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Over seven million surgeries are performed in hos-
pitals in the United States each year. Among these 
surgeries, approximately 85% are noncardiac, 
nonvascular (NCNV) procedures.1,2 Although the 

preoperative use of an angiotensin-converting enzyme inhib-
itor (ACEI) can be expected in as many as 13% of these sur-
geries,3 the optimal preoperative ACEI management strategy 
for patients undergoing NCNV surgeries is poorly understood.

High-quality evidence suggests that renin–angiotensin–aldo-
sterone system (RAAS) inhibitors are associated with intraopera-
tive hypotension among patients undergoing cardiac or vascular 
surgeries.4-6 Intraoperative hypotension increases the risk of 30-

day mortality,7 and the duration of intraoperative hypotension 
increases the risk of end organ damage.8,9 This body of evidence 
suggests that withholding ACEIs prior to cardiac and vascular 
surgeries is safer than continuing ACEIs without interruption.

The evidence concerning perioperative management of 
ACEIs is inconclusive for patients undergoing NCNV proce-
dures. Some studies comparing patients taking or not taking a 
RAAS inhibitor preoperatively describe negligible differences  in 
the frequency of intraoperative hypotensive episodes or compli-
cations.3,10 Others have found an increased risk of intraoperative 
hypotension and associated postoperative adverse events in 
patients continuing RAAS inhibitors preoperatively.11,12 Current 
guideline discrepancies reflect the uncertainty of the evidence. 
The guidelines set by the American College of Cardiology and 
American Heart Association (ACC/AHA) suggest the uninter-
rupted perioperative continuation of RAAS inhibitors.13 The 
guidelines provided by the European Society of Cardiology and 
European Society of Anaesthesiology also suggest the contin-
uation of RAAS inhibitors throughout the perioperative period 
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BACKGROUND: Intraoperative hypotension is associated 
with an increased risk of end organ damage and death. 
The transient preoperative interruption of angiotensin-
converting enzyme inhibitor (ACEI) therapy prior to 
cardiac and vascular surgeries decreases the occurrence of 
intraoperative hypotension.

OBJECTIVE: We sought to compare the effect of two 
protocols for preoperative ACEI management on the risk 
of intraoperative hypotension among patients undergoing 
noncardiac, nonvascular surgeries.

DESIGN: Prospective, randomized study.

SETTING: Midwestern urban 489-bed academic medical 
center.

PATIENTS: Patients taking an ACEI for at least six weeks 
preoperatively were considered for inclusion.

INTERVENTIONS: Randomization of the final preoperative 
ACEI dose to omission (n = 137) or continuation (n = 138).

MEASUREMENTS: The primary outcome was 
intraoperative hypotension, which was defined as any 

systolic blood pressure (SBP) < 80 mm Hg. Postoperative 
hypotensive (SBP < 90 mm Hg) and hypertensive (SBP 
> 180 mm Hg) episodes were also recorded. Outcomes 
were compared using Fisher’s exact test.

RESULTS: Intraoperative hypotension occurred less 
frequently in the omission group (76 of 137 [55%]) than 
in the continuation group (95 of 138 [69%]) (RR: 0.81, 
95% CI: 0.67 to 0.97, P = .03, NNH 7.5). Postoperative 
hypotensive events were also less frequent in the ACEI 
omission group (RR: 0.49, 95% CI: 0.28 to 0.86, P = .02) 
than in the continuation group. However, postoperative 
hypertensive events were more frequent in the omission 
group than in the continuation group (RR: 1.95, 95%: CI: 
1.14 to 3.34, P = .01).

CONCLUSION: The transient preoperative interruption 
of ACEI therapy is associated with a decreased risk of 
intraoperative hypotension.

REGISTRATION: ClinicalTrials.gov: NCT01669434. Journal 
of Hospital Medicine 2018;13:661-667. Published online first 
July 25, 2018. © 2018 Society of Hospital Medicine
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for patients with systolic heart failure but recommend transient 
discontinuation for patients with hypertension.14

This randomized study aimed to compare the effect of two 
practical strategies for preoperative ACEI management on the 
perioperative blood pressure of patients undergoing NCNV 
surgery. The two strategies studied were the omission of the 
final preoperative ACEI dose and the uninterrupted contin-
uation of ACEI therapy. We hypothesized that patients ran-
domized to ACEI omission would experience intraoperative 
hypotensive episodes less frequently than those randomized 
to ACEI continuation.

