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Balloon Occlusion of the Carotid 
Artery Prior to Surgery for Neck 
Tumors 
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We present the results of presurgical balloon occlusion of the carotid artery in 22 
patients with cervical lymphadenopathy stage N3. The procedure was found to be 
extremely useful in preventing rupture of the carotid artery, considered the most 
dangerous complication of neck cancer surgery. Complications of the balloon procedure 
were few (10%) when compared with surgical ligation of the carotid artery (41-54% 
stroke frequency and 32-60% mortality). This procedure also allows testing of the 
collateral circulation before final detachment of the balloon, a maneuver that prevents 
stroke in many patients. 
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Carotid artery rupture is the most dangerous complication in the surgical treat
ment of patients with cervical lymphadenopathy stage N3 cervical metastasis. The 
direct invasion of the carotid artery by the neoplastic disease is the most frequent 
cause of arterial rupture. Other factors that can contribute to carotid arterial rupture 
include preoperative irradiation , infection, necrosis, and exposure of the vessel 
during surgery. The end result of carotid rupture is usually severe stroke and , in 
many cases, death. 

Patients with threatening carotid rupture have been traditionally treated by 
surgical ligation of the involved carotid artery. This procedure is both difficult and 
risky, particularly when performed on an emergency basis. Endovascular balloon 
occlusion of the artery with detachable balloons offers an excellent alternative in 
the prevention of surgical complications or spontaneous rupture of the artery [1). 
The procedure is simple to perform, low in risk , and allows testing of the collateral 
circulation to the affected hemisphere of the brain. This can be done by temporarily 
occluding the carotid artery before finally detaching the occluding balloon. 

Our results with presurgical balloon occlusion of the carotid artery in 22 patients 
with cervical lymphadenopathy stage N3 demonstrate the efficiency and safety of 
this procedure. 

Materials and Methods 

Twenty-seven patients (three women , 24 men) with cervical lymphadenopathy stage N3 
were included in this study. Of these, 22 patients had a history of previous surgery, radiation 
therapy, or chemotherapy. Owing to arteriosclerosis or intolerance to brain ischemia, the 
balloon was detached permanently in only 22 patients . CT was performed in all 27 patients 
before angiography to demonstrate carotid involvement and extension of tumor into the 
carotid wall (Fig. 1). Selective four-vessel extra- and intracranial angiography was performed 
in all patients after catheterization of the femoral artery using the Seldinger technique. A thin
walled 7 -French introducer (Bait Co., France) was used in all cases. Cervical lymphadenopathy 
stage N3 is a disorder characterized by the American Joint Committee on Cancer as having 
massive homolateral node(s), bi lateral nodes, or contralateral node(s). 



All procedures were performed under neuroleptic analgesia to 
ensure that the patients would be awake and responsive during the 
procedure. Neuroanalgesia was achieved with fluni trazepam or med
azolam associated with fentanyl or R1406. Blood pressure was 
carefully monitored during the whole procedure. Systemic heparini
zation was used in all patients, both before and during the procedure. 

A Pur-S il catheter (Bait Co., France) of progressive suppleness 
with detachable balloon was used. This new microcatheter system 
has greatly improved the safety and efficacy of therapeutic endovas
cular techniques. The catheter combines total flexibility with an ex
cellent torque control. The remarkable suppleness of the last 25 em 
removes almost entirely the risk of arterial spasm. The Teflon tip has 
been adapted for use with detachable inner valve balloons, which 
can be detached by continuous gentle traction . 

The balloon was placed in the internal carotid artery immediately 
proximal to the origin of the ophthalmic artery (Fig. 2). Catheterization 
of the contralateral carotid artery was done by using the opposite 
femoral artery. A 30-min occlusion test by balloon inflation was 
administered to all patients. During this time, the patients were 
maintained under careful neurologic control. A control injection into 
the opposite carotid artery was done to demonstrate the presence 
of collateral circulation to the potentially ischemic hemisphere. In five 
patients, the balloon was not detached because of either arterioscle
rosis or intolerance to ischemia (positive occlusion test). In the re
maining 22 patients , the balloon was detached and the catheter 
withdrawn. A second balloon was put in place below the first and 
also detached (Fig. 2). Histoacryl (Braun-Melsugen AG, Germany), an 
emholizing agent, was then injected into the occluded carotid artery 
down to the level of the carotid bifurcation. Histoacryl contains an 
active adhesive agent (butyl 2-cyanoacrylate). This compound , like 
other similar cyanoacrylates when applied to the intima or media of 
the blood vessels, produces rapid thrombosis. The amount of His
toacryl injected below the second balloon varied between 0.5 and 
0.7 mi. This amount is sufficient to produce a clot large enough to 
occlude the carotid from the second balloon to the level of the 
bifurcation. The injection is progressively done under fluoroscopic 
control down to the level of the carotid bifurcation. A mixture of 50% 
Histoacryl and 50% Lipiodol and tantalum powder is usually injected. 
The time required for a complete occlusion of the vessel is usually a 
few seconds. 

