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BACKGROUND: Angiotensin-converting enzyme inhibitors
(ACE-Is) are a widely used class of cardiovascular medica-
tion. However, limited data exist on the risks of postopera-
tive nonresumption of an ACE-I.

OBJECTIVE: To evaluate the factors and 30-day mortality
risks associated with the postoperative nonresumption of
an ACE-I.

DESIGN: A retrospective cohort study.

SETTING: Veterans Affairs (VA) Healthcare System.

PATIENTS: A total of 294,505 admissions in 240,978
patients with multiple preoperative prescription refills (>3)
for an ACE-I who underwent inpatient surgery from calendar
years 1999 to 2012.

INTERVENTION: None.

MEASUREMENTS: We classified surgical admissions
based upon the timing of postoperative resumption of an
ACE-I prescription from the day of surgery through postop-
erative days 0 to 14 and 15 to 30, and collected 30-day

mortality data. We evaluated the relationship between 30-
day mortality and the nonresumption of an ACE-I from post-
operative day 0 to 14 using proportional hazard regression
models, adjusting for patient- and hospital-level risk factors.
Sensitivity analyses were conducted using more homoge-
neous subpopulations and propensity score models.

RESULTS: Twenty-five percent of our cohort did not resume
an ACE-I during the 14 days following surgery. Nonresump-
tion of an ACE-I within postoperative day 0 to 14 was inde-
pendently associated with increased 30-day mortality
(hazard ratio: 3.44; 95% confidence interval: 3.30-3.60;
P< 0.001) compared to the restart group. Sensitivity analy-
ses maintained this relationship.

CONCLUSIONS: Nonresumption of an ACE-I is common after
major inpatient surgery in the large VA Health Care System.
Restarting of an ACE-I within postoperative day 0 to 14 is, how-
ever, associated with decreased 30-day mortality. Careful atten-
tion to the issue of timely reinstitution of chronic medications
such as an ACE-I is indicated. Journal of Hospital Medicine
2014;9:289–296. 2014 Society of Hospital Medicine

Perioperative medication management requires careful
consideration, because surgical patients, especially older
ones, may be receiving multiple medications for the
treatment of acute or chronic comorbidities.1 Because
patients often present to surgery stabilized on their drug
regimens, nonresumption of medications for chronic
conditions may be problematic in controlling underlying
diseases.2 For example, nonresumption of cardiovascular
medications such as b-blockers postoperatively has been
shown to lead to increased longer-term mortality.3 Little

data, however, exist to guide practitioners on the post-
operative management risks for another widely used
class of cardiovascular medication: angiotensin-
converting enzyme inhibitors (ACE-Is).4

About 170 million prescriptions for an ACE-I are dis-
pensed in the United States annually, which reflects a
multiple criteria for their use including hypertension,
heart failure, ischemic heart disease, coronary disease
risk, diabetes mellitus, chronic kidney disease, recurrent
stroke prevention, and vascular disease.5–7 ACE-Is have
been shown to improve outcomes in patients with ische-
mic heart disease and heart failure.8,9 An observational
study found that perioperative use of an ACE-I in coro-
nary artery bypass grafting (CABG) patients was associ-
ated with increased mortality, use of vasopressors, and
postoperative acute renal failure.10 Data also indicate
that patients who continue the use of an ACE-I perioper-
atively can experience severe hypotension.11 As a result,
some have recommended that consideration be given to
not restarting the ACE-I perioperatively, especially with
hypertensive patients undergoing noncardiac surgery.12

However, little evidence exists to document benefits and
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risks of not restarting an ACE-I in surgical patients for
various intervals. To evaluate these risks, we tested the
hypothesis that postoperative nonresumption of an
ACE-I occurs frequently for broad cohorts of Veterans
Affairs (VA) surgery patients within the first 14 days and
is associated with increased 30-day mortality.

