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ABSTRACT

PURPOSE: To investigate the intraoperative microcirculatory changes of the affected organs (small bowel, liver and kidney) during the
making of a modified selective portacaval (PC) shunt.

METHODS: On ten anaesthetized Sprague-Dawley rats the selective end-to-side mesocaval anastomosis was performed, where only
the rostral mesenteric vein is utilized and the portal vein with the splenic vein are left intact. Morphometric and microcirculatory
investigations using a LDF device determining flux units (BFU) were carried out.

RESULTS: After completing the shunts the microcirculatory flux values did not recover in the same manner on the surface of the
small intestine, the liver or the kidney. BFU values showed deterioration in the small intestine and in the liver (p<<0.001). During the
reperfusion the BFU values improved, but not in the same manner. The small intestine values left behind the kidney and liver data.
CONCLUSIONS: Technically, the advantages of the models include the selective characteristic, the mesocaval localization and the
relatively easy access to those vessels. However, its major disadvantage is the time needed for positioning the vessels without coiling
or definitive stretching. Intraoperative LDF may provide useful data on the microcirculatory affection of the organs suffering from
hypoperfusion or ischemia during creating the shunts.
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Introduction

Artificial porto-systemic shunts can be created by
various techniques and localizations in case of underlying portal
hypertension when other therapeutical ways are not effective'”,
but these shunts may act as supportive tools in other surgical
procedures (liver transplantation, small-for-size grafting)®’. So
these shunts still have important clinical relevance. While creating
such artificial anastomoses, the surgical safety is an important
aspects: patency, geometry and long-term effectiveness of these
shunts have proved to be significant®’.

For analyzing the complex functional and morphological
changes, numerous portacaval shunt models have been developed
in rats, rabbits, dogs, pigs or even using simulation models'*"’.
Lee has made the first microsurgical portacaval shunt in the rat'.
It was an end-to-side anastomosis model, which had been widely
applied in variety of research models. Besides further refined
models*?, side-to-side variation*!' and interpositioned H-graft
methods are still used today. In case of selective portacaval shunt,
one of the main branches of the portal venous system is connected
directly into the inferior caval vein or drained into the left renal
vein. The distal splenorenal shunt*'>*! is one of the example of
such selective shunts. Based on the anatomical possibilities further
selective portacaval shunts were created, such as the mesocaval
localization® 12151921,

In this study we describe a refined microsurgical model
of a selective portacaval shunt model in the rat, where only the
rostral mesenteric vein is utilized and the portal and lienal vein
are left intact. Since portacaval shunt causes hemodynamic
alterations (pressure-gradient differences, hepatic and splanchnic
flow dynamic changes, selective redistribution of cardiac
output)>!82022:235 wve also aimed to observe the microcirculatory
changes of the affected organs (liver, small intestine and right
kidney) intraoperatively. Interestingly there is a lack of data in
the literature about intraoperative microcirculatory changes in
the organs that are affected by hypoperfusion or ischemia during

creating of portacaval shunt.
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Methods

Experimental animals and operative techniques

The experiments were approved and registered by
the University of Debrecen Committee of Animal Research
(permission Nr.: 6/2008. UD CAR), in accordance with the
relevant Hungarian Animal Protection Act (Law XVIII/1998).

Ten Sprague-Dawley rats (bodyweight: 340.9 + 24.52
g) were subjected to the study. The experimental animals were
anesthetized using sodium-thiopental (60 mg/kg i.p., Thiopenthal,
Biocheme GmbH, Austria). For microsurgical operations a Leica
Wild M650 operative microscope was used, and video recordings
were made. During the operation the rectal temperature was
monitored (SEN-06-RTH]1 Stick temperature probe, Experimetria
Ltd., Hungary).

The microsurgical technique provided a design of a
selective portacaval shunt, in which only the rostral mesenteric
vein (rtMV) was sutured, as end-to-side anastomosis, into the
caudal caval vein (CCV), while the other main branch of the portal
vein (gastrosplenic vein) was left intact (Figures 1 and 2).

FIGURE 1 - Schematic drawing of the renewed, selective portacaval
shunt model (drawing by Z. Klarik, with the main contours from Ref. 26,
as a template).

CCV: caudal caval vein, PV: portal vein, rMV: rostral mesenteric vein,
SV: splenic vein, L: liver.
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FIGURE 2 — A: normal anatomical positions of the caudal caval vein
(CCV) and the rostral mesenteric vein (rMV). B: the completed end-to-
side anastomosis (arrow) between the tMV and the CCV at mesocaval
localization. Magnification: x16 in A, x25 in B.

