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Abstract

Background: Perioperative stroke, which occurs within 30 days
following surgery, can increase morbidity and mortality. The prior
might reduce surgical interventions’ clinical effectiveness, carrying
significant impact on patients, their families, and healthcare resources
utilization. We examined the impact of perioperative stroke on mor-
bidity and mortality in patients undergoing non-cardiovascular non-
neurological surgeries.

Methods: We performed a retrospective cohort study utilizing State
Inpatient Database (SID) available from the Health Cost Utilization
Project (HCUP) between 2008 and 2011. The databases above can
distinguish between previous and new strokes by providing the “pre-
sent on admission” variable. We used multivariable logistic regres-
sion to assess stroke as an independent predictor of morbidity and
mortality after adjusting for other covariables.

Results: From the SID, a total of 1,206,057 inpatient discharge re-
cords were identified. The incidence of perioperative stroke, in-
hospital mortality, and morbidity was 0.14%, 0.54%, and 8.1%.
Multivariate logistic regression showed that perioperative stroke is
an independent predictor of morbidity (odds ratio (OR) = 5.06, 95%
confidence interval (CI) =4.54 - 5.64, P <0.001) and in-hospital mor-
tality (OR = 7.26, 95% CI = 6.26 - 8.41, P <0.001). Other independ-
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ent predictors were identified, but they showed a weaker association
with in-hospital mortality than perioperative stroke, including cardio-
vascular complications (OR =4.33, CI =3.93 - 4.77, P <0.001).

Conclusions: Perioperative stroke is a significant independent risk
factor for morbidity and in-hospital mortality following non-cardio-
vascular, non-neurological surgeries. Patients who developed periop-
erative stroke had a higher risk of death than perioperative cardiovas-
cular and pulmonary complications.

Keywords: Perioperative; Stroke; Morbidity; In-hospital mortality;
Surgery

Introduction

Morbidity and mortality after non-cardiovascular non-neuro-
logical surgeries can significantly impact patients, their fami-
lies, and the utilization of healthcare resources [1]. Periopera-
tive stroke, defined as a new stroke developing within 30 days
following surgery, is a recognized complication, with reported
incidences ranging from 0.2% in hip replacement to 0.7% in
hemicolectomy [2]. The impact of perioperative stroke on
morbidity and mortality is well described in cardiovascular
and neurological surgeries, with a high incidence ranging from
1.9% t0 9.7% [1, 3, 4].

Previous studies regarding perioperative stroke in non-
cardiovascular non-neurological surgeries have shown that pa-
tients with perioperative stroke had a longer hospital stay and
higher mortality. However, these studies had a smaller sample
size and focused on a limited set of surgical procedures, which
did not provide a comprehensive overview of perioperative
stroke’s actual impact on the global burden of surgical diseases
[1,2,5,6].

In the USA alone, a significant increase (14-47%) in de-
mand for surgical services is expected over the coming years
[1]. The health care system’s performance is assessed by both
patients’ short-term and long-term outcomes. Short-term out-
comes include in-hospital mortality and complications, and
long-term outcomes incorporate long-term disability and neu-
rological deficits [7, 8]. The rise of perioperative morbidity
and in-hospital mortality can reduce the effectiveness of surgi-
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cal procedures [9]. Improving patient outcomes requires pre-
dicting populations at elevated risk of perioperative complica-
tions, including perioperative stroke [10].

As the population ages, the number of comorbidities in-
creases, which can directly impact perioperative stroke in-
cidence [11]. Comorbidities may include atrial fibrillation,
hypertension, diabetes mellitus, hypercholesterolemia, renal
impairment, previous history of myocardial infarction, and
previous stroke history [12, 13]. Therefore, understanding
the relationship between patient risk factors, surgical proce-
dure risk factors, and perioperative outcomes is essential for a
meaningful predictive model [9, 14].

We aim to perform a retrospective study to assess perio-
perative stroke’s impact as an independent predictive factor
for morbidity and in-hospital mortality in non-cardiovascular,
non-neurological surgeries. We hypothesize that periopera-
tive stroke increases morbidity and in-hospital mortality. This
study will help in understanding the impact of perioperative
stroke and help in screening patients before surgery and im-
prove patient outcomes by utilizing intraoperative neuromoni-
toring (IONM) as intraoperative electroencephalogram (EEG)
and somatosensory evoked potentials (SSEP) [15, 16]. As the
latter can help detect stroke and allow for aggressive interven-
tional or medical management after the surgical procedures
[17-19].

