I I‘ i ORIGINAL ARTICLE ANESTHESIOLOGY & REANIMATION

NoRTH CLIN ISTRANBUL 2016;3(2):97-103
doi: 10.14744/nci.2016.32154

Anesthetic approaches in carotid
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Ali Sait Kavakli, Nilgun Kavrut Ozturk

Department of Anesthesiology and Reanimation, Antalya Training and Research Hospital, Antalya, Turkey

ABSTRACT

OBJECTIVE: Carotid body tumors (CBT) are benign tumors that originate from neural non-chromaffin cells that
are typically localized near carotid bifurcation. Surgical removal of the tumor is the most appropriate treatment.
General anesthesia is preferred anesthetic technique for CBT surgery. Basic elements of anesthetic management
are protection of hemodynamic stability and maintaining cerebral perfusion pressure (CPP). The aim of this study
was to evaluate anesthetic management of CBT surgery and present the literature knowledge.

METHODS: The study included 10 consecutive patients with diagnosis of CBT who underwent surgery at Antalya
Training and Research Hospital, in Antalya, Turkey, between 2013 and 2016. Preoperative demographic details;
comorbidities; side of surgical site; duration of operation; length of intensive care unit (ICU) and hospital stay;
change of intraoperative blood pressure; use of inotropic drugs, blood products, and analgesics; postoperative
visual analogue scale (VAS) pain score; and complications were recorded.

RESULTS: According to Shamblin classification, 3 tumors were type I and the remaining 7 were type II. Tumors
were located on right side in 6 patients, and on left in 4. Blood loss sufficient to require transfusion was observed
in 1 patient. Average intraoperative blood loss was 287+68 mL. Tachycardia and hypertension were observed in 1
patient; bradycardia and hypotension were seen in 4 patients. Infusion for inotropic support was administered to
1 patient. Mean duration of operation was 109+20 minutes. Mean VAS score was 4+1, mean ICU tramadol con-
sumption was 80+25 mg. Duration of stay in ICU and hospital were 2.4£1.1 hours and 3.8+0.7 days, respectively.
Mortality and neurological complications were not seen in postoperative period.

CONCLUSION: CBT surgery requires close and complex anesthesia management. Protection of hemodynamic
stability against sudden hemodynamic changes, monitoring, and maintaining CPP are the most important aspects
of anesthetic management.
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Carotid body tumors (CBT) are primary tumors
of the chemoreceptor tissue, and they originate
from paraganglionic corpuscles. Generally they are
localized near carotid bifurcation [1]. They are gen-
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erally benign, and they can have a malignant struc-
ture. Benign tumors are generally seen between 40,
and 70 years of age, while malignant CBTs emerge
at younger ages [2]. The mass lesions grow slowly,
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however if they are not treated at an early stage,
they may cause symptoms of compression, and cra-
nial nerve dysfunction [3]. Carotid body tumors are
generally benign tumors, however rarely malignant
tumors can be seen. Most of them are nonfunction-
al, nevertheless occasionally they can be observed
as tumors secreting histamine, serotonin, epineph—
rine, and norepinephrine. Surgical resection of the
tumor is the most appropriate treatment approach
(4]. Surgical resection requires experience because
of the closeness of the tumor to cranial nerves, ex-
tracranial arterial structures, and complex anatomy
of head and neck region.

For CBT surgery, general anesthesia is preferred.
Fluctuations in blood pressure especially manipula-
tion, and excision of the tumor require very careful
monitorization by the anesthetist. Although CBTs
are nonfunctional tumors, 1-3% of them possess
hormonal activity [5]. This condition should be as-
sessed during pre-anesthetic evaluation, and neces-
sary precautions should be taken during operation.
In tumors with vascular invasion, one should be
prepared for the possibility of bleeding. If cross-
clamping is required cerebral monitorization, and
protection of cerebral perfusion are the most funda-
mental components of the anesthetic method.

The purpose of this study is to evaluate anes-
thetic approach, and reveal literature information.

MATERIALS AND METHODS

The data of 10 consecutive patients among 176 pa-
tients who underwent surgery for the management
of carotid body tumor at Antalya Training and Re-
search Hospital, Antalya, Turkey between 2013 and
2016 were retrospectively examined, and included
in the analysis.

The patients who underwent throat surgery or
carotid artery surgery for indications other than
CBT, and those with missing file data were exclud-
ed from the study.

Patient data were retrieved by investigating pa-
tient files, and digital records.

