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Clinical Features

Preoperative embolization of paragangliomas (glo-
mus tumors) is widely used to devascularize glomus tu-
mors in any location of the head and neck.1-10 The most
commonly employed materials for embolization are Gel-
foam and polyvinyl alcohol (PVA) foam. The use of Gel-
foam is rather limited because of its rapid reabsorption
rate. PVA (also known as Ivalon) is biocompatible, non-

absorbable, and, if used in microparticles of 200 to 500
,m, causes effective tumor devascularization.4,5 Defini-
tive thrombosis and hemorrhagic necrosis of several renal
cortex arteries with no lysis or fragmentation of embolic
material were found 7 days after embolization of renal
arteries using PVA in dogs. 1' Microscopic examination of

human specimens removed after two fatalities, which
occurred after embolization with PVA for symptomatic
neonatal hepatic arteriovenous malformation,12 revealed
in one case intravascular giant cell reaction, medial and
adventitial hypertrophy, and recanalization of the vascular
lumen. A review of the literature failed to reveal further
histopathologic studies on embolic agents. Therefore, the
surgical specimens and the clinical data of 45 patients
embolized and operated on at the ENT Department of the
University of Zurich for head and neck paragangliomas
were reviewed. The aim of this study was to determine the
histopathologic changes occurring in the tumors after
embolization and to correlate these with the clinical data.
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MATERIAL AND METHODS

The study included 45 patients (20 males [mean age,

40 years; range, 18 to 57 years] and 25 females [mean
age, 42 years; range, 14 to 71 years]) operated on because
of 48 head and neck paragangliomas at the ENT depart-
ment of the University Hospital Zurich between 1985 and
1989. Prior to surgery, all tumors had been embolized
with PVA.6

Clinical Data

The operated tumors were divided according to local-
ization into temporal (35), carotid (6), and vagal para-
gangliomas (7). Of these, 43 tumors were unifocal, and 5
tumors were of multifocal origin (one patient with a tem-
poral and carotid body and another with temporal, carotid,
and vagal tumors). Temporal paragangliomas were classi-
fied according to Fisch.6 The case histories of the patients
were reviewed for the following parameters: time interval
between embolization and surgery, previous treatment
(radiotherapy, embolization), estimated operative blood
loss, and operative time and length of postoperative hospi-
talization.

Histopathology

Representative specimens of the 48 tumors were
fixed in 4% formalin and embedded in paraffin. The
histologic sections of the tumors were stained with hema-
toxylin and eosin, Alcian blue, periodic acid-Schiff, and
van Gieson elastin stains. The percentage of tumor vessels
occluded by embolic material as well as the histologic
changes taking place in them were determined from single
representative sections. The amount of necrosis, edema,
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hemorrhage, inflammation, and fibrosis seen in tumor
tissue were graded as: -, +, + +, and + + +.

The histologic examination was performed without
knowledge of the clinical data.

RESU LTS

Clinical Findings

Classification of Tumors
The 48 paragangliomas were divided in 35 temporal

tumors, six carotid body tumors, and seven vagal tumors.
The classification of the temporal glomus tumors was B-Cl
(one case), C1 2 (four cases), C2-3 De, (seven cases),
and C24 Del2 Di,12 (23 cases).

Interval Between Embolization and Surgery
Most of the patients (35) were operated on during the

first week after embolization, 11 of which after 2 days and
seven after 8 to 16 days. Three patients had surgery after
more than 2 months (Fig. 1); they (a C3 De2 Di2 temporal
paraganglioma with occlusive hydrocephalus, a C3 Del
and a Cl tumor) were operated on with a delay of 2 months
because of intercurrent illness.

Previous Radiotherapy
Eight patients had radiotherapy (1 to 20 years) prior

to surgery.

Previous Embolization
Ten patients were embolized elsewhere (2 months to

7 years before admission). All these patients underwent
reembolization prior to surgery.

Operative Blood Loss
The mean operative blood loss was 1600 cc for B C1 2

tumors, 1410 cc for C2-3 Del tumors, and 3423 cc for C24

previous
RTX

previous
embol ization

previous
RTX + embol

no previous
RTX + embol

Figure 1. Number of patients
and time interval between emboliza-
tion (embol) and surgery. RTX: ra-
diotherapy.