MATERIALS AND METHODS
After institutional review board approval (University of
California, San Francisco), we examined surgeries con-
ducted at hospitals at 120 stations within the VA Health
Care System (VAHCS). The VAHCS is the largest inte-
grated healthcare system in the United States, with long-
standing electronic medical records capturing detailed
demographic, pharmacy, and mortality information.13

Data were extracted from Medical Statistical Analysis Sys-
tem (SAS)V

C

and Corporate Data Warehouse (CDW) files
in the VA Informatics and Computing Infrastructure.14

Development of the Study Population

To identify surgery patients who were consistently pre-
scribed an ACE-I preoperatively (Figure 1), we first

located 1,213,086 surgical admissions in 846,454 patients
from 1999 to 2012 using Medical SAS files and classified
them by specialty of the surgeon (eg, neurosurgery, ortho-
pedic, urology, cardiothoracic, general, vascular, plastic,
and other [such as gynecology]). We identified comorbid-
ities and cardiovascular risk factors from inpatient/outpa-
tient diagnosis files in the CDW using International
Classification of Diseases (ICD-9) diagnosis codes (see
Supporting Information, Tables 1 and 2, in the online ver-
sion of this article). To ensure chronic preoperative ACE-I
use, we included surgeries with �3 outpatient prescrip-
tion fills of an ACE-I and <180-day gap. ACE-Is included
benazepril, captopril, enalapril, fosinopril, lisinopril, peri-
ndopril, quinapril, and ramipril. We excluded cases with
a surgery in the prior 90 days and missing diagnosis
codes. Our final population was comprised of 294,505
surgical admissions in 240,978 patients.

Postoperative Medication Use
We defined patients as postoperative “restart (0–14
days)” if an ACE-I was administered in-hospital (oral

FIG. 1. Selection of patients. Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor.
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or intravenous) or a postdischarge outpatient ACE-I
prescription was filled in the 14 days following surgery.
In absence of ACE-I administration or prescription dur-
ing postoperative days 0 to 14, patients were classified
as “no restart (0–14 days).” Intraclass changes from
one ACE-I to another were considered a restart if they
occurred within 0 to 14 days of surgery. We also
tracked ACE-I prescription fills through postoperative
day 15 to 30 (ie, restart [15–30 days]) and noted admin-
istration or filling of oral medications. Oral medications
were classified as tablets or caplets in formularies.

Patient Characteristics
We categorized patients by age strata: <60, 61 to 70,
71 to 90, and >90 years old; gender; and epochs (every
3–4 years starting from calendar year 1999). We
tracked prior surgery admissions and length of stay.

Hospital Factors
To account for clustering of surgeries and hospital-
related factors affecting ACE-I use practices, we

TABLE 1. Demographics and Risk Factors of the
Study Sample Stratified by Mortality at 30 Days

Parameter

Surgeries, No. (%),

Total 5 294,505

Died by 30-Days,

Total 5 9,227

P

Value

No restart, 0–14 days* 59,949 (20%) 7.3% <0.001
Restart, 0–14 days† 220,317 (75%) 2.1%
Restart, 15–30 days‡ 14,239 (5%) 1.7%
Age, y
<60 74,326 (14%) 1.7% <0.001
61–70 97,731 (24%) 2.3%
71–90 119,775 (60%) 4.6%
>90 2,673 (1%) 6.9%

Gender
Female 7,186 (2%) 1.6% <0.001
Male 287,319 (98%) 3.2%

Indications for use of ACE-I§

Hypertension 270,486 (92%) 2.8% <0.001
Ischemic heart disease 129,212 (44%) 3.8% <0.001
Vascular disease 75,410 (26%) 3.7% <0.001
Heart failure 59,809 (20%) 5.7% <0.001
Chronic kidney disease 8,804 (3%) 4.9% <0.001
Diabetes mellitus 170,320 (58%) 3.0% <0.001
Coronary disease risk§ 280,958 (95%) 3.1% <0.001
Stroke 22,285 (8%) 5.2% <0.001

Comorbidity scorek

0 72,126 (24%) 1.4% <0.001
1 59,609 (20%) 1.5%
2– 4 116,914 (40%) 3.5%
>4 45,856 (16%) 7.0%