Demographic data of the patients, their comor-
bidities, side, and duration of operation, hospital,

and intensive care unit stays, intraoperative blood
pressure, variations in heart rates, inotropic drug
use, amounts of blood, and blood products used,
and complications were recorded.

Anesthetic management

All patients were operated under general anesthe-
sia. For premedication 0.05 mg/kg midazolam was
administered. The patients were brought into oper-
ating room, and underwent 3-channel electrocardi-
ography, monitorization using pulse oximetry, and
arterial monitorization via radial artery cannula-
tion. Then anesthetic induction was applied.

Following routine anesthetic induction, the
subclavian vein on the opposite side of the opera-
tion side was canulated to monitor central venous
pressure. Then appropriate colloid, and crystal-
loid infusions were performed so as to maintain
central venous pressure, and mean arterial blood
pressure at 8—10 mmHg, and 55-60 mmHg, re-
spectively. Sudden drops in blood pressure were
managed with 5 mg bolus doses of ephedrine.
In patients whose adequate blood pressure lev-
els could not be achieved despite adequate fluid
infusion,and admisistration of ephedrine, inotro-
pic support infusions were initiated.

Intraoperative cerebral monitorization was
achieved using cerebral oxymetre (Masimo RD-
S7A, Masimo Corp., Irvine, California, USA), and
at the termination of the operation, the patients
were extubated in the operating room. For the
purpose of postoperative observation, the patients
were brought into intensive care unit of cardiovas-
cular surgery. Consciousness, maintaince of hemo-
dynamic stability without the need for inotropic
support, absence of respiratory distress, persis-
tence of blood gas analysis results within normal
limits (p02>70 mmHg, and pCO,<50 mmHg),
and VAS scores of <5 were used as criteria for dis-
charge from intensive care unit.

Surgical technique

Through a parallel skin incision made on the sterno-
cleidomastoid muscle, cervical region was explored.
Following exploration of common carotid artery,
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TABLE 1. Demographic data are indicated as
meanzstandard deviation, and numbers (percentages)

n %

Age (yrs) Mean+SD 53+14.1
Gender

Male 4 40

Female 6 60
ASA score

ASA 1 2 20

ASA 2 4 40

ASA 3 4 40
Side of operation

Right 7 70

Left 3 30

EF (%) Mean£SD 51+9.9
Comorbidities

Hypertension 5 50

Diabetes mellitus 4 40

COPD 1 10

CAD 1 10

PAD 1 10

ASA: American Society of Anaesthesiologists; EF: Ejection fraction;
COPD: Chronic obstructive pulmonary disease; CAD: Coronary artery
disease; PAD: Peripheral artery disease; SD: Standard deviation.

and its branches, n. vagus, and n. hypoglossus were
accessed, and protected. Dissection was started
from the bifurcation of carotid artery, and advanced
up to the upper edge of the tumor. In all patients,
tumor was totally dissected from common carotid
artery and its branches. Major vascular injury or
disruption of vascular integrity was not observed.

Statistical Analysis

SPSS version 21 Statistical Software (SPSS Inc.,
Chicago, IL, USA) program was used for the analy-
sis of statistical data of the patients. All data were
expressed as numbers, and percentages. The results
were indicated as mean+standard deviation.

RESULTS

A total of 10 patients (male, n=4; 40%, and female,
n=6; 60%) were operated at Antalya Training and
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FIGURE 1. Mean arterial blood pressure measurement at
different time intervals.

Research Hospital with the diagnosis of CBT be-
tween the years 2013, and 2016. Seven of these pa-
tients applied with the complaints of painless neck
mass, while the remaining 3 patients were discov-
ered incidentally during cervical ultrasonograms
obtained for various indications Demographic data
of the patients are shown in Table 1.

Right (n=6, 60%), and left (n=4; 40%) sided
tumors were detected. Based on Shamblin clas-
sification, the patients were evaluated as type 1
(n=3; 30%), and type 2 (n=7, 70%). In one patient,
bleeding was observed on carotid bifurcation, and
controlled with primary suturing during tumor re-
section. Mean tumor diameters were detected as
3.9£1.6 cm. Cross-clamping was used in one pa-
tient, and intraluminal shunt was not employed in
any patient.

Hypertension, and tachycardia developed in one
patient during tumoral excision. In four patients
hypotension, and bradycardia were observed during
tumoral excision (Figure 1). Three patients of these
4 cases were treated with bolus doses of ephedrine.
Since the remaining patient did not respond ade-
quately to bolus doses of ephedrine, infusion of ino-
tropic support was started. A significant difference
was not detected between preoperative, intraopera-
tive, and postoperative peak heart rates.