Materials and Methods

Study design and data source

This study is a retrospective cohort study. The Institutional
Review Board (IRB) approval was exempted because the da-
tabase we used does not contain patients’ identifiers; and the
study was conducted in compliance with the ethical standards
of the responsible institution on human subjects as well as
with the Helsinki Declaration. Data were derived from the
State Inpatient Database (SID), part of the Healthcare Cost
and Utilization Project (HCUP). The SID represents about
97% of all US community hospital discharges. It contains a
core set of clinical and nonclinical information on patients,
including individuals covered by Medicare, Medicaid, or
private insurance, as well as those who are uninsured. SID
applies more than 100 clinical and nonclinical variables, in-
cluding principal and secondary diagnoses and procedures,
patient demographic characteristics such as sex, age, race,
total charges, expected payer, length of stay (LOS), admis-
sion, and discharge status. Data were collected from 2008 to
2011. California SID has present on admission (POA), which
helps differentiate whether a stroke developed as a complica-
tion from surgery versus stroke from a miscellaneous etiology
prior to admission [20].

Patient selection

Patients included in this study were patients aged 18 years old
and above. Surgical procedures were identified using their
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corresponding International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) codes. For our
study, we selected the most common 10 surgical procedures
performed from the HCUP list “Most Common Operations
during Inpatient Stays” [21]. Surgeries included in the study
were hemicolectomy, appendectomy, cholecystectomy, hip re-
placement, knee replacement, amputation of the lower extrem-
ity, laminectomy, spine fusion, and hysterectomy. We exclud-
ed patients who underwent cardiac, major vascular, neonatal,
high-risk neurological procedures, obstetric procedures, and
diagnostic procedures.

Covariables and study outcomes

We identified risk factors for perioperative stroke from pub-
lished review articles, case series, and clinical plausibility. Pa-
tient demographic covariates included age groups (< 65, 65 -
74, 75 - 84, > 85 years), gender, and race. Clinical covariates
included admission type (elective vs. emergency), Elixhauser
comorbidity variables, and van Walraven score (< 5, 5 - 14, >
14). Perioperative stroke was identified using the corresponding
ICD-9-CM codes, including ischemic, hemorrhagic, and iatro-
genic stroke. latrogenic stroke (ICD-9-CM 997.02) is a billing
code used to describe any stroke in the perioperative period in
SID (Supplementary Material 1, www.neurores.org) [2]. Mor-
tality was defined as death during the hospital stay. Morbidity
was defined as the prolonged LOS exceeding 14 days from sur-
gery, or developing cardiovascular complications, pulmonary
complications, gastrointestinal complications, post-operative
infection, wound complications, and renal complications [22].
Our primary outcome of interest was in-hospital mortality, and
our secondary outcome was morbidity.

Statistical analysis

Continuous data were represented as means and standard de-
viation (SD). Categorical data were presented as percentages.
Independent sample #-test was used for assessing the relation-
ship between continuous variables and Chi-square for categor-
ical variables. Variables that were significant in the bivariate
analysis were included in the final regression model. Multivar-
iate logistic regression model was conducted to estimate the
adjusted odds of morbidity and in-hospital mortality. A sec-
ond multivariate regression analysis was conducted for each
subgroup of morbidity to assess perioperative stroke’s impact
on other perioperative complications. The Hosmer-Lemeshow
test was used to determine goodness-of-fit. Database construc-
tion was done using SAS statistical analysis program. Statisti-
cal analysis was carried utilizing IBM SPSS Statistics version
23® (Armonk, NY).

