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L.INTRODUCTION

Portal hypertension is the most life-threatening complication of liver cirrhosis. The
portal gradient exceeding 16 mm of mercury results in portosystemic collaterals. The
esophageal varices present most important collaterals between portal and systemic blood
circulation. Unfortunately, their tendency to rupture significantly increases the mortality rate
for liver cirrhosis patients. The incidence of esophageal varices varies depending on the liver
cirrhosis stage, from 40% for Child A to 85 % for C (average, 50%). A bleeding event occurs
in 10% to 30% of patients within 1 year, with 40% of bleeding recurrences happening within
the 6 weeks. Mortality from bleeding varicose veins increases up to 30% depending on the
liver insufficiency. After acute treatment of the bleeding, the aim of the therapy is to prevent a
subsequent bleeding event. Surgical treatment of portal hypertension was introduced by
Whipple in 1945, with the performance of the first Pavlov-Eck fistula for a human. In the
1970s, azygoportal disconnection became popular. However, this procedure was associated
with high mortality rate. In the past 10 years, the surgical procedures increasingly lost their
significance due to widespread use of sclerotherapy or banding and the introduction of
nonoperative interventional procedures such as TIPS. The TIPS implantation is accompanied
with low procedural mortality. However, encephalopathy after the procedure seems to be a
major problem. Moreover, the failure rate of TIPS is a high as 77% in the first year after

implantation .

II. AIMS AND HYPOTHESIS

1. At first the aim of the study was to prove the suitability of venous closure by means of
bipolar feedback thermal vessel sealing “in vitro” and on porcine model, and to show the
feasibility of a new, minimally invasive procedure - the laparoscopic azygoportal
disconnection — for treating artificially created portal hypertension on a new animal
model.
Further, the aim was to show the feasibility of the azygoportal disconnection operation
using a bipolar feedback controlled sealing, the LigaSure Atlas Sealing System” in the
human clinical practice.

2. The aim of the second part of this study was to show the safety and usefullness of a new
self-expandable metal stent designed for the acute therapy of variceal bleeding and to
compare the reaction of the esophageal wall on the new stent with the stent used for

benign or malignant stenosis of the esophagus.



Finally we examined the effectiveness of this special stent in case of emergency in
patients whose bleedings could not be managed by use of intensive medical treatment and

endoscopy.

III. LAPAROSCOPIC DEVASCULARIZATION OF THE STOMACH AND THE
DISTAL ESOPHAGUS WITH A BIPOLAR FEEDBACK CONROLLED SEALING
SYSTEM IN A PORCINE MODEL

The azygo-portal devascularization methods, developed first by Sugiura in the 1960s,
were accompanied with high perioperative mortality. Nevertheless, surviving patients
revealed reduction of the encephalopathy as well as diminished rebleeding rates. Moreover,
encephalopathy becomes less pronounced after the disconnection of azygoportal collaterals.
The laparoscopic approach is less invasive, causing a significantly minor intra-operative
trauma despite being safe with respect to venous closure and as well as in avoiding the intra-

or post-operative bleeding.

I11/1. Animals and methods

Twenty landrace pigs, mean weight 31.95 kg, range 28 to 35 kg, were used in the
study in two groups. The initial surgery was performed to establish a portal hypertension.
Fourteen days after the first intervention, all pigs underwent laparoscopic azygoportal
disconnection. In the first group (n=6) additional punction the portal vein was performed and
the portal pressure was measured simultaneously with the intrasplenic pressure record. The
animals of the second group (n=14) were undergone the same procedure without pressure
measurements. The surviving animals were sacrificed 4 weeks after the initial surgery and an

autopsy was performed.

