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Background. The contribution of vascular surgeon’s years of practice and volume to carotid 
endarterectomy outcomes in a routine practice of a single vascular centre is not well known. 

Objective. To investigate the importance of the technical competence of surgeons with in-
creasing experience and procedure volume in the causation of perioperative stroke and death 
associated with carotid endarterectomy in routine clinical practice of a single centre.

Methods and patients. Mortality and stroke morbidity rates and selection criteria of all 
the CEAs, performed between 1995 and 2006, were analysed and correlated to the operating 
vascular surgeon according to his experience in performing carotid endarterectomy and the 
volume of procedures. Risk factors, comorbidities, indications for carotid surgery, carotid shunt-
ing, morbidity and mortality of 790 carotid endarterectomies were prospectively recorded in a 
database. Univariate and multivariable logistic regression, ROC curves were used to analyse the 
data.

Results. Among the 790 cases studied the in-hospital mortality was 2.1%, stroke morbidity 
was 2.4%. There was a significant difference in the incidence of perioperative stroke between 
the surgeons with experience less than 10 years and the surgeons who practise for more than 
20 years (5.6% vs. 1.8%, p = 0.03), however, no significant difference was noted in the mortal-
ity rate. A greater number of years since the surgeon started CEAs were associated with better 
outcomes in patients with neurologic symptoms. The postoperative stroke rate was 5.6% for 
surgeons with <6 CEA volume per year and 1.1% was for surgeons who performed ≥6CEA (p = 0.015). 
Increased surgical volume was associated with better outcomes in patients with stroke, but not 
in asymptomatic patients. In the multivariate logistic regression combined mortality and stroke 
was independently predicted by diabetes mellitus (OR 3.51; 95% CI 1.60–7.66, p = 0.002), con-
tralateral or v/b stroke (OR 4.14; 95% CI 1.57–10.91, p = 0.004), low-volume surgeon (OR 0.32; 
95% CI 0.13–0.78, p = 0.013). ROC curves analysis showed 0.72 predicting value of these three 
parameters. 

Conclusions. Increasing surgical volume and experience in carotid surgery improve the 
results of carotid endarterectomy. Significant predictors of bad outcome were diabetes mellitus, 
contralateral or v/b stroke and low-volume surgeon.
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INTRODUCTION

Several randomized prospective clinical trials have clearly af-
firmed the safety and efficacy of carotid endarterectomy (CEA) 
and its superiority when compared with the best medical man-
agement of patients with both symptomatic and asymptomatic 
extracranial carotid stenoses (1–4). CEA is a fairly common 

procedure that requires proficiency, and technical errors of the 
surgeon may lead to clinically significant complications, such 
as stroke and death. Poor outcome after CEA has traditionally 
been related to patient factors and also to hospital and sur-
geon-associated factors, such as frequency of performance of 
CEA and specialty training. 

There is a commonly held view that better outcomes (e. g. 
lower mortality and post-operative stroke rates) are associated 
with hospitals and physicians’ volumes of activity. Higher vol-
umes represent better quality (5). Increased surgeon’s experi-
ence with operation, as measured by annual procedural vol-
ume, has been related to the improved outcome, too (6). 
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Although the results of the randomized trials clearly 
showed the safety of CEA, because the procedures were per-
formed in selected high-volume centres by skilled carotid 
surgeons who underwent a careful vetting process, it has been 
suggested by some that these results may not truly reflect the 
outcome of the operation in every day practice (7). Moreover,   
no consensus exists among vascular surgeons on the minimum 
caseload necessary to maintain technical competence in the 
performance of CEA, the preponderance of the data published 
during the past decade confirms that CEA perioperative ma-
jor morbidity is the lowest when the operation is performed by 
higher volume surgeons and in higher volume centers (8–10). 
What is not clear is whether these observations are influencing 
practice patterns.

The aim of the present study was to investigate the impor-
tance of the technical competence of surgeons with increasing 
years of experience and the procedure volume in the causation 
of perioperative stroke and death taking in account patient’s 
risk factors and indications for carotid endarterectomy in rou-
tine clinical practise.

MATERIALS AND METHODS 

Patient population. Between 1995 and 2006, we prospectively 
recorded the risk factors, indications, operative details, morbid-
ity and mortality from every patient who underwent carotid en-
darterectomy in a database. The degree of carotid stenosis was 
determined on duplex and angiographic findings using NASCET 
criteria. The indications for carotid surgery were asymptomatic 
≥70% or symptomatic >50% stenosis of the internal carotid 
artery when other causes of stroke were excluded. The patients 
were examined by a neurologist before and were followed during 
their hospital course after operation. Almost all the procedures 
were performed with general anaesthetic techniques, and local 
anaesthesia was used only in 1.5% cases. The median anaesthetic 
time was less than 3 hours, implying a median surgical time of 2 
hours. Transcranial Doppler technique for intraoperative moni-
toring was used in 86% cases, the rest patients were shunted rou-
tinely. The patients were awakened in the surgical intensive care 
unit where they spent the first postoperative day. Dupplex ultra-

sonography and CT were repeated when cerebrovascular events 
were suspected. All the postoperative in-hospital complications 
were registered. The primary outcome was in-hospital death and 
postoperative stroke defined as the onset of a new focal neuro-
logical deficit, lasting more than 24 hours and causing perma-
nent disability or death during hospital course. 

