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ABSTRACT
Stroke is a serious complication that occurs in approximately 3% of  patients undergoing elective coronary artery 
bypass grafting (CABG). Neurologic dysfunction is a well-researched challenge in cardiac surgery, particularly when 
cardiopulmonary bypass is used. This study aimed to determine the stroke rate following CABG in a Jordanian pop-
ulation, based on our experience at a low-volume cardiac center. We conducted an observational descriptive study 
involving 446 patients who underwent CABG between January 2011 and December 2021. Stroke occurred in five 
patients (1.12%). Among 208 female patients, four developed stroke (1.9%), three of  whom had diabetes mellitus 
(75%), and two had a prior history of  transient ischemic attacks (TIAs). In contrast, only one out of  238 male patients 
experienced a stroke (0.4%); this patient had diabetes but had no history of  TIA. The incidence of  stroke in female 
patients was four times higher than in men. These findings suggest that improving surgical techniques, particularly 
in low-resource or developing settings, may contribute to reducing the risk of  postoperative stroke. Strategies such as 
minimizing aortic manipulation during CABG while utilizing cardiopulmonary bypass could be beneficial, especially 
in patients with known risk factors for cerebrovascular events.
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INTRODUCTION

Stroke is a serious complication that occurs in approximately 3% 
of  patients undergoing coronary artery bypass grafting (CABG) 
[1]. Neurologic dysfunction is a well-researched obstacle in car-
diac surgery, particularly when cardiopulmonary bypass is used 
[2]. Microembolus formation is commonly caused by cardiopul-
monary bypass (CPB), along with increased permeability of  the 
blood-brain barrier, which has been shown to impair cognitive 
function [3,4]. On-pump CABG, utilizing a single cross-clamp 
rather than the double clamp technique, reduces the risk of  post-
operative stroke [5]. This research was carried out to identify the 
incidence of  stroke after coronary bypass surgery in the Jordani-
an population.

MATERIAL AND METHODS

Study design and setting

A descriptive, observational study was conducted at the Princess 
Muna Al-Hussein Cardiac Center, located at King Abdullah 
University Hospital, which is affiliated with the Jordan University 
of  Science and Technology in Irbid, Jordan. Patients who under-
went coronary artery bypass grafting between January 2011 and 
December 2021 were included. 

Inclusion and exclusion criteria

Patients undergoing elective CABG were enrolled. Exclusion cri-
teria included patients with redo CABG, concurrent valve sur-
gery, left ventricular ejection fraction (LVEF) <0.40, and those 
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with carotid artery disease not eligible for stenting or partial re-
vascularization due to stroke risk.

Neurological evaluation

Neurology consultations were performed, and both CT and 
MRI were obtained. While CT scans were consistently negative 
within the first 24 hours, an MRI was used to confirm findings. 
We typically avoided sending patients for MRI within 24 to 48 
hours post-open-heart surgery due to their instability during 
this period. In all cases, the cause of  the neurological deficit was 
identified as embolic, with no evidence of  intracranial bleed-
ing. Therefore, we ruled out hemorrhagic stroke, and no cases 
of  transient ischemic attack (TIA) were observed. The deficits 
were confirmed as embolic strokes. Routine initial CT scans were 
only performed for patients who developed neurological deficits. 
Following the neurologist’s protocol, all patients with suspected 
deficits underwent a CT within 24–48 hours to rule out bleeding, 
followed by an MRI to confirm the diagnosis. In cases of  tran-
sient ischemic attack, the same protocol was applied.

Based on the cardiac surgery follow-up protocol in our institu-
tion, all patients were examined preoperatively, post-extubation 
in the cardiac intensive care unit (CICU), daily during hospi-
talization, and at follow-up visits 3–4 weeks post-discharge. A 
fresh external and central neurological deficit was diagnosed as 
a stroke. The cardiac surgeon identified such deficits immediate-
ly after extubation, typically within 5–6 days of  hospitalization. 
Based on neurologist recommendations, a routine CT scan of  
the head was performed in each suspected case. Carotid artery 
stenosis was categorized into three levels: no disease (luminal nar-
rowing <50%), moderate disease (>50% but <80% narrowing), 
and severe disease (80–99% narrowing). These categories were 
considered clinically insignificant in the context of  embolic stroke 
unless associated with broad or diffuse obstruction [6].

