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ABSTRACT 

Introduction: Carotid Endarterectomy (CEA) is widely recognized as effective in significantly reducing the risk of re- 
current stroke emanating from extracranial carotid atherosclerosis and approximately 140,000 carotid endarterectomies 
are performed annually in the United States (US). As such, data are scarce on the prevalence and clinical outcomes of 
CEA across different age groups. This study aimed to determine and analyze the prevalence, demographic and clinical 
outcomes of CEA across six decades of life. Methods: Data on 40,276,240 patients were abstracted from discharge data 
obtained from the Nationwide Inpatient Sample (NIS) database, a part of the Healthcare Cost and Utilization Project 
(HCUP) of the Agency for Healthcare Research and Quality (2004-2008). Demographic and clinical characteristics of 
patients undergoing CEA as the primary procedure were abstracted including age, gender, elective or non-elective ad- 
mission, comorbidities, Length of Stay (LOS), secondary procedures, NIS severity of illness and risk of mortality class, 
complications and mortality. CEA outcomes were compared across six decades of life starting at age 41. Categorical 
variables were compared using the Chi-square test, and the Student’s t-test was used to compare continuous variables. 
Results: 118,947 patients who underwent CEA as their primary procedure were identified. Caucasians accounted for 
67.1% of the population. The overall mean age was 71.2 ± 9.5 years, with a Male: Female ratio of 1.3:1. Nineteen per- 
cent of patients had non-elective admission, with the highest percentage (29.5%) in those >91 years old. Over three 
percent of patients had a prior stroke. The overall number of CEA performed peaked in the 8th decade of life (38.4%). 
The most common co-morbidities were hypertension, diabetes mellitus, and chronic pulmonary disease. Mean LOS was 
3.3 days. Forty-two percent of all cases were performed in a teaching hospital, with the percentage increasing with ad- 
vancing age. The overall mortality and stroke rates were 0.4% and 0.9%, respectively, and these rates were highest in 
the oldest patients (>91 years). The overall myocardial infarction rate was 0.8% which was highest incidence in the 7th 
and 9th decades (1.1%). On multivariate analysis, age >80 years (Odds Ratio (OR), 2.9; 95% Confidence Interval (CI), 
1.1 - 8.0), Non-white race (OR, 1.7; CI, 1.1 - 2.7), Charlson co-morbidity index score of 1 - 5 (OR, 1.7; CI, 1.3 - 2.4), 
carotid artery stenosis with stroke at presentation (OR, 1.7; CI, 1.1 - 2.5), Congestive Heart Failure (CHF) (OR, 3.7; CI, 
2.8 - 4.8) and renal failure (OR, 2.2; CI, 1.6 - 3.1) were independent risk factors associated with increased CEA morta- 
lity. Conclusions: The percent of patients over 80 years is the fastest-growing segment of the US population, and CEA 
is an increasingly commonly procedure in elderly patients with a low mortality rate across all age groups. On a popula- 
tion level age >80, non-Caucasian race, the presence of specific co-morbidities (i.e., Stoke at presentation, congestive heart 
failure, renal failure), and a high Charlson co-morbidity index score are independent predictors of an increased CEA 
related mortality. 
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1. Introduction 
Carotid Endarterectomy (CEA) is widely recognized as 
the most effective treatment for stroke prevention secon- 
dary to carotid artery stenosis, and approximately 140, 000 
carotid endarterectomies are performed annually in the 
United States (US) [1]. The risk of the Cerebrovascu-  

lar Accident (CVA) is closely linked to aging, and with 
each decade after age 55, the incidence of stroke doubles 
in both men and women [2,3]. CVA is currently the se- 
cond most common cause of death in patients over 85 
years [2]. It has been predicted that the proportion of the 
US population over 80 years old is expected to double  
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in the next four decades going from 5% (1990) to 10% 
(2030) [2]. In addition, Americans 65 to 79 years who 
constituted 9.3% of the population in 2000 is projected to 
increase to 12.5% by 2050 and 12.9% by 2070 [4]. Given 
current life table analysis that predicts that patients who 
survive to the age of 80 - 85 years old will live another 
eight years on average, the number of elderly patients 
(>80 years) who will require CEA will increase dramati- 
cally in the near future [5]. Despite these facts, little is 
known about the clinical outcomes of the elderly patients 
following most surgical interventions since they are lar- 
gely excluded from clinical trials given their presumed 
“high risk” status. To date, only scant data exists on the 
outcomes of octogenarians following CEA, and all those 
published, suggest that the elderly have higher complica- 
tions, Length of Stay (LOS), and mortality compared to 
younger patients [6-10]. That said, small sample size, the 
lack of study design uniformity, and confounding vari- 
ables among existing reports on CEA outcomes across 
different age groups, make the existing information of 
little value, to risk stratify specific patients, and to make 
informed surgical decisions. This study sought to use a large 
population-based database to evaluate prevalence and clini- 
cal outcomes of CEA across six decades of life and to 
determine independent demographic and clinical factors, 
which influenced CEA related in-hospital morbidity and 
mortality.  