Preoperative ACE-I gap, days¶

0–45 21,383 (7%) 3.7% <0.001
46–90 30,237 (10%) 3.8%
91–180 242,885 (83%) 3.0%

Surgical specialty
General 98,210 (33%) 4.6% <0.001
Neurosurgery 15,423 (5%) 2.3%
Orthopedic 51,600 (18%) 1.9%
Plastic 12,547 (4%) 3.8%
Thoracic 44,728 (15%) 3.2%
Urology 34,595 (12%) 1.5%
Vascular 34,228 (12%) 2.8%
Other (gynecology) 3,174 (1%) 1.4%

Year of surgery
1999–2002 66,689 (23%) 4.2% <0.001
2003–2005 75,420 (26%) 3.4%
2006–2008 76,563 (26%) 2.8%
2009–2012 75,833 (26%) 2.2%

No. of prior surgeries
0 215,443 (74%) 3.2% 0.413
1 56,419 (19%) 3.1%
�2 22,643 (7%) 3.1%

Length of stay, d
1 40,538 (14%) 1.4% <0.001
2–3 59,817 (20%) 1.4%
4–7 83,366 (28%) 2.0%
8–21 83,379 (28%) 4.7%
>21 27,405 (9%) 8.0%

Center surgical volume quartile**
0%–25% 74,846 (25%) 3.7% <0.001
25%–50% 74,569 (25%) 3.1%
50%–75% 69,947 (24%) 2.8%
75%–100% 75,143 (26%) 2.8%

Center restart quartile††

0%–25% 73,750 (25%) 3.1% 0.014
25%–50% 81,071 (28%) 3.0%
50%–75% 83,952 (29%) 3.3%
75%–100% 55,732 (19%) 3.2%

TABLE 1. Continued

Parameter

Surgeries, No. (%),

Total 5 294,505

Died by 30-Days,

Total 5 9,227

P

Value

No complication 80,700 (27%) 1.3% <0.001
Minor complication‡‡ 181,924 (62%) 4.2% <0.001
Major complication§§ 46,977 (16%) 8.3% <0.001
Complications

Arrhythmia 3,037 (1%) 2.0% <0.001
Bleeding 12,887 (4%) 4.8% <0.001
Deep venous thrombosis 6,075 (2%) 3.6% <0.001
Myocardial infarction 9,114 (3%) 7.7% <0.001
Pneumonia 109,660 (37%) 5.1% <0.001
Pulmonary embolism 5,064 (2%) 6.2% <0.001
Renal failure 25,513 (9%) 11.0% <0.001
Sepsis 5,846 (2%) 16.5% <0.001
Stroke 19,546 (7%) 5.0% <0.001
Urinary tract infection 32,548 (11%) 4.9% <0.001

NOTE: Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor

*No restart (0–14 days) 5 no ACE-I from postoperative day 0 to 14.

†Restart (0–14 days) 5 angiotensin converting enzyme inhibitors (ACE-I) restarted from postoperative day
0 to 14.

‡Restart (15–30 days) 5 ACE-I restarted from postoperative day 15 to 30. §Patients may have more than 1
potential indication for use of an ACE-I.

§Coronary disease risk is defined as the presence of 2 or more of the following heart disease risk factors:
acute myocardial infarction, cardiovascular disease, chronic heart failure, hypertension, hyperlipidemia, dia-
betes with or without complications, smoking, age >60 years.
kComorbidities were aggregated using an approach reported by Gagne et al. that combines the Charlson

and Elixhauser measures.
¶Preoperative ACE-I gap was defined as the number of days without a fill of an ACE-I prescription.

**Center surgical volume quartiles were defined using the total number of surgeries done at a hospital for
the study period (1999–2012).

††Center restart quartiles were defined using the total number of surgery patients who were restarted on
their ACE-I by 14 days at a hospital for the study period.

‡‡Minor complications were based on the presence of 1 or more of the following complications: arrhyth-
mia, postoperative bleeding, deep venous thrombosis, pneumonia, pulmonary embolism, sepsis, and uri-
nary tract infection.

