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Abstract. The study presents results of our anatomical investigation of feasibility of a
new surgical maneuver: formation of a cross-tunnel under the mouths of the major
hepatic veins during removal of a tumor thrombus of the inferior vena cava. The
parameters of this surgical approach were compared with the results of “piggyback”
liver mobilization. Our results have demonstrated possibility of forming a tunnel
under the mouths of the major hepatic veins in 80% of cases. This maneuver has
similar risk level parameters compared to “piggyback” mobilization of the liver. No
prognostic factors for feasibility of such an approach were identified. Further
clinical study is definitely required to determine its effectiveness.
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Introduction

Obvious limitations of high tumor thrombus removal with the use of balloon
catheters or cardiopulmonary bypass have determined the development of alternative
methods making it possible to fully control subhepatic, retrohepatic and
intrapericardial segments of the inferior vena cava (IVC) [1, 2]. The most important
aspect of this approach is the feasibility of external digital displacement of the
thrombus apex below the diaphragm [3, 4]. However, due to weakness of caval
collateral vessel development the clamping of the IVC above the insertions of the
major hepatic veins can lead to serious hemodynamic changes. Therefore, the main
task of a surgeon in such a situation is to further displace the thrombus downwards
and clamp the IVC below the mouths of the major hepatic veins [5,6] (Figure 1a, b).
This maneuver allows us to maintain the hepatic blood flow, which accounts for
about 25% of blood inflow to the inferior vena cava. The essential condition for
performing this stage of the operation is to carry out the liver mobilization using the
classical and “piggyback” methods [2].

During the classical variant the liver is mobilized en bloc together with the
inferior vena cava. It requires ligation and transection of the right lumbar, adrenal and
inferior phrenic veins and complete separation of retrohepatic IVC from the posterior
abdominal wall.

The “piggyback™ technique is characterized by maximum separation of the
anterior surface of the inferior vena cava from the liver (only major hepatic veins are
preserved) via transection of the small hepatic veins draining the caudate lobe. The
terminal regions and mouths of the major hepatic veins are carefully mobilized.

To facilitate the mobilization of the retrohepatic IVC Belghiti J. et al. proposed
a liver-hanging maneuver [7]. It included passing the tape through between the front
surface of the inferior vena cava and the rear surface of the hepatic parenchyma [8].
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Elevation of the liver with the help of a tape provides a better overview of the entire
suprahepatic space and significantly facilitates manipulations on the hepatic veins
and intrapericardial section of the IVC, especially in cases of severe hepatomegaly.

Figure 1 a Digital fixation of tumor thrombus; b Displacement of the thrombus apex
below the mouths of the major hepatic veins.

However, one should bear in mind that due to the problems associated with
venous anatomy, “piggyback” mobilization of the liver is possible to perform only in
80-92% of cases [2]. In a number of observations the major hepatic veins and veins
of the caudate lobe of the liver have got a very short extrahepatic portion, quite thin
walls and a variable location. Besides, in some patients several dozens of veins
draining into the retrohepatic IVC are found.

All the above mentioned factors predispose to trauma of the veins, which in its
turn can cause heavy bleeding. latrogenic injury of the short hepatic veins is the most
unfavorable complication of this procedure. It is observed in approximately 4-6% of
patients [8].

From our point of view, “piggyback” mobilization of the liver is not always
required. This primarily relates to the situations where the liver covers less than half
the circumference of the retrohepatic vena cava segment. At the same time, in order
to bring the thrombus down it is enough to mobilize the liver using the classical
variant, and to release the posterior vena cava.

Taking into account the geometrical features of the retrohepatic IVC and major
hepatic veins, as well as the imaging findings, we have assumed that there is an
vascular zone immediately below the mouths of the major hepatic veins, which is
about 1.0 cm wide, through which a vascular clamp can be passed without
performing the “piggyback” mobilization of the liver (Figure 2).

Thus, a surgeon with his hand above the thrombus apex and grasping the vena
cava posteriorly and laterally, rather than circularly, can easily displace the thrombus
below the mouths of the major hepatic veins. At the same time, the clamp above the
apex of the thrombus can be passed through the cross-tunnel directly under the
mouths of the major hepatic veins (Figure 3).
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Cross-tunnel

Figure 3. The clamp above the apex of

Figure 2. Layout of cross-tunnel below a  the thrombus passed through the cross-

mouth of the major hepatic veins tunnel directly under the mouths of the
major hepatic veins.

