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Clinical importance of the supra-isthmic anastomosis between the superior
thyroid arteries in six cases of occlusion of the common carotid artery

C Macchil and C Catini2

! Institute of Gerontology and Geriatric Medicine, 2 Department of Human Anatomy and Histology, University of Florence, Italy

Summary. In six cases of occlusion of
a single common carotid artery, ante-
grade blood flow was demonstrable in
the ipsilateral internal carotid artery by
doppler ultrasonography. Antegrade
blood flow was also observed in the
intracranial portion of the internal caro-
tid artery, comparatively reduced and
irregular with respect to that of the cor-
responding contralateral artery. Studies
by color doppler ultrasound and digital
subtraction angiography revealed the
presence of a collateral arch that passed
through the supra-isthmic anastomosis
between the superior thyroid arteries.
All six subjects examined had presented
with neurological deficits that subse-
quently almost completely regressed.
The regression of symptomatology
indicates the clinical importance of the
collateral circle.

Importance clinique de I’anastomose
supra-isthmique entre les arteres
thyroidiennes supérieures

dans 6 cas d’occlusion de I’artére
carotide commune

Résumé. Dans 6 cas d'occlusion d'une
seule a. carotide commune, un flux san-
guin antérograde dans 1'a. carotide inter-

Correspondence to : C Catini, Dipartimenfo di
Anatomia umana ed Istologia, Policlinico di
Careggi, I-50134 Florence, Italy

ne ipsilatérale a été prouvé par ultraso-
nographie doppler. Un flux sanguin
antérograde était également observé
dans la partie intra-cranienne de 1'a.
carotide interne, mais il était irrégulier
et réduit en comparaison avec celui de
I'a. homonyme controlatérale. Le dop-
pler couleur et I'angiographie digitalisée
avec soustraction ont révélé la présense
d'une circulation collatérale qui emprun-
tait 1'anastomose supra-isthmique unis-
sant les deux aa. thyroidiennes supé-
rieures. Ces six patients examinés
avaient présenté des déficits neurolo-
giques qui ont ensuite presque comple-
tement régressés. La régression de la
symptomatologie indique 1'importance
clinique de la circulation collatérale.

Key words: Superior thyroid arteries
— Supra-isthmic anastomosis — Clini-
cal importance

Occlusion of the common carotid a.at
its origin was incidentally observed in
six patients who had been referred by
their primary physicians for doppler
ultrasonography; a blood flow was
demonstrable in the ipsilateral internal
carotid a. distal to the bifurcation. This
flow, which is normally directed toward
the brain, was also detectable in the
intracranial portion of the ipsilateral
internal carotid a. All these arteries,

which were explored using doppler and
color doppler ultrasonography, were
found to have antegrade blood flow,
albeit reduced and irregular with res-
pect to that of the corresponding arte-
ries on the other side. The aim of this
study was first to identify exactly the
collateral arch which permits the pre-
sence of blood flow within the internal
carotic a. ipsilateral to the occluded
comon carotid a. and then to define its
clinical importance.

Material and methods

General data of each of the six patients
are reported in Table 1.

The doppler ultrasound studies of the
supra-aortic trunks and intracranial ves-
sels were performed using continous
wave doppler (Meda Sonic D9) with a 5
MHz transducer; color doppler studies
were performed using a color duplex
scanner (Acuson, model 128) with a 5
and 2 MHz transducer. The carotid
angiographies were carried out by digital
subtraction using a Philips DVI 2 system.

Results

Examination of the carotid aa. with
color doppler ultrasound (Table 2)
demonstrated that four patients out of
six (nos. 1, 3, 5, and 6) presented an
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Table 1. Data of individual patients showing age, sex, neurological sympto-
matology (NS), and its duration (D)

Données concernant les patients : age, sexe, symptomatologie neurologique

(NS) et son début (D)

Case no. # Sex Age NS D
1 F 38 transient left 2 years

hemiparesis
2 F 42 several TIA 5 years
3 F 49 several TIA 3 years
4 F 65 several TIA 7 years
5 M 62 transient right 10 days
amaurosis

6 M 59 left monoparesis 30 days

Table 2. Doppler velocimetric patterns (systolic velocity, cm/s) in the right (R) and
left (L) internal carotid aa. (ICA) before and after compression of the contralateral
common carotid a.