§§Major complications were based on the presence of 1 or more of the following complications: myocar-
dial infarction, renal failure, and stroke.
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divided hospitals into quartiles of (1) total surgical
volume based on total number of surgeries done at a
hospital from 1999 to 2012 (0%–25%, n<2378;
50%, n 5 3498; 75%, n 5 4531; highest surgical vol-
ume, 8162); and (2) percent of cases restarted on
ACE-I at 14 days (71%, 76%, 79%, and 100%).

Indications, Patient Illness Severity, and Complications
We determined probable indications for ACE-I usage
(ie, heart failure) and comorbidities using ICD-9 codes
in medical records prior to surgical admissions (see Sup-
porting Information, Tables 1 and 2, in the online ver-
sion of this article). Comorbidities were aggregated
using algorithms developed by Gagne aggregating
comorbidity conditions (defined by Elixhauser) into
scores similar to Charlson scores.15 The Gagne score
has higher correlation with 30-day, 90-day, 180-day,
and 1-year mortality than Charlson scores.15

After evaluating secondary diagnosis codes in the clinic
or hospital visits prior to surgery date, complications
were defined using codes newly incident after surgery and
up to 90 days following discharge. We organized compli-
cations into “major” and “minor.” Major complications
were myocardial infarction, renal failure, and stroke;
minor complications included arrhythmia, postoperative
bleeding, deep venous thrombosis, pneumonia, pulmo-
nary embolism, sepsis, and urinary tract infection.

Mortality
Deaths were ascertained from VA Vital Status files.

Statistical Analysis

The unit of analysis was surgical episode; surgeries
were stratified by 30-day mortality. We evaluated dif-
ferences between the 2 groups using v2 tests account-
ing for restarting of an ACE-I through day 30, risk
factors, patient, and hospital-stay characteristics. We
also compared those who did not restart from postop-
erative day 0 to 14 and 15 to 30 to all others who did
not restart at any point up to 90 days. Independent
variables included age, gender, indications for ACE-I,
comorbidity burden, type and year of surgery, previ-

ous hospitalizations, length of stay, and complica-
tions. To account for site-related effects and clustering
of observations (ie, surgeries within hospitals), we
included quartiles of hospital volume and hospital
rates of ACE-I restart in models and used cluster com-
mand in Stata (StataCorp, College Station, TX).

Risk of Mortality

We developed Cox regression models to examine 30-
day mortality risks between restart (0–15 days) and
restart (15–30 days) groups to a reference group of
patients who did not restart in the first 14 days after
surgery (ie, no restart [0–14 days]). We considered
those who had restarted their ACE-I beyond day 14
and excluded these from comparisons to the no restart
group. Independent variables included age, gender,
indications for ACE-I usage, comorbidity, type and
year of surgery, previous hospitalizations, length of
stay, quartiles of hospital surgical volume and rates of
restarting an ACE-I, and complications.

Sensitivity Analyses

Using Cox regression, we tested robustness of results
regarding no restart (0–14 days) versus restart (0–14
days) in subsets after excluding patients who died post-
operative day 0 to 2 and those with no oral medications
on postoperative day 0 to 14, those with low comorbid-
ity burden, within subtypes of surgery, and by surgical
episode. To evaluate confounding by indication, we
examined subsets without major complications and after
excluding patients who died postoperative day 0 to 14.
We then developed a propensity score model using quin-
tiles to estimate average treatment effects associated
with no restart (0–14 days).16 A propensity score reflect-
ing the probability of ACE-I administration at 14 days
was developed using logistic regression accounting for
all independent variables. For analyses, we considered a
2-tailed P value of �0.05 as statistically significant. Stata
12.1 software (Stata Corp.) was used.