METHODS
Study Design and Setting
We performed a prospective randomized controlled trial (Clin-
icalTrials.gov: NCT01669434). The study was carried out in a 
preoperative evaluation clinic and its affiliated 489-bed aca-
demic medical center. Anesthesiologists and internal medi-
cine physicians work collaboratively in the clinic to assess more 
than 5,000 patients annually (one-third of the institution’s elec-
tive surgeries). Patients were randomized 1:1 in block sizes of 
five and 10 and stratified by age < 65 and ≥ 65 years to the 
omission or continuation of the final preoperative ACEI dose 
(whether that dose was scheduled for the morning of surgery 
or the night prior). Preoperative clinicians enrolled patients 
and subsequently assigned them to intervention groups on the 
basis of a sequentially numbered list. Patients and healthcare 
providers were not blinded to allocation status. Intraoperative 
and postoperative management was provided in accordance 
with usual care as decided by treatment team.

Participants
Patients who presented to the preoperative evaluation clinic 
between May 2015 and November 2016 and who had been 
taking an ACEI for at least six weeks were eligible for inclusion. 
Patients taking angiotensin receptor blockers were excluded. 
Enrollment was limited to patients planning NCNV surgery. Pa-
tients planning intrathoracic, major vascular, organ transplant, 
and oncologic surgery were excluded. Patients undergoing 
outpatient procedures not requiring an overnight stay in the 
hospital were also excluded. Patients with preoperative clinic 
systolic blood pressure (SBP) <90 or ≥160 or diastolic blood 
pressure (DBP) <60 or ≥ 95 were excluded. Patients with mod-
erate to severe or clinically decompensated heart failure (left 
ventricular ejection fraction < 40% or New York Heart Asso-
ciation class III or IV) and those with end-stage renal disease 
requiring dialysis were also excluded. Patients presenting 
more than once during the accrual period were eligible for the 
initial surgery only. All participating patients provided written 
informed consent. This project was approved by the University 
of Nebraska Medical Center Institutional Review Board. 

Data Collection
Baseline characteristics were recorded by study personnel at the 
time of enrollment. We measured serum creatinine level at the 
preoperative visit and on postoperative day one. An automated 

anesthesia information management system was used to mea-
sure intraoperative blood pressures every three minutes. Post-
operative blood pressures through discharge were measured by 
hospital staff per usual care. During postoperative hospitaliza-
tion, we queried patients about preoperative adherence to allo-
cation. The digital abstraction of data from the electronic med-
ical record was supplemented by chart review when necessary.

Outcomes
The primary outcome was intraoperative hypotension defined 
as any SBP < 80 mm Hg occurring from the administration of 
the first induction agent through transfer to the postanesthesia 
care unit (PACU). We also examined hypotension during an-
esthesia induction, which we defined as the 20-minute period 
following the administration of the first anesthesia induction 
agent. Episodes of SBP < 80 were defined as being associated 
with vasopressor administration when any vasopressor was ad-
ministered during or within 10 minutes of the episode. 

Secondary analyses included postoperative acute kidney 
injury (AKI), postoperative hypotensive and hypertensive ep-
isodes, cardiac events, and mortality. When comparing post-
operative day one creatinine levels to preoperative creatinine 
levels, we used the Acute Kidney Injury Network definition of 
AKI as an increase in creatinine of 0.3 mg/dl or 50%.15 Postop-
erative hypotension was defined as any SBP < 90 mm Hg and 
postoperative hypertension as any SBP > 180 mm Hg occurring 
after arrival in the PACU. Major adverse cardiac events (MACE) 
were defined as a composite of acute coronary syndrome, 
acute heart failure, or new-onset arrhythmia. Discharge from 
the hospital served as the study endpoint for each patient. 