2. Materials and Methods 

Discharge data on 40,276,240 patients from the Nation- 
wide Inpatient Sample (NIS) data, a part of the Healthcare 
Cost and Utilization Project (HCUP) of the Agency for 
Healthcare Research and Quality (AHRQ) database, was 
analyzed over a five-year period (2004-2008). Carotid 
Endarterectomy (CEA), as a primary procedure, was iden- 
tified using ICD 9 code 38.12. Demographic and clinical 
characteristics of patients undergoing CEA as the pri- 
mary procedure were abstracted including age, gender, 
elective or non-elective nature of admission, co-mor- 
bidities, Length of Stay (LOS), LOS before surgery, 
complications and mortality. Corrected LOS was calcu- 
lated by subtracting the pre-procedural LOS from overall 
LOS. Patients with asymptomatic carotid artery stenosis 
at admission were identified using ICD-9 CM code 
433.10, and patients with stroke due to carotid artery ste- 
nosis at admission were identified using ICD-9 CM code 
433.11. The ICD-9-CM codes used to identify complica- 
tion rates were 997.02 for post-operative stroke, 951.3 - 
951.9 for cranial nerve injuries, 998.11 for post-operative 
hemorrhage, 998.12 for post-operative hematoma, and 
410.00 - 410.02, 410.10 - 410.12, 410.20 - 410.22, 410.30- 
410.32, 410.40 - 410.42, 410.50 - 410.52, 410.60 - 410.62, 
410.70 - 410.72, 410.80 - 410.82, 410.90 - 410.92 for  

Myocardial Infarction (MI). Six age groups, in incre- 
ments of 10 years, were analyzed starting at age 41. 
Charlson co-morbidity index scores were calculated for 
each age group using available co-morbidity information. 
The Charlson co-morbidity index score was calculated by 
using the co-morbidity information provided in the NIS 
database, by applying appropriate scores as mentioned 
(Table 1) to arrive at the final score. The information on 
myocardial infarction, dementia and leukemia was ab- 
stracted using ICD 9 codes. In the NIS database there is 
no differentiation between mild liver disease and mode- 
rate to sever liver disease, all the patients with co-mor- 
bidity information of chronic liver disease were grouped 
under mild liver disease. Although patients >50 years 
should receive a score of at least 1, patients without any  
 
Table 1. Calculation of charlson’s co-morbidity index score 
using variables provided in national Inpatient database.  

Co-morbidity Charlson Score 

Myocardial infarction† 1 

Congestive heart failure 1 

Peripheral vascular disease 1 

Cerebrovascular disease 1 

Dementia† 1 

COPD 1 

Connective tissue disorder 1 

Peptic ulcer disease 1 

Mild liver disease‡ 1 

Diabetes without complications 1 

Hemiplegia 2 

Moderate to sever renal disease 2 

Diabetes with organ damage 2 

Solid tumor 2 

Leukemia† 2 

Lymphoma 2 

Moderate to sever liver disease‡ 5 

Metastatic solid tumor 6 

AIDS 6 

Age groups  

41 - 50 years 0 

51 - 60 years 1 

61 - 70 years 2 

71 - 80 years 3 

81 - 90 years 4 

>90 years 5 

†Information abstracted using ICD 9 codes; ‡In the NIS database there is no 
differentiation between mild liver disease and moderate to severe liver dis- 
ease. All the patients with a co-morbidity of chronic liver disease were grouped 
under mild liver disease. 
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co-morbidities were not assigned any age-related charl- 
son scores. We did not utilize the discharge weights (to 
estimate the national figures) in order to limit our cal- 
culations and results to actual patients. Similarly, as per 
NIS database reporting guidelines, values <10 were not 
shown in the results section.  

Statistical Analysis  

IBM® SPSS 18 (SPSS Inc. Released 2009. PASW Statis- 
tics for Windows, Version 18.0. Chicago: SPSS Inc.) was 
used for all statistical calculations. Categorical variables 
were compared using the Chi-square test, and the Stu- 
dent’s t-test was used to compare continuous variables. A 
value of p < 0.05 was considered statistically significant. 
An analysis of variance (ANOVA) and Tukey’s B post 
hoc tests were used to study the effect age on LOS. Uni- 
variate analysis was performed to study the effect of de- 
mographic and clinical variables on mortality. Risk fac- 
tors associated with CEA related in-hospital mortality 
were entered into multivariate logistic regression analysis. 
Backward stepwise method was used to perform regres- 
sion analysis. In backward stepwise logistic regression 
the analysis begins with a full or saturated model, and 
variables are eliminated from the model in an iterative 
process. The fit of the model is tested after the elimina- 
tion of each variable to ensure that the model still ade- 
quately fit the data. When no more variables can be eli- 
minated from the model, the analysis has been com- 
pleted.  

3. Results 

3.1. Demographic and Clinical Variables  

A total of 118,947 (0.3%) patients aged >40 years that 
underwent a CEA as their primary procedure between 
2004 and 2008 formed the study group (Table 2). The 
mean age ± standard deviation of the overall population 
was 71.2 ± 9.5 years with a Male: Female ratio of 1.3:1. 
The highest numbers of cases (38.4%) were performed in 
8th decade of life. More male patients underwent CEA 
between the 6th and 9th decade, whereas nearly equal 
numbers of male and female patients underwent CEA in 
the 4th and 10th decades, p < 0.001. The number of CEA 
performed increased with age across all racial/ethinic 
groups, and peaked in patients >80 years. The five specific 
racial/ethnic groups analyzed were Caucasian, African- 
American (AA), Hispanic, Asian or Pacific-Islander and 
Native Americans. Among those patients in whom ra- 
cial/ethnic demographics were available, 89.4% of all 
CEA cases were performed in Caucasians, with 87% of 
cases performed after age 60 and peaking between 71 
and 80 years. 

Non-elective/Emergent admissions accounted for 19.3% 
of cases, and this percent peaked in those 41 - 50 years  

(27%), and the oldest patients (>91 years, 29.5%). Among 
patients for whom history of prior stroke was available, 
86.9% of patients upon whom a CEA was performed had 
no history of stroke. Patients >91 years were most likely 
to have a history of stroke at admission (5.7%). 

