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ABSTRACT

Background: The effect on cardiovascular outcomes of withholding angiotensin-converting enzyme inhibitors or angiotensin
IT receptor blockers in chronic users before noncardiac surgery is unknown.

Methods: In this international prospective cohort study, the authors analyzed data from 14,687 patients (including 4,802
angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker users) at least 45 yr old who had in-patient non-
cardiac surgery from 2007 to 2011. Using multivariable regression models, the authors studied the relationship between
withholding angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers and a primary composite outcome of
all-cause death, stroke, or myocardial injury after noncardiac surgery at 30 days, with intraoperative and postoperative clini-
cally important hypotension as secondary outcomes.

Results: Compared to patients who continued their angiotensin-converting enzyme inhibitors/angiotensin II receptor block-
ers, the 1,245 (26%) angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker users who withheld their
angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers in the 24 h before surgery were less likely to suffer
the primary composite outcome of all-cause death, stroke, or myocardial injury (150/1,245 [12.0%] vs. 459/3,557 [12.9%];
adjusted relative risk, 0.82; 95% CI, 0.70 to 0.96; P = 0.01) and intraoperative hypotension (adjusted relative risk, 0.80; 95%
CL, 0.72 t0 0.93; P < 0.001). The risk of postoperative hypotension was similar between the two groups (adjusted relative risk,
0.92; 95% CI, 0.77 to 1.10; P = 0.36). Results were consistent across the range of preoperative blood pressures. The practice
of withholding angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers was only modestly correlated with
patient characteristics and the type and timing of surgery.

Conclusions: Withholding angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers before major noncar-
diac surgery was associated with a lower risk of death and postoperative vascular events. A large randomized trial is needed to
confirm this finding. In the interim, clinicians should consider recommending that patients withhold angiotensin-converting
enzyme inhibitors/angiotensin II receptor blockers 24 h before surgery. (ANESTHESIOLOGY 2017; 126:16-27)
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ORE than 200 million people have major noncar-
diac surgery worldwide each year.! Of those, mil-

lions die or suffer a major vascular complication during * Angiotensin-converting enzyme inh_ibitors and angiotensin |l

receptor blockers are commonly withheld before surgery for
concern over intraoperative hypotension, but whether this
been associated with myocardial infarction (MI), stroke, affects clinical outcomes is unclear

and death.2%°

By blunting the effect of the sympathetic system on vas-

What We Already Know about This Topic

the perioperative period.?? Perioperative hypotension has

What This Article Tells Us That Is New

¢ |n a secondary analysis of 4,802 patients on these drugs in the
Vascular events In noncardiac Surgery patlents cOhort evalu-
angiotensin and vasopressor systems to maintain blood atioN prospective cohort study, those in whom the drugs were
pressure. Angiotensin-converting enzyme inhibitors (ACEls) withheld in the 24h before surgery were less likely to suffer
a composite outcome of 30-day all-cause death, stroke, or

myocardial injury (18% adjusted relative risk reduction)

cular tone, anesthesia may increase reliance on the renin—

and angiotensin II receptor blockers (ARBs), which are com-
monly used in patients with a history of; or risk factors for,
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cardiovascular disease, block the physiologic renin—angio-
tensin response to hypotension.”

Current guidelines from the American College of Cardi-
ology and American Heart Association recommend continu-
ing ACEI/ARBs in the setting of noncardiac surgery; these
recommendations are based on data from small randomized
trials and observational studies with significant risk of bias.®
By contrast, many anesthesia groups routinely withhold
ACEI/ARBs on the day of surgery to avoid intraoperative
hypotension.”!® Without strong evidence, the practice of
withholding ACEI/ARBs on the day of surgery appears to
depend largely on provider preference and local policy.

The primary objective of this study was to test the hypoth-
esis that withholding ACEI/ARBs (compared to continuing
them on the day of surgery) is associated with a lower risk of
the 30-day composite outcome of all-cause death, myocardial
injury after noncardiac surgery (MINS), and stroke. Second-
ary objectives included determining the relationship between
withholding ACEI/ARBs and perioperative clinically impor-
tant hypotension and the association between perioperative
clinically important hypotension and the 30-day risk of the
composite outcome of all-cause death, MINS, and stroke.

Materials and Methods
Gohort

We conducted analyses in a sample from the Vascular events
In noncardiac Surgery patlents cOhort evaluatioN (VISION)
study—a prospective international cohort scudy—that included
16,079 patients from 12 centers in eight countries (through-
out North and South America, Australia, Asia, and Europe)
recruited from August 2007 to January 2011 (Clinical Trials.gov
identifier: NCT00512109). The research ethics board at each
site approved the protocol before patient recruitment.