Results of 790 CEAs were analyzed over recent 12-year 
time interval (1995–2006) with respect to each surgeon years 
of experience in performing CEA, averange annual operative 
experience and with respect to indications for operation.

Surgeons’ characteristics. Twelve vascular surgeons with 
different years of experience in performing CEAs (from 2 to 33 
years) comprised the study group. Five surgeons were stable, 
presented in performing CEAs during each of the 12 years of 
analysis. The number of operations the surgeons performed over 
the period under the study varied from 3 to 276. Surgeons were 
separated into three groups according to the years of experience 
in carotid surgery: less than 10 years – 7(58%) vascular surgeons 
with low experience; experience from 10 to 20 years – (25%) 
surgeons with moderate experience, and over 20 years of experi-
ence – 2 (17%) very experienced vascular surgeons. The mean 
annual caseload of hospital was 66 CEAs (ranging from 43 to 93 
CEAs), and the mean surgeon’s annual caseload was 6 CEA, with 
a range of one to 38 procedures per year. Surgeons performing 
annualy 5 or less, 6 to 10, and more than 10 endarterectomies 
were arbitrarily categorized as low-volume, moderate-volume 
and high-volume, respectively. 

Patients’ characteristics and indications for surgery. The 
average age of all the patients at the time of operation was 66.3 
years. Twenty four percent of operations were performed on 
women, 67% patients were smokers, 57% patients had arte-
rial hypertension, 14% patients had diabetes mellitus, 11% pa-
tients suffered from peripherial occlusive arterial disease, 31% 
patients had stable angina pectoris, 21% patients had previous 
myocardial infarction and 11% patients underwent PTA or 
CABG in the past (Table 1). The indications for operation were 
TIA (11%), ipsilateral stroke (40%). In this study (Table 2), the 
definition of asymptomatic stenosis included all nonspecific 
symptoms (17%), stroke in posterior circulation or contral-
ateral carotid stroke (20%) and total asymptomatic stenosis 
(12%). Patients were grouped into three groups according to 
the operating surgeon’s years of experience and to the mean 
annual caseload of CEA.

Statistical analysis was carried out using SPSS 13.0 for 
Windows program package (SPSS Inc., Chicago, Il, USA). Study Table 1. Baseline characteristics of patients 

Patients characteristics Number %
Age, mean (range), years 66.3 ± 10.4 44–86
Age ≥75 years 117 15
Male 605 76
Past or present smoker 532 67
Hypertension 454 57
Angina pectoris 249 31
Previous myocardial infarction 169 21
Previous PTA or CABG 88 11
Diabetes mellitus 110 14
PAOD 89 11

PAOD – peripherial arterial occlusive disease.

Table 2. Indications of carotid endarterectomy 

Indications Number %
Transient ischemic attack 108 11
Stroke 295 40
Asymptomatic 97 12
Nonspecific symptoms 136 17
Contralateral or v/b stroke 154 20
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end point was postoperative stroke and death. Operative mor-
tality and stroke rates were analyzed separetely and then to-
gether as a bad outcome rate. The correlation between surgeon’s 
experience, CEAs caseload and bad outcome rate was assessed 
by univariate analysis using the Chi-square and Fisher exact 
tests. The variables that positively associated with postopera-
tive outcomes at p < 0.05 were selected for multivariate analy-
sis using forward stepwise logistic regression. Odds ratios (OR) 
and 95% confidence interval (CI) were calculated. A risk factor 
was considered statistically significant when p < 0.05.

We analyzed the operative death and stroke predicting 
characteristics by assessing receiver operating characterictics 
(ROC) curves. The area under the ROC curve shows predicting 
values. The values more than 0.7 are considered to be useful for 
predicting bad outcome (11).

RESULTS 

Overall, there were 17 deaths and 19 strokes for the combined 
rate of death and nonfatal stroke of 4.55% (Table 3). Of the 17 
deaths (2.1%), there were 9 deaths due to perioperative stroke, 
three deaths due to myocardial infarction, 4 due to intracra-
nial haemorrhage and one because of thrombembolism arteria 
pulmonale. The postoperative stroke rate was 2.4%. 

All the patients were distributed into three groups accord-
ing to the operating surgeon’s experience. There were no sig-
nificant differences in patients’ average of ages, risk factors, co-
morbidities and indications for operation (Table 4). CEA was 
performed by very experienced surgeons in 55% of patients, 
by moderately experienced surgeons in 34% of patients and 
by surgeons with low experience in 11% of patients. Observed 
mortality by surgeon’s experience was 1.5% for very experi-
enced surgeons, 2.6% for moderate experienced surgeons, and 

3.4% for surgeons with low experience (Fig. 1). Although the 
mortality rate was twice lower for the very experienced sur-
geons than for those with low experience, the difference did 
not reach any statistical significance. The postoperative stroke 
rate was 1.8% for very experienced surgeons, 2.3% for mod-
erately experienced surgeons, and 5.6% for low-experienced 
surgeons. The operative stroke rate of surgeons with low ex-
perience was significantly higher than that of surgeons with 
more than 20 years of experience (p < 0.03). Overall, the opera-
tive results were better for more experienced surgeons than for 
those with low experience (3.0% vs. 9.0%; p = 0.017).