3.2. Co-Morbidities 

Hypertension (HTN) (78.1%), uncomplicated Diabetes 
Mellitus (DM) (26.9%), Chronic Pulmonary Disease 
(COPD) (21.4%), peripheral vascular disease (PVD) 
(19.7%), Congestive Heart Failure (CHF) (6.7%), Renal 
Failure (RF) (5.2%), diabetes with chronic complications 
(2.8%), and liver disease (0.5%) were the most common 
co-morbidities reported among the study group (Table 3). 
Younger patients had a higher incidence of chronic co- 
morbidities such as DM, COPD, and PVD than the oldest 
patients, while older patients had a higher incidence of 
CHF and RF. Overall 58.7% (N = 69841) of patients had 
a Charlson co-morbidity score between 1 and 5, with the 
peak observed in the 7th decade. Only 0.4% (N = 520) of 
patients had a Charlson co-morbidity score of >5, with 
the highest incidence in the youngest population (41 - 50 
years, 0.6%). 

3.3. Hospital Outcomes and Demographics 

Less than half of all CEAs were performed in facilities 
designating themselves as “teaching hospitals (42.4%)”, 
while 90.9% of all CEAs were performed in “urban” 
hospitals, as opposed to rural or community facilities 
(Table 4). These percentages were fairly consistent across 
all age groups. The mean Length of Stay (LOS) prior to 
CEA was 0.7 ± 2 days, and this increased with age star- 
ting from the 6th decade and peaking in the oldest group 
(>91 years, 1.4 ± 2.8 days). Mean LOS was 2.6 ± 3.5 
days, and similarly increased with age peaking in the 
oldest age group (>91 years, 3.9 ± 4.2 days). Overall 
LOS and corrected LOS were 2.6 ± 3.5 days and 2.0 ± 
2.5 days, respectively and similarly increased with age 
peaking in the oldest age group (>91 years, 3.9 ± 4.2 days 
and 2.6 ± 2.4 days, respectively). LOS prior to CEA and 
total LOS were higher in the youngest age patients com- 
pared to those in the 6th through 9th decades, which is 
likely attributable to a high non-elective CEA admission 
rate (27%). Tukey B post hoc test was used to study the 
effect of age on LOS. Patients between 6th and 8th decade 
had lowest LOS, compared to >80 years who had highest 
LOS whereas those in 5th decade had LOS lying some- 
where in the middle, p < 0.01 (Table 5)  

Ninety percent of all CEA patients in the study group 
were discharged to home without a home-health aide at 
the end of hospitalization, this included 67.1% of those >91 
years of age. Nearly six percent of the patients required a 
home-health aide for some assistance, which increased 

Copyright © 2012 SciRes.                                                                                   SS 



S. T. PATEL  ET  AL. 

Copyright © 2012 SciRes.                                                                                   SS 

595

 
Table 2. Demographic and clinical profile of 118,947 patients undergoing Carotid Endarterectomy (CEA) as a primary pro- 
cedure between 2004 and 2008. 

Patients’ age groups by decades 
Demographic and clinical  

variables 
Overall 41 - 50 

years 
51 - 60 
years 

61 - 70 years 71 - 80 years 81 - 90 years 
>91  

years 

N 118,947 2420 14,270 36,067 45,663 19,910 617 

Mean Age ± SD 71.2 ± 9.5 47.3 ± 2.5 56.5 ± 2.7 65.9 ± 2.8 75.3 ± 2.8 83.9 ± 2.5 92.5 ± 1.7

Male: Female ratio† 1.3:1 1.1:1 1.4:1 1.4:1 1.4:1 1.2:1 1.0:1 

Race, N (%)†        

Caucasians 79,836 (89.4) 1488 (85.9) 9128 (87.6) 23,882 (89.0) 31,052 (89.7) 13,868 (91.0) 418 (92.9)

African-American 3185 (3.6) 98 (5.7) 495 (4.8) 1047 (3.9) 1121 (3.2) 412 (2.7) 12 (2.7) 

Hispanic 3426 (3.8) 80 (4.6) 384 (3.7) 1058 (3.9) 1370 (4.0) 525 (3.4) (-) 

Asian or Pacific Islander 833 (0.9) 11 (0.6) 104 (1.0) 231 (0.9) 352 (1.0) 134 (0.9) (-) 

Native American 366 (0.4) 13 (0.8) 65 (0.6) 115 (0.4) 129 (0.4) 43 (0.3) (-) 

Other 1651 (1.8) 42 (2.4) 240 (2.3) 495 (1.8) 606 (1.7) 259 (1.7) (-) 

Non-elective cases, N (%)† 22,912 (19.3) 652 (27) 2969 (20.8) 6523 (18.1) 8318 (18.2) 4268 (21.5) 182 (29.5)

Primary diagnosis, N (%)        

Carotid artery occlusion  
without stroke† 

103,353 (86.9) 1987 (82.1)
12,260 
(85.9) 

31,457 (87.2) 39,829 (87.2) 17,294 (86.9) 526 (85.3)

Carotid artery occlusion with 
stroke† 

3896 (3.3) 181 (7.5) 575 (4.0) 1095 (3.0) 1303 (2.9) 707 (3.6) 35 (5.7) 

Mortality, N (%)† 438 (0.4)  (0.2)‡ 30 (0.2) 97 (0.3) 166 (0.4) 133 (0.7)  (1.1)‡ 

Combined stroke/mortality, N 
(%)† 

1466 (1.2)  (0.2)‡ 162 (1.1) 404 (1.1) 526 (1.2) 326 (1.6) 16 (2.6) 

Abbreviation: N: number of patients; SD: standard deviation; (-): As per NIS database reporting guidelines values <10 are not shown in the table; †p value 
<0.001, significant for trend; ‡As per NIS database reporting guidelines values <10 are not shown in the table. 

