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BACKGROUND: General use of angiotensin-converting enzyme inhibitors (ACEIs) is associated with
upper-airway complications such as cough, angioedema, and bronchospasm; furthermore, preopera-
tive use is associated with increased morbidity or mortality. Our primary goal in this study was thus
to evaluate the association of ACEI therapy with perioperative respiratory morbidity in adult
noncardiac surgical patients. Our secondary goals were to evaluate the association between
preoperative use of ACEI and 30-day mortality, as well as to a composite outcome of in-hospital
morbidity and mortality in adult noncardiac surgical patients having general anesthesia.
METHODS: We evaluated 79,228 patients (9905 ACEI users [13%] and 66,620 [87%] non-ACEI
users) who had noncardiac surgery at the Cleveland Clinic between 2005 and 2009. Propensity
matching successfully paired 9028 ACEI users (91% of 9905 patients) with 9028 controls.
Matched intraoperative ACEI users and non-ACEI users were compared on intraoperative and
postoperative respiratory morbidity composites as well as individual complications, 30-day
mortality, and a composite of in-hospital morbidity and mortality.
RESULTS: The association between ACEI use and respiratory morbidity composites was not
statistically significant intraoperatively (OR: 1.09 [97.5% CI: 0.91, 1.31], ACEI versus non-ACEI;
P � 0.28) or postoperatively (OR: 0.97 [97.5% CI: 0.81, 1.16], ACEI versus non-ACEI; P � 0.69).
Within the propensity-matched subset, ACEI usage was not associated with either 30-day
mortality (OR: 0.93 [95% CI: 0.73, 1.19], ACEI versus non-ACEI; P � 0.56) or the composite of
in-hospital morbidity and mortality (OR: 1.06 [95% CI: 0.97, 1.15], ACEI versus non-ACEI; P �
0.22). We also observed that the ACEI and the non-ACEI groups were descriptively similar
(standardized differences �0.03) on multiple time periods of intraoperative hemodynamic
characteristics, vasopressor use, and colloid and crystalloid infusions.
CONCLUSIONS: We did not find any association between use of ACEIs and intraoperative or
postoperative upper-airway complications. Furthermore, ACEI use was not associated with
in-hospital complications or increased 30-day mortality. (Anesth Analg 2012;114:552–60)

Angiotensin-converting enzyme inhibitors (ACEIs)
are widely used to treat hypertension and heart
failure. They are among the most prescribed drugs in

the United States, with 163 million prescriptions (4.2% of the
total) being written for ACEIs in 2009.a ACEIs reduce mortality
and have cardioprotective effects in patients recovering from

acute myocardial infarction.1,2 They exert antiatherosclerotic,
antithrombotic, and anti-inflammatory effects, anti-ischemic ac-
tions that apparently prevent acute coronary events and related
outcomes.3,4 For example, Feringa et al. demonstrated that use of
perioperative ACEIs reduced mortality in patients with left
ventricular dysfunction undergoing vascular surgery.5

ACEIs prevent conversion of angiotensin I to angiotensin
II, which is a powerful arterial vasoconstrictor; they also
reduce aldosterone secretion that in turn decreases sodium
retention.6 Angiotensin-converting enzyme is identical to kini-
nase II, an enzyme involved in the degradation of bradykinin.
Thus, ACEIs increase local tissue concentration of bradykinin
and enhances its effects.7 Bradykinin sensitizes airways, thereby
potentially inducing cough, angioedema, and bronchospasm;
these complications are the most commonly reported adverse
effects of ACEIs.8–10 These adverse effects do not necessarily
occur at initiation of the therapy, and they are also common
perioperative complications. Perioperative use of ACEIs is also
controversial because there have been a number of reports of
refractory perioperative hypotension in patients taking the
drugs.11,12 Furthermore, preoperative ACEI administration is
associated with increased mortality in patients undergoing cor-
onary artery bypass grafting13 and elective vascular surgery.14

aIMS Health. Top therapeutic classes by U.S. dispensed prescriptions. April
6, 2010. Available at: http://www.imshealth.com/deployedfiles/imshealth/
Global/Content/StaticFile/Top_Line_Data/Top%20Therapy%20Classes%
20by%20U.S.RXs.pdf. Accessed February 21, 2011.
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There are thus compelling reasons to believe that preop-
erative use of ACEIs may trigger upper airway complications,
provoke hypotension, and worsen mortality. However,
available literature does not address perioperative airway
complications; furthermore, substantial evidence that pre-
operative ACEI use is associated with increased morbidity
or mortality is lacking. Our primary goal was thus to
evaluate the association of ACEI therapy with perioperative
respiratory morbidity in adult noncardiac surgical patients. Our
secondary goals were to evaluate the association between pre-
operative use of ACEI and 30-day mortality, as well as to a
composite outcome of in-hospital morbidity and mortality in
adult noncardiac surgical patients having general anesthesia.

METHODS
With approval (Cleveland Clinic, Cleveland, OH), this
retrospective study was based on data from 79,228 adult
general surgical patients treated at the Cleveland Clinic
main campus hospital between 2005 and 2009. Preoperative
medications and outcome variables were obtained from the
Cleveland Clinic Perioperative Health Documentation Sys-
tem, which includes details from our electronic anesthesia
record keeping system. Patients who received only general
anesthesia were included. The requirement for written
informed consent was waived by the IRB.

