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A B S T R A C T   

Perioperative ischemic stroke significantly increases morbidity and mortality in patients undergoing elective 
surgery. Mechanical thrombectomy can improve ischemic stroke outcomes, but frequency and trend of its uti-
lization for treatment of perioperative ischemic stroke is not studied. We identified adults who underwent 
elective inpatient surgery from 2008 to 2018 and suffered from a perioperative ischemic stroke from the Premier 
Healthcare Database. The difference in mechanical thrombectomy usage before and after the updated recom-
mendation in acute stroke guidelines was assessed in a univariate analysis using a chi-squared test. A segmented 
regression model was created to assess the change in rate over time. Of 6,349,668 patients with elective inpatient 
surgery, 12,507 (0.2%) had perioperative ischemic stroke. Mean age (and standard deviation) was 69.5 (11.7) 
years, and 48.8% were female. Mechanical thrombectomy was used in 1.7% patients and its use increased from 
0.0% in 3rd quarter, 2008 to 4.4% in 4th quarter, 2018. Significant increase in the use of mechanical throm-
bectomy was seen after 3rd quarter, 2015 when its use was incorporated in acute stroke treatment guideline 
(1.14% before 3rd quarter, 2015 versus 3.07% after; p < 0.0001). Amongst patients with perioperative ischemic 
stroke, patients who received mechanical thrombectomy were more likely to have their surgery performed at a 
teaching institute (67.3% versus 53.9%). Although a significant increase in rates of utilization of mechanical 
thrombectomy was observed, rates of utilization remain low, especially in non-teaching hospitals. This highlights 
improvements in the management of perioperative ischemic strokes and further opportunities to improve 
outcomes.   

1. Introduction 

Perioperative ischemic stroke significantly increases morbidity and 
mortality in patients undergoing elective surgery [1]. Newer therapeutic 
interventions such as mechanical thrombectomy may improve outcomes 
for these patients [2]. Use of mechanical thrombectomy has rapidly 
increased for the treatment of acute ischemic stroke caused by large 
vessel occlusion in carefully selected patients following a series of 
landmark trials providing overwhelming evidence of its efficacy and its 
adoption as the guideline-recommended therapy for the treatment of 
acute ischemic stroke in June 2015 [3–6]. However, the frequency and 

trend of its utilization for treatment of perioperative ischemic stroke is 
not studied. To address this gap, we used a large multicenter health care 
database to examine the utilization of mechanical thrombectomy for 
patients with perioperative ischemic stroke in the United States. Our 
primary study objective was to identify what proportion of patients with 
perioperative ischemic stroke received endovascular mechanical 
thrombectomy. Our secondary objective was to examine the change in 
this rate following the publication of key RCTs in 2015. This information 
is needed to understand additional resources required and target quality 
improvement efforts to improve outcomes of patients with perioperative 
ischemic stroke. 
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2. Materials and methods 

2.1. Study design, database, and population 

We conducted a retrospective, repeated cross-sectional, interrupted 
time series study of patients with perioperative ischemic stroke using the 
Premier Healthcare Database (PHD), an inpatient administrative data-
base (Premier, Inc.) [7]. PHD contains data from about 700 hospitals on 
patient demographics, discharge status, payer status, International 
Classification of Diseases, Ninth Revision (ICD-9) and International 
Classification of Diseases, Tenth Revision (ICD-10) diagnosis codes, ICD- 
9 and ICD-10 procedure codes, day-stamped hospital-submitted Current 
Procedural Terminology (CPT) codes, and hospital characteristics for 
every patient encounter. The database contains information for more 
than 231 million unique patients with cumulative data from over 1,041 
hospitals. The hospitals providing data to PHD vary in bed capacity and 
provide care to patients from all 4 geographic regions and their 
respective divisions defined by the US census and believed to be a broad 
representation of the US hospital population. 

We identified a cohort of patients aged ≥ 18 years of age who were 
admitted from home for elective surgery between October 2008 and 
December 2018. Patients with perioperative ischemic stroke were 
identified using the established variations of the ICD-9 codes 433, 434, 
436, and 437 or ICD-10 code I63 [8]. Patients were considered to have a 
perioperative ischemic stroke if they had a relevant ICD-9 or ICD-10 
billing code after an elective surgery during the same hospitalization. 
We excluded patients with billing codes for stroke prior to elective 
surgery to exclusively examine those who developed a stroke after their 
surgery and during their surgical hospitalization. Cases that underwent 
mechanical thrombectomy were further identified using established 
ICD-9 procedure code 3974 and variations of ICD-10 procedure code 
03C [8]. This study was approved by the Duke University Healthcare 
System Institutional Review Board (Pro00102735). It was exempt from 
informed patient consent requirements because of retrospective use of 
deidentified administrative data. 