There were no significant differences between different 
surgeon experience and the operative indications (Fig. 2). 
The combined stroke – mortality rate of patients with symp-
tomatic stroke was 15% operated by inexperienced surgeons, 
3% operated by moderately experienced surgeons (p < 0.03), 
and 4% by very experienced surgeons (Fig. 3). Operative re-
sults of the patients’ group with asymptomatic stenosis did 
not differ significantly between groups of surgeons with 
different experience in performing CEAs (3%, 2%, 1%, re-
spectively). Combined stroke-mortality rate of patients un-
dergoing CEAs for contralateral or v/b stroke was 21% when 
operations were performed by inexperienced surgeons, 13% 
by moderately experienced surgeons and 3.7% by very expe-
rienced surgeons (p < 0.05). 

Table 3. Outcomes of carotidendarterectomy

Outcomes Number %
In-hospital mortality 17 2.15
Nonfatal stroke  19 2.40
Total bad outcomes 36 4.55

Table 4. Characteristics of patients who underwent carotid endarterectomy grouped by surgeon experience

Characteristic <10 years 10–20 years 20> years
Number of patients 89 304 397
Mean age, years 64.6 ± 9.4 65.2 ± 5.7 67.1 ± 5.2
Age ≥75 years,  12% 14% 16%
Female  24% 20% 22%
Arterial hypertension  64% 64% 69%
Current and past smokers  49% 54% 52%
Angina pectoris  28% 29% 32%
Previous myocardial infarction  18% 21% 23%
Previous PTA or CABG  7% 9% 11%
Diabetes mellitus  13% 14% 13%
PAOD  15% 9% 13%
Using shunt 63% 54% 50%
Heterogenous plaque  76% 72% 80%
TIA 15% 13% 13%
Stroke 29% 39% 40%
Asymptomatic 35% 30% 27%
Contralateral or v/b stroke 21% 18% 20%

PAOD – peripherial arterial occlusive disease.
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Fig. 2. Indications for carotid endarterectomy grouped by surgeon years of practise
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Fig. 1. Surgeon practise in carotid surgery and carotid endarterectomy outcomes
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Fig. 3. Mortality and postoperative stroke rates grouped by indications for carotid endarterectomy and surgeon experience

Among the series of 790 CEAs, 89 (11%) were performed by 
low-volume surgeons, 261 (33%) by moderate volume, and 440 
(56%) by high-volume operators. In other words, the patient had 
a less than one in two chances of undergoing the procedure with 

high-volume operator but approximately one in nine chances 
of undergoing the operation with a low-volume surgeon. Then 
we stratified the patients into three subgroups based on sur-
geon volume (Table 5). There were no significant differences in 

Table 5. Characteristics of patients who underwent carotid endarterectomy grouped by annual surgeon CEA volume

PAOD – peripherial arterial occlusive disease.
Shunt using I–III p < 0.01; II–III p < 0.001.
Stroke I–II p < 0.03.
Contralateral or v/b stroke I–II p < 0.05, II–III p < 0.0005.

< 10 years

10–20 years
> 20 years

p > 0.05

p < 0.03

p > 0.05

p < 0.05

Characteristic Less than 6 CEA 6 to 10 CEA 10 more CEA
Number of patients 89 261 440
Mean age, years 64.6 ± 9.4 65.9 ± 6.4 66.6 ± 5.1
Age ≥75 years % 12 13 15
Female % 24 23 19
Arterial hypertension % 64 66 67
Current and past smokers % 49 57 50
Angina pectoris % 28 31 31
Previous myocardial infarction % 18 26 20
Previous PTA or CABG % 7 9 11
Diabetes mellitus % 13 14 13
PAOD % 15 10 12
Using shunt %* 63* 60* 47
Heterogenous plaque % 76 83 83
TIA % 15 14 12
Stroke % 29* 43 38
Asymptomatic % 35 30 27
Contralateral or v/b stroke % 21 13* 23
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patients’ mean age, risk factors, comorbidities, only shunt usage 
differed significantly – 47% was used in high-volume group, 
60% in moderate-volume group (p < 0.001) and 63% in low-
volume group (p < 0.01). The observed mortality by surgeon 
volume (Fig. 4) was 1.8% for high-volume surgeons, 2.3% for 
moderate-volume surgeons, and 3.4% for low-volume surgeons 
(p > 0.05). The postoperative stroke rate was 2.5% for high-vol-
ume surgeons, 1.1% for medium-volume surgeons, and 5.6% for 
low-volume surgeons (p = 0.015). Overall, mortality and stroke 
morbidity rate was significantly lower in the moderate-volume 
group compared with the low-volume surgeon group (3.4% vs. 
9%, p = 0.036). 

