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ABSTRACT

Background: To determine the incidence and risk factors for adverse cardiac events after lumbar spine fusion.
Methods: A total of 50 495 patients were identified through the American College of Surgeons National Surgical

Quality Improvement Program (ACS-NSQIP) database who underwent lumbar spine fusion between 2005 and 2015.

The 30-day postoperative data were analyzed to assess for the incidence of adverse cardiac events including cardiac
arrest or myocardial infarction. Of those who experienced an event, patient- and surgery-specific parameters were
evaluated to assess for risk factors.

Results: A total of 240 cardiac events occurred in the studied cohort (4.76 events/1000 patients). Factors that were
associated with an increased cardiac risk were age (odds ratio [OR]¼ 1.039, 95% confidence interval [CI]¼ 1.03, 1.05, P
, .001), male sex (OR¼1.51, 95% CI¼1.17, 1.94, P¼ .001), insulin-dependent diabetes (OR¼1.83, 95% CI¼1.29, 2.6,
P¼ .001), American Society of Anesthesiologists (ASA) score .3 (OR¼ 1.92, 95% CI¼ 1.00, 3.65, P¼ .048), absolute

hematocrit different from 45 (OR¼1.07, 95% CI¼1.04, 1.10, P , .001), and smoking (OR¼1.39, 95% CI¼1.02, 1.90,
P¼ .04). The impact of sustaining a cardiac event in the setting of single-level lumbar fusion is catastrophic as the 30-day
postoperative mortality rate for those sustaining an event was 24.6% (59/240 patients), compared to 0.2% (87/50 255)

for those not sustaining an event (P , .001).
Conclusions: Cardiac events after lumbar fusion are a rare but devastating series of complications. Several risk

factors were identified, including insulin-dependent diabetes mellitus, smoking, advanced age, male sex, ASA score of

.3, and anemia/polycythemia. Considering the severity of these consequences, appropriate risk stratification is
imperative, and optimization of modifiable risk factors may mitigate this risk.
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INTRODUCTION

Lumbar fusion is increasingly performed as
emerging data continue to confirm its benefit in
the setting of spinal stenosis accompanied by
instability, especially in cases of spondylolisthesis.1,2

Moreover, as life expectancies increase, these
procedures are being performed on an even older
population. Although excellent outcomes have been
established for properly indicated patients undergo-
ing lumbar fusion, the aging patient population for
many of these procedures often carries multiple
comorbidities. In part because of associated comor-
bidities, complication rates for lumbar fusion are
upwards of 25%.3

Cardiac events, the leading cause of mortality
after noncardiac surgery,4,5 are an especially nefar-
ious group of complications with a reported range
from 0.01–13%5–8 after lumbar fusion. Lee et al7

found that patients who had sustained a cardiac

event after spine surgery had an increased 2-year

mortality compared to those without a perioperative

cardiac event.

Risk stratification prior to lumbar spine surgery

can mitigate the untoward consequences of periop-

erative complications, but accurate assessment of

these risk factors is paramount.9 Although several

studies have evaluated the incidence and morbidity

of complications after lumbar spine surgery, fewer

have attempted to identify risk factors for the

development of specific medical conditions, such as

risk factors for pneumonia after lumbar fusion.10

Only 1 study has specifically evaluated risk factors

for cardiac events after lumbar fusion surgery.5

However, that study was performed as a relatively

small, single-institution retrospective review in a

South Korean population.



Accurate assessment of cardiac risk is essential
for predicting potential complications and attempt-
ing to medically optimize certain conditions prior to
surgery. Moreover, it allows for a more meaningful
informed consent process for patients deliberating
spinal fusion.

Over the past several years, database studies have
become increasingly used to study infrequent events
through inclusion of large patient numbers, allow-
ing evaluation of rare complications across a
heterogeneous population. The American College
of Surgeons National Surgical Quality Improve-
ment Program (ACS-NSQIP) is a database that
prospectively collects data on thousands of patients
being treated at participating institutions across the
country and includes surgeon input data on 30-day
perioperative complications.