Available records include all medication use, including
ACEIs. However, they do not specify if medications were
taken the morning of surgery. It is our routine, though, to
instruct patients who normally take ACEIs to continue until the
day before surgery, but not to take them the morning of surgery.

The primary outcomes were a collapsed composite (any
versus none) of intraoperative respiratory morbidity (in-
cluding bronchospasm and use of albuterol), and a col-
lapsed composite of postoperative respiratory morbidity
(including pneumonia, acute pulmonary edema, and acute
respiratory distress syndrome). The secondary outcomes
were 30-day mortality and a collapsed composite of in-
hospital mortality and 8 in-hospital morbidities: neurologi-
cal complications, cardiac complications and acute lung

edema, pulmonary/respiratory complications, infectious
complications, urinary/renal complications, hemor-
rhagic complication, wound disruption, and peripheral
vascular complications (Table 1).

Propensity score matching was used to obtain ACEI
therapy and non-ACEI patients who were balanced on poten-
tially confounding baseline variables as follows. We first
estimated the propensity score (probability of taking ACEI
therapy) for each patient using a logistic regression model
based on all baseline characteristics listed in Table 1. We
grouped each CPT code into 1 of 244 mutually exclusive
clinically appropriate categories using the agency for health-
care research and quality’s clinical classification software for
services and procedures (AHRQ-CCS). Next, each ACEI user
was matched to one nonuser by a greedy matching algo-
rithm15 (SAS macro: gmatchb). Successful ACEI user/nonuser
matches were then restricted to patients with the same
AHRQ-CCS category, as well as the logit of the estimated
propensity scores (i.e., log(p/(1 � p)), where p is the esti-
mated propensity scores) within 0.2 of the SD of the logit of
the propensity score of one another.16 A single imputation for
missing body mass index values (10% of patients) based on all
available baseline variables was used.

Balance between ACEI users and nonusers on the
matched variables before and after the matching was
assessed using the absolute standardized difference (ASD),
i.e., the absolute difference in means or proportions divided
by the pooled SD. To account for even minimal potential
confounding, we used a conservative criterion of �0.03
(i.e., 1.96 � �2/9,028) ASD difference as indication of imbal-
ance16). Any imbalanced variables after the propensity matching
were included in the multivariable models when comparing the
matched ACEI users and nonusers on outcomes.

bBergstralh E, Kosanke J. Gmatch SAS program, Mayo Clinic Division of
Biomedical Statistics and Informatics. Rochester, Mayo Clinic (HSR
CodeXchange), 2003. Computerized matching of cases to controls using
the greedy matching algorithm with a fixed number of controls per case,
2003. Available at: http://mayoresearch.mayo.edu/mayo/research/biostat/
sasmacros.cfm. Last accessed September 22, 2010.

Table 1. Description of Individual In-Hospital Surgical Morbidities Included in the Composite
Complications Description ICD-9

Neurological Nervous system complications, anoxic brain damage, cerebral hypoxia, stroke. 997.0
Cardiac Cardiac arrest, cardiac insufficiency, cardiorespiratory failure, heart failure, myocardial

infarction (postoperative CKMB �4.0% and CK �220 U/L or postoperative cardiac
TnT �0.1 ng/mL).

997.1
518.4

Pulmonary & respiratory Pneumothorax, pulmonary embolism/infarction, adult respiratory distress syndrome,
pulmonary edema, acute respiratory insufficiency, shock lung, tracheostomy
complications, transfusion-related acute lung injury.

997.3
518.5
519.0
415.11
518.7

Infectious Ventilator-associated pneumonia, Mendelson’s syndrome, pneumonia/aspiration,
sepsis, septicemia, other postoperative infections.

997.31
997.39
998.5
999.3
998.0

Urinary Urinary tract stoma, internal anastomosis and bypass of urinary tract, oliguria/anuria,
acute renal failure/insufficiency, acute tubular necrosis.

997.5

Hemorrhagic Hemorrhage, hematoma, seroma. 998.1
Wound disruption Dehiscence of operation wound, disruption of suture materials or other closure

method, rupture of operation wound.
998.3

Peripheral vascular Phlebitis or thrombophlebitis during or resulting from a procedure. 997.2

ICD-9 � International Classification of Diseases, 9th revision; CK � creatine kinase; TnT � troponin T.
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Primary Outcomes
The matched ACEI users and nonusers were compared on
the 2 primary outcomes (intraoperative and postoperative
respiratory morbidity composites) and their individual
outcome components with multivariable logistic regression
models. A Bonferroni correction was used to adjust for
multiple testing to control the overall significance level at
0.05. Thus, 97.5% confidence intervals (CI) are reported;
and the significance criterion for the 2 primary outcomes
was P � 0.025 (i.e., 0.05/2). In addition, since the incidences
among the individual components were quite distinct (e.g.,
acute respiratory distress syndrome: �3%; and pneumonia:
0.1%), the generalized estimating equation average relative
effect (i.e., average log odds ratio [OR]) of ACEI therapy
across the individual components of each of the 2 primary
outcomes was assessed.17 This method summarizes the
individual component treatment effects independent of
their baseline incidences.

