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Abstract

Rationale: Patients undergoing cardiac surgery often require
vasopressor or inotropic (“vasoactive”) medications, but patterns of
postoperative use are not well described.

Objectives: This study aimed to describe vasoactive medication
administration throughout hospitalization for cardiac surgery, to
identify patient- and hospital-level factors associated with postoperative
use, and to quantify variation in treatment patterns among hospitals.

Methods: Retrospective study using the Premier Healthcare
Database. The cohort included adult patients who underwent
coronary artery bypass grafting or open valve repair or replacement
(or in combination) from January 1, 2016, to June 30, 2018. Primary
outcome was receipt of vasoactive medication(s) on the first
postoperative day (POD1). We identified patient- and hospital-level
factors associated with receipt of vasoactive medications using
multilevel mixed-effects logistic regression modeling. We calculated
adjusted median odds ratios to determine the extent to which receipt
of vasoactive medications on POD1 was determined by each
hospital, then calculated quotients of Akaike Information Criteria
to compare the relative contributions of patient and hospital
characteristics and individual hospitals with observed variation.

Results: Among 104,963 adults in 294 hospitals, 95,992 (92.2%)
received vasoactive medication(s) during hospitalization;
30,851 (29.7%) received treatment on POD1, most commonly
norepinephrine (n = 11,427, 37.0%). A median of 29.0% (range,
0.0–94.4%) of patients in each hospital received vasoactive
drug(s) on POD1. After adjustment, hospital of admission
was associated with twofold increased odds of receipt of any
vasoactive medication on POD1 (adjusted median odds ratio,
2.07; 95% confidence interval, 1.93–2.21). Admitting hospital
contributed more to observed variation in POD1 vasoactive
medication use than patient or hospital characteristics (quotients
of Akaike Information Criteria 0.58, 0.44, and ,0.001,
respectively).

Conclusions: Nearly all cardiac surgical patients receive
vasoactive medications during hospitalization; however, only one-
third receive treatment on POD1, with significant variability by
institution. Further research is needed to understand the causes of
variability across hospitals and whether these differences are
associated with outcomes.
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More than 400,000 adults undergo coronary
artery bypass grafting (CABG) or open valve
surgery in the United States every year (1).
These patients typically require vasopressor
and inotropic (“vasoactive”) medications to
treat perioperative vasodilatory hypotension
(2) or myocardial dysfunction (3). Although
the use of vasoactive medications during
cardiac surgery is common (4–7), little
is known about postoperative patterns
of use across the United States. Previous
epidemiologic studies focused primarily on
the administration of inotropes during
separation from cardiopulmonary bypass
(CPB) or in the first hours after surgery (4, 5,
8–10), and variation in practice among
clinicians (5, 11, 12) and hospitals (4, 5, 10).
Although it is well established that some
patients receive vasoactive medications for
one or more days after cardiac surgery (7,
13–15), little is known about the patterns of
postoperative administration of these
medications. There is limited trial (16, 17)
and observational evidence (18–21) and
few available clinical guidelines specific
to cardiac surgery (22, 23) to inform
administration of vasoactive medications in
this population. In light of recent work in
other populations suggesting that use of
vasoactive medication may be unnecessary
or associated with harm (24), understanding
current use of these medications in cardiac
surgery is a necessary first step in designing
future comparative effectiveness studies.

This study aims to describe the
administration of vasoactive medications
throughout hospitalization for cardiac
surgery, to identify patient- and hospital-
level factors associated with use
postoperatively (focusing on postoperative
Day 1 [POD1]), and to quantify variation in
treatment patterns between hospitals. We
hypothesized that observed variation in
vasoactive medication use would be
significantly associated with patients’
hospital of admission.

A portion of this work in abstract
form was presented at the 2020 American
Thoracic Society International Conference
(25).

Methods

The Baystate Health Institutional Review
Board granted permission to conduct this
study, including a waiver of informed
consent (#777703-1).

