendix 7. Preoperative anaesthesia

mammography (adjusted OR 1.04, 95% CI 1.01-1.06) but not
colon cancer screening (adjusted OR 1.02, 95% CI 0.9996—1.04).

Sensitivity analyses

Using a multilevel regression model to adjust for confounders,
we found an association between consultation and DAH3g
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Table 2 Adjusted associations of preoperative anaesthesia consultation status with primary and secondary outcomes. CI, confidence
interval; DAH3o, days alive at home in the 30 days after surgery; DAHgqo, days alive at home in the 90 days after surgery; LOS, length of
stay. *Event rate in the exposed arm (preoperative consultation) relative to the unexposed arm (no preoperative consultation). 'Effect
estimates adjusted for age, sex, year of surgery, hospital type, income quintile, surgery type, all Elixhauser comorbidities, ASA score,
frailty index score, receipt of concurrent preoperative general internal medicine or cardiology consultation within 60 days of surgery,
and intraoperative monitoring. *Adjusted effect estimate for DAH, length of stay, cost is a ratio of means (95% Cl); for mortality,
readmission is an odds ratio (95% CI). index hospitalisation LOS is presented in days. ‘Cost is presented in CAD $.

Outcomes

Preoperative
anaesthesia
consultation
(n=273,739; 75.4%)

No preoperative
anaesthesia
consultation
(n=89,548; 24.6%)

Adjusted effect
estimates™*

Primary outcome

DAHj3p, mean (SD) 22.5 (6.3)
Secondary outcomes

DAHgo, mean (sp) 80.5 (13.6)

30-day mortality, n (%) 1625.6 (0.6)

1-yr mortality, n (%) 8684.7 (3.2)

30-day readmission, n (%)
Index hospitalisation LOS, mean (o)’
30-day health system costs, mean (sp)°

5.3 (8.7)

14,778.9 (5.4)

$16,803 (11,704)

22.5 (6.7) 1.00 (1.00—1.00)
79.9 (15.3) 1.01 (1.01—1.01)
627.3 (0.7) 0.85 (0.75—0.95)
3235.6 (3.6) 0.86 (0.82—0.90)
4789.9 (5.3) 1.01 (0.97—1.05)
5.9 (11.8) 0.90 (0.89-0.92)
$16,962 (12,380) 0.99 (0.98—0.997)

(adjusted RoM 1.004, 95% CI 1.002—1.007). After imputation of
missing income quintiles, we found no association between
consultation and DAHj3p (adjusted RoM 1.00, 95% CI 1.00—1.00)
in the PS overlap weighted analysis. After re-running the pri-
mary analysis accounting for clustering in the outcome model
using a random intercept for each hospital, we observed no
association between consultation receipt and DAHj3p (RoM
1.00, 95% CI 0.98—1.03).

Effect modifiers

Adjusting for confounders, we found significant interaction on
the relative scale between preoperative anaesthesia consul-
tation and IHD, procedure type, ASA score, and frailty index
score (all P<0.001). As shown in Figure 2 and Supplementary
Appendix 8, significantly greater days at home were present
for individuals with IHD (adjusted RoM 1.02, 95% CI 1.01—1.04),
vascular surgery procedures (adjusted RoM 1.05, 95% CI
1.04—-1.06), an ASA score >4 (adjusted RoM 1.09, 95% CI
1.07-1.10), or a frailty score >0.21 (adjusted RoM 1.07, 95% CI
1.05—1.09).

Discussion

In this population-based comparative effectiveness study of
364 149 adults who underwent intermediate-to high-risk

elective major noncardiac surgery, receipt of a preoperative
anaesthesia consultation was not associated with a greater
number of days alive at home in the 30 days after surgery in
the full population. However, among patients with higher ASA
physical status, cardiac risk, procedural risk, and frailty, we
observed a significant increase in the number of days alive at
home among those who received a consultation. Furthermore,
anaesthesia consultations were associated with an adjusted
reduction in length of stay, 30-day and 1-yr mortality, health
system costs, and a small increase in the number of days alive
at home over 90 days after surgery. These potential benefits,
especially among higher-risk patients, in addition to lower
costs of care, support the possible value of anaesthesia con-
sultations before surgery. As an observational study, our
findings highlight the need for further prospective evaluation
in randomised trials to identify optimal target populations and
consultation processes.

Our population-based comparative effectiveness study
should be interpreted based on its strengths and weaknesses.
Strengths include protocol prespecification and use of a vali-
dated, patient-centred primary outcome that is impacted by
multiple, prioritised clinical outcomes.?” Although causal as-
sociations cannot be inferred from our observational analysis,
measured confounders were adjusted for using PS overlap
weights, and clustering by hospital was used to adjust for
unmeasured between-centre differences. We also completed

Table 3 Adjusted processes of care measures. CI, confidence interval; OR, odds ratio. *All values are n (%). [Event rate in the exposed
arm (preoperative consultation) relative to the unexposed arm (no preoperative consultation). *ORs were adjusted for age, sex, year of
surgery, hospital type, income quintile, surgery type, all Elixhauser comorbidities, ASA score, frailty index score, receipt of concurrent
preoperative general internal medicine or cardiology consultation within 60 days of surgery, and intraoperative monitoring.