 
Table 3. Co-morbidity profile of 118,947 patients undergoing Carotid Endarterectomy (CEA) as a primary procedure be-
tween 2004 and 2008. 

Overall Patients’ age groups by decades 
 

 41 - 50 years 51 - 60 years 61 - 70 years 71 - 80 years 81 - 90 years >91 years

Co-morbidities, N (%)†        

Hypertension 92,948 (78.1) 1715 (70.9) 10,653 (74.7) 28,274 (78.4) 36,087 (79) 15,766 (79.2) 453 (73.4)

Diabetes, uncomplicated 31,961 (26.9) 594 (24.5) 4007 (28.1) 10,588 (29.4) 12,450 (27.3) 4251 (21.4) 71 (11.5) 

Chronic pulmonary 
disease 

25,488 (21.4) 417 (17.2) 2899 (20.3) 8549 (23.7) 9974 (21.8) 3574 (18) 75 (12.2) 

Peripheral vascular 
disease 

23,460 (19.7) 422 (17.4) 2750 (19.3) 7502 (20.8) 9041 (19.8) 3658 (18.4) 87 (14.1) 

Congestive heart failure 7938 (6.7) 71 (2.9) 591 (4.1) 1996 (5.5) 3308 (7.2) 1890 (9.5) 82 (13.3) 

Diabetes with chronic  
complications 

3283 (2.8) 88 (3.6) 475 (3.3) 1102 (3.1) 1228 (2.7) 386 (1.9) 4 (0.6) 

Renal failure 6191 (5.2) 73 (3.0) 456 (3.2) 1637 (4.5) 2633 (5.8) 1345 (6.8) 47 (7.6) 

Liver disease 552 (0.5) 34 (1.4) 142 (1.0) 192 (0.5) 146 (0.3) 38 (0.2) 0 

Charlson co-morbidity score†        

0 48,586 (40.8) 1154 (47.7) 6097 (42.7) 13,899 (38.5) 18,241 (39.9) 8862 (44.5) 333 (54.0)

1 - 5 69,841 (58.7) 1252 (51.7) 8111 (56.8) 22,017 (61.0) 27,214 (59.6) 10,964 (55.1) 283 (45.9)

>5 520 (0.4) 14 (0.6) 62 (0.4) 152 (0.4) 208 (0.5) 83 (0.4) (-) 

Abbreviation: N: number of patients; (-): As per NIS database reporting guidelines values <10 are not shown in the table; †p value < 0.001, significant for trend. 
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Table 4. Hospital status, Discharge Data and Cost of Care Analysis for 118,947 patients undergoing Carotid Endarterectomy 
(CEA) as a primary procedure between 2004 and 2008, based on hospital status. 

Overall Patients’ age groups by decades 
Hospital status, N (%)† 

 41 - 50 years 51 - 60 years 61 - 70 years 71 - 80 years 81 - 90 years >91 years 

Non-Teaching hospital 68,642 (57.7) 1282 (53.0) 7737 (54.2) 20,600 (57.1) 26,703 (58.5) 11,937 (60.0) 383 (62.1) 

Teaching hospital 50,288 (42.3) 1138 (47.0) 6530 (45.8) 15,459 (42.9) 18,958 (41.5) 7969 (40.0) 234 (37.9) 

Non-urban hospital 10,774 (9.1) 225 (9.3) 1300 (9.1) 3267 (9.1) 4182 (9.2) 1735 (8.7) 65 (10.5) 

Urban hospital 108,156 (90.9) 2195 (90.7) 12,967 (90.9) 32,792 (90.9) 41,479 (90.8) 18,171 (91.3) 552 (89.5) 

LOS before procedure, 
days (mean ± SD)† 

0.7 ± 2.3 1.0 ± 2.7 0.7 ± 2.0 0.6 ± 1.8 0.6 ± 2.7 0.8 ± 2.2 1.4 ± 2.8 

Length of stay, days 
(mean ± SD)† 

2.6 ± 3.5 2.8 ± 3.9 2.4 ± 3.2 2.4 ± 3.3 2.6 ± 3.6 3.1 ± 4.0 3.9 ± 4.2 

Corrected LOS 
(mean ± SD)† 

2.0 ± 2.5 1.8 ± 2.5 1.8 ± 2.2 1.8 ± 2.3 2.0 ± 2.6 2.3 ± 2.8 2.6 ± 2.4 

Discharge status, N (%)†        

Routine 105,696 (88.9) 2264 (93.6) 13,316 (93.3) 33,343 (92.4) 40,404 (88.5) 15,955 (80.2) 414 (67.1) 

Home health care 6893 (5.8) 75 (3.1) 508 (3.6) 1495 (4.1) 2846 (6.2) 1900 (9.5) 69 (11.2) 

Nursing home 5475 (4.6) 63 (2.6) 364 (2.6) 1000 (2.8) 2091 (4.6) 1834 (9.2) 123 (19.9) 

Short term hospital 337 (0.3) (0.2)‡ 41 (0.3) 88 (0.2) 128 (0.3) 73 (0.4) (0.5)‡ 

Against medical advice 89 (0.1) (0.3)‡ (0.1)‡ 39 (0.1) 22 (0.05) (0.05)‡ (0.2)‡ 

Unknown 12 (0.01) 2 (0.08) 0 (0.01)‡ (0.01)‡ (0.03)‡ 0 

Total hospital charges, 
mean ± SD† 

25969.37 ± 
26876.299 

27208.06 ± 
28298.407 

25155.46 ± 
24724.392 

25029.06 ± 
25814.679 

25868.07 ± 
27238.656 

28190.42 ± 
28923.412 

30586.85 ±
29300.288 

Abbreviation: LOS: length of stay; SD: standard deviation; †p value <0.001, significant for trend; ‡As per NIS database reporting guidelines values <10 are not 
shown in the table. 

