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Abstract
AIM: To investigate the mechanism leading to peri-
operative mortality in patients undergoing major liver 
resection and presenting with metabolic disorders.

METHODS: The link between Metabolic Syndrome and 
non-alcoholic fatty liver disease is currently demon-
strated. Various metabolic disorders and the Metabolic 
Syndrome (the association of ≥ 3 metabolic disorders) 
have been recently described as a risk factor of periop-
erative mortality in major liver resection. Patients who 
passed away during perioperative course of major liver 
resection and presenting with the association of ≥ 2 
metabolic disorders without any other known cause of 
liver disorders were reviewed.

RESULTS: From January 2001 to May 2010 in a tertia-
ry centre, ten patients presenting with ≥ 2 metabolic 
disorders without any other known cause of liver dis-
orders died during perioperative course of major liver 
resection. The same four-consecutive-steps sequence 
of events occurred, including jaundice. The analysis of 
this series suggested a rapidly deteriorating congestive 
liver resulting in an increased portal hypertension lead-
ing to hepatorenal syndrome and lately to multiorgan 
failure (mimicking septic collapse) as the mechanism 
leading to exitus. The acute portal hypertension is 
mainly related to the surgical procedure. The chronic 
portal hypertension is indeterminate. Patients with ≥ 2 
metabolic disorders should be considered as potentially 
presenting with portal hypertension possibly evolv-
ing towards hepatorenal syndrome; thus, they should 
be considered as having a high perioperative risk and 
should be carefully evaluated before undergoing major 
liver resection.

CONCLUSION: As fibrosis was not present or mar-
ginal in liver specimens, the real cause of portal hyper-
tension in patients with multiple metabolic disorders 
should be investigated with further studies.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Patients who passed away during periopera-
tive course of major liver resection and presenting with 
the association of ≥ 2 metabolic disorders without any 
other known cause of liver disorders were reviewed. 
The same four-consecutive-steps sequence of events 
occurred, including jaundice/ascites, renal failure, he-
modynamic collapse with inotrope use and death. The 
analysis suggested a rapidly deteriorating congestive 
liver resulting in an increased portal hypertension lead-
ing to hepatorenal syndrome and lately to multiorgan 
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failure as the mechanism leading to exitus. As fibrosis 
was marginal in liver specimens, cause of portal hyper-
tension in patients with multiple metabolic disorders 
should be investigated with further studies.

Zarzavadjian Le Bian A, Costi R, Sbai-Idrissi MS, Smadja C. Liver 
resection and metabolic disorders: An undescribed mechanism 
leading to postoperative mortality. World J Gastroenterol 2014; 
20(39): 14455-14462  Available from: URL: http://www.wjg-
net.com/1007-9327/full/v20/i39/14455.htm  DOI: http://dx.doi.
org/10.3748/wjg.v20.i39.14455

INTRODUCTION
Metabolic syndrome (MS)[1] consists in the association 
of  three (or more) criteria among increased waist cir-
cumference, increased fasting glucose, arterial hyperten-
sion, increased triglycerides and reduced high-density 
lipoprotein (HDL) cholesterol. With a rising incidence 
in Western countries[2] and a demonstrated link to non-
alcoholic fatty liver disease (NAFLD)[3-5] and hepatocel-
lular carcinoma[3,6], MS has become a major concern in 
the field of  Hepatology.

Aside from that, and in spite of  a trend towards ag-
gressive strategies, advances in hepatic surgical care have 
led to a significant improvement in perioperative out-
come after liver resection. This mortality has gradually 
decreased from 8.6%-14.7%[7,8] to 3.1%-8.7%[9-14] in the 
last three decades. Recently, we reported an unusually 
high perioperative mortality after right hepatectomy in 
patients with two or more metabolic disorders[15]. Inter-
estingly, mortality was related to a recurrent sequence 
leading to multiorgan failure (MOF). The pathogenetic 
mechanism of  this MOF remains unclear.

As we noted this recurrent sequence of  events finally 
leading to death, we hypothesized that a keen analysis of  
surgical procedures, peri- and postoperative outcomes, 
laboratory examinations and medical managements may 
possibly allow for a better clinical understanding of  the 
response of  patients presenting with the association of  
≥ 2 metabolic disorders (or metabolic disorders asso-
ciation, MDA) and undergoing major hepatic resection. 
Here we present a retrospective analysis of  consecutive 
patients presenting with two or more metabolic disor-
ders, undergoing major liver resection and who postop-
eratively passed away.

