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Abstract

Introduction. Massive blood loss while performing re-
sections of the liver continues to be a serious problem with
potentially lethal outcome. Therefore in the last 2-3 de-
cades there has been a significant developement of tech-
niques for vascular control during liver resections.
Methods. In the period from 01.01.2006 to 31.12.2015
in KOCPH UMBAL "Aleksnadrovska" a total of 239 pa-
tients with colorectal liver metastases underwent surgery
of whom: 179 patients were radicaly operated on and 57
patients were subjected to Pringle maneuver. Using the
statistical software SPSS-19 we analyzed various factors
that may affect the early postoperative results.

Results. In resections of colorectal liver metastases there
was a significant difference in the postoperative func-
tional parameters (AST, ALT), which correlated with the
degree of liver damage, in patients with Pringle and with-
out Pringle maneuver 265.32 vs. 448 (p=0.001), and 300.53
vs. 481.91 (p=0.002),-respectively. There was no signi-
ficant difference in the postoperative results in compari-
sson of resections <15 minutes, performed without Prin-
gle and with Pringle maneuver. The blood loss is another
factor that affects the postoperative complications (p =
0.048), and it was lowest in the Pringle group <15 min.
Conclusion. Pringle maneuver is a simple and effect-
tive method for vascular control. As a result of its use
we can observe the damage of the residual liver volume
from the continuous ischemia to the reperfusion period.
Thus, in liver resections, due to colorectal metastasis,
vascular control strategy should be individual and co-
rresponding to the extent of the procedure and asso-
ciated diseases of the liver-fatty liver, cirrhosis, chronic
hepatitis and others.
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residual parenchyma.

AncTrpakTt

BoBen. MacuBHaTa 3ary0a Ha KpB IPH M3BpIIyBa-
€ PeceKIny Ha IpH ApoO MpOAoKyBa Aa Oupe ce-
PpHO3€eH NpoOJIeM CO NOTEHIUjaTHO JeTaleH UCXOH.
3aToa, BO TIOCIIEIHUTE /IBE-TPU ACIICHUH, 3HAUUTE-
HO ce pa3BUBaaT TEXHUKHTE 33 BacKyJapHa KOHTPO-
JIa IpY peceKLUy Ha IPHUOT JpoO.

Metomu. Bo nepuopot op 01.1.2006 r. mo 31.12.2015
r. so KOHUITX YMBAJI (KOCPH UMBAL) " Anek-
CHajipoBcka" ce onepupanu 239 manyeHTH co KoJo-
PEeKTaHA METacTa3! Ha LPHHUOT ApoO, paguKaIHO
ce onepupanu 179 manueHTH, a Kaj 57 MalueHTy €
HanpaseH Pringle maneuver. Co cTaTUCTHYKHM cO(PT-
Bep SPSS-19 6ea ananu3upanu pa3iandHu pakTopu
KOMIITO MOKE Jia BIMjaaT Ha paHUTE MOCTOIepa-
THBHHU PE3YITATH.

Pesynrarn. [Ipu pecekuum Ha IPHUOT ApoO mopa-
IM KOJOPEKTaJHH METacTa3W IIOCTOM CHUTHHU(U-
KaHTHA Pa3jMKa Ha IIOCTONEPATUBHATE (DYHKIMOHAI-
Hu apameTpu (AST, ALT), KOUIITO KOpearpaar co
CTEICHOT Ha OLITETYBamE Ha IIPHUOT P00, Kaj na-
mueHTH 6e3 Pringle u co Pringle-coopBeTHO 265,32,
HacpoTu 448 (p=0,001) 300,53, nacnporu 481,91
(p=0,002). Hema 3nauajHa pa3nuKa Ha TOCTONepa-
THBHUTE BPEHOCTH NpH criopefi0a Ha peceKiyu 6e3
Pringle n co Pringle mop 15 mun. 3arybaTa Ha KpB €
Apyr ¢akTop KOJjIITO BiIMjae Ha MOCTONEPATUBHUTE
komutukarmu (p=0,048), Taa e HajHHUCKA BO rpyrara
co Pringle <15 muH.

