z
ORIGINAL RESEARCH } L1
American =~ American

Heart | Stroke

Association | Association.

Comparison of Angiotensin-Converting Enzyme Inhibitor and
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Background—Postoperative clinical outcomes associated with the preoperative continuation or discontinuation of angiotensin-
converting enzyme inhibitors (ACEIls) or angiotensin receptor blockers (ARBs) before cardiac surgery remain unclear.

Methods and Results—In a single-center, open-label, randomized, registry-based clinical trial, patients undergoing nonemergent
cardiac surgery were assigned to ACEI/ARB continuation or discontinuation 2 days before surgery. Among the 584 patients
screened, 261 met study criteria and 126 (48.3%) patients were enrolled. In total,121 patients (96% adherence; 60 to continuation
and 61 to ACEI/ARB discontinuation) underwent surgery and completed the study protocol, and follow-up was 100% complete.
Postoperative intravenous vasopressor use (78.3% versus 75.4%, P=0.703), vasodilator use (71.7% versus 80.3%, P=0.265),
vasoplegic shock (31.7% versus 27.9%, P=0.648), median duration of vasopressor (10 versus 5 hours, P=0.494), and vasodilator
requirements (10 versus 9 hours, P=0.469) were not significantly different between the continuation and discontinuation arms. No
differences were observed in the incidence of acute kidney injury (1.7% versus 1.6%, P=0.991), stroke (no events, mortality (1.7%
versus 1.6%, P=0.991), median duration of mechanical ventilation (6 versus 6 hours, P=0.680), and median intensive care unit
length of stay (43 versus 27 hours, P=0.420) between the treatment arms.

Conclusions—A randomized study evaluating the routine continuation or discontinuation of ACEls or ARBs before cardiac surgery
was feasible, and treatment assignment was not associated with differences in postoperative physiological or clinical outcomes.
These preliminary findings suggest that preoperative ACEl/ARB management strategies did not affect the postoperative course of
patients undergoing cardiac surgery.

Clinical Trial Registration—URL: https://www.clinicaltrials.gov. Unique identifier: NCT02096406. (/ Am Heart Assoc.
2018;7:009917. DOI: 10.1161/JAHA.118.009917.)
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C oronary revascularization with coronary artery bypass
grafting (CABG) surgery improves long-term survival in
patients with diabetes mellitus or complex multivessel
disease.' Angiotensin-converting enzyme inhibitors (ACEls)
and angiotensin receptor blockers (ARBs) reduce mortality
and subsequent cardiac events in patients with coronary
artery disease undergoing CABG when initiated at least

High-quality studies from which to guide practice
regarding perioperative ACEl or ARB management strategies
in patients undergoing CABG are lacking. Observational
studies, without standardized perioperative medication
management, have reported that preoperative ACEl or
ARB use is associated with an increased risk of postoper-
ative vasoplegic shock, acute kidney injury (AKIl), and

4 weeks preoperatively.4 mortality; however, other studies have reported that
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Clinical Perspective

What Is New?

High-quality studies examining the optimal perioperative
management of angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers before cardiac surgery are
lacking.

* In a single-center, open, randomized, registry-based clinical
trial, 121 patients undergoing nonemergent cardiac surgery
were randomized to angiotensin-converting enzyme inhibitor
or angiotensin receptor blocker continuation or discontin-
uation 2 days before surgery.

What Are the Clinical Implications?

* No differences between study arms were observed in the
incidence of vasoplegic shock, postoperative intravenous
vasopressor or vasodilator requirements, acute kidney
injury, duration of mechanical ventilation, or cardiac surgical
intensive care unit length of stay.

» These findings suggest that preoperative angiotensin-

converting enzyme inhibitor or angiotensin receptor blocker

management is not associated with postcardiac surgery
hemodynamic outcomes.

These findings from a pilot study may inform the design and

event rates of a larger future randomized trial.

preoperative ACEls or ARBs are associated with a reduced
risk of perioperative myocardial infarction with no increased
risk of AKI or death.* ' The only randomized controlled
trial (RCT) to date enrolled 40 patients undergoing CABG
and randomized participants to preoperative ACEI continua-
tion or discontinuation the day before surgery. It has
been reported that ACEl-withdrawal patients required
fewer vasopressors during cardiopulmonary bypass but
more intravenous vasodilators to control postoperative
hypertension.'® High-quality studies examining the postop-
erative clinical and hemodynamic outcomes associated with
preoperative ACEl or ARB management strategies are
currently lacking.