Analysis
Fisher’s exact test was used to compare categorical outcomes 
between groups. The independent sample t-test or Wilcoxon 
rank–sum test, as appropriate, was used to compare continuous 
measures. We selected Fisher’s exact test over χ2-test to produce 
conservative estimates. Patients were maintained in their allocat-
ed group as randomized for analytical purposes regardless of 
adherence to allocation. We performed all analyses using SAS 
version 9.4 for Windows (SAS institute, Cary, North Carolina).

We estimated that a sample size of 300 patients would 
achieve 80% power to detect a difference of 0.17 between the 
group proportions of 0.33 and 0.50 at a significance level (ɑ) 
of 0.05 by using a two-sided z-test with continuity correction, 
assuming 15% loss to follow-up. This estimate allowed for one 
interim analysis using the O’Brien-Fleming spending function 
truncated at three standard deviations to determine the test 
boundaries. The monitoring boundary P values associated 
with the interim analysis were .003, and the threshold P value 
for the final analysis was .049.

RESULTS
Study Flow
A total of 453 patients were screened for eligibility. Among 
these patients, 162 were excluded, and the remaining 291 pa-
tients were randomized (Figure 1). Surgery was cancelled in six 
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patients allocated to omission and in four patients allocated 
to continuation arms, respectively. Moreover, three patients in 
the omission arm were excluded from the analysis following 
randomization. Specifically, one was excluded because of early 
discharge without overnight stay, one was excluded because 
of withdrawal of consent, and one was excluded because of 
missing primary outcome data. In addition, three cases in the 
continuation arm were excluded following randomization be-
cause of the preoperative (permanent) discontinuation of ACEI 
therapy in two cases and discharge without an overnight stay 
in one case. Finally, 275 patients were included in the analysis: 
137 in the ACEI omission group and 138 in the ACEI continu-
ation group. Adherence to allocation was 88% and 92% in the 
omission and continuation groups, respectively.

Baseline Characteristics
The demographic data of patients allocated to ACEI omission 
and those allocated to ACEI continuation were similar (Table 
1). A large majority of patients in both groups took the ACEI 
lisinopril. Overall, 187 of 275 (68%) patients were taking at least 

one antihypertensive agent, most commonly a diuretic, in ad-
dition to an ACEI. SBP measured during the preoperative clinic 
visit averaged 136.5 mm Hg and did not differ significantly be-
tween groups (P = .84).

Surgical Variables
General anesthesia was the most commonly utilized technique, 
although spinal and regional anesthesia were also represented 
(Table 1). The majority of cases in both groups were planning 
for orthopedic and spinal surgery. The method of anesthesia or 
type of surgery between patients allocated to ACEI omission 
and those allocated to continuation did not differ (P = .61 and 
P = .45 respectively).

Episodes of Intraoperative Hypotension
Intraoperative SBPs are displayed in Figure 2, and hemody-
namic outcomes are summarized in Table 2. Episodes of SBP 
< 80 mm Hg during anesthesia induction were numerically less 
frequent in the omission group than in the continuation group; 
the difference between groups, however, was not statistically 

FIG 1. CONSORT diagram. 
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ESRD, end-stage renal disease; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure.

Assessed for eligibility (n=453)

Randomized (n=291)

Excluded (n=162)

•	Inclusion criteria not met (n=86)

	 ○	ACEI therapy < 6 weeks (n=5)

	 ○	Low-risk surgery (n=45)

	 ○	High-risk surgery (n=36)

•	Exclusion criteria present (n=29)

	 ○	Preoperative SBP ≥ 160 mm Hg (n=18)

	 ○	LVEF < 40% (n=8)

	 ○	ESRD (n=3)

•	Declined to participate (n=47)

Allocated to continue ACEI (n=145)Allocated to omit ACEI (n=146)

Lost to follow-up (n=0)

Surgery cancelled (n=4)

Excluded from analysis (n=3)

Lost to follow-up (n=0)

Surgery cancelled (n=6)

Excluded from analysis (n=3)

Analyzed as continuation group (n=138) 

• Adhered to allocated intervention (n=127)