3akaydok. Pringle maneuver mpeTcTaByBa npocT u
eeKTUBEH METO/]] 3a BacKyJjlapHa KoHTpoJa. Kako
pe3ynTaT off HerosaTa ynorpeba Moxe ja ce Hal-
JbyyBa OLITETYBAalE¢ HA PE3UAYATHUOT BOIYMEH
Ha PHUOT ApoO Off NPOOJKUTENHATA HCXEMUja 1
MepuofioT Ha pernepdysuja. 3aToa, IpH pPeceKun
Ha IPHAOT APOO, MOPaN KOJIOPEKTATHA METacTasu,
CTpaTerujaTa 3a BacKyjJapHa KOHTpoza Tpeba fja
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Ouje MHIUBUAYAJTHA U J]a KOPECHOHIUpa CO €KCTeH-
3UTETOT Ha MpoleypaTa u co acouupaHuTe Gomuec-
TH Ha LPHUOT APOO-CTEaTO3a, HUPO3a, XPOHUUECH
XeTaTuT H JIp.

Knyunu 360poBu: Konopexkrannu meracrasu Ha
LIPHUOT APOO, IPHOAPOOHA peceKIrja, KIEeMyBamhe
Ha XemaToAyO/IeHAIHNOT JINTaMEeHT, NCXeMHja,
pe3unyaneH napeHxuM

Intoduction

The significant blood loss in liver resections and the
perioperative blood transfusion are associated with an
increased rate of postoperative complications and mor-
tality [1-3]. Recent studies have even shown that periope-
rative blood transusion increases the risk of recurrence
in patients with colorectal liver metastases. [2,3] Therefo-
re, in recent decades a number of different techniques
for vascular control during liver resection are presented
and described I the literature. Methods for occlusion of
liver blood vessels are effective in reducing the blood
loss during transection of the liver [1,3]. Their use on the
other hand is associated with a potentially damaging
influence to residual parenchyma due to the effect of
continuous ischemia-reperfusion period [3].

Materials and methods

In the period from 01.01.2006 to 31.12.2015 in KOCPH
UMBAL "Aleksnadrovska" 239 patients with colorectal
liver metastases underwent surgery, of whom: 179 patients
were radicaly operated on and 57 patients were subjected
to Pringle maneuver. Using the statistical software SPSS-
19 we analyzed various factors that may affect the early
postoperative results.

Results

The study include 239 patients with colorectal liver
metastases: radical intervention was done in 179 while
in the remaining 60 palliative intervention was performed
or only biopsy was taken-55 patients. The type of inter-
vention applied depended significantly on the type of
liver metastases (p<0.001). Metachronous metastases
significantly more than synchronous were treated with
radical intervention (93.33% vs. 56.3%). Palliatively
treated or biopsied were only 6.67% metachronous and
43.7% synchronous metastases.

Tabela 1. Distribution of the types of radical interventions in
synchronous and metachronous liver metastases

Type of'llver Liver metastases
resection p-value
synchronus metachronous
Radical 67(56.3%) 112(93.33%) . <0.001
palliative/biopsy ~ 52(43.7%) 8(6.67%) '
Total 119 120

* (Chi-square test)

In 57(23.8%) patients during liver resection Pringle ma-
neuver was used, with an average duration of 16.37+8.3
minutes. The shortest duration of the Pringle maneuver
lasted for 5 minutes, the maximum duration was 60
minutes.

The group of patients in whom the Pringle maneuver
was used were divided in terms of duration of less than
15 minutes and more than 15 minutes. In 33(18.43%)
patients this vascular procedure was lasted up to 15 mi-
nutes, with an average duration of 12.06+2.7 minutes.
In 24(13.4%) patients the Pringle maneuver was used
for more than 15 minutes, with an average duration of
22.3£9.7 minutes (Figure 1).
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Fig. 1. Liver resections with and without Pringle maneuver
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Table 2. Distribution of liver resection with and without
Pringle maneuver and time of it

Types of resections of Pringle maneuver

the liver

without  Pringle Pringle

Pringle <15min  >15 min

N=122 N=33 N=24
atypical resections 49 7 1
resections of 2 segments 12 10 2
resections of 3 segments 11 5 2
resections of more than 3 6 | 3
segments
left lobectomy 11 4 0
left hemihepatectomy 2 1 1
right hemihepatectomy 3 1 8
metastasectomy 19 1 0
resections + another 9 3 7
procedure

Table 2 shows the grouping of surgical interventions
regarding the use of the Pringle maneuver. As it can be