Surgical technique

All procedures were performed by a single surgeon using con-
ventional CABG techniques. The left internal mammary artery 
(LIMA) was used as the primary graft. Electrocautery was em-
ployed to excise parasternal and pericardial tissues, and a midline 
sternotomy was performed to access the thoracic cavity. Gentle 
palpation of  the ascending aorta, aided by the application of  
bone wax, was carried out to identify any areas of  calcification 
and thus avoid those sites during cannulation. The heart was 
manipulated carefully to prevent trauma, and the aortic cross-
clamp was placed with caution, even in the presence of  partial 
but unavoidable calcification. The same cross-clamp was used 
throughout the procedure and was not repositioned during prox-
imal graft anastomosis, which was performed with a single aortic 
clamp technique.

Cardiopulmonary bypass (CPB) was established using a two-
stage single atrial cannula and a perfusion cannula inserted into 
the ascending aorta. Standard CPB management protocols were 
followed, including the use of  arterial line filters, membrane 
oxygenators, and non-pulsatile flow at 2.4 L/min/m². System-
ic hypothermia was maintained at 32°C, and the mean arterial 
pressure was kept above 50 mmHg. Myocardial protection was 
achieved via intermittent antegrade cardioplegia using high-po-
tassium crystalloid solutions.

Anticoagulation was initiated with 300 U/kg of  heparin to 
maintain an activated clotting time above 480 seconds, and it 

was reversed postoperatively with protamine sulfate. All patients 
had left pleural and mediastinal chest drains inserted according 
to standard protocols. The sternum was closed with stainless steel 
wires, and the subcutaneous layers were approximated using two 
layers of  dyed Vicryl 2-0 sutures to minimize dead space. Subcu-
ticular skin closure was completed with undyed absorbable Vicryl 
(polyglactin 910). Prophylactic antibiotic therapy included intra-
venous TAZOCIN (piperacillin-tazobactam) 4.5 g administered 
30 minutes preoperatively, and then every 6 hours postoperative-
ly (adjusted to 2.25 g for patients with renal impairment). For 
patients with penicillin allergy, vancomycin 1 g IV was adminis-
tered twice daily, except in cases where chest drains had been re-
moved. Postoperatively, patients were assessed for hemodynamic 
stability before extubation and were continuously monitored in 
the CICU. Drains were removed once the output fell below 100 
mL over 12 hours.

Data analysis

Descriptive statistics were performed using the Statistical Pack-
age for the Social Sciences (SPSS), version 23.0. Categorical vari-
ables were summarized using frequencies and percentages, while 
continuous variables were described using means and standard 
deviations or medians and ranges, depending on the normality 
of  their distribution as assessed by the Shapiro-Wilk test. The 
Chi-squared test or Fisher’s exact test was used for comparisons 
of  categorical variables, as appropriate. Continuous variables 
were analyzed using independent t-tests for normally distributed 
data and the Wilcoxon rank-sum test when assumptions of  nor-
mality were violated. 

RESULTS

CT-carotid angiogram findings and patient 
characteristics

CT-carotid angiography was performed in 198 patients (44.39%) 
aged ≥60 years in cases where a clinically significant carotid bruit 
was documented or when patients had a history suggestive of  
transient ischemic attacks. It is important to note that intraop-
erative epiaortic ultrasound was not available at our institution, 
limiting real-time assessment of  ascending aortic atherosclerosis.