We also performed 2 sensitivity analyses. The matched
ACEI users and nonusers were compared on primary
outcomes using logistic regression, without adjusting for
the residual imbalanced variables. Second, we compared
the matched patients using a more conservative approach,
adjusting for all of the variables used for the propensity
score matching.18

Secondary Outcomes
Within the matched subset, we also assessed the associa-
tions between use of ACEIs and 30-day mortality as well as
the composite of in-hospital mortality and morbidity by
multivariable logistic regression models, adjusting for im-
balanced covariables after the propensity score matching.

Finally, we summarized the intraoperative hemody-
namic characteristics of the propensity-matched patients,
including amount of ephedrine, phenylephrine, and epi-
nephrine given, estimated blood loss, transfusion of crys-
talloid and colloid, arterial blood pressure, heart rate, and
incidence of intraoperative hypotension. Standard sum-
mary statistics were reported; differences between the
ACEI and non-ACEI patients were estimated using the
standardized difference. We assessed the association be-
tween use of ACEI and incidence of intraoperative hypo-
tension by multivariable logistic regression, adjusting for
preoperative use of � blockers, angiotensin receptor block-
ers, and calcium channel blockers. Intraoperative hemody-
namic monitoring data were acquired from an electronic
anesthesia record-keeping system, which records data from
the anesthesia monitor. Arterial blood pressure in patients
with invasive arterial catheters was recorded each minute
and in patients without an arterial line at every 1- to
5-minute intervals. We used 2 different definitions for
intraoperative hypotension. Intraoperative hypotension
was defined by systolic blood pressure �90 mm Hg for at
least 5 continuous minutes or a reduction in mean arterial
blood pressure of �35% (based on the first reading before
anesthetic induction).19

With 18,056 patients (9028 per group), we had 13%,
48%, 83%, and 97% power at the 0.025 significance level
to detect ORs of 1.1, 1.2, 1.3, and 1.4, respectively, with a
2-tailed test using a reference incidence of 3%. SAS
software version 9.2 for UNIX (SAS Institute, Cary, NC)

and the base and the stats packages in R software version
2.12.0 for Windows (the R Foundation for Statistical
Computing, Vienna, Austria) were used for all statistical
analyses.

RESULTS
Data from 79,228 surgical patients were available, of these
2703 patients with missing values of preoperative ACEI
therapy usage information or any of the 2 primary out-
comes were excluded. Thus, 76,525 patients (9905 ACEI
users [13%] and 66,620 [87%] non-ACEI users) were ana-
lyzed. Among these, the observed incidence of experienc-
ing at least 1 intraoperative respiratory morbidity was 3.6%
(n � 360) for patients who took ACEIs and 2.7% (n � 1814)
for patients who did not. The observed incidence of the
collapsed postoperative respiratory morbidity was 4.2%
(n � 412) and 3.1% (n � 2053) in patients who did and did
not take ACEIs.

Propensity matching successfully paired 9028 ACEI
users (91% of 9905 patients) with 9028 controls. As seen in
Table 2, the ACEI and non-ACEI users were much better
balanced on covariables as a result of propensity matching.
However, a slight imbalance (0.03 � ASD � 0.10) remained
for ASA status, history of hypertension, coronary artery
disease, use of � blockers, angiotensin II receptor blockers
and statins, and year of surgery (ASD: 0.15). To be
conservative, we included all the above factors in the
multivariable models when comparing the 2 groups on
the outcomes.

Within the propensity-matched subset (18,056 patients),
the observed incidence of having at least 1 intraoperative
respiratory morbidity was 3.6% for the ACEI group and
3.4% for the non-ACEI group, corresponding to an OR
(97.5% CI) of 1.09 (0.91, 1.31) P � 0.28. Likewise, the
observed postoperative respiratory morbidity incidences
were 3.8% for the ACEI and 4.0% for the non-ACEI group,
corresponding to an estimated OR of 0.97 (97.5% CI: 0.81,
1.16; ACEI versus non-ACEI), P � 0.69 (Table 3). The
sensitivity analyses gave very similar results (Table 4). In
addition, the average relative effect (i.e., giving equal
weight to the effect on each morbidity in the composite) of
ACEI therapy across the individual intraoperative respira-
tory morbidities was estimated as an OR (97.5% CI) of 0.99
(0.37, 2.64; ACEI versus non-ACEI), P � 0.99, and as an
OR (97.5% CI) of 0.84 (0.65, 1.09; ACEI versus non-ACEI),
P � 0.19, across the individual postoperative respiratory
morbidities.

No significant association was found between ACEI use
and any of the secondary outcomes, including 30-day
mortality (OR [95% CI]: 0.93 [0.73, 1.19], ACEI versus
non-ACEI; P � 0.56) and the composite of in-hospital
morbidity and mortality (OR [95% CI]: 1.06 [0.97, 1.15],
ACEI versus non-ACEI; P � 0.22, Table 5). Seven hundred
sixty-four patients with missing 30-day mortality were
excluded when assessing the association with 30-day
mortality.