The purpose of this study is to use the ACS-
NSQIP database to assess risk factors for cardiac
events after lumbar spine surgery.

MATERIALS AND METHODS

The ACS-NSQIP was used to analyze risk factors
for the development of cardiac events after single-
level lumbar spine fusion. The ACS-NSQIP is a
surgical registry that prospectively collects 30-day
postoperative data, including complications such as
myocardial infarction, sepsis, and death, from
numerous participating institutions across the Unit-
ed States.

Data Collection

A total of 50 495 patients who underwent lumbar
spine fusion between 2005 and 2015 were included.
Patients with the following current procedural
terminology (CPT) codes were included for study:
22612 (arthrodesis, posterior or posterolateral tech-
nique, single level), 22558 (arthrodesis, anterior
interbody technique, including minimal discectomy
to prepare interspace [other than for decompres-
sion]), 22630 (arthrodesis, posterior interbody tech-
nique, including laminectomy and/or discectomy to
prepare interspace [other than for decompression]),
and 22633 (arthrodesis, combined posterior or

posterolateral technique with posterior interbody
technique including laminectomy and/or discectomy
sufficient to prepare interspace [other than for
decompression], single interspace and segment;
lumbar). The ACS-NSQIP database excludes pedi-
atric cases, and therefore, children were not
included in this study. Patients were stratified based
on whether or not they experienced an adverse
cardiac event, either a cardiac arrest or myocardial
infarction. To be diagnosed with a cardiac event
according to NSQIP guidelines, there must be
documentation of elevated troponins and an altered
electrocardiography. Other cardiac events were not
evaluated, as they are not included in the NSQIP
database.

The 2 cohorts, with and without a cardiac event,
were then evaluated, and demographics, comorbid-
ities, and intra-operative factors were compared to
assess for risk factors for adverse events. Demo-
graphic factors included age, sex, race, body mass
index, and current smoking status. Comorbidity
factors included American Society of Anesthesiolo-
gists (ASA) class, diabetes mellitus (and insulin
status), chronic steroid use, congestive heart failure,
renal failure, dialysis, peripheral vascular disease,
chronic obstructive pulmonary disease, preoperative
hematocrit (Hct), and hypertension. Operative
characteristics included operative duration and
blood loss (Table 1).

STATISTICAL METHODS

Statistical analysis was performed using the rms
package for R (R Foundation for Statistical
Computing, Vienna, Austria). Continuous variables
were compared using Mann-Whitney tests, while all
others were compared with Fisher’s exact test. ASA
class, as a ranked variable, was examined with
Mann-Whitney test.

We had assumed that, given the rarity of
sustaining an adverse cardiac event in the perioper-
ative period after lumbar spine fusion, the compared
cohorts would be relatively disparate in terms of size
(ie, hundreds versus thousands). We have used a
logistic regression, and generally, there should be

Table 1. Variables included in logistic regression.

Patient demographics Age, race (reference white), body mass index, sex (reference male), smoking
Surgical factors Operative time, blood loss (need for transfusion)
Comorbidities ASA class, diabetes mellitus (and insulin status), chronic steroid use, congestive heart failure, renal failure,

dialysis, hypertension medication use

Abbreviation: ASA, American Society of Anesthesiologists.
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10–20 events (ie, cardiac events) per predictor for
this type of analysis to be trustworthy. In the
current study, the frequency of events (on the order
of hundreds of patients sustaining a cardiac event)
would be adequate for 12–24 predictors. Moreover,
multivariate regression modeling was created using
penalized logistic regression to keep the model from
overfitting.11 Certain variables, such as body mass
index (BMI), were pruned as they did not improve
model performance as indicated by the Akaike
information criterion.11 The level of significance was
set at P , .05. Ultimately, even with disparate
sample sizes, we have used tools to ensure that the
results are statistically meaningful and to limit
undue optimism.