2.2. Exposure, Outcome, and covariates 

Among the cohort of patients with perioperative ischemic stroke, the 
primary exposure was time epoch (3rd quarter, 2008 to 3rd quarter, 
2015 defined as the pre-RCT publications and 4th quarter 2015 to 4th 
quarter 2018 as the post-RCT publications time epoch). The primary 
outcome studied was the mechanical thrombectomy utilization among 
these patients. Additional covariates examined included temporal (cal-
endar year and quarter) characteristics, demographic (age, gender, race, 
payer) characteristics, clinical (surgery type and medical comorbidities) 
characteristics, and facility (hospital size, region, and teaching status) 
characteristics. 

2.3. Statistical analysis 

Descriptive statistics were used to compare patient demographic and 
clinical characteristics, as well as facility level characteristics among 
patients with perioperative ischemic stroke, stratified by those who 
received mechanical thrombectomy versus those that did not. Variance 
in distribution of baseline characteristics was computed via standard-
ized difference, which was chosen over p-values given the decreased 
sensitivity to sample size and to provide an indication of the size of the 
difference between groups. We report the effect size of each category 
with values greater than 0.1, interpreted as a 10% difference between 
groups, indicating meaningful imbalance between the two groups. We 
compared difference in the rate of mechanical thrombectomy usage 
between pre-RCT publication (3rd quarter, 2008 to 3rd quarter, 2015) 
and post-RTC publication (4th quarter 2015 to 4th quarter 2018) time 
epochs in univariate analysis using chi-squared test. We also studied the 
temporal relationship in a multivariable segmented regression model for 

quarterly rate of mechanical thrombectomy. This model was adjusted 
for age, gender, race, payer category, medical comorbidities, hospital 
bed size, location (rural/urban) and teaching status to examine the rate 
of change in mechanical thrombectomy utilization over time as well as 
immediate change following RCT publication. All analyses were con-
ducted using SAS for Windows, Version 9.4 (SAS Institute, Cary, NC). 

3. Results 

Of 6,349,668 patients included in PHD with elective inpatient sur-
gery, 12,507 (0.2%) experienced a perioperative ischemic stroke. Pa-
tient and hospital characteristics, stratified according to the utilization 
of mechanical thrombectomy is presented in Table 1. The mean age and 
standard deviation of patients with perioperative ischemic stroke was 
69.5 ± 11.7 years, and 48.8% were female. Overall, 208 (1.7%) patients 
with perioperative ischemic stroke received mechanical thrombectomy. 
The two groups differed in a number of characteristics including race, 
payer category and medical comorbidities as shown in Table 1. 
Compared individually against all other DRG groups, bariatric, neuro-
logic, obstetric, other, thoracic, transplant and trauma DRGs had ASMDs 
greater than 0.1. (Supplemental Table 1). Amongst patients with peri-
operative ischemic stroke, patients who received mechanical throm-
bectomy were more likely to have their surgery performed at a teaching 
institute (Table 1, 67.3% versus 53.9%). Use of mechanical thrombec-
tomy increased over the period of 2008 to 2018 (Fig. 1). The rate of 
mechanical thrombectomy increased from 0.0% in 3rd quarter, 2008 to 
4.4% in 4th quarter, 2018. Univariate analysis comparing mechanical 
thrombectomy utilization between the pre and post-RCT time epochs 
showed a significant increase in the use of mechanical thrombectomy in 
2015 following establishment of mechanical thrombectomy as a 
standard-of-care treatment for select patients with acute ischemic stroke 
(1.14% before 3rd quarter, 2015 versus 3.07% after; p < 0.0001) in 
acute stroke guidelines [4]. Segmented regression analysis adjusted for 
key available variables showed that while rate of per quarter mechanical 
thrombectomy usage in the patients with perioperative ischemic stroke 
was slightly declining in the pre-RCT time epoch (adjusted odds ratio 
[aOR], 0.97 [95% CI, 0.95–0.99], p = 0.009), there was a significant 
increase observed in the post-RCT time epoch (aOR, 1.24 [95% CI, 
1.09–1.41], p = 0.0008). 

