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ABSTRACT 

In this report of 20 patients with 24 carotid body tumors which is the 

largest series reported so far from Iran, we have evaluated the various char­
acteristics of this relatively rare tumor in our population and compared our 

results with that of the literature. 
Although the prevalence of the tumor is cited to be equal among both 

sexes, we found a female to male ratio of 2.3 to I, as 14 of our patients were 
female and 6 were male. The tumor was as equally frequent on the right as it 
was on the left, and was bilateral in four cases. The average tumor size was 

5.3 em in diameter and was found to be malignant in four cases. 

The results we obtained following the careful surgical technique which 
is described in detail compares quite favorably with that in the literature: 3 
cases of cranial nerve injury (12.5%) compared to an average of 45% nerve 

injury in the reports, and no perioperative death versus 2% perioperative 

mortality in the literature. Also we had no instances of stroke, transient 
ischemia, Horner's syndrome, or other complications. We propose the surgi­

cal technique detailed by the author as the method of choice for treatment of 
carotid body tumors in Iranian patients. 
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INTRODUCTION 

Carotid body tumor is a relatively rare tumor with 
slow but progressive growth. It often presents as a firm. 

M.R. Kalantar Motamedi, M.D., FACS, Professor and Chief, Dept. of 
General and Vascular Surgery, Shohada Medical Center, Tajrish. 
M.H. KaJanlar MOlamedi, M.D., Assistant professor of Surgery and 
Fellow of Cardiovascular Surgery, Shahid Rajai Heart Hospital, 
Tehran. 

pulsatile mass in the neck at the carotid bifurcation deep 
to the sternocleidomastoid muscle. In this report, 20 
patients, 14 female and 6 male, with 24 carotid body 
tumors who were operated on from 1986 to 1993 at the 
Department of General and Vascular Surgery, Shohada 
Medical Center. Shahid Beheshti University of Medical 
Sciences are presented. 
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The male to female ratio, median age of the patients. 

most common side of involvement, chief complaint. 
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size of the tumors, family history and diagnostic evalu­
ation are reviewed and compared with that of the 
literature, and the author's surgical technique for treat­
ment of this tumor with minimal morbidity and compli­
cations is presented. 

MATERIAL AND METHOD 

From 1986 to 1993, 20 patients (14 female and 6 
male) with 24 carotid body tumors were diagnosed and 
operated on at the Shoha(b Medical Center. The major­
ity presented with asymptomatic neck mass. The 
patient's ages ranged from 23 to 62 years, with a mean 
age of 49.5 years old. The clinical manifestations, 
diagnostic evaluation, treatment, surgical technique, tu­
mor pathology and complications were evaluated and 
compared with the current literature. 

RESULTS 

Clinical manifestations 

Of the 20 patients in this study, 14 were female and 
6 were male (female: male ratio 2: I). The mass was on 
the right side in 8 cases (40%), left sided in 8 cases 
(40%), and bilateral in four cases (20%)(Table I). The 
duration of symptoms ranged from three months to five 
years, with a mean of 26 months, depicting the delay 
involved until patient referral to the physician. The 
size of the tumor ranged from 2 cm to 15 cm in diam­
eter, with a mean diameter of 5.1 cm (Table U). 

The most common complaints consisted of (in de­
creasing order of frequency): neck mass (90%), head­
ache (40%), dizziness (20%), syncope (20%), pain 
(15%), hoarseness (15%) and dysphagia (10%) (Table 
III). 

Diagnosis 

The definitive diagnosis of carotid body tumor is 
made by selective four-vessel cerebral 
arteriography,and diagnostic accuracy with this modal­
ity approaches 100%. In addition to diagnosis, 
arteriography aids in demonstrating abnormal tumor 
blood supply, presence of coexisting atherosclerotic dis­
ease of the carotid vessels requiring endarterectomy and 

planning the surgical approach to treatment. 
Sonography (ultrasound) is another diagnostic mo­

dality which is safe, inexpensive, effective, and 
noninvasive and is considered the best method for 
screening in familial cases. 

In cases where the above facilities are not available, 
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Fig. I. Typical clinical appearance of carotid hody tumnr. 