After median laparotomy and anteposition of the
intestines, careful dissection of the portal vein (PV) and its
tributaries were prepared.” The CCV was mobilized between the
two renal veins. At the bifurcation of the portal vein the proximal
part ofthe rMV was ligated with 8/0 braided silk. Clips were applied
onto the intestinal part of the rMV and to the CCV proximally
and distally. The tMV was washed out with physiological saline
solution diluted with sodium-heparin (10%) and positioned toward
the CCV in order to minimize the tension.

On the isolated anterior wall of the CCV, venotomy was
performed with the length equal to the diameter of the mesenteric
vein. The site of the venotomy was located as lateral as possible.
Firstly, the posterior wall of the anastomosis was continuously
sutured, while on the anterior wall simple interrupted sutures (6-7
stitches) were used with 10/0 polyamide monofilament suture
material. After releasing the clips, the shunt patency was checked.

The intestines then were re-positioned and after
completing the intraoperative microcirculatory measurements, the

abdominal wall was closed in two layers.

Morphometric analyses of the shunts

The vessel geometry parameters were determined off-
line from the video-recordings: outer diameter of the CCV and
the tMV, as well as of the legs of the completed end-to-side
anastomoses together with their angle. The offline measurements
were carried out with Adobe Photoshop CS5 software. The angle of
the anastomosis at the heel was measured with the same software.
The axis of the veins was drawn and the angle was calculated

where the lines were connected.

Intraoperative microcirculatory investigations

A non-invasive laser Doppler tissue flowmetry was

used (LD-01 laser Doppler tissue flowmetry monitoring system,

Intraoperative microcirculatory investigations

Experimetria Ltd., Hungary) with a standard pencil probe
(MNP100XP, Oxford Optronix Ltd., UK) placed on the surface of
the liver’s middle lobe, on the antimesenteric surface of a jejunum
segment, as well as on the anterior surface of the right kidney. Based
upon the Doppler shift effect when the laser beam is reflected from
moving red blood cells, the device determines blood flux units
(BFU), which were registered for 20 seconds after stabilization
of the signal. Using single-channel laser Doppler flowmetry, it is
important to set the standards for the evaluation®’*%) we have
chosen the evaluation of the average BFU values of a standard
time period of 20 seconds®.

The laser Doppler measurements were carried out before
(Base) and shortly after applying the clips, before and just after
releasing the clamping (Reperfusion 0’) as well as in the 30%

minutes of the reperfusion (reperfusion 30).

Statistical analysis

Data are presented as mean + standard deviation (S.D.),
it is indicated if median + standard error (S.E.) is shown. The
comparison of intraoperative laser Doppler flowmetry data
obtained from various measurement sites were carried out with
Student’s t-test or Mann-Whitney rank sum test, while the changes
during the time-frame of experiment within measurement sites were
analyzed by one-way ANOVA methods (Bonferroni’s or Dunnett’s
test), depending on the data distribution. The significance level

were considered when p<0.05.

Results

Technical experiences and morphometric data

The created mesocaval end-to-side venous anastomosis
was functioning well; there were no bleeding at the site of the
anastomosis. Its patency was maintained and no stenosis was
observed. The operation time was 48.75 + 11.26 min. The longest
phase was the preparation and positioning of the vessels to be,
providing situation without tearing, stretching or rupturing the
intima. During the procedure (when clips were being applied) the
changing of organs’ color was well observable. The small intestine
showed venous congestion and the liver became paler.

The presented geometry of the shunt occurred due to
the anatomical localization of the given vessels, since there was a
persisted risk of the rMV to tear at various angulation positioning.

In order to minimalize such intraoperative complication, the
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anastomosis could be created tension-free and at the angulation
of 77.13 + 5.84°,

The outer diameter of the tMV as well as the CCV
dilated just above or below the shunt compared to the normal
situation (state before applying the clips) (Table 1). Dilatation of
the rMV was not significant, and the CCV diameter was increased
significantly above (p<0.001 vs. normal; p=0.05 vs. anastomosis
site) and below (p<0.001 vs. normal; p=0.004 vs. anastomosis
site) the shunt.

