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ABSTRACT
Aim: Steno-occlusive carotid artery disease causes increased intraluminal pressure, retrograde blood 
flow, intraluminal enlargement, vessel wall thinning, convolution, vascular remodeling, angiogenesis, 
and aneurysm formation. We investigated whether there was a relationship between trigeminal ganglion 
(TGG) ischemia and external and internal carotid artery luminal area (ECA/ICA) values after common 
carotid artery ligation (BCCAL). 
Material and Methods: This study was performed on 20  hybrid male rabbits as a control group 
(GA;n=5), SHAM (GB;n=5), and study group (GC,n=10). After an anterior mid-cervical incision, 
permanent BCCAL was performed only in GC, and the animals were sacrificed after three months under 
general anesthesia. The density of degenerated neurons after (DN) in the density TGGs and the values 
of the lumen surface area of the ECAs/ICAs were estimated by Cavalieri and stereological methods. In 
the carotid vasculature, lumen enlargement, wall thinning, elongation, convolution, and dolichoectasia 
were detected.
Results: The mean DN density of TGG was 12±4 in GA, 53±11 in GB, and 960±112 in GC. The mean 
number of ECA branches was calculated as 4±1/GA, 7±2/GB, and 11±3/GC. Total surface values of 
ECA/ICA (as mm2): 4.8±1.2/GA; 3.9±0.8/GB and 3.6±0.4/GC.   
Conclusion: The low density of DN in TGG might have a beneficial effect on neovascularization, 
collateral development, a renormalization of the carotid circulation, and prevention of ischemic damage 
supplied by the ECA/ICA of a study group. 
Keywords: Carotid ligation, Trigeminal ganglion, External carotid artery, Internal carotid artery, 
Revascularisation

ÖZ
Amaç: Steno-tıkayıcı karotid arter hastalığı, intralüminal basınç artışına, retrograd kan akışına, 
intralüminal genişlemeye, damar duvarı incelmesine, konvolüsyona, vasküler yeniden şekillenmeye, 
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INTRODUCTION 

Bilateral common carotid artery ligation (BCCAL) results 
in a significant redistribution of blood flow from the verte-
brobasilar regions to the head with retrograde blood flow 
due to increased vertebrobasilar pressure. After fifteen 
weeks, vascular changes have largely normalized due to 
the development of numerous collateral vessels throughout 
the neck region, brain, and upper spinal cord. (1). The carot-
id bodies (CB) play an essential role in maintaining tissue 
oxygenation and regulating pH. They are mainly supplied by 
the ECA and rarely by the ICA. It has been reported that the 
functions of CB can be restored to normal one week after 
BCCAL thanks to the recirculation mechanism, provided 
that CB is partially atrophied. (2). After BCCAL, all verte-
brobasilar arteries and their branches are forced to develop 
disruption of the internal elastic lamina, endothelial des-
quamation, thinning of the vessel walls, arterial elongation, 
convoluted formation, dolichoectasia, and also aneurysm 
(1). Especially, posterior communicating arteries are more 
affected because retrograde blood flow has more poten-
tial insultive effects. These morphological features have 
retrograde-increased flow-induced adaptive remodeling. It 
is suggested that the constancy of the flow may give the 
arterial tree of the central nervous system these morpholog-
ical characterizations (3). Bilateral CCA occlusion results in 
redistribution of blood flow to posterior cerebral arteries with 
remarkable changes in morphology and perivascular nerve 
density, suggesting a functional role of perivascular nerves 
in cerebral autoregulation (4). A meaningful and paradoxical 
correlation was found between the values of the vasodila-
tion index (VDI) of the basilar artery (BA) and the degener-
ated neuron density of the superior cervical ganglion (SCG) 
after BCCAL (5). We have shown that SCG ischemia has 
a positive effect on the development of recirculation after 
BCCAL. BCCAL causes morphologic changes in the Cir-
cle of Willis. (6). BCCAL may lead to important beneficial 
and hazardous histomorphological changes at the posteri-
or communicating artery if TGG ischemia is prominent (7). 

