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Perioperative Stroke and Thirty-Day Hospital Readmission 
After Cardiac Surgeries: State Inpatient Database Study
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Abstract

Background: Readmission rates are an important metric for evalu-
ating healthcare quality. Stroke is a major complication following 
cardiac surgery. Our study aimed to evaluate the frequency and 
predictors of 30-day unplanned hospital readmission after cardiac 
surgeries and to evaluate the impact of perioperative stroke on re-
admission.

Methods: Surgical discharge records spanning the years of 2008 
through 2011 were analyzed utilizing California State Inpatient Data-
base. International Classification of Diseases, ninth revision-Clinical 
Modification (ICD-9-CM) codes and Clinical Classification Software 
(CCS) codes were used to identify surgeries and variables of interest. 
Surgical records were then followed up for 30 days through linking 
admission records. Perioperative stroke was defined as brain infarc-
tion of ischemic or hemorrhagic etiology that occurred during or 
within 30 days after surgery.

Results: Baseline characteristics associated with increased readmis-
sion rates were female gender, age above 65, non-white race, lower 
income, and increased number of comorbidities. Among 199,617 hos-
pitalizations for cardiac surgeries, 1,817 (0.91%) patients developed 
perioperative stroke. The rate of readmission in perioperative stroke 
patients was 21.89%. They had a longer length of hospital stay and 
their discharge was vastly non-routine (84%). Our univariate analysis 
yielded significant association between stroke and readmission rates 
(odds ratio: 1.82, 95% confidence interval: 1.63 - 2.04). This associa-
tion failed to remain significant upon controlling for other variables 
in our multivariate analysis.

Conclusion: Baseline patient characteristics and perioperative com-
plications are significant predictors of readmission. More than one in 
five patients who develop a stroke after cardiac surgery are readmit-
ted to the hospital within 30 days of discharge.

Keywords: 30-day Readmission; Perioperative stroke; Cardiac pro-
cedure; Readmission; Cardiac surgery; Stroke

Introduction

Reducing hospital readmissions is a national priority aimed to 
improve the quality of care and reduce unnecessary health cost 
[1, 2]. A study by Lawson et al [3] established a link between 
the occurrence of postoperative complications and the risk of 
readmission. Results demonstrated almost a fourfold increased 
risk of readmission for patients who have one or more postop-
erative complications. The study also revealed that moderate 
reductions in complication rates of 5-20% corresponded with 
a decrease in readmissions and expense savings for Medicare 
ranging from $31 million to $124 million per year. Cardiac 
surgery is an intriguing topic in this regard as it has high short-
term readmission rates (16.5%) [4, 5].

Factors that determine risk of readmissions vary. Other than 
the preoperative condition of patients which encompass their 
age, gender, and presence of comorbidities, postoperative com-
plications also have a highly significant impact on readmission 
rates. Perioperative stroke is a postoperative complication of 
substantial interest following cardiovascular surgeries with an 
incidence ranging from 1.9% to 9.7% [6] and the majority of 
strokes occurring within 7 days [7, 8]. This rate is relatively high 
compared to an incidence of approximately 0.9-1.9% in non-
cardiac, non-neurologic, and non-major surgery [9].

It has been presented that perioperative strokes lengthen in-
hospital stays, leading to disabilities and discharge to long-term 
care facilities [10-12]. However, not enough data exist about 
readmission rates following perioperative strokes after cardio-
vascular surgeries. Investigations must be made as hospitals are 
frequently penalized for having high readmission rate [13]. A 
closer look at readmissions during the 30-day period might pro-
vide us with a better insight on how perioperative stroke affects 
hospital outcomes. The fact that hospital readmissions may be 
reduced, given that they are potentially preventable, makes it a 
proposed way to improve quality of care [14].
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Our primary aim in this study was to determine predictors 
of readmission within the first 30 days after cardiac surgery. Our 
secondary aim was to evaluate the impact of perioperative stroke 
following cardiac surgeries on the frequency of readmissions.