RESULTS

A total of 240 cardiac events occurred among
50 495 patients undergoing lumbar spine fusion
between 2005 and 2015 (4.76 events per 1000
patients). In the multivariate analysis (Table 2),
factors that were associated with an increased
cardiac risk were age (odds ratio (OR) ¼ 1.039,
95% confidence interval (CI)¼1.03, 1.05, P , .001),
male sex (OR¼ 1.51, 95% CI¼ 1.17, 1.94, P¼ .001),
insulin-dependent diabetes (OR ¼ 1.83, 95% CI ¼
1.29, 2.6, P¼ .001), ASA score of 4 versus a score of
1 (OR ¼ 1.92, 95% CI ¼ 1.00, 3.65, P ¼ .048),
absolute Hct different from 45 (OR¼ 1.07, 95% CI
¼ 1.04, 1.10, P , .001), and smoking (OR ¼ 1.39,
95% CI ¼ 1.02, 1.90, P ¼ .04).

Characteristics that were not associated with
cardiac events included race, BMI, noninsulin-
dependent diabetes, ASA class ,4, and several
other comorbidities.

Older patients were more likely to experience a
cardiac event with the average age of those
sustaining a cardiac event of 66.75 years (610.52
years) compared to those without a cardiac event

whose average age was 59.26 years (613.58 years; P
, .001). Each increasing year above 65 portends a
3% increased cardiac risk.

Plotting of the data indicated that preoperative
Hct had a U-shaped or parabolic relationship, so for
simplicity and clarity, absolute differences from a
Hct of 45 was used in the model (ie, a Hct of 40 and
50 both have values of 5). The average preoperative
Hct of those with a cardiac event was 38.89 (66.03)
compared to 40.69 (64.41) for those without an
event (P , .001). For each point change in Hct from
45, there is a 7% increased risk of an event.

Regarding comorbidities, 15.4% of those sustain-
ing a cardiac event had insulin-dependent diabetes
compared to only 5.5% of those without an event (P
¼ .001). Insulin-dependent diabetes increased the
risk of a cardiac event by 80%. Being insulin
dependent was found to be equivalent to increasing
age by 16 years or by altering the preoperative Hct
by 8.5 points.

The impact of sustaining a cardiac event in the
setting of single-level lumbar fusion is catastrophic
as the 30-day postoperative mortality rate for those
sustaining an event was 24.6% (59/240 patients),
compared to 0.2% (87/50 255) for those not
sustaining an event (P , .001).

DISCUSSION

Cardiac events after lumbar fusion are rare but
have devastating complications. Reviewing a 10-
year period captured by the NSQIP database, the
risk of sustaining a cardiac event after lumbar spine
fusion was 4.76/1000 cases. The risk of mortality
among that cohort was an alarmingly high 24.6%,
which mirrors the mortality risk identified by
Fineberg et al6 in a similar cohort in their analysis
of the National Inpatient Sample (NIS) database for
patients undergoing lumbar fusion. This staggering
increase in mortality highlights the importance of

Table 2. Multivariate analysis of risk factors.

Odds Ratio 95% (Confidence Interval) P Value

Age, y 1.04 1.03–1.05 ,.001
ASA 2 versus 1 0.83 0.46–1.51 .546
ASA 3 versus 1 1.28 0.71–2.30 .417
ASA 4 versus 1 1.92 1.00–3.65 .048
Diabetes mellitus insulin versus none 1.83 1.29–2.59 .001
Noninsulin 1.13 0.08–1.58 .488
Oral 1.23 0.65–2.31 .531
Smoker 1.39 1.02–1.90 .040
Male versus female 1.51 1.17–1.94 .001
Absolute difference in hematocrit from 45 (per point) 1.07 1.04–1.10 ,.001

Abbreviation: ASA, American Society of Anesthesiologists.
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identifying patient risk factors and ensuring medical
optimization prior to lumbar surgery.

