
Guilherme Velloso DinizI, Andy PetroianuII

Intravascular and intraparenchymatous hepatic 
segmentary sclerosis1

6-Experimental Surgery

Acta Cir Bras. 2018;33(9):785-791

Abstract

Purpose: To evaluate the morphological effects of injected sclerosing agents into the liver. 
Methods: This study was performed on twenty dogs, distributed into five groups: Group 1 (n 
= 5) - control, Group 2 (n = 5) - injection of 50% glucose solution inside hepatic parenchyma 
and animals followed during seven days, Group 3 (n = 10) - injection of ethanol inside hepatic 
parenchyma and animals distribution into two subgroups Subgroup 3A (n = 5) - followed 
during 24 hours and subgroup 3B (n = 5) - followed during seven days (group 3B), Group 4 
(n = 5) - ethanol injection inside left portal vein branch and followed during 24 hours. Livers 
were macroscopically evaluated, submitted to hepatic arteriography and portography, then 
histology. 
Results: All animals in Group 4 died within 23 hours due to diffuse hepatic necrosis. The 
animals of groups 2 and 3 had a satisfactory evolution. Fibrosis formed in the segment 
reached by the sclerosant solution and interruption of the contrast flow injected into the 
portal system. 
Conclusion: Intrahepatic parenchymal ethanol injection is well tolerated and causes sclerosis 
restricted to a specific segment; however, intraportal ethanol injection causes massive hepatic 
necrosis and can lead to death.
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	 The animals were divided into five 
groups:
	 Group 1 (n = 5) - control, without 
sclerosing procedure in the liver.
	 Group 2 (n = 5) injection of 50% glucose 
solution in the hepatic parenchyma and 
followed during seven days,
	 Group 3 (n = 10) - ethanol injection in 
the hepatic parenchyma and distribution into 
two subgroups:
	 Subgroup 3A (n = 5) - followed during 
24 hours
	 Subgroup 3B (n = 5) - followed during 
seven days
	 Group 4 (n = 5) - ethanol injection into 
the left branch of the portal vein and followed 
during 24 hours.
	 The animals of groups 2, 3 and 4 were 
anesthetized with intravenous pentabarbituric 
injection at an initial dose of 10 mg/kg body 
weight. Further injections of anesthetic were 
administered at a concentration of 2 mg/kg, 
according to the animal’s motor response to 
the operative stimulus. The dogs were kept in 
spontaneous breathing, reserving orotracheal 
tubing and assisted ventilation when respiratory 
depression was observed. The anesthetized 
animals underwent median supra-umbilical 
laparotomy, with liver exposure. A liver biopsy 
was performed on the diaphragmatic surface 
of the left medial lobe. The liver was exposed 
and the procedure was performed according 
to the group to which the animal belonged, 
followed by laparorraphy by planes.
	 After the postoperative follow-up time, 
including the non-operated Group 1, dogs of 
all groups were anesthetized by the technique 
described above, adding 1 ml of intravenous 
heparin solution (5,000 IU/ml) and undergoing 
median xyphopubic laparotomy. The caudal 
vena cava was attached cranially to the 
implantation of the renal veins. At this stage, 
the animals were killed with pentabarbituric 
injection at the dose of 25 mg/kg, which 

■■ Introduction

	 Liver surgery has been improved in the 
last decades, but the most critical aspect of this 
procedure is still the parenchymal resection 
due to the high blood loss1-3. Several methods 
have been described with the aim of reducing 
bleeding. Liver and vascular compression, 
arterial embolization, blood interruption 
by tapes or clamps, as well as previous 
intraparenchymal small vessels ligation 
and greasing the hepatic parenchyma with 
several different substances are well accepted 
procedures1-7. Another possibility is the 
intravascular and intraparenchymal injection 
of sclerosing substances that seal the small 
vessels, controlling a diffuse hemorrhage8-11.
	 The purpose of this study was to 
evaluate the effect of intravascular or 
intraparenchymal injected sclerosing agents on 
the hepatic tissue.

