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Background: Past research has identified aortic stenosis (AS) as a major risk factor for adverse outcomes in
noncardiac surgery; however, more contemporary studies have questioned the grave prognosis. To further our
understanding of this, the risks of a 30-day major adverse cardiovascular event (MACE) and all-cause mortality
were investigated in a contemporary Danish cohort.
Hypothesis: AS is not an independent risk factor for adverse outcomes in noncardiac surgery.
Methods: All patients with and without diagnosed AS who underwent noncardiac surgery in 2005 to 2011
were identified through nationwide administrative registers. AS patients (n = 2823; mean age, 75.5 years,
53% female) were matched with patients without AS (n = 2823) on propensity score for AS and surgery type.
Results: In elective surgery, MACE (ie, nonfatal myocardial infarction, ischemic stroke, or cardiovascular death)
occurred in 66/1772 (3.7%) of patients with AS and 52/1772 (2.9%) of controls (P = 0.19), whereas mortality
occurred in 67/1772 (3.8%) AS patients and 51/1772 (2.9%) controls (P = 0.13). In emergency surgery, 163/1051
(15.5%) AS patients and 120/1051 (11.4%) controls had a MACE (P = 0.006), whereas 225/1051 (21.4%) vs
179/1051 (17.0%) AS patients and controls died, respectively (P = 0.01). Event rates were higher for those with
symptoms (defined as use of nitrates, congestive heart failure, or use of loop diuretics), compared with those
without symptoms (P < 0.0001).
Conclusions: AS is associated with high perioperative rates of MACE and mortality, but perhaps prognosis is,
in practice, not much worse for patients with AS than for matched controls. Symptomatic patients and patients
undergoing emergency surgery are at considerable risks of a MACE and mortality.
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Introduction
Aortic stenosis (AS) is an established risk factor for poor
outcomes in noncardiac surgery.1–3 Much of the available
data on clinical outcomes of AS has, however, been obtained
from studies carried out more than a decade ago.3,4 In
recent times, surgical and anesthesia techniques, as well
as cardiovascular medicine, have undergone significant
changes, which may or may not have influenced the
outcomes associated with AS in noncardiac surgery. A
recent observational case-control study of 256 patients
with severe AS and 256 matched controls undergoing
intermediate- or high-risk noncardiac surgery (2000–2010)
at the Mayo Clinic showed encouraging outcomes on
30-day perioperative risk of mortality and major adverse
cardiovascular event (MACE). Albeit increased, MACE
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rates were lower in the latter cohort than those of some of
previous reports (18.8% in AS vs 10.5% in controls).5 Based on
the study, Osnabrugge et al discussed in an accompanying
editorial whether it was time to change guidelines and
perhaps downplay the role of AS as a perioperative risk factor
in noncardiac surgery.6 We undertook the present survey,
based on Danish administrative nationwide registries,
to further improve our understanding of the prognosis
associated with AS in contemporary materials.

Methods
Registries and Study Population

Statistics Denmark holds several nationwide administra-
tive healthcare-related registries, which are accessible to
researchers in a deidentified manner. The registries are
complete and accurate because of the tax-financed nation-
wide healthcare system, in which economical reimburse-
ment to hospital departments is dependent on correct
coding.7 We used 5 of these registries for the present
survey. All of the registries have previously been used in
research.8,9 In brief, we used the Danish National Patient
Registry to identify all patients with AS age ≥20 years who
underwent noncardiac surgery between 2005 and 2011.
Those with prior replacement surgery or percutaneous valve
repair on the aortic valve (Nordic classification system code
KFM) were not included. The diagnosis of AS was based
on at least 1 outpatient or inpatient discharge code (Inter-
national Classification of Diseases [ICD]-10 codes I35.0
or I35.2) between 1994 and the surgery date. This def-
inition has been used in previous Swedish and Danish
samples, and has been validated with high specificity in
the Swedish sample.10 The majority of patients with an AS
diagnosis were reported to have moderate to severe AS in
the previous survey.10 We considered patients to be symp-
tomatic if they used nitrates or loop diuretics during the
120 days prior to surgery or had diagnosed heart failure.
For comorbidities, we considered discharge diagnoses from
any hospitalization up to 5 years prior to surgery date. The
majority of diagnoses have been validated, all of which have
good-to-excellent positive predictive values.11 The Danish
National Patient registry was also used to identify all non-
cardiac, nonobstetric surgeries and included those who
were also registered in the Danish anesthesia registry.
From the Danish anesthesia registry we obtained informa-
tion on body mass index (BMI), current smoking status,
and whether the surgery was emergent or elective. We
created 17 surgery subgroups according to surgical spe-
cialty and extent of surgery: ‘‘thoracic’’ surgery included
pulmonary, mediastinal, and pleural surgery; ‘‘abdominal
(bowel)’’ surgery included esophageal, gastric, duodenal,
small intestine, colon, and rectal surgery; ‘‘abdominal (non-
bowel)’’ included all other kinds of abdominal surgeries;
‘‘urology’’ included surgery of kidneys, ureters, and blad-
der; ‘‘male reproductive’’ included surgery to penis, urethra,
scrotum, and prostate/seminal glands; ‘‘orthopedic minor’’
included hand, antebrachial, and foot surgery; ‘‘orthope-
dic major’’ included all other orthopedic surgeries; and
‘‘vascular (arteries)’’ included the whole arterial system,
in accordance with prior work.8 Surgeries involving more
than 1 surgical specialty were not included in our study.