Previous reports have described the VISION cohort
study.’=13 Briefly, participants at least 45 yr old undergoing
noncardiac surgery who required an overnight hospital
admission with general or regional anesthetic were screened
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sequentially, and if eligible and consenting, they answered a
series of questions regarding their past medical, surgical, and
social history. Study personnel reviewed medical charts for
additional history.

Outcomes

Our primary outcome was a composite of 30-day all-cause
death, MINS,!? and stroke. These components were selected
to fulfill the requirements for a valid composite outcome
(i.e., including mortality avoided competing risks, each
component could influence clinical practice as they all
impact 30-day mortality, and one would anticipate that they
would be affected by ACEI/ARBs similarly).!* MINS was
defined as any peak non-high sensitivity cardiac troponin
T (cTnT) value greater than or equal to 0.03 ng/ml result-
ing from myocardial ischemia (i.e., without evidence of a
nonischemic etiology) that occurred within the first 30 days
after surgery.'” Stroke was defined as a new focal neurologic
deficit thought to be vascular in origin with signs and symp-
toms lasting more than 24 h.

Throughout each patient’s hospital stay, research person-
nel performed clinical evaluations and reviewed medical
records. We measured cTnT using the Roche fourth-gen-
eration Elecsys assay (Germany) to assess for myocardial
injury 6 to 12h postoperatively and on the first 3 days after
surgery. Research staff obtained other information on death
and stroke from in-hospital follow-up, review of medical
records, and a follow-up telephone interview conducted
with the patients or their caregivers 30 days after surgery.
If the patient interview indicated the occurrence of an out-
come, their primary care physicians were contacted to obtain
further documentation. Physicians experienced in periopera-
tive medicine adjudicated death, MINS, and stroke.

Secondary outcomes of interest included clinically
important intraoperative and postoperative hypotension,
defined a priori as systolic blood pressure (sBP) less than 90
mmHg for any duration for which an intervention was initi-
ated (including initiation or intensification of intravenous
fluids, use of vasopressors or inotropes, blood transfusion,
or intraaortic balloon pump therapy) that occurred during
surgery (intraoperative hypotension) and during postopera-
tive days 0 to 3 (postoperative hypotension).

Definitions for all variables are available in Supplemental
Digital Content 1, htep://links.Iww.com/ALN/B326, under
Variable Definitions.

Analyses

We performed the analyses using Stata (version 13.1 MP;
Stata Corp, USA). All hypothesis tests were two sided;
P < 0.05 denoted statistical significance.

Primary Objective

Relationship between Withholding versus GContinuing
Preoperative ACEI/ARBs and the Composite of Death, MINS,
or Stroke. Among patients who used ACEI/ARBs during
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the 7 days before surgery (i.e., baseline users), we compared
outcomes of patients who did not take ACEI/ARBs within
24h before surgery to the outcomes of those who did. We
used multivariable modified Poisson regression'” to estimate
relative risks adjusted for a large set of potential confounders
(listed in table 1 and table S1 in Supplemental Digital Con-
tent 1, heep://links.Iww.com/ALN/B326), including patient
characteristics, preoperative use of antihypertensive medica-
tions and antiplatelet agents or anticoagulants that may con-
tribute to perioperative bleeding (use 5. no use 1 to 7 days
before surgery), continuation, withholding, or new initia-
tion of these medications on the day of surgery, and the type
and the timing of surgery (elective vs. urgent or emergency
surgery). We also accounted for potential center effects using
a cluster-robust variance estimator!'® with study centers as
clusters. We used restricted cubic spline functions to model
continuous variables (preoperative sBP, age, body mass
index, and estimated glomerular filtration rate calculated
using the Chronic Kidney Disease Epidemiology Collabora-
tion equation).'”” We did not study the effects of withholding
ACEI/ARBs or other antihypertensive medications after sur-
gery because the timing of postoperative medication use was
not captured with sufficient precision in VISION.