This study identified several risk factors which
increased the chances of sustaining a cardiac
complication after single-level lumbar fusion. Spe-
cifically, insulin-dependent diabetes mellitus, smok-
ing, advanced age, male sex, ASA score .3, and a
preoperative Hct different from 45 all increased risk.

Other studies have also identified some of these
risk factors which can increase complication rates in
general after spine surgery. Grusakay et al12

reviewed the NSQIP database to identify risk
factors for complications and length of stay after
anterior cervical discectomy and fusion. Male sex,
age over 65 years, preoperative anemia, and ASA
.3 were all predictive of major complications.
Increasing age, identified as a risk factor for adverse
cardiac events, has been repeatedly found to
increase risk after spine surgery.6,13–15 These pa-
tients likely have increased comorbidities com-
pounding their inherent risk, but even when those
were controlled for in the current regression
analysis, increasing age was associated with a 3%
increased cardiac risk for each year above 65 years.

Fineberg et al6 reviewed the NIS database to
assess the incidence and mortality of cardiac events
after lumbar spine surgery and found that older
patients were more likely to experience cardiac
complications after lumbar surgery, with a 9.4-year
difference between those sustaining a cardiac event
and those who did not (64.5 years versus 55.1 years,
OR¼ 2.2, P , .0005).

Insulin resistance and dependence have been
associated with increased mortality and risk for
adverse cardiovascular events.16–18 Insulin depen-
dence may be a proxy for advanced disease,
reflecting progressive macro and microvascular
disease, including coronary artery disease, athero-
sclerosis, and diabetic cardiomyopathy. In addition
to increased cardiovascular risk from the patho-
physiology of the disease, several studies have also
revealed that the biological effects of insulin
themselves are both proatherosclerotic and anti-
atherosclerotic in which the net balance is unknown
but may lead to progressive cardiovascular disease.
In our study, insulin-dependent diabetes was equiv-
alent, in terms of cardiac risk, to being 16 years
older or having an 8.5-point change in Hct.

Several studies have examined the effects of insulin
dependence on postsurgical complications after spine
surgery. Liu et al19 performed a meta-analysis

comparing the surgical outcomes after cervical
spondylotic myelopathy for those with and without
diabetes. Diabetic patients had a significantly in-
creased risk of cardiac complication after cervical
spine surgery. Guzman et al20 used the NIS database
to study the effects of glycemic control on perioper-
ative morbidity and mortality for those undergoing
lumbar spine surgery. Relative to nondiabetic
patients, uncontrolled diabetic patients had signifi-
cantly increased risk for cardiac complications.

Using a prospectively collected database over a 1-
year period, Guyot et al21 attempted to determine
risk factors for cardiac complications after spine
surgery. They identified 136 cardiac complications
in 107 patients (6.7%). Age, diabetes, elevated
Charleston comorbidity index, revision surgery,
combined anterior-posterior approach, and previ-
ous cardiac history were identified as risk factors.

Our study also identified preoperative Hct as a
risk factor for cardiac events. We identified a
parabolic curve regarding preoperative Hct and
cardiac risk such that point deviation from 45 in
either direction was associated with a 7% increased
risk of sustaining a cardiac event. This is particu-
larly concerning, given that studies have found that
preoperative anemia is relatively common in pa-
tients undergoing elective surgery.22,23 Although
adults have a remarkable tolerance for changes in
Hct through an increase in cardiac output and
improved oxygen extraction, the elderly are more
sensitive to these changes and less able to compen-
sate. Surgery may further stress these compensatory
mechanisms.

Preoperative anemia has been implicated as a risk
factor for adverse cardiac events, increased length of
stay, and mortality.24 Seicean et al25 analyzed the
ACS-NSQIP database to assess whether preopera-
tive anemia predicted adverse early perioperative
outcomes in patients undergoing spine surgery. Any
degree of preoperative anemia was associated with
higher risk for adverse outcomes compared to no
anemia. Similarly, Kim et al26 evaluated the 30-day
outcomes in a cohort of VA NSQIP patients
undergoing major noncardiac surgery and found
that increases or decreases in preoperative Hct
increased cardiac risk, with a 1.6% increased
mortality for each point above 51% or below 39%.