Tabela 3. Comparison of blood loss volume and the length of
applications of Pringle maneuver with patients operated
without clamping technique

The operation extent according
to the number of segments

Pringle resected liver p-value
maneuver . .
major minor
resections resections
no 79(65.83) 43(72.88) 034
yes 41(34.17) 16(27.12) )

seen, this intervention was more frequently used in pa-
tients who underwent right hemihepatectomy (9/12) and
in combined radical operations (10/19). The Pringle
maneuver was used in 34.17% of large-extent opera-
tions, and in 27.12% of small-extent operations. Diffe-
rences in the distribution of patients with and without
Pringle maneuver, in terms of the extent of the interven-
tion according to the number of resected liver segments
showed no statistical significance (p=0.34) (Figure 2).

[0)
100% 34,1 27.1
8090 Pringle

F noryes
60%
40% 65, 2,
20%
0% :
big small

Fig. 2. Extent of surgical intervention according to the number of resected liver segments

There were more complications in patients with synchro-
nous metastases compared to matachronous (6.72% vs
4.17%); with unilateral localized metastases compared to
bilateral (7.75% vs 2.73%), and patients with advanced
age and associated liver disease such as cirrhosis , steato-

sis, chronic hepatitis and others.

Blood loss is another factor that affects the postoperative
morbidity and mortality. When comparing patients with
observed complications postoperatively with patients with-
out complications we noticed that the first group had a

Table 4. Difference in values of AST and ALT pre- and postoperatively depending on the

application and duration of Pringle maneuver

e Average
Pringle Average Stat.l st{cal statistical P
value deviation

error
without Pringle 488.10 170.509 18.604

Bloodloss  p i1 ol >15 min 486.96 123.599 25.772 0.972
without Pringle 488.10 170.509 18.604

Bloodloss b 4ol <15 min 319.35 55.793 10.021 0.000
Pringle >15 min 486.96 123.599 25.772

Bloodloss b0 ole <15 min 319.35 55.793 10.021 0.000
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significantly higher blood loss-537.50 ml compared to
441.67 ml (p=0.048). For this reason we analyzed the
amount of blood loss when we divided patients into
groups with and without Pringle maneuver compared
to the duration of blood vascular occlusion-under and
over 15 minutes. The lowest blood loss was observed in
the group of patients with Pringle <15 min (Table 4).

The extent of damage of residual parenchyma postope-
ratively is closely monitored through the measurement
of serum transaminases and their comparison before
and after surgery (Table 5). Raised values are usually a
result of surgical trauma and ischemic injury of the liver

due to techniques of vascular control. The analysis of
patients with resections of colorectal liver metastases
showed no significant difference in postoperative func-
tional status in patients without Pringle and with Pringle
maneuver. The difference between the preoperative and
postoperative AST values in patients without Pringle and
with Pringle maneuver was 265.32 vs. 448 (p=0.001),
and ALT-300.53 vs. 481.91, respectively (p=0.002). There
was no significant difference of postoperative ALT va-
lues comparing resections without Pringle and Pringle
maneuver with duration less then 15 min.

Table 5. Difference in values of AST and ALT pre- and postoperatively depending
on the application and duration of Pringle maneuver

. Average
Pringle A::fl?ege %?vtil:gf)?ll statistical P

error
Difference in pre-  without 26532 258467 28201  0.001
and postoperative Pringle ' ' ’ ’
values of AST with Pringle  448.00  322.816 43.930
Difference in pre-  without 30053 240.603 26252 0.002
and postoperative Pringle ’ ' : :
values of ALT with Pringle 48191  371.606 50.569
Difference in pre- ;Vrlitll:"l‘: 26532 258.467 28201  0.006
and postoperative . thg Prinel
values of AST Wit TTNEI 46474 296.907 61.909

>15 min
Difference in pre- ;Vr‘itf:"lf 30053  240.603 26252 0.009
and postoperative 'thg Prinel
values of ALT With TTgIC 518,09 348.598 72.688
>15 min

Difference in without 30053 240.603 26252 0.081
pre- and postope- Pringle
rative values of with Pringle
ALT s 455.06  391.278 70.276