A total of  446 consecutive patients undergoing CABG were in-
cluded in this study. The median age of  the cohort was 59.5 years 
(range, 35–75 years). Of  these, 208 patients (47%) were women 
and 238 (53%) were men. The demographic and clinical charac-
teristics of  the study population are summarized in Table 1. Ca-
rotid artery stenosis was observed in 163 patients (36.5%). Stroke 
occurred in five patients (1.12%), all of  whom were ≥65 years 
of  age and diagnosed within the first day post-extubation in the 
CICU. Among female patients, four cases of  stroke were record-
ed (1.9%). Of  these, three patients (75%) had diabetes, and two 
(50%) had a history of  TIA with moderate left carotid stenosis 
as confirmed by CT-carotid angiography. In male patients, only 
one stroke was recorded (0.4%); this patient also had diabetes but 
no history of  TIA and only non-significant carotid stenosis. No 
perioperative mortality was reported in either group (Table 1).

We compared the clinical characteristics between men and 
women (Table 2). Left main coronary artery lesions were sig-
nificantly more prevalent in male patients (26.89% vs. 18.27%; 
P < 0.001), as were previous myocardial infarction (22.27% 
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Misfeld et al. conducted a meta-analysis of  11,398 patients 
from eight studies [8]. This systematic review was conducted on 
all published evidence to compare neurologic complications after 
aortic manipulation versus off-pump CABG without aortic ma-
nipulation. They concluded that among the patients with higher 
chances of  transient ischemic attack or risk for stroke, avoiding 
aortic manipulation during off-pump CABG reduces neurologic 
complications as compared to the typical technique, which in-
cludes deploying the ascending aorta.

The incidence of  stroke in our study was 1.12%, observed in 
five patients, all aged 65 years or older. In comparison, Kilger et 
al. reported that 7.4% of  patients developed stroke post-opera-
tion, which is higher than the incidence in the current study [9]. 
The mean age of  patients was similar between the studies. The 
reason for this age group may be that older individuals are more 
likely to undergo CABG surgery to address coronary heart dis-
ease (CHD) [10]. A 2015 systematic review also reported a stroke 
incidence of  up to 5.7% after CABG, supporting our findings 
while highlighting variability among populations [11].

Bowles et al. used transcranial Doppler ultrasonography (TCD) 
to compare on-pump and off-pump CABG, reporting a signifi-
cant reduction in cerebral microemboli with the off-pump tech-
nique. However, the clinical relevance of  this finding remains 
uncertain [12]. Similarly, Masabni et al. evaluated 1,236 patients 

vs. 14.9%; P = 0.001), chronic obstructive pulmonary disease 
(COPD) (25.21% vs. 13.94%; P < 0.001), and a history of  smok-
ing (78.99% vs. 43.75%; P < 0.001). 

DISCUSSION

Stroke following coronary artery bypass grafting is typically em-
bolic and is associated with cardiopulmonary bypass, aortic ma-
nipulation during cannulation, and proximal anastomosis of  by-
pass grafts [5]. The presence of  a heavily calcified aorta, known 
as a 'porcelain aorta', has a significant impact on surgical deci-
sion-making and patient outcomes [6]. According to Amorim et 
al., porcelain aorta is classified based on anatomical location and 
surgical implications: Type I involves localized circumferential 
calcification of  the ascending aorta—with Type IA being un-
clampable and Type IB being clampable—while Type II involves 
calcification of  the descending aorta, irrespective of  aortic arch 
involvement [7].

Table 1. Characteristics of patients (n = 446)

Characteristics n %

Angina pectoris 169 37.9

Left main coronary lesion 102 22.9

History of MI 84 18.8

History of TIA 14 3.1

Carotid artery stenosis 163 36.5

Moderate right stenosis 21 4.7

Moderate left stenosis 34 7.6

Non-significant carotid stenosis 98 22.0

Diabetes mellitus 191 42.8

Male 89/191 47

Female 102/191 53

Chronic renal failure 4 0.9

Peripheral vascular disease 16 3.6

COPD 89 20.0

History of cerebral embolism 11 2.5

Smoking 279 62.6

Steroid use 7 1.6

Reopening for bleeding 4 0.9

Emergency surgery 9 2.0

Dyspnea 199 44.6

Hypertension 202 45.3

Continuous variables Value Unit

Age, Median (Range) 59.5 35-75

Body mass index, Mean (SD) 29.5 3.1

LVEF, Mean (SD) 0.43 0.07

Table 2. Comparison of clinical characteristics based on gender

Variables Females 
(n = 208, %)