[oj/.:". 2. Carotid artcriol;:ram fI.!vt!i11s typical wiLlcning of thl! 
hifurcatilln and IUl1lOr hlush. 

palpation of a rubhery, firm pulsatile mass at the ca­
rotid hifurcation deep 10 the sternocleidomastoid muscle 
or the presence of carotid hody dysfunction may lead us 
to suspect tlw diagnosis of carotid hody tumor. A bruit 
can hL: heard in about half the patients and the tumor is 
more mohile in the horizorllal than vertical plane due 10 
adherence III the underlying carotid artery (Fig. I). 

Among Ihe patients in Qur series. arteriography was 
perfurmed in IS patients (751}:1) and in all cases, the 
typical appearance of the tumor was charaCIl!ristic 
(Fig.2). In the remaining cases, diagnosis was based on 
clinical findings as mentioned ahove. 

TrcHtment 

The current tre,alment of carotid body tumor is 
mainly surgical. and the goal is to remove the tumor 
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completely without compromising carotid blood flow 
before excessive growth leads to compression symp· 
toms on vital neck structures. 

In cases in which the tumor is small. the tumor can 
usually be extirpated by careful ligation of the feeding 
vessels using the no-touch technique and taking care 
not to place clamps on the very fine and fragile feed­
ing vessels. Alternatively. a more recem technique us­
ing bipolar cauterization to dissect the tumor off of the 
carotid vessels in the subadventitial plane may be 
used.I,17 For large and very vascular tumors. tumor 
blood supply can be greatly diminished and resection 
facilitated by ligation of the extern,d carotid artery just 
distal 10 the bifurcation , with en bloc tumor removal 
with a segment or external carotid artery, without any 
adverse l!fTecls for the palien!. In cases in which the 
tumor is very large or invasive, sacrifice of the carotid 
artery may b e  necessary, or preoperative tumor 
embolization may be helpful (see Discussion)." 

Of the 20 patients presented in this repon, 12 cases 
(60%) underwent tumor resection with ligation of the 
extern,d carolid artery (due to tumor size) and R patients 
(40%) had tumor resection without need for ligation. In 
two patients due 10 Severe tumor adhesion and invasion 
of the underlying artery, the tumor was "shaved off" 
and the patients received post-operative radiotherapy. 

Tumor pathology 

Carotid body tumors are mostly benign, hut a m,dig­
nancy rate of 2.6% to 50% has been reponed in the 
literature.7.11-J3 Metastases have been reported in 5% of 
the cases. most commonly to regional lymph nodes.7,14 
Routine pathology criteria do not correlate well with 
clinical hehavior of the tumor. and it is up to the sur­
geon to determine malignancy based on tumor mOl11hol· 
ogy and invasiveness. 

In our study or 24 tumors. we had four cases of 
malignancy (16.7%) and no case of tumor metastasis. 

Complications 

The most common complication of treatment of ca­
rolid body tumors is injury to cranial nerves, especially 
the vagus, glossopharyngeal, hypoglossal and facial 
nerves. due to their proximity to the tumor during dis­
section.19,31.33 The prevalence of cranial nerve injury 
has been reported to be from 16% to 67% and averages 
about 45%. ".J.! 

Among the patients in our series. we had three cases 
of cranial nerve injury (12.5%): one case of vagus nerve 
involvement in a malignant tumor. one case of glosso­
pharyngeaJ nerve involvement in a malignant tumor. 
and one glossopharyngeal branch injury involved in " 
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benign tumor. We had no case of perioperative death or 
other complication. 

DISCUSSION 

The carotid body is a 3-4 mm structure of pink-gray 
color located beneath the adventitial layer of the 
posteromedial aspect of the bifurcation of the common 
carotid artery on each side of the neck deep to the 
sternocleidomastoid muscle. Its embryological origin is 
from mesoderm, structures of the third branchial pouch, 
and neural crest ectoderm. 