 
Table 5. Tukey B test comparing overall length of stay 
across different age groups in 118,947 patients undergoing 
Carotid Endarterectomy (CEA) as a primary procedure 
between 2004 and 2008. 

Subset for alpha = 0.01 
Age groups N 

1 2 3 4 

51 - 60 years 14270 2.45    

61 - 70 years 36067 2.39    

71 - 80 years 45663 2.62    

41 - 50 years 2420  2.81   

81 - 90 years 19910   3.12  

> 91 years 617    3.94 

Abbreviation: N: number of patients. Tukey B post-hoc comparison of the 
six age groups for length of stay indicates that patients >91 years had high- 
est length of stay (Mean [M] = 3.94 days), followed by patients in the 9th de- 
cade (M = 3.12 days) and 5th decade (M = 2.81 days), whereas patients in 
the 6th to 8th decade had lowest length of stay, p < 0.01. There was no sig- 
nificant difference in the length of stay between the patients in the 6th to 8th 
decade. 

 
with advancing age. Five percent of the overall patient 
population was discharged to nursing home or another 
short term hospital; however such arrangements were 

required by 24.4% of those in the oldest age group (>91 
years). The average hospital charges were $ 25,969 - $ 
26,876 for the entire group of patients; however a trend 
towards increased hospital cost with advancing age, or 
non-elective case status was noted. 

3.4. Procedural Related Complications 

Overall 5.1% of CEA patients experienced one of 5 pro- 
cedural related complications, including hematoma (2.5%), 
stroke (0.9%), Myocardial Infarction (MI) (0.8%), hem- 
orrhage (0.8%), and cranial nerve injury (0.1%) (Table 6). 
The highest incidence of stroke, hemorrhage and hema- 
toma occurred in the oldest age group (>91 years), while 
the highest incidence of MI was among those 61 - 70 years 
or 81 - 90 years, p < 0.001. The incidence of cranial nerve 
injury was very low (0.1%) and did not vary substantially 
across the age spectrum. 

3.5. In-Hospital Mortality 

The overall CEA in-hospital mortality rate for the entire 
study group was 0.4%. The lowest CEA related mortality 
of 0.2% was seen in the youngest patients (41 - 50 years), 
while the highest mortality of 2.6% was seen in the old-  
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Table 6. Age related procedural complications among 118,947 patients undergoing Carotid Endarterectomy (CEA) as a pri-
mary procedure between 2004 and 2008. 

 Patients’ age groups by decades 
Complications, N (%) 

Overall 41 - 50 years 51 - 60 years 61 - 70 years 71 - 80 years 81 - 90 years 
>91, 
years 

 Hematoma* 2990 (2.5) 52 (2.1) 266 (1.9) 754 (2.1) 1271 (2.8) 630 (3.2) 17 (2.8) 

 Stroke* 1028 (0.9) 27 (1.1) 132 (0.9) 307 (0.9) 360 (0.8) 193 (1.0) (1.5)‡ 

 Myocardial infarction* 981 (0.8) (0.4)‡ 76 (0.5) 276 (1.1) 388 (0.8) 226 (1.1) (0.8)‡ 

 Hemorrhage* 915 (0.8) (0.4)‡ 73 (0.5) 255 (0.7) 369 (0.8) 203 (1.0) (1.0)‡ 

 Cranial nerve injury 126 (0.1) (0.04)‡ 19 (0.1) 33 (0.1) 49 (0.1) 23 (0.1) 0 

Abbreviations: N: number of patients; SD: standard deviation; LOS: length of stay; DRG: diagnosis related groups; *p value <0.001, significant for trend; ‡As 
per NIS database reporting guidelines, values <10 are not shown in the table. 

 
est patients (>91 years). This difference constituted a 
450% increased CEA mortality rate in patients >90 years 
compared to patients in their 5th decade. The combined 
stroke/mortality rate for the entire study group was 1.2%, 
and this increased with advancing age peaking at 2.6% 
for the oldest age group. This difference constituted a 
100% increased CEA combined stroke/mortality rate in 
patients >90 years compared to patients in their 5th de- 
cade.  

3.6. Univariate and Multivariate Analysis 

Univariate analysis looking at all abstracted variables, 
including age demonstrated that advancing age and nearly 
all factors analyzed were associated with increased CEA 
mortality (Table 7). On multivariate analysis to detect 
independent factors which contributed to an increased in 
overall mortality, non-elective admission status, age 81 - 
90 years, African American and Hispanic racial groups, 
Charlson co-morbidity index score between 1 - 5, symp- 
tomatic presentation, diabetes, hypertension, congestive 
heart failure and renal failure, independently affected mor- 
tality on multivariate analysis (Table 8). Multivariate 
analysis of factors affecting mortality for each individual 
age group was also completed (Table 9). Factors which 
independently affected mortality were CHF for 5th de- 
cade; CHF and DM with chronic complications for 6th 
decade; female gender, CHF, DM with chronic compli- 
cations, HTN, liver disease, and Charlson score of 1 to 5 
for 7th decade; CHF, DM with or without chronic com- 
plications, and Charlson score of 1 to 10 for 8th decade; 
CHF and HTN for 9th decade; and DM with chronic com- 
plications for 10th decade.  