Secondary Objectives

Effect of Preoperative sBP on the Relationship between
Withholding of Preoperative ACEI/ARBs and the Compos-
ite of Death, MINS, or Stroke. We tested whether the rela-
tionship between withholding wversus continuing ACEI/
ARBs and the primary outcome was consistent across dif-
ferent levels of preoperative sBP. We used tests of interaction
in a multivariable fractional polynomial approach with the
algorithm outlined by Royston and Sauerbrei'® to search for
the optimal functional form of preoperative sBP that would
significantly modify the effect of withholding ACEI/ARBs,
where sBP was analyzed as a continuous variable.
Relationship between Clinically Important Hypotension
and Withholding Preoperative ACEI/ARBs and Separately
the Composite of Death, MINS, or Stroke. We undertook
multivariable modified Poisson regression analyses as the pri-
mary objective to explore the relationship between clinically
important intraoperative and, separately, postoperative
hypotension and withholding versus continuing ACEI/ARBs
in the 24 h before surgery.

In all patients (not limited to ACEI/ARB users), we
undertook similar multivariable modified Poisson regression
analyses to study the relationship between intraoperative
and, separately, postoperative clinically important hypoten-
sion and the composite of death, MINS, and stroke.
Variation in Withholding Preoperative ACEI/ARBs. We
estimated the proportion of variation in the practice of
withholding or continuing ACEI/ARBs preoperatively
that could be explained by study center, patient, and sur-
gical factors. We first constructed a multivariable logistic
regression model to predict the preoperative withholding
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of ACEI/ARBs with demographics, clinical factors, surgi-
cal factors, and the study center as independent variables.
We next constructed a model that included only surgical
factors and study center, and we compared it to the full
model that also included demographics and clinical factors
using a likelihood ratio test to determine whether clinical
factors made a significant independent contribution to the
explained variation. If the test was statistically significant,
we estimated the independent contribution of clinical
factors by subtracting the & of the model without clini-
cal factors (calculated using the method of McKelvey and
Zavoina'?) from the full model. We repeated the same pro-
cess for surgical factors and study center. We took variation
that could not be explained by these factors as reflecting
provider preference.

Sensitivity Analyses

To test for residual confounding, we performed tracer analy-
ses with significant intraoperative bleeding that resulted in
intraoperative blood transfusion and significant bleeding
within 30 days that required transfusion of blood products
or reoperation. These common outcomes were associated
with increased risk of our primary outcome but are unlikely
to be influenced by withholding ACEI/ARBs. Failing to
detect these associations would lend support for a causal
nature to our primary resules.?%?!

We additionally looked for associations between with-
holding wversus continuing other antihypertensive agents
and our primary outcome. If withholding of several of these
agents was associated with the primary outcome in the same
direction as withholding of ACEI/ARBs, this may again sug-
gest residual confounding.

We also conducted three post hoc sensitivity analyses in
response to comments from peer reviewers. First, we repeated
our main analyses using logistic regression in place of modi-
fied Poisson regression. Second, we repeated our main analy-
ses based on the composite outcome of all-cause death, MI,
and stroke at 30 days after surgery. Third, we examined the
effect of progressively longer durations of intraoperative
hypotension on the primary composite of death, MINS, or
stroke at 30 days after surgery and performed a statistical test
to assess for trend.

Approach to Missing Data

We excluded patients who did not have complete preop-
erative medication data or postoperative blood pressures
recorded or (among those who did not die or experience
a stroke) did not have a ¢TnT level measured or recorded
correctly (e.g., recorded as less than 0.04 ng/ml instead of
exact value). We imputed all other missing data using sin-
gle stochastic conditional imputation with predictive mean
matching for continuous variables?? and logistic regression
for any other missing variables, both with fully conditional
specification.?? We included all variables and outcomes in
the imputation model.
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Results

We analyzed data from 14,687 (91.3%) of the 16,079
recruited patients (fig. 1) of whom 1,409 (9.6%) died or
suffered a nonfatal stroke or MINS; MINS occurred in
1,160 patients (7.9%), stroke in 90 (0.6%), and death in
302 (2.1%). We imputed missing baseline characteristics
(mostly serum creatinine, height, and weight) for 10.3% of
the included patients. The prevalence of most baseline char-
acteristics differed among patients who suffered an event
compared to those who did not (table 1 and table S1 in Sup-
plemental Digital Content 1, http://links.Iww.com/ALN/
B326). Table S2 (Supplemental Digital Content 1, htep://
links.Iww.com/ALN/B326) shows that the 8.7% of patients
who were omitted from the analysis for missing data were
similar to those included.