Surgical procedure I. (establishing the portal hypertension): The pneumoperitoneum was established with
the Veres needle (CO, gas, 8 mmHg), and the first 10 mm trocar for the camera (10 mm, 30° Optic, Storz,
Tuttlingen, Germany) was introduced through the umbilicus. The second (10 mm) and the third trocars were
placed sub-costal and in the hypogastrium, both left for the insertion of the Clip applicator (Endoclip II,
Tyco/Healthcare) and of the device for measurement of the portal vein pressure, respectively. Finally, a 5 mm
trocar was positioned in the right hypogastrium. The spleen was punctured in all operated pigs transcutaneously
and the intrasplenic pressure was recorded. To prove correlation between portal and intrasplenic pressure, the
additional puncture of the portal vein close to the hepatic hilus, was performed in six of 20 animals. The portal
vein pressure was recorded simultaneously. On a subgroup of six pigs, additional puncture of the portal vein was
performed and the portal pressure was measured simultaneously with the intrasplenic pressure recorded. To

establish the hypertension, the portal vein was carefully dissected and a clip was positioned at a right angle to its



longitudinal axis to achieve narrowing of the lumen. The clip was adjusted until the expected intrasplenic
pressure>16 mmHg was achieved.

Surgical procedure II. (devascularization): Two weeks later, the pigs were reoperated laparoscopically using
the same trocar sites beginning with the measurement of the intrasplenic portal pressure. The abdominal cavity
was inspected for dilated collateral veins. The left gastric artery stem was separated from the veins intended for
disconnection with a dissector before these were sealed and transsected by the use of LigaSure-ATLAS
instrument. The veins of the lesser omentum were completely divided. The branches of the gastric coronary vein
and the dilated esophageal veins were also dissected and separated. The procedure was continued by
disconnection of the short gastro-splenic veins at the greater curvature site of the stomach. Finally, the esophagus
was dissected 3 to 4 cm transhiatal. After the procedure was completed, the intrasplenic pressure was measured

again by puncture of the spleen. An autopsy was performed 2 weeks after the second surgery.

I11/2. Results

The experiment could be completed in all but four animals: two pigs died during the
introduction of the first anesthesia. The third one died because of decreasing the
pneumoperitoneum too fast by opening all gas outlets at the trocars at the same time. The
fourth animal died after the second operation because of a necrosis and perforation of the
gastric and esophageal wall on the second post-operative day after the second operation.
First Group (Model, 6 Pigs): The mean operation time was 23 min (range 14-33). Five pigs
survived the first and the second procedure without any intra- or post-operative complication.
The portal vein pressure increased as expected and the intrasplenic pressure rose in parallel.
Autopsy showed correctly placed clips with partial occlusion of the portal vein without portal
vein thrombosis in all pigs
Second Group (14 Pigs): The mean operation time was 30.2 min (range 17-60). There were
12 pigs that survived the first and 11 the second operation without any complication. Two
pigs died during the introduction of anesthesia; one pig died immediately post-operatively
because of a cardiac arrest because of decreasing the pneumoperitoneum too fast. There was
no intra- or post-operative bleeding during all operations; all veins could be dissected and

sealed by means of the LigaSure-ATLAS device safely.

All pigs developed dilated collateral veins along the smaller and greater curvature up
to 3 to 4 mm in diameter as an indicator for the portal hypertension. At autopsy we found in
all pigs a well clipped portal vein and histological a fine sealing zone of the veins. In
summary of the results, 17 pigs out of 20 could be evaluated for the procedure, 16 developed

hypertensive collaterals and survived the disconnection operation.



IV. LAPAROSCOPIC AZYGO-PORTAL DISCONNECTION PROCEDURE WITH A
BIPOLAR FEEDBACK CONROLLED SEALING SYSTEM IN HUMAN

Safety and efficiency in the experimental model had encouraged us to applicate this
method on five patients with bleeding esophagus varices. Laparoscopy was performed after

all other procedures either failed to prevent recurrent bleeding or were refused by the patient.

IV/1. Patients and methods

Five men, ages 41 to 64 years, were admitted to the hospital (General Hospital Linz,
Austria) with repeated variceal bleeding (2nd to 11th event) and liver cirrhosis stage Child-
Pugh B and C in two patients, respectively. The liver damage was caused by chronic alcohol
consumptions. The remaining patient had myeloproliferative syndrome with prehepatic portal
hypertension, which was treated originally by means of a Linton shunt. One patient had
undergone the TIPS procedure 27 months before admission. For the next patient, the TIPS
had failed to create a shunt, and the remaining two patients refused the portocaval shunting.

