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Background—Improving postoperative recovery is important, with a national focus on postacute care, but the volume and quality
of evidence in this area are not well characterized. We conducted a systematic review to characterize studies on postoperative
recovery after adult cardiac surgery using patient-reported outcome measures.

Methods and Results—From MEDLINE and Web of Science, studies were included if they prospectively assessed postoperative
recovery on adult patients undergoing cardiac surgery using patient-reported outcome measures. Six recovery domains were
defined by prior literature: nociceptive symptoms, mental health, physical function, activities of daily living, sleep, and cognitive
function. Of the 3432 studies, 105 articles met the inclusion criteria. The studies were small (median sample size, 119), and mostly
conducted in single-center settings (n=81; 77%). Study participants were predominantly men (71%) and white (88%). Coronary
artery bypass graft was included in 93% (n=98). Studies commonly selected for elective cases (n=56; 53%) and patients with less
comorbidity (n=67; 64%). Median follow-up duration was 91 (interquartile range, 42—182) days. Studies most commonly assessed
1 domain (n=42; 40%). The studies also varied in the instruments used and differed in their reporting approach. Studies commonly
excluded patients who died during the follow-up period (n=48; 46%), and 45% (n=47) did not specify how those patients were
analyzed.

Conclusions—Studies of postoperative patient-reported outcome measures are low in volume, most often single site without
external validation, varied in their approach to missing data, and narrow in the domains and diversity of patients. The evidence base
for postoperative patient-reported outcome measures needs to be strengthened. (/ Am Heart Assoc. 2019;8:e013546. DOI: 10.

1161/JAHA.119.013546.)
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P ostoperative recovery is a complex, time-dependent
process with multiple relevant domains, including phys-
iological, nociceptive, mental health, cognitive, sleep, mobility,

From the Section of Cardiac Surgery (M.M., A.G.), Section of General Internal
Medicine, Department of Medicine (S.1.C.), Section of Rheumatology, Depart-
ment of Medicine (L.G.S.), Collaboration for Research Integrity and Trans-
parency (CRIT) (J.D.W.), and Section of Cardiovascular Medicine, Department of
Internal Medicine (H.M.K.), Yale School of Medicine, New Haven, CT; Center for
Outcomes Research and Evaluation, Yale-New Haven Hospital, New Haven, CT
(M.M., S.A., L.G.S., A.G., H.M.K.); Section of Rheumatology, Department of
Medicine, VA Medical Center, West Haven, CT (L.G.S.); Department of
Environmental Health Sciences (J.D.W.) and Department of Health Policy and
Management, Yale School of Public Health, New Haven, CT (H.M.K.).
Accompanying Data S1, Tables S1 through S4, Figures S1, S2 are available at
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.119.013546
Correspondence to: Harlan M. Krumholz, MD, SM, Center for Outcomes
Research and Evaluation (CORE), 1 Church Street, Suite 200, New Haven,
Connecticut 06510. E-mail: harlan.krumholz@yale.edu

Received July 1, 2019; accepted September 23, 2019.

© 2019 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use
and distribution in any medium, provided the original work is properly cited,
the use is non-commercial and no modifications or adaptations are made.

and activities of daily Iiving.”3 Understanding postoperative
recovery after cardiac surgery is pertinent, as there is
increasing emphasis on readmission and outcomes of posta-
cute care, with implementation of national publicly reported
measures and incentive systems, such as bundled payments
and the Hospital Readmissions Reduction Program.*° There
are increasing calls for the use of patient-reported outcome
measures (PROMs) to improve recovery, as well as digital
health tools to assess function and activity.*¢ In fact, the
Centers for Medicare and Medicaid Services is now paying for
such remote monitoring.” However, the quality and volume of
the evidence base guiding this effort in the cardiac surgery
population are unknown.

To inform strategies to study and improve postoperative
recovery, it is important to systematically evaluate the
volume, quality, and content of existing literature. Of partic-
ular interest is the use of standardized methods to assess
various domains relevant to recovery and inclusion of diverse
patient populations. Additionally, characterizing approaches
to reporting PROM scores is important, as variable reporting
of raw measured scores, relative change from the preoper-
ative measurements, or other ways may impede generalizable
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Clinical Perspective

What Is New?