Patients who fulfilled VISION eligibility criteria

Six thousand eight hundred fifty-six (46.7%) patients were
taking an antihypertensive agent at baseline (7.e., within 1 to
7 days before surgery); 4,120 (60.1%) used a single agent;
2,131 (31.1%) used two medications; and 605 (8.8%) used
three or more. Four thousand eight hundred two patients took
ACEI/ARBs at baseline; 2,275 of them (47.4%) were also
using at least one other antihypertensive medication. Among
all antihypertensive medication users, 1,794 (26.2%) had at
least one of these medications withheld on the day of surgery
(table 2). Typically only one antihypertensive agent was with-
held (79.3% of patients), even in patients taking multiple
agents at baseline. Patients with lower preoperative blood pres-
sure were more likely to have their medications withheld on
the day of surgery (table S3, Supplemental Digital Content 1,
htep://links.lww.com/ALN/B326).

(n=23,693)
—> (l ,084 (4.6%) patients were not identified in time to enroll )
\4
Patients screened in time to fulfill eligibility criteria
(n=22,609)
6,530 (28.9%) patients were not enrolled for the following reasons:
- 5,262 did not consent
P - 251 unable to obtain consent due to cognitive impairment
- 134 because surgeon did not approve patient participation
v - 879 for other reasons
Patients enrolled in VISION
(n=16,079)
1,392 (8.7%) patients excluded from the analyses for the following reasons:
- 444 patients did not have postoperative blood pressures recorded
| - 898 patients did not have a troponin assay measured after surgery or the
| results were reported as <0.04, <0.03, or <0.02 instead of the absolute value,
and did not experience a stroke or death
v - 50 patients had incomplete preoperative medication data
Patients included in this study
(n=14,687)
(Data for 1,507 (10.3%) patients were imputed for: preoperative blood pressure, )
19 patients; preoperative serum creatinine, 1,052 patients; weight, 283 patients;
P height, 435 patients; assistance with activities of daily living, 3 patients; and 1
patients for each of history of atrial fibrillation, cancer, and end stage renal
\ disease receiving dialysis. )
4 \
44 patients did not complete the 30-day follow-up and did not develop the
P primary composite outcome; they were censored at their date of hospital
discharge. 14,643 (99.7%) patients completed the 30-day follow-up.
| J
4 \
| 9,885 (67.3%) patients did not use angiotensin converting enzyme inhibitors or
" | angiotensin II receptor blockers at baseline.
| J
A
\4

Patients included in blood pressure analyses
(n=14,687)

(Patients included in the analysis of angiotensin-converting )
enzyme inhibitors or angiotensin II receptor blockers
(n=4,802)

L

Fig. 1. Participant flowchart. VISION = Vascular events In noncardiac Surgery patlents cOhort evaluatioN.
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Table 2. Number of Antihypertensive Medications That Patients Were Using at Baseline and the Number and Proportion Withheld on

the Day of Surgery

No. of Antihypertensive Medications Withheld on the Day of Surgery (% of Row Total)

No. of Antihypertensive Row Total
Medications at Baseline 0 1 2 3 4 (% of Total)
1 3,176 (77.1%) 944 (22.9%) 4,120 (60.1%)
2 1,507 (70.7%) 353 (16.6%) 271 (12.7%) 2,131 (31.1%)
3 or more 379 (62.6%) 125 (20.7%) 53 (8.8%) 42 (6.9%) 6 (1%) 605 (8.8%)
Column total (% of total) 5,062 (73.8%) 1,422 (20.7%) 324 (4.7%) 42 (0.6%) 6 (0.1%) 6,856

Results for the Primary Objective

Patients in whom ACEI/ARBs were withheld (n = 1,245;
25.9%) were largely similar to those in whom ACEI/ARBs
were continued but were less likely to have very high preop-
erative blood pressure, less likely to undergo major urogeni-
tal surgery, and more likely to undergo major general and
urgent or emergency surgery.

Among the 4,802 patients who took ACEI/ARBs at base-
line, withholding ACEI/ARBs on the day of surgery was associ-
ated with an 18% reduction in the relative risk of the composite
outcome of death, stroke, or MINS (adjusted relative risk
[aRR], 0.82; 95% CI, 0.70 to 0.96; P = 0.01) with the results
qualitatively consistent across the component outcomes (fig. 2).

Results for Secondary Objectives

The relationship between withholding ACEI/ARBs and the
primary composite outcome was consistent across preopera-
tive sBP readings; the P value for interaction was nonsignifi-
cant (Ze., P> 0.2).

Withholding ACEI/ARBs was also associated with a 20%
relative reduction in the risk of intraoperative hypotension
(aRR, 0.80; 95% CI, 0.73 to 0.88; P < 0.001) but was not
associated with postoperative hypotension (aRR, 0.92; 95%
CI, 0.77 to 1.10; P = 0.30).