Evaluating the best perioperative ACEl and ARB manage-
ment practices for postoperative outcomes has important
implications for clinical care and resource utilization. Vaso-
plegic shock and AKI, which have been associated with
preoperative ACEl or ARB continuation, are potential risk
factors for prolonged cardiac surgical intensive care unit
(CSICU) length of stay (LOS) and mortality.'”2° Conversely,
withdrawal is a known precipitant of acute heart failure and
increases the risk of postoperative hypertension.'®?! The
conflicting available low-quality data reflect equipoise in
contemporary clinical practice reported in a survey of
practicing cardiovascular surgeons.?? Accordingly, in a prag-
matic registry-based pilot RCT, we evaluated feasibility,

hemodynamic, clinical, and health resource utilization end
points in patients undergoing on-pump cardiac surgery
randomized to preoperative continuation or discontinuation
of an ACEI or ARB.

Methods
Study Design and Patient Population

This prospective, open-label, registry-based RCT was con-
ducted at a single tertiary academic center in Edmonton,
Alberta, Canada between May 2014 and June 2017
(NCT02096406). The study was approved by the University
of Alberta Health Research Ethics Board (Pro00042749).
Participants were eligible for randomization if they were aged
>18 years and scheduled for elective or urgent CABG (within
14 days of referral) and/or valve surgery and had been treated
with an ACEI or ARB for a minimum of 7 days. Exclusion criteria
were as follows: emergency surgery, preoperative shock (defined
as systolic blood pressure <90 mm Hg, the need for any
vasopressor or inotropic support, or a mechanical cardiac support
device), severe uncontrolled preoperative hypertension (defined
as blood pressure 2200 mm Hg systolic or =120 mm Hg dias-
tolic or the preoperative need for intravenous antihypertensive
agents), or any mineralocorticoid receptor antagonist therapy.

Study Protocol and Randomization

Eligible patients who provided informed consent were
randomized 1:1 using a web-based randomization sequence,
without stratification or blocking, to presurgical preoperative
continuation or discontinuation of their ACEl or ARB. Patients
randomized to the continuation arm continued their ACEI or
ARB up to and including the morning of surgery, with a sip of
water. Patients in the discontinuation arm discontinued the
medication 2 days before their scheduled surgery; in the
event of any surgical postponement, patients were instructed
to continue to hold the ACEI or ARB until the time of surgery.
In the immediate postoperative period, local CSICU practice
sets systolic blood pressure targets of 90 to 110 mm Hg for
the first 4 hours and then 90 to 140 mm Hg thereafter.
Patients arrive in the CSICU from the operating room sedated
with propofol, and sedation is typically discontinued within 2
to 3 hours in stable patients. The CSICU is a closed unit
staffed by in-house board-certified intensivists who admit and
direct the postoperative care of all admitted patients in
collaboration with the surgical team. The preoperative man-
agement of all other medications and the postoperative
reintroduction of an ACEl or ARB were at the discretion of
the most responsible physician. During the study period, the
hospital performed an average of 1490 open heart surgeries
including an average of 533 nonemergent CABGs.
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Registry Information, Data Collection, and
Follow-up

All preoperative demographic, clinical, cardiac catheterization,
and intraoperative surgical variables were collected prospec-
tively in the Alberta Provincial Project for Outcomes Assess-
ment in Coronary Heart Disease (APPROACH) data set.”® This
registry captures medical procedural information on all
patients undergoing cardiac catheterization and/or cardiac
surgery in the province of Alberta. Information is entered into
APPROACH by experienced staff members at the time of the
procedure, and trained chart abstracters subsequently review
all previously entered variables.?*?® All postoperative study
outcomes were abstracted from the participants’ chart by
study research personnel and entered into a separate case
report form. At the completion of enrollment and study follow-
up, data from the APPROACH registry were electronically
linked to the case report from using unique patient identifiers.
All patients were followed through to hospital discharge or
30 days (whichever was longer). The data, analytic methods,
and study materials will not be made available to other
researchers for purposes of reproducing the results or
replicating the procedure.