» This systematic review identified that studies of postoper-
ative patient-reported outcomes are low in volume, narrow
in domains and diversity of patients, and varied significantly
in instruments used and ways in which outcomes were
reported.

What Are the Clinical Implications?

* For efforts to improve postoperative recovery to be data-
driven, study methodology must be standardized and
improve in its rigor.

synthesis of the literature. However, to date, there is no
extensive review of the magnitude and quality of the studies,
how prior studies have used PROM instruments, and what
patient populations are being studied.

Accordingly, we performed a systematic review to (1)
describe the methods used in existing studies that evaluated
postoperative recovery after cardiac surgery using PROMs
and (2) assess the populations studied. The findings will help
prioritize future research by identifying areas of postoperative
recovery that currently lack data.

Methods

The data that support the findings of this study are available
from the first author (makoto.mori@yale.edu) upon reason-
able request.

Search Strategy and Study Selection

We developed the protocol according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement.® To identify prospective studies on the cardiac
surgical population that evaluated postoperative recovery
using PROMs, publications were searched on Medline and
Web of Science using a combination of key terms and index
headings related to cardiac surgery and postoperative recov-
ery. We consulted a librarian experienced in systematic review
on methodology and refining search terms. We did not include
specific PROM terms or domain terms to increase the search
sensitivity. We reviewed all publications indexed through
January 10, 2019. The list of MeSH terms (permutations of
“postoperative,” “cardiac surgery,” and “recovery”) and other
search strategies are outlined in Data S1. We reviewed search
results to confirm inclusion of 5 validation articles’ '* that we
identified before the search.

We included only prospective studies in adult patients
(age 18 years or older) who underwent any type of cardiac

surgery that reported any PROMs following surgery. We
excluded case reports and review articles. We excluded
studies including patients who underwent left ventricular
assist device implantation, extracorporeal membrane oxy-
genation support, orthotopic heart transplant, and congenital
or adult congenital patients, as these populations likely
experience distinct recovery trajectories different from the
majority of adult cardiac surgical populations, which are
those undergoing coronary artery bypass grafting (CABG) and
valve and aortic operations. We also excluded studies with
follow-up durations of fewer than 4 postoperative days, as
the aim of this study was to characterize the recovery
beyond the acute phase of care. To focus on studies
evaluating patient-centered recovery, we excluded studies
not reporting PROMs, with the exception of studies measur-
ing physical function using accelerometers. Additionally,
studies measuring PROMs at unspecified time points were
not included. We added this criterion to exclude studies that
obtained PROMs at undefined time points from the index
operation, which can have a considerable time range and is
challenging to interpret considering the time-dependent
nature of recovery.

Screening and Data Collection

We organized the articles using Endnote 8 (Clarivate Analyt-
ics, Philadelphia, PA), and 2 authors (MM and SA) screened
the titles and abstracts of all search results to locate
potentially eligible articles for full-text review. Both authors
then reviewed the full text to identify the final list of eligible
articles, and all disagreements were resolved by consensus.

Data Extraction

For each article, we recorded publication characteristics (first
author, year of publication, and journal), study characteristics
(instruments used to evaluate recovery, such as the 36-ltem
Short Form Health Survey [SF-36],"® Quality of Recovery
score,“" or battery of neurocognitive tests; number of
assessments performed; longest time of patient follow-up;
timing of each follow-up in terms of days since the operation;
the domains of recovery evaluated; inclusion/exclusion
criteria; enrollment approach; missing data treatment; and
how death during the follow-up was analyzed), and patient
characteristics (age, sex, race, number of patients in the
study, and cardiac surgery type). Patient follow-up duration
was defined as the duration between the operation and the
time when the latest PROM recording was obtained. Values
for the timing of measurement were collected in days since
the operation. To assign a numeric value for visual represen-
tation of when the measurements were taken, the timing of
measurements obtained at hospital discharge was defaulted
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to postoperative day 7, if the study did not report specific
timing of postoperative discharge. Day 7 was chosen on the
basis of the mean postoperative length of stay of 6.9 days
reported by the national Society of Thoracic Surgeons
database for patients undergoing isolated CABG.'” Journal
type was grouped into 6 categories: nursing, surgical,
psychology/behavioral, anesthesia, cardiology, and other.
We categorized journals on the basis of the journal title
including the name of the specialty (eg, anesthesiology,
nursing) and professional society’s affiliations to the journal
(Table S1).