Study Design and Cohort Selection
We performed a retrospective analysis of
the Premier Healthcare Database, which
includes diagnosis, procedure, and charge
data from approximately 20% of acute care
hospital admissions in the United States
annually (26). We identified adult patients
admitted to a participating hospital
between January 1, 2016, and June 30, 2018,
who underwent principal procedures of
CABG or open cardiac valve repair or
replacement in any combination. We
excluded patients,18 years old on the day
of hospital admission and those admitted
to pediatric specialty hospitals (defined as
hospitals with median patient age ,18 yr).
We also excluded patients undergoing
complex cardiac, aortic, transplant, and
permanent mechanical circulatory support
surgeries with expected differences in
management and perioperative course. We
excluded patients admitted to low-volume
hospitals (contributing fewer than 25 adult
cardiac surgery patients to the data set (the
10th percentile of admissions among
eligible hospitals)), patients admitted to
hospitals in which no patients had any
charge codes for a vasoactive medication,
and individual patients missing key
variables.

Variable Identification and Definitions
Medications were identified from
pharmacy charge codes. We identified
CABG and valve replacement or repair
surgery using International Classification
of Disease, Ninth Revision (ICD-9)
procedure codes as previously described
(27, 28), then mapped these codes to
International Classification of Disease,
Tenth Revision (ICD-10) procedure
classification system codes in the data set
(29). We used the same approach to
identify patients undergoing CABG with
and without CPB (30) and to identify
and exclude patients undergoing heart
transplantation and implantation or
repair of permanent left ventricular assist
devices (31), open aortic surgery (32), and
transcatheter valve replacement (33) as
well as patients with congenital heart
disease (34). We identified comorbid
disease and acute diagnoses present on
admission relevant to CABG outcomes
(35) and infectious endocarditis using
validated ICD-10 codes (36). All ICD-10
codes were adjudicated by an investigator
(E.A.V.) for clinical relevance.

Clinical Care and Patient Outcome
Variables
Admissions were classified as elective,
urgent/emergent, or other according to the
Premier Healthcare Database schema. For
primary analyses, we classified cardiac
surgery into four types: 1) CABG with CPB
(at least one coronary artery bypass graft
without repair or replacement of any
valve[s]), 2) CABG without CPB, 3) valve
repair(s) or replacement(s) without CABG
and, 4) valve repair(s) or replacement(s)
with CABG. Mechanical ventilation, renal
replacement therapy, and intensive care unit
length of stay (in whole calendar days) were
identified from charge codes (37, 38). We
identified receipt of temporary mechanical
circulatory support (intraaortic balloon
pump, temporary ventricular assist device,
or venoarterial extracorporeal membrane
oxygenation) from ICD-10 codes (39–41).
Relevant patient outcome variables included
new onset of atrial fibrillation or renal
failure during hospital admission (42, 43),
in-hospital mortality, and discharge
disposition among survivors as defined by
Premier (26). As the focus of the study was
on clinical practice, we did not examine
other patient outcomes captured in the data
set but less plausibly associated with receipt
of vasoactive medication. The online
supplement contains a full set of ICD-10
codes used in the study (Table E1 in the
online supplement).

Study Outcomes
As the data set captures medication charges
by calendar day of hospital admission, we
were unable to distinguish between pre-,
intra-, and postoperative use of study
drugs on the day of cardiac surgery. To
focus our analyses on postoperative drug
administration, the primary outcome was
the receipt of one or more vasopressor
(defined as epinephrine, dopamine,
norepinephrine, phenylephrine, or
vasopressin) or inotrope (dobutamine or
milrinone) medications on POD1. Other
vasoactive drugs, such as terlipressin and
angiotensin II, were not available in the
United States during the full study period.
Other outcomes were receipt of one or more
vasoactive medication(s) at any time during
hospitalization (including intraoperatively),
receipt of vasopressors and inotropic
medications separately, receipt of individual
vasoactive medications, receipt of vasoactive
medications by day of hospitalization, and
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use of adjunctive therapies for shock
or chronic vasodilatory hypotension
(including hydrocortisone, methylene blue,
thiamine, ascorbic acid, vitamin B12 and
midodrine, as well as temporary mechanical
circulatory support [intraaortic balloon
pumps, percutaneous ventricular assist
devices, and venoarterial extracorporeal
membrane oxygenation]).

