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Abstract

Objective: To present the results of the treatment of a series of cases of Carotid Body Tumors (CBT). Material and methods: Retro-
spective study in which the cases of CBT of patients treated for 20 years were analyzed. The frequency of presentation was
analyzed according to the Shamblin classification, the type of treatment used, complications, as well as the results obtained.
Results: 55 patients with 62 CBT were included. According to the Shamblin category, we found 4 cases (6.5%) type |,
44 cases (71%) type Il and 14 cases (22.6%) type . Surgery was performed in 64.5% of tumors. The median intraoperative
bleeding was 350 ml, while operative time was 120 min. There were 3 postoperative complications (75%), which included
one Horner syndrome, one superior laryngeal nerve lesion and one stroke. In the rest of the patients, treatment was with
External Beam Radiation Therapy (EBRT) or surveillance. Conclusions: Surgery is the best treatment option for CBT, espe-
cially in Shamblin | and Il. Preoperative embolization was not essential for resection of these tumors. EBRT appears to be
the best treatment for Shamblin Ill tumors.
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Resultados en el tratamiento del tumor de cuerpo carotideo, experiencia de 20 anos

Resumen

Objetivo: Presentar los resultados en el tratamiento de una serie de casos de tumores del cuerpo carotideo (TCC).
Material y métodos: Estudio retrospectivo en el que se analizaron los casos de TCC de pacientes tratados durante 20 afos.
Se analizd la frecuencia de presentacion de acuerdo con la clasificacion de Shamblin, el tipo de tratamiento utilizado, las
complicaciones y los resultados obtenidos. Resultados: Se incluyeron 55 pacientes con 62 TCC. De acuerdo con la cate-
goria de Shamblin, encontramos 4 casos (6.5%) tipo I, 44 casos (71%) tipo Il y 14 casos (22.6%) tipo Ill. Se realizd cirugia
en el 64.5% de los tumores. La mediana en el sangrado transoperatorio fue de 350 ml, el tiempo operatorio fue 120 min. Se
presentaron 3 complicaciones posoperatorias (7.5%), que incluyeron un sindrome de Horner, una lesion del nervio laringeo
Superior y un evento vascular cerebral. En el resto de las pacientes el tratamiento fue con radioterapia o vigilancia.
Conclusiones: La cirugia es la mejor opcion de tratamiento de los TCC, especialmente en los Shamblin I y Il. La emboliza-
cién preoperatoria no fue necesaria para la reseccion de estos tumores. La radioterapia parece ser el mejor tratamiento en
tumores Shamblin IlI.

Palabras clave: Tumor del cuerpo carotideo. Paraganglioma. Quimiodectoma. Embolizacion terapéutica.
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Introduction

Carotid body tumors (CBT) are rare neoplasms, most
of which are benign'. CBTs are considered slow-grow-
ing neuroendocrine neoplasms that arise from the para-
ganglia cells, which are located at the bifurcation of the
common carotid artery. These neoplasms account for
0.6% of all head and neck tumors, and up to 10% have
a bilateral presentation’?. The first described classifica-
tion is that proposed by Shamblin in 1971, which to date
remains the most widely used®. It is a surgical-patho-
logical classification that considers carotid vessels ad-
ventitia level of involvement. For the diagnosis of this
pathology, physical examination is a fundamental part,
and imaging studies, such as ultrasound and tomogra-
phy, serve to confirm clinical suspicion. The most widely
recommended treatment is surgical resection. Most
common postoperative complications are cranial nerve
lesion, with hypoglossal nerve (9.6%), vagus nerve
(8.1%) and the facial nerve (2.8%) being the most af-
fected; Horner syndrome is observed in 2.9%. Other
important complications include ischemic stroke (3.5%),
hematoma (5.2%) and death (2.2%)“. The probability of
resection and the rate of complications have been de-
scribed to be associated with Shamblin classification;
i.e. for type | and Il tumors, it is more probable for re-
section to be achieved with few complications, in com-
parison type Il tumors, for which the need for vascular
grafts placement is even sometimes necessary. The
usefulness of radiotherapy as primary, combined or res-
cue treatment in CBT has also been evaluated®. In turn,
surveillance represents another option for some
cases®.