Données apportées par la vélocimétrie doppler (vitesse systolique en cm/s) des aa.
carotides internes (ICA) droite (R) et gauche (L) avant et aprés la compression de
I’a. carotide commune controlatérale

Caseno. #  Side of Velocimetry Systolic velocity Compression
occlusion patterns —_—
RICA LICA
1 R antegrade flow 25 54 stoppage of flow
2 L “ 57 23 «“
3 R “ 34 68 «“
4 L “ 63 29 «“
5 R “ 24 61 «“
6 R “ 24 59 “

Fig. 1
Carotid color doppler of a 38-year-old woman. Right common carotid (CC) occlusion: note the retrogra-
de blood flow (red) in the external carotid a. (EC) and the antegrade blood flow in the internal carotid a.

o

Doppler couleur de I'a. carotide d'une femme de 38 ans. Occlusion de 1'a. carotide commune droite (CC) :
noter le flux sanguin rétrograde (rouge) dans 1'a. carotide externe (EC) et le flux sanguin antérograde
dans 1'a. carotide interne

occlusion of the right common carotid
a., while the remaining two had occlu-
sion of the left common carotid a. In all
the six patients the occlusion of the
common carotid a. extended from the
point of origin of the vessel to a few
millimeters proximal to the bifurcation,
keeping patent the highest part of the
carotid bulb. In all the six patients an
antegrade blood flow in the internal
carotid a. ipsilateral to the occlusion,
(reduced and irregular in comparison
with the contralateral internal carotid
a.), was detected. As an example, echo
color doppler morphology of the com-
mon, internal and external carotid aa.
and echo color doppler patterns of the
supra-aortic vessels of a 38-year-old
woman (case no. 1) are shown in Figs. 1
and 2, respectively. In those patients
(nos. 1, 2, 3, and 5) in whom the origin
of the superior thyroid a. was from the
external carotid, the blood flow in the
internal carotid ipsilateral to the obs-
truction originated from the ipsilateral
external carotid. In turn, the external
carotid was supplied by the contralate-
ral external carotid. The blood flow fol-
lowed the following path: from the
contralateral external carotid and super-
ior thyroid a., through the supra-isthmic
anastomosis, it reached the ipsilateral
external carotid, then flowed in a retro-
grade fashion toward the carotid bifur-
cation and toward the internal carotid,
since the vascular territory of this artery
offers lower resistance to flow than that
of the external carotid a. The origin of
the blood flow in the internal carotid,
ipsilateral to the lesion, from the contra-
lateral external carotid, was proved by
compression of the latter artery at the
level of the carotid bifurcation with the
index finger of the examiner after it had
been ascertained that this vascular
region was unaffected by atherosclero-
sis. The consequent stoppage of flow in
the internal and external carotid aa. ipsi-
lateral to the occlusion confirmed the
existence of a collateral arch which was
shown to make use of the superior thy-
roid a. In patients nos. 4 and 6 a similar
collateral circuit existed even though
the superior thyroid a. originated from
the carotid bulb. Obviously, a compres-
sion test was performed on the contrala-
teral common carotid a.; this was done
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Fig. 2

Doppler velocimetry of the supra-aortic vessels and semi-dia-
grammatic representation of the collateral circle of the same
patient. A supra-isthmic anastomosis between the superior thyroid
aa.; 7,7 superior thyroid aa.; E,E external carotid aa.; LI internal
carotid aa.; 0,0 ophthalmic aa.; M,M middle cerebral aa.

Vélocimétrie doppler des troncs supra-aortiques et représentation
semi-schématique de la circulation collatérale de la patiente de 38
ans. A anastomose supra-isthmique entre les aa. thyroidiennes
supérieures; 7,7 aa. thyroidiennes supérieures; E,E aa. carotides
externes; 7,7 aa. carotides internes; 0,0 aa. ophtalmiques; M, M aa.
cérébrales moyennes

-l
-

Discussion and conclusions

The thyroid gland is supplied by two
paired arteries: the superior and infe-
rior thyroid arteries.

Faller and Sharer {5] have demons-
trated that the superior thyroid a. arises
from the common carotid a. in 18% of
individuals, from the external carotid
in 46% and from the bifurcation of the
common carotid in 36%. Our data have
shown that in four out of six cases the
superior thyroid a. arises from the
external carotid, and in the remainder
from the bifurcation of the common
carotid a.

