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ABSTRACT

Background: The optimal treatment strategy in patients 
presenting with hemodynamically significant carotid artery dis-
ease who are to undergo cardiac surgery, remains controversial. 
In this study, we retrospectively analyzed the outcome data of 
patients receiving synchronous or staged coronary artery bypass 
graft (CABG) surgery and carotid endarterectomy (CEA). 

Methods: Between 2011 and 2016, 3173 patients under-
went CABG surgery in our institution, of whom 323 received 
CABG and CEA either as synchronous (N = 307) or as staged 
(N = 16) procedures. Patients´ characteristics, peri- and postop-
erative data were collected from our digital medical database. 
Propensity score matching was used to match each patient 
from the staged group to two appropriate patients (1:2 match-
ing) from the synchronous group (synchronousmatched). 

Results: The overall incidence of ischemic stroke (IS) and 
transitory ischemic attack (TIA) was 4.9% and 5.6%, respec-
tively. No hemorrhagic stroke was noted in both groups. Inci-
dence of IS did not differ significantly between matched groups 
(P = 1.000). Significantly higher rates of postoperative neuro-
logical complications, such as TIA and delirium, were found in 
the synchronousmatched group (P = .041 and P = .043, respec-
tively) compared with the staged group. Additionally, there 
were more postoperative respiratory insufficiencies in the syn-
chronousmatched group (P = .043). Thirty days mortality did 
not differ significantly between the matched groups.

Conclusion: In this experience combined with the data given in 
literature, our findings suggest a possible superiority of the staged 
CABG/CEA approach. Large, randomized studies are required to 
verify our findings and to establish applicable guidelines.

INTRODUCTION

Due to a similar pathophysiological background, it is not 
surprising that there are high occurrences of concurrent 

coronary artery disease (CAD), with the need of revascular-
ization and severe carotid artery stenosis (6% to 14%) [Zhang 
2017; Poi 2018; Shishehbor 2013]. Even though there are 
many studies investigating the outcomes of different thera-
peutic approaches, the management of concurrent CAD and 
carotid artery stenosis remains indistinct [Poi 2018; Shishe-
hbor 2013; Levy 2012; Timaran 2008]. In the literature, the 
following procedures are discussed particularly: On the one 
hand, staged carotid endarterectomy (CEA) plus coronary 
artery bypass graft surgery (CABG) under the same anesthe-
sia, and on the other hand staged CEA before CABG in more 
than one surgical intervention and more recently staged or 
synchronous carotid artery stenting (CAS) plus CABG [Poi 
2018; Shishehbor 2013; Levy 2012; Timaran 2008; Van der 
Heyden 2007; Naylor 2009]. Although the outcomes of CAS 
plus CABG have improved in recent years [Feldman 2017] 
and seem to represent a considerable alternative to CEA in 
selected patients [Poi 2018], CEA remains the “gold stan-
dard” procedure for carotid revascularization [Levy 2012], 
which is why we focused on CEA and CABG in our study.

Regarding strategies including CEA and CABG it is 
unclear, whether the staged or synchronous procedure should 
be preferred [Gopaldas 2011; Iyem 2009]. While some 
authors claim that the synchronous procedure seems to have a 
higher risk of stroke and death, but less cardiac complications 
[Naylor 2003], others conclude that there are neither differ-
ences concerning mortality nor neurologic complications, 
but that morbidity in patients receiving the staged procedure 
is higher [Gopaldas 2011]. 

In order to offer best medical treatment with the small-
est amount of complications to patients suffering from both 
CAD and carotid artery stenosis, we retrospectively analyzed 
the outcomes at our institution.

MATERIALS AND METHODS

Between 2011 and 2016 data of all patients, who underwent 
elective or urgent CABG and CEA in our department, were 
retrospectively retrieved. During this period, 3173 CABG 
procedures were performed, of these 323 patients had CEA 
in addition to CABG, either as synchronous CABG+CEA  
(N = 307), or staged (CEA followed by CABG within the same 
hospitalization) procedure (N = 16). Due to the retrospec-
tive nature of our study, informed consent was waived by the 
ethical committee of our institution. Patients´ demographics, 
intra- and postoperative data were retrieved. Indication for 
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CABG and CEA procedures was recorded. All postoperative 
complications including neurological events within the first 
30 postoperative days (POD) were identified.