To date, there is an ongoing debate about the use-
fulness of embolization prior to surgical resection aim-
ing to reduce intraoperative bleeding and even
subsequent complications’. The purpose of this study
was to describe the results in the treatment of a series
of CBT cases.

Material and methods

The medical records of patients who were referred to
the head and neck tumors department in a tertiary care
hospital with a diagnosis of CBT were reviewed. The
patients had to meet the following criteria: being older
than 18 years, having been treated during the period
comprised between 1991 and 2019, having been fol-
lowed-up for at least six months, having a complete
medical record and imaging studies that confirmed the
presence of CBT. The following clinical data were

analyzed: age, gender, tumor size, which was evaluated
with preoperative tomography, the type of treatment
given, category according to the Shamblin classifica-
tion, surgical time in minutes, intraoperative bleeding
and treatment complications. The surgical technique
used for CBT excision was similar to that previously
described in the literature® and was used for all patients,
which, briefly, consists of cervical incision, sub-platys-
mal flaps dissection, sternocleidomastoid dissection
and retraction, common carotid localization and refer-
ence; subsequently, internal and external carotid dis-
section and reference, dissection of the adventitia,
starting with internal carotid and continuing with that of
external carotid; hypoglossal and pneumogastric nerves
are identified and respected, the main nutritional vessel
located at the bifurcation is identified, clamped and li-
gated, and hemostasis, closed drainage placement and
closure by planes are carried out. In all patients who
underwent surgery, final pathology report confirmed the
diagnosis. The results of this cross-sectional, retrospec-
tive, retrolective study are described.

Results

Fifty-five patients with 62 CBTs were included for
analysis, out of which 7 cases had bilateral tumors
(12.7%). Women represented almost the entire series,
with 53 cases (96.4%). All bilateral tumors correspond-
ed to the female gender. Mean age was 54 + 14.3 years.
Median tumor size was 4 cm. According to the Shamblin
classification, 4 cases corresponded to type | (6.5%),
44 cases to type Il (71%) and 14 cases to type llI
(22.6%). As for treatment, surgery was performed in 40
tumors (64.5%), eight patients rejected surgery, and the
CBT was considered unresectable in six due to intraop-
erative findings. Eight patients did not undergo surgery
because of the high surgical risk associated with co-
morbidities, one of them with Shamblin category Il and
7 with category lll. Median intraoperative bleeding was
350 mL, and for operative time it was 120 min (Table 1).
Surgery was the treatment for all Shamblin type | cases,
for 35 Shamblin Il cases (77.1%) and one Shamblin Il
patient. There were only three postoperative complica-
tions (7.5%), Horner syndrome in one patient, superior
laryngeal nerve injury in another, and one stroke in
another, which occurred at fourth day after surgery. In
the Shamblin 11l patient who underwent surgery, place-
ment of a synthetic vascular graft was necessary. As it
was to be expected, a directly proportional association
was observed between the Shamblin category and in-
traoperative time and bleeding (Figs. 1 and 2).
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Figure 1. Comparison of operative bleeding according to Shamblin category.

Radiotherapy was the treatment for 10 patients (16.1%),
three because they rejected surgery in a Shamblin II
category, four because the lesions were considered
unresectable during surgery, and other three who cor-
responded to patients with high surgical risk, all of them
Shamblin Ill. Twelve patients (19.4%) underwent surveil-
lance only, six with Shamblin category Il and six with
Shamblin IIl (Table 2, Fig. 3). Of the seven patients with
bilateral tumors, four underwent bilateral surgery (7.3%),
one patient underwent surgery on one side and contra-
lateral radiation therapy (1.8%), another patient under-
went radiotherapy and contralateral surveillance (1.8%),
and another one received bilateral radiotherapy (1.8%).
Median follow-up in this series was 80 months (2-
226 months) and patient outcomes were: 40 alive with
no evidence of tumor activity (64.5%), 21 alive with
evidence of tumor activity (33.9%) and one deceased
with no evidence of tumor activity (1.6%).