Materials and Methods

Data source

A study population of adults undergoing cardiac surgeries was 
identified using the State Inpatient Database (SID). Data were 
abstracted from the California SID for the years 2008 to 2011. 
CA-SID encompasses about 97% of California state commu-
nity hospital inpatient discharge records, regardless of payer 
type. It has more than 100 clinical and non-clinical variables 
including diagnoses (primary, secondary), list of surgeries 
performed, admission status, discharge status, demographics, 
length of stay and comorbidities. The reason our study was 
conducted starting the year 2008 was due to introduction of the 
present on admission (POA) variable in 2008. SID is unique 
in terms of presenting admission variables which differentiate 
whether a patients’ diagnosis was identified prior to admission 
or as a complication during hospitalization. International Clas-
sification of Diseases, ninth revision-Clinical Modification 
(ICD-9-CM) codes and Clinical Classification Software (CCS) 
codes were used to identify surgeries and isolate variables of 
interest. The SID data used in our analyses are available for 
purchase from the US Agency for Healthcare Research and 
Quality (AHRQ) [15]. The study was granted ethical exempt 
status from the University of Pittsburgh IRB.

Study population

This study included patients of age greater than 18 who un-
derwent cardiac surgeries during the years 2008 through 2011. 
The reason for omitting younger age groups was due to the 
relatively lower risk of developing perioperative stroke [16]. A 
total of 199,617 unique patients met inclusion criteria for the 
study. The ICD-9-CM coding system was utilized for identifica-
tion of major cardiac procedures that patients underwent during 
the index hospital admission according to the CCS for surgical 
procedures. Surgical procedures done for diagnostic purposes 
and non-operating room procedures were excluded, secondary 
to relatively lower rates of stroke. Patients who died within 30 
days of their surgery or had scheduled/planned readmission for 
any purpose, including rehabilitation, were also excluded. The 
surgeries included were: heart valve procedures, coronary artery 
bypass graft (CABG), insertion; revision; replacement; removal 
of cardiac pacemaker or cardioverter/defibrillator, other operat-
ing room heart procedures, and extracorporeal circulation auxil-
iary to open heart procedures.

Patient characteristics, hospital readmission and outcomes

Patient demographics covariates included age, sex, race, pri-

mary payer and median income levels. Clinical covariates 
included admission route (i.e., routine or non-routine); Elix-
hauser comorbidity variables (hypertension, diabetes, etc.); 
van Walraven score groups (VWS); and discharge location 
(routine, skilled nursing facility (SNF), etc.). For the purpose 
of our study, perioperative stroke is defined as a brain infarc-
tion of ischemic or hemorrhagic etiology that occurs during 
surgery or within 30 days after surgery. Thirty-day hospital re-
admissions were determined based on a definition delineated 
by Healthcare Cost and Utilization Project (HCUP). Primary 
ICD-9 diagnosis codes were used to determine indication for 
hospital readmissions.

Statistical analysis

Dataset construction and statistical analyses were performed 
using SAS 9.4. CCS codes available on HCUP website were 
used to group surgical procedures into different categories, 
while ICD-9 codes were used to search for selected surger-
ies that may be associated with an incidence of perioperative 
stroke (Supplementary Material 1, www.jocmr.org). Con-
tinuous variables were outlined as mean ± standard deviation 
(SD). Categorical values were reported as percentages. We ran 
an initial univariate analysis using Chi-square for categorical 
variables and t-tests for continuous variables. After testing for 
multicollinearity, we ran several logistic models to calculate 
adjusted Wald odds ratios (ORs) for predictors of readmission. 
Our predictor variables included age, gender, race/ethnicity, 
household median income, and usage of cardiopulmonary by-
pass (CPB) machine during cardiac surgery, admission source, 
discharge location, and complications. The primary study out-
come was 30-day hospital readmission.

Results

Patient characteristics

A total of 199,617 patients with a mean age of 69 ± 13.92 
years, who underwent major cardiac surgeries, in California 
from 2008 through 2011, were identified from the SID. Our 
study population included 62.67% males and 37.33% females. 
Most patients included in our study were white constituting 
(68.33%) followed by Hispanic race (15.63%), Asian (8.28%), 
African American (5.15%) and others (2.6%). Majority of pa-
tients included in our study were of low-risk category with 
70.33% falling under a risk group category of < 5 on the VWS 
scale. Medicare insurance encompassed 62.03% of patients, 
the private insurance covered 26.48% of patients, and Medic-
aid paid for 6.93% of overall patients. An evenly distributed 
number of patients were within the range of each of the house-
hold income quartiles: first quartile 23.15%, second quartile 
24.75%, third quartile 26.23%, and fourth quartile 25.87%. 
The frequency of cardiac surgeries performed is as follows: 
heart valve procedures 17.03% (n = 33,997), CABG 23.08% 
(n = 46,076), cardiac pacemaker and defibrillator related pro-
cedures 44.46% (n = 88,750) and other operation room related 
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heart procedure 15.36% (n = 30,655) (Supplementary Mate-
rial 2, www.jocmr.org). Patients who were put on CPB ma-
chine during major cardiac surgeries constituted 37.12% (n = 
74,098) of overall patients.