PROM Domains

Six domains that characterize postoperative recovery were
identified on the basis of a previous literature review®:
Nociceptive symptoms, physical function, activities of daily
living, sleep, cognitive function, and mental health domains.
Depression, anxiety, and psychosocial function were catego-
rized into the mental health domain. The nociceptive
symptoms domain included reporting of pain, physical
discomfort, shortness of breath, and nausea. The physical
function domain included measurement obtained using either
objective tools, such as accelerometer, or PROMs. This
criterion was set to avoid excluding studies that used a more
rigorous tool to measure the domains. Similarly, studies
using polysomnography for sleep were included to capture
studies on postoperative sleep pattern, although poly-
somnography is likely not applicable for clinical home
monitoring.

Definition of Outcomes Reporting Methodology

To evaluate how PROM values are analyzed and reported, we
categorized reportings into the following 7 categories: raw
score, percentage of patients with or without symptoms or
dysfunction (according to each study’s definition of catego-
rizations), difference from baseline values, percentage of
patients achieving baseline values, frequency of symptoms,
fitting a model over raw scores, and others. To the best of our
knowledge, there is no existing categorization of PROM
reporting for the postoperative period. Therefore, we identi-
fied common reporting patterns by (1) reviewing the reporting
of all included studies, (2) defining major categories, and (3)
conducting a second review to categorize the studies by
reporting approaches. Raw score indicates reporting of
mean/median value of the PROM score obtained at a given
time point and represents the simplest form of reporting. All
other reporting categories involve processing of the raw
score, such as calculating relative changes from baseline, or
proportion of the patients reaching the baseline value at given
time points.

Patient Characteristics, Enrollment Approach,
and Inclusion/Exclusion Criteria

We then evaluated demographic data, enrollment approach,
and inclusion/exclusion criteria to characterize the breadth of
patient populations studied. Enrollment approach was cate-
gorized into convenience sampling, consecutive enrollment, or
unspecified. Inclusion and exclusion criteria of interests were
those specifically outlining age, sex, comorbidity criteria, and
whether studies excluded patients on the basis of case acuity
status (elective versus nonelective).

Treatment of Death and Missing Data

Finally, we evaluated how patients who died during the follow-
up period were treated in the analysis, to understand common
analytical practice and existing knowledge of the recovery
process before death. To characterize potential bias attribu-
table to missing data, we recorded how missing data were
being handled because in longitudinal studies with decline in
study participation over time, the population retained to the
completion of the study may represent a biased cohort.'®

Analysis

Studies were summarized using descriptive statistics by the
sample size, procedure types, duration and timing of follow-
up, number of measurements obtained, and the number of
domains evaluated. Each variable was summarized either by
the percentage or by the median, interquartile range, and
range. Distributions of the studies in each component were
summarized in a bubble plot. The most frequently used PROM
instruments were selected to visualize the timing in days from
operation and frequency of measurements obtained.

Results

Selected Studies

The search criteria yielded 3432 studies that potentially
addressed postoperative recovery after cardiac surgery. Title
and abstract screening excluded 3267 studies. Common
reasons for exclusion included studies addressing the
congenital heart disease population, animal studies, and
studies not assessing PROMs. The remaining 165 potentially
eligible articles underwent full-text review. This process
excluded an additional 60 studies, consisting of studies with
measures obtained at inconsistent time points, studies
without full text, follow-up duration <4 days, and those
evaluating the same study sample used in other included
publications. Finally, 105 articles were included for analyses
(Figure 1).