Cells of the carotid body are normally sensitive to 
changes in arterial oxygen tension (PO,), carbon diox­
ide tension (PCO,), and hydrogen ion concentration 
(PH)', such that in response to a decrease in PO, or 'm 
increase in PCO, or pH, they are stimulated and this 
impulse by way of Hering's nerve, travels to the glosso­
pharyngeal nerve and from there to the respiratory cen­
ter in the medulla, leading to an increase in respiratory 
rate. Also by stimulating the hypothalamus and acting 
upon the vascular component of the sympathetic ner­
vous system, it leads to an increase in arterial blood 
pressure.' On the other hand, this impulse leads to a 
decrease in the activity of the cardiac component of the 
sympathetic nervous system and therefore, a decrease in 
heart rate and cardiac contractility and can even lead 
to syncope, "carotid body syncope".3 The latter 
mechanism serves the physiological basis for perform­
ing carotid body massage in the emergency treatment of 
paroxysmal supraventricular tachycardia.4 

Tumors of the carotid body are comprised of 
paraganglionic cells and are thus classified under the 
heading of paraganglioma. Their previous nomenclature 
under the title of chemodectoma is therefore incorrect. 
The tumor is mostly benign, but a malignancy rate of 
2.6% to 50% has been reported in the literature.7."." 
Tumor metastasis has been reported in approximately 
50% of the cases and the most common site is regional 
lymph nodes'"·" Detennination of tumor malignancy is 
mostly clinical and up to the surgeon, because routine 
pathology criteria for malignancy do not correlate well 
with clinical behavior of the tumor. 

The etiology of carotid body tumors is not com­
pletely understood but several theories have been pro­
posed by several authors. According to one of these, 
living at high altitudes (between 7,000 and 14,000 feet), 
by causing chronic stimulation of the carotid body due 
to relative hypoxia, may be one of the causes.s Indeed, a 
much higher prevalence of carotid body tumors has 
been reported mnong individuals living at these alti­
tudes in comparison to nonnal controls. 

Carotid body tumors are seen in two forms: a spo-
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radic type which is more common and is bilateral in 
only 5% of cases,'·7 ,md a farnilial type which is inher­
ited as an autosomal dominant trait and is bilatcraJ in 
32% of cases7.8 and comprises less than 10% of all 
cases.'o From arnong the 20 patients in our study, four 
patients (20%) who were siblings (brother and sister), 
had bilateral tumors. 

Carotid body tumors grow relatively slowly hut may 
gradually impinge upon vital adjacent structures," ,md 
prompt surgery before invasion of vital neck structures 
by tumor and signs of nerve paralysis due to compres­
sion arise is highly recommended."·'7 They most often 
present as a painless, palpable mass at the area of the 
carotid bifurcation on the lat""� aspect of the neck. 
Large or invasive tumors may cause hoarseness, 
dysphagia, dyspnea, or difficulty in speech. Cranial 
nerve involvement has been reported in 20% of patients 
,md the most commonly involved nerves have been the 
vagus, hypoglossal, and glossopharynge,�." Dizziness 
is often quoted by patients but is seldom due to true 
cl!rebral ischemia. Hypertension has been reported in 
6% of patients, and is thought to be due to the rare 
secretion of catecholamines by the turnor.7 Tinnitus. 
Homer's syndrome :U1d transient ischemic attacks have 
also been reported. I 9,20 

The definitive diagnosis of carotid body tumor is 
made by selective four-vessel cerebral arteriography, 
which has been emphasized by recent workersJ6,J9,2J.22 

and diagnostic accuracy with this modality approaches 
100%." Sonography is safe, inexpensive, effective 
,U1d non-invasive and is considered 10 be the procedure 
of choice by some aUlhors.19,22 It is importanl lO nole 
that needle biopsy or incision'� biopsy mu", never be 
used for the diagnosis of a suspected carotid body tu­
mor. due to the danger of severe and even Ii.'e-threaten­
ing hemorrhage. 