Diagnosis: All patients with CAD, who were referred for 
CABG surgery to our institution, were assessed by neurolo-
gist and cardiac surgeons for carotid bruits and symptoms.

Patients were evaluated by duplex ultrasonography 
through a certified neurologist. Then, the addition of CEA to 
the planned CABG procedure was recommended, if patients 
were either asymptomatic with a stenosis >70%, or symp-
tomatic with a stenosis >50%. In patients with sub-marginal 
stenosis degree, an additional cranial computed tomography 
(CT), with angiography, for accurate classification of the 
carotid artery stenosis was performed. 

As there is still no guideline or enough data demonstrating 
the superiority of one of the procedures (staged CEA then 
CABG or synchronous CEA+CABG), the decision whether 
staged or simultaneous procedures is performed, was taken 
by the surgeon. In patients with bilateral carotid artery steno-
sis, staged procedure was chosen, to perform CEA of the site 
with the severe stenosis first, followed by CABG surgery in an 
interval of seven to 10 days. If necessary, the second carotid 

artery was then operated simultaneously. In our study, we had 
only one case with severe bilateral stenosis.

Definition of neurological events: Ischemic stroke or 
hemorrhagic stroke were defined by the presence of an acute 
cerebral infarction/bleeding noted on a cranial CT scan, 
accompanied by neurological symptoms lasting >24 hours. 
Transitory ischemic attack was noted by neurological symp-
toms <24 hours without the presence of an acute cerebral 
infarction on the cranial CT.

Anesthesia and surgical technique: All procedures were 
performed under general anesthesia with full invasive moni-
toring. Anesthesia was induced with Sufentanil 0.25-0.5 
µg/kg, Propofol 1 to 1.5 mg/kg, and Rocuronium 1 mg/
kg. Muscle relaxants were repeated during the operation, if 
needed. Anesthesia was maintained with Propofol 2-4 mg/
kg/h and Sufentanil 0.5–2.0 µg/kg/h.

Dissection of the carotid arteries was usually completed 
while the second surgeon harvested the saphen vein. Before 
cross-clamping of the carotid artery, 3,000IU of Heparin were 
given to achieve an activated clotting time (ACT) of ≥180 s. 
For the standard CEA, longitudinal arteriotomy was made 
and carried beyond the plaque both proximally and distally, 
followed by a patch angioplasty closure. The neck wound 
usually has been left open and was closed at the end of CABG 

Table 1. Comparison of all screened patients

Synchronous  
(N = 307)