When stratified by symptomatic vs. asymptomatic status 
(Fig. 5), the ratio of symptomatic and asymptomatic CEAs (S/A) 
was 1.0 for high-volume operators, 1.33 for moderate-volume 
operators and 0.79 for low-volume operators (p = 0.035). Among 
the patients with stroke, 38% patients were operated on by high-
volume surgeons, 43% by moderate-volume surgeons, and 29% 
by low-volume surgeons (p = 0.026). There were no significant 
differences among asymptomatic patients operated by different 
volume operators. High-volume surgeons performed 23% CEAs 
with contralateral or v/b stroke, moderate-volume surgeons 13% 
(p = 0.0005), and low volume surgeons 21% (p = 0.046).

The combined stroke-mortality rate of patients with symp-
tomatic stroke was 15% operated by low-volume surgeons, 2.7% 
operated by moderate-volume surgeons (p = 0.03) and 4.2% by 

high-volume surgeons (Fig. 6). Operative results of patients 
group with nonspecific symptoms and asymptomatic stenosis 
did not differ significantly between groups of surgeons with dif-
ferent volume (3%, 2.5%, 0.8%, respectivly). Complication rate 
of patients undergoing CEAs for contralateral or v/b stroke was 
16% when operations were performed by low-volume surgeons, 
9% by moderate-volume surgeons, and 7.7% by high-volume 
surgeons (p > 0.05). 

Using Spearman’s coefficient we assessed the correlation 
between surgeon experience and volume. The surgeon’s annual 
procedural volume was directly associated with surgeon years 
in carotid surgery (r2 = 0.47, p = 0.01) suggesting that both vari-
ables are close and important.

Univariate associations between patient, surgeon character-
istics and outcomes showed that age, sex, arterial hypertension, 
smoking, angina pectoris, previous MI, peripheral arterial occlu-
sive disease, symptomatic carotid stenosis and shunting did not 
appear to influence the rates of death and stroke. Multivariate 
logistic regression models (Table 6) revealed three independent 
risk factors for perioperative death and stroke: diabetes mellitus 
tripled the odds of death and stroke (odds ratio [OR], 3.51: 95% 
confidence interval [CI] = 1.61–7.67), contralateral or v/b stroke 
as the indication for surgery contralateral four times increased 
the odds of death/stroke (OR, 4.14; 95% CI = 1.57–10.91) and 
low surgeon volume three times increased the risk-adjusted 
odds of death and stroke (OR, 0.33; 95% CI = 0.13–0.79). 

Fig. 4. Surgeon annual volume and carotid endarterectomy outcomes
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Fig. 5. Indications for carotid endarterectomy grouped by surgeon annual volume

Table 6. Multivariate associations between patient, surgeon characteristics and complication rates

 Death and stroke
 OR 95% CI p
Surgeon volume 0.33 0.13–0.79 0.013
Diabetes mellitus 3.51 1.61–7.67 0.002
Contralateral or v/b stroke as indication for surgery 4.14 1.57–10.91 0.004

p > 0.05

p < 0.03

p > 0.05

< 6 CEA 6–10 CEA > 10 CEA

p > 0.05

p < 0.09

p > 0.05

p > 0.05

p < 0.05

< 6 CEA

10–20 CEA

> 20 CEA

Fig. 6. Mortality and postoperative stroke rates grouped by indications for carotid endarterectomy and surgeon annual volume
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ROC curves analysis (Fig. 7, 8) for mortality and stroke 
showed predicting value of diabetes mellitus 0.59, contralateral 
stroke or v/b stroke 0.58, and surgeon volume 0.44 and 0.72, 
when these three parameters were assessed in common.

DISCUSSION

To realize the benefits of CEA, postoperative mortality and stroke 
must be minimized (12). A successful outcome after a surgical 

procedure is a complex interaction between patient characteris-
tics, the surgeon experience and hospital characteristics. The im-
portance of hospital volume has been considered an important 
variable by independent agencies (8). High-volume hospitals 
have better outcomes than low-volume hospitals (12). 

Our centre represents one of 4 vascular surgery centres per-
forming 60%–70% of all the CEAs in our country. Depending on 
the different definitions used, our hospital mean caseload of 66 
CEAs per year met the criteria of a moderate or even high caseload 

Fig. 7. ROC curve after logistic regression

Fig. 8. Comparable ROC curves characteristic
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institution (5, 8, 12). However, the optimal performance of CEA 
may depend more on an individual surgeon’s performance of the 
operative procedure than on the ability of hospital, as a whole. In 
a study comparing two high-volume surgeons practicing at two 
low-volume hospitals with other vascular surgeons operating at 
a high-volume hospital demonstrated no difference in morbidity 
and mortality (13). Gibbs and Guzzetta, in describing the results 
of CEA at both low- and high-volume hospitals by high-volume 
surgeons concluded that “individual surgeons, not institutions, 
determine the efficacy of carotid endarterectomy” (14).