MATERIALS AND METHODS
From January 2001 to May 2010, a retrospective analysis 
was performed in the Service de Chirurgie Hépatobiliaire 
of  Antoine Béclère Hospital, an academic tertiary cen-
tre. All consecutive patients presenting with at least two 
metabolic disorders, undergoing major liver resection 
and who deceased during the perioperative course, were 
included in the study. Metabolic disorders included[1]: 

increased waist circumference, increased fasting glucose 
(fasting plasma glucose > 5.5 mmol/L), arterial hyper-
tension (> 130/85 mmHg), increased triglycerides (≥ 1.7 
mmol/L) and reduced HDL cholesterol (< 1 mmol/L in 
males or < 1.3 mmol/L in females).

The presence of  two or more metabolic disorders is 
defined as MDA, whereas the presence of  three or more 
metabolic disorders is defined as MS, in accordance with 
previous publications[6,15]. Major liver resection is defined 
as the resection of  three or more Couinaud’s liver seg-
ments[16]. Renal insufficiency is defined as glomerular 
filtration rate (GFR) < 50 mL/min (Cockroft formula[17]) 
or oliguria without obstructive process; oliguria is de-
fined as an urine ouput < 500 mL/d (Measure of  Creati-
nine using Creatinine Reagents OSR6178 and OSR 6678 
from Beckman Coulter®). Postoperative hepatocellular 
insufficiency is defined as prothrombin ratio (PR) < 50% 
and serum total bilirubin (STB) > 50 μmol/L, according 
to the fifty-fifty score[18] (measure of  prothrombin time 
using neoplastine CI from Beckman Coulter®); jaundice 
is defined as STB > 50 μmol/L (measure of  total biliru-
bin using total bilirubin reagents OSR6112, OSR 6212 
and OSR 6512 from Beckman Coulter® and measure of  
direct bilirubin using direct bilirubin reagents OSR6111, 
OSR 6211 and OSR 6511). Arterial hypotension is de-
fined as systolic blood pressure < 90 mmHg or diastolic 
< 60 mmHg.

All patients presenting with any of  the following con-
ditions were excluded from the analysis: positive serology 
for hepatitis B or C virus, autoimmune liver diseases (se-
rum autoantibodies), alcohol abuse (alcoholic consump-
tion > 40 g/d), or genetic hemochromatosis (positive 
genetic testing or hepatic iron index > 1.9).

Parenchymal transection was performed using “the 
clamp-crushing technique” or electrothermal bipolar ves-
sel sealing system; when required, vessels and bile ducts 
were ligated and divided intra-parenchymally or managed 
by mechanical stapling.

Collected data included: Preoperative data, including 
age, gender, body mass index (BMI), American Society 
of  Anesthesiology score, metabolic disorders, coronary 
disease, renal insufficiency, tobacco/alcohol consump-
tion, and preoperative treatment (chemotherapy/embo-
lization); Intraoperative management, including type of  
procedure, number and type of  resected hepatic veins, 
blood loss, pedicular clamping and its duration, hepatic 
vascular exclusion, procedure duration, associated proce-
dures; Perioperative outcome, including any postopera-
tive events and morbidity, need of  surgical/radiologicaly-
guided drainage, intensive care unit (ICU) stay, postop-
erative day of  death, cause of  death; Histopathology of  
tumor(s) and adjacent parenchyma, specimen weight.

Steatosis was considered absent when less than 5% 
of  hepatocytes were involved, otherwise it was defined 
as mild (5% to 33%), moderate (34% to 66%) or severe 
(> 66%). Morphologically, steatosis was described as 
macrovacuolar, microvacuolare or mixed. Fibrosis was 
staged according to Kleiner et al[19]: stage 0 (no fibrosis), 
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Table 1  Patients characteristics

stage 1 (zone 3 or perisinusoidal and portal fibrosis), 
stage 2 (perisinusoidal and portal fibrosis without bridg-
ing), stage 3 (bridging fibrosis) or stage 4 (cirrhosis) (stage 
4). Lobular inflammation was reported.