Statistical Analysis
Components of the study data set have been
used previously by the investigators in other
studies examining practice and outcomes
after cardiac surgery (27, 28). Initial data
analysis plan was written before data were
specifically accessed for use in this study.
After study cohort creation in May 2019,
investigators met and reviewed available
data. After determining that pre-, intra-,
and postoperative medications could
not be distinguished in the data set, the
investigators agreed to change primary
outcome to receipt of vasoactive
medication(s) on POD1. Planned analyses
are reflected in the final data analysis
plan, which was written, date-stamped
(permanent dated electronic signature June
25, 2019), and recorded in the investigators’
files. During manuscript preparation,
investigators decided post hoc to perform
one additional sensitivity analysis to adjust
for unmeasured differences in case mix
between cohort hospitals by expanding
cardiac surgery classification into nine types.

We first summarized cohort patient
and clinical characteristics and outcomes for
the whole cohort of cardiac surgery patients
and then stratified the cohort according to
receipt of at least one vasoactive medication
during hospital admission. Next, we
described the overall rate of vasoactive
medication use for the whole cohort and
then assessed the rate and duration of
vasoactive medication use by drug class and
individual drug. We plotted the proportion
of patients who received each class of
vasoactive medication on each hospital day
(referenced to the date of cardiac surgery).
We also examined receipt of adjunctive
treatments by day of hospital admission.

We next assessed patients who received
one or more vasoactive medications on
POD1, without consideration for receipt of
vasoactive medications on other hospital
days. We repeated descriptive analyses
for the POD1 group, then compared
demographic and clinical characteristics and
outcomes between patients who did and did

not receive vasoactive medication(s) on
POD1 (but remained alive). Next, we
described rates and patterns of vasoactive
medication use (by individual drug and
drug combinations) among POD1 group
patients on the first postoperative day and
throughout the hospital stay overall and in
each cohort hospital.

To identify patient and hospital
covariates associated with receipt of
vasoactive drugs on POD1, we created three
multilevel multivariable mixed logistic
regression models, with outcomes: 1) receipt
of any vasoactive medication, 2) receipt of
vasopressor(s) (with or without inotropes),
and 3) receipt of inotrope(s) (with or
without vasopressors), with hospital
of admission as a random intercept.
Patient-level model covariates included
demographic variables, comorbid disease,
acute diagnoses present on admission, and
cardiac surgery type. Hospital-level model
covariates included geographic region,
number of hospital beds, teaching status,
and urban location. We calculated the
adjusted median odds ratio (AMOR) for
each model to describe the role of individual
hospital of admission in a patient’s chance of
receiving vasoactive medication(s) on POD1
(44, 45). In multilevel mixed-effects logistic
regression modeling, AMOR describes the
relative contribution of individual hospital
of admission to observed variation in
the study outcome. More specifically, it
describes the median change in the odds of
an outcome that would be observed if a
patient were moved between two randomly
selected study hospitals. Although it is
conceptually similar to the intraclass
correlation coefficient (used for continuous
outcomes), AMOR is independent of
treatment prevalence and its value may be
directly compared with the adjusted effects
of other model covariates. We determined
the relative contributions of patient and
hospital characteristics and individual
hospital of admission to observed variation
using quotients of Akaike Information
Criteria (AIC) (see online supplement for
expanded description) (46, 47).

We performed two sensitivity analyses
using the full study cohort: 1) repeating
the main model examining receipt of at
least one vasoactive drug on POD1 after
subdividing index procedures into nine
specific surgeries (to account for potential
residual differences in case mix between
cohort hospitals) (see Table E7 for list) and
2) repeating the model examining receipt of

one or more inotrope(s) on POD1 after
reclassifying dopamine and epinephrine as
inotropes.

We described continuous variables as
mean6 standard deviation and median
(interquartile range or full range). Missing
data were minimal and were not imputed.
We excluded one patient with unrecorded
sex from the cohort and classified those with
missing race or insurance status into the
category of “Other.” We compared groups
with chi-square tests and unpaired t tests or
Wilcoxon rank-sum tests according to
normality. All hypothesis tests were two-
sided; P values ,0.05 were considered
statistically significant. We did not adjust
for multiple comparisons; therefore, all
secondary analyses should be regarded as
exploratory. Analyses were performed using
SAS 9.4 software (SAS Institute); graphs
were produced with Excel for Mac (Version
16.27) (Microsoft Corp).