The current study suggests that slightly above half of CEAs in 
our centre are performed by experienced and high-volume sur-
geons. We have found that only 11% of procedures are being per-
formed by surgeons who perform few CEAs annually. This finding 
contrasts with that of Matsen et al where most surgeons who in 
1999 performed CEA in New York State fall into low-volume cat-
egory with 1or 2 CEAs per year (15). Other studies report that be-
tween 50% and 60% of CEAs are being performed by high-volume 
surgeons (16, 17). 

In select statewide analyses, surgeon volume has been shown 
to improve mortality rates (9, 18). Because no consensus exists 
among vascular surgeons on the minimum caseload necessary to 
maintain technical competence in the performance of specialized 
procedures, such as CEA, different definitions of low volume were 
used among the CEA studies. Segal et al. found that physicians 
with an annual caseload of 15 or more CEAs had significantly low-
er mortality rate than physicians performing fewer than 15 CEAs 
per year (19). Ruby and colleagues reported significant mortality 
benefits for patients operated on by surgeons performing at least 
10 CEAs annually (20). In the State of New York, Hannan and his 
associates found a significantly lower mortality rate among phy-
sicians performing five or more CEAs per year (21). O’Neil et al. 
reported that the characteristics of surgeons that predicted greater 
mortality after operation were a surgical volume of only one or 
two cases over 2 years (22). These results contrast with those of 
Mattos et al. who found that there was no significant difference 
in mortality rates between physicians performing more or fewer 
than 12 CEAs per year (23). Others have documented little or no 
individual surgeon volume effect on mortality (16, 22, 24).

In the present study high-volume and very experienced sur-
geons had lower mortality rate than their low-volume and inexpe-
rienced counterparts. We noted a stepwise decrease in periopera-
tive mortality from 3.4% to 1.5% with increasing years of practise 
and operation volume, however, there was no statistical difference 
in mortality rates between different surgeon level of experience 
and volume. The possible explanation of the absence of direct re-
lationship between surgeon volume and mortality rates is because 
some deaths are not related to technical errors made during op-
eration and more depend on patient-related characteristics. 

Postoperative ischemic stroke more represents a surgeon’s 
skill, and ischemic stroke continues to be the most frequent cause 
of post operative neurologic complication after CEA. Only few 
studies focused on the relationship between surgeon volume and 
stroke separately. Mattos et al. found statistical differences in post-
operative stroke rates between surgeons performing less than 12 
CEAs per year and those performing more than 12 procedures 
per year (23). Edwards et al also found a significant inverse rela-
tionship between physician volume and stroke rates (25). Cowan 

et al using the National Impatient Sample of 35.821 patients who 
underwent CEA reported that postoperative stroke rate was con-
sistently less with an increase in surgeon volume (17). Our results 
parallel with the others in demonstrating statistically significant 
inverse difference between surgeon volume (with the minimum 6 
CEAs per year) and stroke rate. In the present study there was also 
an inverse relationship between surgeon experience and stroke 
rate. We found a significant decrease in stroke rate for surgeons 
with increasing experience with a threshold of 10 years of carotid 
surgery practice. These studies and our observations support the 
thesis that active surgical practice reduces the risk of perioperative 
stroke. It may be reasonable to consider that the repetition and fa-
miliarity of the procedure by a surgeon frequently performing it 
may improve outcomes (26). 

In a systematic overview of prospective or retrospective vol-
ume-outcome studies the weight of evidence is supportive of being 
an inverse relationship between surgeon’s caseload and combined 
mortality and morbidity (10). Findings in two studies identified 
a positive volume-outcome relationship for both mortality and 
stroke at a threshold of 10 CEA per year (27, 28). This finding is 
supported by Kucey et al. who reported that medium volume (be-
tween six and 12 CEAs per year) and high volume (more than 12 
CEAs annually) physicians had significantly better outcomes than 
their low volume (fewer than six per year) counterparts (29). In 
contrast, Cebul et al. (24) found no differences in outcomes be-
tween high and low volume physicians (defined as more or fewer 
than 21 CEAs per year, respectively). Neither of the two studies, 
Kempczinski and Mayo, found statistically significant evidence 
of a positive volume-outcome relationship (16, 30). In the present 
study we found that high-volume surgeons with prolonged expe-
rience have lower combined stroke-mortality rates compared with 
inexperienced and low-volume surgeons. Our results support the 
thesis that an inxperienced and low-volume surgeon creates early 
bad outcomes.

A few previous studies of CEA have assessed time in surgical 
practice as a morbidity and mortality risk. Surgeons with a greater 
proportion of their practice in vascular surgery had better out-
comes (31). O’Neil et al. found that time in surgical practice was 
more important than surgical volume as a predictor of patient 
outcome (22). Another interesting finding in this study contra-
dicting our results was that mortality increased with surgeons in 
practice for 20 or more years, whereas morbidity was the highest 
in those recently licensed. Our results suggest that threshold for 
the safe performance of CEA is not lower than 10 years of practice 
in carotid surgery. Prolonged carotid surgery practice was directly 
associated with annual surgeon volume (r2 = 0.47, p = 0.01), sug-
gesting positive and significant correlation between them.

