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Abstract
In the era of modern medicine, hepatic surgery knew radical changes allowing improvement in morbidity and 

mortality. Those results were possible due to the improvement made in each step of the management of the patient. 
Preoperatively, many techniques (such as volumetry, hepato-biliary scintigraphy, magnetic resonance relaxometry…) 
allow now the assessment of the volume and liver function, which is now a standard of care. In operation room, 
the combination of different techniques of clamping and new devices of hemostasis contributes to improve blood 
loss control. In general, morbi-mortality in hepatic surgery is related to the risk of hemorrhage, biliary fistula and 
postoperative liver failure (PHLF). In this article we propose to review recent literature concerning new techniques in 
the prevention of those 3 situations.
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Introduction
Postoperative liver failure is actually the first cause of morbidity and 

mortality after hepatectomy [1-3]. Many methods were used trying to 
prevent and predict the occurrence of PHLF by calculating the future 
remnant liver volume [4,5], evaluating the hepatic function [6] and 
assessing the degree of an underlying liver injury using invasive and 
non-invasive methods [7-9].

Assessment of liver volume

Future remnant liver volume is one of the most important 
parameter to evaluate before going on hepatic major resection. Since 
it’s first use and description [9], many publications tried to assess the 
appropriate remnant liver volume after hepatectomy as a ratio between 
the future remnant liver (FRL) and total liver volume (TLV) [10,11]. 
Taking in consideration that the future remnant liver volume must be 
correlated to the metabolic needs of the body of the patient, and the 
possible misdiagnosed lesions in imaging, Vauthey et al. described a 
new formula to define total remnant liver volume according to body 
surface area or body weight. The formula showed a good correlation 
and prediction for the minimum required liver volume in western adult 
patients [12]. However it had some limitations especially in situations 
with repeat hepatectomy where the actual total liver volume is lower 
than the initial total liver volume. Truand et al. proposed a new method 
based on the remnant liver volume to body weight ratio wish showed 
a good ability to predict post-operative risk after major hepatectomy 
in non-cirrhotic liver with a cut off at 0.5% [13]. These 2 formulas are 
widely accepted and used in western countries for non-cirrhotic liver 
[12,13]. However, evaluating liver remnant volume is not enough, 
especially when underlying liver injuries are present (fibrosis, cirrhosis, 
chronic hepatitis…). Attention should be paid to liver function too.

Assessment of liver function

Many routine biological tests were used trying to assess liver 
function and to predict morbidity and mortality after hepatectomy 
[14], but none of them had enough sensitivity or specificity especially 
with the extension of indications of major hepatectomy in patients 
with chronic liver injury. Those tests were combined into scores 
like Child-Pugh and MELD score for more accuracy in predicting 
morbidity and mortality after hepatic resection [15]. Dynamic tests 
showed more accuracy in predicting PHLF. The Indocyanine green 
clearance is one of the oldest [16] and still up to date dynamic test, 
which allow a good selection of patients with a good hepatic function 
[17]. Hepatobiliary scintigraphy using marked tracer like Technetium-
99m-diethylenetriamine-pentaacetic acid-galactosylhuman serum 

albumin (99mTc-GSA), showed also a good correlation predicting 
post-operative complications and more accuracy when compared to CT 
volumetry alone [18]. Another dynamic test called LIMAX (Test For 
Maximal Liver function), based on a respiratory test, which quantifies 
the metabolism of C-methacetine in the liver without any influence, by 
a drug uptake or the presence of cholestasis, showed a good correlation 
with the occurrence of PHLF especially in first day after hepatectomy 
[19]. Others dynamic tests were described based on the metabolism of 
some substances like lignocaine or galactose but showed some limits 
like interference with drug uptake or time consuming technique 
[20,21]. Recently new studies combined techniques for estimation 
of both liver volume (based on MRI) and liver function (using ICG 
retention or hepato-biliary scintigraphy) [22,23]. Results showed good 
correlation in predicting PHLF.