Perioperative stroke

Among the 199,617 invasive cardiac surgeries performed, 
1,809 (0.91%) patients developed perioperative stroke during 
index hospitalization. Baseline characteristics of patients with 
and without perioperative strokes are demonstrated in Table 
1. Compared to patients who did not develop stroke, patients 
with perioperative stroke were older (71.53% vs. 65.7% above 
the age of 65), more likely to be female (40.6% vs. 37.3%) 
and none white (34.23% vs. 31.64%), had a higher comor-
bidity burden (69.1% vs. 29.32% with VWS > 5), were more 
frequently put on CPB machine during surgery (70.76% vs. 
36.81%), and had a significantly longer length of stay (19.7 ± 
19.6 SD vs. 6.7 ± 7.3 SD). Majority of patients were routinely 
admitted for their surgeries. However, patients who devel-
oped perioperative stroke were more likely to be discharged to 
SNFs, intermediate care facilities (ICFs), and other healthcare 
equivalents including home healthcare and transfer to other 
short-term hospitals compared to patients who did not develop 
perioperative stroke (84.28% vs. 36.43%).

Majority of the patients who had perioperative stroke had 
insurance coverage through Medicare (n = 1,182, 65.34%) 
with fewer patients covered by private insurance (n = 398, 
22%), Medicaid (n = 149, 8.24%), and other sources (4.42%). 
Comorbidities highly associated with development of perio-
perative stroke were paralysis, other neurological disorders, 
peptic ulcer disease, weight loss, valvular disease and conges-
tive heart failure (Table 1). The CPB machine was a recognized 
risk factor for developing a perioperative stroke with around 
fourfold increased incidence among patients who were placed 
on them during their surgery (CI: 3.75 - 4.60, P < 0.0001).

30-day hospital readmission

Univariate analysis

Overall, 26,751 (13.40%) patients with a mean age of 70.4 ± 
13.7 were readmitted within 30 days following their invasive 
cardiac surgeries. The overall incidence of 30-day hospital 
readmission among all survivors of perioperative stroke was 
21.89% (396 readmissions).

Baseline characteristics of patients readmitted within 30 
days and their univariate analysis are presented in Tables 2 and 
3. Patients readmitted within 30 days were more likely to be 
females than males (OR: 1.23, 95% CI: 1.20 - 1.26), commonly 
older than 85 years old (OR: 1.34, 95% CI: 1.29 - 1.38), of Af-
rican American race (OR: 1.44, CI: 1.36 - 1.52), and of lower 
household incomes (first quartile: OR: 1.25, 95% CI: 1.2 - 1.3). 
Emergent admissions at index hospitalization predicted an in-
creased odds of readmission (OR: 1.56, 95% CI: 1.52 - 1.61) 
after patient’s discharge. Comorbidities including congestive 

heart failure, weight loss, pulmonary circulation disorders, re-
nal failure, and solid tumor with metastases were most com-
monly associated with an increased incidence of readmission 
within 30 days. In general, patients with high comorbidity bur-
den (VWS > 5) were more likely to be readmitted and incidence 
was highest among patients with VWS > 14 (OR: 2.68, 95% 
CI: 2.54 - 2.85). Cases where CPB machine was used during 
surgery had higher odds of 30-day readmission (OR: 1.26, 95% 
CI: 1.23 - 1.30). The five most common complications asso-
ciated with an increased readmission rate following invasive 
cardiac surgeries were in order wound, gastrointestinal, renal, 
infection and stroke (Tables 2 and 3). Non-routinely discharged 
patients to SNFs, ICFs, or other type of care facilities had high-
est incidence of readmission (OR: 2.61, 95% CI: 2.52 - 2.7) fol-
lowed by patients discharged to short-term hospitals or against 
medical advice (OR: 2.04, 95% CI: 1.88 - 2.21) and with home 
healthcare (OR: 1.65, 1.59 - 1.7). Patients who were not read-
mitted were more likely to be white, admitted and discharged 
routinely, and had a higher household income.

Multivariate logistic regression analysis

In our logistic regression analysis, we found an association be-
tween certain patient demographics and increased rate of 30-
day readmissions. Patients who were female and of an age > 85 
were more likely to be readmitted (OR: 1.15, 95% CI: 1.12 - 
1.19 and OR: 1.06, 95% CI: 1.02 - 1.10, respectively). Overall, 
non-white patients had higher odds of being readmitted. Out of 
all race groups, the African American race had the highest risk 
of being readmitted (OR: 1.33, 95% CI: 1.25 - 1.41). Patients 
with a low socioeconomic status households had the highest 
risk of being readmitted (OR: 1.16, 95% CI: 1.11 - 1.20).