We also observed that the ACEI and the non-ACEI
groups were descriptively similar (ASD �0.03) on use of
vasopressor, amount of ephedrine, epinephrine, crystal-
loid, and colloid, estimated blood loss, and systolic and
diastolic blood pressures during surgery (Table 6 and Figs.
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1 and 2). Although patients in the ACEI group, on average,
were more likely to receive more phenylephrine, and more
likely to have higher systolic and diastolic blood pressures at
baseline, and to have a faster heart rate during surgery (ASD
�0.03), none of the differences was clinically relevant (Table 6).

The incidence of hypotension was observed to be very
similar between the ACEI and non-ACEI users (ASD �0.03;
Table 7). After adjusting for use of � blockers, angiotensin
receptor blockers, and calcium channel blockers, use of
ACEIs was not associated with the incidence of intraoperative

hypotension: systolic blood pressure �90 mm Hg for at
least 5 continuous minutes (OR [95% CI]: 0.98 [0.92, 1.04],
ACEI versus non-ACEI; P � 0.54), and occurrence of a
decrease �35% reduction in mean arterial blood pressure
(OR [95% CI]: 1.03 [0.96, 1.09], ACEI versus non-ACEI; P �
0.43) (Table 8).

DISCUSSION
The most common respiratory side effects associated with
ACEI use are cough, angioedema, and bronchospasm.10

Table 2. Demographics and Baseline Characteristics
Before matching After matching

Variable
ACEI

n � 9905
Non-ACEI

n � 66,620 STD*
ACEI

n � 9028
Non-ACEI
n � 9028 STD*

Age, years 64 � 13 55 � 16 0.58 63 � 13 64 � 14 �0.025
Gender, Male, no. (%) 5297 (53) 30,106 (45) 0.17 4812 (53) 4753 (53) 0.013
Race,a no. (%) 0.07 0.007

Caucasian 8092 (83) 54,608 (83) 7483 (83) 7506 (83)
African American 1393 (14) 8230 (13) 1273 (14) 1250 (14)
Others 299 (3) 2719 (4) 272 (3) 272 (3)

BMI,b kg/m2 29 �25, 34� 28 �24, 32� 0.23 29 �25, 34� 29 �25, 34� �0.001
ASA physical status,c no. (%) 0.60 0.062

I 36 (�1) 4575 (7) 36 (�1) 76 (1)
II 2681 (27) 30,625 (46) 2574 (29) 2483 (28)
III 6194 (63) 27,281 (41) 5575 (62) 5582 (62)
IV 975 (10) 3870 (6) 830 (9) 873 (10)

RSI† for 30-day mortality �0.1 ��0.6, 0.4� 0 ��0.5, 0.3� �0.07 �0.1 ��0.7, 0.3� �0.1 ��0.7, 0.4� 0.005
Diabetes mellitus, yes, no. (%) 2926 (30) 8636 (13) 0.41 2520 (28) 2455 (27) 0.016
Medical history, yes, no. (%)

Chronic pain syndrome 437 (4) 2988 (4) �0.00 402 (4) 408 (5) �0.003
Hypertension 8203 (83) 27,267 (41) 0.96 7393 (82) 7,529 (83) �0.040
Coronary artery disease 2484 (25) 7040 (11) 0.39 2171 (24) 2,037 (23) 0.035
Myocardial infraction 1150 (12) 2747 (4) 0.28 982 (11) 907 (10) 0.027
Congestive heart failure 970 (10) 2278 (3) 0.26 793 (9) 752 (8) 0.016
Valve disease 455 (5) 2038 (3) 0.08 403 (4) 375 (4) 0.015
Acute renal failure 380 (4) 1956 (3) 0.05 328 (4) 339 (4) �0.007
Chronic renal failure 766 (8) 2998 (5) 0.14 698 (8) 718 (8) �0.008
Liver disease 285 (3) 1842 (3) 0.01 250 (3) 277 (3) �0.018
Deep vein thrombosis 204 (2) 909 (1) 0.05 177 (2) 182 (2) �0.004
COPD 1,179 (12) 6450 (10) 0.07 1067 (12) 1081 (12) �0.005
Carotid disease 19 (�1) 51 (�1) 0.03 18 (�1) 18 (�1) 0.000
Supraventricular arrhythmia 325 (3) 1504 (2) 0.06 285 (3) 307 (3) �0.014
Ventricular arrhythmia 232 (2) 852 (1) 0.08 191 (2) 191 (2) 0.000
CVA/TIA 0 (0) 3 (�1) �0.00 0 (0) 0 (0) 0.000
Hyperlipidemia 4802 (48) 17,708 (27) 0.46 4284 (47) 4156 (46) 0.028
Coronary artery bypass graft 952 (10) 2545 (4) 0.23 838 (9) 782 (9) 0.022
PCI 952 (10) 2694 (4) 0.22 831 (9) 791 (9) 0.016
Dialysis 191 (2) 579 (1) 0.09 172 (2) 167 (2) 0.004

