Small-for-flow liver failure
after extended hepatectomy:
hot questions and an update

Simone Famularo,! Luca Gianotti,!
Oliviero Riggio?

ISchool of Medicine and Surgery,
Milano-Bicocca University; Department
of Medicine and Surgery, San Gerardo
Hospital, HPB Unit, Monza;
2Department of Clinical Medicine,
Center for the Diagnosis and Treatment
of Portal Hypertension “Sapienza”
University of Rome, Italy

Abstract

Small-for-size liver syndrome and post-
hepatectomy liver failure remain a major
challenge for surgeons. Recently, updates in
literature points to describe this two syn-
drome as two face of the same coin. These
syndromes are characterized by hyperbiliru-
binemia, coagulopathy, hyper-GGT, high
portal pressure and flow in liver remnant,
occurring within the first postoperative
week. It can lead to post-operative sepsis
and bleeding, increasing mortality and mor-
bidity. Despite the large experience in the
field of transplantation, few studies are
focused on small-for-size syndrome after
major hepatectomy. For years, scientists
were focused on the size of liver remnant,
supposing a small liver remnant, in relation
with the primary liver size, was the cause of
the syndrome. The strategies used to pre-
vent it after transplantation, have however
shown a predominant role of high portal
pressure and flow, leading to an alteration in
functional regeneration of liver parenchy-
ma, as the prevalent mechanism. According
to these evidences, we suggest adopting
another nomenclature for the two syn-
dromes: small-for-flow-liver failure. In this
article, we analyze and summarize different
experiences, proposing our inward algo-
rithm, including the role of portal flow and
pressure measurements. This review seeks
to be an operative instrument for surgeons
and hepatologists in an effort to find a com-
mon point of view regarding small for flow
liver failure and its management strategies.

Introduction

This manuscript would like to be an
operative instrument for surgeons and hepa-
tologists. While a lot of opinions, articles,
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experimental data and suggestive proce-
dures exist on the small-for-size syndrome
in the field of living donor transplants, few
specific papers are available on small-for-
size syndrome (SFFS) after extended hepa-
tectomy. Nowadays, most of physicians
consider SFSS and post-hepatectomy liver
failure (PHLF) two face of the same coin.
Through eight questions, we attempt to roll
out every situation in managing oncological
patients who underwent extended hepatec-
tomy, trying to translate the transplantation
experience in liver oncological surgery’s
field.

What is the etiopathogenesis?

Although all clinical guidelines are
focused on liver remnant size to prevent
SFFLF, histopathological findings in
patients who received a small graft, as well
patients undergoing hepatic resections
(comprising more than 70% of the
parenchyma), point to a predominant role of
overflow and high pressure through the por-
tal system in the mechanism underlying the
development of the syndrome and, conse-
quently, the hepatic damage.! A review of
literature, and our experience, support the
hypothesis that post-hepatectomy liver fail-
ure is due to an excessive portal blood flow
for the remnant liver parenchyma, causing
over-pressure, and sinusoidal endothelial
denudation and hemorrhage. Few minutes
after hepatectomy, perisinusoidal and peri-
portal hemorrhage occurs. Later, arterial
vasoconstriction, and ischemic cholangitis
are observed.? According to several experi-
mental and clinical studies, it has been
shown that when there is a portal overflow
in liver remnant, it is possible to observe a
fall of arterial flow to the liver, in a sort of
inverse relationship, called arterial portal
buffer.3* This phenomenon is characterized
by decreasing concentration of Adenosine
in the Space of Mall after a portal-over-
flow, that leads to arterial vasoconstriction
and decrease of arterial blood flow, which is
responsible for the late damage.’ The portal
vein lacks an intrinsic autoregulation sys-
tem, so when the liver volume is reduced
due to major hepatectomy, it reaches the
same portal flow first destined to the whole
liver parenchyma. This portal over-flow
causes the arterio-portal buffer response.
After a period of ischemia, the complement
cascade is triggered, leading to the activa-
tion of Kuppfer’s cells, appearance of reac-
tive oxygen species (ROS), and endothelial
cell lesion. During reperfusion a release of
cytokines, cell adhesion, activation and
recruitment of T-cells and polymorphon-
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clear cell occurs, resulting in microvascular
lesion, inflammation and cell death.® In
addition, the number of Kupffer’s cells after
hepatic resections decreased and the liver’s
ability to react to infection also decreased,
explaining the high risk of infections (above
50%). A relative increase in the production
of endotoxins in the remnant liver is benefi-
cial, once it activates the Kupffer’s cells,
triggering the liver regeneration; but if this
state is prolonged, it may cause Kupffer’s
cellular dysfunction, resulting in difficulty
of regeneration and even liver necrosis.®
As already discussed, our knowledge is
mainly based on transplant experimental
studies.” Jiang et al. had established that
portal blood flow of 300 mL/min/100 g is
the threshold above which the incidence of
SFFLF increases significantly.® In pigs
models, Fondevila ef al. have indicated that
an increased portal blood flow is both an
early stimulus for regeneration and a patho-
genetic factor of the sinusoidal damage,’
and they have proposed a porto-caval anas-
tomosis to avoid SFFLF development by
preventing a portal blood flow over double
of its baseline.® Other studies have also con-
firmed the role of portal pressure. Yagi et al.

