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ABSTRACT

Aim: The aim is to discuss the clinical characteristics, time, 
anatomical vascular distribution, radiological features, func-
tional outcomes after stroke and possible pathophysiological 
mechanisms of acute ischemic stroke (AIS) that develop after 
cardiac surgery.

Method: A total of 3,474 patients, who underwent car-
diac surgery between 2015-2020, retrospectively were ana-
lyzed. Forty-nine patients, who developed AIS and had brain 
CT and diffusion MR images during hospitalization, were 
included in the study.

Results: AIS distribution was at 53% CABG, 12.2% iso-
lated mitral valve, 8.1% isolated aortic valve, and 26.5% com-
bined surgical procedures. Patients with a ≤2 days (P = 0.03) 
preop preparation time and body surface area (BSA) of <1.85 
m2 (P = 0.02) had a high discharge rate. While newly devel-
oping AF was low in the early stroke group, it was higher in 
the late stroke group (P = 0.02). A history of previous cerebro-
vascular events was found in 3.3% of the patients. Postopera-
tive new AIS was detected in 7.8% of those with a history of 
cerebrovascular events. Total anterior circulation infarction 
(TACI) case rate was 8.1%, partial anterior circulation infarc-
tion (PACI) 12.2%, posterior circulation infarction (POCI) 
24.4%, cortical border zone infarction (CBZI) 30.6%, com-
bined POCI + CBZI 12.2%, multiple territorial infarcts 
(MTI) 10.2%, and lacunar circulation infarction (LACI) rate 
was 2%. The modified Rankin Scale means following AIS was 
3.45. The worst Rankin score was 5.75 in CABG+MVR cases; 
it was found to be 5 in the valve + ascending aorta case and 5 
in the five bypass cases.

Conclusion: Calculation of cerebrovascular reserve with 
extra/intracranial vascular imaging is important in patients with 
multiple risk factors, whose association with stroke has been 

determined before cardiac surgery. We believe that cardiovas-
cular surgery and neurology multidisciplinary prospective ran-
domized studies should be conducted to obtain pre-, peri- and 
post-procedural risk calculation scales, according to cardiac 
surgery type and to reshape surgical procedures accordingly.

INTRODUCTION

Stroke is a serious complication of cardiac surgery. The 
shadowing of the success of the surgery causes an increase in 
hospital costs, morbidity, and mortality. Symptomatic stroke 
after cardiac surgery is between 1.2-8.4% [Wolman 1999; 
Floyd 2006].

There are many etiological reasons that can lead to stroke. 
Some of the most common risk factors are advanced age, 
hypertension (HT), diabetes mellitus (DM), hypercholes-
terolemia, atrial fibrillation (AF), physical inactivity, obesity, 
genetics, previous stroke history, and smoking. The etiology 
of ischemic stroke is due to a thrombotic or embolic event 
that causes a decrease in blood flow to the brain. In a throm-
botic event, blood flow to the brain is blocked within the 
blood vessel, usually due to dysfunction of the vessel itself, 
secondary to atherosclerotic disease, arterial dissection, or an 
inflammatory condition. In an embolic event, embolic debris 
originating from elsewhere in the body blocks blood flow in 
the affected vessel area. The etiology of stroke affects both 
prognosis and outcome [Hui 2020; Filsoufi 2008].

Stroke that develops after cardiac surgery has been classi-
fied as early and late in order to better understand its charac-
teristics, and efforts have been made to explain it mostly by 
hypoperfusion and embolization mechanisms [Gaudino 2019; 
Hedberg 2011].

Stroke clinic provides important insights in understanding 
and managing the anatomical and radiological distribution of 
stroke-related lesions, functional outcomes after stroke, pos-
sible underlying mechanisms associated with stroke, clinical 
course, and possible outcomes after stroke [Campbell 2019]. 
Therefore, it is important to obtain and evaluate these data 
for strokes after cardiac surgery. This study aims to discuss 
the clinical characteristics, time, anatomical vascular distri-
bution, radiological characteristics, functional outcomes after 
stroke, and possible pathophysiological mechanisms of acute 
ischemic stroke (AIS) developing after cardiac surgery.
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MATERIAL AND METHODS

Data collection: A total of 3,474 patients, who underwent 
cardiac surgery between January 2015 and July 2020, retro-
spectively were analyzed. Study design and case numbers are 
given in Table 1. (Table 1) Forty-nine patients, who developed 
postoperative acute cerebrovascular accident (CVA) during 
hospitalization, were included in the study. By obtaining 
written informed consent of the surgical patient, the informa-
tion of the patients who were operated on was obtained from 
the hospital software system, medical records, and physician 
follow-up notes. For this retrospective screening, a study pro-
tocol approval (2020/2841) was obtained from the local ethics 
committee of the faculty.

Early stroke was defined as the stroke detected during the 
extubation phase after the patient regained consciousness. 
Late stroke was defined as a stroke that developed after an 
asymptomatic interval after extubation. Cases were classified 
as coronary artery bypass graft operation (CABG), isolated 
mitral valve replacement/repair (MVR/R), isolated aortic 
valve replacement (AVR), and combined procedures (CABG 
and valve surgeries, multiple valve surgeries, ascending aortic 
and valve surgeries).

