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gastroenterology and hepatology teaching hospital
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ABSTRACT

Background: The resection of primary and secondary liver tumors has become accepted asthe only
curativetherapy that can be offered to patients with these cancers. Technical advances made over the
| ast two decades haveimproved the ability of the surgeonto perform

these procedureswith decreased morbidity and mortality.Aim: review theindication and outcome of
liver resection .Patients and methods: From October 2008 to February 2012.Fifteen anatomic
hepatic resectionswere performed. Enucleation, non-anatomic or wedge resection was excluded
fromthisstudy.Results: therewerefive men, eight women and twochildren. Agerange between 1-52
years and median age 40 years. These classical hepatic resections included extended right
hepatectomy one patient, right hepatectomy three patients, left hepatectomy three patients, left
lobectomyfour patients, right anterior sectionectomy one patient (segments V& VI11),segments
V&V one patient,segment 4B resection two patients. The median operative time was 250 (range
95480) min. Post-operative hospitalization was 3-15 days, median 7 days. There was no mortality.
Two patients devel oped bile leak in form of biloma were treated by percutaneous drainage under
ultrasound.one patient had postoperativeliver insufficiency recoveredwithi

nweek. TheMedianfollow up wastwenty months.One patient devel opedrecurrent tumor in left liver
lobe eight month after right hepatectomy for hepatocellular carcinoma.Conclusion: major liver
resection can be performed with acceptable morbidity rate and mortality with the available facilities

and postoperativecare.
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Hepatic resection has evolved from an
impreciseremoval of portionsof theliver, frequently
accompanied by extensive hemorrhage, to a
controlled, anatomy-based procedurethat represents
amajor advancein modernsurgery.

Although Bertaperformed thefirst liver resectionin
1716, it was not until 1952 that Lortat-Jacob *
reported an anatomic liver resection for cancer.
Subsequently, Couinaud * published a
comprehensive description of liver segmental
anatomy in 1957.

Thereafter, because of agreater understanding of the
vascular and biliary anatomy of the liver, surgeons
became able to resect individua liver segments
alone or in combination. With improvements over
the last 2 decades in surgical technology and
perioperative management, liver resection is now
practiced widely with reduced morbidity and
minimal mortality.
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Theaim isto resect the liver with minimal bleeding
and leaving adequate functiona liver. It is crucia
that sufficient residual functioning liver remains
after resection so as to avoid hepatic insufficiency
postoperatively. This is of particular concern in
patients with cirrhosis where liver function may be
reduced anyway, and also in patients with extensive
disease where the volume of liver to be resected is
considerable.”

The eight anatomic segmentsof the liver are defined
by thedistribution

Of the hepatic and portal venous systems. Each liver
segment has anindependent biliary drainage and
vascular inflow and outflow (Fig.1).”
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Fig. 1. Schematic diagram of liver segments as described by Couinaud. Segments are based upon the
vasculobiliary structures supplying the liver parenchyma.

Consequently, it is possible to remove an individual
segment withoutdi srupting the blood flow or biliary

drainage of the remaining segments.

Based on the Brisbane 2000 Terminology of Hepatic

Anatomy and Resection (Table 1),

the liver can be divided into four sections: the right
anterior section (segments V and VIII), right
posterior section (segments VI and V1), left media
section (segment V), and left lateral section
(segmentsll andlll).

Tablel: The Brisbhane2000Ter minology ofHepatic AnatomyandResectionfromtheTer minology
Committee ofthel nter national Hepato-Pancr eato-Biliar yAssociation
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Terminology Segment s