TABLE 1 — Diameter of the caudal caval vein and the

rostral mesenteric vein before and after completing the end-to-side

anastomosis.
Diameter [mm]
Vessel
Before After
above th(? T
anastomosis:
caudal caval at the
vein 241+0.15 anastomosis: 2t == U
below th(? et
anastomosis:
rostral
1.26 £0.19 1.4+033

mesenteric vein

Intraoperative microcirculatory investigations

The changes of blood flux unit (BFU) are shown on
Figure 3. At base level the values of liver (32.64 + 13.68),
jejunum (35.83 + 13.67) or kidney (36.14 + 17.71) did not differ
significantly among each other. When applying the clips according
to the operative protocol, the intestinal BFU values as well as renal
ones decreased, and as we expected, it was more expressed on
the jejunum. After clamping the intestinal values (17.61 £ 9.09)
were significantly lower compared to its base (p<0.001), as well
as versus liver (29.13 £ 14.45, p<0.001) and kidney values (24.75
+ 10.86, p=0.001). Renal BFU decreased significantly compared
to its base (p<0.001).
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FIGURE 3 - Alterations of microcirculatory blood flux unit (BFU)
measured on the surface small intestine (jejunum-part), middle lobe of the
liver and on the right kidney. Median + S.E., n=10.

* p<0.05 vs. Base (one way ANOVA test, Bonferroni’s/Dunnett’s),
#p<0.05 vs. Liver; + p<0.05 vs. Kidney (t-test/Mann-Whitney RS test).
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Just before releasing the clamps the lowered values were
more expressed, keeping similar relations between the investigated
organs (on the jejunum: 12.03 £ 9.19, p<0.001 vs. base and liver,
p=0.036 vs. kidney; on the liver: 23.26 = 13.37, p<0.001 vs. base,
p=0.02 vs. kidney; on the kidney: 16.07 + 10.91, p<0.001 vs. base).

Just after releasing all the clips, the BFU values started
to increase, but not in the same manner in the organs. The renal
BFU values recovered almost completely (31.87 + 12.59), while
intestinal values (21.26 + 17.07, p<0.001 vs. base, p<0.001 vs.
kidney) as well as hepatic BFU values (24.43 + 12.06, p<0.001
vs. base, p<0.001 vs. kidney) were dropped behind the renal data.
During the investigated reperfusion period, the intestinal values
were remained lower compared to the hepatic values, however,
the p values were close to the significance level (at reperfusion 0°:
p=0.059; at reperfusion 30’: p=0.051).

Discussion

Experimental researches focusing on vascular
anastomosis have high clinical importance hence the investigation
of surgical safety, the morphological vascular changes and the long
term effectives of these procedures are inevitable. Studying these
aspects is necessary for a better understanding of the characteristic
of such decompressive porto-systemic shunts*!%1331,

The surgical management of these shunts is technically
difficult, and because of these factors, variously localized
portacaval shunts have been created since in the 1960s*'>!°. The
purpose of the study groups was to describe new surgical methods
to construct an anastomosis, where the technical difficulties
(anatomical distance between the two vessels, shortness of
the portal vein) can be overwhelmed. With the advance of
microsurgery, these novel technique models could have been

investigated in smaller animals and brought the possibility for
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further development of the surgical protocols. Lee et al.'® and
Numata et al.'® were the pioneers to describe portacaval shunt
models in small laboratory animals, and observe changes in the
presence of these anastomoses. Additionally, laboratory rats
proved to be excellent models to study liver cirrhosis!!, as well as
hepatic encephalopathy®'-. In those experiments the liver atrophy
and regeneration®, microvascular structural changes®, as well as
remote effects were studied. However, most of these shunts were
non-selective types.

Numerous experiments focused on the comparison of
the characteristics of the differently localized shunts®!4?°. In their
study, Drapanas et al.*® described pressure and flow measurements
in the hepatic circulations and observed the changes following
side-to-side and interpositional mesocaval shunt. By creating the
side-to-side portacaval shunt the total portal blood flow ceased,
while with the selective counterpart only 50% of the total blood
was diverted. Schrdoder et al.'* concluded that in case of distal
spleno-caval shunt the blood drained from splenic vein does
not significantly affect the liver compared to the non-selective
portacaval shunt.

The presented end-to-side mesocaval anastomosis
between the caudal caval vein and the rostral mesenteric vein is
a renewed microsurgical model for creating a selective portacaval
shunt. Although, the operative technique is not simple, due to the
anatomical distances, but it gives the possibility to redirect the
retrograde flow existing in case of portal hypertension back to the
systemic circulation via bypassing the liver.

During the design of the surgical protocol our aim was
to create a situation where we can minimize the tension between
the structures. Therefore, additional vessel ligations were needed
to further mobilize the mesenteric vein, so the approximation
of the anatomical structures was under less tension. Using the
applied suturing technique the veins were not stretched and the
anastomosis was secure. At the toe of the anastomosis, the first
knot of the continuous suture line was a surgical knot.