The inferior thyroid a. usually arises

with due caution and after ascertaining
that this vascular region was unaffected
by atherosclerosis. In all patients, the
exploration of cerebral blood flow by
means of transcranial color doppler
ultrasound demonstrated the presence
of antegrade blood flow in the middle
cerebral a. ipsilateral to the occlusion,
but it was reduced and irregular compa-
red with that of the corresponding

Table 3. Systolic velocity cm/s in the right (R)
and left (L) middle cerebral aa. (MCA) as mea-
sured by transcranial echo color doppler)

Vélocimétrie systolique (en cm/s) dans les aa.
cérébrales moyennes (MCA) droite (R) et gauche
(L) par doppler couleur trans-crénien

Case no. # R MCA L MCA
1 29 57
2 56 24
3 28 64
4 59 29
5 22 58
6 24 55

contralateral artery (Table 3). Digital
subtraction angiography of the supra-
aortic vessels was performed in each
patient; Fig. 3 shows, for example, that
of case no. 1; Fig. 4 shows that of the
case no. 5. The existence of a collateral
circle through a supra-isthmic anasto-
mosis of the superior thyroid aa. was
shown in all the patients. No other col-
lateral circle was detected (Table 4).

from the thyrocervical trunk; only in
about 15% of individuals may it arise
directly from the subclavian a. [19].

In 4% of individuals [5] an accesso-
ry artery to the thyroid gland may be
present: the thyroidea ima a. This
abnormal artery may arise from the
right brachiocephalic trunk, or from the
right common carotid a., or the aortic
arch, or the internal thoracic a.

Table 4. Angiographic patterns of the superior thyroid a. (STA)

Données fournies par I’angiographie des aa. thyroidiennes (STA)

Case no. # Origin of the STA Collateral circulation
1 external carotid bilaterally supra-isthmic anastomosis
2 external carotid bilaterally “
3 external carotid bilaterally “
4 carotid bulb bilaterally “
5 external carotid bilaterally “
6 carotid bulb bilaterally “
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Fig. 3

Digital subtraction angiography of the supra-aortic
trunk in the same patient. The right common carotid
artery is obstructed (small arrows), and there is ante-
grade blood flow in the ipsilateral internal carotid,
which is supplied by the contralateral superior thyroid
a. by means of the supra-isthmic anastomosis (black
arrow)

Angiographie digitalisée avec soustraction des troncs
supra-aortiques de la femme de 38 ans. L'a. carotide
commune droite est thrombosée (petites fleches) et il y
a un flux sanguin antérograde dans l'a. carotide interne
ipsilatérale qui est revascularisée par l'a. thyroidienne
supérieure controlatérale grice a l'anastomose supra-
isthmique (fleche noire)

Fig. 4

Digital subtraction angiography of the supra-aortic
trunk of a 62-year-old man. The right common carotid
a. is obstructed at its origin (black arrow), and there is
antegrade blood flow in the ipsilateral internal carotid
(small open arrow),which is supplied by the contralate-
ral superior thyroid a. by means of the supra-isthmic
anastomosis (large open arrow)

Angiographie digitalisée avec soustraction des troncs supra-aortiques de la patiente de 62 ans. L'a. carotide commune droite est thrombosée & son origine (fleches
noires), il y a un flux sanguin antérograde dans I'a. carotide interne ipsilatérale (petite fleche ouverte) revascularisée par I'a. thyroidienne supérieure controlatéra-
le grice a 'anastomose supra-isthmique (large fleche ouverte)

Many authors, even in the last cen-
tury, described anastomoses between
the thyroid aa.

According to Cruveilhier [3] the
superior thyroid a. ramifies into 3
branches in the proximity of the thyroid
gland: one branch runs between the
gland lobes and the trachea, the other
follows the lateral surface of the lobes
of the gland, and the last is located

along the inner side of the lobes and
anastomoses with the contralateral
branch at the midline.

Romiti [16], while confirming the
existence of a transverse anastomosis
between the superior thyroid aa., des-
cribes a further transverse anastomosis
between the inferior thyroid aa. This
author also reported the presence of
longitudinal anastomoses on each side,

Fig. 5

Diagrammatic representation of trans-
verse and longitudinal anastomoses bet-
ween the thyroid aa. as shown by angio-
graphy: I superior thyroid artery, 2 infe-
rior thyroid artery, 3 supra-isthmic ana-
stomosis, 4 infra-isthmic anastomosis, 5
retro-isthmic anastomosis, 6 retro-glan-
dular anastomosis, 7 lateral glandular
anastomosis

Représentation schématique des anasto-
moses transversales et longitudinales
entre les aa. thyroidiennes comme elles
furent précisées par l'angiographie: / a.
thyroidienne supérieure; 2 a. thyroidien-
ne inférieure; 3 anastomose supra-isth-
mique, 4 anastomose infra-isthmique, 5
anastomose rétro-isthmique, 6 anasto-
mose rétro-glandulaire, 7 anastomoses
latéro-glandulaire

between the superior and inferior thy-
roid aa.