The patients have been anonymized in order to meet 
Ethical and Legal obligations. The study was cleared by 
IRB.

RESULTS
From January 2001 to May 2010, 27 patients out of  769 
undergoing liver resection deceased perioperatively (mor-
tality rate: 3.5%). Out of  27 deceased patients, 24 patients 
underwent major liver resection. Out of  24 patients who 
underwent a major liver resection and perioperatively 
passed away, ten patients had no underlying cause of  liver 
disease except only MDA/MS. These ten patients are the 
studied sample.

Preoperative results
Patients characteristics are presented in Table 1, metabolic 
disorders are reported in Table 2. Prior surgical procedure, 
no patient had known cirrhosis/renal insufficiency; coron-
aropathy (without contraindication to hepatectomy) was 
reported in three patients. No patient declared an alcohol 
consumption exceeding 20 g/d; only one patient smoked 
(60 cigarettes/d).

Considering preoperative usual blood tests, median 
PR was 87% (range: 79%-100%), median creatininemia 
was 92.5 μmol/L (range: 56-117 μmol/L), median GFR 
was 71.85 mL/min (range: 45.1-126.8 mL/min, with 
only one patient < 50 mL/min) and median STB was 13 
μmol/L (range: 5-51 μmol/L, with only one patient > 
20 μmol/L -a stented hilar cholangiocarcinoma).

Surgical decisions were made during multidisciplinary 
team meetings. Two patients received chemotherapy 4 to 
6 wk prior the liver resection: Leucovorin, fluorouracil 
and irinotecan in one case, and bevacizumab, leucovorin, 
fluorouracil and oxaliplatin and cetuximab in the other.

In all patients, preoperative volumetric liver evalua-
tion showed a remnant liver > 30% of  total volume (in 
four patients, after a right portal branch embolisation 

performed three to five weeks preoperatively).

Intraoperative results
Surgical procedures are summarized in Table 2. The 
surgical procedure was the first hepatic resection in all 
but one patient (who previously underwent a left lobe 
wedge resection[16]). A right portal branch thrombus was 
removed in one patient. A middle hepatic vein resec-
tion was performed in six patients. Intermittent pedicle 
clamping technique (15-min-ischemia, 5-min-reperfusion) 
was used in six patients, with a median clamping time 
of  22 min (range 19-80 min). An hepaticojejunostomy 
(Roux-en-Y anastomosis) was completed in one patient, 
without specific complication. A drain was left in place 
in one patient. Median blood loss was 1000 mL (range: 
300-3000 mL). An inferior vena cava injury was reported 
during a laparoscopic right hepatectomy, requiring a con-
version to laparotomy.

Histopathology
Median specimen weight was 950 g (range: 620-1380 
g). Median liver steatosis percentage was 10% (range 
0%-60%). Steatosis was evaluated as absent, mild and 
moderate, in one, six and one patient, respectively (in two 
patients, steatosis was not evaluated). Steatosis was defined 
as macrovacuolar, “mixed” and microvacuolare, in seven 
patients, two patients and no patient, respectively.

Considering fibrosis, stage 0, 1, 2 and 4 were found 
in six, one, one and two patients, respectively. Unspecific 
inflammatory infiltration, without Mallory bodies, was 
reported in six patients.

Postoperative results
Postoperative course is summarized in Table 2. All pa-
tients presented with four common steps.

Acute renal failure: Acute renal failure, associated with 
oligoanuria and non-responsiveness to volume expansion: 
Patients’ GFR evolution before hemodialysis is reported 
in Figure 1 (hemodialysis was used in eight patients).