Results

Cohort Characteristics
The cohort included 104,063 patients in 294
hospitals (Figure E1). Mean age was 66.1
years6 standard deviation 10.4; 28.7% were
female (Table 1). A majority of patients
(60.9%) underwent CABG with CPB
without valve repair or replacement.
In-hospital mortality was 1.9%, and 77.6%
of hospital survivors were discharged home.

Receipt of Vasoactive Medications
during the Hospitalization
Nearly all cohort patients (92.2%) received
at least one vasoactive medication, alone or
in combination with others, during hospital
admission (Table E2). Rates of vasoactive
medication use were highest on the day of
surgery (85.7% of patients); 84.0% received
at least one vasopressor, and 29.2%
received one or more inotropes (Figure 1).
The receipt of vasoactive medications
decreased to 29.7% on POD1 and
continued to decline thereafter. Cohort
patients received vasoactive drugs for a
median of 1 day (interquartile range, 1–2).
Phenylephrine was the most commonly
administered vasoactive drug during
hospitalization (76.6% of patients). On
POD1, administration of norepinephrine
was most common (37.0%), followed by
phenylephrine (32.3%).

In addition to vasopressors and
inotropes, 13,378 cardiac surgery patients
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Table 1. Cohort patient characteristics, clinical care, and outcomes stratified by receipt of vasoactive medications

Whole
Cohort

Received Vasoactive
Medication(s) during
Hospital Admission

Did Not Receive Any
Vasoactive Medication

on POD1*

Received Vasoactive
Medication(s) on POD1†

n (% of cohort) 104,063 95,992 (92.2) 72,902 (70.3) 30,851 (29.7)
Patient characteristics
Age, mean6SD, yr 66.16 10.4 66.26 10.4 65.9610.4 66.76 10.4
Sex, F, n (% of group) 29,889 (28.7) 27,561 (28.7) 20,231 (27.8) 9,512 (30.8)

Race or ethnicity, n (% of
group)

White 80,413 (77.3) 74,679 (77.8) 56,464 (77.5) 23,710 (76.9)
Black 6,706 (6.4) 6,055 (6.3) 4,685 (6.4) 1,999 (6.5)
Hispanic 5,957 (5.7) 5,758 (6.0) 3,998 (5.5) 1,944 (6.3)
Other or unknown 10,987 (10.6) 9,500 (9.9) 7,755 (10.6) 3,198 (10.4)

Primary insurance provider,
n (% of group)

Private 28,790 (27.7) 26,438 (27.5) 21,041 (28.9) 7,684 (24.9)
Medicare 60,738 (58.4) 56,292 (58.6) 41,764 (57.3) 18,770 (60.8)
Medicaid 8,289 (8.0) 7,362 (7.7) 5,803 (8.0) 2,464 (8.0)
Other/unknown/uninsured 6,246 (6.0) 5,900 (6.1) 4,294 (5.9) 1,933 (6.3)

Comorbid disease‡

Malignancy 2,182 (2.1) 2,035 (2.1) 1,481 (2.0) 699 (2.3)
Diabetes with complications 27,818 (26.7) 25,638 (26.7) 18,702 (25.7) 9,039 (29.3)
Cerebrovascular disease 8,606 (8.3) 8,014 (8.3) 5,780 (7.9) 2,792 (9.0)
Acute/chronic renal failure 23,619 (22.7) 21,962 (22.9) 14,657 (20.1) 8,873 (28.8)
COPD 19,342 (18.6) 18,237 (19.0) 12,636 (17.3) 6,644 (21.5)

Acute diagnoses present on
admission‡

Congestive heart failure 36,611 (35.2) 34,047 (35.5) 21,891 (30.0) 14,578 (47.3)
Cardiogenic shock 1,794 (1.7) 1,707 (1.8) 642 (0.9) 1,134 (3.7)
Arrhythmia 24,491 (23.5) 22,830 (23.8) 15,531 (21.3) 8,871 (28.8)
Pulmonary edema 843 (0.8) 793 (0.8) 483 (0.7) 355 (1.2)