A higher comorbidity burden was associated with higher 
odds of readmissions. Patients with the highest measure of co-
morbidity burden, VWS > 14, had an OR of 1.85, 95% CI of 
1.73 - 1.97 compared to those with an intermediate comorbid-
ity burden, VWS 5 - 14, having an OR of 1.43, 95% CI of 1.38 
- 1.47. CPB machine use during surgery was also associated 
with higher odds of readmission (OR: 1.20, 95% CI: 1.16 - 
1.24).

Admission source and discharge location played a sig-
nificant impact on the risk of 30-day readmission following 
surgeries. Patients with non-routine admissions generally and 
emergent admissions specifically were at higher odds of be-
ing readmitted (OR: 1.40, 95% CI: 1.36 - 1.44). Similarly, 
patients who had a non-routine discharge had higher odds of 
readmissions. Patients discharged to SNFs, ICFs, or other type 
of facilities had the highest risk of being readmitted within 30 
days (OR: 1.93, 95% CI: 1.86 - 2.01), followed with patients 
discharged to short-term hospitals or against medical advice 
(OR: 1.56, 95% CI: 1.43 - 1.69) and being discharged with 
home healthcare (OR: 1.42, 95% CI: 1.37 - 1.47).

Postoperative complications including renal, gastrointes-
tinal, infection, respiratory and cardiovascular complications 
were associated with higher odds of 30-day readmissions. 
However, stroke as a postoperative complication was not asso-
ciated with increased risk of readmission within 30 days (OR: 
0.96, 95% CI: 0.85 - 1.08).
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Table 1.  Patient Characteristics With and Without Perioperative Stroke Following Cardiac Surgery

Variables Perioperative stroke (n = 1,809) No stroke (n = 197,804)
Male sex 1,074 (59.40) 123,622 (62.7)
Age, mean ± SD 70.16 ± 12.50 69.01 ± 13.94
Age (categorical)
  < 65 515 (28.47) 67,845 (34.30)
  65 - 85 895 (49.47) 83,876 (42.40)
  > 85 399 (22.06) 46,087 (23.30)
Race
  White 1,143 (65.77) 130,341 (68.36)
  Asian or Pacific Islander 206 (8.25) 15,732 (8.25)
  African American 82 (4.72) 9,831 (5.16)
  Hispanic 270 (15.54) 29,813 (15.64)
  Other 37 (2.13) 4,957 (2.60)
Admission
  Routine (including births and other sources) 811 (44.83) 95,336 (48.20)
  Emergency 697 (38.53) 74,412 (37.62)
  Other healthcare facility 301 (16.64) 28,040 (14.18)
Primary payer
  Medicare 1,182 (65.34) 126,338 (62.00)
  Medicaid 149 (8.24) 13,674 (6.91)
  Private insurance 398 (22.00) 52,450 (26.52)
  Self-pay 23 (1.27) 2,856 (1.44)
  Other 57 (3.15) 6171 (3.12)
Household income (median income for patient’s ZIP code)
  First quartile 380 (21.30) 44,918 (23.17)
  Second quartile 438 (24.55) 47,980 (24.75)
  Third quartile 494 (27.69) 50,832 (26.22)
  Fourth quartile 472 (26.46) 50,132 (25.86)
Van Walraven (categorical)
  < 5 559 (30.90) 139,829 (70.69)
  5 - 14 842 (46.55) 51,896 (26.24)
  > 14 408 (22.55) 6,083 (3.08)
Comorbidities
  Hypertension 1,283 (70.92) 133,086 (67.28)
  Valvular disease 55 (3.04) 1,705 (0.86)
  Congestive heart failure 113 (6.25) 3,696 (1.87)
  Diabetes without chronic complications 524 (28.97) 49,365 (24.96)
  Diabetes with chronic complications 176 (9.73) 13,878 (7.02)
  Weight loss 172 (9.51) 4,671 (2.36)
  Hypothyroidism 220 (12.16) 24,111 (12.19)
  Peptic ulcer disease 4 (0.22) 80 (0.04)
  Renal failure 414 (22.89) 33,092 (16.73)
  Solid tumor without metastasis 25 (1.38) 2,798 (1.41)
  Metastatic cancer 8 (0.44) 1,180 (0.60)
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Variables Perioperative stroke (n = 1,809) No stroke (n = 197,804)
  Lymphoma 15 (0.83) 1,114 (0.56)
  Pulmonary circulation disorders 32 (1.77) 892 (0.45)
  Chronic pulmonary disease 369 (20.40) 36,890 (18.65)
  Liver disease 39 (2.16) 3,533 (1.79)
  Peripheral vascular disorders 379 (20.95) 21,292 (10.76)
  Psychosis 61 (3.37) 4,756 (2.40)
  Depression 114 (6.30) 10,577 (5.35)
  Paralysis 670 (37.04) 3,222 (1.63)
  Other neurological disorders 471 (26.04) 9,492 (4.80)
  Obesity 246 (13.60) 27,548 (13.93)
  Rheumatoid arthritis/collagen vascular diseases 40 (2.21) 4,171 (2.11)
  Fluid and electrolyte disorders 680 (37.59) 35,356 (17.87)
  Drug abuse 34 (1.88) 3,263 (1.65)
  Coagulopathy 442 (24.43) 19,313 (9.76)
  Chronic blood loss anemia 45 (2.49) 2,629 (1.33)
  Deficiency anemia 575 (31.79) 41,946 (21.21)
  Acquired immune deficiency syndrome 3 (0.17) 272 (0.14)
  Alcohol abuse 65 (3.59) 5,247 (2.65)
Cardiopulmonary bypass machine 1,280 (70.76) 72,818 (36.81)
Discharge
  Routine 284 (15.72) 125,742 (63.57)
  Transfer to short-term hospital or 
discharged against medical advice