Males 
(n = 238, %)

P 
value*

Angina pectoris 75 (36.06) 94 (39.5) 0.050

Left main coronary lesion 38 (18.27) 64 (26.89) <0.001

History of MI 31 (14.9) 53 (22.27) <0.001

History of TIA 7 (3.37) 7 (2.94) 1.000

Carotid artery stenosis 73 (35.1) 90 (37.82) 0.076

Moderate right stenosis 10 (4.81) 11 (4.62) 1.000

Moderate left stenosis 13 (6.25) 21 (8.82) 0.090

Non-significant carotid 
stenosis

46 (22.12) 52 (21.85) 0.475

Diabetes mellitus 102 (49.04) 89 (37.39) 0.219

Chronic renal failure 2 (0.96) 2 (0.84) 1.000

Peripheral vascular disease 8 (3.85) 8 (3.36) 1.000

COPD 29 (13.94) 60 (25.21) <0.001

History of cerebral 
embolism

6 (2.88) 5 (2.1) 1.000

Smoking 91 (43.75) 188 (78.99) 0.001

Steroid use 3 (1.44) 4 (1.68) 1.000

Reopening for bleeding 1 (0.48) 3 (1.26) 0.480

Emergency surgery 4 (1.92) 5 (2.1) 1.000

Dyspnea 94 (45.19) 105 (44.12) 0.316

Hypertension 99 (47.6) 103 (43.28) 0.765

*Chi-square, Fisher’s exact test
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Patients who underwent both full and tangential clamping were 
1.8 times more likely to suffer a stroke compared to those with 
no manipulation, while tangential clamping alone was associat-
ed with a 1.7-fold increased risk. These findings underscore the 
association between aortic manipulation and postoperative cere-
brovascular complications, emphasizing the value of  minimally 
manipulative strategies when feasible.

Our study observed a higher incidence of  stroke in female pa-
tients compared to males, a finding consistent with several pre-
vious studies [20-26]. The risk of  perioperative stroke increases 
with progressive age, prior neurological events, diabetes melli-
tus, and carotid artery stenosis. The risk of  thromboembolism 
or atheroembolism and/or impaired cerebral blood flow can be 
controlled by recognizing patients with extensive cerebrovascular 
disease [27-30]. Furthermore, the anaortic off-pump coronary 
artery bypass approach (OPCAB), which employs composite and 
in situ grafts while avoiding manipulation of  the ascending aorta, 
has been proposed as a strategy to reduce stroke risk. However, 
successful implementation of  anaortic techniques requires sig-
nificant expertise and well-coordinated surgical teams to ensure 
optimal outcomes [31].

When comparing male and female patients, we also found no-
table gender differences. Left main coronary artery disease was 
more prevalent among men, as was a history of  myocardial in-
farction (MI), suggesting a higher burden of  prior cardiac events. 
Smoking and COPD were also significantly more common in 
males. While it is well-established that smoking significantly in-
creases the risk of  COPD and smoking rates tend to be higher 
in men, a study by Chung et al. showed that female smokers are 
at higher risk of  developing COPD compared to male smokers 
[32-34]. 

Our study has several limitations. First, it was conducted at a 
single center, which may limit the generalizability of  our findings 
to other populations. Second, we did not include intraoperative 
epiaortic ultrasound to assess atherosclerosis in the ascending 
aorta, which may result in undetected cases of  aortic calcifica-
tion, which is a potential contributor to stroke. Additionally, we 
did not include long-term follow-up, which limits the ability to as-
sess delayed stroke or cognitive dysfunction postoperatively. Last-
ly, the relatively small number of  stroke cases (n = 5) limits the 
statistical power to identify significant risk factors or associations.