End Points

This pilot study captured physiological, clinical, and heath
resource utilization outcomes. The physiological outcomes of
interest included the incidence and duration of postoperative
shock, defined as the need for intravenous vasopressors or
inopressors (norepinephrine, epinephrine, vasopressin, dopa-
mine, and/or methylene blue) and/or mechanical support
devices that were either initiated in the operating room or in
the CSICU. Shock resolution time was defined as the time
when all intravenous vasopressors or inopressors were
discontinued for >1 hour. The use and duration of postop-
erative intravenous vasodilators (including nitroglycerine or
nitroprusside) to control hypertension was also captured.
Clinical outcomes of interest included (1) the incidence of
vasoplegic shock, defined as a mean arterial pressure
<60 mm Hg requiring vasopressor administration for at
least 4 hours and a central venous pressure >8 mm Hg;
(2) preoperative heart failure deterioration, defined as an
increase in diuretic dose in the 48 hours before surgery;
(3) postoperative AKI, defined as a doubling of serum
creatinine or a >50% decline in glomerular filtration rate?®;
(4) absolute change in serum creatinine; (5) 30-day all-cause
mortality; (6) 30-day stroke, defined using Society of
Thoracic Surgeons criteria®’; and (7) ACEl or ARB use at
the time of hospital discharge. Health resource outcomes of
interest included duration of mechanical ventilation (hours),
CSICU (hours) and index hospital LOS (days), initiation of
renal replacement therapy, and CSICU all-cause readmission

during the index hospitalization. Feasibility outcomes
included adherence to the study protocol, the enroliment
rate of eligible patients, and the completeness of study
outcomes.

Statistical Analysis

Continuous variables were summarized as medians and
interquartile ranges, and between-group differences were
compared using the Mann-Whitney U test. Categorical
variables were summarized as numbers and percentages
and compared using the % test or Fisher exact test, as
appropriate. The modified intention-to-treat (which included
all randomized patients who underwent surgery) assumption
was applied to the analysis of study treatment and outcomes
(ie, random assignment to ACEIl or ARB continuation versus
discontinuation). Logistic regression was used to estimate the
relative association between study treatment (ACEl or ARB
continuation versus discontinuation) and binary outcomes,
whereas quantile regression was used for continuous out-
comes. To account for possible imbalance between the 2
study arms, the relative associations were adjusted for all
baseline characteristics with a P<0.20. Variables in the
regression included body mass index, history of hypertension,
dyslipidemia, prior percutaneous coronary intervention, cere-
brovascular disease, chronic lung disease, left ventricular
ejection fraction, and preoperation medication of adenosine
diphosphate inhibitor or P2Y,, inhibitor. Unadjusted and
adjusted associations, expressed as odds ratios or quantile
regression coefficients, were reported with the corresponding
95% confident interval. Two sensitivity analyses were per-
formed; the outcomes were (1) examined by study treatment
received (ie, per-protocol analysis) and (2) stratified by short
(£12 hours) or long (>12 hours) ACEI or ARB half-life.

All analyses were performed using SAS (v9.4; SAS
Institute), and all statistical tests were 2-sided and had a 5%
level of significance.

Results

A total of 584 patients were screened for inclusion criteria,
261 patients met study inclusion criteria, and 126 (48.3%)
were randomized as shown in Figure 1. Three patients did not
undergo cardiac surgery (2 patients in the continuation arm
and 1 patient in the discontinuation arm), and 1 patient in
each arm withdrew consent after randomization. The final
modified intention-to-treat study population included 121
patients (96%; 60 in the continuation and 61 in the
discontinuation arm). Adherence to the study protocol was
96%. A total of 4 patients in the continuation arm had their
ACEl or ARB discontinued before the morning of surgery.
Patient follow-up was 100% complete.
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584 patients screened for inclusion criteria
261 patients eligible

Exclusion criteria:
Undergoing emergency surgery: 1
Pre-operative shock: 1

Sever uncontrolled pre-op hypertension:1
Planned non-CABG surgery: 26
Mineralocorticoid antagonist therapy: 25
Decline to participant: 81

126 randomized

A A

63 assigned to ACE/ARB continuation

63 assigned to ACEI/ARB discontinuation

2 patients did not undergo surgery
1 patient withdrew

A

Y

1 patient did not undergo surgery
1 patient withdrew

Y

60 patients in the final mITT analysis

61 patients in final mITT analysis

Figure 1. Study cohort diagram. ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary

artery bypass grafting; mITT, modified intention to treat.