After blood, saline, glucose, amino acid substitution hepatoprotective therapy, and the
like liver function was conditioned to the Child-Pugh stage A in one and B in two patients. In
one patient with stage C with permanent ascites, the liver function remained unaffected by the
therapy. In all five patients, endoscopy, abdominal ultrasound B scan, color Doppler were
performed, and in the three patients, CT scan, X-ray and angiography were performed to
evaluate the collaterals. Laparoscopic azygoportal disconnection was performed after all other

procedures either failed to prevent recurrent bleeding or were refused by the patient.

Surgical procedure: Five ports were positioned on the upper abdominal wall. After the camera was introduced,
the veins in the lesser omentum were divided using the vessel sealing equipment (LigaSure-Atlas 10-mm
sealing-cutting device) in all patients. The stomach coronary vein was visualized, and all proximal branches
toward the esophagus, and the short gastric vessels of the gastrosplenic ligament were divided by the LigaSure-
Atlas device. The diaphragm hiatus was opened, and the distal 10 cm of the esophagus was dissected through the
hiatus. The paraesophageal venous collaterals were divided, and the remaining esophageal varices were occluded
with transmural stitches positioned in four to five levels of the distal, exposed esophagus. In one patient with
stomach fundus varicosis, a fatty pad of cardia was removed. The surgery was completed in all five patients with
a hiatus reconstruction and fundoplication according to the Toupet technique. The drains were positioned in the

mediastinum, the subhepatic and subphrenic spaces and removed after ascites production ceased (2-14 days after

surgery).



IV/2. Results

All the patients survived the surgery. The mean duration of the procedure was 115 min
on average (range, 85-230 min.). One port-site bleeding was occurred 6 hours after surgery
and this bleeding required laparoscopic revision and a port access resuture. The postoperative
intermediate care unit stay was 8 hours for all but one patient, who remained for 24 hours.
Oral fluid intake was started 24 h after the surgery. The total mean hospital stay was 17.6 days
(range, 11-36 days). One patient died 9 months postoperatively because of chronic alcohol
intoxication.

During a postoperative follow-up period of 9 to 30 months, no esophagus variceal
bleeding was recorded. One gastric mucous bleeding episode was noted in a patient with
portal hypertensive gastropathy, which required a blood transfusion 9 months after surgery. In
this patient alcohol consumption resulted in liver insufficiency (Child C accompanied with
irreversible ascites) 15 months after the operation. The patient refused a liver transplantation
and died 16 months after surgery. For all but one patient, complet remission of the esophagus
varices was recorded. In the remaining patient, with varices stage 4 according to Paquet, stage
2 of the varices was achieved postoperatively. The remaining varices were banded 8§ months
postoperatively during endoscopic surveillance. In the next two patients also a stomach

fundus varices was eliminated completely by proximal devascularization of the stomach.

V. EXAMINATION OF THE ESOPHAGUS AFTER IMPLANTATION OF TWO
DIFFERENT SELF-EXPANDABLE STENTS IN ANIMAL EXPERIMENT
Variceal bleeding is now more commonly treated pharmacologically and/or via
endoscopes with sclerotherapy, or band ligation. In some cases bleeding cannot be stopped
despite combination of endoscopic and drug therapy, especially in patients after several
procedures of sclerotherapy or band ligation leading to sclerosis of the mucosa. The inflatable
balloons still have a place however, even if it is simply used to save time in preparation for
more definitive treatment, or in case of persistent and recurrent bleeding despite of previous
drug therapy and of course in case of immediate primary acute haemorrhage. This method can
cause the pressure necrosis of the esophagus, after 48-72 hours. Patients usually should be
intubated and ventilated mechanically to prevent pulmonary infection or aspiration.
Consequently, no effective method of treatment is available until now, which would
guarantee high grade of patient wellness during the conditioning and investigation phase until
the definitive treatment could be introduced. Therefore we searched an alternative method to

compress the bleeding varices. The placement of self-expanding metal stents for palliation of



malignant esophagus strictures and esophago-tracheal fistulas are effective and safe. The fact
that we haven’t found any report in the literature about SEMS application in acute variceal
bleeding had encouraged us to use stents usually used for esophageal malignancy in an
emergency situation of varix bleeding instead of balloon tampon at the ambulance and

furthermore develop a special stent for this individual indication.