(n=45)
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Table 1. Time Interval Between Embolization and Surgery Less than 8 Days

Postoperative
Intraoperative Blood Operative Time Hospitalization

Loss (cc) (hours) (days)
Unifocal Paraganglioma No. Mean Range Mean Range Mean Range

Temporal
B C12 3 1600 1000-2800 6.00 5.20-6.30 12 11-13
C23Dej 5 1410 350-3200 5.43 3.00-8.10 10 8-16
C24De,jDi1-2 20 3424 1000-9000 7.00 5.15-9.30 18 10-70
Carotid body 3 800 200-2000 5.25 2.25-10.30 11 9-13
Vagal 3 1067 1000-1200 5.56 4.55-6.30 22 10-28

Del12 Dil12 tumors, operated on within 8 days after embol-
ization (Table 1). The mean blood loss was of 800 cc for
unifocal carotid body tumors and 1067 cc for vagal para-

gangliomas.
When the interval was 8 days or more, the mean

blood loss was 650 cc for B CI-2 tumors, 2000 cc for a C2-3
De, tumor, and 1050 cc for C2 4 Del12 Dil12 tumors; 200 cc

for a carotid body and 1267 cc for vagal paragangliomas
(Table 2).

Operative Time

The mean operative time for all categories of tempo-
ral paraganglioma varied from 5 hours and 40 minutes to 8
hours. The mean operative time for unifocal carotid body
tumors varied from 2-1/2 to 5 hours and 25 minutes and for
glomus vagal tumors from 5 hours 25 minutes to five hours
56 minutes (Tables 1 and 2).

Postoperative Hospitalization
The mean postoperative hospitalization for all cate-

gories of glomus temporale tumors varied from 10 to 19
days (Tables 1 and 2). The mean hospital stay varied from
11 to 24 days for unifocal carotid body tumors and from
12 to 22 days for vagal paragangliomas.

Histopathologic Findings

PVA alone or with thrombus formation occluded 30%
(range, 5 to 80%) of the tumor vessels in a representative

section ofeach tumor. The embolic material was present in
arterial vessels of different sizes in and outside of the
tumor, but not in capillaries. Proliferation of the intima
began 2 days after embolization in some specimens. A
more advanced intima-proliferation with ingrowth of fi-
broblasts appeared after 8 days or more. Fibrosis of the
intima was only seen in two cases after previous radio-
therapy (1 to 20 years before surgery).

Thrombus formation was present in all cases. The
thrombi showed different degrees of organization 2 to 7
days after embolization. In early thrombus formation, the
lumen of the vessels was filled with embolic material,
numerous erythrocytes, neutrophilic leukocytes, and a

loose network of fibrin (Fig. 2A). One to 2 days later,
shrinkage and consolidation of the fibrin as well as prolif-
eration of the intima starting from the periphery of the
vessel were present (Fig. 2B). Organization and consol-
idation of the thrombi were complete after 7 days. In these
thrombi, first mononucleated (Fig. 3A) and later on multi-
nucleated giant cells (Fig. 3B) were seen 3 days from
embolization. At the same stage, ingrowth of fibroblasts
and infiltration of leukocytes into the thrombi were found,
resulting in a solid obstruction of the lumen of the vessel.
The giant cells appeared to be aggressive and phago-
cytosis of small and large parts of embolic material was

found 5 days after embolization. In some cases parts of
PVA were found in the cytoplasma of the giant cells (Fig.
4A). Eight days after embolization, fragmentation of
PVA, proliferation, and ingrowth of capillaries into em-

bolic material were also seen. At this stage, revasculariza-

Table 2. Time Interval Between Embolization and Surgery 8 Days or More
Postoperative

lntraoperative Operative Time Hospitalization
Blood Loss (cc) (hours) (days)

Unifocal Paraganglioma No. Mean Range Mean Range Mean Range
Temporal
B C1l2
C2-3Dej
C2-4De1 2Di1-2
Carotid body
Vagal