In some studies ischemic and valvular heart disease, atrial 
fibrillation, congestive heart failure, diabetes, gender, age, con-
tralateral stenosis >70%, ipsilateral occlusion and symptomatic 
status have been found to affect the outcome after CEA (32). Of 
these factors stroke as indication for surgery, active coronary 
artery disease and contralateral carotid stenosis >50% are com-
mom with those found in a study by Halm et al. (33). A retro-
spective analysis of 1370 consecutive CEA confirmed that con-
tralateral occlusion was the only significant predictor of adverse 
outcome (34). Our study found only two patient-related factors 
increasing the risk-adjusted odds of complications (diabetes 
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mellitus and contralateral or v/b stroke as an indication for sur-
gery). Multivariate logistic regression models identified low sur-
geon volume as significant independent predictor of an adverse 
outcome.

In most studies there was no information whether patients 
were symptomatic or asymptomatic. When we stratified pa-
tients by symptomatic vs. asymptomatic status, an association 
was found between the surgeon’s experience and outcome rates 
in patients with stroke. Though low volume surgeons chose to 
deal with a higher proportion of low risk patients with asympto-
matic stenoses, there were statistical differences in the outcome 
of carotid surgery between patients with stroke operated on by 
low-volume surgeons and by high-volume operators. This as-
sociation did not persist for asymptomatic patients. Our results 
confirm that it is also important to distinguish patients accord-
ing to the underlying neurologic indication for surgery (nonspe-
cific versus contralateral or v/b stroke).

The mortality and morbidity of CEA have been shown to 
be related not only to the presence and severity of preoperative 
neurological deficits, but also to the medical condition of the pa-
tient (32–34). As Halm et al. noted, even in the hands of surgeons 
with excellent overall results, patients with high comorbid ill-
ness burden may experience more perioperative complications 
(35). Our results demonstrate high mortality and morbidity rate 
in patients with contralateral or v/b stroke operated on even by 
experienced and high volume surgeons. As Matssen et al. noted, 
high-risk patients may benefit from a surgeon with yearly vol-
ume of at least 75 CEA (36). 

We agree that the surgeon’s contribution is considered to be 
the most important of all the factors pertaining to good quality 
in carotid surgery, however we do not find superiority surgeon 
volume over patient risk factors. Our results show that surgeon 
volume together with patient risk factors have predictive value 
of bad outcomes after CEA. 

CONCLUSIONS 

Carotid endarterectomy, when performed by experienced vascu-
lar surgeon with substantial volume, carries a low risk for peri-
operative stroke and death in most patients. A cautious exeption 
is noted in patients with diabetes mellitus and in small subgroup 
of patients with contralateral carotid or v/b stroke, who demon-
strated an elevated death and stroke rate, when they were oper-
ated on by low volume and inexperienced surgeon. Risk of peri-
operative events in asymptomatic patients is less associated with 
surgeon experience and volume compared with symptomatic 
patients. In our centre high-risk patients may benefit from a sur-
geon with experience more than 10 years and annual volume of 
at least 6 CEA, however, most surgeons who perform CEAs in 
our hospital do so infrequently. Although our overall operative 
results are still not optimal, we shoud try to attain that results in 
every day practice would be in agreement with the results from 
randomized trials. 

Received 10 August 2007
Accepted 19 October 2007

References

1. European Carotid Surgery Trialists’ Collaborative Group. 
MRC European Carotid Surgery Trial: interim results for 
symptomatic patients with severe (70–99%) or with mild 
(0–29%) carotid stenosis. Lancet 1991; 337: 1235–43. 

2.  North American Symptomatic Carotid Endarterectomy 
Trial Collaborators. Beneficial effect of carotid endarter-
ectomy in symptomatic patients with high-grade carotid 
stenosis. N Engl J Med 1991; 325: 445–53. 

3. Executive Committee for the Asymptomatic Carotid 
Atherosclerosis Study. Endarterectomy for asymptomatic 
carotid artery stenosis. JAMA 1995; 273: 1421–8.

4. Halliday A, Mansfield A, Marro J, Peto C, Peto R et al. MRC 
Asymptomatic Carotid Surgery Trial (ACST) Collaborative 
Group Prevention of disabling and fatal strokes by success-
ful carotid endarterectomy in patients without recent neuro-
logical symptoms: randomised controlled trial. Lancet 2004; 
363: 1491–502.

5. Holt PJE, Poloniecki JD, Loftus IM and Thompson MM. 
Meta-analysis and systemic review of the relationship be-
tween hospital volume and outcome following carotid en-
darterectomy. Eur J Vasc Endovasc Surg 2007; 33: 645–51.

6. Teso D, Frattini JC and Dardik A. Improved outcomes of ca-
rotid endarterectomy: the critical role of vascular surgeons.
SeminVascSurg 2004; 17: 214–8.

7. Wennberg DE, Lucas FL, Birkmeyer JD, Bredenberg CE, 
Fisher ES. Variation in carotid endarterectomy mortality in 
medicare population. JAMA 1998; 279: 1278–81.

8. Birkmeyer JD, Siewers AE, Finlayson E, Stukel TA, Lucas FL 
et al. Hospital volume and surgical mortality in the United 
States. N Engl J Med 2002; 346: 1128–37.