V/1. Animals and methods

Design of the stents and the delivery systems: The new self expandable, covered metal stent (stent-1) with the
introducer set was designed to be an effective and learnable method in the treatment of the acute phase of
esophageal varix bleeding until the definitive therapy could be introduced. Stent SX-Ella-Danis (ELLA-CS
Company, Hradec Kralove, Czech Republic) is a nitinol (nickel-titanium) monofilament woven wire mesh stent
with flared ends preventing of the migration, and a polyurethane inner coating layer. The stent has a length of
105 mm, a body diameter of 21 mm, and a diameter of flare ends of 28 mm. The midstent (body of the stent) and
the two ends have Pt/Ir radiopaque markers, to keep visible on the x-ray examination after the successful
implantation or in fortuitous case of migration. Movable stainless steel wires with Au marker were placed on the
two ends ensuring the possibility of position correcting or make easier removing after the management. The SX-
Ella-Danis stent has a special delivery system with active length of 60 cm, and body diameter of 22 French, that
allows a placement without radioscopy or even endoscopic control.

The other full-covered self-expandable stent (stent-2) is the FerX-Ella-Boubela (ELLA-CS Company, Hradec
Kralove, Czech Republic) esophageal stent (diameter 21 mm, length 105 mm), designed primary for the
iatrogenic treatment of malignant strictures in the esophagus. This stent is made of stainless steel that has a great
corrosion resistance and good radiopacity, which is increased by radiopaque golden markers. The covering of the
stent is made of polyethylene. Delivery system of this stent is equipped with an inflatable balloon for the easier

positioning.

The experiment was carried out in two groups. In the first group (stent-1), the new
self-expandable stents (SX-Ella-Danis) were introduced into the distal esophagus of seven
mongrel dogs. After the correct positioning of the stent with an inflated balloon at the distal
end of the introduction set, the stent was released by pulling the sheath back. Delivery system
was removed after the procedure. In the second group (stent-2) seven mongrel dogs were
undergone the same procedure, using the FerX-Ella-Boubela stent. After the successful
stenting the correct position of the stents was identified with gastroscope and x-ray
examination in both groups. Tissue oxygen saturation of the esophagus was monitored with
the Inspectra Tissue Spectrometer and the StO, data were recorded before the intervention and
after the procedure at the proximal end, and the middle part of both stented esophagus
segments in all animals. A watery consumption food diet was administered from the first

postoperative day to reduce the risk of early stent migration. 10 days after the procedure the



esophagus was inspected for mucosal injury due to the local pressure of the stent, and the
possible necrosis of the esophagus wall. Histological examinations and DSC measurements of

the esophagus walls were performed.

V/2. Results

The stents could be easily inserted with the special introducer in all cases. There was
no bleeding or perforation by the introduction of the stents. Correct position of the stents was
observed on x-ray examinations after successful implantation in all animals. Stents were well
tolerated based on watery food consumption from the second post operation day and normal
behaviour in both group. We observed stent migration into the stomach in one case of each
group. This caused no perforation or mechanical ileus and removing could be performed by
endoscopes without any complication. The stents in the other dogs have been found in the
correct position without serious macroscopical esophageal injury.

Macroscopic examination of the esophagus in the group stent-1 showed wall
thickening and a touch of inflammation at the sites where the free metallic wire ends clung
into the mucosa. Wall thickening was observed alongside the stent in the group stent-2
without any sign of inflammation.

