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Trends in the Incidence of Carotid Body Tumors
in the United States From 1998 to 2011

Carotid body tumors (CBTs) are rare neo-

plasms that arise from chemoreceptors lo-

cated within the adventitia near the carotid 

bifurcation.1,2 Most CBTs are sporadic, but familial 

types and hyperplastic forms also exist. These tumors 

constitute approximately 65% of head and neck para-

gangliomas and can be benign or malignant. Cranial 

nerve paralysis, pain, dysphagia, stroke, and Horner 

syndrome are all potential sequelae of this disease.1-3 

CBT is understudied as the rarity of the disease makes 

clinical studies with collections of high patient num-

bers challenging. One of the largest patient series out 

of Europe included only 95 patients. This rarity of 

CBT makes studies about its overall incidence, trends, 

and outcomes difficult at a local level. The National 

Inpatient Sample (NIS) is a large, national database 
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ABSTRACT: Objective: The aim of this study was to characterize national trends in carotid body tu-

mors (CBTs) in the United States by year, incidence, patient demographics, and hospital covariates. 

Methods: This was a retrospective cross-sectional analysis of hospital discharge data from 1998 

to 2011 using the Health Care Utilization Project-Nationwide Inpatient Sample database. Patients 

with benign CBTs identified (ICD-9 227.5) were included and demographics, clinical covariates, and 

hospital inpatient charges were reported. Results: There were 684 cases of CBTs in the United 

States, with an overall incidence of 1 case per every 1 million people in 2011. The mean age of pa-

tients diagnosed with CBTs was 53.8 years ± 17.9 years, 60.4% were female, and the mean length 

of stay (LOS) was 3.3 days ± 3.9 days. Total hospital costs were approximately $9,763 per patient. 

The incidence of CBT has increased by 57% since 1998 (P<.001). Average age, gender, and LOS 

have not appreciably changed since 1998. 66.2% (452/683) underwent surgical management of the 

carotid body (ICD-9 39.8) of which 0.7% experienced a stroke. Conclusion: The incidence of CBT 

has increased by 37% since 1998 (P<.001). In the USA, the incidence is 1/1,000,000 people. Less 

than 1% of patients with CBT experience stroke as a complication of management.
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inclusive of a 20% stratified sample of all inpatient hos-

pital admissions to nongovernmental hospitals in the 

United States. This database captures demographics, 

inpatient hospital charges, procedures, and outcomes 

for patients during a single hospital stay and is a vali-

dated way to determine national incidence patterns of 

rare disease processes.4

The aim of this study was to characterize national 

trends in CBTs over a decade in the United States 

by year, incidence, patient demographics, and hospital 

covariates.

METHODS
This was a retrospective cross-sectional analysis of 

hospital discharge data from 1998-2011 using the 

Health Care Utilization Project-Nationwide In-

patient Sample (HCUP-NIS) database, which is a 

stratified 20% sample of all inpatient admissions to 

nonfederal acute care hospitals maintained by the 

Agency for Healthcare Research and Quality.4 It is 

the largest all-payer inpatient database in the United 

States, with records from approximately 8 million 

hospital stays each year.4 

Records were limited to inpatients with benign CBT 

identified using the ICD-9 diagnosis code 227.5. Ma-

lignant carotid body tumors were excluded, because 

patients tend to have multiple hospitalizations, which 

would have led to overestimating the true incidence 

of CBTs.

Variables

Year was the primary independent variable of inter-

est. Patient-level covariates included age, gender, and 

race/ethnicity (white, black, Hispanic, and other, as 

coded in HCUP-NIS). Clinical covariates included 

length of stay (LOS) and hospital inpatient charges. 