This approach was based on clinical judgment and the
classification system developed by Poldermans et al.12

By employing the Danish Registry of Medicinal Product
Statistics, use of selected cardiovascular drugs was
identified through prescription claims any time up to 120
days prior to surgery. Because we had no data on heart
failure severity, we used average daily used dosage of
loop diuretics as a proxy when matching AS patients and
controls.13,14

Outcomes

We investigated the 30-day risks of MACE (nonfatal
ischemic stroke [ICD-10 codes I63, I64], nonfatal acute
myocardial infarction [AMI] [ICD-10 code I21], or car-
diovascular death [ICD-10 codes I00–I99]), and all-cause
mortality. Vital status was obtained from the National Pop-
ulation Registry, which holds information on dates of birth
and death for all individuals, and causes of death were
obtained from the National Death Registry, which is based
on information on death certificates. For nonfatal events,
we only considered in-hospital diagnoses, as these have
been validated with good-to-excellent positive predictive
values.15,16

Ethics

The Danish Data Protection Agency approved this study
(reference no. 2007-58-0015 int. ref: GEH-2014-019, 02737).
In Denmark, retrospective registry-based studies do not
require approval from the ethics committees.

Statistics

We treated all surgeries as independent observations.
For patients who had multiple surgeries performed in the
same 30-day period, we only included the first surgery.
We calculated the propensity of having AS by logistic
regression models including the following variables: sex,
age, chronic obstructive pulmonary disease, diabetes, a
history of anemia/bleeding, prior MI, kidney disease,
rheumatic disease, peripheral artery disease, cerebrovas-
cular disease, atrial fibrillation, heart failure, diabetes,
current smoking, BMI category (underweight, normal,
overweight, or obese), calendar year, and use of aspirin,
clopidogrel, vitamin K antagonists, renin-angiotensin
system inhibitors, lipid modifying therapy, aldosterone
blockers, and loop diuretic groups (furosemide equivalents
of 0 mg/day, ≤40 mg/day, 41–80 mg/day, 81–160 mg/day,
or >160 mg/day, respectively). The C statistic of the model
was 0.886. We matched AS patients with controls in a
1:1 fashion (to maintain a high accuracy of matching) on
propensity score, emergency vs elective surgery, and the
17 subgroups of surgery using the Greedy matching macro
(www.mayo.edu/research/documents/gmatch.sas/DOC-
10027248). Difference in baseline characteristics and
outcomes was tested by the χ2 test for discrete variables
and the t test for continuous variables. Adjusted odds ratios
were calculated by multivariable logistic regression models.
All variables from Table 1 were included in the model
(except for heart failure and loop diuretics, which were
already included in the symptomatic variable), irrespective
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Table 1. Baseline Characteristics of AS Patients and Controls

AS
Patients Controls

P for
Difference

Gender, female 1487 (53%) 1492 (53%) 0.89

Age, y 75.5 (12.5) 76.5 (12.2) 0.002

Body mass index group 0.75

Underweight (<18.5 kg/m2) 155 (5.5%) 151 (5.4%)

Normal weight (18.5–24.9 kg/m2) 1335 (47%) 1361 (48%)