Jaundice/ascitis: Jaundice/ascitis without any sign of  
hepatic insufficiency, such as hepatic encephalopathy 
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Patients characteristics Value

Age (range) (yr)   67.7 (52.1-79)
ASA score: Median (range) 2 (2-3)
Body mass index: Median (range) (kg/m²)      26.1 (20.7-38.6)
Metabolic disorders:
   2 disorders 2
   3 disorders 4
   4 disorders 1
   5 disorders 3
Hepatic tumor histopathology:
   Hepatocellular carcinoma 4
   Colorectal cancer metastasis 3
   Intrahepatic cholangiocarcinoma 2
   Muco-secreting adenocarcinoma metastasis 1

140

120

100

80

60

40

20

0

G
FR

 (
m

L/
m

in
)

Postoperative time (d)

Preop  Day2   Day4  Day6   Day8  Day10 Day12 Day14 Day16 Day18 Day20

Min 

Median 

Max

Postoperative GFR: evolution

Figure 1  Postoperative glomerular filtration rate: Evolution. GFR: Glo-
merular rate.
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Table 2  Step by step and timeline (expressed in postoperative day)

(inverted sleep-wake pattern, confusion, flapping trem-
ors) and with PR stably > 50%. STB and PR evolution is 
reported in Figure 2. All patients had several abdominal 
imaging (including CT-scan and US-scan): no investiga-
tion demonstrated any biliary dilatation/obstruction, nor 
portal/hepatic vein thrombosis.

Arterial hypotension: Arterial hypotension, non-respon-
sive to volume expansion and (later) inotropes admin-
istration (noradrenalin). In all patients, arterial hypoten-
sion was attributed to sepsis of  intra-abdominal origin 
in spite of  repeated bacteriological examinations on as-
cites/collection resulted negative in eight patients (Gram 
negative bacteria was isolated in an intra-abdominal col-
lection/hematoma in one patient, Candida Albicans and 

Coagulase-negative Staphylococcus were isolated in ascites 
sampling in the other). Large spectrum antibiotherapy 
and antifungal treatment were administered to all pa-
tients; after massive repletion, owing to hypotension per-
sistency, all patients received noradrenalin, without effect 
on arterial hypotension. Prior decision to discontinue the 
treatment, noradrenalin reached a median maximal dose 
of  3.5 mg/h (range 1-20 mg/h).

Late MOF and death: In all patients, hepatic failure 
associated with hepatic encephalopathy was observed as 
a pre-mortem step. Cardio-circulatory collapse was the 
etiology of  death.

DISCUSSION
During the course of  the study, in hospital postopera-
tive mortality rate of  liver resection reached 3.5% in the 
department. Among these deceased patients, 89% un-
derwent major liver resection and 37% underwent major 
liver resection and did present without any underlying 
cause of  liver disease except MDA. The observation of  
a recurrent sequence of  events ending up with death 
in an unusually high number of  patients compelled an 
analysis.

First, the cause of  death in this small series is not 
clear. No bleeding, no infection/sepsis (after retrospec-
tive overview), no cardiac arrest, no pulmonary embo-
lism or any other cause of  death was reported as cause 
of  death; all patients experienced the same course of  
events (Figure 2) starting with early renal failure associ-
ated with jaundice/ascites, then arterial hypotension re-
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Patient Gender Increased 
waist 

circum-
ference

Arterial 
hyper-
tension

Increased 
fasting 
glucose

Decreased 
HDL choleste-
rol/increased 
trigly-cerides

Procedure: 
Segments and 

wedge resections3

First 
day in 
ICU

First 
day of 

jaundice 
or ascites

First day of renal 
failure or oliguria/

first day of 
hemofil--tration

First day of 
inotropes 

use

Day of death

Patient 11 Male Yes Yes Yes No / No Ⅴ, Ⅵ, Ⅶ, Ⅷ 1 2 1/6   1   7
Patient 2 Male Yes Yes Yes Yes/Yes Ⅴ, Ⅵ, Ⅶ, Ⅷ  22 4 2/6   1 10
Patient 3 Male Yes Yes Yes Yes/Yes Ⅴ, Ⅵ, Ⅶ, Ⅷ  12 6   4/14 14 15
Patient 4 Male Yes Yes Yes Yes/Yes Partial Ⅳ, Ⅴ, Ⅵ, 

Ⅶ, Ⅷ
3 3 3/9   8 18

Patient 5 Male No Yes Yes Yes/No Ⅴ, Ⅵ, Ⅶ, Ⅷ  12 7 4/6   4 25
Patient 6 Male No Yes No Yes/No Ⅴ, Ⅵ, Ⅶ, Ⅷ 7 7   8/no 18 29
Patient 7 Male Yes No No Yes/Yes Partial Ⅳ, Ⅴ, Ⅵ, 