Patients who developed an acute stroke clinic during hospi-
talization, were examined by a neurologist, and who had brain 
CT and brain diffusion MR images were included in the study. 
Cases with neurological examination findings of a stroke clinic 
but whose radiological imaging could not be performed due 
to generally patient-related reasons (N = 12) and acute stroke 
cases that developed after discharge were excluded from the 
study. The demographic data and surgery information of the 
patients are given in Table 2 in detail. (Table 2)

Surgical method: On-pump CABG was performed by plac-
ing a cross-clamp on the aorta and giving cardioplegia. Proxi-
mal anastomoses were performed with a side clamp after the 
heart started beating. Left internal mammarian artery (LIMA) 
was used in all patients. In off-pump CABG, a side clamp was 
used for proximal anastomoses of grafts other than LIMA. 
Off-pump CABG was preferred in cases of calcific or porcelain 
aorta. Peripheral cannulation was not preferred in such cases, 
since it is mostly calcified in peripheral arteries. When mul-
tiple bypass was required, the sequential technique was used, 
and proximal anastomoses were made on the LIMA as much as 
possible. Other surgeries were performed with standard can-
nulation and CPB (cardiopulmonary bypass) procedures.

Vascular distribution of stroke and functional scoring: 
Stroke was defined as the presence of rapidly developing focal 
neurological signs or symptoms of vascular origin. All events 
were adjudicated by a neurologist. A general medical history 
was collected and physical and neurological examinations, 
standard laboratory tests, and 12-lead electrocardiogram were 
performed on all patients upon admission. In our study, non-
contrast brain CT and diffusion-weighted MRIs (dwMRI) 
were taken into consideration, as well as the clinical find-
ings detected in patients who were evaluated with a suspicion 
of stroke. Location of the infarct lesion was determined by 
radiological findings, and the vascular distribution of stroke 
was classified as follows: A total anterior circulation infarct 

(TACI) is a large cortical stroke affecting the areas of the brain 
supplied by both the middle and anterior cerebral arteries. A 
partial anterior circulation infarct (PACI) is a less severe form 
of TACI, in which only part of the anterior circulation has 
been compromised. A posterior circulation infarct (POCI) 
involves damage to the area of the brain supplied by the pos-
terior circulation. A lacunar infarct (LACI) is a subcortical 
stroke that occurs secondary to small vessel disease [Bamford 
1991]. Border zones are areas that lie at the junction of two 
different drainage areas. Border zone infarcts (BZI) are isch-
emic lesions that occur in characteristic locations at the junc-
tion between two main neighboring arterial territories. These 
territories can be further classified in two broad categories as 
(a) external (cortical) or (b) internal (subcortical) border zones 
[Torvik 1984]. Multiple territorial infarcts (MTI) are tradi-
tionally defined on neuroimaging as noncontiguous infarcts 
located in more than one cerebral circulation [Akhtar 2019]. 
Functional score was evaluated by a trained neurologist using 
the modified Rankin Scale (mRS). mRS is a commonly used 
scale for measuring the degree of disability or dependence 
in the daily activities of people who have suffered a stroke or 
other causes of neurological disability. The scale runs from 
0-6: 0 = No symptoms; 1 = No significant disability, able to 
carry out all usual activities despite some symptoms; 2 = Slight 
disability, able to look after own affairs without assistance, but 
unable to carry out all previous activities; 3 = Moderate dis-
ability, requires some help, but able to walk unassisted; 4 = 
Moderately severe disability, unable to attend to own bodily 
needs without assistance, and unable to walk unassisted; 5 = 
Severe disability, requires constant nursing care and attention, 
bedridden, incontinent; 6 = Deceased [Wilson 2002].

Statistical analysis: Statistical analyses were performed 
using SPSS ver. 21.0 (SPSS Inc. Chicago, Illinois, USA). 
Patients were grouped according to stroke types (TACI, 
PACI, POCI, LACI, CBZ, and MTI), stroke times (early/
delayed), and discharge status (discharge/exitus). The dif-
ference between categorical parameters was analyzed using 
the chi-square test. Frequency and percentage values of the 
parameters were calculated. For all statistical tests P < 0.05 
was considered statistically significant.

RESULTS

Demographic and surgery-related results: Of the 49 
patients who developed AIS, 17 were female and 32 were 
male. Mean age was 65.1 (34-81) years, mean aortic clamp 
time (ACT) was 64.4 minutes, mean body mass index was 28.4, 
mean body surface area (BSA) was 1.85 m2, mean discharge 
time was 16 days, and mean death time was 17 days. It was 
found that 69.3% of the cases were discharged and 30.6% died. 
Ischemia-related radiological findings were detected in all 49 
patients, who were evaluated with a suspicion of stroke and 
whose cranial radiological examination was performed, while 
no findings related to hemorrhage were found. AIS distribu-
tion was as follows: 26 CABG, six isolated MVR/R, four iso-
lated AVR, and 13 combined surgical procedures. Early stroke 
was seen in 55.1% (27) and late stroke in 44.8% (22) of the 
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patients. The number of surgical cases and stroke numbers, 
according to the type of surgery, are given in Table 1.

Twenty-nine patients (59.1%) in the study group were 
older than 65 years and 60% of the patients who died were 
in this group. In the presence of additional disease that needs 
examination and treatment in the preoperative preparation 
phase, it was determined that the preop preparation time was 
≥3 days, and the preop preparation time was ≤2 days in other 
patients. The preop preparation time of 57.1% (28) of the 
patients in the study group was ≥3 days, and 86.6% (13/15) 
of the patients who died were in this group. In cases with a 
preop preparation time of ≤2 days, the rate of discharge was 
significantly higher (P = 0.03). The discharge rate was signifi-
cantly higher (P = 0.02) in patients with BSA <1.85 m2. The 
rate of discharge in patients without DM and with EF >50% 
was near significantly higher (P = 0.06). (Table 3)

Early stroke was found in 83.3% (5/6) in MVR/R cases, 
69.2% (9/13) in combined surgeries, 46.1% (12/26) in CABG, 
and 25% (1/4) in AVR cases. All patients with chronic AF in 
the preop period had an early stroke. Newly developing AF 
was found to be significantly (P = 0.02) lower in the early 
stroke group. Twelve out of 17 patients (70.5%) with ACT >65 
minutes had an early stroke. Nine out of 27 patients (33.3%) 
in the early stroke group died. Four out of 27 patients (14.8%) 
in the early stroke group had a history of preoperative stroke.