Staged  
(N = 16) P

Female N (%) 72 (23.5) 4 (25) .547

Age years 69.2 ± 8.3 67.5 ± 9.1 .401

EuroSCORE II 5.3 ± 5.1 6.7 ± 5.7 .343

BMI Kg/m2 28.2±14.4 28.1 ± 5.6 .936

COPD N (%) 76 (21.8) 5 (31.3) .538

PAD N (%) 79 (25.7) 6 (37.5) .380

IDDM N (%) 87 (28.3) 7 (43.8) .256

Arterial hypertonia N (%) 229 (74.6) 15 (93.8) .131

Smoking N (%) 24 (15.7) 11 (68.8) .328

Prior CVA N (%) 49 (15.7) 3 (18.8) .491

Prior MI N (%) 111 (36.1) 8 (50) .293

Prior PCI N (%) 11 (34.4) 6 (37.5) .148

Kidney disease N (%) 51 (16.1) 2 (12.5) .899

Creatinine mg/dL 1.0±0.3 1.1±0.3 .261

Prior dialysis N (%) 1 (0.3) 0 1.000

NYHA III N (%) 101 (32.9) 7 (43.8) .418

NYHA IV N (%) 12 (3.9) 1 (6.3) .490

1-CAD N (%) 7 (2.2) 0 1.000

2-CAD N (%) 36 (11.7) 2 (12.5) 1.000

3-CAD N (%) 264 (85.9) 14 (87.5) 1.000

Re-do surgery N (%) 8 (2.6) 1 (6.3) .370

Cross-clamp time minutes 62.7 ± 34.3 54.2 ± 47.3 .493

CPB time minutes 103.5 ± 47.6 108.1 ± 66.2 .791

Postoperative data

Re-thoracotomy N (%) 24 (7.8) 0 .681

MI N (%) 5 (1.6) 0 1.000

Embolic stroke N (%) 16 (5.2) 0 1.000

Creatinine mg/dL 1.2 ± 0.13 0.92 ± 0.15 .158

Hemorrhagic stroke N (%) 0 0

TIA N (%) 18 (5.9) 0 1.000

Respiratory insufficiency N (%) 100 (32.5) 2 (12.5) .105

Sepsis N (%) 29 (9.4) 3 (18.7) .651

Delirium N (%) 72 (23.5) 2 (12.5) .545

Bleeding CEA N (%) 13 (4.2) 1 (6.2) .516

Re-surgery CEA N (%) 12 (3.9) 1 (6.2) .544

ICU stay days 6.9 ± 9.1 7.6 ± 7.1 .856

Hospital LOS days 18.7 ± 19.1 27 ± 15.4 .103

30 days mortality N (%) 13 (4.2) 1 (6.3) .516

>30 days mortality N (%) 15 (4.9) 1 (6.3) .565

BMI: body-mass-index, COPD: chronic obstructive pulmonary disorder, 
PAD: peripheral artery disease, IDDM: insulin dependent diabetes mellitus, 
CVA: cerebrovascular accident, MI: myocardial infarction, PCI: percutaneous 
coronary intervention, CAD: coronary artery disease, CPB: cardiopulmo-
nary bypass, TIA: transient ischemic attack, CEA: carotid endarterectomy, 
ICU: intensive care unit, LOS: length of stay 

Table 1. Comparison of all screened patients (Continued)

Synchronous  
(N = 307)

Staged  
(N = 16) P
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procedures. All patients underwent cardiac surgery through 
full median sternotomy. CABGs were performed on-pump 
and myocardial protection was ensured through antegrade 
crystalloid cardioplegia with mild hypothermia (32°C-34°C). 
Prior to cardiopulmonary bypass (CPB), Heparin was given 
to achieve an ACTof ≥400 s.

Statistical analysis: Continuous variables are expressed as 
the means ± standard deviation (SD) and categorical variables 
as absolute numbers and percentages. Comparisons between 
the groups, before matching, were performed with the two-
tailed Student’s t-test for continuous variables and Fisher’s 
exact test, or χ2 test for categorical variables. Due to the small 
group of patients who had staged procedures (staged group) 
and to reduce selection bias, we performed propensity score 
matching, to match all 16 patients in the staged group with the 

appropriate patients in the synchronous group (synchronous-
matched). Propensity scores were calculated for each patient 
using multivariate logistic regression based on the following 
preoperative covariates: Age, gender, BMI, European System 
for Cardiac Operative Risk Evaluation II (EuroSCORE II). 
Patients from the staged group were matched (1:2) to syn-
chronous patients with the closest propensity score with the 
nearest-neighbor algorithm without replacement and with a 
0.2 matching tolerance. After matching, categorical outcomes 
were compared with the McNemar’s test and continuous out-
comes were compared with the paired t-test. All statistical 
analyses were performed using SPSS software, version 23.0 
(Chicago, IL, USA). A two-tailed P-value of < .05 was con-
sidered significant. All P-values were reported as three digit 
numbers.