■■ Methods

	 This work was approved by the 
Committee of Ethics in Animal Experimentation 
(CETEA), Universidade Federal de Minas 
Gerais (UFMG), in accord with Brazilian law 
the Council for International Organization 
of Medical Sciences-CIOMS and under the 
protocol number 007/2008. 4.
	 This study was performed on twenty 
male mongrel dogs, apparently healthy, 
weighing between 6 and 12 (9.5 ± 1.8) kg. 
There was no water or food restriction in 
the preoperative period. The dogs were kept 
under observation for the apparent diseases 
during 15 days, in special cages for medium-
sized animals, one animal per cage, with daily 
hygiene and nutrition consisting of dog food 
and water at will. During the 12 hours prior 
to the operation, the animals were fasted. 
There was no water or food restriction in the 
postoperative period
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determined respiratory interruption during 
the anesthesia period. After the dog’s death, 
the abdominal incision was enlarged to a right 
transverse thoracophrenotomy exposing the 
entire caudal cava vein, which was once more 
attached above the insertion of the hepatic 
veins. The cava vein was cut proximally to 
the liver in relation to the vascular ligatures. 
All perihepatic ligaments, and the liver 
pediculum were cut and the hepatectomy 
was complete. 
	 After removal of the liver from the 
abdominal cavity, the portal vein and the 
hepatic artery were cannulated with 6 Fr to the 
portal and 4 Fr to the artery nelaton catheters. 
A 0.9% saline solution was instilled through 
the two catheters until intrahepatic blood was 
removed. A 5 ml of iodinated contrast solution 
was injected through the catheter inserted 
into the portal vein, and portography was 
performed. Subsequently, 5 ml of iodinated 
contrast medium was injected through the 
hepatic artery catheter for arteriography. 
Radiographic studies evaluated the number 
of vascular branches and contrast flow to the 
parenchyma, comparing with the Group 1 
livers. 
	 After the radiological study, three 
samples of the hepatic parenchyma were taken, 
one of the right lobe, one of the left lobe, and 
the third one from the site of the sclerosing 
agent injection. The liver samples were included 
in 10% formaldehyde and routinely treated for 
histology with hematoxylin and eosin staining. 
The sections were analyzed for morphological 
changes and the degree of necrosis induced 
by the sclerosant solution. Changes in arterial 
and venous architectures were compared 
qualitatively with Group 1.

■■ Results

	 After the intraparenchymal and 
through the left portal vein branch injections 

of sclerosant agents, the hepatic segment 
immediately changed color to purplish and 
became fibrous. The color and consistency 
alterations were restricted to the injection site 
in groups 2 and 3, but in Group 4, the color and 
parenchymal consistency modifications spread 
throughout the all left hepatic lobe.
	 The animals of Group 2 tolerated 
the injection of the glucose solution in their 
parenchyma without systemic repercussion 
and weight loss. Violaceous color and hardening 
parenchymal consistency were restricted to 
the site of injection. There was one death in 
Group 2, during the second postoperative day 
due to the rupture of an intraparenchymal 
hematoma caused by the injection needle, 
which damaged a large vessel. All dogs of this 
group developed inflammatory reactions in the 
surgical wound local subcutaneous abscesses, 
which were successfully treated with drainage 
and local cleaning. At macroscopy, the livers 
preserved the lobular architecture, but 
microcystic dilations in the hepatic parenchyma 
were observed at histology. No sign of necrosis 
occurred in this group. The radiographic images 
of this group did not differ from those found in 
Group 1.
	 In Group 3A, three dogs died on the 
same day of the operation: two dogs presented 
respiratory depression after the injection 
of alcohol. Despite the delayed manual 
ventilation, these animals did not recover. 
The third death was due to a massive acute 
necrosis of the left lobe followed by a rapid 
general decline to death, even though the 
animal had awakened from anesthesia. The 
two surviving dogs had macroscopic changes 
characterized by purplish color and increased 
hard consistency of the whole left hepatic lobe 
associated with pericapsular and intrahepatic 
abscesses in one of these animals. The the 
lobular architecture was preserved without 
areas of necrosis except for the abscesses 
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described above. Otherwise, extense necrosis 
was observed at the intraparenchymatous 
injection site. In the two surviving animals, 
arterial and portal circulations reached the 
periphery of the organ. However the arterio- 
and portography performed on the livers of the 
three animals, which died precociously showed 
contrast restricted to the hepatic hilum without 
secondary branches.
	 The five animals of Group 3B, 
tolerated the intraparenchymal ethanol 
injection. Two deaths occurred, both on 
the second postoperative day, one due to 
left lobe necrosis and the other due to an 
hemorrhagic shock provoked by the rupture 
of an hematoma at the injection site. Weight 
loss between 1.5 kg and 2 kg (15% to 20% of 
body weight) was verified second and fourth 
postoperative days in the remaining three 
animals, but all recovered the weight until the 
seventh postoperative day. Macroscopic liver 
alterations were characterized by wine color 
at the site of injection and cystic lesion with 
necrotic material. At histology necrosis was 
found only at the injection site and no sign of 
fibrosis was found. The arterial architecture did 
not present alteration when compared with 
Group 1, however the portal vein was present 
only near liver pediculum. 
	 All animals in Group 4 became to be 
prostrate, right after the surgical recovery, with 
tachypnea and intense abdominal distension 
followed by death, in a period ranging from 
6 to 72 (23.4 ± 13.0) hours. At necropsy, 
approximately 300 ml of hemorrhagic fluid 
and intra-abdominal putrid gas were present, 
resulting from necrosis by liquefaction of the 
left lobe. In all hepatic surface small air bubbles 
friable to the touch were present (Figure 1A). In 
the liver of these dogs, the radiographic study 
revealed complete amputation of the left trunk 
of the hepatic artery and portal vein (Figure 
1B). No vessel was histologically evident in the 
left liver.