155 (8.58) 3,838 (1.94)

  Transfer to other (SNF, ICF, another type of facility) 1,047 (57.94) 24,467 (12.37)
  Home healthcare 321 (17.76) 43,753 (22.12)

SD: standard deviation; SNF: skilled nursing facility; ICF: intermediate care facility.

Table 1.  Patient Characteristics With and Without Perioperative Stroke Following Cardiac Surgery - (continued)

Table 2.  Patient Characteristics of Readmitted vs. Not Readmitted Within 30 Days After Cardiac Surgeries

Readmission (n = 26,751) No readmission (n = 172,866)
Female 11,108 (41.55) 63,158 (36.67)
Age, mean ± SD 70.4 ± 13.7 68.8 ± 13.9
Age (categorical)
  < 65 8,168 (30.53) 60,192 (34.82)
  65 - 85 11,441 (42.77) 73,330 (42.42)
  > 85 7,142 (26.70) 39,344 (22.76)
Race
  White 16,711 (64.32) 114,713 (68.96)
  Asian or Pacific Islander 2,336 (8.96) 13,602 (8.18)
  African American 1,719 (6.59) 8,194 (4.93)
  Hispanic 4,502 (17.27) 25,581 (15.38)
  Other 745 (2.86) 4,249 (2.55)
Admission
  Routine (including births and other sources) 10,519 (39.33) 85,628 (49.54)
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Readmission (n = 26,751) No readmission (n = 172,866)
  Emergency 12,089 (45.20) 63,020 (36.46)
  Other healthcare facility 4,140 (15.48) 24,201 (14.00)
Payer
  Private insurance 5,033 (18.82) 47,815 (27.66)
  Medicare 18,084 (67.61) 105,736 (61.17)
  Medicaid 2,545 (9.52) 11,278 (6.52)
  Self-pay 366 (1.37) 2,513 (1.45)
  Other 719 (2.69) 5,509 (3.19)
Household income (median income for patient’s ZIP code)
  Fourth quartile 6,187 (23.61) 44,417 (26.21)
  First quartile 6,694 (25.55) 38,604 (22.78)
  Second quartile 6,523 (24.89) 41,895 (24.73)
  Third quartile 6,799 (25.95) 44,527 (26.28)
Van Walraven (categorical)
  < 5 15,651(58.51) 124,737 (72.16)
  5 - 14 9,461 (35.37) 43,277 (25.03)
  > 14 1,639 (6.13) 4,852 (2.81)
Comorbidities
  Hypertension 18,849 (70.46) 115,520 (66.83)
  Valvular disease 373 (1.39) 1,387 (0.80)
  Congestive heart failure 914 (3.42) 2,895 (1.67)
  Diabetes without chronic complications 7,636 (28.54) 42,253 (24.44)
  Diabetes with chronic complications 2,817 (10.53) 11,237 (6.50)
  Weight loss 1,159 (4.33) 3,684 (2.13)
  Hypothyroidism 3,651 (13.65) 20,680 (11.96)
  Peptic ulcer disease 17 (0.06) 67 (0.04)
  Renal failure 7,020 (26.24) 26,486 (15.32)
  Solid tumor without metastasis 471 (1.76) 2,352 (1.36)
  Metastatic cancer 265 (0.99) 923 (0.53)
  Lymphoma 242 (0.90) 887 (0.51)
  Pulmonary circulation disorders 221 (0.83) 703 (0.41)
  Chronic pulmonary disease 6,678 (24.96) 30,581 (17.69)
  Liver disease 726 (2.71) 2,846 (1.65)
  Peripheral vascular disorders 3,809 (14.24) 17,862 (10.33)
  Psychosis 950 (3.55) 3,867 (2.24)
  Depression 1,817 (6.79) 8,874 (5.13)
  Paralysis 738 (2.76) 3,154 (1.82)
  Other neurological disorders 1,812 (6.77) 8,151 (4.72)
  Obesity 4,182 (15.63) 23,612 (13.66)
  Rheumatoid arthritis/collagen vascular diseases 715 (2.67) 3,496 (2.02)
  Fluid and electrolyte disorders 6,980 (26.09) 29,056 (16.81)
  Drug abuse 599 (2.24) 2,698 (1.56)
  Coagulopathy 3,584 (13.40) 16,171 (9.35)