Ⅶ, Ⅷ
 12 2 10/no   1 35

Patient 8 Male Yes Yes No No/No Ⅱ, Ⅲ, Ⅶ  12 3 5/8   1 38
3 Wedge resec-
tions: Ⅳ, Ⅴ, Ⅷ

Patient 9 Male Yes Yes No Yes/Yes Ⅴ, Ⅵ, Ⅶ, Ⅷ 8 6   8/22   8 43
Patient 10 Lady No Yes Yes Yes/No Partial Ⅳ, Ⅴ, Ⅵ, 

Ⅶ, Ⅷ,
 12 4 4/9 10 52

Wedge of Ⅲ
Total or 
median 
(range)

9 M/1 F 7 9 6 8/5 N/A 1 4 4 (1-10)/8.5 (6-22) 6 27
(1-8) (2-7) (1-18) (7-52)

1A vena cava injury with 3000 mL blood loss; 2Patient admitted in ITU for elective postoperative observation; 3As described in Blumgart LH, Surgery of the 
Liver, Biliaru Tract, and Pancreas, Fourth Edition. Elsevier/Saunders 2006. No: Patient who did not undergo hemofiltration; HDL: High-density lipopro-
tein; ICU: Intensive care unit.
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Figure 2  Prothrombin ratio and serum total bilirubin: Postoperative evolu-
tion.
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fractory to volume expansion/inotropes administration, 
and finally MOF leading to death. Repeated abdominal 
imaging did not show biliary dilatation or obstruction 
(causing jaundice) or portal/hepatic vein thrombosis. Al-
though jaundice/ascites was an early event, interestingly 
enough, patients did not present with any alteration of  
hepatic function until the very end-stage of  the disease 
(Figure 2); PR was stable around 50% and no clinical 
symptom of  hepatic failure was reported. Such a disso-
ciation between the clinical picture (jaundice/ascitis) and 
liver function tests is not usual after major hepatic resec-
tion with fatal outcome[18]. Yet, jaundice does not explain 
such a sequence of  events and mortality.

Although the whole course of  events is evidently 
triggered by major liver resection, and the occurrence 
of  early jaundice and late hepatic failure seems to point 
out liver as the responsible of  fatal outcome, the patho-
genic mechanism remains unclear. Indeed, considering 
demonstrated risk factors of  perioperative mortality 
after major liver resection, none seems to be related to 
the observed mechanism: first, in no case remnant liver 
volume was inferior to 30%[20]; second, no patient pre-
sented with any underlying liver disease except NAFLD; 
third, only two patients out of  ten were found to have 
cirrhosis (at surgery), whereas the others had no or 
marginal liver fibrosis (stage 0 to 2); fourth, liver paren-
chyma showed no specific histopathological alteration 
in the two patients who had preoperative chemotherapy. 
By exclusion, it seems that there is only one common, 
newly identified risk factor for major liver surgery[15]: 
MDA and MS.

Analyzing the timeline of  the mechanism, renal fail-
ure occurred concomitantly to jaundice, as the fourth 
postoperative day was the median day of  occurrence for 
both events (Table 2). No known renal disease was pre-
operatively identified and preoperative GFR was virtually 
normal (median 71.85 mL/min, in only one case below 
50-45.1 mL/min). Interestingly, renal failure was inter-
preted as being caused by sepsis. As such, it was treated by 
volume expansion followed by inotropes’ administration. 
Since GFR worsened with time (and volume expansion), 
renal failure seems to meet the definition of  hepato-renal 
syndrome (HRS)[21].

Since HRS is invariably associated with acute portal 
hypertension, we hypothesized that this latter may have 
had a pivotal role in determining the escalation from 
jaundice/ascitis to HRS to MOF and death, in patients 
presenting a MDA (and possibly NAFLD) undergo-
ing major liver resection. This thesis may be even more 
intriguing when considering recent literature: on one 
hand, metabolic disorders and MS are associated with 
NAFLD[3-5], and NAFLD (steatosis) may be associated 
with portal hypertension without fibrosis/cirrhosis[22,23]. 
On the other hand, major liver resections may be as-
sociated to increased portal tension[24]. This report may 
suggest that performing a major resection of  a liver ex-
posed to multiple metabolic disorders may cumulatively 
increase the risk of  developing portal hypertension, thus 