4. Discussion  

The two landmark CEA trials, the North American 
Symptomatic Carotid Endarterectomy Trail (NASCET) 
and Asymptomatic Carotid Atherosclerosis Study (ACAS) 
trials, have clearly established CEA as the gold standard 
for stroke prevention in patients with both symptomatic 

Table 7. Univariate Analysis of In-Hospital Mortality among 
118,947 patients undergoing carotid endarterectomy as a 
primary procedure. 

Variable 
Mortality 
rate, % 

p value*

Overall   

Age groups  0.001 

41 - 50 years 0.2  

51 - 60 years 0.2  

61 - 70 years 0.3  

71 - 80 years 0.4  

81 - 90 years 0.7  

>90 years 1.1  

Gender  0.3 

Male 0.3  

Female 0.4  

Race  0.005 

White 0.3  

Black 0.7  

Hispanic 0.6  

Asian or Pacific Islander 0.6  

Native American 0.3  

Others 0.4  

Type of Presentation  0.001 

Asymptomatic CAS 0.3  

Symptomatic CAS 1.6  

Type of admission  0.001 

Non-elective admission 0.9  

Elective admission 0.3  

Comorbidities   

Renal failure 1.2 0 

Congestive heart failure 1.7 0 

Liver disease 1.1 0.017 

Peripheral vascular disorders 0.4 0.861 

Diabetes with chronic complications 0.8 0 

Valvular disease   

Chronic pulmonary disease 0.6 0 

Diabetes, uncomplicated 0.3 0.036 
Hypertension (combine uncomplicated 

and complicated) 
0.3 0 

Abbreviations: CAS: carotid artery stenosis; *p value <0.05 Statistical sig- 
nificance. 
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Table 8. Multivariate analysis of factors affecting mortality 
among 118,947 patients undergoing Carotid Endarterec-
tomy as a primary procedure between 2004-2008. 

 Odds Ratio (95 C.I.) p value* 

Non-elective 2.1 (1.6 - 2.6) 0.0001 

Age  

41 - 50 years Reference 

51 - 60 years 1.1 (0.4 - 3.2) 0.85 

61 - 70 years 1.3 (0.5 - 3.6) 0.61 

71 - 80 years 1.6 (0.6 - 4.4) 0.35 

81 - 90 years 2.9 (1.1 - 8.0) 0.04 

>91 years 2.9 (0.7 - 11.7) 0.14 

Race  

White Reference 

Black 1.7 (1.1 - 2.7) 0.02 

Hispanic 1.7 (1.1 - 2.6) 0.02 

Charlson score  

Charlson score, 0 Reference 

Charlson score, 1 - 5 1.7 (1.3 - 2.4) 0.00 

CAS with stroke 1.7 (1.1 - 2.5) 0.01 

CHF 3.7 (2.8 - 4.8) 0.001 

DM 0.6 (0.5 - 0.9) 0.001 

HTN 0.5 (0.4 - 0.6) 0.001 

Renal failure 2.2 (1.6 - 3.1) 0.001 

Abbreviations: C.I.: confidence interval; CHF: congestive heart failure; 
HTN: hypertension; DM: diabetes mellitus; CAS: carotid artery stenosis; *p 
value <0.05: statistical significance. 

and asymptomatic carotid artery stenosis [11]. Data from 
published reports demonstrates a stroke rate of 16% fol- 
lowing conservative management compared to 2% fol- 
lowing CEA in age-matched controls after 8 years of 
follow-up [12]. Moreover, nearly all contemporary CEA 
outcome studies have documented further improvement 
in the peri-operative morbidity and mortality over the last 
two decades, due in large part to the use of carotid du- 
plex instead of angiography, improved medical therapy, 
the use of patch angioplasty, improved vascular surgical 
training, and improved anesthesia protocols [13]. How- 
ever, despite these results, and widespread consensus on 
the efficacy of CEA for stroke prevention in specific cir- 
cumstances, the results of NASCET and ACAS, as well 
as other reports, including registry data maintained by 
vascular and stroke societies and population databases, 
are difficult to generalize to “all patients” [14]. A major 
limitation of these studies is the highly select nature of 
patient and provider populations in clinical trials (notably 
both ACAS and NASCET excluded patients over 80 years 
of age), and the inherent coding bias and selection bias in 
population database studies [10,14]. Therefore, at present 
the true incidence of peri-operative morbidity, namely 
stroke or MI, as well as mortality following CEA in the 
elderly (defined as over 80 years old) or “super elderly” 
(defined as over 90 years old), remains largely unknown 
or anecdotal. The limited data that currently exists (which 
is primarily single institutional and retrospective) places 
the peri-operative combined rates of stroke and mortality 
in these patients between 1.3% - 21.1% and the peri-ope-  

 
Table 9. Significant factors affecting mortality on Multivariate analysis among 118,947 patients undergoing Ca- 
rotid Endarterectomy as a primary procedure separated by patients’ age groups (2004-2008). 