Use of drug, yes, no. (%)
Beta blockers 4325 (44) 8673 (13) 0.72 3767 (42) 3977 (44) �0.047
ARBS 580 (6) 3613 (5) 0.02 556 (6) 712 (8) �0.068
Ca-channel blockers 2426 (24) 4130 (6) 0.52 2074 (23) 2143 (24) �0.018
Statins 4132 (42) 7063 (11) 0.76 3556 (39) 3305 (37) 0.057
Steroids 1517 (15) 4397 (7) 0.28 1312 (15) 1330 (15) �0.006

Year of surgery, no. (%) 0.38 0.152
2005 1068 (11) 7360 (11) 882 (10) 1309 (14)
2006 3774 (38) 15,615 (23) 3411 (38) 3066 (34)
2007 2392 (24) 15,962 (24) 2252 (25) 2164 (24)
2008 1720 (17) 15,452 (23) 1617 (18) 1591 (18)
2009 951 (10) 12,231 (18) 866 (10) 898 (10)

Emergent case, yes, no. (%) 354 (4) 3067 (5) �0.05 250 (3) 262 (3) �0.008

ACEI � angiotensin-converting enzyme inhibitors; ARBS � angiotensin II receptor blockers; ASA � American Society of Anesthesiologists; BMI � body mass index;
Ca-channel � calcium channel; COPD � chronic obstructive pulmonary disease; CVA � cerebrovascular accident; PCI � percutaneous coronary intervention; RSI �
risk stratification index; TIA � transient ischemic attack.
* Standardized difference: the difference (ACEI minus non-ACEI) in means or proportions divided by the pooled standard deviation; Any covariables with STD �0.03
(i.e., 1.96 � �2/9028; Peter Austin, Stat Med 2009) in absolute value after the propensity score matching were adjusted for in the analyses.
† Risk stratification index30 was not used in the propensity matching.
a 1.5%, b 10% (a single imputation was used based on all available baseline variables), and c 0.2% patients had missing values.
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The incidence of these respiratory problems is variously
reported, and their impact on patients with compromised
airways remains controversial.20,21 Endotracheal intubation
is also a potent airway stimulant, even in patients with
normal airways. Because patients receiving ACEI tend to
have increased bronchial reactivity, they might be expected
to experience perioperative respiratory complications. Sur-
prisingly, though, we did not find significant associations
between preoperative ACEI usage and either intraoperative

or postoperative respiratory complications. Our study
suggests that patients taking ACEIs preoperatively are
between 10% less likely to 24% more likely to experience
intraoperative respiratory complications and 17% less
likely to 13% more likely to experience postoperative
respiratory complications. Our results are supported by
studies in which ACEIs were used in patients with asthma
and chronic obstructive pulmonary disease and demon-
strated no change in respiratory functions in long-term

Table 3. Primary Results for Propensity-Matched Analysis (n � 18,056)

Respiratory morbidity

Incidence no. (%)

OR* (95% CI)
(ACEI vs. Non-ACEI) P*

ACEI
(n � 9028)

Non-ACEI
(n � 9028)

Composite respiratory morbidity
Intraoperative 325 (3.6) 303 (3.4) 1.09 (0.91, 1.31)† 0.28†
Postoperative 346 (3.8) 362 (4.0) 0.97 (0.81, 1.16)† 0.69†

Individual intraoperative respiratory morbidities
Use of albuterol 323 (3.6) 303 (3.4) 1.09 (0.93, 1.27) 0.31
Bronchospasm 2 (�0.1) 2 (�0.1) 1.03 (0.14, 7.37) 0.98

Individual postoperative respiratory morbidities
Acute respiratory distress syndrome 300 (3.3) 314 (3.5) 0.97 (0.82, 1.14) 0.71
Respiratory 35 (0.4) 49 (0.5) 0.75 (0.48, 1.15) 0.19
Acute lung edema 17 (0.2) 8 (0.1) 2.09 (0.90, 4.87) 0.09
Pneumonia 8 (0.1) 11 (0.1) 0.74 (0.29, 1.88) 0.53

Associations between ACEI therapy and intraoperative and postoperative respiratory morbidities. ACEI � angiotensin-converting enzyme inhibitors; OR � odds
ratio.
* Comparisons were adjusted for American Society of Anesthesiologist physical status, history of hypertension, coronary artery disease, use of beta blockers,
angiotensin II receptor blockers, and statins, and year of surgery.
† Indicate 97.5% confidence intervals (CI); the significance criterion was P � 0.025 (Bonferroni correction).

Table 4. Sensitivity Analyses (n � 18,056)
Primary analysis Sensitivity analysis

Composite respiratory
morbidity

Adjust for residual
imbalanced variables*

Not adjust for residual
imbalanced variables*

Adjust for all variables
used for matching‡

OR (97.5% CI)† P OR (97.5% CI)† P OR (97.5% CI)† P
Intraoperative 1.09 (0.91, 1.31) 0.28 1.08 (0.90, 1.30) 0.37 1.10 (0.91, 1.33) 0.24
Postoperative 0.97 (0.81, 1.16) 0.69 0.95 (0.79, 1.14) 0.52 0.98 (0.82, 1.18) 0.83