DOI: 10.1161/JAHA.119.013546

Journal of the American Heart Association 3

SISATVNV-VLIWN ANV MHIIATY DILVINHLSAS



Patient-Centered Recovery After Cardiac Surgery Mori et al

432 citations identified from dat

Study Selection Flow Chart

» Non-original research (review, case report, etc)
» Pediatric/adult congenital population

——> | * Ventricular assist device/transplant

» Different scope (myocardial recovery, etc)

* Last PRO measurement <4 days since operation

* Undefined/inconsistent follow-up timing (n=174)

» Full-text not available (n=10)

* Last PRO measurement <4 days since operation (n=8)
* Same data from other included publication (n=6)

* Retrospective study (n=6)

* Not reporting on recovery (n=5)

* Qualitative study (n=5)

« Data combined with non-cardiac surgery cohort (n=2)
» Congenital population (n=1)

3,267 citations excluded:
¢ Animal studies

7

icles for full- review

60 excluded:

—>
« Other (n=3)

v

1 rticles incl for analysi

Figure 1. Study selection flow chart. Study selection process to arrive at the 110 articles analyzed.
Studies were excluded on the basis of case types (ventricular assist device or heart transplant) and patient
population (congenital, adult congenital) because the course of recovery may differ in these populations
compared with common adult cardiac surgical population. PRO indicates patient-reported outcomes.

Study Characteristics

For the 105 included articles, the sample size of the studies
tended to be small with a median of 119 patients (interquar-
tile range, 62-229; range, 14-7321). Thirty-five percent
(n=37) of the studies were intervention-based, comparing
recovery between the specific intervention and control
groups. Twenty-five percent of the studies (n=26) were
randomized controlled clinical trials, in all of which the
interventions were hypothesized to improve recovery, includ-
ing less invasive surgical approach'? and the use of special
undergarments for women’s incisional discomfort.? Seventy-
seven percent (n=81) were conducted in single-center
settings. Median follow-up duration was 91 (interquartile
range, 42—182) days. Frequent follow-ups (measurements at
>5 time points) were obtained in 15% (n=15). Studies most
commonly assessed 1 domain (n=42; 40%). The nociceptive
symptom domain was the most commonly measured (n=60;
57%), followed by the mental health (n=58; 55%) domain. One
study that met the inclusion criteria evaluated postoperative
taste change,?' which did not meet any of our prespecified

domain categories (Table 1). Of note, studies with the largest
sample size (N=7321) evaluated only 1 domain, with 1 study
having only 2 follow-ups,?? while another had 7 follow-ups but
spanned only 7 days (Study 17; Table S2).

Studies were most commonly published in nursing journals
(n=30; 30%), followed by surgical journals (n=25; 24%)
(Table S3). The oldest study was published in 1980, and
88% and 40% of the included studies were published after
2000 and 2010, respectively (Figure S1).

Reporting Methodology

Of the 105 studies, 71 (68%) reported only the raw scores
obtained from measurement tools. Fourteen (13%) defined
presence of symptoms or dysfunction in a binary form and
reported proportion of patients experiencing the symptoms or
dysfunction at each time point. Ten (10%) studies reported
measurement values in relation to the baseline values, either
as the absolute or relative difference or proportion of patients
achieving the baseline value at each measured time points
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Table 1. Study Characteristics of 105 Studies

Variables N or Median % or Q1-Q3 (range)
Sample size (n) 119 62-29 (14-7321)
Randomized trial 26 25%
Intervention-based* 37 35%
Multicenter study 24 23%
Follow-up duration (d) 91 42182 (4-1825)
Number of follow-ups

1 7 7%

2 27 26%

3 35 33%

4 21 20%

5 7 7%

6-9 8 8%
Domains

Nociceptive symptoms 60 57%

Activities of daily living 51 49%

Cognitive 18 17%

Mental health 58 55%

Physical function 55 52%

Sleep 11 10%
Number of domains assessed

1 42 40%

2 14 13%

3 17 16%

4 23 22%

5 8 8%

6 0 0%

IOR indicates interquartile range.