CONCLUSION
In conclusion, our findings align with existing literature regard-
ing the incidence and risk factors associated with stroke following 
coronary artery bypass grafting. In our cohort, stroke occurred 
in 1.1% of  patients, with a higher incidence observed in women. 
Avoidance of  vigorous aortic manipulation during CABG using 
cardiopulmonary bypass, with single cross-clamp proximal anas-
tomosis, may decrease the risk of  post-operative stroke, in the ab-
sence of  epiaortic ultrasound, especially in patients with higher 
stroke risk. Surgical precision and careful dissection techniques 
are critical in minimizing complications. Future studies with a 
larger sample size and the use of  inferential statistics are needed 
in this context.
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using preoperative carotid ultrasound and found that, while the 
test influenced management in select cases, it did not significantly 
reduce perioperative stroke risk. As a result, they recommended 
a more selective approach to preoperative carotid screening [13].

In a recent review, Sirin reported that modifying surgical tech-
niques, such as using alternative cannulation sites (e.g., femoral, 
innominate, or axillary/subclavian arteries), in-situ pedicle ar-
terial grafts, hypothermic ventricular fibrillation, or relocating 
proximal anastomoses, can reduce morbidity and mortality in 
patients with a porcelain aorta undergoing CABG. These strat-
egies are particularly beneficial when severe atherosclerotic dis-
ease makes the ascending aorta unsuitable for standard surgical 
manipulation [14]. Adams et al. conducted a retrospective assess-
ment and found no advantage of  universal carotid artery duplex 
screening prior to major heart surgery. They examined 1,499 
patients who underwent cardiac surgical procedures from 1999 
to 2010 [15]. Patient information included preoperative carotid 
artery duplex scan results, comorbidities, demographics, previous 
history of  stroke, postoperative stroke site, and details of  carotid 
endarterectomy (CEA) procedures performed before, during, or 
after cardiac surgery. They concluded that preoperative carotid 
artery duplex scan screening did not predict extracranial carotid 
artery disease and that extracranial carotid artery disease did not 
cause the majority of  postoperative strokes. These results suggest 
that universal carotid artery duplex scan screening is of  limited 
value in analyzing the concerned diseases, while emphasizing the 
need for a more targeted strategy.

Lin et al. found a low relationship between postoperative stroke 
and preoperative duplex-documented high-grade carotid stenosis 
[16]. Their findings suggest that the decision to perform preoper-
ative carotid duplex ultrasound should consider the type of  open-
heart surgery and the presence of  preexisting cardiovascular 
symptoms. Similarly, Sedrakyan et al. conducted a meta-analysis 
and reported that off-pump CABG was associated with a low-
er risk of  stroke compared to conventional CABG using CPB. 
However, they cautioned that the evidence must be carefully in-
terpreted due to limitations inherent in randomized controlled 
trials, including the potential for higher reintervention rates, few-
er grafts being performed, and technical constraints related to 
patient selection and surgical expertise [17]. 

In a study conducted by Lev-Ran et al., 700 consecutive pa-
tients undergoing multivessel off-pump CABG between 2000 
and 2003 were evaluated to compare outcomes between those 
who underwent partial aortic clamping and those managed with 
aortic no-touch techniques [18]. Manual palpation and selective 
use of  epiaortic ultrasonography were employed to assess aortic 
pathology. The study found that avoiding partial aortic clamp-
ing resulted in superior neurologic outcomes, supporting the 
benefits of  no-touch aortic techniques in reducing embolic risk. 
Despite the positive findings, technical challenges may limit the 
widespread implementation of  this approach. In this study, to 
measure atheromatous disease, routine epiaortic ultrasound of  
the ascending aorta was not performed, and instead, a selective 
CT-carotid angiogram was conducted. Similarly, Kapetanakis 
et al. examined 7,272 patients who underwent isolated CABG 
between 1998 and 2002, stratified by the degree of  aortic ma-
nipulation: no aortic manipulation (OPCAB; n = 476), tangen-
tial clamping only (OPCAB; n = 2,527), and full plus tangential 
clamping (on-pump CABG; n = 4,269) [19]. Their findings dis-
played a relationship between aortic manipulation and postoper-
ative stroke, with increasing levels of  aortic manipulation associ-
ated with a higher incidence of  cerebrovascular accidents (CVA). 