triggering the HRS.
Moreover, interestingly, such an evolution of  the clini-

cal picture and laboratory tests of  these patients may 
also remind another condition associated to “acute” por-
tal hypertension: the post-liver transplantation “small-
for-size syndrome”, typically occurring after partial liver 
grafting[25]. Due to the increased vascular inflow to the 
grafted liver (and a decreased vascular outflow), the 
transplanted liver is too small compared to the recipi-
ent, leading to liver congestion and portal hypertension, 
potentially resulting in graft failure[25]. Indeed, major liver 
resection in patients with MDA has the same trigger fac-
tors of  “small-for-size-syndrome”: a recognized underly-
ing liver alteration (NAFLD), an increased preoperative 
vascular inflow associated with chronic portal hyperten-
sion[22,23] and its postsurgical further increase[24], and a re-
duction of  vascular outflow especially when one or two 
hepatic veins are removed[26]. Moreover, the fact that, 
the middle hepatic vein resection in patients affected by 
MDA undergoing right (extended-right) hepatectomy 
resulted as related to > 50% mortality[15], somehow cor-
roborates the hypothesis that not only portal hyperten-
sion, but also a low outflow may be responsible of  liver 
parenchyma congestion[26] and, secondarily, HRS. We 
propose an algorithm to resume the mechanism leading 
patients with MDA undergoing massive liver reduction 
to death (Figure 3).

Such a hypothesis has practical consequences. First, 
HRS misinterpretation may lead to massive vascular 
expansion, as in our series where hypotension was inter-
preted as resulting from intra-abdominal infection and 
treated consequently. In our series, the massive vascular 
expansion probably led to an increase of  the vascular 
retention in the liver, so worsening the congestion and 
increasing the portal hypertension until HRS and liver fail-
ure developed. The most appropriate management should 
probably have been the depletion instead of  the massive 
repletion, in order to interrupt the sequence of  events 
leading to HRS and, ultimately, to death. Such a manage-
ment was performed in an eleventh case. This patient 
presented with HRS (liver/renal failure) after right hepa-
tectomy for colorectal metastases and finally survived. 
This otherwise healthy, 51-year-old, male patient (GFR of  
104 mL/min and no liver alteration at preoperative labs) 
presented with MS (low HDL-cholesterolemia, arterial hy-
pertension and increased waist circumference). BMI was 
28.4 kg/m2. A preoperative chemotherapy (six cycles of  
fluorouracil + oxaliplatin + bevacizumab) was performed 
prior the surgical procedure. Intraoperative blood loss was 
3100 mL owing to technical difficulty. Histology of  the 
1730 g-specimen showed stage 1 fibrosis, severe (90%) 
macrovacuolare steatosis, and an aspecific inflammation. 
Postoperatively (day 3, 5 and 7), PR was 53%, 73%, 78%, 
respectively, whereas STB increased (93, 138, 159 μmol/L, 
respectively). GFR was initially preserved (87 mL/min on 
day 3, 95.2 on day 5) then the patient developed oliguria. 
Differently from the other patients and also because he 
was hemodynamically stable, we opted for a daily hemofil-
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tration with fluids depletion. This treatment was effective, 
jaundice and ascites decreased before the renal function 
recovered. After a 53-d hospital stay (including 41 d in 
ICU) the patient was discharged. At 2-year follow-up, the 
patient is going well. Although one case obviously does 
not set a rule, the case of  the patient with ongoing HRS/
jaundice after right hepatectomy successfully treated us-
ing fluids depletion seems to confirm our hypothesis and 
should be considered when deciding for the most appro-
priate treatment of  such a severe condition.