Hemodynamic insult has been speculated to be a critical 
factor in intracranial aneurysm formation following BCCAL 
(8). Hemodynamic insults at arterial bifurcations are hypoth-
esized to play a crucial role in intracranial aneurysm forma-
tion after common carotid artery ligation (9). The diameters 
of the posterior cerebral, posterior communicating, and 
basilar arteries on the brain surface were larger and more 
tortuous in BCCAL-treated rats (10). These data indicate 
that smooth muscle cell hyperplasia rather than hypertrophy 
contributes to increases in vessel mass due to sympathet-
ic overactivity. This study has shown us that preservation 
of TGG could facilitate revascularization, collateral devel-
opment, redistribution of occluded vessels, retrograde 
blood flow, and early revascularization of the craniocervi-
cal region, especially the CB, thyroid, and salivary glands, 
which is essential for maintaining metabolic functions and 
preventing the dangerous effects of BCCAL.

 MATERIAL and METHODS

We used 20 young male New Zealand rabbits (2.5±0.32 kg). 
The experimental protocols and guidelines were approved 
by the Ethics Committee of the Medical Faculty of Atatürk 
University. The rabbits were divided into control (Group A; 
n=5), SHAM (Group B; n=5), and study group (Group C, 
n=10). The animals in the control group were not operated 
on. A balanced, injectable analgesic (metamizole 30 mg/
kg body weight) was used for reducing pain and mortality. 
Anesthesia was induced by isoflurane inhalation, followed 
by 0.2 mL/kg of the anesthetic combination (Ketamine 
HCL,150 mg/1.5 mL; xylazine HCL, 30 mg/1.5 mL; 1 mL 
distilled water combined) was injected subcutaneously 
before surgery. Intraoperatively, 0.1 mL/kg was used when 
required. All animals were laid in the supine position and the 
anterior cervical regions sterilely prepared. A 3-cm mid-cer-
vical incision was made, and the common carotid artery, 
vagal nerve, jugular vein, and sympathetic chain were iden-
tified bilaterally. The common carotid arteries were dissect-
ed free (group B and group C) and knotted with silk sutures 
(only group C). The animals were observed for three months 

anjiyogenez ve anevrizma oluşumuna yol açar. Bu çalışmada bilateral ortak karotis arter ligasyonu (BCCAL) sonrası eksteral/internal karotis 
arterlerin (ECA/ICA) luminal yüzey alanı değerleri ile trigeminal ganglion (TGG) iskemisi arasında bir ilişki olup olmadığını ortaya koymayı 
amaçladık. 
Gereç ve Yöntemler: Bu çalışma, kontrol (GA;n=5), SHAM (GB;n=5) ve çalışma grubu (GC,n=10) olmak üzere 20 melez erkek tavşan 
üzerinde gerçekleştirildi. Anterior mid-servikal insizyonu takiben, sadece GC için kalıcı BCCAL uygulandı ve denekler üç ay sonra genel 
anestezi altında sakrifiye edildi.  TGG’lerin dejenere nöron (DN) yoğunluğu ve ECA/ICA’ların luminal yüzey değerleri Cavalieri ve Stereolojik 
yöntemler ile tahmin edildi. Karotis arter vaskülatüründe lümen genişlemesi, duvar incelmesi, uzama, konvolüsyon ve dolikoektazi varlığı 
tespit edildi.
Bulgular: TGG’nin ortalama DN yoğunluğu GA’da 12±4, GB’de 53±11 ve GC’de 960±112 idi. ECA’nı ortalama dal sayısı 4±1/GA, 7±2/GB ve 
11±3/GC olarak hesaplandı. ECA/ICA’nın toplam yüzey değerleri (mm2 olarak) 4,8±1,2/GA; 3,9±0,8/GB ve 3,6±0,4/GC şeklinde hesaplandı. 
Sonuç: TGG’deki düşük DN yoğunluğunun, çalışma grubunda, neovaskülarizasyon, kollateral gelişimi, karotis dolaşımının yeniden 
normalleşmesi ve çalışma grubunda ECA/ICA nedeniyle oluşan iskemik hasarın önlenmesi üzerinde faydalı bir etkisi olabilir.
Anahtar Sözcükler: Karotis ligasyonu, Trigeminal ganglion, Eksteral karotis arter, İnternal karotis arter, Revaskülarizasyon
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loss of endothelial cells, luminal enlargement, dilatation, 
and wall thinning following BCCAL. Basilar artery duplica-
tion, neovascularization, and/or collateral development in 
the GB, and GC were detected. Thyroid gland atrophy was 
more prominent in GB and GC animals. Thyroid gland isch-
emia has hazardous effects on CCA and neoangiogenesis 
in GC. Luminal enlargement, wall thinning, elongation, con-
volutions, and dolichoectatic configurations were detected 
in the majority of common carotid arteries. 