OPEN 8J\CCESS



showed that a portal pressure above 20
mmHg was associated with the develop-
ment of ascites, coagulopathy, and hyper-
bilirubinemia as well as with an early
hypertrophy of the graft, higher values of
hepatocyte growth factor (HGF) and dimin-
ished levels of vascular epithelial growth
factor (VEGF), suggesting that an increased
portal pressure also influences liver regen-
eration.!0

What is the epidemiology and
what is the short term and long
term course, once the SFFLF has
developed?

Due to difference in the nomenclature
used (Post-Hepatectomy-Liver-Failure in
case of oncological surgery, and Small for
size liver syndrome in liver transplantation)
and difference in the underlying parenchy-
mal function and extension of resections,
the incidence of SFFLF has been ranged
between 8 and 32%.!""17 A prospective
study conducted by eLISTER has shown an
incidence of 30% in patients undergoing
extended hepatectomy.!® Patients with
SFFLF and a portal pressure above 20
mmHg, have a 6-months-survival decreased
from 85% to 38%.!° In these patients, post-
operative mortality has been estimated at
around 2%, but morbidity is high, approxi-
mately between 15-32%.!92! SFFLF
accounts for 60-100% of deaths after liver
surgery,22* while in liver-donor-transplan-
tation is around 5% in Western Countries.2®
In Schindl’s case series,'® severe post hepa-
tectomy liver failure has been reported in
29.6% of patients undergoing extended
hepatectomy (>5 liver segments), while
moderate post hepatectomy liver failure
was reported in 25.9% of cases and mild
post hepatectomy liver failure was recorded
in 40.7% of cases. Conversely, severe liver
failure after surgery has been shown in
8.8% of cases after standard hepatectomy
(3-4 liver segments), moderate in 26.3%,
and mild in 49.1%.

How could we define this liver
failure?

Currently, there is no agreement on the
diagnostic criteria and definition.

O. N. Tucker and N. Heaton defined
small-for-size syndrome as a recognizable
clinical syndrome, which occurs in the pres-
ence of a reduced mass of liver, insufficient
to maintain normal liver function, charac-
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terized by postoperative liver dysfunction
with prolonged cholestasis, coagulopathy,
portal hypertension, and, if severe,
ascites.®

J. M. Asencio described the syndrome
as the disproportion between the mass and
the portal blood flow of the liver remnant,
reflected by the high values of portal blood
flow and pressure and he introduces the
concept of small-for-flow syndrome, as a
relative portal hyperperfusion of liver rem-
nant that leads to liver dysfunction.?

According to the International Study
Group of Liver Surgery (ISGLS),2” post-
hepatectomy liver failure is a postoperative
acquired deterioration in the ability of the
liver to maintain its synthetic, excretory and
detoxifying functions, which is character-
ized by an increased international normal-
ized ratio and concomitant hyperbilirubine-
mia on or after postoperative day 5.