4. Discussion 

In this retrospective cohort study, we evaluated trends in the utili-
zation of mechanical thrombectomy for perioperative ischemic stroke 
using a large, real-world dataset. We observed a significant and sus-
tained increase in its use since the 4th quarter of 2015, corresponding to 
the adoption of this therapy in acute stroke treatment guidelines. This 
data, while encouraging, highlights the need for additional improve-
ments for cardiovascular care and management of perioperative 
ischemic strokes. While we found that in the 4th quarter of 2018, 4.4% 
of patients with perioperative ischemic stroke were able to receive 
treatment with mechanical thrombectomy, a recent study on the trend of 
mechanical thrombectomy for patients with in-hospital onset stroke 
found it being used in 6.4% of patients during the same time period 
suggesting under treatment of perioperative strokes [9]. 

While systemic thrombolysis using intravenous tissue Plasminogen 
Activator (tPA) for treatment of acute ischemic stroke in patients who 
had a recent surgery can increase the risk of surgical-site hemorrhage, 
mechanical thrombectomy can provide a safer and more effective 
treatment in eligible patients. Previous studies of mechanical throm-
bectomy use in perioperative stroke have shown that it can achieve 
successful reperfusion and good clinical outcomes in a substantial pro-
portion of patients [10]. At present, the lack of standardized method-
ologies for detecting cerebral ischemia in a perioperative setting 
impedes rapid recognition and timely management of perioperative 
stroke. Perioperative strokes can be difficult to recognize because of 
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Table 1 
Demographics, Surgical and Hospital Characteristics of Patients with Perioperative Ischemic Stroke.  

Variable (SD) Perioperative Ischemic Stroke   

Subjects No Mechanical Thrombectomy (n = 12299; 98.3) Mechanical Thrombectomy (n = 208; 1.7) Total 
(n = 12507) 

Absolute 
Standardized Difference 

Age 69.5 (11.7) 68.7 (11.9) 69.5 (11.7)  0.06  

Race     0.17 
Black 1106 (9.0) 22 (10.6) 1128 (9.0)  
Hispanic 102 (0.8) 1 (0.5) 103 (0.8)  
Other 1389 (11.3) 27 (13.0) 1416 (11.3)  
Unknown 57 (0.5) 1 (0.5) 58 (0.5)  
White 9645 (78.4) 157 (75.5) 9802 (78.4)   

Payor Category     0.42 
MCO 1874 (15.2) 39 (18.8) 1913 (15.3)  
Medicaid 651 (5.3) 13 (6.3) 664 (5.3)  
Medicare 8805 (71.6) 137 (65.9) 8942 (71.5)  
Other 969 (7.9) 19 (9.1) 988 (7.9)   

Provider Region     0.06 
Midwest 2681 (21.8) 50 (24.0) 2731 (21.8)  
Northeast 1856 (15.1) 33 (15.9) 1889 (15.1)  
South 5415 (44.0) 87 (41.8) 5502 (44.0)  
West 2347 (19.1) 38 (18.3) 2385 (19.1)   

Urban/Rural     0.08 
Rural 969 (7.9) 11 (5.3) 980 (7.8)  
Urban 11,330 (92.1) 197 (94.7) 11,527 (92.2)   

Teaching     0.28 
No 5672 (46.1) 68 (32.7) 5740 (45.9)  
Yes 6627 (53.9) 140 (67.3) 6767 (54.1)   

Hospital Size (Beds)     0.53 
0–99 252 (2.0) 1 (0.5) 253 (2.0)  
100–199 885 (7.2) 8 (3.8) 893 (7.1)  
200–299 1447 (11.8) 11 (5.3) 1458 (11.7)  
300–399 2010 (16.3) 15 (7.2) 2025 (16.2)  
400–499 2347 (19.1) 41 (19.7) 2388 (19.1)  
500+ 5358 (43.6) 132 (63.5) 5490 (43.9)   

Diagnosis Related Group     0.59 
Amputation 124 (1.0) 1 (0.5) 125 (1.0)  
Bariatric 22 (0.2) 0 (0.0) 22 (0.2)  
Cardiac 4891 (39.8) 65 (31.3) 4956 (39.6)  
ENT 49 (0.4) 1 (0.5) 50 (0.4)  
Endocrine 83 (0.7) 2 (1.0) 85 (0.7)  
GI 916 (7.4) 11 (5.3) 927 (7.4)  
Gynecologic 222 (1.8) 4 (1.9) 226 (1.8)  
Neurologic 1112 (9.0) 39 (18.8) 1151 (9.2)  
Obstetric 5 (0.0) 0 (0.0) 5 (0.0)  
Oncologic 60 (0.5) 2 (1.0) 62 (0.5)  
Orthopedic 1460 (11.9) 23 (11.1) 1483 (11.9)  
Other 168 (1.4) 17 (8.2) 185 (1.5)  
Plastic 111 (0.9) 1 (0.5) 112 (0.9)  
Spinal 560 (4.6) 9 (4.3) 569 (4.5)  
Thoracic 341 (2.8) 12 (5.8) 353 (2.8)  
Transplant 11 (0.1) 0 (0.0) 11 (0.1)  
Trauma 61 (0.5) 0 (0.0) 61 (0.5)  
Urologic 401 (3.3) 6 (2.9) 407 (3.3)  
Vascular 1702 (13.8) 15 (7.2) 1717 (13.7)   