RESULTS

Table 1 gives an overview of the results we found in the 
whole screened population. It shows that there were neither 
significant differences in the preoperative, nor in the post-
operative data between the two groups, even before match-
ing. The mean age was 69.2 ± 8.3 years in the synchronous 
versus 67.5 ± 9.1 years in the staged group (P = .401). There 
was 23.5% female in the synchronous group versus 25% in 
the staged group (P = .547). The average EuroSCORE II was  
5.3 ± 5.1 versus 6.7 ± 5.7% (P = .343), respectively. The 
rates of previous cerebrovascular accidents and myocardial 

Table 2. Pre- and intraoperative characteristics of matched 
cohorts 

Synchronous 
matched (N = 32)

Staged  
(N = 16) P

Female N (%) 8 (25) 4 (25) .133

Age years 71.2 ± 2.1 67.5 ± 9.1 .167

EuroSCORE II 7.5 ± 1.6 6.7 ± 5.7 .698

BMI Kg/m2 25.2 ± 1.0 28.1 ± 5.6 .160

COPD N (%) 9 (28.1) 5 (31.3) .133

PAD N (%) 10 (31.3) 6 (37.5) .453

IDDM N (%) 11 (34.4) 7 (43.8) .267

Arterial hypertonia N (%) 30 (93.8) 15 (93.8) .089

Smoking N (%) 24 (75) 11 (68.8) .328

Prior CVA N (%) 5 (15.6) 3 (18.8) .479

Prior MI N (%) 15 (46.9) 8 (50) .070

Prior PCI n (%) 11 (34.4) 6 (37.5) .148

Kidney disease N (%) 6 (18.7) 2 (12.5) .130

Creatinine mg/dL 0.96 ± 0.06 1.1 ± 0.3 .298

Prior dialysis N (%) 0 0

NYHA III N (%) 18 (56.3) 7 (43.8) .045

NYHA IV N (%) 2 (6.3) 1 (6.3) 1.000

1-CAD N (%) 2 (6.3) 0 .475

2-CAD N (%) 9 (28.2) 2 (12.5) .182

3-CAD N (%) 21 (65.6) 14 (87.5) .055

Re-do surgery N (%) 2 (6.3) 1 (6.3) 1.000

Cross-clamp time minutes 66.5 ± 11.3 54.2 ± 47.3 .466

CPB time minutes 109.6 ± 9.7 108.1 ± 66.2 .941

BMI: body-mass-index, COPD: chronic obstructive pulmonary disorder, 
PAD: peripheral artery disease, IDDM: insulin dependent diabetes mellitus, 
CVA: cerebrovascular accident, MI: myocardial infarction, PCI: percutaneous 
coronary intervention, CAD: coronary artery disease, CPB: cardiopulmo-
nary bypass

Table 3. Postoperative data in matched cohorts

Synchronous 
matched (N = 32)