Discussion

In this case series, the results of the treatment of 62
CBTs were presented, out of which the majority were
treated with surgery with similar results to those recently
reported in other studies®'°. Several of them, including
five systematic reviews, have evaluated the usefulness
of preoperative embolization; however, their results
have been contradictory regarding the true benefit of
this procedure”''. In the systematic review by Tex-
akadalis et al., in which 1,326 patients were analyzed,
those who underwent preoperative embolization had
significantly less bleeding (weighted mean differences

Table 1. Clinical-demographic data of the series of 55
patients with carotid body tumors (CBT)

Age, years - Mean (SD) 54 (+ 14.3)
Gender, females - n (%) 53 (96.4%)
Tumor size, cm - Md (range) 4 (2.5-8)
Shamblin category - n (%)

| 4 (6.5)

1 44 (71)

1l 14 (22.6)
Type of treatment - n (%)

Surgery 40 (64.5)

Radiotherapy 10 (16.1)

Surveillance 12 (19.4)

Operative bleeding, mL - Md (range) 350 (50-3,000)

Surgical time, min - Md (range) 120 (40-300)
Current status n (%)

ANTA 40 (64.5)

AWTA 21 (33.9)

DNTA 1(1.6)

SD: standard deviation; Md: median; ANTA: alive with no evidence of tumor
activity; AWTA: alive with evidence of tumor activity; DNTA: dead with no evidence
of tumor activity.

[WMD]: -135.32; 95% confidence interval [Cl]: -224.58
to -46.06) and shorter surgical time (WMD: -38.71; 95%
Cl: -65.61 to -11.62). No significant difference was found
in the risk of cranial nerve lesion, ischemic stroke and
transient ischemic attack'®. In another meta-analysis
that included fewer patients, a decrease in bleeding was
also demonstrated (WMD: -0.52; 95% ClI: -0.77 t0 -0.28),
as well as shorter operative time (WMD: -0.46; 95%
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Figure 2. Comparison of surgical time according to Shamblin category.

Figure 3. Computed tomography angiography of a patient
with a carotid body tumor, categorized as Shamblin I,
treated with radiotherapy. A: Axial section. B: 3D
reconstruction.

Cl: -0.77 to -0.14), with the use of embolization. It is
important noting that, in the latter study, the standard-
ized bleeding mean in patients undergoing embolization
was 380 mL (55-1,123), and for operative time it was
200 min (150-360), which was quite similar to our re-
sults”. Conversely, in a previous meta-analysis of
470 patients, in which heterogeneity of the studies was
also considered for the WMD analysis of the same vari-
ables, no significant difference was found in intraoper-
ative bleeding (WMD: -176.7; 95% CI: -360.61 to 849),
or surgical time (WMD: -0.85; 95% CI: -253 to 0.83),
which is why it was concluded that no advantage exists
with embolization'®.

Table 2. Type of treatment provided according to
Shamblin category

Category Type of treatment, n (%)

| 4 (100) 0(0) 0(0) 4 (100)
Il 35 (79.5) 3(6.8) 6 (13.6) 44 (100)
i 1(7.1) 7 (50) 6 (42.9) 14 (100)

What is evident is that there is a significant associa-
tion between surgical complications and the Shamblin
category. In the aforementioned meta-analysis conduct-
ed by Robertson et al., where treatment results of 4,743
CBTs were analyzed, 97% of these were treated with
surgery, with the rate of complications such as stroke
being found to be significantly higher in Shamblin Il
CBTs (4%), in comparison with Shamblin | and Il tiu-
mors (1.89 and 2.71%, respectively), as well as for cra-
nial nerve injury (17% for Shamblin Il vs. 3.76 and
14.4% for Shamblin | and Il, respectively)*. However,
other studies have not found an association between
the Shamblin classification and the rate of complica-
tions, but in technical difficulties during resection.
Overall complications rate in our study, including the
most serious (which was stroke in one patient), ac-
counted for 5.5%, which was very similar to observa-
tions described in the literature®®?’. Some other
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strategies to more accurately determine the risk of in-
traoperative complications have been described. In a
study where new predictors of intraoperative complica-
tions were sought, mean distance from the tumor to the
base of the skull measured in centimeters was found to
be inversely correlated with estimated blood loss, and
to be significantly associated with cranial nerve lesion.
In turn, tumor volume calculated in cm® showed a di-
rectly proportional correlation with estimated blood
loss?.