To confirm this hypothesis we performed an anatomical study of the
retrohepatic IVC regarding the assessment of feasibility and risk level of two options
of surgical approaches to this segment of the IVC: “piggyback™ mobilization of the
liver and creation of a cross-tunnel under the mouths of the major hepatic veins.

Materials and methods

The materials for this anatomical study were 35 fresh cadavers (less than 48
hours after death). The autopsies were performed between June and September 2012
on the base of the departments of Pathological Anatomy of Hospital No.8 and
Regional Clinical Center of Urology and Nephrology in the city of Kharkov, Ukraine.
The age of the deceased patients (18 men and 17 women) ranged from 42 to 85 years
and was 69.3 years in average. The mean height did not exceed 168 cm, and the
weight was not more than 82 kg.

In order to examine the characteristics of the intrapericardial IVC and its
tributaries we used the following method. After removal of the organs using en masse
technique, the posterior surface of the entire length of inferior vena cava was sharply
and bluntly exposed. Then, the organs were turned their ventral side up and the
mobilization of the liver was performed using the classical method (transection of the
falciform, triangular and coronary ligaments), which allowed us to expose the
suprahepatic infradiaphragmatic IVC with the mouths of the major hepatic veins.
Afterwards, we tried to bluntly create a cross-tunnel about 1.0 cm wide immediately
below the mouths of the main hepatic veins without “piggyback” mobilization of the
liver with evaluation of probability of hepatic and vascular injury.

Thereafter, the vena cava was opened longitudinally from the bifurcation up to
the retrohepatic segment of the IVC. The incision was made along the left lateral
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surface of the vein at 9 o’clock to preserve the posterior wall of the IVC as much as
possible. At the level of retrohepatic segment the inferior vena cava was dissected
longitudinally along the midline. When the incision was completed the rear [VC wall
was turned away outwards, making it possible to examine the mouths of the main
inflows of the IVC on its front and rear surface. We examined the length and
diameter of each segment of the inferior vena cava, as well as the size of each venous
tributary mouth. For topographic recording of the mouths of the hepatic veins the
retrohepatic segment of IVC was conventionally divided into 12 sections, which were
entered into a special chart. The major hepatic veins were described as the upper right,
middle and left. Others, smaller venous vessels draining into the posterior surface of
the liver (dorsal hepatic veins) were classified according to De Cecchis et al. [9].
When the diameter of the mouth was more than 4 mm the lower right and middle
right hepatic veins were exposed [10]. The veins of the caudate lobe of the liver and
other small venous tributaries were examined separately. Taking into account the
location, size and number of the venous mouths the feasibility and risk level of
“piggyback” mobilization of the liver were studied. We took photographs of all the
stages of our anatomical study.

Feasibility of “piggyback” mobilization of the liver and formation of a tunnel
under the mouths of the major hepatic veins was assessed using the following scale:
easy (100 points), difficult (50 points), impossible (0 points). The risk level of the
operation was graded as safe (100 points), risky (50 points), and which caused the
trauma of the vessels or liver parenchyma (0 points).

Results and discussion

The main results of the study are presented in Tables 1-4. The average length
of retrohepatic IVC was 85.8 mm (70 mm to 130 mm), and the diameter was 31.1
mm (25 mm to 40 mm). The retrohepatic IVC was completely surrounded by the
liver in 1 case (2.9%), half the circumference in 17 cases (48.5%), 2/3 in 16 (45.7%),
and 1/3 only in one case (2.9%).

Table 1.
Feasibility values for “pigeyback” mobilization of the liver and formation of a tunnel under
Yy piggy
the mouths of the major hepatic veins.

Feasibility Easy Difficult Impossible A;/Ceg?ege
N % n % n % points
“Piggyback” mobilization 7 20 24 68.6 4 11.4 54.3
Formation of a tunnel under 11 314 17 48.6 7 20 55.7
the major hepatic veins
Table 2.

Risk level values for “pi back” mobilization of the liver and formation of a tunnel under
pIggy
the insertions of the major hepatic veins.