Staged  
(N = 16) P

Postoperative data

Re-thoracotomy N (%) 3 (9.4)  0 .248

MI N (%) 2 (6.3) 0 .479

Ischemic stroke N (%) 1 (3.1) 0 1.000

Creatinine mg/dL 1.2 ± 0.13 0.92 ± 0.15 .158

Hemorrhagic stroke N (%) 0 0

TIA N (%) 6 (18.8) 0 .041

Respiratory insufficiency N (%) 10 (31.3) 2 (12.5) .043

Sepsis N (%) 6 (18.7) 3 (18.7) .505

Delirium N (%) 10 (31.3) 2 (12.5) .043

Bleeding CEA N (%) 0 1 (6.2) .479

Re-surgery CEA N (%) 0 1 (6.2) .479

ICU stay days 6.9 ± 1.2 7.6 ± 7.1 .762

Hospital LOS days 16.5 ± 2.1 27 ± 15.4 .046

30 days mortality N (%) 1 (3.1) 1 (6.3) .479

>30 days mortality N (%) 1 (3.1) 1 (6.3) .479

TIA: transient ischemic attack, CEA: carotid endarterectomy, ICU: intensive 
care unit, LOS: length of stay
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infarctions in synchronous versus staged group, were 15.7% 
versus 18.8%, (P = .491) and 36.1% versus 50% (P = .293), 
respectively. Overall incidences of postoperative ischemic 
stroke (IS) (4.9% with 5.2% versus 0%, P = 1.000), transi-
tory ischemic attack (TIA) (5.6% with 5.9% versus 0%, P = 
1.000), delirium (22.9% with 23.5% versus 12.5%, P = .545) 
and myocardial infarction (MI) (1.5% with 1.6% versus 0%, 
P = 1.000), in synchronous group versus staged group, respec-
tively. The overall 30-day mortality rate was 4.3% (4.2% 
versus 6.3%, P = .516).

Comparison between the matched cohort: As presented 
in Table 2, the only significant preoperative (before CABG-
surgery) difference between our synchronous matched and 
staged groups was a higher incidence of NYHA-Level III in 
patients receiving the synchronous procedure (56.3% versus 
43.8%, P = .045). They particularly did not differ significantly 
in the number of preoperative cerebrovascular accidents 
(15.6% versus 18.8%, P = .479).

Table 3 shows the analysis of postoperative complications 
in the matched cohort. The incidence of IS did not differ 
between the matched group (3.1% in synchronous matched 
versus 0% in staged group, P = 1.000). There was a higher 
incidence of neurological complications in patients receiving 
the synchronous procedure, regarding the number of patients 
suffering from TIA (18.8% versus 0%, P = .041) and delirium 
(31.3% versus 12.5%, P = .043). Furthermore, postoperative 
respiratory insufficiencies occurred far more often in the syn-
chronousmatched group than in the staged one (31.3% versus 
12.5%, P = .043). 

Incidences of 30-day-mortality and of postoperative MIs 
did not differ significantly between the matched groups 
(3.1% versus 6.3%, P = .479 and 6.3% versus 0%, P = .479, 
respectively). 

As Table 1 shows the data prior to cardiac surgery, it is 
important to mention that three patients (18.7%) out of the 
staged cohort suffered from interstage MI after CEA but 
before the CABG operation. In two of these three cases, CPR 
had to be performed. After ROSC, these patients immedi-
ately received CABG surgery. All three survived CABG sur-
gery, but one of the reanimated patients died 22 days post-op.

DISCUSSION

Over the last decades there has been an ongoing contro-
versy about the optimal treatment strategy for concurrent 
CAD and carotid artery stenosis [Poi 2018; Borger 1999; 
Van der Heyden 2008]. There are studies supporting the syn-
chronous approach [Shishehbor 2013; Gopaldas 2011], while 
others indicate that the staged one can be performed safely 
[Nabagiez 2014; Antunes 2002]. Again, others say that there 
is no difference, when both strategies are compared [Iyem 
2009; Naylor 2003]. In a recent review, Poi et al [Poi 2018] 
propose that the synchronous strategy should be reserved 
for patients with symptomatic carotid stenosis and unstable 
angina, while the staged approach could be used as a possible 
option in symptomatic or asymptomatic patients with stable 
angina. Our results show, that the staged approach seems to 
cause less neurological or respiratory complications, but has 

a risk of interstage MIs, that must not be neglected. In the 
following, we want to discuss our results in combination with 
the available literature.

Staged procedure: In a retrospective study, Nabagiez et al 
[Nabagiez 2014] analyzed the outcomes of 90 patients receiv-
ing staged CEA plus CABG. They showed IS and TIA rate 
of 1% each, which is comparable to our results. Contrarian to 
our findings, they detected an interstage MI rate of only 1% 
(subendocardial infarction, without related death and only a 
slightly prolonged hospital LOS with 8 days versus 7.5 ± 3.5 
days) as opposed to 18.7%, (with one related death within 30 
days and a prolonged hospital stay of 37.5 ± 17.7 days versus 
24.9±15.0 days) in our study. This probably leads back to their 
shorter interstage time (1.8 ± 5.6 days versus 8.3±7.9 days, 
in our study). While the interstage time in our study cohort 
often exceeded 7 days, 89% of the patients in the study of 
Nabagiez et al [Nabagiez 2014] received the CABG surgery 
within 24 hours after CEA, suggesting that a short interstage 
time correlates with a lower rate of interstage MIs. 