Other complementary surgical techniques intended to
reduce the risk of complications and intraoperative
bleeding have also been described, including: cranio-
caudal dissection, use of ultrasonic dissector and ad-
vanced bipolar energy, as well as preoperative stents
placement and intraoperative shunts. All of them with a
limited number of cases, but with apparently good
results®*28,

Regarding the usefulness of radiotherapy in the treat-
ment of CBT, in a systematic review that compared the
results of surgery vs. 127 patients treated with this
strategy, the rate of disease control, defined as tumor
regression or absence of growth, was found to be of
up to 94.5%; tumor reduction was documented in 25%,
while absence of growth accounted for 69.3%. Only
5.5% of the patients had CBT growth. Radiotherapy
treatment complications were practically absent: only
one patient had central nervous system syndrome.
When the results of radiotherapy were compared with
those of surgery, although no difference was found in
disease control and deaths, there was a difference in
major complications and cranial nerve lesions (p = 0.047
and 0.001, respectively). For this reason, the study
concludes that patients with bulky CBTs that entirely
encase the carotid artery or affect the cranial floor
should be treated with radiotherapy?®. Robotic radiosur-
gery with CyberKnife® has also been described for the
treatment of these tumors, with similar results®.

According to the above, and considering the mar-
ginal or non-existent benefit of preoperative emboliza-
tion, surgery-associated morbidity, and the good
results with radiotherapy, we recommend that patients
with Shamblin 1l tumors should preferably be treated
with radiotherapy?'.

On the other hand, CBT surveillance has also been
described in some highly selected patients; for exam-
ple, those with an advanced age at diagnosis, bulky
tumors and who are asymptomatic, given that the prob-
ability of stability is up to 42%, and another large per-
centage will have very slow tumor growth. Close
surveillance is important in these cases in order to

determine if any of these tumors will require treatment
in the future®?.

Those patients who did not undergo surgery, either
because their neoplasm were considered unresect-
able, or because they did not accept the procedure,
were previously discussed by the multidisciplinary
team to discern between treatment with radiotherapy
or keeping them under surveillance. After deciding the
type of behavior, each patient received close surveil-
lance with imaging studies at least every six months.
At the time of closure of this study, there were no
cases with CBT growth with this behavior.

In our study, the frequency of bilateral tumors was
higher than the 7% reported in other series; although
most of them underwent surgery, radiotherapy and sur-
veillance were also strategies in the management of
these patients, with low complication rates being
achieved, similar to the previously reported rate of
375%.

In this case series, no metastatic CBT was recorded.
We have avoided the use of the term “malignant CBT”,
since in the 2007 update of the World Health Organi-
zation classification it was abandoned, given that there
is no accepted histological system for the evaluation of
the aggressive biological behavior of these tumors®.
Therefore, instead, the term “malignant” has been re-
placed by “metastatic” to refer tumors of aggressive
behavior, which have been reported in up to 10% of
cases®.

Finally, although the results of the treatment strate-
gies used in our series appear to be similar to those
reported in the literature, we recognize that their main
limitations are: that it was a retrospectively analyzed
case series and that very few cases of Shamblin | CBT
were recorded; the latter is probably the result of diag-
nostic delay or later referral.

Conclusions

CBTs are rare neoplasms, mostly benign and of slow
growth. The Shamblin classification remains useful for
predicting resectability and postoperative complica-
tions. Shamblin | and I CBTs are the most common
presentations of these tumors, and in these cases sur-
gery is the most appropriate treatment, with acceptable
morbidity. According to our results, no preoperative
embolization is required for CBT resection to be carried
out. Conversely, in Shamblin Ill tumors, radiotherapy
appears to be the most appropriate treatment, due to
its good results and to the fact that surgery is associ-
ated with a high rate of complications. Finally, active
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surveillance is another alternative for those patients
who do not accept the risk of surgery or in whom ad-
ministering radiotherapy is not possible.
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