2

1

2

1

3

650
2000
1050
200
1267

300-1000

500-1600

300-2000

4.00
8.00
5.40
2.30
5.25

3.00-5.00

4.50-6.30

4.30-6.25

12
17
19
24
12

10-13

12-26

8-15 39
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Figure 2. Stage 1: 1 to 2 days
after embolization. A: Embolized ves-
sel filled with PVA (P), erythrocytes,
neutrophilic leukocytes, and loose
fibrin network (F). (Hematoxylin and
eosin; x63.) B: Shrunken fresh
thrombus surrounding PVA (P). In-
tima proliferation is starting from the
periphery of the vessel; clefts are ar-
tefacts (A). (Hematoxylin and eosin;
x80.)

tion, which was characterized by clefts filled with erythro-
cytes (Fig. 4B), was observed in 30% of the embolized
vessels. Fragmentation of embolic material and complete
obliteration of the lumen of the vessels with acellular,
hyalinized fibrous tissue were observed in 40% of the
embolized vessels 2 months after embolization. Many
obliterated vessels showed also a lumen lined with endo-
thelium next to the hyalinized and organized thrombus
(Fig. 5A). Sometimes, PVA of reembolization was found
in revascularized thrombus (Fig. 5B). These changes did
not occur within 18 days from embolization.

Myxoid degeneration ofthe wall of vessels was found
in six specimens; all had previous radiotherapy.

In more than half of the tumors, necrosis (32 speci-
mens), edema (26 specimens), hemorrhage (24 speci-
mens), and inflammation (34 specimens) were found (Ta-

40 ble 3). As expected, the reaction of tumor tissue on isch-

emia is more manifest between 3 and 8 days than imme-
diately after embolization. These histologic features were
not noted in the three specimens obtained more than 2
months after embolization. Fibrosis was only found in
nine tumors having had embolization combined with ra-

diotherapy

DISCUSSION

Histology

The fact that only one third of the vessels was found
to be embolized with PVA alone or together with thrombus
formation in representative sections ofeach tumor is prob-
ably due to many variables, such as the size of the micro-
particle, the diameter of the vessel, the pressure used for

B
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Figure 3. Stage 2: 3 to 8 days
after embolization. A: Differentiation
of mononucleated giant cells (arrow)
on the surface of PVA (P). (Hematox-
ylin eosin; x250.) B: Consolidated
fibrin network (F) infiltrated by differ-
entiated, multinucleated giant cells
(arrow), monocytes, ingrowing fi bro-
blasts, and endothelial cells. (Hema-
toxylin and eosin; x320.)

embolization, and the level of histologic section exam-
ined. These variables explain the wide variation in effi-
ciency of the embolization. No interpretations of the blood
flow in the nonembolized vessels are possible from this
histologic study. Moreover, 83% of types C and D glomus
temporale tumors are multicompartmental4 and therefore
some parts of the tumor may escape embolization. Since
only selected sections of the tumor were available, the
multicompartmental aspects of the tumors were not in-
cluded in this study.

The main histologic changes observed after emboli-
zation were: (1) thrombus formation with ingrowth of fi-
broblasts and multinucleated foreign body giant cells and
(2) revascularization of arterial tumor vessels. Similar
findings were published in previous studies.4"1'-13 How-
ever, phagocytosis of giant cells, fragmentation of PVA
particles and the acellular, hyalinized obliteration oftumor

vessels in late stages after embolization were not de-
scribed before. The degree of occlusion of embolized
vessels will diminish as the result of phagocytosis and
fragmentation ofPVA particles. However this vasculariza-
tion process is partial and only involved 30% of the embo-
lized vessels. The other thrombosed vessels undergo com-
plete obliteration.

According to our study, four histologic postemboli-
zation stages can be identified:

Stage I (early thrombus formation): 2 days after emboliza-
tion is characterized by thrombus formation.

Stage II (complete thrombus formation): 3 to 7 days after
embolization there is proliferation of the intima into
the vessels, ingrowth of fibroblasts in consolidated
and organized thrombi, and appearance of multi-
nucleated foreign body giant cells with active phago

A
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Figure 4. Stage 3: 9 to 16 days
after embolization. A: Active phago-
cytosis of giant cells resulting in frag-
mentation of PVA (P). Arrow: large
triangle-shaped giant cell with PVA
in cytoplasma. (Hematoxylin and
eosin; x500.) B: Vessel lumen con-
taining highly fragmented, loosened
PVA with confluent clefts (C) filled
with erythrocytes, reestablishing cir-
culation. (Hematoxylin and eosin;
x100.)B V

cytosis. The lumen of the vessel is totally obstructed
by cellular elements, consolidated fibrin network and
embolic material, still without any sign of revascular-
ization.