RESULTS
Table 1 describes the characteristics and 30-day mor-
tality rates for our cohort. By postoperative day 14,

TABLE 2. Risk of 30-day Mortality Associated With No Restart vs Restart of an ACE-I

Unadjusted Hazard for 30-Day Mortality (OR [95% CI]) Adjusted hazard for 30 day mortality (OR [95% CI])

Restart (0–14 Days) (Referent)* No Restart, 0–14 Days† Restart, 15–30 Days‡ Restart, 0–14 Days (Referent) No Restart, 0–14 Days Restart, 15–30 Days

1 3.44 (3.30–3.60)§ 0.23 (0.20–0.26)§ 1 2.79 (2.67–2.92)§ 0.24 (0.21–0.28)§

Restart, 0–14 Days (Referent) No Restart, 0–14 Days NA Restart, 0–14 Days (Referent) No Restart, 0–14 Days NA

1 2.92 (2.80–3.05)§ NA¶ 1 2.39 (2.29–2.50)§ NA¶

NOTE: Abbreviations: ACE-I, angiotensin-converting enzyme inhibitors; CI, confidence interval, NA, nonapplicable; OR, odds ratio.

*Restart (0–14 days) 5 ACE-I restarted from postoperative day 0 to 14.

†No restart (0–14 days) 5 no ACE-I from postoperative day 0 to 14.

‡Restart (15–30 days) 5 ACE-I restarted from postoperative day 15 to 30.

§All P values were statistically significant (P<0.001).

¶Restart day 15-30 was not included in this model.
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75% of the study sample (n 5 220,317) had restarted
an ACE-I (Figure 1). Our sample consisted primarily
of older men with a substantial comorbidity burden
and multiple indications for an ACE-I. Most patients
had 1 surgical episode, with the largest fraction under-
going general surgery overall. A third of the cases had
lengths of stay >1 week, and surgeries occurred
throughout the study period. The largest number of
surgeries was noted for centers in 75% to 100% sur-
gical volume and 50% to 75% restart quartiles. Most
surgeries had no or minor complications.

The no restart (0–14 days) group had a higher 30-
day mortality rate (7.3%) compared to those who
restarted by postoperative day 14 (2.1%) or 30
(1.7%). The highest mortality rates were found in
patients aged >90 years, with a >4 comorbidity index
or hospital stays >3 weeks, and those experiencing
major postoperative complications.

30-Day Mortality

Table 2 indicates that nonresumption of an ACE-I
from postoperative day 0 to 14 was independently
associated with an approximately 2.5-fold increased
risk of 30-day mortality (hazard ratio [HR]: 3.44;
95% confidence interval [CI]: 3.30-3.60; P< 0.001).
Lower hazard ratios were noted when patients who
restarted postoperative days 15 to 30 were included in
models (HR: 2.79; 95% CI: 2.67-2.92; P<0.001).

The sensitivity analyses illustrate the durability of
treatment effects (Table 3). After excluding patients
who died during days 0 to 2 and without a record of
receiving an oral medication by postoperative day 14,
ACE-I nonresumption was associated with an 88%
increase in 30-day mortality risk (HR: 1.88; 95% CI:
1.79-1.98; P<0.001). Similar increased risks were
seen in patients with less comorbidity for each spe-
cialty and for those who did not experience a major

complication. In data not shown, adjusting by propen-
sity score did not modulate treatment effects (HR for
no restart [0–14 days]: 3.03; 95% CI: 2.78-3.30;
P< 0.001).

Other factors associated with increased 30-day mor-
tality are displayed in Table 4. The risk associated
with not restarting an ACE-I was similar to effect of
age >90years and a >4 comorbidity index.

DISCUSSION
The results from this national retrospective study con-
firm our hypothesis that nonresumption of an ACE-I
for 14 or more postoperative days occurs frequently for
VA surgery patients. However, we found that nonre-
sumption of an ACE-I during the first 2 weeks after sur-
gery is independently associated with increased 30-day
mortality. Our study is one of the first to examine the
patterns and risks of postoperative ACE-I management
across a large and varied surgical population.11,17