Cerebral oximetry values estimated at five differ-
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TABLE 2. Intra-, and post-operative data as expressed
as meanzxstandard deviation or number (percentage)

Number (%) of patients who received bolus

doses of ephedrine 4 (40%)
Number (%) of patients who were started on

inotropic infusion support 1 (10%)
Mean amount of intraoperative blood loss, ml 287168
Duration of surgery, min 109+20
Duration of anesthesia, min 124+18

Postoperative mean VAS score 4+1

Postoperative tramadol utilization, mg 80+25
Intensive care unit stay, hr 2.4+1.1
Hospital stay, day 3.8+0.7

VAS: Visual analogue scale

ent timepoints (pre-induction baseline, postinduc-
tion, before,and after tumor excision, and at the ter-
mination of the operation) were compared. In none
of the patients a drop of more than 25% did not
occur relative to baseline values.

Mean intraoperative blood loss was 287+68 ml.
One patient required blood transfusion because of
abundant amounts of blood loss.

Mean total duration of surgery was 109+20
minutes. All patients were monitored in the inten-
sive care unit during postoperative period.

Mean postoperative tramadol consumption was
80+25 mg. Mean VAS score at postoperative 0 (en-
trance into intensive care unit), and 1. hour was 4+1

points (Table 2).

During postoperative period permanent neuro-
logical damage, and mortality were not seen in none
of the cases.

DISCUSSION

CBT is localized on superolateral regions of the
throat, posteroinferior part of the corner of the
lower jaw, and it can yield symptoms as solid, pain-
less swelling increasingly growing within years
Occasionally, these tumors can be discovered inci-
dentallly. Their incidence rates have been reported
between 0.06, and 3.3:100000, and they are seen

more frequently in women when compared with
men [6]. They can be seen at any age, however they
are observed most frequently between 4. and 5. de-

cades [7].

Cervical ultrasound is the first diagnostic tool
to be applied. Computed tomography (CT), mag-
netic resonance (MR) imaging, and MR angiogra-
phy yield information about the composition of the
tumor, and the relationship between the tumor, and
soft tissue, bone, and surrounding vasculature. Di-
agnostic accuracy, and sensitivity of computed to-
mographic angiography in the detection of carotid
body tumors have been reported as 100 percent 8].

According to Shamblin classification, carotid
body tumors are classified into 3 types based on the
severity of internal carotid artery involvement [9].
In Type 1 carotid artery is minimally involved, and
it is seen in 26% of the cases with CBT. This type
of tumors can be easily removed. In Type 2, internal
carotid artery is partially surrounded by the tumor.
Its dissection is sometimes challenging, but gener-
ally it is easily extirpated. It is seen in 40% of the
cases with CBT. However Type 3 is seen in 27% of
the cases with CBT. It completely invades arterial
structures, and so its dissection is not possible. In
the treatment of these types, internal and/or ex-
ternal carotid arteries should be also removed. In
our series, all patients were classified as Type 1, and
Type 2. We didn't encounter any Type 3 patient.

Carotid body tumors has a tendency to accom-
pany head and neck paragangliomas, malignant
tumors of lungs, breast, and larynx, and they are
bilateral or multiple. Therefore during preoperative
evaluation the existence of other tumors should be
carefully investigated.

When literature is reviewed, mostly preference
for general anesthesia for CBT surgery is noted.
However in some cases cited in the literature lo-
cal, and regional anesthesia were applied. In a series
consisting of 4 cases reported by Toktas et al. local
anesthesia had been used, and any surgical com-
plication was not seen [10]. In the literature a case
with CBT operated under cervical plexus block has
been reported [11]. A patient who had been con-
sidered to have a higher risk for general anesthesia
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because of Eisenmenger syndrome had been oper-
ated under continuous cervical plexus block, and
any complication had not been encountered. Cer-
vical plexus block is a preferred anesthetic method
for carotid artery surgery (12, 13]. However use of
these methods for CBT surgery may harbor some
contraindications. CBT is frequently localized on
carotid bifurcation, and during regional applica-
tions, because of the hypervascularity of the tumor,
unwanted punctures of the tumoral mass may be
encountered. Because of risk of bleeding, needle or
open biopsy is containdicated in these tumors [14].
In addition, hemodynamic deterioration is possible
because of the possibility of catecholamine release
from the tumor. During application of nerve block,
in order to refrain from perforation of the tumor
with the needle, regional applications under ultra-
sound guidance may have higher procedural safety.
In patients with CBT carrying higher risk for gener-
al anesthesia, preference for regional anesthesia will
be more appropriate. Since we hadn't any patient
with higher risk for general anesthesia, so as to re-
frain from complications of regional anesthesia, we
preferred general anesthesia in all of our patients.