Right anterior section V. VI

Right posterior section VI VII

Left lateral section 1, 111

Left medial section v

Left hepatic lobe I, 0L, Iv

Right hepatic lobe V. VL VL VI




The fibrous sheath of Glisson encircles the hepatic
artery, portal vein, and bile duct at the hilum and
continues as the liver capsule. The right sectional
pedicles of the liver are surgically accessible at the
hilum by the posterior intrahepatic Glissonian
approach described by Launois and Jamieson.” *
Pedicle ligation allows inflow control before
parenchymal transection. Selective clamping of a
pedicle demarcatestheliver ssgment or liver section
of interest and guides the plane of resection. On
occasion, control of the inflow pedicle is not
recommended. For instance, in the presenceof portal
hypertension with associated collaterals or previous
right upper quadrant abdominal surgery, dissection
at the hilum may be hazardous ." In these cases, the
segmental boundary is estimated directly or with the
use of intraoperative ultrasonography. Others
advocate the dye injection mapping technique as
described by Makuuchi Themajor outflow vessel sof
theliver aretheright, middle, and left hepatic veins.
They aregenerally accessible outsidetheliver where
they enter theinferior venacava(IVC). Early control
of the hepatic veins minimizes intraoperative blood
loss.

The presenceof alargeinferior accessory veintothe
right liver or awell-developed umbilical vein to the
left liver provides additional flexibility in
performing segment-oriented resection becausethey
provide alternative venous drainage in the event that
the right or middle hepatic veins, respectively, need
to besacrificed.

*Thetypes of liver resections:

The types of liver resections are thus defined in
anatomical terms. A wedge resection involves
remova of less than one anatomical segment.
Removal of 13 anatomical segments is caled a
segmentectomy. Removal of segments |1 and |11
represents a left lateral sectionectomy( left
lobectomy). A left hepatectomy entails removal of
theleft hemiliver, including segmentsll, I11, and 1V.
Removal of the right hemiliver, including segments
V, VI, VII, and VIII represents aright hepatectomy.
Finaly, either aright or left hepatectomy including a
portion of the contralateral lobe or the caudate |obe
represents an extended hepatectomy.'Fig. 2

E

Fig. 2 Commonly performed major hepatic resections are indicated by shaded areas. A, Right
hepatectomy. B, L eft hepatectomy. C, Right lobectomy. D, L eft
lobectomy. E, Extended left hepatectomy.



Liver resection isindicated in:*

1-Primary and secondary malignancy (e.g.,
hepatocellular carcinoma, intrahepatic
cholangiocarcinoma, colorectal metastases,
neuroendocrinetumors)

2-Benign neoplasia (e.g., adenoma, giant
hemangioma)

3- Echinococcusmultilocularis(alveolaris)

4- Abscessesrefractory to conservative management

5- Other benign diseases(e.g., Caroli syndrome)

6-Living donor liver transplantation (modified
technique)

7- Klatskin's tumor (modified approach to the bile
duct).

8- Traumaticliverlesions

A noncirrhotic healthy liver may tolerate aresection

of 80% of its volume. The enormous regenerative

capacity enables functional compensation within a

few weeks such afavorable outcome cannot betaken

for granted, however, in extended hepatic resections.

Only if reduction of the functional liver parenchyma

islessthan 50% can therisk of clinically significant

liver insufficiency be virtualy disregarded.

Postoperative hepatic reserve is of particular

importance after extended left hepatectomy and

when all of the liver to the right of the falciform

ligament isremoved (right lobectomy).®

This is retrospective and prospective study for all
patients underwent hepatic resection between
October 2008 and February 2012 in
gastroenterology and hepatol ogy teaching hospital.
Preoperative evauation varied according to the
disease process but included computed Tomography
(CT) in dl patients, In addition, over the last year
intraoperative ultrasonography was used. All
patients with primary hepatic malignancy were
assessed to exclude the presence of extrahepatic
dissemination of tumor and in patients with
secondary hepatic metastases to exclude primary
recurrence of tumour. Mgjor anatomic hepatic
resection was done to those patients either to relieve
symptoms for benign conditions or to potentially
eradicate malignant condition. Enucleation, non-
anatomic or wedge resection was excluded fromthis
study.

Principlesof Oper ativetechniquein general
Prophylactic antibiotics (cefotaxim 1 g) were given
intravenously at induction of anaesthesia.
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prophylaxis against deep vein thrombosis as Low
molecular weight heparin (enoxaparin) 4000U daily
or Subcutaneous heparin 5000 units was given twice
daily over theperioperativeperiod.