The lack of inpatient and outpatient ACE-I prescrip-
tion use by postoperative day 14 across multiple sur-
gery classes suggests that surgical patients may be prone
to short-term nonresumption of an ACE-I. Our inten-
tion in using a 14-day window to evaluate restarting
strategies was to account for immediate postoperative
management. After surgery, careful appraisal of
whether medications should be restarted is often neces-
sary in the face of substantially deranged physiology,
hypercoagulability, and blood loss.18 After physiologic
stabilization over several days, cardiovascular drugs are
usually restarted thereafter to help manage chronic
comorbidities.19 One immediate conclusion from our
findings is that ACE-I are commonly discontinued peri-
operatively (potentially due to concerns for hypoten-
sion), and are often not restarted.20–25

Our rates of ACE-I nonresumption are comparable
to rates of nonresumption reported postoperatively for

TABLE 3. Sensitivity Analyses: Risk of 30-Day Mortality Associated With ACE-I No Restart (0–14 Days)

Population Unadjusted Hazard Ratio (95% CI)* Adjusted Hazard Ratio (95% CI)*

Exclude patients who died day 0–2 or no record of oral medications days 0–14 2.29 (2.18–2.40) 1.88 (1.79–1.98)
Cases with 0–2 comorbidity score† 1.92 (1.74–2.12) 1.72 (1.55–1.90)
Only cardiothoracic surgery cases† 2.07 (1.83–2.35) 1.94 (1.70–2.21)
Only neurosurgery cases† 1.49 (1.10–2.02) 1.46 (1.07–2.00)
Only orthopedic surgery cases† 2.48 (2.12–2.91) 2.17 (1.84–2.55)
Only urologic surgery cases† 1.92 (1.58–2.34) 1.37 (1.12–1.68)
Only first surgery cases† 2.22 (2.09–2.35) 1.86 (1.75–1.97)
Subsequent surgery cases† 2.49 (2.27–2.73) 1.96 (1.78–2.16)
Cases with no major complications† 2.49 (2.36–2.64) 2.25 (2.12–2.38)
Exclude patients who died within the first 14 days after surgery‡ 2.26 (2.11–2.41) 1.66 (1.55–1.78)

NOTE: All analyses are for 30–day mortality for no restart (0–14 days) (ie, no ACE-I from postoperative day 0 to 14). The reference group was restart (0–14 days) (ie, ACE-I restarted on postoperative day 0 to 14). All subpopulations
were developed excluding patients who were unable to take oral medications. Sensitivity analyses used Cox regression and included all independent variables from the main model unless not indicated by population definition:
age, gender, comorbidity score, indications for ACE-I use, type and year of surgery, previous hospitalizations, length of stay, quartiles of hospital volume, quartiles of hospital rates of ACE-I restart, and complications.

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; CI, confidence interval.

*The P values for all unadjusted and adjusted hazard ratios were statistically significant (P<0.001).

†Excluding those who died on day 0 to 2 or had no record of oral medications days 0 to 14.

‡Excluding those who had no record of oral medications days 0 to 14.
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other medications and raise concerns for inadequate
medication reconciliation in surgical cohorts. Bell
et al. conducted a population-based cohort study of
patients undergoing elective surgery and found that
11.4% of 45,220 patients chronically prescribed war-
farin were not restarted by postoperative day 180.22 A
subsequent study showed intensive care unit (ICU)
admission was associated with increased rates of not
restarting 4 of 5 medication groups (range, 4.5%–
19.4%; statins, antiplatelet/anticoagulant agents, levo-
thyroxine, respiratory inhalers, and gastric acid-
suppressing drugs).21 One-year follow-up showed ele-
vated odds for the secondary composite outcome of
death in the statins group (odds ratio [OR]: 1.07;
95% CI: 1.03-1.11) and antiplatelet/anticoagulant
agents group (OR: 1.10; 95% CI: 1.03-1.16). Drenger
et al. noted a 50% rate for no restart of ACE-I after
CABG surgery; restarting was associated with a
decreased composite outcome of cardiac, cerebral, and
renal events and in-hospital mortality (OR: 0.50; 95%
CI: 0.38-0.66).26 Because medication management has
been noted to be problematic at care transitions, the
inpatient medication reconciliation recommendations
articulated in recent Joint Commission National
Patient Safety Goals may be particularly relevant for
high-risk surgical patients who experience multiple
transitions of care (ie, operating room to ICU to surgi-
cal ward to rehabilitation unit to discharge).19,24,27