Summary associations between ACEI therapy and intraoperative and postoperative respiratory morbidities. ACEI � angiotensin-converting enzyme inhibitors; CI �
confidence interval.
* American Society of Anesthesiologist physical status, history of hypertension, coronary artery disease, use of beta blockers, angiotensin II receptor blockers,
statins, and year of surgery.
† Odds ratio for ACEI vs. non-ACEI patients; significance criterion was P � 0.025 (Bonferroni correction).
‡ A more conservative approach: adjust for all the baseline factors used for the matching except in the extraordinary case in which matching is exact can greatly
improve causal inferences even after matching.18

Table 5. Incidence of Secondary Outcomes Within the Propensity-Matched Subset (n � 18,056)

Secondary outcome

Incidence (%)

ACEI
(n � 9028)

Non-ACEI
(n � 9028)

30-day mortality* 140 (1.6) 146 (1.7)
In-hospital morbidity/mortality

In-hospital mortality 106 (1.2) 97 (1.1)
Neurological 71 (0.8) 76 (0.8)
Cardiac: cardiac complications and acute lung edema 348 (3.9) 343 (3.8)
Pulmonary/respiratory: respiratory complications, pulmonary embolus, acute

respiratory distress syndrome, tracheotomy, and transfusion-related acute lung injury
349 (3.9) 371 (4.1)

Infectious: pneumonia, wound infection, and sepsis postoperative shock 239 (2.7) 206 (2.3)
Urinary/renal 145 (1.6) 138 (1.5)
Hemorrhagic 314 (3.5) 284 (3.2)
Wound disruption 62 (0.7) 62 (0.7)
Peripheral vascular 73 (0.8) 58 (0.6)
Composite (any in-hospital morbidity/mortality) 1222 (13.5) 1172 (13.0)

ACEI � angiotensin-converting enzyme inhibitors.
* 4.0% of the ACEI users and 4.4% of the non-ACEI users had missing 30-day mortality outcome.
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use.22 We were unable to find any other study in the
literature investigating the effects of ACEIs on respiratory
complications in anesthetized patients.

The renin–angiotensin–aldosterone system plays an im-
portant role in endothelial dysfunction, which is an impor-
tant first step in atherosclerosis, leading to numerous
clinical consequences including hypertension, myocardial
ischemia, and stroke.23 ACEIs have revolutionized the

treatment of hypertension by preventing or even reversing
endothelial dysfunction and atherosclerosis, thereby reduc-
ing the risk of cardio- and cerebrovascular events.24 The
benefit of ACEIs is supported by clinical studies demon-
strating clear improvements in mortality and morbidity in
patients with congestive heart failure.25,26 However, peri-
operative use of ACEIs remains controversial. For example,
small studies report refractory intraoperative hypotension

Figure 1. Plot of means and SD of the (A)
average of and (B) minimum of diastolic blood
pressure during the following intraoperative
time periods: from start of case to induction,
from induction to intubation, from intubation to
incision, from incision to closing, from closing to
emergence, and from emergence to end of
case. Angiotensin-converting enzyme inhibitor
(ACEI) group: square symbol with solid line;
non-ACEI group: circle symbol with dashed line.

Figure 2. Plot of means and SD of (A) average of
and (B) minimum of systolic blood pressure
during the following intraoperative time periods:
from start of case to induction, from induction to
intubation, from intubation to incision, from
incision to closing, from closing to emer-
gence, and from emergence to end of case.
Angiotensin-converting enzyme inhibitor (ACEI)
group: square symbol with solid line; non-ACEI
group: circle symbol with dashed line.

Table 6. Summary of Intraoperative Hemodynamic Characteristics

Variable
ACEI

(n � 9028)
Non-ACEI

(n � 9028) P STD*
Vasopressor use, yes, no. (%) 6049 (67) 5,925 (66) 0.051 0.029
Ephedrine, mg 0 �0, 10� 0 �0, 10� 0.42 0.012
Phenylephrine, mg 0 �0, 300� 0 �0, 200� �.001 0.074
Epinephrine, mg 0 �0, 0� 0 �0, 0� 0.86 0.003
Estimated blood loss, cc 100 �20, 300� 100 �25, 300� 0.65 0.007
Crystalloid, L 3.1 �1.8, 4.4� 3.0 �1.8, 4.2� 0.08 0.026
Colloid, L 0 �0, 1� 0 �0, 1� 0.24 0.018
Systolic blood pressure, mm Hg

Baseline 137 � 22 136 � 22 �.001 0.065
Average during surgery 123 � 16 123 � 16 0.89 0.002

Diastolic blood pressure, mm Hg
Baseline 73 � 13 73 � 12 0.01 0.047
Average during surgery 66 � 10 66 � 10 0.61 0.008

Average intraoperative heart rate, beats/minute 72 � 11 71 � 11 �.001 0.078

Summary statistic is presented as percentage of patients, mean � SD, or median �Q1, Q3�, as appropriate. ACEI � angiotensin-converting enzyme inhibitors;
STD � standardized difference.