Patients’ Age Groups by Decades 

41 - 50 years 51 - 60 years 61 - 70 years 71 - 80 years 81 - 90 years >91 years Variables 

OR 
(95% C.I.) 

p value* 
OR 

(95% C.I.) 
p value* OR 

(95% C.I.)
p value* OR 

(95% C.I.)
p value* OR 

(95% C.I.) 
p value* 

OR 
(95% C.I.)

p value*

Female gender     
0.6 

(0.3 - 1.0)
0.056       

CHF 
9.7 

(1.0 - 94.4) 
0.05 

3.4 
(1.1 - 10.5) 

0.03
3.2 

(1.7 - 6.1)
0.001

3.9 
(2.5 - 6.2)

0.001
4.3 

(2.8 - 6.6) 
0.001   

DM       
0.4 

(0.3 - 0.7)
0.001     

DM with  
Complications 

  
4.0 

(1.3 - 12.4) 
0.02

2.3 
(1.0 - 5.3)

0.057
0.4 

(0.4 - 0.6)
0.001   

181.5 
(8.2 - 4031.7)

0.001

Hypertension     
0.4 

(0.2 - 0.7)
0.002   

0.6 
(0.4 - 0.9) 

0.021   

Liver disease     
4.8 

(1.1 - 21.2)
0.036       

Charlson score 1 - 5     
2.4 

(1.1 - 5.1)
0.022

2.0 
(1.2 - 3.3)

0.007     

Charlson score >5       
4.7 

(1.0 - 22.0)
0.049     

Abbreviations: OR: odds ratio; C.I.: confidence interval; CHF: congestive heart failure; DM: diabetes mellitus; *p value <0.05: statistical significance. 
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rative stroke rate between 1.0% and 14.5% [11,15-19]. If 
the higher end of this range is accurate, then CEA in the 
older patient would clearly be unjustified since it is gen-
erally accepted that the combined stroke and death rate 
from CEA for symptomatic patients should be less than 
5%, and for asymptomatic patients, less than 3% [20].  

Fischer, et al. reviewed Medicare claim files involving 
2089 New England residents over 65 years who under- 
went CEA between 1984 and 1985, and reported a mor- 
tality of 4.7% for those older than 80 years compared to 
1.1% for patients aged 65 to 69 years [6]. A 3-fold higher 
risk of death ensued if the procedure was performed at a 
hospital that performed less than 40 CEA/year. A similar 
direct correlation between age and operative mortality 
was also demonstrated in several more recent studies, 
and in at least one study, CEAs performed in patients over 
75 years was associated with improved quality of life, 
but not survival advantage [9,21]. In a separate review of 
11,973 CEAs performed over a 6-year period, Maxwell, 
et al. reported substantially higher mortality rates in pa- 
tients older than 75 years (2.1%) compared to those <75 
years (0.9%) [22]. A notable limitation of most of the 
aforementioned studies to answer the question, “Is CEA 
justified in the elderly or super elderly” is the fact that 
in most instances outcomes in older patients were ana- 
lyzed solely by age and without consideration as to whe- 
ther the patient had significant co-morbidities, had sur- 
gery electively or non-electively, or had prior neurologi- 
cal events among other variables. It goes without saying 
that if the institutional or surgical bias is towards exclu-
sion of certain patients deemed a “high risk” for CEA 
(e.g., end-stage renal disease, or congestive heart failure 
patients), the results attained would likely be more fa- 
vorable than if the “high risk” group were included. The 
current study represents that largest effort to attempt to 
identify whether age alone, or age in combination with 
specific pre-existing co-morbidities, or other factors are 
independent predictors of surgical outcomes and morta- 
lity following CEA.  

Several “high risk” factors for mortality following 
CEA have been identified, including age >80 years, ac- 
tive cardiac disease, chronic pulmonary disease [23], 
symptomatic carotid stenosis [24], intra-operative trans- 
fusion, prior major stroke, shorter height, and increased 
anesthesia time [23]. In the current study we sought criti- 
cally to assess, through both univariate and multivariate 
analysis, which factors were most predictive of CEA re- 
lated mortality. In the current study, advancing age and 
nearly all other factors analyzed (Table 7) appeared to 
impact CEA mortality rates on univariate analysis. Mul- 
tivariate analysis revealed that age by itself is only a 
weak independent predictor of CEA mortality, and only 
in those between 81 to 90 years. Much stronger CEA 
mortality independent associations were seen if the pa- 

tient were African-American or Hispanic, had a Charlson 
co-morbidity index score of 1 to 5, exhibited a symp-  
tomatic presentation, or suffered from congestive heart 
failure or renal failure. In further subgroup analysis ad- 
dressing the impact of these different factors across va- 
rious age groups, only congestive heart failure demon- 
strated an age-independent negative effect on CEA mor- 
tality rates. Diabetes without systemic complications was 
a risk factor for mortality among those 71 to 80 years, 
while diabetes with systemic complications was signifi- 
cant for those 51 to 80 years, as well as those >90 years. 
Similarly, hypertension was significant for 7th decade 
and 9th decade, liver disease for 7th decade, and a Charl- 
son co-morbidity index score of 1 to 5 for those 61 to 80 
years. Interestingly, female patients, in whom a higher in- 
cidence of adverse events after CEA has been reported, 
actually demonstrated no difference or improved morta- 
lity rates in specific age groups on multivariate analysis 
(61 to 70 years, Odds Ratio, 0.6; 95% Confidence Inter- 
val, 0.3 - 1.0, p = 0.056) [25,26].  