Figure 1 - Isolated dog liver, 24 hours after absolute 
alcohol injection in the left branch of the portal 
vein. A - Liver with areas of necrosis on all surface 
and small air bubbles friable to the touch (arrows). 
B - Hepatic arterio- and portography showing 
amputation of the left vascular tree (arrow).

■■ Discussion

	 This work is part of an experimental 
research line related to trauma and hepatic 
operations5-7,11-18. Initially, this study was carried 
out on rats and rabbits, but results achieved on 
that preliminary step were inconclusive, due to 
the lack of specificity in hepatic sclerosis and 
necrosis because the livers were too small. In 
those pilot studies, necrosis extended to the 
entire liver, without characterizing specific 
areas of sclerosis. Based on those results, 
a special authorization was obtained from 
CETEA-UFMG to continue this original research 
without similarity in the literature, in dogs, 
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since a reduced (no more than 20 dogs) amount 
of animals would be used.
	 In this study, survival was higher in groups 
where the sclerosing substance was injected 
into the hepatic parenchyma than in the groups 
in which it was injected into the portal vein. 
The high mortality in the intravenous injection 
groups was accompanied by endotoxemia 
without bacteremia, as previously described in 
the literature19-21. According to previous studies, 
the ethanol used in this research damages the 
hepatocytes by dehydration, in proportion to 
its concentration19-21. Systemically injected 
ethanol causes respiratory depression, which 
can be followed by death when injected at 
higher concentrations19,21. This alcohol is 
also inversely related with hypocalcemia and 
hypomagnesemia, in proportion to the serum 
ethanol concentration12,13,22,23.
	 All animals submitted to the injection of 
ethyl alcohol in the portal vein had respiratory 
depression immediately after this injection. 
Next, a tachypnea was observed, which can be 
considered compensatory for the metabolic 
acidosis caused by hepatic necrosis. Systemic 
manifestations indicate that, although the 
injection was in a specific intrahepatic branch 
of the portal vein, ethanol reached the systemic 
circulation and also other regions of the liver.
	 Changes in hepatic architecture caused 
by alcohol were observed in portography, 
with only pre-sinusoidal venous preservation. 
The damage was mainly to the venous part 
of the liver. Intraparenchymal injection was 
accompanied by localized and well-defined 
fibrosis, with little systemic repercussion. 
Vascular hypertension or exclusion and systemic 
response associated to microcirculatory failure 
and hepatocyte ischemia must be taken into 
account to explain the adverse effects found 
mainly in the Group 424-27 .
	 Intraparenchymatous injection of 
hypertonic glucose solution resulted in smaller 
hepatic lesions than ethanol and did not 

affect other organs or systems. The glucose 
solution was not administered by the portal 
vein because of the velocity and blood volume 
of the vessel’s flow, leading to a rapid and 
progressive dilution of the solution, which 
would not reach adequate concentrations 
upon contact with the liver tissue. On the other 
hand, glucose solution has been routinely used 
in medical practice, such as superficial vascular 
sclerosants, sometimes associated with some 
alcohols. 
	 The results of the present study 
provided informations that support the use of 
sclerosing substances as ethanol, injected into 
the parenchyma, to produce ischemia, as in 
the treatment of neoplastic lesions, however, 
intravenous injection of alcohol can be lethal. 
On the other hand, the use of 50% glucose 
solution was not efficacious in establishing a 
localized ischemia in the hepatic parenchyma.

■■ Conclusion

	 Intrahepatic parenchymal ethanol 
injection is well tolerated and causes sclerosis 
restricted to a specific segment; however, 
intraportal ethanol injection causes massive 
hepatic necrosis and can lead to death.
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