Exposure was obtained by means of a midline
incision, bilateral subcostal with midline extension
(Mercedesincision) or J-shaped incision. With using
asdf-retaining retractor, the costal archis pulled up
cranialy and the entire anterior surface of the liver
can be exposed. After exploration of the abdomen
the liver is fully mobilized by division of falciform
and right and left triangular and coronaries
ligaments. The gastro hepatic omentum encircled by
vascul ar tape and prepared for Pringle'smaneuver if
need it. Cholecystectomy done with exploration of
porta-hepatis . The inflow pediclewas controlled by
two methods; either by extrahepatic control of
inflow vessdls by division and suturing of right or
left portal vein and hepatic artery(the hepatic duct
divided intrahepaticaly during parenchymal
transection), or by intrahepatic masspedicleligation
by division of Glisson sheath that enclose the dl
inflow pedicleusing vascular stapler or suturing.
Exposure of the extra hepatic portions of the
appropriate hepatic veins and of the retrohepatic
vena cava by division of venous branches between
ties. For left lobectomy (segments Il and I11) or
extended right hepatectomy including segments 1V
and V11, thefaciform ligament was used asaguide
to the individual ligation of the extrahepatic
segmenta pedicles. Transection of the liver was by
means of a crush clamp technique, mono-and bi-
polar diathermy, in addition to ligation of vascular
and biliary structures.

Haemostasis was achieved using argon beam
coagulation for small vessels and suture of larger
vessels or bile duct branches.One or two tube drains
(28 Fr) wereleftinplacefor the detection of bleeding
or bile leakage. Patients were nursed in an intensive
care unit with continuous monitoring of vital signs;
hourly urine volumes were recorded after operation
for 24 h. Monitoring of hepatic function included
measurement of blood glucose and prothrombin
time, on an individualized basis according to the
extent of resection and preoperativeliver function.



Atthetimeof dischargefrom hospital, patient details
were entered on a database which included age and
sex, date of operation and hospital discharge,
operative blood loss and number of units of blood
transfused, and complications. Complications or
deaths occurring either within 30 days or before
hospital dischargewere

consdered as perioperative. Complications were
considered to be minor if discharge was not delayed
and as magjor if discharge was delayed or further
intervention was required. Further information
regarding complications, deaths and tumor
recurrence was added to the database at thetime of 6-
week, 6-month and annual outpatient follow-up

Table2: age distributions

Age in years NO %

<20 3 20%
20-29 ] 6.66%
30-39 4 26.66%
40-49 i 40%
=50 1 6.06%
Total 15 100%

Between October 2008 and February 2012, fifteen
hepatic resections were undertaken in five men,
eight women and two children. The median age of
patients undergoing resection was 40(range 152
years). Table2The indications for resection were
benign disease in eight patients, including
complicated hydratid cyst infour patients,
Symptomatic hemangioma in two and biliary
reconstruction type E4 Strasberg classification (loss
of hepatic duct confluence) in two patients. Among
the seven resections for malignant disease,
Hepatocellular carcinoma(HCC) in two patients,
Intra-hepatic cholangiocarcinoma(ICC) in one
patient, Colorectal hepatic metastasesin one patient,
small bowel metastasesinone patient and Hepatobla
stomain two patients. (Table 3). Thefifteen classica
hepatic resections included extended right
hepatectomy one patient, right hepatectomy three
patients, left hepatectomy three patients, |eft |ateral
lobectomy four patients, right anterior
sectionectomy one patient (segments
V&VIII),segments V& VI one patient, segment 4B
resection two patients. (Table 4). The median
operative time was 250 (range 95480) min.
Transfusion requirement wass milar for resections

of benign or malignant disease The median of 3 units
blood transfusion was given (range 0-9 units) one of
them who had large right lobe hepatocelular
carcinomawithpartial invasion of inferior venacava
needsnineunitsof bloodintra-operatively.