Fifteen out of 22 patients (68.1%) in the late stroke group 
were over 65 years old. Newly developing AF was signifi-
cantly (P = 0.02) higher in the late stroke group. Six out of 

22 patients (27.2%) in the late stroke group died. Five out of 
22 patients (22.7%) in the late stroke group had a history of 
preoperative stroke (Table 3). There was no significant rela-
tionship between both early and late stroke and DM and HT.

Number of patients discharged was 83.3% (5/6) in MVR/R, 
75% (3/4) in AVR, 73% (19/26) in CABG, and 53.8% (7/13) 
in combined surgeries. (Table 4)

Of the 3,381 patients, 114 (3.3%) had a history of previ-
ous CVA. Postoperative AIS was detected in nine (7.8%) of 
these 114 patients. Of the patients with newly detected AIS, 
eight were CABG patients, and one was an AVR + MVR case. 
While seven (77.7%) of nine patients were discharged, two 
(22.3%) CABG patients died.

Neurological results: The TACI case rate was 8.1%, PACI 
12.2%, POCI 24.4%, CBZI 30.6%, combined POCI + CBZI 
12.2%, MTI 10.2%, and LACI rate was 2%. (Table 5)

All of the PACI cases were under 65 years old (N = 6; P = 
0.003). Over the age of 65 were 83.3% of the isolated POCI 
cases (N = 10; P = 0.009); 60% of isolated CBZI cases; 83.3% 
of the combined POCI + CBZI cases.

Male were 75% of TACI cases, 83.3% of PACI cases, 80% 
of isolated CBZI cases (P = 0.046), and 83.3% of combined 
POCI + CBZI cases.

HT in 91.6% (N = 11; P = 0.014) of isolated POCI infarc-
tion cases and DM + HT association was found in 50% of 
TACI, PACI, and isolated POCI cases.

It was observed that 100% of PACI cases, 83.3% of iso-
lated POCI cases, and 73.3% of isolated CBZI cases were 

Table 1. Study design and stroke rate by type of surgery. CABGO, coronary artery bypass graft operation; MVR/R, mitral valve 
replacement or repair; AVR, aortic valve replacement; AIS, acute ischemic stroke
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Table 2. Detailed information on demographics of patients and the surgeries performed

Patient data Details Numeric data

General information

   Age <50, 50-70, >70 4/22/23

   Gender Male/Female 32/17

   Weight (kg) <70, 70-90, >90 14/27/8

   Height (cm) <160, 160-180, >180 14/33/2

   Body surface area <1.70, 1.70-1.90, >1.90 19/22/18

Additional preoperative data

   Diabetes mellitus Yes/No 23/26

   Hypertension Yes/No 33/16

   Diabetes + hypertension Yes/No 18/31

   Pulmonary disease Yes/No 7/42

   End-stage kidney failure Yes/No 5/44

   Previous cerebrovascular accident More than 6 months/Less than 6 months 3/6

   Peripheral artery disease Yes/No 5/44

   Serum creatinine value (mg/dl) <1, 1-2, >2 29/17/3

   Anemia Yes/No 4/45

   Smoking Yes/No 19/30

   Lung cancer Operated, in remission 1

   Bladder cancer Operated, in remission 1

Preoperative cardiac data

   Ejection fraction <30, 30-50, >50 2/21/26

   Atrial fibrillation Chronic 6

   Previous cardiac surgery (redo) CABG/MVR/ASD 3/2/1

   Preoperative prep time (day) ≤2, ≥3 21/28

Reasons for prolongation of preoperative prep

   Endocrinal reasons Blood sugar/thyroid hormones 8/2

   Nephrological reasons Kidney dysfunction/UTI 5/3

   Neurological reasons Previous CVA tests 6

   Acute myocardial infarction Troponine elevation 4

   Lung problems COPD treatment 3

Perioperative data

   Distal bypass number <3, 3-4, >4 7/18/1

   Aortic clamp time (minute) <50, 50-75, >75 15/17/13

   Total pump duration (minute) <80, 80-120, >120 8/23/14

   Temperature (ºC) 32-34/29-31 31/14

   The work of the heart Spontaneous/Fibrillated 24/21

   Cardioplegia type Cold blood 45

   Cardioplegia path Antegrade/Antegrade+Retrograde 41/4

   Autologous blood draw (Unite) 1 U/2 U 8/7

   Erythrocyte transfusion 1 U/2 U 2/2

   Platelet transfusion 1U 1

   Plasma transfusion 1U 4
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discharged. It was found that 75% of TACI cases and 60% of 
MTI cases died.

Early stroke was seen in 75% of TACI cases and 66.6% of 
combined POCI + CBZI cases.

In 75% of TACI cases, ACT was >65 minutes while in 
66.6% of isolated POCI and in isolated CBZI cases, ACT was 
found to be <65 minutes.

BSA was found to be >1.85 in 66.6% of PACI cases, in 100% 
of combined POCI + CBZI cases, and in 60% of MTI cases.