Medical Comorbidities     
Congestive Heart Failure 2906(23.6) 47(22.6) 2953(23.6)  0.02 
All Arrhythmia 5799(47.2) 108(51.9) 5907(47.2)  0.10 
Atrial Fibrillation/Flutter 4245(34.5) 78(37.5) 4323(34.6)  0.06 
Valvular Disease 3391(27.6) 49(23.6) 3440(27.5)  0.09 
Pulmonary Circulation Disorders 1128(9.2) 27(13.0) 1155(9.2)  0.12 
Peripheral Vascular Disease 3517(28.6) 58(27.9) 3575(28.6)  0.02 
Carotid Occlusion/Stenosis 2458(20.0) 46(22.1) 2504(20.0)  0.05 
Hypertension (uncomplicated) 7190(58.5) 128(61.5) 7318(58.5)  0.06 

(continued on next page) 
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clinical events such as intubation and the use of sedative medications, 
but protocols derived from evidence-based guidelines can increase op-
portunities for therapeutic interventions and outcomes [2]. 

Although we observed a significant increase in rates of utilization of 
mechanical thrombectomy after guidelines were changed, rates of uti-
lization remain low, especially in non-teaching hospitals. Our finding 

that mechanical thrombectomy was performed at a higher rate in the 
teaching hospitals may reflect that patients who underwent surgical 
procedures in teaching hospitals may have had a higher likelihood of 
availability of a novel treatment option. Further, we observed a lower 
availability of mechanical thrombectomy in rural (5.3%) versus urban 
institutions (94.7%). While there may be an expansion of resources into 

Table 1 (continued ) 

Variable (SD) Perioperative Ischemic Stroke   

Subjects No Mechanical Thrombectomy (n = 12299; 98.3) Mechanical Thrombectomy (n = 208; 1.7) Total 
(n = 12507) 

Absolute 
Standardized Difference 

Hypertension (complicated) 2816(22.9) 45(21.6) 2861(22.9)  0.03 
Paralysis 4728(38.4) 152(73.1) 4880(39.0)  0.74 
Other Neurological Disorders 5220(42.4) 120(57.7) 5340(42.7)  0.31 
Chronic Pulmonary Disorders 3617(29.4) 53(25.5) 3670(29.3)  0.09 
Diabetes (uncomplicated) 3181(25.9) 50(24.0) 3231(25.8)  0.04 
Diabetes (complicated) 1424(11.6) 32(15.4) 1456(11.6)  0.11 
Hypothyroidism 1945(15.8) 35(16.8) 1980(15.8)  0.03 
Renal Failure 2584(21.0) 39(18.8) 2623(21.0)  0.06 
Liver Disease 592(4.8) 9(4.3) 601(4.8)  0.02 
Peptic Ulcer Disease 126(1.0) 3(1.4) 129(1.0)  0.04 
AIDS/HIV 10(0.1) 1(0.5) 11(0.1)  0.08 
Lymphoma 70(0.6) 2(1.0) 72(0.6)  0.05 
Metastatic Cancer 519(4.2) 6(2.9) 525(4.2)  0.07 
Solid Tumor without Metastasis 1618(13.2) 29(13.9) 1647(13.2)  0.02 
RA/Collagen Vascular Diseases 469(3.8) 9(4.3) 478(3.8)  0.03 
Coagulopathy 2220(18.1) 30(14.4) 2250(18.0)  0.10 
Obesity 2215(18.0) 43(20.7) 2258(18.1)  0.07 
Weight Loss 1453(11.8) 16(7.7) 1469(11.7)  0.14 
Fluid and Electrolyte Disorders 4972(40.4) 82(39.4) 5054(40.4)  0.02 
Blood Loss Anemia 260(2.1) 3(1.4) 263(2.1)  0.05 
Deficiency Anemia 348(2.8) 7(3.4) 355(2.8)  0.03 
Alcohol Abuse 423(3.4) 4(1.9) 427(3.4)  0.09 
Drug Abuse 245(2.0) 2(1.0) 247(2.0)  0.09 
Psychoses 162(1.3) 3(1.4) 165(1.3)  0.01 
Depression 1734(14.1) 20(9.6) 1754(14.0)  0.14 

*Groups with absolute standardized differences > 0.1 are considered imbalanced. 