Safety Safe Risky Trauma Average score
N % n % n % points
“Piggyback”mobilization 1 2.9 29 82.8 5 14.3 44.3
Formation of a tunnel under 0 0 25 71.4 10 28.6 35.7
the major hepatic veins
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The number of mouths of all types of the hepatic veins varied from 4 to 16, and
averaged7.6. The mean number of dorsal vein mouths of the liver 3 mm in diameter
did not exceed 5.1 (1 to 14) and >3 mm was 2.5 (0 to 5).

“Piggyback” mobilization of the liver was graded as “impossible” in 4 cases
(11.4%), its feasibility was “difficult” in 24 cases (68.6%). In respect of the tunnel
under the mouths of the major hepatic veins it should be noted that its formation was
not possible in 7 cases (20%). Nevertheless, in 11 cases (31.4%) formation of the
tunnel was graded as “easy” (Figure 4).

C | d

Figure 4 a, b, ¢, d Autopsy observations of successful and safe formation of the cross-tunnel below
the mouths of major hepatic veins.

Injury of the liver parenchyma, hepatic veins or inferior vena cava was
established in 14.3% of the cases using “piggyback” mobilization of the liver, where
as formation of a tunnel under the mouths of the hepatic veins caused the similar
problems in 28.6% of cases (Figure 5).

Nevertheless, the risk level values were slightly higher for “piggyback”
mobilization of the liver (82.8% vs. 71.4%). Combination of parameters “easy +
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risky” was more frequently observed during formation of the tunnel (31.5% vs.
17.1%), while parameters “difficult + risky” occurred more frequently during
“piggyback” mobilization of the liver (62.9% vs. 40.0%). It is of interest, that
impossibility of “piggyback” mobilization and formation of the tunnel was noted
only in one patient. Feasibility of “piggyback” mobilization did not correlate with the
ability to create a tunnel.

" T & v T
R \;._ ‘\ Mouths of major hepatic veins
Mouths of major hepatic'veins Ly : o

N

Mouths of dorsal
hepatig,veifs .

Figure 5. Autopsy observations of difficult and risky formation of the cross-tunnel.

Among feasibility prognostic parameters of “piggyback” mobilization of the
liver only the quantity of mouths of the hepatic veins (p < 0.05) was statistically
significant. None of the three examined parameters have demonstrated their validity
in terms of predicting the feasibility of tunnel creation under the mouths of the major
hepatic veins.

Table 3.
The values of parameter combination of feasibility and safety for “piggyback” mobilization of
the liver and formation of a tunnel under the mouths of the major hepatic veins.

Combination of parameters “Piggyback”mobilization Fo:}rllé agz;loﬁizptzgg;ﬁger
n % n %
Easy + safe 1 29 0 0
Easy + risky 6 17.1 11 31.5
Easy + trauma 0 0 0 0
Difficult + safe 0 0 0 0
Difficult + risky 22 62.9 14 40
Difficult + trauma 2 5.7 3 8.5
Impossible + risky 1 2.9 0 0
Impossible + trauma 3 8.5 7 20
Total 35 100 35 100
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Table 4.
The prognostic value of some parameters as for feasibility of “piggyback” mobilization of the
liver and formation of a tunnel under the mouths of the major hepatic veins.

e , e . Formation of a tunnel under
. Piggyback™ mobilization . .
Prognostic parameter the major hepatlc velins
() )

Length of retrohepatic IVC 0.067 0.086

Length of circumference of 0.056 0.696

IVC covered with the liver

The number of hepatic vein 0.024 0.425

mouths

The results of our study have demonstrated that “piggyback™ mobilization of
the liver is possible in about 90% of cases, whereas formation of a tunnel under the
mouths of the major hepatic veins is possible in 80% of cases. It is interesting, that
both variants of access to the retrohepatic segment of the IVC were not possible only
in 1 case (2.9%). Therefore, we believe that difficulties either approach can be
compensated for by using the other one.

Both approaches have demonstrated rather high risk levels (82.8%, and
71.4%).However, the combination of parameters “easy + risky” in a more proportion
of cases was observed during creation of a tunnel, while parameters “difficult +
risky” much more frequently occurred during “piggyback” mobilization of the liver.
Of course, one of the drawbacks of our study was a certain subjectivity of the results
despite our efforts to unify this value by the way of creating a scale of feasibility and
risk level of the operation stages. There is no doubt that the most considerable factor
influencing the evaluation of these parameters is the experience of hepatic surgery
and the knowledge of anatomy possessed by a surgeon performing removal of the
tumor thrombus.