Other studies revealed an interstage MI rate from 2.5% 
up to 24%, with mean interstage periods from 6.87 to 32.4 
[Shishehbor 2013; Antunes 2002; Santos 2012]. In the litera-
ture, the perioperative mortality-rates for the staged proce-
dure range from 1.3% to 7% [Shishehbor 2013; Naylor 2003; 
Borger 1999; Antunes 2002; Birchley 2010]. Even though 
our staged cohort is quite small, our results are within these 
ranges, which is why the data seems to be representative for 
patients receiving the staged approach.

Synchronous procedure: According to Dick et al [Dick 
2011], postoperative strokes in patients receiving the synchro-
nous procedure occur with an average rate of 3.6%, which is 
close to the 3.1% stroke rate we found in the synchronous-
matched group. Contrary to this, our whole population of 
patients receiving the synchronous approach showed IS rate 
of 5.2%, which is comparable to the one reported by Jones 
et al [Jones 2012], who found IS rate of 5.5% in a cohort of 
109 patients. The perioperative mortality rate in our matched 
population was at 3.1% and in the whole synchronous popu-
lation it was at 4.2%. Those values are comparable to the ones 
reported by different authors [Levy 2012; Iyem 2009; Chiti 
2010; Prasad 2010; Udesh 2018]. Postoperative myocardial 
infarction rate is described as 0.5% to 3.6% [Shishehbor 
2013; Naylor 2003; Chiti 2010]. Looking at our results we see 
that the MI rate in the synchronousmatched cohort (6.3%) 
was higher than those reported before, but in the screened 
synchronous population it was at 1.6%, which matches the 
values reported in literature. Respiratory complications, 
such as pneumonia, occurred in 31.3% of our matched and 
in 32.5% of the screened synchronous patients. Gopaldas et 
al [Gopaldas 2011] found a rate of respiratory complications 
of 19.1% within a cohort of 16639 patients. This difference 
might be due to differences within the cohorts or treatment 
strategies. All in all, it seems that the synchronous group of 
our matched cohort is representative for patients undergoing 
synchronous CEA+CABG surgery.

Comparison between the two approaches: Like in the study 
of Gopaldas et al [Gopaldas 2011], we did not find a significant 
difference in mortality between the synchronousmatched and 
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the staged group (4.2% versus 4.5%, P = .286 in their study 
and 3.1% versus 6.3%, P = .479 in our study). Contrary to 
their findings, with no difference in neurologic complications 
(3.9% versus 3.5%, P = .182), in our study there was a signifi-
cantly higher rate of neurological complications in the syn-
chronousmatched group. This originates from a significantly 
higher rate of TIAs and delirium (18.8% versus 0%, P = .041 
and 31.3% versus 12.5%, P = .043, respectively), while the 
ischemic and hemorrhagic stroke rates did not differ between 
the two groups (3.1% versus 0%, P = 1.000 and 0% versus 0%, 
respectively).In the same study by Gopaldas et al, they identi-
fied a significantly higher rate of respiratory complications 
in the staged group (19.1% versus 20.7%, P = .010), which is 
contrary to our data, indicating a significantly higher rate of 
respiratory insufficiencies in the synchronousmatched group 
(31.3% versus 12.5%, P = .043). Shishehbor et al [Shishehbor 
2013] drew the conclusion, that staged CEA+CABG has worse 
outcomes than the synchronous strategy, but mostly because 
of the high rate of interstage events, consisting mostly of a 
high interstage MI-rate of 24% in a cohort with an interstage 
period of median 14 days. This is even higher than the 18.7% 
interstage MI rate in our study. Furthermore, they found an 
interstage death rate of 7% (in our study, there was none). 
Unfortunately, they do not mention if these deaths are caused 
by myocardial infarctions or other reasons. Concerning the 
postoperative (after CABG surgery in the staged group) devel-
opment in the study by Shishebor et al [Shishehbor 2013], 
the outcomes of the two groups did not differ significantly 
anymore. Consequently, the most important reason for the 
inferiority of the staged group in the study by Shishehbor et al 
is the high incidence of interstage events, especially interstage 
MIs. Following this thought, the inferiority of the staged 
group might be equalized by reducing the interstage MI rate. 
This could possibly be achieved by reducing the interstage 
time to less than 24 hours, as mentioned by Nabagiez et al 
[Nabagiez 2014]. However, all patients analyzed by Nabagiez 
et al [Nabagiez 2014] received off-pump CABG procedures, 
which are mostly carried out with lower Heparin doses than 
on-pump procedures [Chakravarthy 2017], which were used 
in our patients. Due to this higher dose of Heparin, a higher 
risk of bleeding at the CEA wound has to be taken in account, 
especially during the first day after CEA surgery [Self 1999] 
(Kakisis et al [Kakisis 2016] even showed, that the non-antag-
onization of the Heparin given during CEA-surgery leads to 
a higher risk of postoperative bleeding.). In a study by Self et 
al [Self 1999], they showed the highest incidence of bleeding 
at the CEA wound during the first day (6h 41 min ± 331 min) 
but overall, bleedings occurred up to three days post-op. For 
this reason, the optimal interstage time should be evaluated 
in further studies, to get a minimum of both, bleedings at the 
CEA wound and interstage MIs.