Type of admissionx

Elective 57,585 (55.3) 53,509 (55.7) 41,927 (57.5) 15,514 (50.3)
Urgent/emergent 45,619 (43.8) 41,639 (43.4) 30,390 (41.7) 15,065 (48.8)
Other 859 (0.8) 844 (0.9) 585 (0.8) 272 (0.9)

Clinical care
Cardiac surgery type, n (% of

group)
CABG with CPB 63,363 (60.9) 58,817 (61.3) 45,033 (61.8) 18,182 (58.9)
CABG without CPB 13,422 (12.9) 11,978 (12.5) 10,028 (13.8) 3,360 (10.9)
CABG with valve repair(s)

or replacement(s)
10,203 (9.8) 9,609 (10.0) 5,940 (8.2) 4,202 (13.6)

Valve repair(s) or
replacement(s), without
CABG

17,075 (16.4) 15,588 (16.2) 11,901 (16.3) 5,107 (16.6)

Mechanical ventilationk 96,654 (92.9) 89,324 (93.1) 67,094 (92.0) 29,344 (95.1)
Renal replacement therapy

during admission
4,915 (4.7) 4,695 (4.9) 2,543 (3.5) 2,357 (7.6)

Receipt of temporary
mechanical circulatory
support

IABP 5,949 (5.7) 5,639 (5.9) 2,618 (3.6) 3,259 (10.6)
Temporary VAD 314 (0.3) 311 (0.3) 63 (0.1) 242 (0.8)
VA ECMO 203 (0.2) 202 (0.2) 34 (0.0) 154 (0.5)

ICU length of stay, median
(IQR), d

ICU survivors 3 (1–5) 3 (1–5) 2 (1–4) 4 (2–6)
ICU nonsurvivors 6 (3–14) 6 (3–14) 6 (3–14) 7 (3–15)

Patient outcomes
New-onset atrial fibrillation,

n (% of group)
22,963 (22.1) 21,386 (22.3) 15,324 (21.0) 7,617 (24.7)

New-onset acute renal
failure, n (% of group)

14,842 (14.3) 16,226 (16.9) 9,546 (13.1) 7,588 (24.6)

Hospital mortality 1,934 (1.9) 1,911 (2.0) 450 (0.6) 1,301 (4.2)

(Continued)
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(12.9% of cohort) received at least one
adjunctive treatment for shock. Of these,
hydrocortisone was most common (5,959
patients, 5.7%) (Table E3). Hydrocortisone
and methylene blue were most frequently
administered on the day of surgery (3.2%
and 2.3% of cohort, respectively).

Patients Receiving Vasoactive
Medications on POD1
Compared with patients who did not receive
a vasoactive medication on POD1, those

who did were more likely to have an
admission diagnosis of congestive heart
failure (47.3% vs. 30.0%, P, 0.001) or an
arrhythmia (28.8% vs. 21.3%, P, 0.001)
(Table 1). They were also more likely to have
undergone an urgent or emergent surgical
procedure (48.8% vs. 41.7%, P, 0.001), to
receive mechanical circulatory support
during the hospitalization (11.4% vs. 3.7%,
P, 0.001), and to die during hospital
admission (4.2% vs. 0.6%, P, 0.001).
Comparisons of vasoactive drug use

patterns between all patients that had
surgery and the POD1 group are included
(Table E2).

Hospital-Level Variability in Use of
Vasoactive Medications on POD1
Cohort hospitals admitted a median of 252
cardiac surgery patients (full range, 29–
2,248) during the study period. The majority
of hospitals were large (50.3% had .400
beds), urban (90.5%), and located in the U.S.
South (41.5%) (Table E4). There was
substantial interhospital variation in rates
and combinations of vasoactive drug
delivery on POD1. Cohort hospitals
administered vasoactive drugs to a median
of 29.0% of patients (full range, 0.0–94.4%)
alive and hospitalized on POD1 (Figure 2).
Figure E2 depicts patterns of POD1
vasoactive medication administration
(by drug class) across study hospitals.