JOURNAL of MEDICINE and LIFE

625

© 2025 by the authors. This article is an open access article distributed under the terms and conditions of  the Creative Commons Attribution (CC BY 4.0) license.

JOURNAL of  MEDICINE and LIFE. VOL: 18 ISSUE: 7 JULY 2025

13.	 Masabni K, Sabik JF, Raza S, Carnes T, Koduri H, Idrees JJ, et al. Nonselective carotid 
artery ultrasound screening in patients undergoing coronary artery bypass grafting: 
Is it necessary? J Thorac Cardiovasc Surg. 2016 Feb;151(2):402–8. doi: 10.1016/j.
jtcvs.2015.09.108

14.	 Sirin G. Surgical strategies for severely atherosclerotic (porcelain) aorta during 
coronary artery bypass grafting. World J Cardiol. 2021 Aug 26;13(8):309–24. doi: 
10.4330/wjc.v13.i8.309 

15.	 Adams BC, Clark RM, Paap C, Goff JM. There is no benefit to universal carotid 
artery duplex screening before a major cardiac surgical procedure. Ann Vasc Surg. 
2014 Jan;28(1):93–101. doi: 10.1016/j.avsg.2013.06.018

16.	 Lin JC, Kabbani LS, Peterson EL, Masabni K, Morgan JA, Brooks S, et al. Clinical 
utility of  carotid duplex ultrasound prior to cardiac surgery. J Vasc Surg. 2016 Mar 
1;63(3):710–4. doi: 10.1016/j.jvs.2015.10.008

17.	 Sedrakyan A, Wu AW, Parashar A, Bass EB, Treasure T. Off-pump surgery is 
associated with reduced occurrence of  stroke and other morbidity as compared with 
traditional coronary artery bypass grafting: a meta-analysis of  systematically reviewed 
trials. Stroke. 2006;37(11):2759-69. doi: 10.1161/01.STR.0000245081.52877.f2

18.	 Lev-Ran O, Braunstein R, Sharony R, Kramer A, Paz Y, Mohr R, et al. No-touch 
aorta off-pump coronary surgery: The effect on stroke. J Thorac Cardiovasc Surg. 
2005 Feb 1;129(2):307–13. doi: 10.1016/j.jtcvs.2004.06.013

19.	 Kapetanakis EI, Stamou SC, Dullum MK, Hill PC, Haile E, Boyce SW, Bafi AS, 
Petro KR, Corso PJ. The impact of  aortic manipulation on neurologic outcomes 
after coronary artery bypass surgery: a risk-adjusted study. Ann Thorac Surg. 
2004;78(5):1564-71. doi: 10.1016/j.athoracsur.2004.05.019

20.	 Gardner TJ, Horneffer PJ, Manolio TA, Pearson TA, Gott VL, Baumgartner WA, 
et al. Stroke Following Coronary Artery Bypass Grafting: A Ten-Year Study. Ann 
Thorac Surg. 1985 Dec;40(6):574–81. doi: 10.1016/s0003-4975(10)60352-9

21.	 Reed GL, Singer DE, Picard EH, DeSanctis RW. Stroke Following Coronary-
Artery Bypass Surgery. N Engl J Med. 1988 Nov 10;319(19):1246–50. doi: 10.1056/
NEJM198811103191903

22.	 Frye RL, Kronmal R, Schaff HV, Myers WO, Gersh BJ. Stroke in coronary artery 
bypass graft surgery: an analysis of  the CASS experience. The participants in 
the Coronary Artery Surgery Study. Int J Cardiol. 1992 Aug;36(2):213-21. doi: 
10.1016/0167-5273(92)90009-r

23.	 Tuman KJ, McCarthy RJ, Najafi H, Ivankovich AD. Differential effects of  advanced 
age on neurologic and cardiac risks of  coronary artery operations. J Thorac 
Cardiovasc Surg. 1992 Dec 1;104(6):1510–7. 