The advantages of the models include the selective
the

mesocaval localization, and the relatively easy access to those

characteristic (the gastrosplenic vein remains intact),
vessels. However, its major disadvantage is the time needed for
positioning the vessels without coiling or definitive stretching
it. It was also observed, that after completing the shunts the
microcirculatory flux values did not recover in the same manner
on the surface of the small intestine, liver or the kidney.

The mesocaval shunt is also a competent model to study
hepatic encephalopathy and portal vein thrombosis. Several

studies used portacaval shunts instead of pharmaceutical induction

Intraoperative microcirculatory investigations

of encephalopathy to observe the neurological changes®'*¢. The
described selective portacaval shunt created between the rostral
mesenteric vein and the caudal vena cava with an end-to-side
anastomosis differs in its surgical technique rather than its effect
on the tissue and function of the liver from other previously known
meso-caval shunt models.

Engelbrecht et al?' studied the effect of meso-caval
shunts in rats where they created an end-to-side anastomosis with
the ligation of the pyloric vein. To investigate the hepatotrophic
factors in the liver, Rozga et al** applied this shunt, however
they only used continuous suture line. Jakab et a/.'> demonstrated
a technique to exclude the possibility of stenosis during the
microvascular mesocaval shunt anastomosis. By ligating the
left and right branches of the portal vein and transecting at the
ligations, they created a “cuff” and with that the diameter of
the vessel increased. Jenkins er al? studied the hemodynamic
differences between total and selective portacaval shunts. They
found that selective shunting (mesocaval H-graft) preserved liver
blood flow to a greater extent than total portacaval shunting, while
they had less marked effect on the wedge hepatic pressure.

Since the presence of any kind of portacaval shunts cause
complex changes in the hemodynamic and the blood flow rate of
the organs!®17223738 it was also supposed, that the microcirculatory
parameters may show early alterations even shortly after the
operation?*3%41,

Laser Doppler flowmetry is a well-known method to
evaluate microcirculatory pattern of the tissues. With the necessary
critical evaluation and standardized measurement conditions it is
an easily applicable method for monitoring organ microcirculatory
changes?*83°. Intraoperative ~microcirculatory —measurements
of the affected organs with laser Doppler flowmetry during
procedures where the portal circulation is selective decompressed
is not well known in the literature, although it can prove to be
beneficial in designing an innocuous surgical technique since
the hypoperfusion and/or ischemia-reperfusion of the organs can
influence the outcome of such shunts.

In this model we tested the microcirculatory blood flux
units (an integral over erythrocyte velocity and number) on liver,
jejunum and kidney surface. The deterioration of microcirculatory
flow was present according to the blood flow cessation, based on
the clip positions. After releasing the clamp, it was visible that the
intestinal and hepatic values did not recover in the same manner
compared to the renal values. Microcirculatory changes are widely
studied being related to tissue hypoperfusion and ischemia-
reperfusion. The deterioration of microcirculatory parameters

can be originated from endothelial swelling, bleb formation,
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vasospasm, interstitial edema, plugged leukocytes and platelets,
and also with marked micro-rheological alterations (decreased
deformability and enhanced aggregation of the erythrocytes)* .
Concerning the follow-up of morphological and
functional changes of artificial shunts, in a previous work we
demonstrated significant hemodynamic and notable micro-
rheological (red blood cell deformability and aggregation)
alterations in case of artificial sapheno-saphenous arterio-venous
shunt model in the rat*. In a recent study, we found aorto-portacaval
differences in the certain hemorheological parameters (red blood
cell aggregation, erythrocyte elongation index, osmotic gradient
ektacytometry parameters)®. By the alterations of hemodynamic
factors influencing blood flow, the hemorheological properties
play an important role in the microcirculatory regulation®'.
Therefore, to understand the proper hemodynamic profile of these
shunts and the microcirculatory pattern, further hemorheological

examinations are planned.

Conclusions

In this model a selective portacaval shunt was achieved
by anastomosing the rostral mesenteric vein into the caudal caval
vein with a modified microsurgical technique in laboratory rat,
where the shunts were well feasible and stable geometry was
formed.

The intraoperative laser Doppler measurements provided
useful information for the elaboration of a more secure surgical
technique with the assessment of microcirculatory changes on the

areas exposed to hypoperfusion and/or ischemia-reperfusion.
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