9. Birkmeyer JD, Stukel TA, Siewers AE, Goodney PP, 
Wennberg DE and Lucas FL. Surgeon volume and opera-
tive mortality in the United States. N Engl J Med 2003; 349: 
2117–28.

10. Shackley P, Slack R, Booth A, Michaels J. Is there a positive 
volume-outcome relationship in peripherial vascular sur-
gery? Results of systemic review. Eur J Vasc Endovasc Surg 
2000; 20: 326–35.

11. Zweig MH, Campbell G. Receiver operating characteristic 
(ROC) plots: a fundamental evaluation tool in clinical medi-
cine. Clin Chem 1993; 39: 561–77.

12. Westvik HH, Westvik TS, Maloney SP, Kudo FA, Muto A, 
Leite JOM et al. Hospital-based factors predict outcome after 
carotid endarterectomy. J Surg Reseach 2006; 134: 74–80.

13. Peck C, Peck J, Peck A. Comparison of carotid endarterec-
tomy at high- and low-volume hospitals. Am J Surg 2001; 
181: 450–3.

14. Gibbs BF, Guzzetta VJ. Carotid endarterctomy in commu-
nity practice: surgeon-specific versus institutional results. 
Ann Vasc Surg 1989; 3: 307–12.

15. Matsen SL, Perler BA, Brown PM, Roseborough GS and 
Williams GM. The distribution of carotid endarterectomy 
procedures among surgeons and hospitals in New York 
State: is regionalization of specialized vascular care occur-
ring? J Vasc Surg 2002; 36: 1146–53. 



Importance of vascular surgeon’s experience, surgical volume and patient’s risk factors on the results of carotid endarterectomy 251

16. Kempczinski RF, Brott TG, Labutta RJ. The influence of sur-
gical specialty and caseload on the results of carotid endar-
terectomy. J Vasc Surg 1986; 3: 911–6.

17. Cowan JA, Dimick JB, Thompson BG, Stanley JC, Upchurch GR. 
Surgeon volume as an indicator of outcomes after carotid 
endarterectomy: an effect independent of specialty practise 
and hospital volume. J Am Coll Surg 2002; 195: 814–21.

18. Pearce WH, Parker MA, Feinglass J, Ujiki M and Manheim 
LM. The importance of surgeon volume and training in out-
comes for vascular surgical procedures. J Vasc Surg 1999; 29: 
768–78.

19. Segal HE, Rummel L, Wu B. The utility of PRO data on sur-
gical volume: the example of carotid endarterectomy. Qual 
Rev Bull 1993; 19: 152–7.

20. Ruby ST, Robinson D, Lynch JT, Mark H. Outcome analysis 
of carotid endarterectomy in Connecticut: the impact of vol-
ume and specialty. Ann Vasc Surg 1996; 10: 22–6.

21. Hannan EL, Popp AJ, Tranmer B et al. Relationship between 
provider volume and mortality for carotid endarterectomies 
in New York state. Stroke 1998; 29: 2292–7. 

22. O’Neill L, Lanska DJ, Hartz A. Surgeon characteriristics as-
sociated with mortality and morbidity following carotid en-
darterectomy. Neurology 2000; 55: 773–81. 

23. Mattos MA, Modi JR, Mansour MA, Mortenson D, Karich T 
et al. Evolution of carotid endarterectomy in two community 
hospitals: Springfield revisited – Seventeen years and 2243 
operations later. J Vasc Surg 1995; 21: 719–28.

24. Cebul RD, Snow RJ, Pine R, Hertzer NR, Norris DG. 
Indications, outcomes and provider volumes for carotid en-
darterectomy. JAMA 1998; 279: 1282–7.

25. Edwards WH, Morris JA, Jenkins JM et al. Evaluating qua-
lity, cost-effective health care: Vascular database predicted 
on hospital discharge abstracts. Ann Surg 1991; 213: 433–9. 

26. Luft HS, Bunker JP, Enthoven AC. Should operations be re-
gionalized. N Engl J Med 1979; 301: 1364–9.

27. AbuRahma AF, Boland J, Robinson P. Complications of ca-
rotid endarterectomy: the influence of caseload. South Med 
J 1988; 81: 711–5.

28. Kantonen I, Lepantalo M, Salenius JP, Matzke S, Luther M et 
al. Influence of surgical experience on the results of carotid 
surgery. Eur J Vasc Endovasc Surg 1998; 15: 155–60.

29. Kucey DS, Bowyer B, Iron K, Austin P, Anderson G et al. 
Determinants of outcome after carotid endarterectomy. J 
Vasc surg 1998; 28: 1051–8.

30. Mayo SW, Eldrup-Jorgensen J, Lucas FL, Wennberg DE, 
Bredenberg CE. Carotid endarterectomy after NASCET and 
ACAS: a statewide study. J Vasc Surg 1998; 27: 1017–23. 