Assessment of fibrosis and cirrhosis
Existence of chronic hepatic injury like advanced fibrosis or 

cirrhosis is a determinant factor that can lead to PHLF after major 
hepatic resection. Liver biopsy is the gold standard for the evaluation of 
the degree of fibrosis [24,25]. However it can show some limits due to 
sampling related to inter operator variability [26], risk of tumor seeding 
when associated to biopsy for lesion diagnosis [27] and finally because 
it’s invasive even through a trans jugular access with less morbidity 
[28]. Serum biomarkers are used and give moderate estimation of liver 
fibrosis [29] comparable to given information by liver biopsy in main 
chronic liver disease. They are based on the use of blood test of some 
liver markers such as ALAT, ASAT, haptoglobine and bilirubin. Those 
markers are combined into scores that shows a good predictive value 
of liver fibrosis. The Asian-Pacific Association suggested Fibro test to 
be accurate for the Study of the Liver on its 2016 guideline beside AST 
platelet ratio index (APRI). The last one is especially useful in resource-
limited conditions [26]. Improvement in imaging technique and recent 
publications suggest that magnetic resonance elastography [30] and 
Acoustic radiation force impulse imaging ARFI [30] allows nowadays 
to perform a good assessment of liver fibrosis with high sensitivity and 
specificity. 
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Procedures to prevent liver failure

To prevent liver failure, portal vein embolization (PVE) became the 
standard of care to increase liver volume when major hepatectomy is 
planned under normal liver for a FRL less than 20% of TLV, or less 
than 30% in case of liver injury and less than 40% in patients with well 
compensated fibrosis or cirrhosis [31]. Resection is generally accepted 
when FRL reached 20 to 40% of TLV according to the presence of 
liver disease [32]. Allard et al. advises to assess portal vein pressure 
per operatively to prevent liver failure, they propose to module portal 
vein pressure when it exceeds 20 mmHg [33]. In last few years a new 
technique associating liver partition and portal vein ligation for staged 
hepatectomy (ALPPS) was described to allow rapid grow of FRL [34]. 
It consists on realizing a liver partition and portal vein ligation in the 
first stage, control sufficient future remnant liver hypertrophy from day 
7 after first stage and perform the second stage which consist on liver 
resection. This technique drew big interest in the community of HBP 
surgeons with many controversial opinions justifying the creation of 
a registry of ALPPS and first results was reported showing significant 
morbidity (29%) and mortality (7%) especially in the second stage 
where two third of mortality were related to liver failure [35]. Therefore 
an expert meeting was organized in Hamburg Germany in February 
2015 and brought eight recommendations trying to identify adapted 
indication for ALPPS and to reduce morbidity and mortality [36]. In the 
same field a modified ALPPS was described in few cases and consists 
of minimizing liver partition, avoiding liver mobilization and no hilar 
dissection in the first stage. According to authors this will contribute to 
report the aggressive part of the procedure to the second stage. In four 
cases reported, patients achieved the two stages and were discharged 
with no liver failure or major complications [37].

Prevention of blood loss

Blood loss with operative transfusion are main factors associated 
with mortality after hepatectomy [38,39]. There are many techniques 
to decrease blood loss during hepatic resection. Total or partial hepatic 
inflow occlusion, use of topical agents, use of new devices of hemostasis 
or modulation of physiologic variable manipulation. A review 
published on 2014, including prospective studies for the evaluation 
of different methods of minimizing blood loss, found that low central 
venous pressure associated with total inflow occlusion up to 120 min 
or intermittent inflow occlusion up to 120 min were associated with 
reduction of blood loss especially in major hepatectomy. Inferior vena 
cava occlusion was not advised and was associated with increased 
risk of pulmonary embolism [40]. A Cochrane review, published in 
2009, included seven trials randomizing 556 patients and compared 
different methods for parenchymal transection. The conclusion showed 
that clamp-crush technique induces less blood loss comparing to 
radiofrequency dissecting sealer with no difference in blood transfusion, 
intensive therapy unit stay or hospital stay. The blood transfusion 
requirements were lower in the clamp-crush technique than CUSA and 
hydrojet. There was no significant difference in the mortality, morbidity, 
markers of liver parenchymal injury or liver dysfunction, intensive 
therapy unit stay or hospital stay in the other comparisons including 
Cavitron ultrasound, surgical aspirator, sharp dissection and hydrojet. 
Clamp-crush technique was two to six times cheaper than the other 
methods depending upon the number of surgeries performed each 
year [41]. Gotohda et al. [42] conducted a multicentric randomized 
controlled trial to show the non-inferiority of energy devices in liver 
transection. They demonstrated that hepatectomy with energy device 
is not inferior to that without energy device in terms of blood loss. It 
even shortens the liver transection time and reduces the incidence of 