Current treatmenl of carotid body tumor,' is surgical. 
with the aim of removing the tumor ctllnpk1cly without 
compromising carotid blood flow.' Prompt ,urgical ex­
cision before development of compression symptoms 
on vital neck structures is recommended. In cases in 
which the tumor is small. after obtaining control of the 
common. internal and external carotid arteries and mo­
bilization of the hypoglossal nerve. the tumor can usu­
ally be extirpated hy careful ligation of feeding vessels 
using the no-touch technique and taking care nUl to 
plact! clamps on the very fint! and fragile feeding ves­
st!ls. In instances in which the tumor is large or very 
vascular, tumor blood supply can be greatly diminished 
and resection facilitated by ligation of the extem'� ca­
rotid just dist'� to the bifurcation ,md again beyond the 
tumor edgt.: distally, with en bloc excision of tumor and 
a segment of external carotid artery without any ad verst.: 
effects for the patients. 
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Another technique introduced fairly recently is 
subadventitial removal of tumor using bipolar 
electrocautery of the feeding vesselsU7 This technique 
is mostly suitable for tumors which are small and with­
out invasion 10 �u1ery or adjacent tissue. Care should be 
taken during surgery not to place c1runps on the com­
mon or internal carotid arteries or to interrupt their 
blood flow without intraoperative monitoring of cere­
bral function (i.e. electroencephalography. etc.) or use 
of an indwelling carotid shunt to maintain cerebml per­
fusion.32 In cases in which the lumor is very large, ma­
lignant or invading the underlying artery, sacrifice of 
the carotid artery may be unavoidable. In cases where 
the internal carotid artery is occluded. this poses no 
problem but if the artery is patent. continuity must be 
restored with an arterial graft. If after removal of the 
tumor in such a case, sufficient artery would not be 
available distally for the anastomosis, it is better not to 
perform surgery at all than risk a cerebral 
infarction unless the distal stump pressure is greater 
than 65 mm Hg, in which case ligation of the internal 
carotid artery can be done safely.' A helpful point to 
note in this connection is that if on angiography, the 
angle between Ihe internal and external carotid arteries 
is less than 90 degrees. then it is likely that the tumor 
can be dissected free from the internal carotid :Ulery. If 
this angle is greater than 90 degret:s however, then re­
section of the tumor with the artery en bloc will prob­
ably be necessary]' 

A new technique which has recently heen introduced 
is preoperative tumor embolization. This technique has 
been recommended by severa] workers. [7.29-32 Some of 
the benefits claimed for this technique include decrease 
in tumor size. less intraoperative blood loss. increased 
ease of resection, and decreased operative times." It 
must be pointed out however that this method is not free 
from adverse side-effects, and requires special facilities 
and an experienced �mgiographer. In one report, one 
case of severe neurological deficit and one case of tran­
sient cerebral ischemia occurred following 
embolization.31 Furthermore, in .mother article in which 
the results of surgery with and without preoperative tu­
mor embolization were compared, no difference was 
seen in the size of the tumor or the length of operation 
between emboli zed and non-embolizcd cases. However, 
there was a significant decrease in the amount of blood 
loss during surgery." Finally, for rare cases in which 
the tumor is far advc:mced and unresectable. radio­
therapy may be beneficial. In some reports. excellent 
results have been obtained with radiotherapy alone.27.28 

Tumor resection with or without ligation of the ex­
ternal carotid �u1ery is the method recommended by the 
authors and seems to be most appropriate for Iranian 
patients, who generally present latc and with larger tu-
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mars than in the West. Other methods such as 
embolization are presently not available on a wide scale 
basis, not to mention their potential complications. 

Cranial nerve injury is the most common complica­
tion of treatment of carotid body tumors. The most 
commonly injured nerves have been the vagus, glosso­
pharyngeal, hypoglossal and facial. 10.3'.33 Also injury to 
the recurrent laryngeal nerve ,md postoperative hoarse­
ness, Horner's syndrome, carotid sinus syndrome 
(intraoperative bradycardia, hypotension and 
arrhythmias), transient cerebral ischemia, stroke and 
death have been reported.'9.2I.JO-32 The prevalence of 
injury 10 cranial nerves has ranged from 16% to 67% 
in the reports, with an average incidence of 45%.34 In a, 
comparison between our statistics and that reported in 
the literature, a significant difference was seen in the 
rate of complications in our series with that reported by 
others (up to 67% cranial nerve injury and 2% 
perioperative mortality compared to 12.5% cranial 
nerve injury and 0% mortality in our series). We credit 
these results to our precise operative technique and 
therefore will explain our method of resection in more 
detail. 