Preoperative testing within
60 days of surgery*

Preoperative anaesthesia

consultation (n=273,739; 75.4%)

No preoperative anaesthesia Adjusted OR (95% CI)™*

consultation (n=89,548; 24.6%)

Transthoracic echocardiogram 25,128 (9.2)
Cardiac stress test 16,092 (5.9)
Coronary angiogram 1107 (0.4)
Pulmonary function test 13,408 (4.9)
Coronary revascularisation 273 (0.1)

Chest radiography 107,079 (39.1)

7316 (8.2) 1.14 (1.10—1.17)
4468 (5.0) 1.19 (1.14—1.24)
600 (0.7) 0.60 (0.53—0.68)
3467 (3.9) 1.28 (1.22—1.34)
166 (0.2) 0.54 (0.42—0.69)
26,668 (29.8) 1.51 (1.49—1.54)
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Ischaemic heart disease -
Absence (n=324 637) -
Presence (n=38 650)

ASA physical status -
<2 (n=93 159) 4
3 (n=212 224) |
24 (n=57 904)

Frailty index score -

Effect modifiers

<0.21 (n=326 726) -
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Fig 2. Effect modification analysis on the association of preoperative anaesthesia consultation status with days alive at home in the 30 days
after surgery (DAHs). Ratio of means (RoM; with 95% CI) to the right or left of the dotted line indicate significant association with receipt of
consultation (significant increase in DAH3 to the right; significant decrease in DAH3, to the left). CI, confidence interval; RoM, ratio of means.

multiple sensitivity analyses that were either consistent with
primary analyses or suggested a marginal, positive association
for preoperative anaesthesia consultations.

Limitations were also present. First, the data were not
collected for research purposes, which creates a potential for
misclassification bias. Second, our results may not apply to
populations outside of Ontario; however, Ontario has a diverse
population, and various hospital types were included to
improve generalisability. Third, unmeasured differences be-
tween exposure groups may have affected our results; ana-
lyses of E-values identified that missing confounders would
require an association with mortality equivalent to an
OR=1.3—1.5 to nullify mortality associations. Fourth, our bi-
nary evaluation of comorbidities may not capture disease
severity (although we would expect this to have reduced the
positive association of consultation as those who received
consultation would be expected to have greater disease
severity). Fifth, we were unable to estimate impacts on patient
and system outcomes related to consultations resulting in
patients choosing not to proceed to surgery or on surgeries
cancelled after consultation. Sixth, although we assessed
objective patient-centred outcomes, we could not capture use
of care processes such as shared decision-making, or the as-
sociation of consultations with patient-reported experience.

Preoperative anaesthesia consultations provide an oppor-
tunity for identification of perioperative risk factors,

optimisation of health status, and planning for perioperative
and anaesthetic care prior to surgery. Although use of anaes-
thesia consultations has increased significantly over time,
including in our study, rigorous contemporary data evaluating
their effectiveness on clinical outcomes are lacking.®® As
randomised trials comparing clinical outcomes with, versus
without, preoperative anaesthesia consultations are not
available, observational studies currently represent the high-
est level of evidence available to evaluate the possible effec-
tiveness of anaesthesia consultations.

Similar to other observational studies,”® we found a
reduction in length of stay, approximately 0.6 days, which
appears to be a stable association across time and different
jurisdictions. Interestingly, this significant association with
length of stay did not directly translate into greater number of
days alive at home in the 30 days after surgery despite length
of stay being estimated as the strongest mediator of days alive
at home in existing evaluations.?” The reasons for this diver-
gence may be several fold and explained in part by our sec-
ondary and sensitivity analyses. First, we found consistent
effect modification of the consultation days at home associa-
tion by well-established risk factors known to increase the risk
of postoperative morbidity, mortality, and resource use, such
as vascular surgery, higher ASA scores, greater cardiac risk,
and the presence of frailty.?? This suggests that the benefit
from anaesthesia consultations may be limited to individuals
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with greater perioperative risk, consistent with the expected
causal pathway from consultation to improved outcomes. For
individuals without substantive preoperative risk, consulta-
tion could lead to over-medicalisation and related possible
harms.®* Second, at 90 days after surgery, we did identify a
statistically significant increase in the number of days alive at
home across the adjusted populations. Therefore, it is possible
that for higher-risk patients, who make up a relatively smaller
proportion of the population and often have more complex
discharge recovery trajectories (e.g. require longer hospital-
isation and post-acute rehabilitative or nursing home care), a
longer time window may be required for the strength of as-
sociation to emerge in a manner detectable at a population
level. At the individual level, this effect is likely not clinically
meaningful, as estimated differences were all less than the 3
days currently understood to represent a minimally important
difference.?*