Baseline demographics, preoperative investigations, and
medications were similar between treatment arms (Table 1).
A median body mass index and a history of cerebrovascular
disease and atrial fibrillation/flutter were higher in the
discontinuation arm, whereas preoperative adenosine diphos-
phate or P2Y4, inhibitor use was higher in the continuation
arm. Surgical and intraoperative variables (Table 2) were
similar between the ACEI/ARB continuation and discontinu-
ation arms. A total of 50 patients (41.3%) were admitted to
the CSICU with vasopressors or inotropes initiated in the
operating room, and 43 (35.5%) were initiated in the CSICU.
Intravenous vasodilators were initiated in 18 patients (14.9%)
in the operating room and in 74 (61.2%) in the CSICU. No
differences were observed between treatment arms.

Outcomes

Postoperative shock (78.3% versus 75.4%; adjusted odds
ratio: 0.95; 95% confidence interval, 0.36-2.50; adjusted
P=0.913), vasodilator use (71.7% versus 80.3%: adjusted odds
ratio: 1.78; 95% confidence interval, 0.65-4.88; adjusted
P=0.261), vasoplegic shock (31.7% versus 27.9%; adjusted

odds ratio: 0.87; 95% confidence interval, 0.35-2.15;
adjusted P=0.767), median duration of vasopressor or
inopressor use, and intravenous vasodilator requirements
were not significantly different between the continuation and
discontinuation arms (Table 3, Figure 2). No differences were
observed in the incidence of AKI, stroke, mortality, median
duration of mechanical ventilation, or median CSICU LOS
between the treatment arms. In sensitivity analyses that
examined outcomes according to actual preoperative ACEI or
ARB treatment received (Table S1) and stratified by ACEIl or
ARB short (<12 hours) or long (>12 hours) half-life (Table S2),
no differences in postoperative outcomes were observed. In a
post hoc analysis, the initiation of an intravenous vasoactive
agent in the operating room (on CSICU admission) versus
after CSICU admission were similar between treatment arms
(Table S3).

Discussion

In this registry-based RCT of preoperative ACEl or ARB
continuation or discontinuation in patients undergoing cardiac
surgery, we found that the study protocol was feasible and
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Table 1. Baseline Characteristics by Randomized Treatment Assignment

Continuation (n=60) Discontinuation (n=61) P Value
Demographics
Age, y 67 (60-73) 64 (58-71) 0.223
Male, n (%) 56 (93.3) 56 (91.8) 0.748
BMI, kg/m? 32 (28-36) 29 (27-32) 0.001
Past medical history, n (%)
Hypertension 47 (78.3) 40 (65.6) 0.119
Dyslipidemia 47 (78.3) 41 (67.2) 0.170
Diabetes mellitus 27 (45.0) 21 (34.4) 0.235
Current/former smoking 34 (56.7) 30 (49.2) 0.410
Prior MI 10 (16.7) 1(18.0) 0.843
Prior PCI 7(11.7) 3 (4.9 0.178
CCS class IV 25 (41.7) 28 (45.9) 0.639
Heart failure 4 (6.7) 349 0.680
Atrial fibrillation or flutter 5(8.3) 0 (0.0 0.021
Cerebrovascular disease 7(11.7) 1(1.6) 0.027
Peripheral arterial disease 4 (6.7) 2 (3.3 0.391
Chronic lung disease 9 (15.0) 349 0.064
Preoperative investigations
Extent of coronary stenosis >70%, n (%) 59 (98.3) 60 (98.4) 0.991
Left main or 3-vessel CAD 48 (80.0) 52 (85.2) 0.446
1-2 vessel 11 (18.3) 8 (13.1) 0.430
LVEF, % 50 (45-50) 50 (35-50) 0.087
Hemoglobin, g/L 140 (131-148) 141 (130-150) 0.830
Serum creatinine, umol/L 88 (77-106) 83 (75-96) 0.132
GFR, n/1.73 m? 75 (61-89) 80 (68-90) 0.172
Preoperative medications, n (%)
ADP or P2Y;, inhibitor 4 (6.7 14 (23.0) 0.012
f3-Blocker 47 (78.3) 53 (86.9) 0.214
Calcium channel blocker 8 (13.3) 10 (16.4) 0.636
ACEI 42 (70.0) 51 (83.6) 0.076
ARB 14 (23.3) 10 (16.4) 0.339
Diuretic 13 (21.7) 14 (23.0) 0.865
Oral anticoagulant 0 (0.0) 0 (0.0)