Table 1. National Trends in the Incidence, Demographics, Length of Stay, and Median Costs (2014 USD) for 
Patients With Carotid Body Tumors From 1998 to 2011 in the United States

Year Cases (Open,  
Endovascular)

Cases per 
100,000

Age (Years) Female  
Gender

Length of Stay Median 
Costs

1998 41 (41, 0) 0.07 54.3±20.6 75.0% 3.8±2.1 N/A
1999 53 (49, 4) 0.09 48.7±20.8 54.5% 5.7±8.3 N/A
2000 39 (39, 0) 0.07 56.5±13.5 75.0% 3.9±5.4 N/A
2001 41 (25, 0) 0.07 48.3±18.3 62.5% 7.1±7.2 $15,621
2002 49 (44, 0) 0.08 47.8±17.7 40.0% 1.7±1.4 $8,174
2003 42 (31, 0) 0.07 54.6±15.8 88.9% 2.6±2.7 $5,271
2004 29 (29, 0) 0.05 54.0±18.6 66.7% 4.3±2.1 $13,823
2005 40 (30, 5) 0.06 56.8±15.3 50.0% 2.4±2.1 $12,875
2006 59 (52, 9) 0.10 62.2±17.5 69.2% 3.2±3.0 $12,820
2007 50 (45, 0) 0.08 49.4±15.6 33.3% 2.8±1.5 $13,107
2008 44 (37, 0) 0.07 48.4±12.7 55.6% 2.4±1.8 $14,845
2009 62 (56, 6) 0.11 54.6±18.1 46.2% 2.2±2.2 $8,759
2010 66 (50, 10) 0.10 56.7±15.7 69.2% 3.1±2.2 $9,370
2011 72 (46, 9) 0.11 55.8±25.4 64.3% 3.0±3.5 $10,017
Total 684 (573, 49) N/A 53.8±17.9 60.4% 3.3±3.9 $9,763
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Statistical Analysis

Statistical analysis was completed with the use of anal-

ysis of variance for continuous variables (i.e., age) and 

chi-squared test for categorical variables (i.e., sex, race, 

and mortality). The Mann-Whitney U test was used for 

LOS and total charges. Data analysis and management 

were completed using IBM SPSS (SPSS version 22.0; 

SPSS Inc). Statistical significance was set at a level of 

P<.05. All values are population estimates calculated 

using weighted samples and data provided by the US 

Census Bureau. Values are presented as mean ± stan-

dard deviation for age. Median costs are presented in 

2014 USD corrected using the Consumer Price Index, 

and are available in the NIS starting in 2001. Pooled 

values from 1998 through 2000 were compared with 

those from 2009 through 2011 to calculate the increase 

in incidence. Student t test was utilized to compare 

these two groups to determine statistical significance.

RESULTS
There were 684 cases of carotid body tumor in the 

United States between 1998 and 2011, with an over-

all incidence of 1 case per every 1 million people in 

2011 (Table 1). The mean age of patients diagnosed 

with carotid body tumor was 53.8 +/- 17.9 and the 

majority was female (60.4%). Mean LOS was 3.3 +/- 

3.9 days and total hospital costs were approximately 

$9,763 (2014 USD) per patient. Table 1 details the 

breakdown per year of the incidence, demographics, 

LOS, and total charges of carotid body tumor from 

1998 to 2011.

The incidence of CBT has increased by 37% since 

1998 (P<.001) when comparing pooled values from 

1998 through 2000 against values from 2009 through 

2011. On trend analysis, there was also a significant 

decrease in median costs (P<.05). Average age, gender, 

and LOS have not appreciably changed since 1998. For 

the overall group, 83.8% (573/684) underwent surgical 

management of the carotid body (ICD-9 39.8, 39.89, 

and 38.62) of which 0.7% experienced a stroke. Of 

these 684 patients, 49 underwent endovascular embo-

lization and/or stent placement (ICD-9 39.50, 39.72, 

or 39.90); 34/49 underwent endovascular interven-

tion followed by open surgery after an average of 2 

days between procedures. The remaining 15 patients 

underwent endovascular intervention and were dis-

charged, potentially for later resection. Overall, 85.1% 

of patients were discharged to home, 8.5% discharged 

to home with home health care, and 6.4% discharged 

to a skilled nursing facility or intermediate care facil-

ity. There were no deaths in this series.