Results

From the California SID dataset, a total of 1,206,057 inpatient
discharge records spanning the years 2008 - 2011 were identi-
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Table 1. Patients Characteristics

Subjects without stroke

Subjects with stroke

Characteristic (0, %) (n, %) Total (n, %)
Perioperative stroke 1,204,318 (99.86%) 1,739 (0.14) 1,206,057 (100)
Age (mean + SD) 57.88 (19.02) 74.31 (13.83) 57.9 +£19.02
Age
Under 65 712,080 (99.90) 364 (0.10) 712,444 (59.7)
65-74 222,312 (99. 80) 375 (0.20) 222,687 (18.7)
75 - 84 176,721 (99.70) 543 (0.30) 177,264 (14.9)
85+ 806,90 (99.40) 457 (0.60) 81,147 (6.8)
Gender
Male 422,847 (99.8) 716 (0.2) 423,563 (36.6)
Female 731,966 (99.9) 1,021 (0.1) 732,987 (63.4)
Race
White 729,786 (99.80) 1,172 (0.20) 730,958 (60.6)
Black 60,134 (99.84) 97 (0.16) 60,231 (5.5)
Hispanic 223,043 (99.90) 254 (0.10) 223,297 (18.5)
Asian or pacific islander 57,703 (99.79) 124 (0.21) 57,827 (4.8)
Native American 861 (99.80) 2 (0.20) 863 (0.1)
Other 17,872 (99.83) 31(0.17) 17,903 (1.5)
Procedure
Hemicolectomy 37,350 (99.95) 189 (0.5) 37,539 (3.1)
Appendectomy 125,299 (99.98) 27 (0.02) 125,326 (10.4)
Cholecystectomy 162,540 (99.91) 145 (0.09) 162,685 (13.5)
Hip replacement 154,976 (99.98) 338 (0.2) 155,314 (12.9)
Knee replacement 210,253 (99.92) 169 (0.08) 210,422 (17.4)
Treatment of fracture or dislocation of lower extremity 92,217 (99.59) 382 (0.41) 92,599 (7.7)
Amputation of lower extremity 37,654 (99.56) 167 (0.44) 37,821 (3.1)
Laminectomy 172,324 (99.89) 90 (0.11) 81,089 (6.7)
Spine fusion 130,768 (99.86) 192 (0.14) 130,960 (10.9)
Hysterectomy 172,324 (99.98) 40 (0.02) 172,364 (14.3)
Admission type
Emergency 408,149 (99.75) 1,013 (0.25) 409,162 (33.9)
Elective/other 796,169 (99.91) 726 (0.09) 796,895 (66.1)
Van Walraven score category
Low risk (VWR < 5) 989,888 (99.96) 436 (0.04) 990,324 (82.1)
Intermediate risk (VWR 5 - 14) 180, 824 (99.56) 792 (0.44) 181,616 (15.1)
High risk (VWR > 14) 33,668 (98.50) 511 (1.50) 34,179 (2.8)
Length of stay, mean 16.04 (17.18) 4.02 (5.14) 4.04 (5.21)
In-hospital mortality 6,481 (94.03) 329 (5.07) 6,810 (0.56)
Morbidity 97,186 (99.1) 920 (0.9) 98,106 (8.1)

SD: standard deviation; VWR: van Walraven score.

fied (Table 1). The mean age for subjects without stroke at the
time of admission was 57.9 years (SD = 19), as compared to
74.3 years (SD = 13.8) for subjects with stroke. Subjects in

the sample were predominately female (63.4%). Our sample
included patients who underwent the following surgeries: knee
replacement (17.45%), hysterectomy (14.3%), cholecystecto-
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Figure 1. The incidence of perioperative complication and its corresponding in-hospital mortality. Gl: gastrointestinal.

my (13.5%), hip replacement (12.3%), spine fusion (10.9%),
appendectomy (10.2%), treatment of fracture or dislocation of
lower extremity (7.7%), laminectomy (6.7%), amputation of
lower extremity (3.14%), and hemicolectomy (3.11%).

The largest age group in our sample was those under 65
years of age (59.7 %). The mean age of males was 58.7 years
(SD = 18.7), the mean age of females was 58.4 years (SD =
18.6). Whites composed the majority of subjects (60.6%), fol-
lowed by Hispanics (18.5%) and Blacks (5%). Surgical proce-
dures were predominately elective cases (66.1%) and had an
average LOS of 4.04 days (SD = 5.2). The mean van Walraven
score was found to be 1.32 (SD = 4.9), with most (82 %) of
subjects scoring < 5 on a scale ranging from -17 to 53 in the
studied sample.