*Intervention-based refers to studies that examined patient-reported outcome measures
according to different process of care (robotic vs. sternotomy approach, telehealth
follow-up vs. usual care, etc.).

(Table 2). Only 60 (57%) studies obtained the first measure-
ment before the operation (Figure 2).

Most of the studies with 1 to 2 follow-up assessments
examined duration of <30 days. Three studies reported 5
measurements within a 50-day period,'"'*23 representing the
highest temporal resolution (Figure 3 and Figure S2).

Figure 4 summarizes the measurement timing and fre-
quencies by the studies using the SF-36,'%'31%24742 \yhich
was the most commonly used tool among the studies
analyzed. Among the studies using the SF-36, the total
number of measurements obtained ranged from 1 to 6, with
highly variable timing of measurements among the studies.
Preoperative, 42 days (6 weeks), 91 days (3 months), and
182 days (6 months) after surgery were common time points
to obtain the measurement.

Table 2. Outcomes Reporting Methodology

Reporting Methods N (%)
Raw score values*® 71 (68)
Percentage of patients with and without 14 (13)
symptoms/dysfunction
Difference from baseline 6 (6)
Percentage of patients achieving baseline 4 (4)
Function-based (fit over raw score values) 4. (4)
Frequency of symptom 31
Other 3@

*Raw score values include 1 study reporting number of steps measured by a tracker.

Patient Characteristics, Selection Criteria, and
Missing Values

Of the 100 studies that reported sex, men represented
71% (n=27,308) of the patients. Only 26% (n=27) of the
studies reported race, and of those that reported race,
white race comprised 88% (n=4852). The most common
procedure type evaluated was isolated or concomitant
CABG only (n=60; 57%), followed by studies including both
CABGs and other non-CABG procedures (n=38; 36%);
studies focusing solely on valve surgery cohort comprised
6% of the studies (n=6). Studies commonly excluded
patients who died during the follow-up period (46%) and
45% did not specified how people who died were analyzed
(Table 3). Only one study evaluated recovery in relation to
mortality as an outcome.??

Over half of the studies did not specify whether enroliment
was consecutive or on a convenience basis. Studies com-
monly set criteria to select for elective cases (53%) and
patients with less comorbidity (64%). Ten percent of the

Timing of first measurement

60%
60/105

o
Q
R

40%
30%
20%

13/105 13/105 10/105
10% 8/105

Proportion of studies (%)

1105
0% -
Preoperative  0-3 days 4-7 days 8-30 days 31-182days >182days

Timing (days since surgery)

Figure 2. Timing of the first measurement obtained. Distribu-
tion of the timing of first measurement reported by the studies.
Fifty-seven percent of the studies obtained the first measurement
before surgery.

DOI: 10.1161/JAHA.119.013546

Journal of the American Heart Association 5

SISATVNV-VLIWN ANV MHIIATY DILVINHLSAS



Patient-Centered Recovery After Cardiac Surgery Mori et al

Distribution of Study Characteristics
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©
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=

o
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L

5-8 follow-ups
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Follow-up duration since surgery (days)

Figure 3. Bubble chart of studies by the study characteristics.
Studies by the duration of follow-up (x axis) up to 100 days,
sample size (y axis) up to 500 patients, number of domains
evaluated (bubble size), and number of follow-ups at which time
the measurements were obtained (color). Six possible domains
are: nociceptive symptoms, activities of daily living, cognitive,
sleep, mental health, and physical function.

studies set criteria to select for an older patient population
(age >60 years), and 5% of the studies specified inclusion of
women only (Table 3).

Study Findings

The variability in methodologies used across studies pre-
cluded synthesis of the existing evidence. Therefore, we
summarized interventions and clinical characteristics associ-
ated with postoperative recovery that studies identified
(Table S4), although interpretation of such claims is difficult
in the context of limited quality of studies included in this
analysis.