New developing AF was detected in 50% of the TACI and 
combined POCI + CBZI cases. While the beating of the heart 
was spontaneous in 66.6% of isolated CBZI cases (N = 10; P = 
0.049), it was observed that the heart worked by defibrillating 

in 83.3% of the PACI cases and 60% of the MTI cases.
Of the cases with a history of stroke, 44.4% were isolated 

POCI and 33.3% were isolated CBZI.
After AIS, the mean modified Rankin Scale (mRs) was 

3.45. While the worst Rankin score was 5.75 in the CABG + 
MVR cases, it was found to be 5 in the valve + ascending aorta 
case and 5 in the five bypass cases. (Table 6)

DISCUSSION

We discussed the results of the study from two different 
aspects: surgical and neurological.

   Urine amount in CBP (ml) <300 / >300 27/18

   Ultrafiltration need <300 / >300 1/3

   Inotropic agent requirement Yes/No 41/8

   Vasoactive medication use Yes/No 2/47

   İABP need Yes/No 5/44

   Cardiac rhythm at the end of surgery Sinus/AF/Pacemaker 42/6/1

Surgery type

   CABG On-pump/Off-pump 22/4

   Isolated mitral valve MVR/Mitral repair 5/1

   Isolated aortic valve AVR 4

   Combined surgeries Total number 13

   CABG+valve operation CABG+AVR/CABG+MVR/CABG+TRA 3/4/1

   Multiple-valve operation AVR+MVR/MVR+TVR 3/1

   Aortic procedure and valve operation Bentall 1

Postoperative data

   Newly developed AF First 24 hours/24-48 hours/48-72 hours 4/3/1

   Time of CVA First 24 hours/24-72 hours/after 72 hours 15/18/16

   Duration of discharge (day) <7, 7-14, >14 2/15/17

   Time of death (day) <7, 10-14, >14 1/9/5

   Blood type A+/O+/B+/AB+/A-/O- 19/16/6/3/2/3

CABG, coronary artery bypass graft operation; MVR, mitral valve replacement; ASD, atrial septal defect; UTI, urinary tract infection; CVA, cerebrovascular 
accident; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; IABP, intraaortic balloon pump; AF, atrial fibrillation; AVR, aortic valve 
replacement; TRA, tricuspid ring annuloplasty; TVR, tricuspid valve replacement

Table 3. Categorical parameters by discharge/death and early/late stroke

Age >65 
(N = 29)

DM  
(N = 23)

Preop CVA 
(N = 9)

CAF  
(N = 6)

NAF  
(N = 8)

SS  
(N = 24)

SF  
(N = 21)

ACT >65 
(N = 17)

EF <50% 
(N =17)

Preop time 
≥3 (N = 28)

BSA >1.85  
(N = 21)

Discharge (N = 34) 20 12 7 5 3 16 13 9 9 15 11

Death (N = 15) 9 11 2 1 5 8 8 8 8 13 10

Early stroke (N = 27) 14 12 5 6 2 15 10 12 8 14 10

Late stroke (N = 22) 15 11 4 0 6 9 11 5 9 14 11

DM, diabetes mellitus; CVA, cerebrovascular accident; CAF, chronic atrial fibrillation; NAF, new atrial fibrillation; SS, spontaneous study; SF, study in fibrillation; 
ACT, aortic clamp time; EF, ejection fraction; BSA, body surface area
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Discussing the surgical results: When the patients in the 
study group with a preoperative preparation time of ≤2 days 
were compared with those with ≥3 days, it was observed that 
there were additional diseases in the group with prolonged 

periods and that their preoperative examination and treat-
ment took time. Of the patients who had AIS, 57.1% were 
in the group whose preoperative preparation time was pro-
longed. At the same time, 86.6% of those who died were in 

Table 4. Categorical parameters by the type of surgery

Type of surgery
Early 
stroke  

(N = 27)

Late 
stroke  

(N = 22)

Discharge 
(N = 34)

Death  
(N = 15)

Preop CVA  
(N = 9)

CAF  
(N = 6)

NAF  
(N = 8)

SS  
(N = 24)

SF  
(N = 21)

ACT >65 min  
(N = 17)

EF <50%  
(N = 17)

CABGO (N = 26) 12 14 19 7 8 0 3 12 10 3 10

AVR (N = 4) 1 3 3 1 0 0 0 2 2 0 0

MVR/R (N = 6) 5 1 5 1 0 4 0 2 4 2 2

Combined (N = 13) 9 4 7 6 1 2 5 8 5 12 5

CABGO, coronary artery bypass graft operation; AVR, aortic valve replacement; MVR/R, mitral valve replacement or repair; CVA, cerebrovascular accident; 
CAF, chronic atrial fibrillation; NAF, new atrial fibrillation; SS, spontaneous study; SF, study in fibrillation; ACT, aortic clamp time; EF, ejection fraction

Table 5. Infarct types and categorical parameters

TACI  
(N = 4; 8.1%)

PACI  
(N = 6; 12.2%)

POCI  
(N = 12; 24.4%)

LACI  
(N = 1; 2%)

CBZI  
(N = 15; 30.6%)

POCI + CBZ  
(N = 6; 12.2%)

MTI  
(N = 5; 10.2%)