The Post-operative hospitalization was 3-15 days,
median 7 days. There was no mortality. Minor
perioperative morbidity occurred infour patients
(26%) and included atelectasis or chest infection
responding to physiotherapy and antibiotics (2
patients), reactive right pleura effusions (one),
wound infection (one). Major morbidity occurred
inthree patients(20%) and resulted in prolongation
of hospital stay, two patients developed bile leakin
form of biloma treated by percutaneous drainage
under ultrasound.one patient has postoperative liver
insufficiency recover within week.no hepatorenal
failure or postoperative bleeding( table 5).One
patient hadrecurrent tumor in left liver lobe 8month
after right hepatectomy for hepatocel lular carcinoma
(latecomplication).

The median follow-up for patients resected for
malignantdisease was 20 months. No mortality
reported
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Figure 3: sex distributions

male 6 (46.2) female 7

Table 3: Indications for hepatic resectionsin 15 patients

Vol.6

diagnosis patients percentage

malignancy Hepatocellular 2 13.33% 46.67%
carcinoma
Intrahepatic 1 6.66%
cholangiocarcinoma
Hepatobl astoma 2 13.33%
Colorectal metastases 1 6.66%
Small bowel metastases | 1 6.66%:

benign hemangioma 2 13.33% 53.33%
Hydaitid cysts 4 26.66%
Biliary stricture 2 13.33%

Total 15 100%
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Table 4: types of resections

Types of resections MNo. of cases %o
Extended right hepatectomy | 6.66%
i ght hepatectomy 3 20%
Left hepatectomy 3 20%
left lateral sectionectomy ( left 4 26.66%
lobectomy)

right anterior sectionectomy 1 6.66%
Segments V&V | 6.66%,
sepment IV b resection 2 13.33%
Total 15 10025

Table 5: Morbidity following hepatic resections

Postoperative complications MNo. of cases Yo

minor | atelectasis 2 13.33% 26.66%
Plural effusion 1 .66
Wound infection 1 .66

major postoperative liver 1 f.66% 20%
insufficiency
bile leak 2 13.33%

Total 7 46._66%

Discussion:

Good postoperative outcome of hepatic resections
mainly depends upon limited operative bleeding and
sufficient functional reserve of the nonresected liver.
Increased knowledge of intrahepatic anatomy
andintroduction of operative ultrasound have
allowed the developmentof an accurate surgica
technique, thus reducing the risk of bleeding during
resection. Temporary vascular occlusion of hepatic
inflow (HPC) has been reported to be effective in
reducing bleeding from intraparenchymal arterial
and portal branches. ****

Most recently published series of hepatic resection
have demonstrated an apparent decrease in
postoperative mortality rates. Whereas most series
have focused on the management of specific hepatic
pathology, a few authors have reviewed their entire
experiencein recent years.™ " ***

The median age of patient in our study was 40 years
which is younger than age of patient in other
study™*"** and the age of the patents not regard as
prognostic factor in outcome of liver
resections***In this study we have 15 cases of
anatomical liver resectionswhichregarded as

limited numbers due to high selection of cases
because of limited postoperative supportivecareand
no facility of liver transplant for patients developing
postoperative liver failure so all our patient selected
for liver resections were normal liver function or
ChildA classifications.

Whilethe indications for surgery mainly for benign
diseases 53.33% and hydatid cysts half of these
cases. lwatsuki and Starzl study 411 cases of liver
resections benign diseases were 44.28% most of
cases were cavernous haemangiomas5%"° while
Terkivatan et al. he had focal nodular hyperplasiathe
main indication for liver resections in benign
disease.

“Malignant diseases of liver form 46.67% of our
patients of liver resections mainly primary hepatic
malignancy 5cases (71%) and secondary hepatic
malignancy only 2 cases (29%) while secondary
hepatic malignancy was the main indication in most
of reported study of liver resection for hepatic
malignancy.”**



In casesof biliary stricture Partial segmentsIV andV
resection allows adequate exposure of the
confluence and the isolated left or right hepatic
ducts. Anterior exposure of the ducts allows an
anastomosis in well-preserved, nonischemic,
nonscarred, or noninflamed ducts. Parenchyma
removal also allowsthe free placement of thejejunal
limb, without external compression and tension,
obtaining ahigh quality anastomosis with excellent
long-termresults. *

we had two patientswith E4 Strasberg biliary injury
managed by partial segments|V resection for perfect
biliary reconstruction with uneventful postoperative
recovery.Miguel et al. had 94 cases which form 33%
of the patients had latrogenic biliary Injuries they
treated by biliary reconstruction After Partia
Resection of Segments IV and V and 91% of them
have excellent results and the patients returned to
normal lifeand activity.