Among all patients (regardless of ACEI/ARB use), those
who experienced clinically important hypotension during
surgery (n = 4,162; 28.3%) were more likely to develop
clinically important hypotension after surgery (aRR, 1.65;
95% CI, 1.48 to 1.84; P < 0.001). Adjusted for postopera-
tive hypotension, intraoperative hypotension was not sig-
nificantly associated with the composite outcome of death,
MINS, or stroke within the 30 days after surgery (aRR,
1.11; 95% CI, 0.98 to 1.25; P = 0.09).

In total, 2,860 of 14,687 patients (19.5%) experienced
at least one episode of clinically important postoperative
hypotension; 2,728 (95.4%) of them experienced their
first episode of postoperative hypotension by day 3 and the
remainder between day 4 and discharge (fig. 3). Postoperative

Medication withheld Outcome Events in withheld vs. continued aRR (95% Cl), p-value
ACEI/ARBs Death, MINS, or stroke ~ 150/1245 (12.0%) vs. 459/3557 (12.9%)  0.82 (0.70-0.96), 0.01 e
Death 25/1245 (2.0%) vs. 74/3557 (2.1%) 0.69 (0.39-1.24), 021 «—&——
MINS 132/1245 (10.6%) vs. 399/3541 (11.3%) 0.84 (0.70-0.998), 0.048 —a—
Stroke 8/1245 (0.6%) vs. 26/3557 (0.7%) 0.81 (0.30-2.2), 0.68 -
Intraop. hypotension  290/1245 (23.3%) vs. 1017/3557 (28.6%) 0.80 (0.73-0.88), <0.001 -
Postop. hypotension 242/1245 (19.4%) vs. 719/3557 (20.2%)  0.92 (0.77-1.10), 0.36 —a—

MI (Exploratory) 57/1245 (4.6%) vs. 148/3557 (4.2%) 0.91 (0.66-1.27), 0.59 —_—
Death, M, or stroke (Exploratory) 78/1245 (6.3%) vs. 221/3557 (6.2%) 0.81 (0.62-1.03), 0.08 —
Hypotension Outcome Events in exposed vs. unexposed aRR (95% Cl), p-value
Intraoperative Death, MINS, or stroke ~ 464/4162 (11.1%) vs. 945/10525 (9.0%) 1.11 (0.98-1.25), 0.09 —a—
Death 133/4162 (3.2%) vs. 169/10525 (1.6%) 1.41 (1.07-1.86), 0.02 —a
MINS 353/4138 (8.5%) vs. 807/10496 (7.7%) 1.04 (0.90-1.20), 0.58 —a—
Stroke 32/4162 (0.8%) vs. 58/10525 (0.6%) 1.14 (0.85-1.54), 0.37 —a—
Postop. hypotension 1133/4162 (27.2%) vs. 1595/10525 (15.2%) 1.65 (1.48-1.84), <0.001 —-
MI (Exploratory) 137/4162 (3.3%) vs. 309/10525 (2.9%) 1.05 (0.80-1.35), 0.74 -
Death, M, or stroke (Exploratory) 273/4162 (6.6%) vs. 472/10525 (4.5%) 1.23 (1.03-1.47), 0.03 —a—
Postoperative Death, MINS, or stroke 439/2728 (16.1%) vs. 970/11959 (8.1%) 1.68 (1.53-1.85), <0.001 -
Death 125/2728 (4.6%) vs. 177/11959 (1.5%) 2.20 (1.90-2.54), <0.001 ——
MINS 346/2703 (12.8%) vs. 814/11931 (6.8%) 1.63 (1.44-1.84), <0.001 —-—
Stroke 24/2728 (0.9%) vs. 66/11959 (0.6%) 1.73 (0.67-4.51), 0.26 -
MI (Exploratory) 153/2728 (5.6%) vs. 293/11959 (2.5%) 1.96 (1.66-2.32), <0.001 —a—
Death, MI, or stroke (Exploratory) 266/2728 (9.8%) vs. 479/11959 (4.0%) 2.01 (1.72-2.33), <0.001 —a—

r T T T T 1
0.50 0.751.00 1.502.00 3.00
Adjusted Relative Risk

Fig. 2. (A) Adjusted association between withholding versus continuing preoperative angiotensin-converting enzyme (ACE) in-
hibitors or angiotensin Il receptor blockers (ARBs) with postoperative 30-day death from any cause, myocardial injury after
noncardiac surgery (MINS), or stroke, intraoperative and postoperative (day 0 to 3) hypotension, and the exploratory outcome
myocardial infarction (M) in 4,802 patients taking these medications at baseline. (B) Association between hypotension and
postoperative death and vascular events in all 14,687 patients. aRR = adjusted relative risk.
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Fig. 3. Clinically significant hypotension in the postoperative
period. In total, 2,860 of 14,687 patients (19.5%) experienced
at least one episode of clinically significant hypotension after
their surgery; 2,728 (95.4%) of those patients experienced a
hypotensive episode by postoperative day (POD) 3. OR = op-
erating room; PACU = postanesthesia care unit.