Age >65 (N = 29/%) 2/6.8 - 10/34.4 1/3.4 9/31 5/17.2 2/6.8

Age <65 (N = 20/%) 2/10 6/30 2/10 - 6/30 1/5 3/15

Sex (N: F/M) 1/3 1/5 7/5 1/0 3/12 1/5 3/2

History of CVA (N = 9/%) 1/11.1 - 4/44.4 - 3/33.3 1/11.1 -

DM (N = 23/%) 3/13 4/17.3 7/30.4 - 6/26 2/8.6 1/4.3

HT (N = 33/%) 2/6 3/9 11/33.3 1/3 8/24.2 5/15.1 3/9

DM+HT (N = 18/%) 2/11.1 3/16.6 6/33.3 - 5/27.7 2/11.1 -

Discharge (N = 34/%) 1/2.9 6/17.6 10/29.4 1/2.9 11/32.3 3/8.8 2/5.8

Exitus (N = 15/%) 3/20 - 2/13.3 - 4/26.6 3/20 3/20

Early stroke (N = 27/%) 3/11.1 3/11.1 6/22.2 1/3.7 7/25.9 4/14.8 3/11.1

Delayed stroke (N = 22/%) 1/4.5 3/13.6 6/27.2 - 8/36.3 2/9 2/9

ACT >65 min (N = 17/%) 3/17.6 3/17.6 3/17.6 1/5.8 3/17.6 2/11.7 2/11.7

ACT <65 min (N = 28/%) 1/3.5 3/10.7 8/28.5 - 10/35.7 3/10.7 3/10.7

EF <50% (N = 17/%) 1/5.8 3/17.6 3/17.6 - 4/23.5 4/23.5 2/11.7

BSA >1.85 (N = 21/%) 1/4.7 4/19 3/14.2 - 4/19 6/28.5 3/14.2

CAF (N = 6/%) - 1/16.6 1/16.6 - 2/33.3 - 2/33.3

NAF (N = 8/%) 2/25 - 1/12.5 - 2/25 3/37.5 -

SS (N = 24/%) 2/8.3 1/4.1 6/25 - 10/41.6 3/12.5 2/8.3

SF (N = 21/%) 2/9.5 5/23.8 5/23.8 1/4.7 2/9.5 3/14.2 3/14.2

Beating heart (N = 4/%) - - 1/25 - 2/50 1/25 -

TACI, total anterior circulation infarct; PACI, partial anterior circulation infarct; POCI, posterior circulation infarct; LACI, lacunar infarct; CBZI, cortical border 
zone infarct; MTI, multiple territorial infarct; Ex, Exitus; PmRs, postoperative modified Rankin scale; CVA, cerebrovascular accident; DM, diabetes mellitus; HT, 
hypertension; EF, ejection fraction; ACT, aortic clamp time; BSA, body surface area; CAF, chronic atrial fibrillation; NAF, new atrial fibrillation; SS, spontaneous 
study; SF, study in fibrillation
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this group. The discharge rate (P = 0.03) was high in cases 
with a preop preparation time of ≤2 days. Preoperative prepa-
ration times generally are prolonged due to infections, car-
diovascular, respiratory, endocrine and nephrological reasons, 
and perioperative and/or postoperative complications are fre-
quently encountered in patients with these additional prob-
lems. It is possible that study data are associated with adverse 
outcomes and even stroke in patients with prolonged preop-
erative preparation.

We think that the type of surgery is associated with the AIS 
development mechanism. Especially in patients who underwent 
MVR due to mitral stenosis, calcific ulcerated lesions in com-
missures or vegetations in the valve may fall into the ventricle 
while the valve is removed (In such cases, it may be beneficial 
to start removing the valve from the non-calcified side in order 
to reduce the possibility of embolism). Detecting these parti-
cles that may cause embolism is more difficult in MVR cases 
than in AVR cases, due to the angle of view. Strokes that may 
occur in cases of MVR may be associated with this condition. 
In our study, early stroke was found with a high rate (83.3%) 
in MVR/R cases. If we associate early stroke with surgical-
induced particle embolization, it can be said that one of the 
possible causes that may lead to stroke is the type of surgery.

Early stroke also was observed more frequently (69.2%) in 
combined cases. Possible reason for the prevalence of early 

stroke in these cases may be related to the long ACT and 
the MVR in one of the combined operations in five patients. 
In CABG, early and late stroke was almost half. Late stroke 
(75%) was more common in AVR cases. Although the small 
number of cases (N = 4) makes it difficult to comment on late 
stroke, the mean age of AVR cases being five years higher than 
the mean age of the study group and the fact that new AF was 
not detected in these cases may constitute the data for possible 
AVR-related stroke pathophysiology mechanism studies.

It has been reported that there are risks associated with ath-
erosclerosis and cardiopulmonary bypass in the background 
of early stroke [Hedberg 2011; Tarakji 2011]. Embolism 
resulting from the rupture and displacement of atheroscle-
rotic plaque, thrombus, or fat particles due to manipulation 
of the aorta and heart may cause early stroke. During CPB, 
micro embolisms due to air, gas or particles can be seen [Tara-
kji 2011]. The sources of air and gas embolism are the con-
nection points, air in the lines, loose fit of the purse suture 
used for cannulation, and rapid heating of cold blood in the 
pump. Since the extracorporeal circulation is not entered in 
off-pump CABG, the risks of embolism arising from CPB are 
eliminated. This situation can be considered as an advantage 
over on-pump CABG in terms of embolism sources.