Several secondary non-clinical outcome measures have 
also been extensively studied in patients undergoing CEA, 
pertinent to them are length of stay, cost of care and dis- 
charge disposition of patients following CEA. Many re- 
cent studies have reported substantial decreases in CEA 
length of stays since the implementation of postoperative 
critical pathways [27]. Although elderly patients still 
have a higher LOS, several authors have noted that the 
once published large difference in LOS between elderly 
and younger patients has narrowed (2.1 to 5.6 days for 
elderly vs. 1.6 to 4.5 days for young patients) [8,28,29]. 
Salameh, et al. observed a mean LOS of 1.2 ± 0.7 days 
for patients >81 years compared to 1.5 ± 0.6 days for 
patients in the 7th decade after adjusting for complication 
rates, p = N.S. [9]. In the current study, we found a sig- 
nificant difference in the LOS of stay following CEA 
across different age groups. Using the Tukey B post-hoc 
test to assess the significance of LOS differences across 
age groups, we noted a significant difference in the LOS 
for the 5th decade compared to all other age groups, the 
6th through 8th decade compared to all others, and a pro- 
longed LOS for 9th and 10th decade compared to all 
others, p < 0.001. The highest LOS was noted in patients 
>90 years (3.9 ± 4.2 days), but the reasons for increased 
LOS in the 5th decade were not clear (2.8 ± 3.9 days), 
but may be related to increased acuity reflected in a 
higher incidence of non-elective cases (27%). Recently, 
several studies have analyzed the cost-effectiveness of 
CEA treatment [27,30]. Dorafshar, et al. compared the cost 
of CEA care for patients >85 years (N = 30) to those < 
85 years (N = 95). These authors noted a significant in- 
crease in both direct and indirect costs for CEA in the 
oldest population group [27]. In the current study we also 
noted that the total hospital charges increased with age, 
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with a 12.1% increase in hospital charges for patients >91 
years compared to patients in 5th decade of life. Interes-  
tingly, the hospital charges were less for the 6th decade 
(–7.5%) and 7th decade (–0.5%) when compared to 5th 
decade of life, perhaps once again reflecting a higher cost 
of care and LOS for non-elective cases. However, a more 
complete explanation is not possible with the current 
study design. In an effort to reduce the cost of acute-care 
hospitalization, early transfer to nursing homes or reha- 
bilitation centers following surgical treatment has now 
become the norm, especially among the elderly popula- 
tion [31]. The result of this trend has been to shift costs 
from acute-care hospitals to long-term care facilities; 
however, whether this trend applies to CEA patients was 
previously unknown. In the current study, we identified 
that overall 10% of CEA patients required on-going me- 
dical care after being discharged from the acute-care fa- 
cility, and this number increased to 30% in patients >90 
years of age. The precise explanation for the need for 
continued medical care after discharge in the elderly and 
super elderly is unknown but is likely related to increa- 
sing co-morbidities and complication rates in this popu- 
lation.  

The limitations of our study include those inherent to 
large administrative databases, such as errors in coding 
and sampling, and the inability to determine the percen- 
tage of carotid stenosis [32]. Immediate post-operative 
complications were apparent in NIS database; however, 
re-admissions for a complication within 30 days of CEA 
were not identifiable, likely resulting in an underestima- 
tion of the actual complication rates. Of note however, 
this limitation would apply to all age groups, and should 
not have altered the overall findings of this report. An- 
other potential limitation of this study design is under ad- 
justment for co-morbidities in elderly patients. In an ef- 
fort to avoid this limitation, we used the Charlson Co- 
morbidity Index, which consists of nine categories of co- 
morbid conditions for better assessment of patient’s pre- 
operative function. Further, there is no information re- 
garding the degree of carotid stenosis, the side of disease, 
presence of contralateral occlusion, diagnostic methods 
and arteriographic findings, timing of surgery relative to 
qualifying event, technical details on the procedure (such 
as type of closure and protection devices), surgeon char- 
acteristics (including specialty and volume) and lack of 
objective observer analysis, for determination of stroke 
after the procedure. The postoperative strokes are not di- 
vided into disabling or nondisabling and there is no cate- 
gorization of postoperative stroke using RANKIN scores.  

In summary, we can conclude that the overall morta- 
lity rate following CEA is low (0.4%), even in the super 
elderly (>90 years, 1.1%). Perhaps most importantly, is it 
clear that while advanced age is an independent predictor 
of increased morbidity and mortality following CEA, this 

increase occurs by no means in a linear fashion. Indeed, 
age alone predicted increased CEA mortality only for that 
age 81 to 90 years. More important than chronologic age, 
was “physiologic age” reflected in the number or specific 
co-morbidities in which a patient of any age was afflicted. 
CHF, DM, HTN and renal failure were all independent 
predictors of increased CEA mortality for the group as a 
whole, as well as for unique age groups; however, only 
CHF was uniformly associated with increased CEA mor- 
tality in all age groups. The number of co-morbidities as 
reflected in the Charlson co-morbidity index score simi- 
larly demonstrates that it is “sick” old patients, rather 
than just old patients who are most at risk of increased 
mortality following CEA. African-American or Hispanic 
racial/ethnic groups also appear to have increased CEA- 
related mortality compared to Caucasians, but analysis is 
limited by small numbers in different groups, even in this 
large database. As the percent of patients over 80 years 
continue to grow rapidly, and in light of a predicted life 
expectancy of eight years for this group, data such as that 
provided by this study should permit more judicious de- 
cision-making by surgeons, institutions and insurers, as 
the ever increasing demand for more healthcare and more 
expensive technology shows no sign of diminishing. Can 
CEA be performed safely in elderly and super elderly pa- 
tients with low and acceptable risks of stroke and death? 
The answer is a resounding yes! Should CEA be per- 
formed in the elderly and super elderly and in whom, 
remains the unanswered question. This study sheds only 
some initial light on the answer to this question, but fails 
to address the issue of just because we can, doesn’t mean 
we should. Many clinician follow the dictum that “every 
patient is a series of one” when they negate findings in 
large studies as non-applicable to their individual patients. 
However, unless we seek data such as that provided here 
to help better inform us as to how to make tough deci- 
sions about rationing healthcare, we will sizzle ourselves 
to insolvency in our quest for new technology and all 
things for all people. 
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