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Abstract

We sought to characterize stroke management and outcomes in a postoperative population. Using
electronic medical records we identified 39 patients suffering perioperative stroke after noncardiac
and non-neurosurgical procedures for whom documentation of management and outcomes was
available. Thirty-three strokes occurred during admission while 6 occurred after discharge and
were recognized upon return to the hospital. Perioperative stroke was associated with delayed
recognition, infrequent intervention, and significant rates of morbidity and mortality, suggesting
the need for improved screening and more rapid treatment. There may be disparities in care and
outcomes between in-hospital and out-of hospital stroke patients, though further study is
warranted.
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Introduction

It has recently been reported that patients with in-hospital stroke have worse outcomes
compared to community-onset stroke; in this cohort nearly 50% of the inpatient strokes were
perioperative.l Given that surgery increases the risk of stroke,23 and stroke recognition and
management are more complicated in the perioperative period, surgical patients may be at
particular risk for poor stroke outcomes. In a low-risk surgical patient population, we sought
to further characterize stroke management and outcomes in patients suffering perioperative
stroke. We classified cases according to whether stroke happened while patients were still
hospitalized (“in-hospital strokes™) or discharged and returning to the emergency department
(ED) for treatment (*“out-of hospital strokes”).

Consent for Publication

Methods

Results

Patients were a de-identified cohort and events studied occurred more than 3 years ago. IRB
approval was obtained for the study and no consent was required at time of patient
identification.

The study was approved by the University of Michigan Medical School IRB, and the
requirement for written informed consent was waived. Electronic records of all patients
undergoing noncardiac and non-neurosurgical procedures between 2003 and 2009 at the
University of Michigan were screened for postoperative head computed tomography or brain
magnetic resonance imaging. We previously published stroke incidence and risk factor data
for this large cohort.# From these stroke cases, a subset with available detailed clinical data
(2006—2009) was hand-reviewed for stroke recognition and treatment patterns. Demographic
information, details of infarct timing and distribution, as well as outcomes data were
collected. Perioperative stroke was defined as stroke occurring within 30 days of surgery.

Thirty-nine patients suffering perioperative stroke were identified; 33 strokes (33/39, 85%)
were identified in the hospital (in-hospital) and the remaining 6 (6/39, 15%) were associated
with symptoms after discharge and were diagnosed upon return to the ED (out-of-hospital).
Four patients (4/39, 10%) emerged from anesthesia with a new deficit and 44% (17/39) of
strokes were recognized on postoperative days 0 or 1. The majority of strokes (30/39, 77%)
occurred within the first 4 days after surgery. Six patients (6/39, 15%) presented with
changes in mental status only, no focal sensorimotor deficits were noted in medical
documentation. Only 15% (5/33) of in-hospital stroke patients had an imaging study within
6 hours of when they were last known to be at their neurological baseline. As such, at least
85% of patients did not receive neuroimaging within the 3-hour timeframe for tissue
plasminogen activator eligibility per 2005 guidelines (study period was from 2006 — 2009).°
Once neurologic symptoms were recognized, only 39% (13/33) of inpatients had an imaging
study within 6 hours. For out-of-hospital stroke patients returning to the ED, only 17% (1/6)
presented within 6 hours of when they were last known to be neurologically intact.
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Compared to in-hospital patients, however, all (6/6, 100%) out-of hospital patients received
neuroimaging within 6 hours of symptom onset. Thus, there was an apparent delay in
neuroimaging after symptom recognition in the in-hospital cohort (Table 1). With the
exception of one patient, all patients (38/39, 97%) were evaluated by neurology. For the
entire cohort, only one (1/39, 3%) patient received intra-arterial tissue plasminogen activator.
Although small numbers limit formal statistical analysis, there was no mortality in the out-of
hospital subset and all of these patients were discharged to home. In contrast, mortality for
the in-hospital stroke patients was 36% (12/33) and only 13 of this subset (13/33, 39%) were
discharged home (Table 1).

Discussion

In this small observational study with a diverse surgical population, 44% of strokes occurred
in the immediate perioperative period (postoperative days 0 and 1). Despite routine clinical
assessment of these hospitalized patients, recognition of neurologic deficits was frequently
delayed beyond the period of eligibility for acute intervention. In fact, acute intervention for
stroke was infrequently documented as a clinical option. Of note, 15% of patients presented
with mental status changes only with no appreciable focal deficits, a clinical presentation
which may have hindered stroke recognition in the setting of anesthetic recovery and
analgesic therapy. Patients suffering out-of-hospital stroke were seemingly evaluated more
rapidly upon return to the ED and tended to have better outcomes. However, many
confounders could be present that may have impacted these apparent differences. For
example, National Institutes of Health Stroke Scale data were not available for the majority
of patients, and thus, initial stroke severity could not be determined. Detailed physiological
data were also not available around the time of index stroke. A larger sample size would also
be required to control for confounds such as lower baseline morbidity.

Ultimately, this series provides evidence that surgical patients suffering perioperative stroke
may not be recognized during the window of eligibility for acute intervention.
Anesthesiologists should be aware of the risk factors for stroke (Table 2) and ensure that
surgical teams are aware of patients at high risk for this devastating complication. Our
findings, in conjunction with the recent work of Saltman et al., highlight the need for
improved perioperative and inpatient stroke recognition and treatment. Anesthesiologists can
play a vital role in this process.

Acknowledgments

Funding: PEV is supported by National Institutes of Health Grant T32GM103730.