Braine and Funk-Brentano [2] have
described in detail the two transverse
anastomoses between the thyroid aa.; in
addition they introduced a still widely
accepted nomenclature, using “supra-
isthmic anastomosis” for the larger ana-
stomosis between the two superior thy-
roid aa. and “infra-isthmic anastomosis”
for the thinner anastomosis between the
two inferior thyroid aa.

Allara [1] has confirmed the existen-
ce of the supra and infra-isthmic anasto-
moses, and has specified that the poste-
rior longitudinal anastomosis is the lar-
ger.

Recently, the use of angiographic
methods [12] has confirmed the distri-
bution of the vessels to the thyroid
gland as well as the existence of trasver-
se and longitudinal anastomoses bet-
ween the arteries of the gland. A dia-
gram of these latter data is given in Fig.
5.

The present study has demonstrated
how thyroid arteries that are normally
independent of the cerebral circulation,
may constitute under special conditions
a functional collateral arch

As a consequence of occlusion of
the common carotid a., the superior thy-
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roid aa. can assume a critical significan-
ce in guaranteeing an adequate blood
supply to the brain. Several investiga-
tors have already described analogous
cases of obstruction of the common
carotid a. in which a compensatory
blood flow was established through the
thyroid aa. [2, 4], while others have
demonstrated the wide range of neuro-
logical deficits caused by the same type
of occlusion of the carotid bed [6, 14,
18].

The above-mentioned authors,
however, failed to define precisely the
anastomosis between the superior thy-
roid aa. that we have described by com-
paring the color doppler ultrasonogra-
phic and angiographic findings. The
anatomic importance of the thyroid aa.
was already well-known in the relation-
ship between the vascular bed and the
thyroid parenchyma [17, 7]. However,
it was difficult to demonstrate that these
arteries could function as a temporary
collateral arch in the event of carotid
occlusion.

With the assistance of echo doppler
ultrasonography, we have demonstrated
that this hypothesis is not improbable.
The superior thyroid aa. are small-cali-
ber vessels; 1 cm after their origin, their
diameter is 1.7 = 0.3 mm. Nevertheless,
this caliber permits the transit of a suffi-
cient amount of blood to sustain cere-
bral perfusion [10, 9]. On this subject, it
is known that a stenosis of the internal
carotid artery of less than 80% is not
hemodynamically significant [15, 13,
11, 8]. Any artery, however small and
apparently insignificant, may constitute
a sole, critical temporary pathway in the
event of occlusion of an important ves-
sel, such as the common carotid a.

Awareness of these collateral paths
is of a great help to the clinician, becau-
se their recognition and the definition
of their hemodynamic importance is
required, not only for formulating a
prognosis, but also and especially for
selecting therapy.

The importance of our data is not so
much that they describe a new compen-
satory circulation, as that they confirm
that it is hemodynamically adequate. In
other words, that an event as critical as

occlusion of a common carotid a. is not
associated with a significant neurologi-
cal deficit must lead to the conclusion
that such a collateral circulation is
hemodynamically comparable to that
making use of the ophthalmic artery
which sometimes occurs to compensate
for occlusions of the external and inter-
nal carotid aa. In such instances, the
compensatory flow is such as to provi-
de a blood supply sufficient to the
brain’s needs.

The clinical significance of these
collateral circulations becomes particu-
larly evident in prognostic assessments.
For instance, surgical intervention is
often indicated for stenotic lesions of
the internal carotid a. However, it is of
fundamental importance that the ade-
quacy of the blood flow in the collateral
circulation described be guaranteed
prior to the intervention. In the course
of carotid thromboendarterectomy, the
artery must be clamped for the entire
duration of the procedure; thus, it is
necessary to ensure that the flow of
blood in the contralateral carotid is
adequate to meet the brain’s metabolic
needs. In this situation, the presence of
sufficient flow in the recanalized inter-
nal carotid from the external carotid by
means of the superior thyroid a. may
thus guarantee a favorable outcome.

It is interesting to remember that
longitudinal anastomoses between the
ipsilateral thyroid arteries may also be
able to sustain cerebral perfusion. Wol-
pert [20] has shown that cerebral blood
flow may be preserved even after liga-
ture of the common carotid a., by a col-
lateral circle between the thyroidea ima
a. and the inferior thyroid a., demons-
trated by selective brachiocephalic angio-

graphy.
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