Stage III (partial revascularization; 9 to 16 days post-
embolization): The embolization particles undergo
fragmentation and inclusion in cytoplasma of multi-
nucleated giant cells. Of the embolized vessels, 30%
undergo partial revascularization.

Stage IV (complete obliteration: more than 2 months post-
embolization): Of the embolized vessels, 40% are

completely obliterated but still present, in many in-
stances, with an endothelial lining, and 30% of the

42 vessels are still partially revascularized.

Clinical Findings

Most of the patients had surgery within 8 days from
embolization. The mean blood loss was largest for tempo-
ral paraganglioma and lowest for unifocal carotid body
tumors. The blood loss for temporal paraganglioma corre-
lated to the size of the tumors (C3 > C2 > CI). The mean
blood loss for type B and C tumors (650 and 1600 cc) is not
much different from earlier reported findings. 10 Murphy
and Brackmann10 found a mean blood loss of 822 cc in 5
patients with embolized type D tumors. This was even
lower than the mean blood loss for eight embolized C2
patients (925 cc). In contrast to these findings, the largest
blood loss in our study was found in type Di tumors
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A

Figure 5. Stage 4: more than 2
months after embolization. A: Oblit-
erated, hyalinized vessels (V), show-
ing revascularized lumina lined with
endothelium (RL), surrounded by vi-
tal tumor tissue (T). (Hematoxylin
and eosin; x 200.) B: PVA (P) can
also be seen in revascularized ves-
sels (V), if tumors with fully orga-
nized thrombus are reembolized later
on. (Hematoxylin and eosin; x80.)

Table 3. Histopathologic Findings
1-2 Days 3-8 Days > 8 Days

Postembolism Postembolism Postembolism
(n = 14) Total (n = 24) Total (n = 10) Total Total

Histopathologic + ++ +++ + ++ +++ + ++ +++
findings

Necrosis 4 5 3 12 6 4 9 19 1 1 2 33
Edema 2 4 2 8 7 3 7 17 1 1 26
Hemorrhage 4 4 8 6 1 8 15 1 - 1 24
Inflammation 6 3 2 1 1 6 6 6 18 4 1 5 34
Fibrosis 1 1 2 - 3 1 4 1 2 3 9
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(mean, 3423 cc). This was expected, since paragan-
gliomas with intradural extension, in which the anterior
(AICA) of posterior inferior cerebellar arteries (PICA)
supply the lesion, are almost never amenable to emboliza-
tion.4

There was no difference between the mean operative
time needed for removal of temporal and vagal para-
gangliomas (approximately 6 hours). The shortest opera-
tive time (approximately 2½2 hours) was found in unifocal
carotid body tumors. The mean duration of postoperative
hospitalization varied from 10 to 24 days for all categories
of paragangliomas. No correlation was found between
operative blood loss, operative time, postoperative hospi-
talization, and the time delay from embolization. Al-
though a statistical analysis of the limited number of cases
is impossible, the clinical material does not show evidence
that it is not disadvantageous to operate before revascular-
ization begins. Nevertheless, we prefer to operate as soon
as possible after embolization. The long delays that oc-
curred between embolization and surgery in our cases
were mainly due to scheduling problems involving pa-
tients referred from outside the country.

CONCLUSIONS

1. The histologic changes induced by embolization
in paragangliomas of the head and neck may be classified
in four stages.

Stage 1 (1 to 2 days postembolization): Early thrombus
formation.

Stage 11 (3 to 8 days postembolization): Complete throm-
bus formation and phagocytosis.

Stage III (9 to 16 days postembolization): Partial re-
vascularization of 30% of embolized vessels and
fragmentation of embolic material.

Stage IV (more than 2 months postembolization): Com-
plete obliteration of 40% of embolized vessels.

2. Embolization with PVA (200 to 500 ,um) oc-
cludes one third of the tumor vessels.

3. Revascularization is partial and only involves
30% of the embolized vessels.

Histologically, the best time for surgery is within 8
days from embolization; surgery performed more than 8
days following embolization, however, is not compro-
mised by revascularization.
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