Table 2.  Patient Characteristics of Readmitted vs. Not Readmitted Within 30 Days After Cardiac Surgeries - (continued)
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Readmission (n = 26,751) No readmission (n = 172,866)
  Chronic blood loss anemia 485 (1.81) 2,189 (1.27)
  Deficiency anemia 8,067 (30.16) 34,454 (19.93)
  Acquired immune deficiency syndrome 48 (0.18) 227 (0.13)
  Alcohol abuse 821 (3.07) 4,491 (2.60)
Cardiopulmonary bypass machine 11,220 (41.94) 62,878 (36.37)
Postoperative complications
  Stroke 396 (1.48) 1,413 (0.82)
  Cardiovascular 1,856 (6.94) 9,482 (5.49)
  Respiratory 2,045 (7.64) 9,144 (5.29)
  Gastrointestinal 575 (2.15) 1,833 (1.06)
  Renal 363 (1.36) 1,176 (0.68)
  Infection 1,448 (5.41) 4,944 (2.86)
  Wound 129 (0.48) 380 (0.22)
Discharge
  Routine 13,050 (48.79) 112,976 (65.36)
  Transfer to short-term hospital or 
discharged against medical advice

760 (2.84) 3,233 (1.87)

  Transfer to other (SNF, ICF, another type of facility) 5,903 (22.07) 19,611 (11.35)
  Home healthcare 7,036 (26.30) 37,038 (21.43)

SD: standard deviation; SNF: skilled nursing facility; ICF: intermediate care facility.

Table 2.  Patient Characteristics of Readmitted vs. Not Readmitted Within 30 Days After Cardiac Surgeries - (continued)

Table 3.  Odds Ratios Obtained by Unadjusted Univariate and Adjusted Multivariate Logistic Regression Analysis for 30-Day Read-
mission

Unadjusted odds ratio 95% CI Adjusted odds ratio 95% CI
Male Ref Ref
Female 1.23* 1.20 - 1.26 1.15* 1.12 - 1.19
Age (categorical)
  < 65 Ref Ref
  65 - 85 1.15* 1.12 - 1.19 1.02 0.99 - 1.05
  > 85 1.34* 1.29 - 1.38 1.06* 1.02 - 1.10
Race
  White Ref Ref
  Asian or Pacific Islander 1.18* 1.12 - 1.23 1.11* 1.06 - 1.17
  African American 1.44* 1.36 - 1.52 1.33* 1.25 - 1.41
  Hispanic 1.2* 1.16 - 1.25 1.16* 1.12 - 1.21
  Native American 1.2* 1.11 - 1.30 1.18* 1.08 - 1.28
Admission
  Routine (including births and other sources) Ref Ref
  Emergency 1.56* 1.52 - 1.61 1.40* 1.36 - 1.44
  Other healthcare facility 1.39* 1.34 - 1.45 1.26* 1.21 - 1.31
Household income (median income for patient’s ZIP code)
  Fourth quartile Ref Ref
  First quartile 1.25* 1.20 - 1.30 1.16* 1.11 - 1.20
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Discussion