24.	 Ricotta JJ, Faggioli GL, Castilone A, Hassett JM. Risk factors for stroke after cardiac 
surgery: Buffalo Cardiac-Cerebral Study Group. J Vasc Surg. 1995 Feb 1;21(2):359–
64. doi: 10.1016/s0741-5214(95)70276-8

25.	 Newman MF, Wolman R, Kanchuger M, Marschall K, Mora-Mangano C, Roach 
G, et al. Multicenter preoperative stroke risk index for patients undergoing coronary 
artery bypass graft surgery. Multicenter Study of  Perioperative Ischemia (McSPI) 
Research Group. Circulation. 1996 Nov 1;94(9 Suppl):II74-80. 

26.	 Roach GW, Kanchuger M, Mangano CM, Newman M, Nussmeier N, Wolman R, et 
al. Adverse Cerebral Outcomes after Coronary Bypass Surgery. N Engl J Med. 1996 
Dec 19;335(25):1857–64. doi: 10.1056/NEJM199612193352501

27.	 Hogue CW, Murphy SF, Schechtman KB, Dávila-Román VG. Risk factors for early 
or delayed stroke after cardiac surgery. Circulation. 1999 Aug 10;100(6):642–7. doi: 
10.1161/01.cir.100.6.642

28.	 Davis SM, Ackerman RH, Correia JA, Alpert NM, Chang J, Buonanno F, et al. 
Cerebral blood flow and cerebrovascular CO2 reactivity in stroke-age normal 
controls. Neurology. 1983 Apr;33(4):391–9. doi: 10.1212/wnl.33.4.391

29.	 Shaw TG, Mortel KF, Meyer JS, Rogers RL, Hardenberg J, Cutaia MM. Cerebral 
blood flow changes in benign aging and cerebrovascular disease. Neurology. 1984 
Jul;34(7):855–62. doi: 10.1212/wnl.34.7.855

30.	 Bentsen N, Larsen B, Lassen NA. Chronically impaired autoregulation of  cerebral 
blood flow in long-term diabetics. Stroke. 1975;6(5):497–502. doi: 10.1161/01.
str.6.5.497

31.	 Ramponi F, Seco M, Brereton RJL, Gaudino MFL, Puskas JD, Calafiore AM, et 
al. Toward stroke-free coronary surgery: The role of  the anaortic off-pump bypass 
technique. J Card Surg. 2021 Apr;36(4):1499–510. doi: 10.1111/jocs.15372

32.	 Chung C, Lee KN, Han K, Shin DW, Lee SW. Effect of  smoking on the development 
of  chronic obstructive pulmonary disease in young individuals: a nationwide cohort 
study. Front Med. 2023;10:1190885. doi: 10.3389/fmed.2023.1190885

33.	 Tang R, Fraser A, Magnus MC. Female reproductive history in relation to chronic 
obstructive pulmonary disease and lung function in UK biobank: a prospective 
population-based cohort study. BMJ Open. 2019 Oct 28;9(10):e030318. doi: 
10.1136/bmjopen-2019-030318

34.	 Adeloye D, Song P, Zhu Y, Campbell H, Sheikh A, Rudan I, et al. Global, regional, 
and national prevalence of, and risk factors for, chronic obstructive pulmonary disease 
(COPD) in 2019: a systematic review and modelling analysis. Lancet Respir Med. 
2022 May;10(5):447–58. doi: 10.1016/S2213-2600(21)00511-7

patients and the Institutional Ethics Committee of  the Jordan 
University of  Science and Technology, Irbid, Jordan, in July 2018 
(Approval No: 257-2018).

Consent to participate 
All participants were informed that their participation was volun-
tary, their identities would remain anonymous, and all responses 
would be kept strictly confidential. Written informed consent was 
obtained from all participants prior to their inclusion in the study.

Data availability 
The datasets used and analyzed during the current study are 
available from the corresponding author upon reasonable re-
quest. 