Overweight (25.0–29.9 kg/m2) 871 (31%) 877 (31%)

Obese (≥30 kg/m2) 462 (16%) 434 (15%)

Current smoking 405 (14%) 412 (15%) 0.79

Symptomatica 1206 (43%) 1080 (38%) 0.0006

Comorbidities

Acute myocardial infarction 225 (8.0%) 225 (8.0%) >0.99

Prior CABG 161 (5.7%) 123 (4.4%) 0.02

Prior PCI 246 (8.7%) 221 (7.8%) 0.23

COPD 267 (9.7%) 274 (9.5%) 0.75

Anemia/bleeding disorder 401 (14%) 382 (14%) 0.46

Kidney disease 197 (7.0%) 177 (6.3%) 0.28

Peripheral artery disease 281 (10%) 269 (9.5%) 0.59

Cerebrovascular disease 332 (12%) 337 (12%) 0.84

Heart failure 550 (20%) 477 (17%) 0.01

Atrial fibrillation 575 (20%) 530 (19%) 0.13

Diabetes 361 (13%) 375 (13%) 0.58

Medications

Insulin 153 (5.4%) 156 (5.5%) 0.86

Clopidogrel 150 (5.3%) 164 (5.8%) 0.42

Vitamin K antagonists 464 (16%) 382 (14%) 0.002

Aspirin 1274 (45%) 1323 (47%) 0.19

Lipid modifying therapy 1157 (41%) 948 (34%) <0.0001

Beta blockers 986 (35%) 918 (33%) 0.06

Calcium blockers 812 (29%) 637 (23%) <0.0001

Loop diuretics 914 (32%) 827 (29%) 0.01

RAS inhibitors 1126 (40%) 1143 (40%) 0.64

Aldosterone blockers 228 (8.1%) 181 (6.4%) 0.02

Surgery characteristics

Emergency surgery 1051 (37%) 1051 (37%) >0.99

Cancer related surgery 240 (8.5%) 246 (8.7%) 0.78

Surgery subtype >0.99

Table 1. continued

AS

Patients Controls

P for

Difference

Ear, nose, throat 30 (1.1%) 30 (1.1%)

Orthopedic, major 1154 (41%) 1154 (41%)

Orthopedic, minor 224 (7.9%) 224 (7.9%)

Abdominal, nonbowel 314 (11%) 314 (11%)

Abdominal, bowel 207 (7.3%) 207 (7.3%)

Breast 34 (1.2%) 34 (1.2%)

Plastic 118 (4.2%) 118 (4.2%)

Endocrine 18 (0.6%) 18 (0.6%)

Eye 28 (1.0%) 28 (1.0%)

Female reproductive 83 (2.9%) 83 (2.9%)

Intracranial 43 (1.5%) 43 (1.5%)

Male reproductive 14 (0.5%) 14 (0.5%)

Neuro 66 (2.3%) 66 (2.3%)

Nonarterial vessels 55 (2.0%) 55 (2.0%)

Pulmonary/mediastinal 60 (2.1%) 60 (2.1%)

Urological 211 (7.5%) 211 (7.5%)

Artery surgery 164 (5.8%) 164 (5.8%)

Abbreviations: AS, aortic stenosis; CABG, coronary artery bypass graft-
ing; COPD, chronic obstructive pulmonary disease; PCI, percutaneous
coronary intervention; RAS, renin-angiotensin system.
aSymptomatic is defined as use of nitrates, loop diuretics, or diagnosed
heart failure.

Table 2. Rates of 30-Day MACE and Mortality in AS Patients and Controls
Stratified by Emergency vs Elective Surgery

AS Patients Controls

P for

Difference

MACE

Emergency surgery 163/1051 (15.5%) 120/1051 (11.4%) 0.006

Elective surgery 66/1772 (3.7%) 52/1772 (2.9%) 0.19

Mortality

Emergency surgery 225/1051 (21.4%) 179/1051 (17.0%) 0.01

Elective surgery 67/1772 (3.8%) 51/1772 (2.9%) 0.13

Abbreviations: AS, aortic stenosis; MACE, major adverse cardiovascular
event.

of significance level (a priori decided). We tested for
interactions between aortic stenosis and emergency status
by inclusion of an AS × emergency product term in the
model. All analyses were performed in SAS version 9.4
(SAS Institute, Cary, NC). A 2-sided P value <0.05 was
considered significant for all tests.
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Figure 1. Event rates in different patient groups. Proportion of patients with aortic stenosis (AS+) and without aortic stenosis (AS−) experiencing a 30-day
event. Symptomatic refers to use of loop diuretics, nitrates, or diagnosed heart failure, and asymptomatic refers to all other patients. Abbreviations: MACE,
major adverse cardiovascular event.