This is an SID study, looking at 30-day readmissions following 
cardiac surgeries. The study highlights characteristics and rates 
of readmission in patients who undergo cardiac surgeries and 
sheds light on patients who develop perioperative stroke in a set-
ting of cardiac surgeries. Patients who undergo cardiac surgeries 
are at an increased risk of being readmitted if they have the fol-
lowing characteristics: female gender, age above 65, none white 
race, lower household incomes and increased comorbidities. 
The rate of readmission in patients with perioperative stroke was 
one in five. Patients with perioperative stroke are more likely to 
be readmitted than those without perioperative stroke within a 
30-day period (OR: 1.8 95% CI: 1.63 - 2.04). When readmis-
sion was adjusted for other variables in our logistic regression 
analysis, several patient characteristics and perioperative com-
plications predicted 30-day readmissions after cardiac surgeries; 
however, perioperative stroke is not amongst them (Table 3). To 
our knowledge and in widely searched literature, our study was 
the first to look at the impact of developing perioperative stroke 
on hospital health quality outcomes in terms of 30-day readmis-
sion following major cardiac surgeries.

Perioperative stroke is of high incidence among patients 
who undergo cardiac surgeries ranging from 1.6% to 9.7% [6, 
17, 18, 19]. In our study, several patient demographics are as-

sociated with increased readmissions following cardiac surger-
ies. These findings are consistent with other studies looking 
at CABG surgeries and risk factors for 30-day readmissions, 
revealing the importance of patient baseline characteristics 
in predicting readmissions [20, 21]. Other previous work ad-
dressed the link between lower socioeconomic status and in-
creased risk of readmission [22, 23].

CPB machine is associated with an increased risk of perio-
perative stroke consistent with previous literature [24-26]. Pre-
cipitation of microemboli following the use of CPB machine 
during surgery implicates its use in developing perioperative 
stroke [27]. Our study also shows increased risk of readmis-
sion in patients who were on-pump during surgery consistent 
with previous studies [28, 29].

Although our multivariate analysis suggests that stroke as 
a postoperative complication is not associated with increased 
readmissions, other perioperative complications such as car-
diovascular, respiratory, gastrointestinal, renal and infectious 
complications did. In a prospective study, evaluating causes 
of readmission after major cardiac surgery and other studies 
among patients undergoing CABG procedure, cardiovascular, 
respiratory, and infectious complications are found to be the 
most common causes of readmission within 30 days [20, 21, 
30]. The divergence between our multivariate and our univari-
ate analysis concerning perioperative stroke being a risk fac-
tor for 30-day readmission may highlight the fact that although 

Unadjusted odds ratio 95% CI Adjusted odds ratio 95% CI
  Second quartile 1.12* 1.08 - 1.16 1.06* 1.02 - 1.10
  Third quartile 1.10* 1.06 - 1.14 1.06* 1.02 - 1.10
Van Walraven (categorical)
  < 5 Ref Ref
  5 - 14 1.74* 1.70 - 1.80 1.43* 1.38 - 1.47
  > 14 2.69* 2.54 - 2.85 1.85* 1.73 - 1.97
Cardiopulmonary bypass machine 1.26* 1.23 - 1.30 1.20* 1.16 - 1.24
Discharge
  Routine Ref Ref
  Transfer to short-term hospital 2.04* 1.88 - 2.21 1.56* 1.43 - 1.69
  Transfer to other (SNF, ICF, another type of facility) 2.61* 2.52 - 2.70 1.93* 1.86 - 2.01
  Home healthcare 1.65* 1.59 - 1.70 1.42* 1.37 - 1.47
Postoperative complications
  Stroke 1.82* 1.63 - 2.04 0.96 0.85 - 1.08
  Cardiovascular 1.28* 1.22 - 1.35 1.10* 1.04 - 1.16
  Respiratory 1.48* 1.41 - 1.56 1.12* 1.06 - 1.18
  Gastrointestinal 2.05* 1.86 - 2.25 1.23* 1.11 - 1.37
  Renal 2.01* 1.78 - 2.26 1.47* 1.30 - 1.67
  Wound 2.20* 1.80 - 2.69 1.26* 1.02 - 1.56
  Infection 1.94* 1.83 - 2.06 1.22* 1.14 - 1.30

*P < 0.05. CI: confidence interval; Ref: reference; SNF: skilled nursing facility; ICF: intermediate care facility.