References

1. Saltman AP, Silver FL, Fang J, Stamplecoski M, Kapral MK. Care and Outcomes of Patients With
In-Hospital Stroke. JAMA Neurol. 2015; 72:749-55. [PubMed: 25938195]

2. Jorgensen ME, Torp-Pedersen C, Gislason GH, Jensen PF, Berger SM, Christiansen CB, Overgaard
C, Schmiegelow MD, Andersson C. Time elapsed after ischemic stroke and risk of adverse
cardiovascular events and mortality following elective noncardiac surgery. JAMA. 2014; 312:269—
77. [PubMed: 25027142]

A A Case Rep. Author manuscript; available in PMC 2017 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Vlisides et al.

Page 4

. Jorgensen ME, Gislason GH, Andersson C. Time since stroke and risk of adverse outcomes after

surgery--reply. JAMA. 2014; 312:1930-1. [PubMed: 25387196]

. Mashour GA, Sharifpour M, Freundlich RE, Tremper KK, Shanks A, Nallamothu BK, Vlisides PE,

Weightman A, Matlen L, Merte J, Kheterpal S. Perioperative metoprolol and risk of stroke after
noncardiac surgery. Anesthesiology. 2013; 119:1340-6. [PubMed: 23612244]

. Adams H, Adams R, Del Zoppo G, Goldstein LB. Guidelines for the early management of patients

with ischemic stroke: 2005 guidelines update a scientific statement from the Stroke Council of the
American Heart Association/American Stroke Association. Stroke. 2005; 36:916-23. [PubMed:
15800252]

. Mashour GA, Shanks AM, Kheterpal S. Perioperative stroke and associated mortality after

noncardiac, nonneurologic surgery. Anesthesiology. 2011; 114:1289-96. [PubMed: 21478735]

. Bateman BT, Schumacher HC, Wang S, Shaefi S, Berman MF. Perioperative acute ischemic stroke

in noncardiac and nonvascular surgery: incidence, risk factors, and outcomes. Anesthesiology. 2009;
110:231-8. [PubMed: 19194149]

. Sharifpour M, Moore LE, Shanks AM, Didier TJ, Kheterpal S, Mashour GA. Incidence, predictors,

and outcomes of perioperative stroke in noncarotid major vascular surgery. Anesth Analg. 2013;
116:424-34. [PubMed: 23115255]

. Kikura M, Oikawa F, Yamamoto K, Iwamoto T, Tanaka KA, Sato S, Landesberg G. Myocardial

infarction and cerebrovascular accident following non-cardiac surgery: differences in postoperative
temporal distribution and risk factors. J Thromb Haemost. 2008; 6:742-8. [PubMed: 18331455]

A A Case Rep. Author manuscript; available in PMC 2017 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Vlisides et al.

Perioperative Stroke Management

Table 1

Management Characteristics

Hospitalized (n = 33)

Discharged and Returning to ED2 (n = 6)

NIHSS? Recorded (%) 2/33 (6.0) 0/6 (0)
Time LKWCto neuroimagingd

Within 6 hours (%) 5/33 (15) 1/6 (17)

Within 8 hours (%) 6/33 (18) 1/6 (17)
Symptom recognition to neuroimagingd

Within 6 hours (%) 13/33 (39.4) 6/6 (100)

Within 8 hours (%) 16/33 (48.5) 6/6 (100)
Documented thrombolysis discussion (%) | 5/33 (15.2) 3/6 (50)
Thrombolysis (%) 1/33 (3.0) 0/6 (0)
Mortality® (%) 12/33 (36.4) 0/6 (0)
Disposition

Home (%) 13/33 (39.4) 6/6 (100)

Care Facility (%) 8/33 (24.2) 0/6 (0)

aED = Emergency Department;

bNIHSS = National Institutes of Health Stroke Scale;

LKW = Last Known Well;

Categorization within 6 hours and 8 hours based on available data in medical documentation;

EDefined as death during admission for index stroke
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Commonly Identified Risk Factors for Perioperative Stroke — Noncardiac, Nonneurologic Surgery

Table 2

Perioperative Stroke Risk Factors

Adjusted OR®(95% C1°)

Age€

3.9(3.0-5.0)

1.43 (1.35 - 1.51)7

1.02 (1.01 - 1.04)

History of cerebrovascular disease?

7.1 (4.6 - 11.0)°

2.9(2.3-3.8)

1.72 (1.29 - 2.30)

1.64 (1.25 - 2.14)7

Atrial fibrillation

55(2.8-10.9)°

1.95 (1.69 - 2.26)7

Cardiac disease?

3.8(2.4-6.0)°

1.44 (1.21 - 1.70)7

1.42 (1.07 - 1.87)

Acute renal failure

3.6(2.3-5.8)8

2.03 (1.39 - 2.97)®

aOR = Odds Ratio;

bCI = Confidence Interval;

cdefined as > 62 years old in Mashour et aI.6, age per 10 years in Bateman et al.’ and 1 year increase in age in Sharifpour et al.8;

further defined as previous stroke in Mashour et al.6 and Bateman et al.”, defined as history of stroke, transient ischemic attack, or existing

hemiplegia in Sharifpour et aI.8;

e, . .. - . - L . . L
defined in Mashour et aI.6 as myocardial infarction within 6 months, defined in Bateman et al.7 as congestive heart failure, and defined in

Sharifpour et al8as myocardial infarction within 6 months, history of cardiac revascularization, or congestive heart failure within 30 days;

this reflects patients requiring preoperative dialysis.
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