Analyzed as omission group (n=137) 

• Adhered to allocated intervention (n=120)
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TABLE 1. Patient and Surgical Characteristics by Study Arm
ACEI Omission

(n = 137)
ACEI Continuation

(n = 138)

Patient characteristics

   Male sex 65 (47%) 68 (49%)

   Age (years) 64.0 (11.0) 63.7 (10.9)

   BMI 34.4 (6.4) 35.0 (8.4)

   Caucasian race 115 (84%) 125 (91%)

   Smoking status

Never 63 (46%) 54 (39%)

Former 60 (44%) 59 (43%)

Current 14 (10%) 25 (18%)

   ASA classification 3 (1-4) 3 (2-4)

   Revised cardiac risk index 0 (0-3) 0 (0-3)

   Comorbidity

Hypertension 116 (85%) 112 (81%)

Hyperlipidemia 78 (57%) 79 (57%)

Coronary artery disease 18 (13%) 19 (14%)

Diabetes on insulin 16 (12%) 19 (14%)

COPD 9 (7%) 16 (12%)

Atrial fibrillation 10 (7%) 10 (7%)

Congestive heart failure 7 (5%) 9 (7%)

Preoperative creatinine > 2 1 (1%) 1 (1%)

CVA/TIA 0 0

   ACEI

Lisinopril 113 (82%) 109 (79%)

Benazepril 10 (7%) 11 (8%)

Enalapril 7 (5%) 7 (5%)

Other 7 (5%) 11 (8%)

   Additional antihypertensive 92 (67%) 95 (69%)

Diuretic 55 (40%) 58 (42%)

Beta-blocker 43 (31%) 51 (37%)

Other 42 (31%) 34 (25%)

   NSAID use 53 (39%) 71 (51%)

   Preoperative* systolic BP (mmHg) 136.6 (16.0) 136.3 (14.7)

Surgical Characteristics

   Anesthesia technique

General 74 (54%) 67 (49%)

Spinal 30 (22%) 36 (26%)

Regional 33 (24%) 35 (25%)

   Type of surgery

Orthopedic 78 (57%) 88 (64%)

Spine 29 (21%) 26 (19%)

Bariatric 7 (5%) 7 (5%)

Otolaryngologic 5 (4%) 6 (4%)

Other 18 (13%) 11 (8%)

Categorical variables expressed as number (%); Continuous variables expressed as mean (SD) when normally distributed and median (range) when not normally distributed. *Preoperative–
during preoperative clinic visit. 

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ASA, American Society of Anesthesiologists; BMI, Body Mass Index; BP, blood pressure; COPD, chronic obstructive pulmonary 
disease; CVA/TIA, history of cerebrovascular accident or transient ischemic attack. 
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significant (24 of 137 [18%] vs 38 of 138 [28%], RR: 0.64, 95% 
CI: 0.40 to 1.00, P = .06). The primary outcome, episodes of 
intraoperative SBP < 80 mm Hg, occurred less often in patients 
allocated to the ACEI omission group than in those allocated 
to the ACEI continuation group (76 of 137 [55%] vs 95 of 138 
[69%], RR: 0.81, 95% CI: 0.67 to 0.97, P = .03). A per-protocol 
sensitivity analysis of the primary outcome did not substantially 
alter results (RR: 0.75, 95% CI: 0.61 to 0.91, P = .003). Among 
the patients, one was excluded from the sensitivity analysis be-
cause of missing data on adherence to allocation. Of the 171 
episodes of intraoperative SBP < 80 mm Hg, 149 were associ-
ated with vasopressor administration (61 of 76 [80%] omission 
vs 88 of 95 continuation [93%], RR: 0.87, 95% CI: 0.76 to 0.98, 
P = .02). Episodes of intraoperative SBP < 80 associated with 
vasopressor administration occurred less frequently in patients 
allocated to the omission group than in those allocated to the 
continuation group (61/137 [45%] vs 88/138 [64%], RR: 0.70, 
95% CI: 0.56-0.87, P < .01). Few patients in either group devel-
oped severe intraoperative hypotension, which was defined as 
SBP < 60 mm Hg (6 of 137 [4%] omission vs 7 of 138 [5%] con-
tinuation, RR: 0.86, 95% CI: 0.30 to 25.0, P = 1.0). The number 
of patients needing to continue ACEI therapy preoperatively 

to cause one additional episode of harm in the form of intra-
operative SBP < 80 mm Hg was 7.5 (NNH 7.5). 