Like Gopaldas et al [Gopaldas 2011], we identified a sig-
nificantly longer duration of in-hospital stay in our staged 
cohort (P = .046). This is probably caused by the time period 
between the CEA and CABG surgery. This fact must not be 
neglected because of two reasons. Firstly, a shorter hospital-
stay is important for patients´ well-being and secondly, the 
economic point of view has to be seen. In the same study by 

Gopaldas et al [Gopaldas 2011], they identified a higher cost 
of $23,328 for the staged procedure. Even though, the higher 
cost is due to different factors, it might be at least partly 
reduced by shortening the length of the interstage period.

We think that the optimal treatment of concurrent CAD 
and carotid artery stenosis still remains unclear. On one hand, 
there seems to be lower rates of neurological and respiratory 
complications in patients undergoing the staged surgery. On 
the other hand, there is still the risk of interstage MIs, which 
occurred in 18.7% of patients in our staged cohort. If we look 
at the study of Nabagiez et al [Nabagiez 2014] again, it might 
be concluded that shorter interstage periods, or/and a strict 
patient selection as mentioned by Poi et al [Poi 2018], could 
be used, in order to reduce interstage myocardial infarc-
tions. Assuming a lower rate of interstage MIs, our findings 
may indicate a possible superiority of the staged approach 
over the synchronous procedure, due to less neurological 
complications.

LIMITATIONS

Due to the fact that our study was performed retrospec-
tively, there are a few possible sources of biases. First, no 
standardization between the cohorts has been performed, 
and second, there might be a selection bias, for we do not 
know the surgeon’s reasons for performing a staged or syn-
chronous surgery. Even though we tried to minimize differ-
ences between the cohorts by performing propensity match-
ing, these sources of bias cannot be controlled. If it comes to 
our sample size it has to be said that even though, our cohorts 
seem to be representative, it is questionable whether the small 
number of cases, in a retrospective, single-center study is suf-
ficient to get valid and representative results.

CONCLUSION

The results of our study, combined with the information 
given in literature suggest a possible superiority of the staged 
CEA/CABG approach over the synchronous procedure. 
Nevertheless, large randomized studies are necessary to verify 
our findings and establish appropriate guidelines. Since there 
are many studies which conclude that carotid artery stenting 
followed by CABG surgery (either as staged, or synchronous 
procedure) seems to be a possible alternative to procedures 
consisting of CEA+CABG, the new randomized studies 
should include these options.
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