Patient and Hospital-Level Factors
Associated with Receipt of Vasoactive
Medications on POD1
After multivariable adjustment, receipt of at
least one vasoactive medication on POD1
was associated with congestive heart failure
on admission (adjusted odds ratio [aOR],
1.85; 95% confidence interval [95% CI],
1.79–1.91; P, 0.001), cardiogenic shock on
admission (aOR, 2.38; 95% CI, 2.13–2.66;
P, 0.001), and receipt of temporary
mechanical circulatory support on or before
the day of surgery (aOR, 3.00; 95% CI, 2.82–
3.19; P, 0.001) (Table 2). Receipt of
vasoactive medication on POD1 was also

Table 1. (Continued )

Whole
Cohort

Received Vasoactive
Medication(s) during
Hospital Admission

Did Not Receive Any
Vasoactive Medication

on POD1*

Received Vasoactive
Medication(s) on POD1†

Location after hospital
discharge among
survivors, n (% of group)

Home 79,215 (77.6) 72,388 (76.9) 58,881 (81.3) 20,252 (68.5)
Nursing facility 21,623 (21.2) 20,452 (21.7) 12,853 (17.7) 8,749 (29.6)
Other acute care hospital 565 (0.6) 548 (0.6) 270 (0.4) 273 (0.9)
Hospice 130 (0.1) 128 (0.1) 57 (0.1) 73 (0.3)

Definition of abbreviations: CABG=coronary artery bypass graft; COPD=chronic obstructive pulmonary disease; CPB=cardiopulmonary bypass;
IABP= intraaortic balloon pump; ICU= intensive care unit; IQR= interquartile range; POD1=postoperative Day 1; SD= standard deviation; VAD= ventricular
assist device; VA ECMO=venoarterial extracorporeal membrane oxygenation.
*Among 103,753 patients who remained alive and admitted to the hospital on POD1, whether or not they received vasoactivemedication(s) on other day(s) of
hospitalization.
†Patients who received at least one vasoactive medication, alone or in combination with others, on the day after index cardiac surgery, whether or not they
received vasoactive medications on other days of hospitalization.
‡As per Abildstrøm (35).
xAll patients admitted from homewho underwent surgery on the first day of hospital admission classified as elective. All others classified as urgent/emergent.
kReceipt of preoperative and/or postoperative mechanical ventilation, identified from charge codes.
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Figure 1. Receipt of vasoactive medications by day of hospitalization among cohort patients. The
figure shows the percentage of cohort patients alive and admitted to hospital on each hospital day
(referenced to date of principal procedure) who received any vasopressor or inotrope, alone or in
combination with other vasoactive medications, on that day.
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associated with individual hospital of
admission (AMOR, 2.07; 95% CI, 1.93–
2.21). Individual hospital of admission
contributed more to an individual patient’s
likelihood of receipt of vasoactive
medication(s) than patient- or hospital-level
characteristics (quotients of AIC, 0.58 for
hospital of admission vs. 0.44 for patient
characteristics vs. ,0.001 for hospital
characteristics) (Table 3). Reclassification of
cardiac surgery into nine subtypes (Table
E5) did not change the relative contribution
of individual hospital of admission (AMOR,
2.08; 95% CI, 1.94–2.22; quotient of AIC,
0.57), patient characteristics (quotient of
AIC, 0.45), or hospital characteristics
(quotient of AIC, ,0.001) to observed
variation in vasoactive drug use. We
observed similar covariate effect sizes and
AMORs in models examining factors
associated with receipt of vasopressors (with
or without inotropes) and inotropes (with or
without vasopressors) (Tables E6 and E7).
In the inotrope model and a sensitivity
analysis in which epinephrine and
dopamine were reclassified as inotropes
(Table E8), patient characteristics were
more strongly associated with observed
variation than individual hospital of
admission (AIC 0.53 vs. 0.47 and AIC
0.57 vs. 0.45, respectively) (Table 3).

Discussion

In this retrospective study of a large cohort
of adult patients undergoing cardiac surgery
in the United States, we observed significant
variation in the types, combinations, and
timing of vasopressors and inotropic
medications administered postoperatively.
Although several patient characteristics and
care variables, including diagnoses present
on admission and type of cardiac surgery,
were associated with receipt of vasoactive
drugs on the first postoperative day,
individual hospital of admission contributed
more to observed variation in use of
vasopressors and inotropes than most
patient or hospital characteristics captured
in the data set.