Our study revealed a significant adjusted reduction in 30-
day risk of mortality that persisted up to 1 yr after surgery.
These findings align with two single-centred studies,'?3*
although a previous population-based study in Ontario found
no association between consultations and mortality.® This
association with lower mortality also contrasts with findings
in observational studies of preoperative internal medicine
consultations, which report increased mortality among pa-
tients seen by medical specialists before surgery.>> Although
our finding, a secondary outcome in an observational study,
must be cautiously appraised, possible explanations should be
considered as the finding is contrary to what would be ex-
pected as a result of unmeasured confounding. Specifically, we
would expect attenuation of the association between consul-
tation and mortality to the null as higher-risk patients having
higher-risk surgeries were more common in the anaesthesia
consultation group. First, the observed association could be
causal, resulting from assessment and optimisation initiated
during the preoperative consultation and application of
evidence-based care. Interestingly, although patients assessed
by both anaesthetists and internists were provided more
diagnostic evaluations, only in medical patients were invasive
interventions (e.g. angiography), which carry greater risk of
harm, more commonly initiated. Compared with internists,
anaesthetists are also involved in perioperative care of all
surgical patients, therefore, the continuity in care plans be-
tween preoperative consultation and in-hospital care may be
more direct. Future research, including qualitative ap-
proaches, will be needed to identify the clinical processes that
could mediate the associations identified in this study. Alter-
natively, one cannot rule out the presence of unmeasured
health behaviours among patients who received a consulta-
tion that may lead to lower mortality, although our findings of
limited correlation between receiving an anaesthesia consul-
tation and cancer screening behaviours may make this
explanation less likely.

Finally, further associations with small reductions in
healthcare resource use should also be considered. Although
anaesthesia consultations cost approximately $100 CAD in
physician service payments, total perioperative health system
costs were lower (adjusted mean reduction of $159) among
those who received a consultation; these patients also un-
derwent more preoperative testing. Although these per-
patient savings are small relative to the cost of an episode of
surgical care ($17,000/episode), the fact that patients who
received a greater number of tests and assessments did not
consume greater resource overall does suggest potential value

from preoperative anaesthesia consultation. Based on
approximately 40 000 surgeries conducted annually, potential
savings to the healthcare system could amount to 6 million
dollars per year. The decrease in cost may have resulted from a
reduction in length of index admission, as observed in our
study, or day-of-surgery cancellations, as reported in previous
studies.***

Ultimately, ours and related studies all suffer from limita-
tions inherent in observational research. Therefore, to deter-
mine the causal impact of preoperative anaesthesia
consultations on patient and health system outcomes, data
from randomised trials will be required. Based on our findings,
future trials should likely evaluate the effectiveness of
anaesthesia consultation among an enriched trial population
comprising patients with well-established risk factors for
adverse postoperative events (e.g. high-risk patients are those
living with frailty, cardiovascular disease, or multimorbidity)
preparing for higher-risk surgeries. Such trials will require
innovative design considerations to support pragmatic and
efficient estimation of a clinically meaningful effect estimate.
For example, a trial designed to detect the mortality effect
estimated in our study (OR=0.85) in a population with a control
group mortality rate of 2% would require randomisation of
more than 60 000 patients. Design considerations should
include approaches to enrol participants most likely to derive
benefit, such as adaptive designs that allow recruitment to
focus on subgroups demonstrating the greatest benefit as the
trial proceeds®®; use of repeated measures capturing
information-rich, patient-relevant ordinal recovery scales®’;
and registry linkage to support efficient collection of
jurisdiction-wide, validated outcome measures.* Partnership
with patients and health system leaders would also support
meaningful knowledge translation from these required trials.

Conclusions

In this population-based comparative effectiveness study,
preoperative anaesthesia consultation prior to intermediate-
to high-risk elective, inpatient, noncardiac surgery was not
associated with a greater number of days alive at home in the
30 days following surgery. However, specific high-risk sub-
groups, including individuals who were living with frailty, IHD,
high ASA scores, or who underwent vascular surgery, experi-
enced more number of days alive at home within 30 days after
surgery. Additionally, preoperative consultation was associ-
ated with several benefits within the full study population,
including an adjusted decreased hospital stay, risk of 30-day
and 1-yr mortality, health system costs, and increased num-
ber of days alive at home in the 90 days after surgery. In the
absence of randomised trials, these results support the po-
tential use of preoperative anaesthesia consultation before
intermediate-to high-risk elective surgery, particularly among
high-risk patients. To further optimise patient outcomes and
preoperative anaesthesia consultation use, future trials
examining causal impacts by incorporating innovative designs
to maximise efficiency and impacts will be required.
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