Microscopic examination of the distal esophagus was performed in all cases. At dogs
from group stent-1 without stent migration, injuries were limited to the region of the
uncovered metal skirts. Examination of the areas in contact with the covered middle part of
the stent showed focal erosion of the mucosa exempt from inflammatory reactions. Samples
from the group stent-2 with correct stent position, showed more explicit focal erosion of the
esophagus wall alongside where the stents were situated.

StO2 data were showed significant (p<0,05) decrease in the group stent-2 in
correlation with in the group stent-1 both examined oesophagus segment.

According to the denaturing experiments the surgical interventions result in a
significant alteration both in the course of DSC scans, as well as in their thermal parameters
compared to the healthy control. Using the stent-1 the final results are closer to the healthy
control, but its all sample exhibit more stable thermal data (greater calorimetric enthalpy and
higher melting temperature) as the control or stent-2. In case of stent-2 all the total
calorimetric enthalpy data are smaller than that of the same control or stent-1 parameters (we
did not separated the two melting processes because their structural background is yet not

known).



VI. PRELIMINARY CLINICAL EXPERIENCE WITH THE NEW STENT IN THE
MANAGEMENT OF ACUTE ESOPHAGEAL VARICEAL BLEEDING
Safety and efficiency in the experimental model had encouraged us to applicate this

method successfully on 20 patients with bleeding esophagus varices.

VI/1. Patients and Methods

Between November 2002 and May 2005, some 11900 gastroscopies were carried out
at Linz General Hospital. During this period, a total of 143 patients with variceal bleeding
were treated. Pharmacological and endoscopic therapy did not provide adequate control of
bleeding in 15 of the patients, and a SEMS was therefore inserted instead of using a balloon
tamponade in these cases. In addition, five other patients with uncontrollable variceal
hemorrhage were transferred from other hospitals; balloon tamponade treatment with
Sengstaken-Blakemore tubes had been carried out in three of them. After the tamponade was
withdrawn and ongoing bleeding was verified on endoscopy, a stent was introduced
immediately. The other two patients were referred by a local endoscopy team and SEMS
stents were implanted instead of a balloon tamponade to stop the bleeding. A total of 20
patients (18 men and 2 women) underwent SEMS placement to stop variceal haemorrhage.

All 20 patients had experienced several previous bleeding episodes despite previous
endoscopic interventions. Previous treatments included band ligation, sclerotherapy, and
balloon tamponade. The patients’ mean age was 52 (range 27-87). Bleeding was caused by
liver cirrhosis due to alcoholism, immunological or cryptogenic cirrhosis, or by gastric ulcer
combined with bleeding esophageal varices. The Child-Pugh classification was B in eight of

the patients and C in 12.

Stent implantation: The stents were inserted to treat acute ongoing beeding as follows. When sedation was
necessary, intravenous midazolam was used, with flumazenil as an adjunct to reverse benzodiazepine-induced
sedation. Three SEMS were inserted under intubation; 17 patients came to the endoscopic unit rapidly, allowing
accurate treatment maximum 3 h after the first signs of bleeding. The first five stents were introduced using a
guide wire with radiographic assistance to ensure correct placement of the stent across the gastroesophageal
junction. Choo stents (diameter 18 mm, length 140mm) were used twice, Ella-Boubela stents (diameter 20mm,
length 95 mm) three times. A new, special type of stent, the SX-Ella-Danis (diameter 25mm, length 135),
especially developed for the treatment of acute variceal bleeding, were used in the 15 subsequent patients. The
stents were inserted using special introducers that allow placement of the stent without radiographic or even
endoscopic control. Esophagogastroscopy was carried out after stent implantation, and chest radiography was
done up to 12 h later to verify correct positioning of the sent. Vasoactive drug therapy with somatostatin was

discounted 12 h after stent placement.



V1/2. Results

Stent placement was successful and uncomplicated in all 20 patients, and the
hemorrhage stopped immediately after implantation of the stent. One patient had bleeding
from two sites, esophageal and gastric. The gastric site was identified after the esophageal
variceal bleeding had been stopped by the implanted stent. This patient underwent total
gastrectomy and an open azygo-portal disconnection as a final treatment.