Discussion

In this systematic review, we identified that the body of
literature on postoperative recovery after cardiac surgery is
small (105 studies) and limited in quality, mostly single-center
studies focusing on narrow diversity of patients. Patients
studied were predominantly men, and of 26% of the studies
reporting race, 88% were white. Measurement and reporting
methods varied widely among the studies, with no standard-
ized use of instruments. Although studies reported predictors
of recovery, most lacked external validation, were low in
quality, and limited in breadths of the population studied. A
significant implication of our findings is in highlighting the

Hirschhorn, 201224 ¢ ==
Morone, 201025

Measurement timings and frequencies of studies using SF-36

Total number of
measurements

] s

v

Shuldham, 200226

Myles, 20011 &—=—=
Zimmerman, 201127

Zimmerman, 200242

|
|

Diab, 20180
Chen, 20184

A\

Caputo, 201140

Abbott, 20103° . .
Miller, 200738

Kortke, 2006°7

Barnason, 2006% -

L /

Arthur, 200028

Yang, 20153
Rosenfeldt, 201134
Chunta, 20093 ¢
Barnason, 200832
Ballan, 20073
Tranmer, 20043¢
Vaccarino, 2003 « .
Morgan, 200429 .

Preop 0 20 40 60

Time since operation (days)

100 120 140 160 180 200

Figure 4. Measurement timings and frequencies of studies using the 36-ltem Short-Form Health Survey
(SF-36). Each horizontal line represents a study, and each dot represents the time point at which
measurements were obtained. Last name of the first author and publication years are displayed in the left
column. Studies are clustered by the total number of measurements obtained during the study (right

column). Arrows indicate follow-up >200 days.

DOI: 10.1161/JAHA.119.013546

Journal of the American Heart Association 6

SISATVNV-VLIWN ANV MHIIATY DILVINHLSAS



Patient-Centered Recovery After Cardiac Surgery Mori et al

Table 3. Study Population Characteristics

Criteria N (%)
Sex reported 100 (95)
Male (of sex reported) 27 308/38 567 (71)
Race reported 27 (26)
White (of race reported) 4852/5509 (88)
Procedure type
CABG only 60 (57)
CABG+other 38 (36)
Valve only 6 (6)
Other 1(1)
Death treatment
Unspecified 47 (45)
Excluded 48 (46)
No death occurred 77
Other 303
Enroliment approach
Unspecified 55 (52)
Convenience 19 (18)
Consecutive 31 (30)
Inclusion/exclusion criteria to select for
Elective case only 56 (53)
Nonelective case only 0 (0)
Less comorbidity 67 (64)
More comorbidity 4 (4
Older age (>60 years old) 10 (10)
Younger age (<80 years old) 10 (10)
Female sex only 5 (5)

Total N is 105, except for male and white numbers, which are specified in the table.

Older and younger ages were defined by different thresholds to identify studies that

focused on extremes of patient age (ie, “older” referred to the exclusion of extremely
young population and vice versa). CABG indicates coronary artery bypass grafting.

need for high-quality research using a standardized approach
so that recovery can be measured and improved on evidence-
based fashion, especially with the current focus on the
postacute phase of care.

This review has marked implications to researchers and
funding bodies, as it revealed how limited the evidence on
postoperative recovery is when significant interest exists in
readmission reduction and improving the quality of postacute
care. The Centers for Medicare and Medicaid Services is
developing PROMs as part of its Quality Payment Program to
relate patient experience to hospital reimbursement.*® This
signals the need for the science behind measuring the patient
experience to catch up to the practice, and that need is not
being fulfilled by current literature. A major implication to

clinicians is that interventions to optimize postoperative
recovery are based on little evidence at this point, and
drawing clinical guidance on this topic from the literature is
challenging.

Measurement Methodologies

Significant heterogeneity and methodological weaknesses
were noted in the duration of follow-ups, the frequency of
measurement, tools used to assess recovery, and the domains
that were assessed. Even among 22 studies using the same
SF-36 instrument, there was a high variation in when, in
relation to the time of surgery, and how frequently the
assessments were obtained. Because such variation compli-
cates interpretation of the results across studies, a priority
area in studying postoperative recovery may be to identify the
standard approach to measurement frequency and timings. In
addition, although accounting for individual variations in
preoperative level of measurement may be important to
contextualize postoperative recovery, measurement of preop-
erative values was inconsistent, with only 57% of the studies
performing preoperative measurement. Furthermore, the
review highlighted the low temporal granularity in measure-
ment, with 8 and 9 being the highest numbers of measure-
ments obtained over a relatively long period of 6 months'? to
1 year.** Because digital platforms may allow for a high-
frequency measurement of PROM, as frequent as on a daily
basis,*° leveraging such technology provides novel opportuni-
ties to obtain granular insights into the process of recovery.