Figure 1 shows the histological representation of the com-
mon carotid artery, internal and external carotid arteries, 
and external carotid branches of a normal rabbit. In addition, 
narrowed external and internal carotid arteries are observed 
immediately after common carotid artery ligation. Trigeminal 
ganglion with normal neurons in a normal rabbit; Moderately 
degenerated neurons are seen in the SHAM and severely 
degenerated neurons in the study animals (Figure 2). In Fig-
ure 3A, after BCCAL, common carotid artery, external carot-
id artery, and internal carotid arteries are observed. Figure 
3B shows advanced neovascularization in a subject with 
the better condition of the trigeminal nerve and ganglion. 
In Figure 3C, moderate neovascularization is observed in a 
subject with mild ischemic injury to the trigeminal nerve and 
its ganglion. In Figure 3D, in a subject with severe ischemic 
damage to the trigeminal nerve and its ganglion, very few 
neovascularizations with the abnormal histological structure 
are seen with both H&E and GFAP methods (Figure 4).

Numerical Results

Luminal enlargement, wall thinning, elongation, convolu-
tions, and dolichoectatic configurations were detected in the 
majority of common carotid arteries. The mean DN   den-
sity of TGG was highest in the GC. The mean ECA branch 
counts highest in the GC. The severity of TGG ischemia was 
significantly higher in the GC animals compared with the GA 
and GB (p < 0.0001). The total vessel’s surface values of 
ECA and ICA were 4,8±1,2 mm2 in control; 3.9±0.8 mm2 in 
GB; 3.6±0.4 mm2; and, 5.4±1.3 mm2 in the GC. (Table 1).

 DISCUSSION

BCCAL causes a prominent redistribution of craniocere-
bral circulation initially, but that changes largely regressed 
following three months (1). BCCAL may lead to important 
hazardous histomorphological changes at the posterior 
communicating artery. However, the high neuron density of 
TGG may provide a beneficial effect on posterior commu-
nicating artery insult and prevent their dangerous changes 
(7). Because CBs are fed mainly by ECA and rarely by ICA, 
BCCAL ischemic insult or atrophy on CB (2). Also, BCCAL 
may result in thyroid gland ischemia or atrophy (4). That 
complication of BCCAL could be hazardous results in the 
renormalization process of destructed craniocerebral circu-
lation following BCCAL.

postoperatively without medical treatment and then sacri-
ficed. Rabbit brains and soft tissues of their cervicofacial 
regions, including common carotid vasculature, were stored 
in 10% formalin for seven days. Five μm tissue sections of 
the CCA vasculatures and TGGs with their root complexes 
were stained with H&E and GFAP methods to examine Ste-
reological methods. TGGs and common carotid vasculature 
were examined by histological methods. Degenerated neu-
ron density of TGG; internal carotid artery (ICA)/ external 
carotid artery (ECA) surface values were estimated by cir-
cle surface area calculation methods. Surface values were 
compared with degenerative neuron densities of TGG. 

Statistical Analyzes

The analysis was done with the IBM SPSS 20 statistical 
analysis program.

The data were presented as mean, standard deviation, per-
centage, and number. The normal distribution of continuous 
variables was examined with the Shapiro Wilk-W test.

In the comparison of continuous variables with more than 
two independent groups, the ANOVA test was used when 
the normal distribution condition was met and the Kruskal 
Wallis test was used when the normal distribution condition 
was not met.

After the ANOVA test, posthoc tests were performed using 
the Tukey test when the variances were homogeneous and 
Tamhane’s T2 test when the variances were not homoge-
neous.

The Kruskal Wallis test was performed using the Kruskal 
Wallis 1-way ANOVA (K samples) test for posthoc tests.

 RESULTS

Clinical Findings

Consciousness, convulsions, fever, apnea, cardiac arrhyth-
mia, and respiratory disorders were frequently observed in 
the three surviving animals and the premortem periods of 
the deceased animals.