Continuous variables presented as median (interquartile range). ACEI indicates angiotensin-converting enzyme inhibitor; ADP, adenosine diphosphate inhibitor; ARB, angiotensin receptor
blocker; BMI, body mass index; CAD, coronary artery disease; CCS, Canadian Cardiovascular Society; GFR, glomerular filtration rate; LVEF, left ventricular ejection fraction; MI, myocardial

infarction; PCI, percutaneous coronary intervention.

that medication discontinuation 48 hours before surgery was
not associated with a difference in vasoplegic shock or the
incidence or duration of postoperative intravenous vasopres-
sors or vasodilators. Similarly, no differences in preoperative
acute heart failure, postoperative clinical outcomes, or CSICU
LOS were observed between treatment strategies. Although
cardiac surgical procedures are performed globally, there is

little standardization of preoperative ACEI/ARB management
practices despite the potential impact on patient, CSICU, and
health system utilization outcomes. In this RCT, which is >3
times the size of previous trials, no clinically important
difference in postoperative outcomes were observed.

Some clinical practice guidelines recommend withholding
ACEIl or ARB 24 hours before surgery in patients undergoing
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Table 2. Operative Characteristics According to Randomized
Treatment Assignment

Continuation Discontinuation

(n=60) (n=61) P Value
Surgical priority, n (%)
Emergency 1(1.7) 1(1.6) 0.221
QOutpatient 16 (26.7) 8 (13.1)
Urgent in-hospital/transfer | 11 (18.3) 18 (29.5)
Urgent out-of-hospital 32 (53.3) 34 (55.7)
Surgical incidence, n (%)
First operation 59 (98.3) 61 (100.0) 0.311
Second or more 1(1.7) 0 (0.0)
Surgery performed, n (%)
CABG 53 (88.3) 56 (91.8) 0.558
CABG and valve 6 (10.0) 5(8.2)
replacement or repair
Isolated valve 1(1.7) 0 (0.0)
CABG characteristics
Number of grafts, median | 3 (3—4) 3 (39 0.513
(IQR)
Left internal mammary, n | 51 (85.0) 52 (85.2) 0.970
(%)
Off-pump bypass, n (%) 0 (0.0) 1(1.6) 0.323

Intraoperative events

CPB time, min, median
(IQR)

90 (75-117) | 87 (72-119) | 0.559

Aortic cross clamp time, 69 (51-96) 68 (53-96) 0.966
min, median (IQR)

Intraoperative RBC 1(1.7) 6 (9.8) 0.054
transfusion, n (%)

Intraoperative FFP 2 (3.3 1(1.6) 0.549

transfusion, n (%)

CABG indicates coronary artery bypass grafting; CPB, cardiopulmonary bypass; FFP,
fresh frozen plasma; IQR, interquartile range; RBC, red blood cell.

noncardiac surgery, but this recommendation is based on low-
quality evidence.?®?’ Three small randomized trials in the
noncardiac surgical population reported an increased risk of
intraoperative hypotension associated with ACEl or ARB
continuation, but they were too small to evaluate postoper-
ative complications.’® 32 The prospective VISION study
cohort reported that ACEl or ARB administration within
24 hours of noncardiac surgery was associated with an
increased risk of intraoperative hypotension and the 30-day
composite of mortality, stroke, or myocardial infarction but
not postoperative hypotension.®® The significant baseline
differences in the perioperative management of other cardiac
and antihypertensive medications in this cohort are an
important potential confounder that may limit the applicability

of the findings. In the cardiac surgical population, the
preoperative administration of an ACEI or ARB has also been
associated with intraoperative hypotension, but the postop-
erative hemodynamic effects are less clear.'®'"** A single
randomized trial of 40 patients reported significantly higher
postoperative intravenous vasodilator requirement in the ACEI
discontinuation arm."® In this analysis, no differences were
observed in the incidence or duration of intravenous vaso-
pressor or vasodilator therapy by treatment assignment,
although the numerically nonsignificant increase in vasopres-
sor use in the continuation arm and the vasodilator use in the
discontinuation arm mirrored the finding in the aforemen-
tioned trial of 40 patients.'® In addition, no differences were
observed in a per-protocol analysis or when ACEl or ARB
doses were stratified by drug half-life. These findings suggest
that preoperative ACElI/ARB management strategies are not
significantly associated with postoperative hemodynamic
changes among patients primarily undergoing isolated CABG.