Balzan et al.?8 proposed a set of criteria
to diagnose the post-hepatectomy liver fail-
ure, the so-called 50-50 criteria: a serum
bilirubin concentration above 50 pmol/L
and a prothrombin time (PT) which is
increased by more than 50% of baseline (or
INR>1.7) on postoperative day five associ-
ated with a mortality of 59% as opposed to
1.2% if these criteria are not met (sensitivity
69.6%, specificity 98.5%).

Dahm et al.?® proposed to split small-
for-size syndrome after liver transplantation
in two sub-categories, called Small-for-size
dysfunction (SFSD) and Small-for-size non-
Sfunction (SFSNF). SFSD is a dysfunction of
a small partial liver graft (GRWR<0.8%)
during the first postoperative week after the
exclusion of other causes and SFSNF is a
failure of a small partial liver graft
(GRWR<0.8%) during the first postopera-
tive week after the exclusion of other caus-
es. According to ISGLS, and new
etiopathological evidence, we suggest
defining this syndrome Small-for-Flow-
Liver-Failure (SFFLF): a postoperative
acquired deterioration in the ability of the
liver to maintain its synthetic, excretory and
detoxifying functions, which is character-
ized by serum bilirubin concentration above
50 pmol/L, HVPG>10mmHg, Doppler evi-
dences of portal overflow, on or after post-
operative day five. This condition, if it’s not
correctly treated, could lead to liver failure
and exitus.

How can SFFLF be diagnosed?

The diagnosis is based on the evidence
of liver failure after an extended hepatecto-
my. Any other factor that could lead to liver
failure such as anesthesia, iatrogenic dam-
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ages or biliary structures injuries should be
excluded. Thus, high bilirubin levels should
be associated to a reduced liver synthetic
capacity. INR (if plasma transfusion during
or after surgery doesn’t occur) is probably
the most suitable parameter, but the serum
levels of other proteins synthesized by the
liver such as albumin or pseudo-
cholinesterase can be useful. Extrahepatic
cholestasis should be excluded and, accord-
ing to small-for-flow theory, portal hyper-
tension should be demonstrated by evaluat-
ing portal vein dimension and flow velocity
by Doppler ultrasound. If this condition is
seen, then it became important to measure
pressure to plan next therapies. Summing
up, SFFLF is a post-hepatectomy liver fail-
ure not explained by other causes: to assess
it, we need to evaluate Bilirubin and INR
levels, and perform a Liver UltraSound
Doppler Scan to check portal vein condi-
tion. When the condition is diagnosed, we
should proceed to perform pressure meas-
urement (HVPG) to decide the best treat-
ment to avoid the latest stage of disease. An
algorithm, applied currently in our clinical
practice, is proposed below in Figure 1.

How can you estimate the risk to
develop SFFLF before surgery?

To evaluate the future liver functional
remnant, it is good clinical practice to esti-
mate the Total Liver Volume (TLV) and the
Future Liver Remnant Volume (FLR-V)
with a 3D CT Volume Reconstruction on
the basis of Body Surface Area (BSA) and
weight, 3% calculating the FLR/TLV ratio
(%FLR) as a predictor to develop the
SFFLF.

Several formulae are described to calcu-
late liver volumes. Total liver volume
(TLV) and Future Liver Remnant Volume
(FLR) are easily estimated by CT scan,
based on BSA and body weight.>!32 These
measurements correlate very well with the
etiology and severity of chronic liver dis-
ease, so they are good parameters to predict
patients’ survival.’®> However, formulae
based on BSA and body weight underesti-
mate TLV in Western compared with
Japanese patients, because of TLV in an
average Western adult can be 15% greater
than a Japanese adult with the same BSA.30

Despite this, extended resection of 80%
of functional parenchyma can be performed
in a healthy liver. Right now, all over the
world, recommended minimal functional
remnant LV is >25% in a normal liver,
>30% in a steatotic liver or after chemother-
apy, and >40% in case of cirrhosis.