* Standardized difference (ACEI minus non-ACEI): the difference in means or proportions divided by the pooled standard deviation; �0.03 (i.e., 1.96 � �2/9028;
Peter Austin, Stat Med 2009) in absolute value indicates slight imbalance.
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in patients using ACEIs.27–29 Subsequently, intraoperative
hypotension was associated with increased risk of cardiac
adverse events and mortality.13,14

Again surprisingly, we were unable to demonstrate any
association between ACEI use and arterial blood pressure
despite considering several definitions of hypotension and
various phases of anesthesia. There was also no difference

in vasopressor use, or in crystalloid or colloid consumption.
Our hemodynamic results are consistent with Keterpal et
al.,30 who also did not identify an independent association
of ACEIs with hypotension, although concomitant use of
diuretics increased intraoperative hypotension. In another
study, patients taking ACEIs 10 hours before surgery had
an increased risk of moderate hypotension in the first 30

Table 7. Incidence of Intraoperative Hypotension Between Propensity Score Matched Angiotensin
Converting Enzyme Inhibitor (ACEI) Users and Nonusers

Intraoperative hypotension ACEI (n � 9028) Non-ACEI (n � 9028) STD*

Systolic blood pressure �90 mm Hg
for �5 minutes continuously, %

Start of case to inductiona 155 (2.0) 145 (1.9) 0.008
Induction to intubationb 56 (0.9) 65 (1.0) �0.016
Intubation to incisionb 1871 (29.1) 1847 (29.1) �0.000
Incision to closingc 1843 (26.7) 1801 (26.4) 0.006
Closing to emergenced 372 (6.6) 388 (7.0) �0.014
Emergence to end of caseb 181 (2.8) 201 (3.1) �0.018
Overall from start to end of casee 3208 (38.8) 3222 (39.1) �0.006

Occurrence of a drop of 35% or more in the
mean arterial pressure, %

Start of case to inductiona 384 (4.9) 407 (5.3) �0.016
Induction to intubationc 943 (14.6) 922 (14.5) 0.004
Intubation to incisionc 3649 (56.8) 3627 (57.2) �0.008
Incision to closingb 3527 (51.1) 3399 (49.9) 0.024
Closing to emergenced 1576 (28.0) 1465 (26.2) 0.040
Emergence to end of casec 1193 (18.6) 1137 (17.8) 0.023
Overall from start to end of casee 5060 (61.2) 5002 (60.7) 0.010

* Standardized differences (ACEI minus non-ACEI): the difference in proportions divided by the pooled standard deviation; �0.03 (i.e., 1.96 � �2/9028) in
absolute value indicates slight difference.
a 14%–15%. b 29%–30%. c 24%–25%. d 38%. e 8%–9%, patients in both groups had missing values.

Table 8. Incidence of Intraoperative Hypotension Among Patients Using Angiotens in Converting Enzyme
Inhibitor (ACEI) Only, ACEI with Beta-Blockers or Calcium Channel Blockers or Both, and Non-ACEI Users

Intraoperative hypotension
ACEI only

(n � 4074)
ACEI � beta
(n � 2880)

ACEI � calcium
(n � 1187)

ACEI � beta �
calcium

(n � 887)
Non-ACEI

(n � 9028) STD*† STD*‡ STD*§ STD*¶

Systolic blood pressure �90 mm Hg
for �5 minutes continuously, %

Start of case to inductiona 63 (1.8) 55 (2.2) 23 (2.2) 14 (1.8) 145 (1.9) �0.005 0.023 0.023 �0.010
Induction to intubationb 26 (0.9) 23 (1.1) 4 (0.5) 3 (0.5) 65 (1.0) �0.013 0.012 �0.064 �0.063
Intubation to incisionb 912 (31.1) 585 (28.8) 208 (24.6) 166 (26.7) 1847 (29.1) 0.044 �0.006 �0.103 �0.053
Incision to closingc 938 (30.2) 534 (24.2) 226 (24.9) 145 (21.3) 1801 (26.4) 0.082 �0.052 �0.034 �0.120
Closing to emergenced 181 (7.0) 99 (5.6) 55 (7.5) 37 (6.7) 388 (7.0) 0.003 �0.055 0.019 �0.010
Emergence to end of caseb 83 (2.9) 63 (3.1) 20 (2.4) 15 (2.4) 201 (3.1) �0.016 �0.000 �0.048 �0.047
Overall from start to end of casee 1578 (43) 985 (37) 375 (34) 270 (32) 3222 (39) 0.077 0.043 0.101 �0.142

Occurrence of a drop of 35% or
more in the mean
arterial pressure, %

Start of case to inductiona 122 (3.5) 169 (6.8) 41 (4.0) 52 (6.5) 407 (5.3) �0.086 0.064 �0.064 0.053
Induction to intubationb 411 (14.0) 332 (16.4) 106 (12.6) 94 (14.9) 922 (14.5) �0.015 0.052 �0.056 0.012
Intubation to incisionb 1588 (54.2) 1244 (61.3) 452 (53.3) 365 (58.8) 3627 (57.2) �0.060 0.085 �0.077 0.033
Incision to closingc 1573 (50.6) 1171 (53.0) 450 (49.7) 333 (49.0) 3399 (49.9) 0.013 0.063 �0.005 �0.019
Closing to emergenced 685 (26.6) 517 (29.3) 216 (29.3) 158 (28.6) 1465 (26.2) 0.009 0.069 0.068 0.054
Emergence to end of caseb 494 (17.0) 421 (21.0) 158 (18.6) 120 (18.9) 1137 (17.8) �0.020 0.081 0.021 0.030
Overall from start to end of casee 2231 (61) 1682 (63) 645 (59) 502 (60) 5002 (61) �0.001 0.051 0.037 0.012

Beta � beta blockers; calcium � calcium channel blockers.
* Standardized differences: difference in proportions divided by pooled standard deviation.