postoperative bile leakage. Topical agents are widely used too to ensure 
hemostasis during hepatectomy. A meta-analysis including randomized 
clinical trials, large retrospective cohort studies and case control studies 
was published and found no significant difference when using a carrier-
bound fibrin sealant (compared to the use of a product based on a 
human or animal matrix only or without using any hemostatic agent) 
in term of blood transfusion, risk of deep collections and bile leak (OR 
0.75; p=0.25), (OR 0.72; p=0.52), (OR 0.74; p=0.30) respectively. There 
was only difference in time to obtain hemostasis (mean difference -2.33 
min; p=0.00001) [43]. 

Prevention of bile leak

Biliary fistula remains on of the common sources for morbidity and 
mortality after hepatectomy [44]. However different definitions have 
been proposed to define it [45,46]. A prospective evaluation of the bile 
leak definition proposed by the International Study Group for Liver 
Surgery showed that it is a robust definition with a good correlation 
between proposed grading and clinical severity [47]. They found in the 
same study that the use or not of routine drainage didn’t impact the rate 
of post-operative bile leak [47]. Many tests were described to identify 
and prevent biliary fistula such as perioperative cholangiography, dye 
injection like Indocyanine green, saline injection and compress test 
[48-51]. In 2008, a new test consisting on the injection of a white fat 
emulsion to detect per operatively a bile leak [52]. This test was studied 
in a meta-analysis to investigate its value [53]. In the included studies 
the white test allowed a significant reduction of post-operative biliary 
leakage [OR: 0.3 (95% CI: 0.14, 0.63), p=0.002] and led to a significant 
higher intraoperative detection of biliary leakages [OR: 0.03 (95%CI: 
0.02, 0.07), p<0.00001] [54].

Drainage

Abdominal drainage after hepatic resection remains controversial 
and did not allow to reduce rate of postoperative complications [54]. 
Actual and recent data support no need of routine abdominal drainage 
after uncomplicated liver resections [55]. However the question remains 
open for major and complicated hepatectomy. 

Discussion
Since the first laparoscopic hepatectomy performed in 1992 

[56], laparoscopic liver resection knew wide diffusion through the 
community of HBP surgeons leading to the publications of multiple 
series [57-59]. From which the consensus conference in Louisville in 
2008 that discusses specific field like indications for surgery, patient 
selection, surgical techniques, complications, patient safety, and 
surgeons training [60]. Laparoscopic liver resections were defined into 
pure laparoscopy, hand assisted laparoscopy, and the hybrid technique. 
Laparoscopic resections are reserved for patients with solitary lesions, 
5 cm or less, located in liver segments 2 to 6. Left lateral sectionectomy 
should be considered standard practice [60]. Major liver resections 
should be reserved for experienced centers. Indications for benign 
hepatic lesions should not be extended simply because the surgery can 
be done laparoscopically. Conversion should be considered prudent 
practice rather than failure [60]. After this consensus conference, 
laparoscopic liver resection knew a huge diffusion amount surgeon 
in different countries [61]. A second consensus conference was held 
in Morioka on 2014 [62] and gave new recommendations based 
on literature review and opinions experts, and following IDEAL 
methodology considering laparoscopic liver resection as an innovation 
in hepatic surgery [63]. Minor hepatectomy is considered as standard 
of care but still in assessment (IDEAL 3). Major hepatectomy are 
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considered an innovative technique and classed (IDEAL 2b). Beginning 
in laparoscopic liver resection needs expertise in both open liver 
surgery and general laparoscopic surgery. Hand assisted and hybrid 
technique may be useful in minimizing conversions initially. A CO2 
pneumo peritoneum between 12 and 15 mmHg with low central venous 
pressure allow a good control of bleeding. Parenchymal transection and 
energy devices are left to surgeon discretion. They conclude that there 
is a need to standardize the laparoscopic resection for hepatocellular 
carcinoma and liver metastasis like for open resections especially for 
major hepatectomy [63].

Conclusion 
Now-a-days hepatic surgery knows huge changes allowing 

improvement in patient and disease management. Innovations and 
novel technique are in perpetual development. Hepatic surgeons must 
remain up to date to offer to their patients the best chance for cure that 
they deserve.
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