hypotension occurred in the postanesthesia care unit in 3.4%
(n = 493) of patients; in the hours immediately after trans-
fer out of the postanesthesia care unit in 6.3% (n = 931);
and during the next day in 11.6% (n = 1,711). Patients who
experienced clinically important hypotension by the third
postoperative day (n = 2,728; 18.6%) were more likely to
die or suffer a vascular event compared to their counterparts
without postoperative hypotension (aRR, 1.68; 95% CI,
1.53 to 1.85; P < 0.001).

Only 6.62% of the propensity to withhold ACEI/ARBs
on the day of surgery could be explained by available demo-
graphic and clinical information (explained 0.02%), surgi-
cal information (explained 0.6%), and center information
(explained 6.0%). Figure S1 (Supplemental Digital Content
1, htep://links.lww.com/ALN/B326) shows that the per-
centage of baseline ACEI/ARB users who had these medi-
cations withheld ranged from 9% to 44% across countries
included in the study. Although these estimates are based on
just 12 hospitals and relatively few patients, much variation
likely reflects provider preference.

Sensitivity Analyses

Clinically significant bleeding during surgery occurred in
278 (5.8%) baseline ACEI/ARB users and was significantly
associated with the composite of death and vascular events
(aRR, 1.49; 95% CI, 1.13 to 1.97; P = 0.004) but not asso-
ciated with withholding these medications (aRR, 0.94; 95%
CL, 0.70 to 1.26; P = 0.69). Significant bleeding within
30 days of surgery occurred in 955 (19.9%) ACEI/ARB
users and was significantly associated with the primary out-
come (aRR, 2.05; 95% CI, 1.63 to 2.59; P < 0.001) but not
associated with withholding these medications (aRR, 1.04;
95% CI, 0.92 to 1.18; P = 0.56). Withholding of other anti-
hypertensive medications was not significantly associated
with the primary outcome (fig. S2, Supplemental Digital
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Content 1, http://links.lww.com/ALN/B326), with wide
ClIs around the estimates. Both of these sensitivity analyses
suggest that our primary results are specific to ACEI/ARBs
and not explained by residual confounding,.

A similar analysis suggested that some residual confound-
ing affected the relationship between hypotension and the
primary outcome, but the results remained qualitatively
similar after adjusting for bleeding (Supplemental Digital
Content 1, http://links.Iww.com/ALN/B326, heading Sen-
sitivity analysis for relationship between hypotension and
the primary outcome).

The sensitivity analysis with logistic regression yielded
results similar to our prespecified analyses (table S2, Sup-
plemental Digital Content 1, http://links.lww.com/ALN/
B326). The sensitivity analysis based on the composite out-
come of death, MI, or stroke demonstrated similar results to
the analyses based on the primary outcome. The association
between withholding ACEI/ARB versus continuing these
drugs before surgery and the composite outcome of death,
M1, or stroke produced essentially the same point estimate
of effect as seen with the primary composite outcome; how-
ever, the result in the sensitivity analysis was not statistically
significant (aRR, 0.81; 95% CI, 0.62 to 1.03; = 0.08). The
sensitivity analysis had less power than the primary analysis
because 205 (4.3%) baseline ACEI/ARB users suffered an
MI, whereas 531 (11.1%) suffered MINS. The composite
outcome of death, MI, or stroke was more likely to occur in
patients who experienced intraoperative hypotension (aRR,
1.23; 95% CI, 1.03 to 1.47; P = 0.03) and postoperative
hypotension (aRR, 2.01; 95% CI, 1.72 to 2.33; 2 < 0.001).

Figure S3 (Supplemental Digital Content 1, hetp://links.
Iww.com/ALN/B326) demonstrates a graded relationship
between progressively longer durations of intraoperative
hypotension and increasing risk of death, MINS, or stroke
(P value for trend less than 0.001).