Our study found variability both in the
likelihood of receipt of any vasoactive
support on POD1 and in the choice of
vasoactive medication. The presence of
significant interhospital variation in
vasoactive medication use may suggest the
presence of unmeasured differences
(including case mix, pharmacy practices,
clinician preference, or local drug shortage)
between hospitals but may also reflect the
lack of evidence and guidelines supporting
administration of specific vasoactive
medications in this population and

equipoise among clinicians. It is possible
that observed variation in administration of
vasoactive medication in cardiac surgical
patients has implications for both patient
outcomes (including direct harm from
adverse effects (48), use of less effective
agents, or exposure to unnecessary
medications that are associated with worse
outcomes in cardiac surgical patients (18)
and other populations (24)) and medication
and hospitalization costs. The variability in
overall use represents a potential area for
further study and improvement; given that
that receipt of vasoactive medications is
a frequent cause of continued care in
an intensive care unit setting, a better
understanding of factors associated with this
use may identify potentially modifiable
variables that could reduce the need for
vasoactive support, both reducing exposure
to potential harm and expediting transitions
to the ward. It is also notable that on POD1,
both norepinephrine and phenylephrine
were frequently used to provide vasoactive
support.

Compared with prior observational
studies, several aspects of this study are
unique. Not only does it describe a
substantially larger and more current
patient and hospital cohort, it focuses on
postoperative vasoactive medication use,
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Figure 2. Percentage of patients at each study hospital who received at least one vasoactive medication on POD1. Blue dots represent point estimates.
Bars represent 95% confidence intervals. POD1=postoperative Day 1. Reprinted from Reference 25.
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includes vasopressor drugs, and quantifies
observed practice variation. Direct
comparison of our study findings with
most previous work is prevented by
differences in populations, types of
cardiac surgery, individual drugs studied,
classification of specific vasoactive drugs
as inotropes or vasopressors, and
perioperative timing of administration (5,
6, 8, 9, 13, 15, 18, 49). Some aspects of this

study are consistent with the work of
Hernandez and colleagues, which
examined use of vasodilators, inotropes,
and vasopressors within 12 postoperative
hours in a U.S. cohort of “high-risk”
patients undergoing CABG (4). Compared
with their study, we observed similar
rates of vasoactive medication use but
different patterns of individual drugs
administered.

Limitations
Limitations of this study include those
inherent to secondary analyses of
administrative data sets. Specifically, this
study is at risk of misclassification bias; not
all of the ICD-10 codes used to identify
study variables have been previously used or
validated. Although we attempted to
mitigate this with a sensitivity analysis using
an expanded cardiac surgery classification,
the potential for residual confounding
remains. Moreover, we were unable to
identify drug doses, or hemodynamic or
echocardiographic parameters, or another
clinical rationale for selection of a specific
drug. Additionally, the data set captures
both surgery and drug administration in
calendar days. Expected variation in
duration and timing of surgery between
cohort patients and hospitals increases
the likelihood that equal durations of
vasoactive infusions may have been
inconsistently classified as use on POD1,
potentially confounding the degree of
interhospital practice variation we
observed. Furthermore, this lack of
granularity in timing limits our ability to
distinguish between intraoperative and
perioperative use on the day of index
surgery or between simultaneous or
sequential use on a given hospital day. We
addressed this problem by focusing our
analyses on the group of patients who
received vasoactive drugs on the day after
index surgery. Still, this approach leaves
unanswered questions about intraoperative
and immediate postoperative patterns of
medication administration patterns and
clinically meaningful duration of use.
Given the relatively short (2.5 yr) study
period, we did not conduct analyses to
examine trends in medication use over
time. Furthermore, we did not evaluate
whether observed variations in clinical
practice were associated with differences in
patient outcomes. Although U.S. cardiac
surgery outcomes are closely tracked and
publicly reported for individual hospitals
(50), the study data set does not identify
individual hospitals and does not contain a
specific severity of illness variable necessary
for adequate adjustment.