Surgical technique 

After exposure of the carotid ru'lery via the classic 
inCISIOn on the anterior border of the 
sternocleidomastoid muscle extending from the mastoid 
process to the sternal notch, control is obL1ined on the 
common carotid artery below the tumor. The vagus 
nerve is then identified and a tape passed around it. 
Dilated feeding vessels of the tumor (vasa vasorum) 
usually begin a few centimeters below the tumor and 
should be ligated and divided using the no-touch tech­
nique. The cephalad ends can then be dissected 
subadventitially upwards. Hemostats or arterial forceps 
should never be used on these vessels due to necrosis of 
the crushed area illld delayed rupture with subsequent 
hemorrhage. As we proceed upwards dividing feeding 
vessels, we will reach the tumor which usually encircles 
the internal carotid ru'lery and on the posterolateral as­
pect of this vessel where the tumor has the least thick­
ness, the tumor is incised and bihalved. The vagus 
nerve is also covered by the least thickness of the tumor 
posterolaterally and receives few vessels from it and 
therefore using fine-tipped blunt scissors, a tunnel can 
be created over the nerve and the tumor divided longitu­
dinally and the nerve freed and any vessels ligated. In 
small tumors of which we had only one case. the nerve 
is driven posteriorly and is not involved in the tumor. 

Following freeing of the nerve, dissection of the tu­
mor from the internal carotid artery is continued by re­
tracting the incised edge away from the artery thereby 
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exposing small subadventitial feeders which are ligated 
and divided as described previously. This is continued 
both anteriorly and posteriorly until the internal carotid 
is completely freed from tumor. We then direct our at­
tention to the bifurcation ,md after exposing the begin­
ning of the external carotid, in large and vascular tu­
mors, the external carotid is temporarily ligated with a 
no. 0 silk ligature, thereby greatly diminishing tumor 
blood now and facilitating tumor removal. It should be 
emphasized that this artery must never by divided after 
ligation because the stump is not sufficient III hold the 
knot. resulting in lhe knot slipping off and severe hem­
orrhage which can be controlled only by clamping the 
common cmotid artery, increasing the risk of slrokc. 
Dissection of the tumor from the pharynx and medial 
elements is then continued. An important point LO nole 
at this time is that the branches of the glossopharynge,d 
nerve often pass through the tumor and these fine 
bnmches should not be confused with blood vessels. 
They should be saved by incising the tumor over the 
tunnel created over each branch as described previ­
ously. Branches of the extern,d carotid artery exiting the 
tumor arc ligated and divided and dissection continued 
Illwards the base of the skull IIntil the trunk of the glos­
sopharyngeal nerve is identilied and freed completely 
from tumor, preserving its branches. In the cases pre­
sented in our series, hypoglossal nerve injury did not 
occur because the nerve is usually in the form of a 
single trunk and with care c,m be dissected away from 
the tumor, or is driven away and not involved by tumor 
in the first place. In none of our cases was the tumor in 
proximity to the facial nerve. In onc of our cases in 
which the tumor was grossly benign, a small branch of 
the glossopharynge,d nerve was seen to be passing 
through the middle of the tumor and section of the 
branch was unavoidahle. I n another casl.! with.U1 obvi­
ously malignant and invasive tumor and who had under­
gone a previous neck exploration in ,U1other hospital 
and anatomic planes were obscured due to adhesion and 
scar tissue, branches of the glossopharyngeal nerve 
were unidentifiable and thus severed. In the second ma­
lignant case in which the vagus nerve was obviously 
involved by tumor and the patient had preoperative 
symptoms of hoarseness and dysphagia, section of the 
nerve during tumor resection was again unavoidable. In 
the remaining cases with benign tumors. we had no case 
of pennanent cf<U1ial nerve injury. 

After dissecting the periphery of the tumor free from 
its bed and ,dl bnmches of the external carotid artery 
ern,mating from the tumor have been ligated and di­
vided, we return to the bifurcation area and clear the 
proximal part of the external carotid from tumor for at 
least I em so that after suture-ligating the extermd ca­
rotid ,utery, it can be safely divided distal to the ligature 
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and the tumor removed. 
Carotid body tumor is a relatively rare entity which 

with its slow growth C'Ul cause serious disahility for the 
patient. If one is fmniliar with this tumor. (he presence 
of a finn. often pulsatile mass al the carotid bifurcatiun 
deep to the sternocleidomastoid muscle is sufficient to 
clinch the diagnosis. If available, bilateral selective ce­
rcbnd arteriography is helpful in confinning the diagno­
sis and planning the surgical approach. 

With timely diagnosis and prompt surgical treatment 
of this potentially benign tumor, the unfortunate conse­
quences such as cranial nerve paralysis can be avoided. 
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