Vasoplegic shock, which manifests as a low systemic
vascular resistance, is common in the postoperative cardiac
surgical population.'” The association between preoperative
ACEI or ARB use and postoperative vasoplegia, mediated in
part through reduced vasopressor responsiveness, has been
consistently described in observational studies, but prospec-
tive controlled trials are lacking.>'”"'®3° In this study, we
observed a 30% overall incidence of vasoplegic shock, with no
differences between the continuation and discontinuation
arms. The incidence in this study is higher than that in
previous reports, and we hypothesize that result this may be
related to differences in study populations and hemodynamic
definitions. Currently, there is no consensus definition of
vasoplegic shock; previous observational studies have varying
definitions that include vasopressor doses, mean arterial
pressure, calculated hemodynamics, time, and/or cardiac
filling pressures.>'”'82%3 |n this registry trial, we used a
pragmatic vasoplegic shock definition based on duration of
vasopressor requirements in a patient population at low risk
of low cardiac output syndrome and in which the routine use
invasive hemodynamic monitoring could not be clinically
justified. Our study suggests that in patients predominantly
undergoing isolated CABG surgery, the preoperative contin-
uation of an ACEI or ARB is not associated with vasoplegic
shock. Future controlled studies could potentially build on this
study by incorporating routine hemodynamic monitoring in a
patient population at potentially higher risk for vasoplegic
shock such as valve, combined valve/CABG, mechanical
circulatory support, and transplant surgeries.

The continuation of ACEl or ARB dosing is known to
increase the risk of postinduction and intraoperative hypoten-
sion, but the association between ACEl or ARB preoperative
management and postoperative clinical outcomes has
remained less clear.**” In this pilot study, clinical event
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Table 3. Physiological, Clinical, and Health Resource Utilization Outcomes According by Randomized Treatment Assignment

Unadjusted Adjusted
Continuation Discontinuation
(n=60) (n=61) Relative Association* P Value Relative Association* P Value
Physiological outcomes
Postoperative shock, n (%) 47 (78.3) 46 (75.4) 0.85 (0.36-1.98) 0.703 | 0.95 (0.36-2.50) 0.913
Duration of postoperative shock,” h 10 (3-25) 5 (1-25) —5.27 (—15.71, 5.18) 0.497 —6.80 (—12.8,1.4) | 0.125
Postoperative vasodilators, n (%) 43 (71.7) 49 (80.3) 1.61 (0.70-3.83) 0.267 1.78 (0.65-4.88) 0.261
Duration of postoperative vasodilators,* h 10 (4-19) 9 (4-17) —1.45 (—8.77, 5.87) 0.467 —1.50 (—8.1, 5.7) 0.594
Clinical outcomes, n (%)
Vasoplegic shock 19 (31.7) 17 (27.9) 0.83 (0.38-1.82) 0.648 | 0.87 (0.35-2.15) 0.767
Preoperative heart failure 0 (0.0) 0 (0.0)
Postoperative AKI 1(1.7) 1(1.6)
Absolute change in serum creatinine, umol/L | 10 (2-19) 10 (5-22) 0.75 (—4.96, 6.46) 0.278 3.79 (0.69-9.64) 0.044
30-d stroke® 0 (0.0) 0 (0.0)
30-d all-cause mortality 1(1.7) 1(1.6)
ACEI/ARB use at hospital discharge 36 (60.0) 32 (52.5) 0.74 (0.36-1.51) 0.404 | 0.77 (0.35-1.70) 0.521
Health resource outcomes
Duration of mechanical ventilation, h 6 (5-9) 6 (5-9) 0.18 (—0.85, 1.22) 0.677 1.0 (—0.6, 2.1) 0.227
CSICU LOS, h 43 (23-69) | 27 (23-73) —16.62 (—33.15, —0.09) | 0.049 | 0.38 (—17.7, 4.44) | 0.724
Renal replacement therapy, n (%) 0 (0.0) 1(1.6)
Hospital LOS, d 7 (5-12) 7 (6-15) 0.00 (—2.71, 2.71) 0.454 | 0.36 (—1.5, 1.99) 0.461
CSICU readmission 3 (5.0 1(1.6) 0.32 (0.02-2.55) 0.326

Continuous variables presented as median (IQR). ACEIl indicates angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin receptor blocker; CSICU, cardiac

surgical intensive care unit; IQR, interquartile range; LOS, length of stay.