Incidence of stroke

Perioperative stroke was found to have an overall incidence
rate of 0.14% (n = 1,739) in the whole sample. Rates of perio-
perative stroke increased progressively with age in those over
85 years of age (0.60%, n = 457), exhibiting a rate 12 times
higher than those under 65 years of age (0.05%, n = 364, P
< 0.001). Males had a risk of stroke (0.17%) greater than fe-
males (0.14%, P <0.001). The three procedures with the high-
est observed risk of perioperative stroke were hemicolectomy
(0.50%, n = 189), amputation of lower extremity (0.44%, n =
167), treatment of fracture or dislocation of lower extremity
(0.41%, n = 382). The remaining procedures all had rates of
stroke at or below 0.2%, with the risk of stroke in appendec-
tomy being the lowest (0.02%, n = 27).

Incidence of mortality

Overall in-hospital mortality was 0.56% (n = 6,810), with
those dying (75.26 years, SD = 13.9) being approximately
18 years older than those who survived (57.81 years, SD =
19.07, P < 0.001). Furthermore, 31.5% of the total in-hospital
mortality was observed in patients who were 85 years old and
above, although this population accounted for only 6.8% (n =
81,141) of the studied sample. Mortality rates were highest in
patients who underwent hemicolectomy (4.2%), followed by
amputation of lower extremity (2.79%) (Supplementary Mate-
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rial 2, www.neurores.org). The risk of mortality in an emer-
gency admission was seven times higher than in an elective
admission (odds ratio (OR) = 7.04, 95% confidence interval
(CI) = 6.63 - 7.48, P < 0.001). On bivariate analysis, rates of
in-hospital mortality were the highest in patients with stroke
(18.9%, OR =43.18, 95% CI = 38.20 - 48.81) when compared
to cardiovascular (7.4%, OR = 15.74, 95% CI = 14.54 - 17.04,
P <0.001) and pulmonary complications (10.2%, OR = 24.39,
95% CI=22.90 - 25.98, P < 0.001) (Fig. 1).

Incidence of morbidity

The overall incidence of morbidity was 8.1% (n = 98,100).
The morbidity was higher among patients older than 85 years
(15.6%, n = 12,671) (Supplementary Material 2, www.neu-
rores.org). Males exhibited higher morbidity than females
(10.4% vs. 7.3%). Subjects who underwent hemicolectomy
exhibited the highest portion of post-operative infection fol-
lowed by treatment of fracture of the lower extremity with the
incidence of 4.7%, 4.2%, respectively. Subjects who under-
went hemicolectomy exhibited the highest portion of wound
complications followed by amputation of lower extremity
with incidence of 5.4%, 1.21%, respectively. Subjects who
underwent hip replacement exhibited the highest portion of
gastrointestinal complications followed by hysterectomy with
incidence of 17.4%, 14.3%, respectively. Subjects who un-
derwent hemicolectomy exhibited the highest portion of renal
complications followed by laminectomy and spine fusion with
incidence of 1.1%, 0.6%, respectively.

Multivariate analysis

A multivariate logistical regression analysis was conducted to
test for the association of perioperative stroke with morbid-
ity and mortality while adjusting for age, sex, race, procedure
type, admission type, and comorbidities (Table 2). Periopera-
tive stroke was found to be a significant risk factor for both
morbidity (OR =5.06, CI =4.54 - 5.64, P < 0.001) and in-hos-
pital mortality (OR = 7.26, 95% CI = 6.26 - 8.41, P < 0.001)
(Fig. 2a). A separate multivariate logistical regression for mor-
bidity subgroups was carried to assess the impact of periop-
erative stroke on perioperative complications (Supplementary
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Table 2. Multivariable Regression Model 1: Morbidity and Mortality

Characteristic Morbidity Mortality
OR (95% CI) P value OR (95% CT) P value

Age groups

Under 65 REF - REF -

65-74 1.40 (1.37, 1.43) <0.001 1.56 (1.43, 1.69) <0.001

75 - 84 1.60 (1.57, 1.64) <0.001 2.12 (1.96, 2.29) <0.001

85+ 1.67 (1.63, 1.72) <0.001 3.30 (3.04, 3.58) <0.001
Gender

Male REF - REF -

Female 0.82 (0.81, 0.83) <0.001 0.76 (0.72, 0.80) <0.001
Race

White REF <0.001 REF -

Black 1.26 (1.22, 1.30) <0.001 1.07 (0.96, 1.19) 0.180

Hispanic 0.96 (0.94, 0.98) <0.001 1.02 (0.95, 1.10) 0.467

Asian or Pacific Islander 1.15 (1.11, 1.18) <0.001 0.99 (0.89, 1.10) 0.875

Native American 1.18 (0.93, 1.49) 0.158 0.35 (0.08, 1.43) 0.145

Others 1.11 (1.05, 1.17) <0.001 1.13 (0.93, 1.37) 0.198
Procedure

Hemicolectomy REF - REF -

Appendectomy 0.17 (0.16, 0.17) <0.001 0.11 (0.09, 0.14) <0.001

Cholecystectomy 0.16 (0.15, 0.16) <0.001 0.27 (0.24, 0.30)