Reporting Methodologies

Reporting of PROMs varied across studies, representing
another element that requires standardization to promote
cohesive interpretation of the evidence. A majority of the
studies (67%) reported results as raw scores, often as the
group-level mean or median and standard deviations, without
any further processing of the score. Other studies sought to
provide more clinically intuitive values, such as the proportion
of patients reaching the preoperative values in the measured
domains or items.?'® Defining the recovery as the time that
one reaches preoperative level of function in each of global
domains®? may be useful in the clinical setting in providing an
estimate of the time it takes for a certain proportion of the
cohort to achieve “recovery.” However, this approach to
reporting may not be as useful in assessing domains that do
not have a clear improving or declining trajectory, such as the
mental health domain,'® and is also not possible when the
preoperative (baseline) values are not measured. Additionally,
the binary categorization of the scores limits the interpreta-
tion of recovery to that at the group level and obscures
distributional properties, such as the standard deviation, of
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the raw scores. Furthermore, improvement of scores beyond
baseline are not reflected in this reporting.

Raw scores measured via instruments calibrated to certain
population-based distributions may be difficult to interpret in
a highly selective cohort, such as those recovering after
cardiac surgery, because the clinical characteristics of
specific subpopulations may not match that of the population
from which the calibration was obtained. The SF-36 score was
linearly transformed to have a mean score of 50 and SD of
10,%¢ and has been validated by the original authors across 24
patient populations with variable sociodemographic charac-
teristics and disease severity.*” However, whether this norm
holds true in a highly specific subpopulation, such as a
postoperative cohort after high-acuity operations recovering
from a critical care setting, is uncertain. Taken together,
standardization of reporting is needed, which may entail
reporting of both raw scores obtained by the instruments and
any postprocessing of the scores if they provide additional
interpretive advantages.

Underrepresented Population

We identified underrepresented populations in this review. As
the vast majority of the studies (92%) selected for CABG or a
mixture of CABG and other operations, existing data on
postoperative recovery after non-CABG operations are limited.
Only 6 studies exclusively evaluated valve operations.
Because the mortality and complication incidences vary
across case types,*® the process of recovery is expected to
also vary and likely represents an important area of investi-
gation. Expectedly, nonwhite and female patients were
underrepresented, but more importantly, only 26% of the
studies reported race data. The recovery process is reported
to be more protracted in female patients,'* and racial
differences in recovery and the underlying causes likely
warrant investigation. Most studies excluded or did not
specify the treatment of mortality that occurred during the
follow-up. While exclusion may be a practical approach to
handling missing data, excluding deceased patients leaves the
trajectory or recovery before death unknown. Similarly, a large
number of studies excluded patients undergoing nonelective
procedures with higher comorbidity levels and enrolled
patients on a convenience basis. Although such approaches
may improve response rates, they obscure the recovery
process of sicker patients. Measuring recovery of this
population requires patient engagement and creatively devis-
ing ways to simplify patient response.

Design and Domain

The use of an objective mobility tracker device in this
population was infrequent (3 studies). As the prognostic value

of objectively measured mobility has been demonstrated in
oncologic*’ and noncardiac surgical populations,® it may be
an important aspect of global recovery assessment. Sleep and
cognitive domains represented the least frequently assessed
domains, although both domains undergo significant distur-
bances postoperatively.’®>" This relative infrequency may be
attributable to the challenge related to resource-intensive
cognitive function testing and polysomnography being the
gold standards.’? To generate evidence in a large cohort
representing a wide spectrum of patient populations, the use
of subjective surrogate measures, such as self-perceived
sleep quality and duration, may be a practical alternative.