Most of types of liver resections done in our study
except central hepatectomy and extended left
hepatectomy which have high incidence of bleeding
and postoperative liver insufficiency respectively. *
3! Left lateral sectionectomy was the main type of
resections4cases (26.66%) while Finch et al. had the
right hepatectomy themain typeof liver resections.
“Major morbidity following hepatic resections
occurred in 3patients(20%)
postoperative liver insufficiency and bile leak
treated conservatively while in other studies major
morbidity was 12-28%. ******

No operativemortality in our study due to proper
selection and limited numbers of the patients while
reported mortality was0.5-17.6 %.( table6). *****

The concept of an ideal margin of resection for
malignant liver tumors has been traditionally
regarded as 1 cm™ Wakai et a.* confirmed that
colorectal metastasis to the liver should be resected
with a 1 cm margin (based on the distribution of
intrahepatic micrometastasis) and Shi etal.
concluded that a 2-cm margin is necessary while
resecting hepatocel lular carcinomas. However, other
studies evaluating the influence of the surgica
resection margin in patients with hepatocellular
carcinomas, hepatoblastomas, and colorectal
metastasistotheliver ssemtoindicatethat morethan
thesize, itisthe presence of anegative marginthat is
aprincipal indicator of long-termsurvival. **
thisassumes significance when major resectionsare
undertaken wherein the question of the function of
theremnant liver isof primeconcern. Inour study al
liver resections for malignant diseases were
negativeresectionsmargin.
The median follow-up for patients resected for
malignant disease was 20 months, and we had one
patient had recurrent tumor which form 14% of all
malignant tumorsof theliver, Gleisner et a, reported
the 1-year risksof any siterecurrencewere 24.4%for
resection of colorectal liver metastases™ and
Bronowicki et a. had 20% tumor recurrence one
year after resection of hepatocel lular cancer.™
In some centres a more radical approach to the
management of hepatic malignancy has been
advocated. There is increasing evidence that some
patients who develop recurrent hepatic tumour
following previous resection of colorectal metastasis
will benefitfromfurther hepaticresection.”*

Table 6 comparison with other studies

Parameter Ong and Iwatsuki and Starzl Fing hﬁet al, I Iuan% etal. | This study
Lee 1988 ¥ | 99" 2009 2012
19757

No. of patient 125 411 129 2008 15

Duration. Y ears 10 24 g 29

Age range. —— 1-81 21-R0 2-83 1-52

Median 59 47 40

Male: female 82:43 e T0:59 1279:724 6.9

Benign: 55:70 142:269 31:98 834:1174 8:7

i i zant

Main type of — Rt | N LI lateral

resection trise gmenice tomy hepatectomy seclionectomy

Major morbidity | 28% 12% 22% 4% 20%

mortality 17.6% 32% 4% 0.5% 0%
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1-Resectional therapy for both primary and
secondary liver tumors has been clearly shown to
have potential curative benefit for a significant
proportion of patients and Surgery continues to
remain an important modality of treatment of
malignant hepatic neoplasms amenable to
resection.

2- More accurate imaging modalities have alowed
betterselection of patients who are potential
candidatesforresection.

3-Mgor hepatic resection could be done with low
morbidity and mortality.

1-livertransplant availability very important as
complementary and alternative for liver resection
for treatment of liver lesion and also availability
of Techniques such as pre-operative portal vein
embolization and modern instruments ofliver
parenchymal transection alow resection to be
performed with minimal morbidity and mortality

2- Surgery is the best treatment of early hepatic
malignancy and screening tests such as &
fetoprotein and abdominal ultrasound in chronic
liver
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