It also has been reported that patients with a history 
of carotid or cerebral artery atherosclerosis may develop 

Table 6. Infarct types and Modified Rankin Scoring by surgery types

TACI  
(N = 4)

PACI  
(N = 6)

Isolated POCI 
(N = 12)

LACI  
(N = 1)

Isolated CBZI 
(N = 15)

POCI+CBZ 
(N = 6)

MIT  
(N = 5)

Ex  
(N = 15)

mRs/mean

CABGO+valve surgeries

   CABGO+AVR 1 - - 1 1 - - 1 4

   CABGO+MVR 1 - 1 - 1 1 - 3 5.75

   CABGO+TRA - 1 - - - - - - 4

Valve+valve surgeries

   AVR+MVR - 1 - - 1 - 1 1 4

   MVR+TVR - - - - 1 - - - 3.6

   Valve+ascendent aorta 1 - - - - - - - 5

Isolated valve surgeries

   AVR - - 2 - 2 - - 1 3.6

   MVR/R - 2 1 - 2 - 1 2 4

CABGO types by distal bypass number

   1 - - - - 1 1 - - 2.3

   2 - - 2 - 2 - 1 1 3.4

   3 - - 5 - 2 2 1 3 3.8

   4 1 2 1 - 2 1 1 3 4.5

   5 - - - - - 1 - - 5

TACI, total anterior circulation infarct; PACI, partial anterior circulation infarct; POCI, posterior circulation infarct; LACI, lacunar infarct; CBZI, cortical border 
zone infarct; MTI, multiple territorial infarct; Ex, Exitus; mRs, modified Rankin scale; CABGO, coronary bypass graft operation; AVR, aortic valve replacement; 
MVR/R, mitral valve replacement or repair; TRA, tricuspid ring annuloplasty; TVR, tricuspid valve replacement
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premature stroke as a result of intraoperative hypoperfusion 
[Lee 2011]. We did not have a preoperative pre-examination 
of the cerebrovascular reserve and atherosclerotic load of the 
aorta of the patients in our study group. In addition, early 
stroke was found in 70.5% of patients with ACT >65 min-
utes. During aortic clamp blood flow is nonpulsatile and arte-
rial blood pressure values remain below normal physiologi-
cal values. Prolongation of this period may also be associated 
with early stroke.

It has been reported that late stroke may be associated with 
atherosclerotic load, perioperative cardiac events, advanced 
age, postoperative AF, and low cardiac output [Hedberg 2011; 
Tarakji 2011]. Of the late stroke patients, 68.1% were over 
65 years of age and 75% of those with postoperative, newly 
developing AF had a late stroke. All newly developed AF 
occurred after patients were extubated and before they had 
AIS. All of the patients with chronic AF had an early stroke, 
and none had a late stroke. Left atrial appendix was closed 
during surgery in patients with chronic AF. In addition, all 
patients with chronic AF were patients who underwent valve 
replacement, so low molecular weight heparin/warfarin was 
given in the early postoperative period. These two conditions 
may have prevented patients with chronic AF from having a 
late stroke.

It has been reported that the impact of early stroke on 
operative mortality is significantly higher than late stroke 
[Gaudino 2019]. We found mortality rates as 33.3% and 
27.2% in the early stroke and late stroke groups, respectively.

It has been reported that a history of past CVA is asso-
ciated with postoperative newly developing CVA and nega-
tively affects survival [Gaudino 2019; Boivie 2005]. Of the 
3,381 patients examined, 114 (3.3%) had a past CVA history. 
Nine (7.8%) of these 114 patients had AIS again postopera-
tively. Considering all patients, the rate of AIS was 1.44% 
(49/3,381), while this rate increased to 7.8% in those with a 
preoperative CVA history. The discharge rate of the patients 
in our study group was 67.5% (27/40) in those without a pre-
operative CVA history, while it was 77.7% (2/9) in those with 
a history of preoperative CVA. We are of the opinion that the 
difference in survival may be related to the type of CVA, how 
long before the surgery it occurred, the width of the infarct 
area, and the functional status caused in the patient.

Discussion of neurological results: Of the study group, 
59.1% were patients over the age of 65. Aging is the most 
robust non-modifiable risk factor for incident stroke, which 
doubles every 10 years after age 55. Approximately three-
quarters of all strokes occur in persons aged ≥65 years [You-
sufuddin 2019]. In addition, studies have found a relationship 
between early or late stroke after cardiac surgery and advanced 
age [Wolman 1999]. With aging, both cerebral micro and 
macro-circulations undergo structural and functional altera-
tions. Age-related microcirculatory changes are presumably 
mediated by endothelial dysfunction and impaired cerebral 
autoregulation and neurovascular coupling. Endothelial dys-
function promotes neuro-inflammation, impaired cerebral 
autoregulation may lead to microvascular injury [Gaudino 
2019]. In the study group, 60% of isolated CBZI (30.6%) 
cases which is the most frequently detected infarct type and 