In examining the crucial interval for the surgical
patient—the postoperative period when medication
changes are common—we found a nearly 2.5-fold

increase in risk for 30-day mortality associated with
nonresumption of an ACE-I.4,19,28 We also noted that
those who were restarted later on day 15 to 30 fared
better than those not restarted (Table 2). Similar effect
sizes have been found with postoperative nonresump-
tion of other cardiovascular medications. Not restart-
ing chronic b-blocker treatment after surgery is
associated with a significant 1-year mortality risk
(HR: 2.7; 95% CI: 1.2–5.9).29 Postoperative statin
withdrawal (>4 days) is an independent predictor of
postoperative myonecrosis (OR: 2.9; 95% CI: 1.6-
5.5).30,31 Biologic mechanisms contributing to mortal-
ity after a temporary failure to restart an ACE-I are
speculative and were not addressed in this study.
Potential mechanisms may lie with hypertensive
rebound and associated cardiac decompensation.
Withdrawing an ACE-I can cause rapid increases in
blood pressure within 48 hours on home self-
measured blood pressure in hypertensive patients and
in diabetic patients with chronic renal failure.32,33

Patients with heart failure or coronary artery disease
may then experience myocardial ischemia in the con-
text of elevated blood pressure. Not restarting an
ACE-I may also lead to compromised microcirculatory
flow with renal complications and mortality.34,35

Alternative explanations for the magnitude of our
findings may lie with unmeasured confounders. Our
analysis did not evaluate potential interactions arising
from the failure to restart of all other medications (eg,
b-blockers) or evaluate changes to angiotensin recep-
tor blockers (ARBs). In addition, our study lacked

TABLE 4. Factors Associated With Increased 30-Day Mortality

Parameter Reference Group Unadjusted Hazard Ratio (95% CI)* Adjusted Hazard Ratio (95% CI)*

No restart (0–14 days)† Restart (0–14 days)‡ 2.92 (2.80–3.05) 2.39 (2.29–2.50)
Age, y

61–70 Age <60 years 1.33 (1.24–1.43) 1.36 (1.26–1.46)
71–90 2.72 (2.55–2.90) 2.01 (1.89–2.30)
>90 4.05 (3.45–4.76) 2.70 (2.18–3.74)
Male Female 2.11 (1.74–2.57) 1.54 (1.27–1.88)

Comorbidity score
2–4 1 2.19 (2.06–2.33) 1.36 (1.27–1.45)
>4 4.57 (4.29–4.87) 1.97 (1.82–2.13)

Center surgical volume quartile
0–25th percentile 76th–100th percentile 1.35 (1.28–1.43) 1.21 (1.14–1.29)
26th–50th percentile 1.11 (1.04–1.18) 1.05 (0.99–1.12)

Indications
Heart failure No heart failure 2.23 (2.14–2.34) 1.19 (1.12–1.26)

Year of surgery
1999–2002 2006–2008 1.49 (1.41–1.58) 1.07 (1.01–1.13)
2003–2005 1.21 (1.45–1.29) 1.13 (1.06–1.20)

NOTE: Analysis is for 30–day mortality for no restart (no ACE-I postoperative day 0–14). The reference group was restart (0–14 days) (ie, ACE-I restarted on postoperative day 0–14). Cox regression included all independent varia-
bles: age, gender, comorbidity score, indications for ACE-I use, type and year of surgery, previous hospitalizations, length of stay, quartiles of hospital volume, quartiles of hospital rates of ACE-I restart, and complications.

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; CI, confidence interval.

*All P values were statistically significant (P< 0.001).

†No restart (0–14 days): ACE-I postoperative day 0–14.