All 22 patients in the study were out of bed 3 days after the 
procedure. To allow normalization of blood perfusion in the affected 
brain hemisphere, a period of at least 1 0 days was necessary before 
surgical removal of the neck tumor. 

Results 

Fig. 1.-Axial CT scan of neck in a 45-year
old patient with cervical lymphadenopathy stage 
N3. A large, infiltrating heterogeneous mass is 
seen involving the carotid artery on the right 
(arrowhead) . 

Fig. 2.-Lateral view of skull shows position 
of the two detached balloons (arrows). Histo
acryl mixture fills carotid below second balloon 
(arrowheads) . 

Of the 27 patients with cervical lymphadenopathy stage 
N3, 22 had complete presurgical endovascular balloon occlu
sion of the carotid artery. The final occlusion was not per
formed in five cases because two patients demonstrated 
significant arteriosclerotic vascular disease and three patients 
had positive occlusion tests. In these three patients, the 
procedure had to be discontinued owing to the appearance 
of neurologic signs (hemiparesis) indicating poor tolerance to 
brain ischemia (positive occlusion test). In all cases there was 
complete recovery after the balloon was deflated. Of the 22 
patients who had the occlusion done, on close follow-up only 
two (1 0%) showed neurologic changes after the occlusion . 
These changes, which consisted of progressive hemiplegia 
that started 24 hr after the procedure, were most likely due 
to a decrease in brain perfusion after the occlusion . This figure 
(1 0%), however, is significantly lower when compared with 
the percentage of complications reported after surgical liga
tion of the carotid artery (41-54% stroke with severe hemi
plegia and 32-60% mortality) [2] . No occlusion test was done 
before ligation of the artery in this series. 

To evaluate the results of the balloon occlusion itself, we 
have compared the number of complications in two groups 
of patients who had the same endovascular procedure per
formed for different diseases: patients with neck cancer and 
patients in whom the procedure was performed to treat giant 
aneurysms. In both groups, the technical aspects of the 
embolization were similar · except for the additional injection 
of Histoacryl in patients with neck cancer. This injection, 
however, was done only as an extra security measure to 
ensure complete occlusion of the carotid artery; it does not 
significantly affect the end result of both procedures, which 
is the complete occlusion of the carotid artery. We believe, 
therefore, that a fair comparison of complications between 
these two groups of patients has been done. 

In a group of 1 03 patients at the Rothschild Foundation in 
whom the carotid artery was occluded by balloon occlusion 
to treat 53 large carotid artery aneurysms, 29 cavernous 
fistulas, and 21 miscellaneous vascular tumors, the compli-
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cations resulted in only three transient ischemic deficits (3%), 
one hemiplegia (1 %), and one death (1 %). These figures are 
significantly lower than the complications seen after treating 
cancer patients (1 0%). Since the procedure is almost identical 
in both cases, the direct involvement of the carotid artery by 
the tumor and probably the poor general condition of the 
patient are the two factors most likely responsible for these 
results. 

Discussion 

The surgical treatment of cervical lymphadenopathy stage 
N3 usually presents a significant number of problems. If the 
carotid artery is involved, only partial removal of the tumor is 
possible. On the other hand, if the artery ruptures or has to 
be removed during the tumor surgery, ligation must be per
formed under emergency conditions, a procedure that carries 
a significant risk of brain ischemia. Disastrous consequences 
of ligation of the carotid artery occur mainly in those patients 
in whom ligation has been performed at a time when the 
blood pressure is low because of preceding hemorrhage or 
shock [3]. Aggressive surgical approaches such as carotid 
resection and surgical replacement (bypass) and axilla-internal 
carotid bypass have been proposed to prevent brain ischemia 
[4, 5]. The results of these procedures are not yet clearly 
established. Even when the artery is not invaded directly by 
the tumor, owing to the postsurgical exposure of the artery, 
the risk of a spontaneous rupture after the surgery is signifi
cant. By destroying the adventitia of the vessel, radiation 
necrosis (if the patient has had radiation therapy) and infection 
also create an ideal set-up for an arterial rupture [6-12] . The 
result of carotid rupture is life-threatening and manifested by 
hypotension, shock, brain ischemia, andjor death [2-12]. 

Other factors that complicate radical surgery in patients 
with neck cancer are related to the patient's poor general 
condition . For example, anemia and hypoproteinemia are 
factors that prevent normal healing and facilitate arterial rup
ture [13]. Arteriosclerotic disease in the involved artery and/ 
or the other arteries leading to the brain is also an important 
factor that may influence the results of neck surgery. Owing 
mainly to the fear of carotid artery rupture, the surgeon is 
quite limited in his attempt to remove the entire tumor; most 
lesions, therefore, are only partially removed. 