Our study also demonstrated the increased risk of
sustaining an adverse cardiac event with increasing
Hct. Increased Hct has been linked to an increased
risk of atherosclerosis and the development of
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cardiovascular disease.27 Polycythemia can increase
blood viscosity and can secondarily result in
increased cardiac afterload which decreases cardiac
output, leading to organ hypoperfusion. These
effects can be exacerbated by surgery and lead to
increased cardiovascular events, as shown by both
the current study and others.26

The only 2 readily modifiable risk factors
identified were preoperative Hct and smoking
status, both of which should be optimized prior to
surgery. Smoking is known to cause alteration in
vascular hemostasis and the normal clotting cascade
and can alter platelet membranes, which alters
normal physiologic functioning. Martin et al28

found that current smokers had a statistically
significant morbidity index, but that former smokers
did not. The authors conclude that smoking
cessation may mitigate the 30-day morbidity risk
after lumbar spine surgery. Our study confirms this
increased risk and suggests that risk factors, such as
smoking and preoperative Hct abnormalities,
should ideally be modified prior to undergoing
lumbar spine fusion.

Limitations

This study sought to specifically identify risk
factors for cardiac events after lumbar spine fusion
by reviewing a national database with data driven
largely by clinician input. The robust patient-based
data available in the NSQIP are both a strength and
weakness of the study. Access to such a large cohort
allows analysis of less frequent complications and
facilitates identification of risk factors which would
otherwise potentially remain undetected. However,
the dataset is subject to the limitations of all
database studies with incomplete data and clinician
input bias. However, the NSQIP has specific
guidelines for the documentation of a cardiac event,
and given its gravity, the dataset for this complica-
tion alone may be more accurate than for others.

However, the data are limited to variables
included in the NSQIP database and known risk
factors for myocardial infarction. For instance,
elevated cholesterol and triglyceride levels are
missing and may have proven to be predictive of
risk.

Fineberg et al6 had performed an evaluation of
the NIS database to assess the incidence and
mortality of cardiac events in lumbar spine fusion.
We have alternatively used the NSQIP database,
which provided some similar, but some different

risk factors. The NIS database is an administrative
dataset with complications coded by International
Classification of Diseases, Ninth Revision (ICD-9)
codes, while the NSQIP database is comprised of
data input by surgical clinical reviewers who are
nurses specially trained in data entry for this
database. It was created primarily as a quality
improvement tool rather than a database used for
claims processing. Bohl et al29 found that, despite
the fact that NIS and NSQIP each use cohorts with
similar demographics, in a lumbar fusion model, the
2 databases document markedly different rates of
specific comorbidities and adverse events.

Several studies have demonstrated that ICD-9
codes, subject to interhospital variation in postop-
erative complication reporting, may lead to under-
reporting of complications.30,31 In this regard, the
ACS-NSQIP has been called the gold standard for
current databases.29 However, in the identification
of cases of acute cardiac events, the use of ICD-9
codes has been shown by some to be accurate.31

CONCLUSIONS

Cardiac events after lumbar spine surgery are a
rare but devastating series of complications. We
identified a rate for adverse cardiac events of 4.76/
1000 patients. More concerning, 24.6% of patients
who sustained a cardiac event died. Considering the
severity of these consequences, appropriate risk
stratification is imperative. Several risk factors were
identified in the review of the ACS-NSQIP database
including insulin-dependent diabetes mellitus,
smoking, advanced age, male sex, ASA score of
.3, and anemia/polycythemia. Identifying higher
risk patients and counseling them about potential
cardiac complications is essential for informed
consent and for minimizing their occurrence.
Optimization of modifiable risk factors may miti-
gate this risk, and future studies aimed at risk
stratification and modification may help elucidate
the success of these interventions.
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