Results
A total of 2823 patients with AS (mean age, 75.5 years; 53%
women) were matched with 2823 controls. Baseline charac-
teristics of AS patients and controls are presented in Table 1.
As seen, AS patients and controls were very comparable on
most variables, including the surgery-related characteris-
tics. Nearly half of all surgeries were of orthopedic subtype,
with 41% being classified as major orthopedic and 8% as
minor orthopedic surgical procedures. In total, 37% of surg-
eries were of emergency type in both groups. The presence
of comorbidities was overall also similar between the AS
patients and controls, with 8% having a history of myocardial
infarction, 13% having diabetes, and 12% having cerebrovas-
cular disease in both groups. The prevalence of atrial
fibrillation was also not different between the groups—20%
vs 19%—whereas diagnosed heart failure was more common
among patients with AS (20% vs 17%, P = 0.01) compared
with controls. The use of warfarin (16% vs 14%, P = 0.002) and
lipid modifying therapy (41% vs 34%, P < 0.0001) was more
frequent among AS patients compared with controls. AS
patients were furthermore slightly younger than controls,
with mean ages being 75.5 ± standard deviation 12.2 years
vs 76.5 ± 12.5 years in AS patients and controls, respectively
(P = 0.002). AS patents were significantly more often clas-
sified as symptomatic compared with controls (43% vs 38%,
P = 0.0006).

Thirty-Day Outcomes of MACE and Mortality

There was a significant difference in event rates for emer-
gency and elective surgery in patients with AS and controls
(P < 0.0001 for all comparisons, Table 2). Event rates were
also significantly higher among those with symptoms,
compared with those without symptoms for both AS patients
and controls (P < 0.0001). Event rates for AS patients and
controls, with and without symptoms, and undergoing
emergency or elective surgery are presented in Figure 1.

In multivariable logistic regression models of MACE,
adjusted odds ratios were 1.58 (95% confidence interval
[CI]: 1.08-2.31) for AS patients without symptoms, 2.62 (95%
CI: 1.84-3.74) for AS patients with symptoms, and 1.91 (95%
CI: 1.32-2.76) for controls with symptoms compared with
controls without symptoms. Similar results were shown
for mortality; odds ratio 1.50 (95% CI: 1.07-2.12) for AS
patients without symptoms, 2.82 (95% CI: 1.52-3.88) for AS
patients with symptoms, and 2.12 (95% CI: 1.52-2.96) for
controls with symptoms compared with controls without
symptoms. The odds ratio associated with AS was not
significantly different for emergency vs elective surgery
(P for interactions >0.4), although emergency surgery
per se was associated with markedly increased risks (odds
ratios 2.58 [95% CI: 2.00-3.34] for MACE and 4.21 [95% CI:
3.30-5.38] for mortality). Odds ratios for all other variables
in models are presented in Figure 2.
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Figure 2. (A) Odds ratios for MACE and mortality associated with different variables. The odds ratios were obtained from multivariable analysis of cases
and controls. (B) Odds ratios for MACE and mortality associated with different surgery-related characteristics. The odds ratio estimates for different surgery
subtypes (eg, abdominal, nonbowel) are compared with minor orthopedic surgery (Ref). Abbreviations: BMI, body mass index; CABG, coronary artery
bypass grafting; COPD, chronic obstructive pulmonary disease; MACE, major adverse cardiovascular event; PCI, percutaneous coronary intervention; RAS,
renin-angiotensin system.
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Discussion
In the present study we investigated the 30-day risks of
MACE and mortality in a cohort of patients with AS
and matched controls undergoing noncardiac surgery in
Denmark between 2005 and 2011. In summary, we found
that the event rates (ie, 30-day risks of MACE and mortality)
were moderate for elective surgeries (MACE 3.7% vs 2.9%;
mortality 3.8% vs 2.9% in patients with and without AS), but
very high for emergency surgery (mortality exceeded 20%
for AS patients in emergency surgery).