Discussion

One third of patients having major noncardiac surgery in
this large prospective cohort study used ACEI/ARB on a
regular basis. Of these patients, a quarter did not receive
their ACEI/ARBs in the 24 h before surgery and had a lower
adjusted risk of death or vascular events (aRR, 0.82; 95%
CL 0.70 t0 0.96; P = 0.01) and of clinically important intra-
operative hypotension (aRR, 0.80; 95% CI, 0.72 to 0.93;
P < 0.001). The negligible association between clinical and
surgical factors and the withholding of ACEI/ARBs suggests
that clinician discretion, independent of patient character-
istics, predominantly determined the decision to withhold.
Recent perioperative guidelines suggest continuing
ACEI/ARBs before noncardiac surgery® citing a meta-
analysis and a retrospective cohort study. The meta-analysis
included three small randomized trials (20 to 30 patients per
arm) limited to cardiac and vascular surgery and two ret-
rospective observational studies (n = 434 patients) under-
going nonemergency surgery.>* The results suggested that
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patients given ACEI/ARBs before surgery were more likely
to develop hypotension requiring a vasopressor during or
shortly after induction of anesthesia (relative risk, 1.50; 95%
CI, 1.15 to 1.96). The incidence of perioperative MI did not
differ significantly in patients who continued or withheld
ACEI/ARBs, but the CI was very wide and thus compatible
with substantial benefit or harm (relative risk, 0.41; 95% CI,
0.07 to 2.53). A more recent meta-analysis arrived at similar
conclusions.?®

In a cohort analysis that matched 9,028 baseline ACEI
users to 9,028 nonusers on a propensity score for baseline
ACEI use, ACEI use was not associated with either 30-day
mortality (odds ratio, 0.93; 95% CI, 0.73 to 1.19) or the
composite of in-hospital morbidity and mortality (odds ratio,
1.06; 95% CI, 0.97 to 1.15).2° The analysis had four limi-
tations that we avoided in our analysis. First, patients who
adhere to preventive medications (or placebo) have better
health outcomes than those who have indications to take
them but do not”’*—
teract an increase in risk associated with taking ACEIL In
contrast, we limited our comparisons to patients who were
already taking these medications at baseline. Second, out-

a “healthy user” bias that may coun-

comes were collected as part of routine care, whereas VISION
employed central adjudication of the primary outcomes and
active surveillance for myocardial injury with serial ¢cTnT
measurements. Third, the study was conducted in a single
center, while VISION was a multicenter, international study.
Finally, we obtained information on whether medication was
withheld directly from patients and medication records.

We found that hypotensive episodes were common in the
hours and days after surgery. Postoperative hypotension was
independently associated with a greater risk of death or vas-
cular events. Intraoperative hypotension was also common
but was not significantly associated with mortality and vas-
cular events after adjustment for postoperative hypotension.

Our findings regarding postoperative hypotension paral-
lel the results from the 10,010-patient PeriOperative I1Sch-
emic Evaluation (POISE)-2 trial. In POISE-2, 37.1% of
patients in the placebo arm experienced clinically important
hypotension; hypotension was associated with perioperative
MI (hazard ratio, 1.37; 95% CI, 1.16 to 1.62).3° The associ-
ation between intraoperative hypotension and death or vas-
cular events was not statistically significant in our analysis.
Larger studies have reported an association between intra-
operative hypotension, kidney and myocardial injury,* and
mortality.’ The difference from our findings may relate to
these studies’ use of lower thresholds to define intraoperative
hypotension, our adjustment for postoperative hypotension,
or insufficient power in our study.

Study Strengths

We used prospectively collected data from a representative
sample of patients undergoing a broad range of surgeries in
several countries, actively monitored and centrally adjudi-
cated outcomes, ensured minimal loss-to-follow-up, had
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a comprehensive approach to missing data, adjusted for a
wide range of potential confounders, and had no evidence
of substantial residual confounding in sensitivity analyses.
Our study is the first to assess the effect of preoperative
ACEI/ARB management on the incidence of a cardiovas-
cular outcome that includes MINS distinct from MI. Only
15.8% of patients suffering MINS experience an ischemic
symptom, and the remaining 84.2% of events would likely
go undetected without systematic postoperative troponin
monitoring.'? Accordingly, the third universal definition of
MI consensus statement recommends monitoring periopera-
tive troponin measurements in high-risk patients undergo-
ing noncardiac surgery.’! Among baseline ACEI/ARB users,
205 (4.3%) suffered an MI, whereas 531 (11.1%) suffered
MINS. Given the almost identical point estimate of appar-
ent effect in the sensitivity analysis, this lower incidence
of MI is almost certainly the reason that the association
between withholding ACEI/ARBs versus continuing these
drugs before surgery and the composite outcome of death,
MI, or stroke was not statistically significant (aRR, 0.81;
95% CI, 0.62 to 1.03; P = 0.08).