Duration of Intraoperative Hypotension
The median cumulative duration of intraoperative SBP < 80 
was two minutes (range 0-41) in patients allocated to the ACEI 
omission group compared with seven minutes (range 0-214) in 
those allocated to the continuation group (P < .01). The me-
dian cumulative duration of mean arterial pressure < 55 mm 
Hg was also shorter in the omission group (median 0 minutes 
[range 0-39] vs 3 minutes [range 0-122], P < .01) than in the 
continuation group. The duration of surgery did not differ be-
tween groups (median 141 minutes [range 77-554] vs 142 min-
utes [range 57-665], P = .97).

Postoperative Outcomes
RAAS inhibitor therapy was resumed within 48 h after surgery 
in 122 of 137 (89%) patients allocated to the omission group 
and in 128 of 138 (93%) patients allocated to the continuation 
group (RR: 0.96, 95% CI: 0.89-1.03, P = .30).

Patients allocated to the omission group were significantly 
less likely to experience postoperative hypotension (15 of 137 

FIG 2. Intraoperative blood pressure. Systolic blood pressures expressed as 5 min averages. Time 0 = arrival in operating room. Error bars represent 95% confidence intervals. 
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor. 
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[11%] vs 31 of 138 [22%], RR: 0.49, 95% CI: 0.28 to 0.86, P = .02) 
and significantly more likely to experience severe postopera-
tive hypertension (33 of 137 [24%] vs 17 of 138 [12%], RR: 1.95, 
95% CI: 1.14 to 3.34, P = .01) than those allocated to the contin-
uation group. The occurrences of postoperative AKI (RR: 0.60, 
95% CI: 0.23 to 1.60, P = .44) or MACE (RR: 4.03, 95% CI: 0.46 
to 35.59, P = .21) in the omission group did not differ from the 
continuation group. The two groups exhibited similar PACU re-
covery time (mean 97.2 min) and overall hospital length of stay 
(mean 3.0 days) (P = .49 and P = .56 ). No episodes of inpatient 
mortality in either group were observed. 

DISCUSSION
The omission of the final preoperative ACEI dose was asso-
ciated with a significant reduction in the risk of intraoperative 
hypotension in patients undergoing NCNV surgery. This result 
confirmed our hypothesis. Coupled with the knowledge that in-
traoperative hypotension is associated with an increased risk of 
complications and mortality,7-9,16 this study favors the omission of 
the final preoperative ACEI dose prior to NCNV surgeries. 

Our findings are in agreement with those of previous ran-
domized studies that explored this question4,5 and help extend 
results from cardiac and vascular surgeries to NCNV surger-
ies. Previous studies on the use of RAAS inhibitors in NCNV 
surgeries did not employ randomization and yielded mixed 
results.3,10-12,17 A large single-institution study (n = 18,056) not-
ed no difference in intraoperative blood pressure between 
patients taking ACEIs and a matched group of non-ACEI us-
ers.3 More recently, a subgroup analysis of the international VI-
SION study showed that omitting RAAS inhibitors on the day 
of surgery reduced the risk of intraoperative hypotension.11 In 
that analysis, however, only a small amount of the variability 
in preoperative RAAS inhibitor management was explainable 
by modeling known factors, thus allowing for the possibility of 
unmeasured confounding. Our study, which minimized con-
founding through randomization, is the first to prospectively 
compare protocols for patients undergoing NCNV surgery. 
In contrast to previous studies, the present study was able to 
report the lack of difference in postoperative RAAS inhibitor 
administration between study groups. Postoperative RAAS 
inhibitor management affects complications and mortality.18,19

Our present finding that preoperative ACEI management 
affects postoperative hypotensive and hypertensive events 
conflicts with some previous findings.11,20 However, recent evi-
dence has revealed that postoperative hypotensive episodes 
are associated with vascular events and mortality.11,21 In the 
context of that evidence, our study lends further support to 
the omission of the final preoperative ACEI dose. However, we 
did not detect any decrease in AKI, MACE, or mortality in the 
ACEI omission group.