Another important aspect of the study was to identify possible prognostic
performance factors of “piggyback” mobilization of the liver and formation of a
tunnel under the mouths of the major hepatic veins. For performing “piggyback”
mobilization of the liver the only one statistically significant prognostic parameter
was identified, which was the number of mouths of the hepatic veins. None of the
examined parameters demonstrated any statistical significance for predicting tunnel
formation.

Our work presents a model access to the retrohepatic inferior vena cava via
creation of a tunnel under the mouths of the major hepatic veins during an anatomic
study. More detailed and objective evaluation of this approach requires further
clinical investigation. There is no doubt that intraoperative ultrasonography of the
liver can greatly facilitate the performance and reduce the risk level during creating a
tunnel under the mouths of the major hepatic veins.

Conclusions

The results of our anatomical study have demonstrated feasibility of
performing new maneuver during vena cava thrombectomy by the way of forming a
cross-tunnel under the mouths of the major hepatic veins in 80% of cases. This
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approach has similar risk level parameters compared to “piggyback” mobilization of
the liver. Noprognostic factors for feasibility of this maneuver were identified. In
order to determine the effectiveness of this approach further clinical study is required.

References

1. Davydov M.L. Surgical treatment of patients with renal cell carcinoma with tumor
thrombosis of the renal vein and inferior vena cava / M.I. Davydov, V.B.
Matveyev // Oncourology. —2005.- Ne2. — P. 8-15.

2. Pereverzev A.S. Tumor surgery of the kidney and upper urinary tract / A.S.
Pereverzev - Kharkov: Lora Medpharm, 1997. - 392 p.

3. VaidyaA. Surgical techniques for treating a renal neoplasm invading the inferior
vena cava / A.Vaidya, G. Ciancio, M. Soloway // J.Urol. —2003. —Vo0l.169, Ne 2. —
P. 435-444.

4. Shchukin D. Surgery of tumor thrombus of the inferior vena cava for renal cancer
/ D. Shchukin, Y. Iliukhin - Belgorod : 2007. - 196 p.

5. Ciancio G. The use of liver transplant technique to aid in the surgical management
of urological tumor / G. Ciancio, C. Hawke, M. Soloway // J.Urol. — 2000. —
Vol.164 — P. 655-672.

6. Management of renal cell carcinoma with level III thrombus in the inferior vena
cava / G. Ciancio, A. Vaidya, M. Savoie, M. Soloway // J.Urol. — 2002. — Vol.168.
—P. 1374-1377.

7. Liver hanging maneuver: a safe approach to right hepatectomy without liver
mobilization / J. Belghiti, O.A. Guevara, R. Noun et al. // J.Am.Coll.Surg. - 2001.
—Vol.193. - P. 109.

8. Modified liver hanging maneuver during orthotopic liver transplantation with
inferior vena cava preservation / G.M. Ettorre, G. Vennarecci, R. Santoro et al. //
Transplantation. — 2003. — Vol.75, Ne2. — P. 247-249.

9. Anatomical variations in the pattern of the right hepatic veins: possibilities for
type classification / L. De Cecchis, M. Hribernik, D. Ravnik, E.M. Gadzijev //
J.Anat. - 2000. —Vol.197, Pt.3. — P.487-493.

10.Detailed dissection of hepato-caval junction and suprarenal inferior vena cava /
I.Birincioglu, S. Topaloglu, N. Turan et al. // Hepato-gastroenterology. — 2011. —
Vol.58, Ne106. — P. 311-317.