† ACEI only, minus non-ACEI; �0.04 (i.e., 1.96 � �(4074 � 9028)/(4074 � 9028)) in absolute value indicates slight difference.

‡ ACEI � beta blockers, minus non-ACEI; �0.04 (i.e., 1.96 � �(2880 � 9028)/(2880 � 9028)) in absolute value indicates slight difference.

§ ACEI � calcium channel blockers, minus non-ACEI; �0.06 (i.e., 1.96 � �(1187 � 9028)/(1187 � 9028)) in absolute value indicates slight difference.

¶ ACEI � beta blockers � calcium channel blockers, minus non-ACEI; �0.07 (i.e., 1.96 � �(887 � 9028)/(887 � 9028)) in absolute value indicates slight
difference.
a 10%–15%. b 28%–30%. c 23%–25%. d 37%–39%. e 6%–10%, patients in all 5 groups had missing values.
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minutes after anesthetic induction, although there was no
difference at any other time point, and no difference in
vasopressor use.31 Available information thus suggests that
ACEIs either do not provoke intraoperative hypotension, or
that the effect is modest.

Similar controversy surrounds the relationship between
ACEI and perioperative mortality and morbidity. For
example, ACEI use in patients with left ventricular dys-
function was independently associated with reduced
in-hospital mortality in patients having major vascular
surgery.5 In contrast, ACEI therapy was associated with
increased mortality in patients having coronary artery
bypass grafting surgery.13 And in a recent cohort study,
mortality was increased in patients undergoing elective
open abdominal aortic aneurysm repair.14 Our results are
consistent with those of the IMAGINE (Ischemia Manage-
ment with Accupril Post Bypass Graft via Inhibition of
Angiotensin Converting Enzyme) multicenter randomized
trial, which included 2553 patients and found that ACEI
use did not promote cardiovascular events or worsen
postoperative mortality.32

Considering the variable and sparse available literature,
it is perhaps unsurprising that there is no consensus among
clinicians as to whether to continue or withhold ACEIs
before surgery: some suggest stopping ACEIs before sur-
gery to reduce the risk of intraoperative hypotension,
others suggest continuing ACEIs to avoid rebound hyper-
tension, and yet others suggest stopping ACEIs only in
patients taking multiple antihypertensive medications to
avoid “double hits.” Our practice at the Cleveland Clinic is
to ask patients not to take ACEIs the morning of surgery
and also to resume the day of the surgery or after surgery.
This abstinence period from last dose is more than the
half-life of most ACEIs. It remains possible that significant
and clinically important differences in arterial blood pres-
sure and mortality might have been observed had ACEIs
been continued through the morning of surgery.

Our study and that of Keterpal et al.30 included a broad
range of surgical patients, whereas most others were re-
stricted to various high-risk populations, which limited
their generalizability. In contrast, we included both serious
and minor procedures; it is also likely that our patients had
fewer baseline comorbidities than those in previous stud-
ies. An advantage of a registry analyses is that the sample
sizes are large, and the results thus presumably generaliz-
able. Furthermore, inclusion criteria are uniform, and reli-
ability is enhanced by consistent data collection. There are
nonetheless distinct limitations to retrospective analyses.
Most importantly, retrospective analysis reduces the pro-
tections against selection bias and confounding that are
normally provided by randomization. However, our use of
sophisticated statistical techniques, especially propensity
matching, presumably improves validity of the analysis.

An additional limitation is that our outcomes, aside
from 30-day mortality, are based on in-hospital ICD-9
billing codes rather than being specifically and prospec-
tively evaluated. It is thus likely that some clinically
important in-hospital events, such as silent myocardial
infarctions, were not recorded. Another important limita-
tion is related to preoperative compliance of the patients
with the use ACEI and the reinitiation of ACEI after

surgery. Furthermore, no postdischarge events were in-
cluded. To the extent that outcomes occurred postopera-
tively or were missed through incomplete coding, reported
frequencies will underestimate the true incidence. But
unless outcome identification in our registry is biased,
reported ORs will remain accurate.

Perhaps the most serious limitation of our analysis is
that while we routinely ask patients not to take ACEIs the
morning of surgery, we do not actually know whether they
did or did not. We note, though, that taking ACEIs the
morning of surgery would presumably worsen results
rather than the reverse. Our conclusion that pulmonary and
hemodynamic complications and mortality are not wors-
ened by chronic ACEI use (stopped the morning of surgery)
is thus probably valid.

In summary, we did not observe an association between
use of ACEIs and intraoperative or postoperative upper-
airway complications. Furthermore, ACEI use was not
associated with worsened hypotension, more complica-
tions, or increased 30-day mortality. Considering all avail-
able data, we conclude that insufficient evidence supports
the theory that ACEI use, discontinued on the morning of
surgery, augments the risk of upper-airway complications,
or of serious complications or mortality.
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