Histopathological Findings

Histopathological examination of the common carotid arter-
ies (CCA) after ligation revealed an increase in lumen diam-
eter, a linearized inner elastic membrane, thinned-shedding 
endothelial cells, thinning of vascular muscles, and thick-
ening of the adventitia. Minimal inner elastic membrane 
flattening, greater luminal surface and basilar artery expan-
sion, wall thinning, and increased basilar artery volume 
were observed in GC. CCA dilatation was more prominent 
in the GB and GC. CCA elongation and convolution and dol-
ichoectatic configurations were observed macroscopically. 
Histopathologic examinations of all animals, especially GB 
and GC, have shown inner elastic membrane flattening, inti-
mal thinning, endothelial cell shrinkage, desquamation and 
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Figure 1:  Histological representation of common carotid artery (CA), internal (I), and external (E) carotid arteries (A: LM, H&E x4); 
external carotid branches (BR) (B: LM, H&E x4) of a normal rabbit. Also, narrowed external (E) and internal carotid arteries (I) just 
after common carotid artery ligation (C: LM, H&E x4).

Figure 2: Trigeminal ganglion with normal neurons (NN) (A: LM H&E x4) in a normal rabbit; moderately degenerated neurons in 
SHAM (C: LM H&E x4) and with severely degenerated neurons (DN) (B: LM H&E x4) in study animal.

Table 1: The relationships between TGG ischemia and branches of carotid arteries. 

GA (Mean±SD) GB (Mean±SD) GC (Mean±SD)
DND/TGG (mm3) 12±4 53±11 960±112
ECA Branch Number (n/mm2) 4±1 7±2 11±3
Total Surface Values of ECA/ICA (n/mm2) 4.8±1.2 3.9±0.8 3.6±0.4

DND: Degenerated neuron density, TGG: Trigeminal ganglion, ECA: External carotid artery, ICA: Internal carotid artery, SD: Standart 
deviation.
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tion at the intracranial arteries (13). Hemodynamic insult 
by BCCAL induces aneurysmal occurrence at the basilar 
terminus following BCCAL (14). Because increased basilar 
artery flow results in adaptive basilar artery remodeling and 
significant structural transformations (15). Hemodynamic 
insults at arterial bifurcations play an essential role in aneu-

BCCAL results in histomorphological changes at the Circle 
of Willis (6). A paradoxical interrelation was explained by 
BA dilatation and degenerated neuron density of SCG after 
BCCAL (5). High neuron density of superior cervical ganglia 
prevents basilar dilatation after BCCAL (11) and aneurysm 
formation at the posterior circulatory arteries (12). Carotid 
occlusions are associated with de novo aneurysm forma-

Figure 3: A) Common carotid artery (CC), external carotid artery (CE), and internal carotid artery (Ci) are in BCCAL.
B) A subject with a better condition of the trigeminal nerve and ganglion shows very well-formed neovascularization.
C) A subject with mild ischemic damage to the trigeminal nerve and its ganglion shows moderate neovascularization.
D) A subject with severe ischemic damage to the trigeminal nerve and its ganglion, very few neovascularizations are seen without 
normal histological structure. (A-D: LM, H&E, x4).

Figure 4: A) A subject with a better condition of the trigeminal nerve and ganglion shows very well-formed neovascularization. In 
B) A subject with mild ischemic damage to the trigeminal nerve and its ganglion shows moderate neovascularization.
C) A subject with severe ischemic damage to the trigeminal nerve and its ganglion, very few neovascularizations are seen without 
normal histological structure. (A-C: LM, GFAP, x10).
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ligation, increases in neovascularization, collateral forma-
tion, and increased hemodynamics. This mechanism is 
similar to the logic of opening the closed vessels between 
angiosomes in the flap delay method described previously. 
Acidosis due to CB ischemia may be useful for the basic 
activities required in the tissue repair process, perhaps by 
preventing thromboembolic phenomena in the early stag-
es. Again, trigeminal ischemia also increases the release of 
vasodilator anti-inflammatory and anti-edema and initiates 
very magnificent processes in the renormalization of tis-
sues. However, these pathological treatment mechanisms 
turn against chronicity. This is essential at this stage.

Finally, we concluded that the trigeminal nerve has an 
important role in the renormalization of the impaired circu-
lation after carotid stenosis. Ischemic damage to this nerve 
prevents adequate craniocervical circulation.

In the future, trigeminal nerve stimulation may be recom-
mended for circulation renormalization in cases with carotid 
stenosis, so craniofacial flap survival may be improved.
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