83.3% (P = 0.009) of isolated POCI (24.4%) cases were over 
the age of 65. It was stated in a study that although age is one 
of the well-known unchangeable stroke risk factors, the age of 
the patients is not a risk factor for any border zone infarct type 
[Yong 2006]. However, in a study by The New England Med-
ical Center Posterior Circulation Registry (NEMC-PCR) it 
was found that the majority of POCI patients were between 
the ages of 66-75 [Glass 2002]. Border zone infarcts consti-
tute approximately 10% of all cerebral infarcts. Border zone 
infarction may be better explained by invoking a combination 
of two often interrelated processes: hypoperfusion and embo-
lization. Hypoperfusion, or decreased blood flow, is likely to 
impede the clearance (washout) of emboli. Because perfusion 
is most likely to be impaired in border zone regions, clear-
ance of emboli will be most impaired in these regions of least 
blood flow. Also, stenotic disease of the internal carotid artery 
causes both embolization and decreased perfusion. Similarly, 
cardiac disease often is associated with micro embolization 
from the heart and aorta with periods of diminished systemic 
and brain perfusion. Isolated cortical border zone infarcts 
may be embolic in nature and are less frequently associated 
with hemodynamic compromise. Micro emboli from the 
heart or atherosclerotic plaques in major arteries may prefer-
entially propagate to cortical border zones, which have lower 
perfusion than other areas of the vasculature and, thus, a lim-
ited ability to wash out these emboli [Mangla 2011]. Posterior 
circulation strokes account for approximately 20-25% of all 
strokes, with high mortality and morbidity [Sparaco 2019]. 
It is stated that approximately 24% of posterior circulation 
infarctions are associated with cardiac originated emboli, 
while 32–35% are associated with atherosclerotic large vessel 
disease. In addition, the most common extracranial site of 
this atherosclerotic disease is the V1 segment of the vertebral 
artery (VA), that atherosclerotic plaques can start from the 
subclavian artery and extend to the ostium of the extracranial 
VA, or that the extracranial Vas can start from the most proxi-
mal site, that the severity of posterior circulation strokes due 
to extracranial VA atherosclerotic disease is related to plaque 
features, such as the surface irregularity and morphology of 
the lesion [Al-Ali 2011].

Even if there is no additional cardiovascular morbid con-
dition, the micro/macro structural changes occurring in the 
extra/intracranial cerebral vascularity that change with aging 
can disrupt the cerebral blood flow. Moreover, the preva-
lence of silent cerebrovascular ischemic diseases, transient 
ischemic attack histories, and minor stroke events increase 
with advanced age. When additional cardiovascular diseases, 
which cause impairment in the flow of the cerebrovascular 
bed and whose effects have been proven, are added to the flow 
of the event, changes in cerebral vascularity become more 
pronounced and can be determined by laboratory tests. In 
fact, with increasing age, cardiovascular diseases significantly 
increase both primary and secondary negative functional 
consequences and mortality associated with stroke. Among 
the results obtained in our study are that the cardiovascu-
lar disease load [additional diseases that cause micro/macro 
structural changes in the cerebrovascular bed such as DM or 
HT or DM+HT (91.6% of the isolated POCI cases had HT 
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(P = 0.014), AF (in all of the patients with chronic AF during 
the preoperative period, early period stroke was detected), 
previous stroke history (33.3% of the isolated CBZI cases, 
44.4% of the isolated POCI cases, and the entire study group 
had an AIS rate of 1.44% (49/3381) while this rate was 7.8% 
in those with preoperative stroke history)] directly affecting 
potential stroke mechanisms (embolization and/or hypo-
perfusion) prolong the preoperative prep time, increase the 
risk of stroke and mortality (57.1% of the cases had a pre-
operative preparation time of ≥3 and 86.6% of the patients 
who died are in this group) and additionally, the periopera-
tive surgical procedure related risks [the increasing vascular 
atherosclerotic load with advanced age and additional vas-
cular diseases, prolonged operation time (in 70.5% of the 
cases with ACT>65, early stroke)] contribute significantly to 
developing a stroke.

Consequently, preoperative low cardiovascular load 
reduces the risk of perioperative and postoperative stroke and 
even increases discharge rates in patients who develop AIS. 
When we evaluate the problems of advanced age and addi-
tional cardiovascular risk loads in the context of the above-
mentioned information in terms of the vascular mechanisms 
of isolated CBZI and isolated POCI which were detected 
frequently in the study group, we conclude that one of the 
prerequisites for predicting the perioperative stroke risks of 
cardiac surgeries is to routinely evaluate the extra/intracranial 
cerebral vascularity with cerebrovascular imaging methods in 
terms of atherosclerotic, atherothromboembolic and possible 
conditions that may directly or indirectly cause hypoperfu-
sion. As such, neurovascular imaging is essential to diagnose 
to improve patient outcomes, determine early and late prog-
nosis, understand the pathogenesis of the event, guide patho-
genesis-specific stroke prevention treatments, and identify 
patients eligible for ongoing clinical trials [AYX 2018]. Also, 
46.6% of the isolated CBZI, 66.6% of the isolated POCI after 
CABG operations; 53.3% of isolated CBZI and 33.3% of the 
isolated POCI were after combined operations with valve. 
These results, in addition to the above suggestions, provide 
preliminary information that another condition for predict-
ing the perioperative stroke risk is that the surgical operation 
procedures to be performed should be arranged according to 
the common stroke types. As a result, as stroke after cardiac 
surgery is the most unwanted complication by surgeons, it 
suggests that more professional approaches are needed in car-
diovascular surgery planning.

Ischemic strokes occurring in the anterior circulation 
are the most common of all ischemic strokes, accounting 
for approximately 70% of all cases. They are caused most 
commonly by occlusion of one of the major intracranial 
arteries or of the small single perforator (penetrator) arter-
ies. The most common causes of arterial occlusion involv-
ing the major cerebral arteries are emboli, most commonly 
arising from atherosclerotic arterial narrowing at the bifur-
cation of the common carotid artery, from cardiac sources, 
or from atheroma in the aortic arch and a combination of 
atherosclerotic stenosis and superimposed thrombosis. The 
most common sites of occlusion of the internal carotid 
artery are the proximal 2 cm of the origin of the artery and, 