Limitations

This systematic review should be interpreted in the context of
several potential limitations. First, the analysis was dependent
on the available published data and is limited by publication
bias and applicability of historical publications to contempo-
rary clinical and research practice. However, we evaluated the
temporal trend in the publication of included studies to assess
contemporariness and found that almost 90% of the eligible
studies were published after the year 2000. Second, although
we worked with an experienced librarian to define the
inclusive search terms and searched 2 large databases, it is
possible that relevant studies may not have been identified.
Third, the heterogeneity of studies in methodology and
reporting precluded meta-analysis. We reported a qualitative
summary of the studies in the form of predictors of recovery
reported. Fourth, although a systematic review typically
includes a risk-of-bias assessment, this study focused on
the synthesis of meta-data of broad types of studies, and the
heterogeneity of study types precluded systematic assess-
ment of risk of bias applicable to all studies. As the main aim
of the study was to describe the characteristics of all existing
studies on this topic, we believe the metrics we used to
characterize the studies provide a unified view of existing
literature.

Conclusions

Our systematic review on postoperative, patient-centered
outcomes after adult cardiac surgery revealed that studies are
limited in what they assess, most often single site without
external validation, varied in their approach to missing data,
and narrow in terms of the diversity of patients. The evidence
base regarding postoperative patient-centered outcomes
needs to be strengthened to guide data-driven improvement
of postoperative recovery. Priority areas include augmenting
the volume and quality of studies, improving and standardizing
the methods and PROM instruments, and focused recruitment
of minority populations.
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Given few studies with extremely large samples compared to the median sample size, we qualitatively
described studies with the largest sample sizes to evaluate whether we could make a strong inference
on normative recovery pattern. The largest study (n= 7,321), Study 45, obtained measurements at only
two time points, first of which was 180 days after the operation. The second largest study (n=5,658),
Study 17, obtained measurements in a single-center setting at 7 time points but only within the first 7
days, and only assessed the proportion of patients ambulating on each day.



Table S3. Number of articles by journal category.

Journal category N (105) %
Nursing 32 30
Surgical 25 24
Psych/behavioral* 14 13
Anesthesia 10 10
Cardiology 9 9
Other 15 14

*Psych/behavioral category includes psychology, psychiatry, and behavioral medicine.



Table S4. Qualitative summary of predictors and interventions associated with improved

recovery.

Factors related to Categories
better recovery

Predictors/Intervention

Surgical

Medical

Interventions

Other

Adhesive-enhanced sternal closure, not using
cardiopulmonary bypass, minimally-invasive access
surgery, CABG without internal mammary artery use

High-dose methylprednisolone, postoperative patient-
controlled analgesia, postoperative naproxen, epidural
anesthesia, fast-track anesthesia protocol, avoiding
blood transfusion

Preoperative patient education, preoperative exercise
training, use of special undergarment for women,
telehealth follow-up, rehabilitation facility use compared
to hospital rehabilitation, ear plug use after mechanical
valve replacement, dyadic support, discharge
instruction audiotape, additional follow up, healing
touch, preoperative psychological intervention

Predictors

Men, women, younger age, shorter ICU stay, better
baseline physical and cognitive function, higher number
of steps taken after operation, lack of depression and
baseline pain, better early recovery (predicts better late
recovery), having social support, lower number of
microemboli during operation, lower symptom burden,
lower stress/anxiety/depression, lack of postoperative
delirium, preoperative optimism, lack of preoperative
sleep problems




Figure S1. Number of publications by year.
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1980 met the inclusion criteria. The latest bin (2015-2018) includes only 4-year period.



Figure S2. Bubble chart of studies by the study characteristics up to 400 follow-up days.
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Studies by the duration of follow-up (x-axis) up to 400 days, sample size (y-axis) up to 600 patients,
number of domains evaluated (bubble size), and number of follow-ups at which time the
measurements were obtained (color). Six possible domains are: nociceptive symptoms, activity of daily
living, cognitive, sleep, mental health, and physical function.