Within this patient group, the majority of patients 

were white (76%) followed by black (13%) and His-

panic (11%). There was no difference by race with 

regard to age, gender, or LOS but median costs were 

significantly higher for Hispanic patients ($15,756) 

compared to white ($9,448) and black patients ($9,539, 

P<.001) (Table 2). From this data set, 49% of the 

Table 2. Breakdown of Incidence, Demographics, Length of Stay, and Charges by Race

Race Percentage Age Female Length of Stay Median Costs Median Costs

Caucasian 76% 53.6±19.5 63.5% 3.2±3.4 $9,448 N/A
African American 13% 60.6±14.4 71.4%* 3.3±2.8 $9,539 N/A
Hispanic 11% 50.7±15.3 53.9% 5.1±7.8* $15,756* N/A
*P<0.01
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patients were white women, 29% white men, 7% black 

women, 4% black men, 6% Hispanic women, and 5% 

Hispanic men.

DISCUSSION
Few other studies exist reviewing the trends of CBT 

demographics, management, and outcomes over time. 

Luna-Ortiz et al conducted a retrospective study of 66 

patients with 69 CBT that were managed over a 20 

year period at a single institution.5 Similar to the find-

ings in this study, females were diagnosed with CBT at 

significantly higher rates than men and the mean age 

of diagnosis of the cohort was 50 years. Interestingly, 

this study reported that Hispanic women may be at 

higher risk for CBT than the general population.5 Our 

data suggest that white women in their 5th decade of 

life are most susceptible to the development of CBT, as 

they are diagnosed more than 7 times as much as their 

black and Hispanic female counterparts. The incidence 

of CBT has increased by nearly 37% since 1998. Me-

dian costs associated with inpatient care have decreased 

somewhat from $15,621 in 2001 to $10,017 in 2011 

possibly due to the increased utilization of endovascular 

techniques over open repair for benign CBT. Hispanic 

patients have a median cost of care that is 67% greater 

than whites and a longer LOS but in contrast to the 

conclusion of previous data, do not appear to have a 

higher incidence of CBT as compared to other races.5 

Despite 30/49 patients having undergone endovascular 

intervention followed by open surgery for CBT within 

the last 4 years of the study, there is a trend toward 

shorter LOS over the study period (Table 1).  

Identifying the incidence and risk factors associated 

with CBT are important as surgical resection is the 

mainstay of therapy and early detection with prompt 

surgical resection decreases morbidity from this tu-

mor.6 Attempts at surgical excision of CBT began in 

1880 but were treacherous, resulting in high rates of 

nerve damage, stroke, hemorrhage, and death.6-8 In 

1971, Shamblin et al9 created a classification system to 

determine the resectability of CBT based on the pro-

portion of carotid encirclement: type I had no encircle-

ment, type II had partial encirclement and were hence 

more difficult to resect, type III were associated with 

total encirclement and were the most dangerous type 

for which to attempt resection.9 As these tumors grow, 

even benign CBT require resection to prevent com-

pression of the carotid and surrounding structures. In 

the cohort of benign CBT, 84% of patients underwent 

resection. For patients who underwent surgical inter-

vention, the overall national rate of stroke was similar 

(1%) which is in keeping with the reported stroke 

results from the literature.10 There were no deaths re-

ported in the NIS from management of benign CBT; 

mortality from this process is rarely reported, with 

only isolated cases detailed in the literature.10 

LIMITATIONS
This study uses an administrative database, which 

is limited with regard to the number of variables that 

can be measured. Follow-up data, operative times, ad-

junct procedures such as mandibular subluxation, and 

long-term outcomes are unavailable along with speci-

fications of the tumor type or classification. This also 

limits the ability to calculate costs associated with CBT 

recurrence follow-up. Due to multiple hospitalizations 

in patients with malignant CBT, these patients could 

not be included in this study as it would have led to 
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double counting and skewed the true incidence of all 

CBTs. Despite this, at least 15 patients may have been 

double counted as they underwent initial endovascular 

procedure and were discharged, presumably for later 

open surgery. Furthermore, the Shamblin classification 

for the CBTs is unknown, and some of the variation 

in cost may be due to procedures on more advanced 

tumors rather than race or gender.

CONCLUSION
The incidence of CBT has increased significantly over 

a 14-year period in the United States from 38 cases 

in 1998 up to 72 by 2011. White women in their 5th 

decade of life are most susceptible to the development 

of CBT. Stroke after surgical intervention is uncom-

mon (0.7%), and mortality is rare (0% in this series). n
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