31. Hannan EL, Kilburn H Jr, O’Donnell JF et al. A longitudi-
nal analysis of the relationship between in-hospital mortal-
ity in New York State and the volume of abdominal aortic 
aneurysm surgeries performed. Health Serv Res 1992; 27: 
517–24. 

32. Hannan EL, Popp AJ, Feustel P, Halm E, Bernardini G et al. 
Association of surgical specialty and processes of care with 
patient outcomes for carotid endarterecromy. Stroke 2001; 
32: 2890–7. 

33. Debing E and Van den Brande P. Does the type, number or 
combinations of traditional cardiovascular risk factors af-

fect early outcome after carotid endarterectomy? Eur J vasc 
Endovasc Surg 2006; 31: 622–6. 

34. Reed AB, Gaccione P, Belkin M, Donaldson MC, Mannick 
JA, Whittemore AD and Conte MS. Preoperative risk factors 
for carotid endarterectomy: Defining the patients at high 
risk. J Vasc Surg 2003; 37: 1191–9.

35. Halm EA, Hannan EL, Rojas M, Tuhrim S, Riles TS et al. 
Clinical and operative predictors of outcomes of carotid en-
darterectomy. J Vasc Surg 2005; 42: 420–8.

36. Matsen SL, Perler BA, Chang DG. Evidence-based guidelines 
for surgeon operative volume criteria: a model for tiered cer-
tification of carotid surgeons. J Surg Research 2006; 130(2): 
313–4.

Auksė Meškauskienė, Virginija Gaigalaitė, Egidijus Barkauskas

ANGIOCHIRURGO DARBO STAŽO, OPERACIJŲ 
SKAIČIAUS IR LIGONIO RIZIKOS VEIKSNIŲ REIKŠMĖ 
VIDINĖS MIEGO ARTERIJOS ENDARTEREKTOMIJOS 
REZULTATAMS

S a n t r a u k a
Darbo tikslas. Remiantis kraujagyslių chirurgijos centro kasdieninės 
praktikos duomenimis, nustatyti ryšį tarp angiochirurgo techninių 
įgūdžių, kurie priklauso nuo darbo stažo ir atliktų operacijų skaičiaus, 
ir mirties bei insulto po vidinės miego arterijos endarterektomijos. 

Metodai ir medžiaga. Analizuota 790 vidinių miego arterijų 
endarterektomijų, atliktų 1995–2006 metais. Pradinių duomenų bazėje 
buvo registruoti visų ligonių rizikos veiksniai, gretutiniai susirgimai, 
indikacijos operacijai, mirties ir naujo insulto atvejai. Duomenys 
suskirstyti atsižvelgiant į angiochirurgo patirtį miego arterijų 
chirurgijoje ir atliktų endarterektomijų skaičių. Duomenų analizei 
naudota vienaveiksmė ir daugiaveiksmė loginė regresija bei ROC 
kreivės. 

Rezultatai. Tarp analizuojamų 790 endarterektomijų mirčių buvo 
2,1%, insultu susirgo 2,4% ligonių. Nustatytas statistiškai patikimas 
operacinių insultų skirtumas tarp chirurgų, kurių darbo stažas nesiekė 
10 metų, ir angiochirurgų, kurių darbo stažas viršijo 20 metų (5,6% vs 
1,8%; P = 0,03); mirčių statistikoje patikimo skirtumo nerasta. Didesnė 
darbo patirtis turėjo reikšmę ligonių su neurologiniais simptomais 
operacijos rezultatams ir neturėjo įtakos nesimptominių ligonių 
operacijos rezultatams. Kai ligonius operavo chirurgai, kurie atlikdavo 
mažiau kaip 6 miego arterijos endarterektomijas per metus, insultu 
po operacijos sirgo 5,6% ligonių, ir 1,1% ligonių, kai operavo chirurgai, 
kurie atlikdavo 6 ir daugiau endarterektomijų per metus (P = 0,015). 
Endarterektomijų skaičius turėjo įtakos ligonių su insultu rezultatams ir 
neturėjo nesimptominių ligonių rezultatams. Cukrinis diabetas (ŠS 3,51; 
95% PI 1,60–7,66; P = 0,002), priešingos pusės miego arterijos, arba v/b, 
insultas (ŠS 4,14; 95% PI 1,57–10,91; P = 0,004) ir mažai operuojantis 
angiochirurgas (ŠS 0,32; 95% PI 0,13–0,78; P = 0,013), daugiaveiksmės 
loginės regresijos duomenimis, turėjo didžiausią mirties po operacijos 
ir insulto prognostinę vertę. ROC kreivių analizė rodo, kad šių trijų 
parametrų bendra prognostinė vertė yra 0,72.

Išvados. Miego arterijos endarterektomijos rezultatai priklauso nuo 
angiochirurgo darbo stažo ir operacijų skaičiaus. Nepalankią operacijos 
baigtį daugiausia lėmė cukrinis diabetas, persirgtas priešingos pusės 
miego arterijos, arba v/b, insultas ir mažai operuojantis angiochirurgas. 

Raktažodžiai: vidinės miego arterijos endarterektomija, indikacijos, 
rizikos veiksniai, darbo stažas, operacijų skaičius, rezultatai