Knowing functional status of the tumor is im-
portant during preoperative evaluation for anesthet-
ic technique. Presence of excessive cathecolamine
release should be investigated during preoperative
period using urinary metanephrine, and vanillyl-
mandelic acid measurements. During surgery for
functional tumors, alpha-adrenergic blocker drugs
should be at hand so as to prevent hypertensive
episodes due to excessive cathecolamine discharge
[15]. Preoperative cathecolamine levels of all of our
patients were within normal limits.

Planning fluid therapy plays an important role
in the maintenance of hemodynamic status. There-
fore, central venous pressure should be monitored,
and required resuscitation with fluid replacement

should be readily available.

Invasive arterial monitorization, close follow-up
of hemodynamic state is absolutely necessary for
maintenance of blood pressure during specific in-
tervals, and blood gas analyses.

Because of the presence of potential ischemic ar-

eas, and already dilated vessels, normocapnic state
should be preferred during anesthesia. Hypercap-
nia may result in dilation of vessels outside isch-
emic areas, and blood flows through these dilated
vessels leading to “steal phenomenon’, and worsened
ischemic state. However hypocapnia further causes

increases severity of vasoconstruction at ischemic
areas [16].

Bleeding is one of the most important intraop-
erative complications. Especially during excision of
the tumors which invaded carotid artery, substan-
tial amount of blood loss can occut, and sudden
hemodynamic changes can be observed. Based on
Shamblin classification tumor types, CBTs of type
11, and III have been found to be associated with
greater amounts of blood loss, longer operation
times, higher incidence of noronal damage, more
severe vascular injury, and frequent need for repair
(17, 18]. Excessive blood loss during excision of the
tumor, and potential complications can be predicted
based on preoperative classification, and prepara-
tion of preoperative blood supply should be made
accordingly. Blood loss requiring blood transfusion
occurred in only one of our cases This case was
Type 2 CBT according to Stamblin classification
This bleeding occurring on the carotid bifurcation
was stopped with primary suturing.

Especially in Stamblin Type 3 group where tu-
mor invaded carotid artery, cross-clamping should
be applied to preclude excessive bleeding during ex-
cision of the tumor. Especially in cases with stenosis
of the contralateral carotid artery detected during
clamping neurologic monitorization conveys im-
portance. For the monitorization of neurologic sta-
tus, electroencephalography [19], measurement of
somatosensory evoked potentials [20], transcranial
Doppler US [21], measurement of carotid stump
pressure [22] and cerebral oxymetre [23] can be
used. The superiority of one method over another
has not been demonstrated exactly [24]. During
clamping of the carotid artery, if stenosis of the con-
tralateral carotid artery was detected, use of a shunt
can be a proper alternative. During shunting, risk of
embolism or carotid artery dissection has been re-
ported in 1-3% operated cases [25]. It has been re-
vealed in many studies that during cross-clamping,
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maintenance of mean blood pressure values at near-
ly 20% higher levels higher than the baseline values
has a protective effect on the preservation of cere-
bral perfusion [26]. Thus focal ischemia is avoided
by ensuring optimal cerebral perfusion. It has been
already known that barbiturates used during this
period contribute to redistribution, and protect the
tissues against focal ischemia [27]. Brain edema is
associated with cytotoxic, and vasogenic edema, and
it usually follows an ischemic process. Use of man-
nitol is useful in the reduction of this type of edema
(28]. In our series we performed cerebral monitor-
ization using cerebral oximeter in our patients. We
applied cross-clamping in one of these patients be-
cause of intractable bleeding. We didn't use a shunt
in this patient, while cross-clamping procedure last-
ed for 8 minutes, and bleeding was stopped using
primary suturing. During postoperative period any
neurological complication was not encountered in
this patient.

Lack of any control group was the main limita-
tion of this study which prevented comparison of
data. Scarce number of patients was another limi-
tation of the study. Studies performed with higher
number of patients may further elaborate outcomes
of this study

Conclusion

Surgery of carotid body tumors requires close
monitorization, and complex anesthetic manage-
ment. Cerebral monitorization, and preservation
of cerebral perfusion are important issues especial-
ly during tumoral resection, and cross-clamping.
During preoperative period, performing necessary
preparations, being prepared for excess amounts of
blood loss, and maintenance of optimal blood pres-
sure levels against sudden hemodynamic changes
are among the basic components of anesthetic
management.
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