Fig. 1. Trend of perioperative ischemic stroke patients treated with mechanical thrombectomy from 2008 to 2018 analyzed via segmented regression (solid line). 
Dots represent rate of mechanical thrombectomy for patients with perioperative ischemic stroke during each quarter of year. Shaded area represents post-RCT 
publication time epoch. 
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rural areas or non-teaching hospitals following a decrease in resource 
cost over time, the current recommendation of the American Stroke 
Association is to transfer patients to a comprehensive stroke center [11]. 
There have been several advances in our understanding of mechanical 
thrombectomy that may directly benefit patients who require an inter-
hospital transfer, namely, the DAWN and DEFUSE 3 trials [12,13]. 
Indeed, as of 2018 select patients may qualify for thrombectomy up to 
24 h out from their last known clinical normal. Additionally, trials such 
as DEVT, SWIFT and STAR have examined the utilization of bridging 
therapy with tPA before thrombectomy or direct transfer to a compre-
hensive stroke center [14,15]. Although the data does not yet suggest 
the superiority of either approach [16], it remains an ideal question for a 
prospective randomized clinical trial. While limitations to regional ac-
cess to mechanical thrombectomy may persist. prompt recognition, 
interhospital cooperation, and early transfer to capable centers will 
expand the feasibility of treatment for patients regardless of geographic 
location or hospital teaching status [17]. Further research examining the 
outcomes of perioperative stroke patients who undergo mechanical 
thrombectomy, with additional attention given to the outcomes of pa-
tients undergoing interhospital transfer, is required to generate 
evidence-based clinical guidelines and optimize management. 

Additionally, we identified several diagnosis-related groups that 
demonstrated a statistically different amount of mechanical thrombec-
tomy utilization. Bariatric, obstetric, thoracic, and trauma DRGs were 
imbalanced given that there were no mechanical thrombectomy patients 
in those groups. However, neurologic, thoracic, and other DRGS were 
also imbalanced. Patients in those DRGS, despite comprising 13.2% of 
the non-mechanical thrombectomy cohort, represented 32.8% of the 
mechanical thrombectomy utilization. This imbalance may be due to 
DRG coding, as patients are classified into clinically coherent groups 
based on factors such as primary diagnosis, secondary diagnosis, and 
surgical procedures [18] and those who receive mechanical thrombec-
tomy or a procedure distinct from their primary diagnosis may be 
categorized under neurologic or other DRGs. Future studies should 
continue to examine utilization characteristics by specialty and compare 
rates of peri-operative stroke to ensure appropriate implementation of 
mechanical thrombectomy across disciplines. 

This retrospective observational study has some limitations. 
Although the PHD did undergo rigorous validation check and reconcil-
iation [18], it is possible that we might not have precisely identified 
patients with perioperative ischemic stroke who received mechanical 
thrombectomy due to billing and coding errors or missing data. We 
expect that this data underreports the number of perioperative strokes 
because patients who were discharged and subsequently experienced a 
stroke within 30 days are not included in our study population. We were 
unable to assess the hospital origin of our cohort and determine the 
frequency of interhospital transfer as our cohort was defined by patients 
coming from home (nonhealthcare facility) for elective surgical admis-
sion. Further, we did not have the granularity to assess the etiology of 
each stroke and place them into a classification framework such as 
TOAST, leading to a risk of bias from oversampling. Additionally, we 
were unable to identify those who received “bridging therapy” with tPA 
prior to mechanical thrombectomy. We did not examine if increasing the 
use of mechanical thrombectomy for treatment of perioperative 
ischemic strokes has translated into improving outcomes as clinical data 
essential to evaluate stroke outcomes in risk-adjusted models such as the 
National Institute of Health Stroke Scale (NIHSS) documenting stroke 
severity, the timing of stroke and intervention and image findings are 
not available in PHD. 

5. Conclusions 

In conclusion, this analysis showing increasing utilization of me-
chanical thrombectomy for patients with perioperative ischemic stroke 
highlights improvements in the management of these patients and 
further opportunities to improve outcomes. 
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