Authorship 
EH contributed to conceptualization, investigation, methodol-
ogy, project administration, supervision, and writing – original 
draft. NA-Z and QA contributed to data curation, formal analy-
sis, validation, visualization, as well as writing – original draft and 
writing – review and editing.

REFERENCES 

1.	 Raja SG. Pump or no pump for coronary artery bypass: current best available 
evidence. Tex Heart Inst J. 2005;32(4):489–501. 

2.	 Gilman S. Cerebral disorders after open-heart operations. N Engl J Med. 1965 Mar 
11;272(11):489-98. doi: 10.1056/NEJM196503112721001

3.	 Harris DN, Bailey SM, Smith PL, Taylor KM, Oatridge A, Bydder GM. Brain 
swelling in first hour after coronary artery bypass surgery. Lancet Lond Engl. 1993 
Sep 4;342(8871):586–7. doi: 10.1016/0140-6736(93)91412-f

4.	 Lund C, Hol PK, Lundblad R, Fosse E, Sundet K, Tennøe B, et al. Comparison of  
cerebral embolization during off-pump and on-pump coronary artery bypass surgery. 
Ann Thorac Surg. 2003 Sep;76(3):765–70; discussion 770. doi: 10.1016/s0003-
4975(03)00679-9

5.	 Daniel WT, Kilgo P, Puskas JD, Thourani VH, Lattouf  OM, Guyton RA, et al. Trends 
in aortic clamp use during coronary artery bypass surgery: effect of  aortic clamping 
strategies on neurologic outcomes. J Thorac Cardiovasc Surg. 2014 Feb;147(2):652–7. 
doi: 10.1016/j.jtcvs.2013.02.021

6.	 Cleveland JC, Shroyer AL, Chen AY, Peterson E, Grover FL. Off-pump coronary 
artery bypass grafting decreases risk-adjusted mortality and morbidity. Ann 
Thorac Surg. 2001 Oct;72(4):1282–8; discussion 1288-1289. doi: 10.1016/s0003-
4975(01)03006-5

7.	 Amorim PA, Penov K, Lehmkuhl L, Haensig M, Mohr FW, Rastan AJ. Not all 
porcelain is the same: classification of  circular aortic calcifications (porcelain aorta) 
according to the impact on therapeutic approach. Thorac Cardiovasc Surg. 2013 
Oct;61(7):559–63. doi: 10.1055/s-0032-1333204

8.	 Misfeld M, Brereton RJL, Sweetman EA, Doig GS. Neurologic complications after 
off-pump coronary artery bypass grafting with and without aortic manipulation: 
meta-analysis of  11,398 cases from 8 studies. J Thorac Cardiovasc Surg. 2011 
Aug;142(2):e11-17. doi: 10.1016/j.jtcvs.2010.11.034

9.	 Cao L, Li Q, Bi Q, Yu QJ. Risk factors for recurrent stroke after coronary artery 
bypass grafting. J Cardiothorac Surg. 2011 Nov 23;6:157. doi: 10.1186/1749-8090-
6-157

10.	 Redmond JM, Greene PS, Goldsborough MA, Cameron DE, Stuart RS, Sussman 
MS, et al. Neurologic injury in cardiac surgical patients with a history of  stroke. Ann 
Thorac Surg. 1996 Jan;61(1):42–7. doi: 10.1016/0003-4975(95)00903-5

11.	 Mao Z, Zhong X, Yin J, Zhao Z, Hu X, Hackett ML. Predictors associated with 
stroke after coronary artery bypass grafting: A systematic review. J Neurol Sci. 2015 
Oct 15;357(1):1–7. doi: 10.1016/j.jns.2015.07.006

12.	 Bowles BJ, Lee JD, Dang CR, Taoka SN, Johnson EW, Lau EM, et al. Coronary 
artery bypass performed without the use of  cardiopulmonary bypass is associated 
with reduced cerebral microemboli and improved clinical results. Chest. 2001 
Jan;119(1):25–30. doi: 10.1378/chest.119.1.25