Table 3.  Odds Ratios Obtained by Unadjusted Univariate and Adjusted Multivariate Logistic Regression Analysis for 30-Day Read-
mission - (continued)
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perioperative stroke does not directly lead to increased 30-day 
readmissions, the associated patient characteristics and comor-
bidities may put the patient at increased risk of 30-day read-
mission. Furthermore, perioperative stroke may lead to other 
complications, some of which may be potentially preventable, 
including pneumonia and urinary tract infections which are rec-
ognized by Centers for Medicare and Medicaid Services (CMS) 
and previous studies as predictors for readmission [13, 31-36].

For stroke survivors, longer lengths of stay at the hospital, 
significant disabilities, and discharge to rehabilitation facili-
ties to recuperate are common outcomes. In our study, patients 
who develop perioperative stroke are more likely to be dis-
charged to SNFs, ICFs, and other care facilities (Table 1). This 
may be explained by the rise of managed care plans where 
the incentives to providers/payers forced hospitals to reduce 
costs. Thus, patients who are viewed as acute rehabilitation 
are reevaluated to be treated in a nonhospital setting [37]. It is 
worthy of note that patients who are discharged to these facili-
ties have the highest risk of being readmitted (OR: 1.93, 95% 
CI: 1.855 - 2.007), compared to other routes of discharge. This 
may be explained by the implementation of Medicare Prospec-
tive Payment System. In attempt to cut down costs in provision 
of care to patients, hospitals aim to decrease the length of stay 
and discharge patients to other care facilities. However, these 
shifts in transfers to subacute settings have still not proven to 
meet the standards of care required for these patients. Further-
more, our data precede October 2018 before CMS issued a fi-
nal rule supporting the shift of SNFs from fee-for-service to 
Value-Based Purchasing Programs. New trends may be seen in 
readmission rates from SNFs as Medicare adjusts reimburse-
ments to SNFs based on their performance on the program’s 
hospital readmissions measure [13].

Overall, stroke is among the 10 highest contributors to 
Medicare and Medicaid costs [38]. Hospital Readmissions Re-
duction Program (HRRP), established in 2012, permits Medi-
care to reduce payments to hospitals with excess readmissions 
including CABG surgical procedures which was added under 
the umbrella of the program in 2017 [13]. This program along 
with the continuing rise in number of aging patients with co-
morbid conditions undergoing cardiac surgeries will lead to in-
creased burden on hospitals, care facilities, and payers. There-
fore, it is important to develop strategies that target patient 
comorbidities and overcome disparities. Also, it is necessary 
to address avoidable perioperative complications developing 
as a consequence of perioperative stroke.

Strengths and limitations

This study was conducted utilizing hospital claims databases 
obtained from the HCUP, as they allow the analysis of a large 
number of patients and facilitates multi-state and multi-center 
analysis and comparison. There is a uniform format of collect-
ing data in SID which made it easier to assess the possible fac-
tors contributing to this result. A major strength of this study is 
its large cohort size, with sufficient cases in each sex, age, and 
race groups to allow generalizability and population analysis. 
Furthermore, the usage of POA enables us to differentiate be-
tween strokes that occurred as a post-operative complication 

and patients presenting with strokes. This data set contains pa-
tients insured from all payer types (including the uninsured) 
which is necessary to investigate the effectiveness of readmis-
sions reduction measures and is of interest to multiple parties.

Despite some of the strengths, our study should be inter-
preted with the following limitations in mind. First, retrospec-
tive studies done with hospital claims data do not allow us to 
control for stroke-specific severity measures and stroke type. 
Furthermore, causes of readmission are multifactorial (social, 
quality of care, patient, and access to care); therefore, classifi-
cation of a readmission as avoidable requires profounder, pro-
spective, circumstantial analyses. Third, in the development 
of complications, it was uncertain whether the complications 
developed as a morbidity associated with the development of 
perioperative stroke or vice versa. Fourth, severity for which 
patient underwent surgery could not be accounted for. Last, 
postoperative complications were obtained from ICD-9 cod-
ing information and were not validated with patient medical 
records. Hospital claims data are prone to errors in data report-
ing.

A better understanding of why stroke was statistically not 
proven significant in terms of 30-day readmission can be tack-
led through a prospective study.

Conclusion

Overall, the rate of postoperative stroke remains to be relative-
ly high after cardiac surgeries. Patients who underwent cardiac 
surgeries were at an increased risk of being readmitted if they 
had the following characteristics: female gender, age above 65, 
none white race, lower household incomes and increased co-
morbidities. Several perioperative complications amplified the 
risk of 30-day readmissions including cardiovascular, respira-
tory, gastrointestinal, renal and infection. However, periopera-
tive stroke was not amongst them.

Supplementary Material
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