This study should be considered in light of its limitations. 
The pragmatic nature of the study allowed for certain potential 
biases. Although adherence to allocation was high, the specific 
ACEI agent taken and the exact timing of the final dose in rela-
tion to surgery were not controlled. Anesthetic and postopera-
tive management decisions were made by the treatment team 
and may have systematically varied given that the treatment 
team was not blinded to allocation. Furthermore, all outcome 
data were collected as part of routine care and may not have 
captured events with great fidelity. Generalizability is limited 
by the execution of the study at a single academic institution, 
the preponderance of orthopedic and spine surgeries, and by 
the negligible representation of ethnicities other than Cauca-
sian. Additionally, recruitment from the preoperative evalua-
tion clinic likely resulted in a patient group with greater co-
morbidity than the overall population of patients undergoing 
NCNV surgery. This study was powered for intraoperative hy-
potension and not postoperative outcomes. Our primary out-
come, intraoperative hypotension, is an intermediate measure 
but one that has well-established associations with adverse 
outcomes, including mortality. One study showed that sustain-
ing an intraoperative SBP below 70 mm Hg for longer than five 
minutes increased the risk of mortality from less than 1% to 
nearly 6%.16 A large study detected an increase in mortality as-
sociated with SBP sustained below 80 mm Hg for 10 minutes or 
longer.7 Intraoperative hypotension has also been associated 
with postoperative AKI and myocardial injury.8,9,12

Many of the limitations of the current study could be ad-
dressed by a large randomized controlled trial of ACEI man-
agement prior to NCNV surgeries that examines clinically im-
portant endpoints beyond intraoperative hypotension. Several 
specific aspects of perioperative RAAS inhibitor management 

TABLE 2. Intraoperative Hemodynamics by Study Arm

ACEI Omission
(n = 137)

ACEI Continuation
(n = 138) P Value

Episodes of SBP < 80 mm Hg 76 (55%) 95 (69%) .03

Episodes of SBP < 80 mm Hg treated with vasopressor 61 (45%) 88 (64%) <.01

Episodes of SBP < 60 mm Hg 6 (4%) 7 (5%) 1.00

Duration of SBP < 80 mm Hg (min) 2 (0–41) 7 (0–214) <.01

Duration of MAP < 55 mm Hg (min) 0 (0–39) 3 (0–122) < .01

Categorical variables expressed as number (percent); Continuous variables expressed as median (range). 

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; MAP, mean arterial pressure; SBP, systolic blood pressure. .
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also deserve further investigation. Our findings may not be 
generalizable to patients taking ARBs or to patients with con-
gestive heart failure. The preoperative management of ARBs 
and the preoperative management of RAAS inhibitors in those 
with congestive heart failure are important areas of focus for 
future research. Lastly, our finding that preoperative ACEI 
management decisions can affect postoperative hypotensive 
and hypertensive events should be substantiated by future 
research, and any negative consequences of those events 
should be further explored.

Nonetheless, our study is the largest randomized study of 
preoperative RAAS inhibition published to date. More than 
twice as many patients were randomized in this study than in all 
previous randomized studies combined.4-6 To the best of our 
knowledge, this is also the first randomized study evaluating 
NCNV surgeries. Finally, our use of a practical ACEI omission 
protocol based on known pharmacokinetics allows for direct 
application to clinical practice.

CONCLUSION
Hypertension is among the most common chronic condi-
tions encountered in patients planning surgery, and ACEIs 
are among the most frequently prescribed antihypertensive 
medications. This study showed that ACEI continuation is as-
sociated with an increased frequency and cumulative duration 
of intraoperative hypotension. These findings, while at odds 
with current ACC/AHA guidelines, align with the findings of a 
meta-analysis on this subject and with recent literature.3,11-13,22
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