*QOdds ratios were reported for binary outcomes and relative risk were reported for continuous outcomes. Unadjusted and adjusted relative association for continuous variable expressed

as change of median by each unit if patient in discontinuation arm.

Valid n=93 patient who were treated with intravenous vasopressors or inopressors.
Valid n=92 patients treated with intravenous vasodilators.

$Valid n=119 stroke status thorough 30 d missing in 1 patient in each arm.

rates were low (likely reflecting enrollment of patients
undergoing isolated CABG with preserved left ventricular
function and kidney function), and no differences in clinical or
health resource utilization outcomes were observed between
treatment arms. Although underpowered to detect major
differences in clinical events and physiological end points, the
present data are the first from a controlled clinical trial. The
inconsistent associations between ACEl or ARB continuation
and clinical events (eg, an increased risk of AKI and mortality
and a lower risk of myocardial infarction) in observational
studies may, in part, reflect differences in the surgical risk
between study populations and the lack of clarity around the
exact timing of perioperative ACEl or ARB dosing in some of
these studies.®®?'""315 A meta-analysis of nonrandomized
studies by Bandeali et al reported that a preoperative ACEI
administered up to the morning of cardiac surgery was
associated with a higher risk of AKI and atrial fibrillation.” The
present findings are insufficient to change clinical practice; a
larger clinical trial, adequately powered for major clinical

events such as AKI, stroke, or cardiovascular mortality, is
required to rigorously evaluate the efficacy and safety of
preoperative ACElI/ARB management strategies. Our results
can serve to inform future study design insofar as the
inclusion of patients across a wider spectrum of surgical risk
for postoperative AKI and mortality will be required to achieve
a sufficient number of clinical end points.

Limitations

First, in this registry-based RCT, intraoperative hemodynamic
variables were not recorded. Multiple previous studies have
documented the postinduction risk of hypotension associ-
ated with ACEl or ARB continuation, and the purpose of this
study was to evaluate postoperative hemodynamic and
clinical outcomes.®**” Second, the study was not blinded
and perioperative administration of other cardiac medica-
tions was left to the discretion of the most responsible
physician. Third, given the lack of a consensus definition of
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Figure 2. Incidence of postoperative inopressor requirement,
intravenous vasodilatory use, and vasoplegic shock by random-
ized treatment assignment. Error bars are 95% confidence
intervals of point estimates. ACE indicates angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blocker.

vasoplegic shock, we developed a pragmatic definition that
requires validation in future studies. Fourth, the study did not
collect information on bleeding or hypertensive urgencies,
although the incidence and duration of intravenous vasodilators
were similar in both treatment arms. Finally, the study primarily
enrolled patients undergoing isolated CABG with preserved left
ventricular function and kidney function. Recognizing the
association among ventricular function, length of cardiopul-
monary bypass, and risk of vasoplegia, the study results may
not apply to other surgical populations.'’

Conclusions

A pragmatic randomized clinical study of preoperative ACEI
or ARB continuation or discontinuation in patients undergo-
ing cardiac surgery was feasible, and no differences were
observed in the incidence of vasoplegic shock, postoperative
intravenous vasopressors or vasodilators requirements, AKI,
duration of mechanical ventilation, or CSICU LOS between
study arms. These findings suggest that preoperative ACEI/
ARB management is not associated with postcardiac surgery
hemodynamic outcomes. These findings may serve to inform
the design and event rates of a larger future randomized
trial.
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Table S1. Physiologic, clinical, and health resource utilization outcomes according by study
treatment received.

Continuation Discontinuation p value
(n=56) (n=65)