Despite these limitations, our
study results have face validity; patient
characteristics most strongly associated with
vasoactive drug use included conditions and
therapies (such as mechanical circulatory
support) associated with higher severity

Table 2. Adjusted odds ratios from multilevel multivariable mixed-effects model
describing patient- and hospital-level covariates associated with receipt of one or more
vasoactive medication(s) on POD1

aOR 95% CI P Value

Patient-level characteristics
Age 1.00 1.00–1.01 ,0.001
Sex, M (ref. F) 1.15 1.11–1.18 ,0.001
Race

White (ref.) 1.00 — —
Black 0.97 0.91–1.03 0.31
Hispanic 0.99 0.92–1.07 0.87
Other or unknown 1.05 0.99–1.11 0.12

Insurance type
Private (ref.) 1.00 — —
Medicare 1.04 0.99–1.08 0.09
Medicaid 1.07 1.01–1.14 0.02
Other/unknown/uninsured 1.07 1.00–1.15 0.04

Comorbid disease present on admission*
Malignancy 1.00 0.91–1.10 .0.99
Diabetes with complications 1.01 0.97–1.04 0.78
Cerebrovascular disease 1.02 0.97–1.08 0.40
Acute or chronic renal failure 1.37 1.32–1.42 ,0.001
COPD 1.11 1.07–1.15 ,0.001

Diagnoses present on admission*
Congestive heart failure 1.85 1.79–1.91 ,0.001
Cardiogenic shock 2.38 2.13–2.66 ,0.001
Arrhythmia 1.27 1.23–1.32 ,0.001
Pulmonary edema 1.22 1.05–1.43 0.01

Principal procedure
CABG alone (ref.) 1.00 — —
CABG without CPB 0.77 0.73–0.81 ,0.001
Valve repair(s) or replacement(s) without CABG 1.01 0.97–1.06 0.59
CABG1 valve(s) 1.66 1.59–1.75 ,0.001

Receipt of temporary mechanical circulatory
support on or before the day of index surgery

3.00 2.82–3.19 ,0.001

Hospital-level characteristics
U.S. region†

West (ref.) 1.00 — —
Midwest 1.42 1.08–1.86 0.01
South 1.35 1.05–1.73 0.02
Northeast 1.05 0.74–1.49 0.79

Number of beds
.400 (ref.) 1.00 — —
200–400 0.91 0.74–1.12 0.38
,200 0.96 0.69–1.33 0.80

Teaching hospital† 0.83 0.67–1.03 0.09
Urban location† 0.94 0.69–1.29 0.71
AMOR 2.07 1.93–2.21 —

Definition of abbreviations: aOR=adjusted odds ratio; AMOR=adjusted median odds ratio;
CABG=coronary artery bypass graft; CI = confidence interval; COPD=chronic obstructive pulmonary
disease; CPB=cardiopulmonary bypass; POD1=postoperative Day 1; ref. = referent.
*As per Abildstrøm (35).
†As defined by Premier (26).

ORIGINAL RESEARCH

Vail, Shieh, Pekow, et al.: Vasoactive Medication Use after Cardiac Surgery 109



of illness. Although the analyses were
exploratory, we found that perioperative use
of vasoactive drugs was associated with
markers of increased severity of illness, more
complex surgery, and worse patient
outcomes, similar to other observational
studies (7, 8, 13–15, 18, 20, 49). Future work
is needed to validate these associations
and to adjust for plausible confounders
not captured in this study data set.
This study was not designed to compare
outcomes associated with use of individual
medications or medication classes but may

establish the groundwork for future
comparative effectiveness analyses.

Conclusions
In a large cohort of adult patients
undergoing cardiac surgery in U.S.
hospitals, almost all patients were exposed
to vasoactive drugs on the day of cardiac
surgery and one-third of patients
remained on a vasoactive medication
on the first day after surgery. Use of
vasoactive drugs after coronary artery
bypass grafting and open cardiac valve

surgery—if they are used and, if so, which
ones are used—varies widely between
hospitals. Further research is necessary to
determine whether the observed variation
in practice is associated with clinical
outcomes. n
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