In our experience with the 27 patients with cervical lymph
adenopathy stage N3 who were treated with preoperative 
endovascular detachable balloon occlusion of the carotid 
artery, we found that this procedure significantly facilitated 
surgery and improved the surgical results. Since the proce
dure is considered low risk, it can be performed before neck 
surgery in the majority of patients. In our series, after the 
balloon occlusion and Histoacryl injection, cancer patients 
had a slightly higher number of complications when compared 
with patients treated with carotid aneurysms who had only 
the balloon occlusion. Since the injection of Histoacryl was 
done only as a safety measure in case of balloon rupture or 
deinflation, this procedure plays no significant role in the 
occlusion of the artery and related complications. The results 
obtained are not surprising. The patients treated for aneu
rysms are usually younger, their general condition is better 

than the patients with cancer, and there is no tumor invading 
the artery in the neck. It seems, therefore, that the compli
cation rate in balloon occlusion of the carotid artery is related 
mainly to the patient's clinical condition rather than to the 
occlusion itself. It should also be mentioned that, in our study, 
the five patients not treated with balloon occlusion would 
most likely have developed significant complications if the 
arteries had been occluded without the benefit of an arterio
gram and the occlusion test. In patients in whom the occlusion 
test is positive, external carotid-middle cerebral artery or 
other bypass procedures can be performed prior to a new 
occlusion test and final detachment of the balloon . No bypass 
procedures were performed in our patients because of the 
nature and extension of the neck tumor and the life expec
tancy of the patients. In all of them it was decided that under 
these conditions this procedure was not justifiable. 

In reference to the occlusion test as a means to preselect 
the patients sensitive to brain ischemia before the operation, 
an interesting new application of the stable xenonjCT cerebral 
blood flow (XejCT JCBF) technique has been described 
(Schwartz M, Horton JA, DeVries E, Sekhar L, Pentheny S, 
Yonas H. A new method to predict safe resection of the 
internal carotid artery. Presented at the annual meeting of the 
American Society of Neuroradiology, Orlando, March 1989) 
and [14]. Abnormalities of blood flow were detected in 11% 
of the patients who clinically tolerated well a brief balloon 
occlusion test of the internal carotid artery. These patients, 
of course, have a significant risk of cerebral infarction if the 
tested artery is sacrificed . Since this moderate-risk group of 
patients cannot be identified with any other traditionally 
known method of measuring blood flow, we think that Xej 
CT JCBF should be done preoperatively in all patients for 
whom balloon occlusion of the carotid artery is considered . 
Although we did not perform this test at the time of this study, 
we believe that it could have been of help to avoid the few 
complications we found . Routine EEG monitoring to detect 
signs of early ischemia during the occlusion test, as currently 
done to monitor carotid endarterectomy, may also be a valu
able procedure to reduce the number of complications 
[15,16]. 

In evaluating the patient before the occlusion , it is important 
to perform four-vessel angiography to determine the presence 
of arteriosclerotic changes. The degree of arterial stenosis is 
a determining factor in the decision to perform arterial occlu
sion or even tumor removal. Significant vascular disease of 
the opposite carotid artery, for example, is a contraindication 
for endovascular occlusion [17] . CT should be performed 
because angiography cannot always demonstrate the extent 
of arterial tumoral invasion. 

Another advantage of the procedure is that balloon occlu
sion also prevents emboli or clots from reacing the cerebral 
vessels, a problem commonly seen after surgical ligation of 
the artery. In this situation , the site of occlusion becomes a 
source of emboli . This risk is particularly high if the ligature is 
placed on the internal carotid artery above the bifurcation. 
Figure 3 shows in detail the pathophysiology of this phenom
enon. When an occluding balloon is placed at the carotid 
siphon , clots originating anywhere below this region cannot 
reach the cerebral circulation . 
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Fig. 3.-A-C, Schematics show the risk of cerebral embolization after surgical ligation of common carotid artery (A), internal carotid artery (8), and 
balloon occlusion (C). Notice that the risk of emboli is greater when the ligature is placed on the internal carotid artery. The endovascular balloon occlusion 
is totally free of emboli. 

After successful occlusion of the artery, the surgeon is 
finally free to perform radical tumor removal, which may 
significantly improve the patient's overall treatment (18]. It is 
our opinion that complete removal of the tumor certainly 
benefits the patient's condition. However, we have not as yet 
compared the results of the treatment of the patients with 
complete removal versus those who had only partial tumor 
removal because of fear of arterial rupture. For best results, 
the patient 's final neck surgery should take place at least 10 
days after the occlusion procedure to permit normalization of 
the brain perfusion in the affected hemisphere. 

In conclusion, we believe that all patients with cervical 
lymphadenopathy stage N3 involving the carotid artery may 
benefit significantly if preoperative endovascular detachable 
balloon occlusion of the carotid artery is performed before 
radical neck surgery. This procedure is simple, prevents em
bolic complications, and allows a presurgical evaluation of the 
brain response to ischemia. This technique also permits rad
ical surgery for patients with carotid lymphadenopathy stage 
N3, thus improving the final response to treatment. 
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