intracranially, the carotid siphon. Factors that modify the 
extent of infarction include the speed of occlusion and sys-
temic blood pressure. The middle cerebral artery (MCA) is 
the largest of the intracerebral vessels and supplies through 
its pial branches. Occlusion of the MCA or its branches is the 
most common type of anterior circulation infarct, account-
ing for approximately 90% of infarcts and two-thirds of all 
first strokes [Kumral 2002; Nogles 2020]. In our study, the 
rate of patients with anterior circulation infarction (ACI) was 
20.4%. This rate is lower than classical stroke vascular distri-
bution area rates. Also, all of the PACI cases were under 65 
years old (P = 0.003). Seventy-five percent of TACI and 66% 
of PACI were detected after combined operations with valve, 
and in 50% of TACI cases postoperative newly developed AF 
was detected. These findings are at higher rates than clas-
sical stroke epidemiology. Considering the results that may 
be mostly related to surgery, it was found that 75% of the 
TACI cases had early stroke, and 75% had ACT >65 min-
utes. When the current literature information and the find-
ings of our study are combined and the possible mechanism 
for ACI that develops after cardiac surgery is evaluated, it 
is concluded that the newly emerged stroke can occur with 
cardiovascular embolization that is not associated with new 
embolization or atherosclerosis added to the current athero-
sclerotic process (DM+HT association was detected in 50% 
of the ACI cases) and possibly associated with periprocedural 
surgical load (75% of the TACI cases and 66.6% of the PACI 
cases were surgeries combined with valve).

Combined POCI + CBZI was detected in 12.2% of the 
cases. Of the combined POCI + CBZI cases, 83.3% were 
over the age of 65. Also, 83.3% of the cases were detected 
after CABG operations. HT was detected in 83.3% of the 
cases, early stroke in 66.6%, EF <50 in 66.6%, and newly 
emerged AF in 50%. Combined POCI + CBZI is rare in 
routine stroke practice. Both embolization and hypoperfu-
sion are possible mechanisms for both vascular area strokes. 
In perioperative transcranial Doppler echography studies, 
embolization to the cerebrovascular bed was found in most 
patients, and it was found that this situation revealed radio-
logically more than one infarct type and clinic [Barbut 1996; 
Barbut 1998]. The combined POCI + CBZI study which 
revealed advanced age, high vascular comorbidity load and 
postoperative high rate of newly emerging atrial fibrillation, 
radiologically confirmed infarct findings in more than one 
vascular bed leads to the opinion that the possible primary 
mechanism is more in favor of embolization. At this point, 
it is obvious that the preoperative condition and reserve of 
the cerebrovascular bed should be evaluated radiologically in 
order to consolidate this opinion, and unfortunately, neither 
in the literature nor in our possession are there sufficient 
radiological vascular reserve data.

Another type of infarct that can develop perioperatively 
is MTI. Sixty percent of our MTI cases were detected after 
CABG operations, 40% after combined operations with 
valve, and HT was detected in 60%. Although the classically 
recommended and/or known mechanism for MTI is cardio-
embolism, it is important to review the atherosclerotic dis-
eases of extra/intracranial vessels, especially the aorta [Akhtar 
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2019; Novotny 2017]. Current study findings also definitely 
support this data.

The mean modified Rankin scale (mRs) after stroke was 
3.45 for all cases. The worst Rankin score was 5.75 in the 
CABG + MVR cases, while it was 5 in the valve + ascending 
aorta cases and 5 in the five bypass cases. This result means 
at best moderate disability, the inability to meet one's own 
physical needs and to walk unaided, while the worst severe 
disability means being bedridden requiring constant care or 
death. Poor functional outcomes overshadow the surgical 
success, cause more difficult management of the postopera-
tive surgical process, and lead to long hospitalization times, 
difficult recovery, and mortality in living patients. Consider-
ing that combined, complicated, and long operation times 
bring along stroke, we believe that our postoperative stroke 
functional outcome data will provide another stimulating 
point of view to cardiac surgeons for regulations regarding 
preoperative and postoperative stroke practice.

It was found that 69.3% of the cases were discharged and 
30.6% died. It was seen that death occurred in 75% of TACI 
and 60% of MTI. It was determined that 100% of PACI 
cases, 83.3% of isolated POCI cases, and 73.3% of isolated 
CBZI cases were discharged. Clinical consequences of isch-
emic brain lesions depend on parenchymal prominence and 
lesion enlargement. Ischemic lesions range from clinically 
silent lesions to life-threatening infarctions, and the associ-
ated morbidity and mortality varies widely as a result. Large-
volume or multiple-site stroke results in worse functional 
outcome and higher mortality than isolated and small-volume 
strokes [Murray 1997; Moulin 2000], and the study results 
indicate this.

It is necessary to specify some factors that limit the study. 
First, it was a retrospective study. Second, patients who had 
neurological examination findings of a stroke clinic but who 
could not have radiological imaging (N = 12) due to generally 
patient-related reasons were excluded from the study. Third, 
and perhaps most importantly, the lack of information on 
existing aortic, carotid, or cerebral artery reserves, as preop-
erative intra/extra cranial vascular examination was not/could 
not be performed, especially in cases with previous CVA.

As a result, we believe that it is necessary to conduct multi-
disciplinary prospective randomized studies of cardiac vascu-
lar surgery and neurology in order to calculate cerebrovascu-
lar reserve with extra/intracranial vascular imaging in patients 
with high cardiovascular load and multiple risk factors, espe-
cially those associated with stroke before cardiac surgery, to 
develop pre-, peri- and post-procedural risk calculation scales 
for operations to be performed in the light of literature data 
and to reshape surgical procedures accordingly, to determine 
the possible mechanisms of peri and postoperative stroke and 
determine pre, peri and postoperative treatment modalities.
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