Physiologic Outcomes
Post-operative shock, n (%) 44 (78.6) 49 (75.4) 0.679
Duration of post-operative shock”, 12 (3, 24) 5 (1, 25) 0.439
hours
Post-operative vasodilators, n (%) 39 (69.6) 53 (81.5) 0.126
Duration of post-operative 12 (4, 20) 7(4,17) 0.284
vasodilators’, hours
Clinical Outcomes, n (%)
Vasoplegic shock 17 (30.4) 19 (29.2) 0.893
Pre-operative heart failure 0(0.0) 0 (0.0) n/a
Post-operative acute kidney injury 1(1.8) 1(1.5) 0.915
Absolute change in serum creatinine, 9 (0, 16) 14 (6, 22) 0.061
umol/L
30-day stroke! 0 (0.0) 0 (0.0) n/a
30-day all-cause mortality 1(1.8) 1(1.5) 0.915
ACE/ARB use at hospital discharge 35 (62.5) 33 (50.8) 0.195
Health Resource Outcomes
Duration of mechanical ventilation, 6 (5, 8) 6(5,9) 0.431
hours
CSICU LOS, hours 43 (23, 69) 27 (22, 73) 0.440
Renal replacement therapy, n (%) 0 (0.0) 1(1.5) 0.351
Hospital LOS, days 7 (6, 13) 6 (5, 13) 0.592
CSICU readmission 2 (3.6) 2(3.1) 0.879

Continuous variables presented as median (Q1, Q3)

+ valid n=93 patient who were treated with intravenous vasopressors or inopressors ; I valid
n=92 patients treated with intravenous vasodilators

ACE, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; CSICU,
cardiac surgical intensive care unit; LOS, length of stay



Table S2. Physiologic, clinical and health resource utilization outcomes by treatment received stratified by the half-life (i.e.,
short (<12 hours) or long (>12 hours) of ACE/ARB.

+ valid n=93 patient who were treated with intravenous vasopressors or inopressors ; I valid n=92 patients treated with intravenous vasodilators.

Long Half-life

Short Half-life

Continuation Discontinuation p value Continuation Discontinuation p value
(n=444) (n=56) (n=12) (n=9)

Physiologic Outcomes
Post-operative shock, n (%) 34 (77.3) 41 (73.2) 0.642 10 (83.3) 8 (88.9) 0.719
Duration of post-operative shock™, median 7(3,18) 4(1,23) 0.450 24 (14, 41) 11 (4, 36) 0.790
(Q1, Q3), hours
Post-operative vasodilators, n (%) 30 (68.2) 45 (80.4) 0.163 9 (75.0) 8 (88.9) 0.423
Duration of post-operative vasodilators, 12 (4, 18) 9 (5, 18) 0.658 10 (3, 24) 3(4,11) 0.149
median (Q1, Q3), hours
Clinical Outcomes, n (%)
Vasoplegic shock 12 (27.3) 14 (25.0) 0.797 5(41.7) 5 (55.6) 0.528
Pre-operative heart failure 0(0.0) 0(0.0) n/a 0(0.0) 0(0.0) n/a
Post-operative acute kidney injury 1(2.3) 1(1.8) 0.863 0(0.0) 0(0.0) n/a
Absolute change in serum creatinine, 9 (-1, 16) 10 (4, 20) 0.096 9 (2, 39) 16 (13, 28) 0.356
median (Q1, Q3), umol/L,
30-day stroke 0(0.0) 0(0.0) n/a 0(0.0) 0 (0.0 n/a
30-day all-cause mortality 1(2.3) 1(1.8) 0.863 0(0.0) 0 (0.0 n/a
ACE/ARB use at hospital discharge 29 (65.9) 32 (57.1) 0.372 6 (50.0) 1(11.2) 0.061
Health Resource Outcomes
Duration of mechanical ventilation, 6 (5, 8) 6 (5, 8) 0.525 6(57) 9(5,11) 0.619
median (Q1, Q3), hours

CSICU LOS, median (Q1, Q3), days 34 (24, 68) 27 (22, 75) 0.503 52 (22, 86) 27 (24, 70) 0.619
Renal replacement therapy, n (%) 0 (0.0 1(1.8) 0.373 0(0.0) 0 (0.0 n/a
Hospital LOS, median (Q1, Q3), days 7(6,12) 7 (5, 15) 0.964 9 (6, 18) 6(6,7) 0.119
CSICU readmission 1(2.3) 2 (3.6) 0.706 1(8.3) 0 (0.0 0.375

ACE, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; CSICU, cardiac surgical intensive care unit; LOS, length of

stay




Table S3. Use of intravenous vasoactive agent use by admission initiation in operating room versus
CSICU in all patients and stratified by treatment arm.

Overall Discontinuation Arm Continuation Arm
Pre- Post- Pre- Post- Pre- Post-
Admission admission | Admission | admission | Admission admission
Vasopressors/inotropes 50 43 25 21 25 22
Vasopressors 46 45 22 22 24 23
Inotropes 5 11 4 7 1 4
Vasodilators 18 74 8 41 10 33