‡Restart (0–14 days): ACE-I restarted on postoperative day 0 to 14.
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data on health system variations or emergent versus
elective surgeries. However, a key starting point of
our analysis was distinguishing between purposeful
versus potentially unintentional nonresumption of an
ACE-I. To accomplish this, we included patients who
had at least 3 prescription ACE-I fills prior to surgery,
evaluated the preoperative indications for an ACE-I
and the ability to take postoperative oral medications
(eg, immortal time bias), and accounted for minor
and major postoperative complications.

To address bias from unmeasured confounders, we
conducted sensitivity analyses in more homogeneous
subpopulations. With each sensitivity analysis, we
found consistently strong associations between
increased 30-day mortality and nonresumption of an
ACE-I (Table 3). Strong effects were observed in
patients without major complications and with low
comorbidity burdens, patients in whom we would not
expect an effect. Because deaths in postoperative day 0
to 2 could be attributed to surgical factors (ie, hemor-
rhage) or that patients who did not restart an ACE-I in
postoperative day 0 to 14 were too sick to tolerate oral
medications, we excluded these patients along with
patients who died before postoperative day 14. Both
sensitivity analyses maintained our primary finding.
Somewhat attenuated risks were found when we exam-
ined ACE-I nonresumption by individual surgery types,
perhaps reflective of differences in comorbidity burden.

Finally, although this study did not examine predic-
tors of nonresumption, our models showed that in the
context of postoperative ACE-I management, factors
including increasing age, being male, those with heart
failure, and surgeries conducted in centers with low
surgical volume were associated with increased 30-day
mortality (Table 4). Future research might consider
how reinstitution of an ACE-I occurs in these subpo-
pulations to identify potential mechanisms for
nonresumption.

Our study has several strengths. We examined
patients over a decade, considered all major types of
surgery, and studied patients across a healthcare sys-
tem. Moreover, we used computerized prescription
data and medical records (eg, discharge diagnosis,
ICD-9 codes) to derive risk factors. VA prescription
data are standardized and accurate because of inten-
sive efforts to contain costs.36 Within VA data, the
estimated sensitivity of computerized diagnoses
exceeds 80% in the administrative files, with specific-
ity of 91% to 100% for common diagnoses such as
coronary artery disease.37 These records also carefully
and accurately identify death.38

We also identified potential limitations to our study.
First, a retrospective, observational, cohort study may
be prone to selection bias, and therefore we report
associations that are not necessarily causal relation-
ships. However, our methods are supported by the
fact that we developed a large study sample consisting
of consecutive surgical patients over a decade and

noted large effect sizes across multiple subpopulations.
Second, for group assignment, we used prescription
records rather than medication administration data.
Nevertheless, a cohort analysis focusing on exposure
is standard for epidemiologic studies and shows out-
comes of care resulting from daily clinical practice.39

Third, we did not study the cause of death, data that
may help to identify potential causal pathways
between not restarting an ACE-I and mortality.
Fourth, our results come from VA medical centers and
so may not be generalizable to non-VA institutions.
However, the length of observation under conditions
of routine clinical practice at multiple medical centers
and a diverse set of surgical procedures support the
external validity of our study results. Fifth, we did not
have clinical data accounting for surgeon-level effects
potentially affecting rates of nonresumption of an
ACE-I, American Society of Anesthesiology physical
status, information on perioperative hypotension or
vasopressors, or the presence of a postoperative pri-
mary care visit.

In conclusion, in the VA Healthcare System, tempo-
rary nonresumption of an ACE-I is common. Postop-
erative nonresumption of an ACE-I, although
sometimes indicated and appropriate, is associated
with increased risk of mortality. Careful attention to
the issue of eventual reinstitution of medications for
chronic conditions, such as an ACE-I, is indicated to
avoid unnecessary mortality. Because early experience
showed that dose titration was a key for successful
application of an ACE-I, practitioners may also need
to consider dose modification rather than simply con-
tinuation or not restarting.40 Future research is needed
to confirm our results in other healthcare systems and
to define mechanisms that link postoperative nonre-
sumption of an ACE-I to mortality.
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