In the remaining 19 patients, circulation stabilized within 2h. No recurrence of the
bleeding from the esophagus or stomach during esophageal stenting. No local complications,
such as aggravation of bleeding, perforation, or fistulization resulted from introduction of the
stent. Stent igration to the stomach was observed in five patients (one of the two patients with
Choo stents, two of the three patients with Ella-Boubela stents, and two of the 15 patients
with Ella-Danis stents). The shift to the stomach was caused by a very low stent position.
Stent dislocation was not accompanied by recurrent bleeding, and reposition was carried out
easily with endoscopy in such cases.

In most of the patients (n=14), the stents remained in the esophagus for 5-7 days
(range 2-14 days in the 20 patients). During this time, further diagnostic steps to optimize the
management of the patients’ illness and portal hypertension, such as laboratory tests, contrast-
enhanced computed tomography of the abdomen, and magnetic imaging splenoportography
scans, were undertaken. Accelerated diagnosis and rapid administration of secondary
prophylaxis reduced the stenting period.

One patient had variceal bleeding following aortocoronary bypass surgery. Because of
cardiac instability, the stent was left in the esophagus for 14 days. The postoperative recovery
was uneventful, and the patient was discharged 24 days after surgery.

All of the stents were extracted using standard endoscopy and a foreign-body extractor
to grasp the proximal loop of the stent, thus elongating and narrowing its skeleton. Stent
removal was performed easily and without any complications. Only a slight impression can be
seen after the extraction. One patient was found to have a small ulceration in the distal
esophagus after the stent had been in position for 6 days. None of the other patients had any
complications caused by stent or its removal, such as injury, or other throat problems. No
recurrent bleeding or any other bleeding event was observed during the subsequent 30 days.
Despite arrest of hemorrhage, two of the patients died 3 and 5 days after stent placement, due
to hepatic and multiple organ failure caused by the primary disease. The first patient (an 87-
year-old woman with Child-Pugh grade C alcoholic cirrhosis) was transferred to our hospital

with ongoing bleeding and an esophageal rupture caused by a Sengstaken tube used before the
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stent procedure. SEMS stopped the bleeding, covered the ruptured esophagus, and prevented

mediastinitis; death was caused by hepatic failure. Another patient (a 48-year-old man) died

of hepatic failure. Neither of these two patients had recurrent bleeding from varices.

After the stent extraction, the remaining 18 patients underwent further treatment, with a

high proportion of interventional and surgical therapy being necessary due to previous

treatments for recurrent bleeding. For subsequent treatment of these patents, the main

procedure used was TIPS insertion (n=5), endoscopic or interventional procedures (n=4), a

radiographic interventional procedure (n=1), and embolotherapy with sclerosing agents in

combination with coils, without further intervention (n=4). Three patients were placed on a

liver transplantation list and treated with interventional and endoscopic methods.

1.

VII. NOVEL FINDINGS
We could create a new, laparoscopic model of porcine portal hypertension by means of
pre-hepatic block resulting from well-dosed clipping of the portal vein.
The measurement of intrasplenic pressure is a feasible method for repeated monitoring of
the portal hypertension.
Laparoscopic approach and sealing of the venous collaterals by means of bipolar feedback
controlled sealing system — LigaSure-ATLAS instrument — presents a safe and minimally
invasive experimental method of laparoscopic azygoportal disconnection on the porcine
model of portal hypertension.
The novel laparoscopic azygoportal disconnection seems to be a reliable, less detrimental
method for prevention of rebleeding from esophagus varices in human.
The new self-expandable stent is a safe and suitable solution without deterioration of the
esophageal wall if the stent size is comparable with the oesophagus dimension of the
experimental animal.
Stent placement for variceal bleeding is an innovative technique which was found to be a
safe and effective treatment for massive bleeding from esophageal varices in patients with

liver cirrhosis.
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