Hip replacement 0.12 (0.12, 0.13) <0.001 0.30 (0.27, 0.33) <0.001

Knee replacement 0.11 (0.11, 0.12) <0.001 0.13 (0.11, 0.16) <0.001

Treatment of fracture of lower extremity 0.11 (0.11, 0.12) <0.001 0.34 (0.31, 0.37) <0.001

Amputation of lower extremity 0.39 (0.38, 0.43) <0.001 0.81 (0.74, 0.90) <0.001

Laminectomy 0.16 (0.15, 0.16) <0.001 0.36 (0.31, 0.42) <0.001

Spine fusion 0.33(0.32,0.34) <0.001 0.36 (0.31,0.37) <0.001

Hysterectomy 0.22 (0.21, 0.23) <0.001 0.23 (0.19, 0.29) <0.001
Admission type

Elective REF - REF -

Emergency 2.15(2.11, 2.20) <0.001 2.98(2.77,3.22) <0.001
Van Walraven groups

<5 REF - REF -

5-14 2.52(2.48, 2.56) <0.001 4.62 (4.28, 4.98) <0.001

> 14 5.60 (5.45, 5.76) <0.001 13.09 (12.08, 14.19) <0.001
Perioperative stroke 5.06 (4.54, 5.64) <0.001 7.26 (6.26, 8.41) <0.001
Cardiovascular complications - - 4.33(3.93,4.77) <0.001
Pulmonary complications - - 4.76 (4.40, 5.14) <0.001
Gastrointestinal complications - - 1.56 (1.43, 1.69) <0.001
Post-operative infection - - 1.79 (1.64, 1.95) <0.001
Wound complications - - 1.45 (1.27, 1.66) <0.001
Renal complications - - 1.12 (0.90, 1.40) 0.294

OR: odds ratio; Cl: confidence interval; REF: reference.
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Figure 2. (a) The factors’ impact on in-hospital mortality demonstrated by odds ratio and 95% confidence intervals. (b) The
impact of perioperative stroke on morbidity, mortality, cardiovascular, respiratory, infection, wound, renal and gastrointestinal
complications demonstrated by odds ratio and 95% confidence intervals. LOS: length of stay.

Material 3, www.neurores.org). It showed that perioperative
stroke remained a significant independent predictor for pro-
longed LOS (OR =7.59, 95% CI=6.73 - 8.57, P <0.001), car-
diovascular complications (OR = 3.40, 95% CI = 2.80 - 4.12,
P < 0.001), respiratory complications (OR = 3.10, 95% CI =
2.68 - 3.73, P < 0.001), post-operative infection (OR = 2.81,
95% CI =2.43 - 3.25, P < 0.001), wound complications (OR
=2.28,95% CI =1.73 - 3.00, P < 0.001), renal complications
(OR =1.72,95% CI = 1.16 - 2.56, P < 0.001), and gastroin-
testinal complications (OR = 1.99, 95% CI = 1.67 - 2.38, P <
0.001) (Fig. 2b).

Discussion

Our results confirm that perioperative stroke is a significant

10
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risk factor for morbidity and in-hospital mortality following
non-cardiovascular, non-neurological surgeries. In the SID, a
retrospective cohort study of 1,206,057 patients showed an in-
cidence of perioperative stroke ranging from 0.02% in appen-
dectomy to 0.50% following hemicolectomy, with an overall
incidence of 0.14%, which is lower than the reported incidence
of stroke in papers that focused on cardiovascular surgeries
which range from 1.9% to 9.7% [4]. A previous study by Bate-
man et al showed incidences of perioperative stroke ranging
from 0.2% after appendectomy to 0.7% after hemicolectomy
compared to the 0.14% overall incidence in our study [2]. One
interpretation for the previous result is in the study of Bateman
et al, it only included three surgeries in Nationwide Inpatient
Sample (NIS). NIS data do not have a present on admission
indicator, which might result in difficulty in distinguishing
if the strokes occurred in the hospital or occurred before ad-
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mission. The prior was reflected on the reported incidence of
perioperative stroke. The study of Mashour et al showed that
the overall incidence of perioperative stroke in non-cardiac
non-neurological surgeries using ACS National Surgical Qual-
ity Improvement Program (NSQIP) data set is 0.1%, which is
similar to our results [1].