Study Limitations

Residual confounding is possible in any observational study.
We adjusted for many variables and failed to detect substan-
tial residual confounding in sensitivity analyses. Patients in
whom ACEI/ARBs were withheld were generally similar to
those in whom they were continued in unadjusted compari-
sons of baseline characteristics but notably appeared more
likely to undergo urgent or emergency surgery. Urgent or
emergency surgeries were those performed within 72h of the
acute event that led to surgery. Patients were admitted more
than 24 h before many of these surgeries during which time
clinicians could withhold their blood pressure medications.
After adjusting for the type of surgery and patient character-
istics and accounting for center effects, patients who under-
went urgent or emergency surgery were not significantly
more likely to have their ACEI/ARBs withheld than patients
who underwent elective surgery (P = 0.29).

We excluded 8.7% of patients due to missing data on
cTnT, postoperative blood pressure, or preoperative medica-
tion use. Included and excluded patients had similar baseline
characteristics. We imputed missing data for baseline charac-
teristics in 10.3% of included patients. Our findings regard-
ing withholding versus continuing ACEI/ARBs were likely
robust to this small amount of missing confounder data
because clinical variables explained very little of the variation
in this practice (i.e., they were very weak confounders), and
we made appropriate imputation efforts.

The need to control for many potential confounders and
the correlation between them limited the statistical power of
our analyses.”? We could not reliably estimate the effects of
withholding antihypertensive medications other than ACEI/
ARBs and of starting medications not already used before the
day of surgery or study potentially relevant subgroups such
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as patients with heart failure or known cardiovascular dis-
ease. Sample size may also have limited our statistical power
to detect differential effects of withholding ACEI/ARBs at
different levels of preoperative blood pressure. Regression
results demonstrated wide Cls for outcomes with a limited
number of events (i.e., stroke and MI), but the direction
of their point estimates was consistent with the composite
outcome.

We relied on a crude dichotomous definition of hypoten-
sion (sBP less than 90 mmHg of any duration accompanied
by intervention) rather than actual values. Our blood pressure
threshold may have been too high, short durations of sBP
slightly below 90 mmHg may not be prognostically signifi-
cant, and the associations with death and vascular events may
be driven by episodes with lower sBP or of a long duration.
We relied on routine measurements commonly conducted
at 4-h or longer intervals in the postoperative period and
have likely missed some hypotensive episodes. Surveillance
bias may have inflated the associations between postopera-
tive hypotension and clinical outcomes because patients who
develop complications are monitored more closely.

We could not evaluate renal outcomes in this subsample
of VISION. Three randomized controlled trials totaling 64
patients studied renal outcomes of preoperative ACEI in
cardiac and vascular surgery but detected no acute kidney
injury events.”® A prospective cohort study of 1,594 cardiac
surgery patients found a graded increase in the risk of acute
kidney injury across three groups of preoperative ACEI/ARB
exposure (none, 31%; held, 34%; continued, 42%; P for
trend 0.03).3* The study suggested that, if anything, with-
holding of ACEI/ARBs is associated with a reduction in kid-
ney injury.

We did not study the effects of withholding antihyper-
tensive medications after surgery because the timing of post-
operative medication use was not captured with sufficient

precision in VISION.

Implications

We estimate that, if all patients who continue to take ACEI/
ARBs on the day of surgery were to instead withhold them,
5.9% (95% CI, 1.2 to 10.1)—or over 500,000 patients per
year—would avoid death, MINS, or stroke within 30 days
of their operation. This estimate assumes that 100 million
of the 200 million people who undergo major noncardiac
surgery annually are at least 45 yr old, 1,36 that 9.6% die or
suffer an adverse perioperative vascular event, that our data
accurately represents the international patient population
and clinical practice, and that the relationship we observed
is causal. Even if these assumptions are violated, our results
have substantial global importance.

Conclusions

This international prospective cohort study suggests that
withholding ACEI/ARBs on the day of a noncardiac sur-
gery may reduce the risk of perioperative death, stroke, or
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myocardial injury in patients who take these medications
chronically. A large randomized trial is needed to confirm
this finding. In the interim, clinicians should consider rec-
ommending that patients withhold ACEI/ARBs 24 h before

surgery.
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