Existing data on perioperative outcomes of noncardiac
surgery in AS patients are sparse and conflicting overall,
probably due to heterogeneous inclusion criteria and
different control populations.17 In our study, we found that
AS was associated with an odds ratio of 1.58 (95% CI: 1.08-
2.31) for MACE if asymptomatic and 2.82 (95% CI: 1.52-3.88)
if symptomatic compared with asymptomatic controls. It has
previously been speculated that the reported poor prognosis
associated with AS may be explained by great comorbidity
burden and high-risk surgery procedures rather than AS per
se. As also demonstrated in the present study, AS patients
had a significant burden of comorbidities including a high
prevalence of prior myocardial infarction.18,19 The matched
control population had almost comparable high event
rates, which may support the notion that comorbidities,
rather than AS per se, are driving the high perioperative
risks seen for AS patients undergoing noncardiac surgery.
The adjusted odds ratio estimates for AS were, however,
significant and comparable to those of kidney disease or
peripheral artery disease, which underpin that AS needs
to be regarded as an independent risk factor for adverse
cardiovascular outcomes in noncardiac surgery, especially
if symptomatic.

Similar to our study, a prior large observational study
(n = 5149 patients with AS and 10284 controls) based on
data from the US National Hospital Discharge Survey
(1996–2002) reported that AS was associated with an
adjusted odds ratio of 1.55 (95% CI: 1.26-1.89) for
perioperative mortality or acute myocardial infarction in
noncardiac surgery (overall rates were 8.3% vs 7.2% among
AS patients and controls).20 Somewhat higher event rates
were reported in a Dutch survey of 108 patients with
moderate or severe AS and 216 controls undergoing
noncardiac surgery (38% underwent major vascular, 12%
abdominal, and 21% orthopedic surgeries) in 1991 to
2000.2 Those with AS were reported to have significantly
higher risks of mortality and nonfatal myocardial infarction,
compared with controls in that study, despite being matched
on type of surgery (14% vs 2%; adjusted odds ratio 5.2
[95% CI: 1.6-17.0]).2 Using data from the Cleveland Clinic,
Agarwal et al observed higher event rates (defined as
mortality or myocardial infarction) in AS patients compared
with matched controls undergoing elective noncardiac
surgery (5.7% vs 2.7%, P = 0.02).21 Suggesting relatively
good outcomes, a very recent study by Tashiro et al of
patients with severe AS (as defined by echocardiography)
and matched controls reported a mortality rate of 5.9% for
those with AS and 3.1% for controls (P = 0.15).5 The surgery
types were comparable to those in our study, but <10%
of all surgeries were of the emergency type in the study
by Tashiro et al, which likely have contributed to the much

lower mortality rates.5 Interestingly, as also demonstrated in
our study, the mortality rates were significantly higher in the
symptomatic group (9.4%) compared with the asymptomatic
group (3.3%) (P = 0.04) in the study by Tashiro et al.5

Strengths and Limitations

The major strength of the present study was the rather
larger sample of patients with AS and matched controls with
complete follow-up. The main limitation was that it lacked
data on echocardiography and clinical characteristics (such
as chest x-ray, electrocardiograms, and the presence of
crackles), which could have helped refine risk stratification
further, particularly so for AS patients. In our study we
did not have information on the severity of AS, but
patients most likely had moderate or severe AS (this was
found in a comparable Swedish sample of patients with
an ICD-10 code of I35 [the Swedish healthcare system
is very similar to the Danish system]).10 Our study was
also limited by lack of blood biochemistry profiles and
information on perioperative handling (eg, the use of Swan-
Ganz catheter/degree of monitoring as well as the use of
perioperative medications and postoperative care).

Conclusion
AS was associated with high perioperative rates of MACE
and mortality, but perhaps the prognosis is, in practice,
not much worse for patients with AS than for matched
controls. Given the high absolute adverse event rates,
however, patients with AS may warrant special attention
in a noncardiac surgery setting, in particular if symptomatic
or undergoing emergency surgery. Our data furthermore
support the current American and European guidelines,
which acknowledge that AS is a risk factor for adverse
outcomes in noncardiac surgery and recommend that
noncardiac surgery should be postponed until after aortic
valve replacement in case patients are symptomatic.12,22
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