Jicosuut B.M., ll]yxin JI.B., I'apacamuii 1.A., Ilonaxoe M.M., Xapeba I'.T".
HogBuii meToa XipyprivHoro KOHTpoJIr0 perpone4inkooro cermenty HIIB:
aHATOMIYHE 0 CTiIKeHHS
Xapxiscokuti HayioHarbHull MeouyHutl yHieepcumem, OO1acHUU KITHIYHUL YeHmp
yponoeii i Hegpponoeii im. B.1. [llanosana, Yxpaina
Pe3rome. YV Hamiiii poOOTI mpeacTaBiieHl pe3yibTaTH aHATOMIYHOTO JOCIIIKECHHS
MO>KJIMBOCTI BUKOHAHHSI HOBOTO XipYPTiYHOTO MaHEBPY - GOPMyBaHHS MONEPEYHOTO
TYHEJIO M1 BIYKaMU TOJIOBHUX MEYIHKOBUX BEH NMPHU BUIAICHHI MyXJIMHHUX TPOMOIB
HIDKHBOI  MOPOKHMCTOI BeHW. [lapameTpu JaHOro XIpypriyHoro migXxomy
MOPIBHIOBAIMCS 3 pe3ynbraramu piggyback moOumizauii neuinku. Pe3ynpraTtu Hamoi
poOOTH TPOAEMOHCTPYBAJIM MOXJIHUBICTH (OpPMYBaHHS TYHENIIO TMiJ BIYKaMHU
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TOJIOBHUX TE4YiHKOBUX BeH y 80% mnairienTiB. J[anuii MaHeBp mMa€ moaiOHI TOKa3HUKU
pIBHA PHU3UKY B MOpIBHSAHHI 3 piggyback wmoOimizamiero mnediHku. SKkux-HeOyIb
MPOrHOCTUYHUX  (PAKTOPIB IIOJAO MOKJIMBOCTI BHMKOHAHHA TakKOro MIAXOay
ineHtudikoBaHo He Oyno. g BHU3HAUEHHS HOTO €(QEKTUBHOCTI HEOOXITHO
MO JAaJIbIIE KIIHIYHE TOCIIIKEHHS.

KurouoBi ciaoBa: HIDKHS TOpPOKHHUCTA BEHA, NYXJIUHHUNA TpoMmO, piggyback
MOO1TI3allis MeYi1HKH, TOTIEPEUHHUI TYHEIb

Jlecosou B.H., ll[yxun JI.B., I'apacamvui U.A., [lonaxkos H.H., Xapeba I''T".
HoBblil MeTOA XHPYPrU4e€CKOro KOHTPOJIA perponeyeHoyHoro cermenra HIIB:
aHATOMHYeCKOe HCCiIel0BaHue
Xapvrosckuii HAYUOHAILHBIN MeOUYUHCKUL YHUGepcumem, OO1acmuoU KIUHUYeCKULL
yeump ypoaoauu u Hegpporocuu um. B.U. [llanosana, Ykpauna
Pestome. B Hameit pabore mpencraBieHbl pe3yibTaTbl  aHATOMHYECKOTO
UCCJIEIOBAaHUSI BO3MOKHOCTH BBINOJIHEHHUS HOBOTO XHMPYPrUUECKOTO0 MaHeBpa -
(dbopMHUpOBaHHS MONEPEYHOTO TOHHEIS MO/ YCThSIMHU IJIaBHBIX NIEYEHOYHBIX BEH IPH
yAaJeHUU OIYXOJIEBBIX TPOMOOB HW)KHEW moJjio BeHbl. I[lapamMeTpsl HaHHOTO
XUPYPTUYECKOro MOJX0Jla CPAaBHUBAIUCH C pe3yibTaTamMu piggyback moOunm3aruu
nedeHu. Pesynbrarhl Hameid paboOThl  MPOAEMOHCTPHPOBAIM  BO3MOKHOCTb
(dbopMupoBaHUs TOHHEINS MO/ YCThSIMU TJIABHBIX TIEYCHOYHBIX BeH Yy 80% MaIlueHToB.
JIaHHBI MaHEBpP HMMEET CXOJHbIE IOKa3aTelid YpPOBHS pPHCKAa B CPaBHEHUH C
piggyback moOwmnm3anuelr nedyenu. Kakux-nmub6o mnporHoctuyeckux (HaxTopoB B
OTHOIICHUH BBITIOJJHUMOCTH TaKOTO MOAXOJa HACHTU(UUIMPOBAHO HE Obu10. s
omnpeneneHuss ero A(PQPEeKTUBHOCTH HEOOXOAUMO JaybHEHIIee KIUHUYECKOE

UCCJIeIOBaHUE.
KiiroueBble cjioBa: HIDKHSISL TI0Jiasi BEHA, OIYyXOJIeBBIM TpomO, piggyback
MOOMITU3ALIMS TTEYCHH, TOTIEPEYHBIN TOHHEb
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