From an etiological point of  view, it is not clear why 
and how MDA predisposes liver to HRS when undergo-
ing massive resection. Since steatosis and inflammation 
(and oxydative stress) are the only liver alterations found 
at histology, their possible role is worth a commentary. 
Steatosis, which is often associated to NAFLD, varied 
widely through the current series, as it was absent, mild, 
moderate, in one, six and one patient, respectively (in two 
patients it was not measured). As steatosis was not severe 
in the very majority of  patients, the vascular/hepatocel-
lular physiopathology leading to portal hypertension and 
HRS is still unclear. Such a dissociation between steato-
sis’ severity and the possible development of  portal hy-
pertension and fatal HRS after major liver resection does 
not support the hypothesis of  a major role played by 
steatosis in the described sequence of  events, and has the 
practical consequence to limit the interest of  performing 
liver biopsy before surgery in order to identify patients 
at risk. Moreover, even if  we admit that also mild steato-
sis may somehow be a risk factor of  developing portal 
hypertension and HRS in patients presenting with MDA 
undergoing major liver resection, unfortunately, liver 
biopsy is ineffective to assess steatosis, as it may vary 
widely in liver parenchyma[27]. For all these reasons, iden-
tifying MDA when collecting patient’s personal history 

is, at the present state of  art, the only possible screening 
able to identify patients at risk of  developing a postop-
erative acute portal hypertension and HRS after major 
liver resection.

The relationship between portal hypertension, steato-
sis and inflammation, and the possible role of  this latter 
in the sequence of  events described in our series, may 
also be discussed. After the association between liver ste-
atosis (including NAFLD) and chronic portal hyperten-
sion has been shown[23], this latter has very recently been 
reported to cause splanchnic and systemic low-grade 
inflammation in an experimental model[28]. Similarly, a 
vasculopathy caused by a low-grade, chronic inflamma-
tion caused by steatosis-related portal hypertension may 
be supposed to occur even in human patients (including 
our series). Such a chronic inflammation, characterized 
by oxidative stress, increased levels of  proinflammatory 
cytokines and profibrogenic mediators, is seemingly not 
confined to portal-liver district, but rather related to a 
systemic vasculopathy, including aortopathy. As pro-
posed by Aller et al[28], the increased aortic reduced-nic-
otinamide-adenine dinucleotide phosphate [NAD(P)H] 
oxidase activity could be associated with the production 
of  reactive oxygen species promoting inflammation. 
If  we also consider that oxidative stress mediated by 
NAD(P)H oxidase has been associated with risk factors 
for inflammation and atherosclerosis, we can have a ru-
dimental model of  how the inflammation process may 
develop from portal hypertension. Interestingly, in order 
to increase portal pressure in their experimental model, 
Aller et al[28] performed a triple portal ligation; this latter 
is comparable to the surgical portal ligation performed 
during major liver resection, which is also related to an 
increase of  portal hypertension[24], somehow strengthen-
ing the idea that a correlation between the two models 
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exists and that major liver resection may imply a further 
increase of  portal hypertension and play a role in the se-
quence of  events leading to HRS.

Our study actually presents the typical bias of  a retro-
spective analysis performed in a small-sized population; 
moreover, the main hypothesis is based on the pivotal 
role played by portal hypertension. Indeed, its presence is 
deduced by the sudden development of  HRS (which im-
plies portal hypertension), but it has not been measured 
since the series is retrospective and no portal catheterism 
is routinely performed in our daily practice. Neverthe-
less, among the strengths of  the paper, it should be re-
marked that the studied sample was highly selected (pa-
tients with ≥ 2 metabolic disorders undergoing major 
liver surgery and concomitantly not presenting any other 
possible etiology for liver-related disease) from a large 
series of  patients treated in a Tertiary Level University 
Hospital specialized in hepato-biliary surgery. Also con-
sidering the extremely high death-rate of  patients enter-
ing the sequence of  events described above, we definite-
ly believe that ethics compels us to share our findings in 
order to show a previously unknown risk factor for liver 
surgery, to identify a more appropriate management and 
to orient future research.

 In conclusion, postoperative mortality after major 
liver resection in patients presenting with MDA seems to 
be related to a misunderstood hepatic mechanism, with 
portal hypertension playing a central role in a vicious circle 
leading to HRS and, ultimately, to death. When evaluating 
therapeutic options, patients with MDA should be con-
sidered to have a patent portal hypertension potentially 
leading to HRS when undergoing major liver resection, 
thus, being related to higher mortality rate. In the future, 
patients with multiple metabolic disorders undergoing 
major liver surgery should be considered at higher periop-
erative risk, portal pressure should be possibly measured 
and included in the preoperative work up and considered 
in prospective trials.
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