Little attention has been given to perioperative stroke
than cardiovascular complications, as the former usually has
a lower incidence. However, in our study, we found that pa-
tients with perioperative stroke had a seven-fold increase in
in-hospital mortality compared to the four-fold increase in
in-hospital mortality from cardiovascular complications (Fig.
2a). Despite the lower incidence of perioperative stroke, its im-
pact on in-hospital mortality was detrimental. A recent study
by Smilowitz et al showed a reduction in the death rate from
acute myocardial infarction among patients undergoing major
non-cardiac surgery in the USA; however, in the same study,
they showed that the incidence of ischemic stroke increased
over time [23].

Since the Goldman index introduction, cardiovascular
events following surgeries have continuously declined, main-
ly attributed to appropriate patient selection for the surgeries.
Goldman index is a tool that weighs patient demographics,
comorbidities, signs of heart failure, electrocardiographic ab-
normalities, general medical conditions, and the type of op-
eration to designate an appropriate class that correlates with
a specific postoperative risk for cardiac complications [24].
Therefore, the presence of a meaningful predictive model to
predict the risk of perioperative stroke and possible interven-
tions during the perioperative period could decrease the in-
cidence of perioperative stroke. Some measures which have
been shown to detect and reduce perioperative stroke include
different intraoperative anesthetic techniques, pharmacologic
strategies, and physiologic strategies as intraoperative neuro-
monitoring (IONM). IONM include intraoperative EEG and
SSEP [1, 25, 26]. Combining IONM and utilizing appropri-
ate stroke units for post-stroke care can reduce the morbidity
and mortality in patients who suffer from perioperative stroke
[27].

In our study, we found that female gender was associ-
ated with lower risk for morbidity (OR = 0.82, 95% CI =
0.81 - 0.83, P < 0.001) and mortality (OR = 0.76, 95% CI
=0.72 - 0.80, P <0.001) in comparison to males. The prior
was congruent with the literature as the female gender was
associated with lower mortality and shorter LOS. Further-
more, stroke etiology subtypes also differ between males
and females, as cardioembolic etiology was more frequent
in females, while small vessel disease was more frequent in
males [28].

The cardioembolic phenomenon is one of the most com-
mon etiologies of perioperative stroke. Atrial fibrillation (AF)
is the most common arrhythmia in the perioperative period,
and the risk for AF increases significantly in the periopera-
tive period, especially in non-cardiac surgery. Furthermore, the
outcomes for cardioembolic stroke are drastic in comparison
to other stroke etiologies. Therefore, different measures can
be taken to reduce AF risk, as avoiding potential triggers and
treating patient and surgery-related risk factors that might pre-
cipitate AF [29, 30].

Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™

Limitations

Despite the significant benefits of our study, we do have some
limitations. This study utilized the SID hospital claims data-
base. One of the limitations of that dataset is the accuracy of
some ICD-9-CM-coded diagnoses and procedures, including
miscoding comorbidities [20]. The lack of ability to prospec-
tively follow up the patients for the possibility of readmission,
and complications following their discharge, limits the ability
to evaluate the long-term impact of perioperative stroke.

Conclusions

Perioperative stroke is a significant independent risk factor for
morbidity and in-hospital mortality following non-cardiovas-
cular, non-neurological surgeries. Patients who develop perio-
perative stroke have a higher risk of death compared to perio-
perative cardiac complications. Patients with perioperative
stroke have a higher risk of other perioperative complications,
including cardiovascular, respiratory, post-operative infection,
wound complications, renal, gastrointestinal complications,
and prolonged hospital LOS.

Supplementary Material
Suppl 1. ICD-9 code descriptions.

Suppl 2. General characteristics and initial bivariate analysis.
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