Discussion

Intraoperative bleeding and perioperative blood trans-
fusion are assotiated with increase in postoperative mo-
rbidity and mortality [4]. Also, blood transfusions increase
the recurrent rate in patients treated with liver resec-
tion due to malignancy [2,5-7]. Pringle first described the
efficacy of vascular occlusion of hepatoduodenal ligament
in patients with liver damage in 1908 [8]. His maneuver
it has been used routinely in the practice and it is very
easy method for vascular control of the afferent blood
flow to the liver [1,3]. Nevertheless, the Pringle maneuver
poses no risk to the general hemodynamic damage of
the liver and bowel congestion, especially in patients with
chronic liver disease [3]. Using the Pringle maneuver
in duration less than 15 min. we found no statistically sig-
nificant increase in the impairment of the residual pa-
renchyma, which was demonstrated by the ghange of
postoperative transaminase levels. At the same time,
blood loss in this group of patients was the lowest,
presenting this method to be sufficiently effective. This is
also associated with the experience of the surgeon and
the ability to perform transection of the liver in a shorter

period. Patients who require a prolonged period for the
Pringle maneuver pose a problem. Belghiti ez al. [5] re-
ported that intraoperative blood loss during parenchymal
transection was higher, in intermitentniot PM 230 ml vs
530ml, the intraoperative transfusion is higher 28% vs
32%, but there are better results in terms of tolerance
and stabilization of hepatic function of healthy and sick
liver compared to continuous PM. Petrowsky et al. [9]
compared the ischemic preconditioning preparation (PM-
10 min. 30-reperfusion) with CPM and IPM in large hepa-
tectomy observing less blood loss during liver transec-
tion (146 vs. 250 ml) and shorter transection time (40.4
vs 50.6 min). Makuuchi et al. [10] proposed hemihepatic
pedicular occlusion technique to reduce the level of vis-
ceral stasis and general hepatic ischemia. In a randomi-
zed tria Fu et al. [11] compared the hemihepatic occlu-
sion of the liver with CPM and IPM and found that the
operating time was shorter in the Pringle group; the
three groups were different in terms of intraoperative
blood loss and postoperative mortality, but the Pringle
group had a significantly more severe ischemia-reper-
fusion injury of the liver, a greater number of complica-
tions and longer intrahospital period. Hemihepatic occlu-



Petrovski S. et al.

67

sion is particularly useful in patients with liver cirrho-
sis and peripheral lesions due to lower ischemia- reper-
fusion injury of the liver [11]. Heneay ar al. [12] were
the first who described the total hepatic vascular exclu-
sion (THVE). It combines the control of vascular inflow
and outflow and vascular occlusion of the lower and
upper part of v. cava inferior. Chen et al. [13] modified
the technique of THVE and proved the difference bet-
ween PM and modified THVE, in terms of intraopera-
tive blood loss and transfusion (750 ml vs. 350 ml and
46.5% vs 13.3%), but no significant difference in terms
of postoperative functional stabilization of liver enzymes
AST, ALT, bilirubin and morbidity rate (29.3% vs.
31.6%). Selective hepatic vascular exclusion (SHVE)
limits the branches with vascular occlusion with extra-
parenchymal control of hepatic veins, but without in-
terrupting the caval flow. Thus, this method is not asso-
ciated with haemodynamic and biochemical deficiencies
of THVE [14,15]. Selective vascular exclusion compared
to PM had less intraoperative blood loss and transfusion
(420 ml vs. 880 ml), but there was no significant differ-
rence in terms of postoperative morbidity (49% vs. 52%)
[16]. Man ef al. [17] showed that resection with vascular
occlusion compared to resection without vascular occlu-
sion resulted in significantly less blood transecion sur-
face (12 vs. 22 ml/cmz), after a short time of transec-
tion (2 vs. 2.8 min/cm’) and less post-operative compli-
cations (26% vs. 30%). These results are similar to other
showing no significant difference in intraoperative blood
loss, percentage of hemotransfusion and between post-
operative morbidity and no difference mortality. [18]

Conclusion

The Pringle maneuver is a simple and effective method
for vascular control. It helps in monitor the damage to
the residual volume of the liver from the continuous ische-
mia and reperfusion period. Therefore, in liver resec-
tions due to colorectal metastasis, vascular control stra-
tegy should be individual and corresponding to the ex-
tent of the procedure and associated diseases of the liver-
fatty liver, cirrhosis, chronic hepatitis and others.
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