According to new flow-theory, volume
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measurements alone are unsatisfactory as
predictors. In fact, alterations in hepatic
hemodynamic parameters would explain
the development of liver failure in patients
with thresholds of liver parenchyma consid-
ered to be safe as well as the absence of
liver failure in some patients with thresh-
olds of liver parenchyma considered to be
unsafe. In fact, liver with a safe remnant
size after surgery showed by CT had devel-
oped SFFLF as well because of microarchi-
tecture alterations of liver parenchyma.’*
Because of flow and pressure injuries hap-
pen after resection is performed, there are
no predictor parameters that could be
assessed prior to surgery in addition to liver
volumes in otherwise healthy-liver. In cir-
rhotic patients, Child-Pugh score is manda-
tory to stratify patients suitable for surgery.
In addition, metabolic tests based on the
detoxifying properties of the liver have the
advantage to estimate properly the liver
residual functionality: Indocyanine-green
Clearance test is the most popular instru-
ment in Eastern countries, where it consti-
tutes the pillar of preoperative algorithms
for liver resection.>-3

Other test, as the monoethylglycinexyli-
dide (MEG-X) test,?” has not gained popu-
larity, and it’s not routinely applied in clini-
cal context. However, the role of intraoper-
ative measurements of portal blood flow
and pressure is emerging, in addition to
monitoring hepatic artery flow.2® This
measurements could lead to a better evalua-
tion not only of the remnant, but also a bet-
ter evaluation of the relationship between
future remnant volume and portal blood
volume destined to the remnant. According
to this, pre-surgery volume measurements,
plus intraoperative flow and pressure moni-
toring, could permit to planning the optimal
strategy to prevent SFFLF in patients under-
going extended liver resections.

Recently, Allard MA and colleagues
reported that intraoperative post hepatecto-
my portal vein pressure >21 mmHg is an
independent predictor of SFFLF and 90-day
post-operative mortality after major hepate-
ctomy in non-cirrhotic liver.2638 In litera-
ture, patients who meet WHVP>20 mmHg,
and HVPG>10 mmHg (suggested cut-off),
meet a decrease in 6-months survival from
85% to 38%, indicating a portal hyperten-
sion condition.?° To save size measurements
practice, some authors use also Spleen
Volume/FRLYV ratio, that has showed to be
related with increased SFFLF incidence.?
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Figure 1. Alghorythm to diagnose SFFLF applied in our clinical experience. BIL: biliru-
bine; ALPPS: associating liver partition and portal vein ligation for staged hepatectomy;
INR: international standardized ratio; PVE: portal vein embolization; PVL: portal vein
ligation; SAE: splenic artery embolization; FLVR: future liver volume remnant %.
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the risk of patient dropout for tumor stage
progression, because of the time to wait to
achieve a safe size of the future remnant.

Which surgical strategies are
adoptable to prevent SFFLF?

This question lies at the heart of SFFLF
prevention management. According to new
evidence regarding the etiology of this syn-
drome, before surgery we can manage just
the size of the future remnant: but SFFLF
not only presents a problem of size, but also
of over flow and overpressure in a small
liver remnant. Flow and pressure modula-
tions are the key strategies derived from
transplant experience. Several approaches
are possible.

Intermittent Pringle maneuver

Lamping the portal triad for no more
than 15 min has showed a good impact on
regeneration of liver. Currently, a technique
consisting in 15 min of clamping on and 5
min releasing is used.*** Total vascular
exclusion is not recommended, but is used
when we have no choice: when it happens,
the clamping with preservation of caval
flow should be preferred.*¢

Surgical modulation of portal blood
flow

Different techniques were described and
applied. Splenic Artery ligation,*’ perform-
ance of porto-caval anastomosis,*® banding
of portal vein.*® These strategies are justified
after performing intraoperative portal pres-
sure measurement (by direct puncture of por-
tal vein), that has shown to be a reliable pre-
dictor of remnant failure >0-53

Pharmacological modulation of por-
tal blood flow

Infusion  of  somatostatin  (or
octeotride),> pentoxifylline,>® adenosine,>®
or endotheline-1.°7 In case of octeotride,
there is lack of evidence of a predominant
role in portal pressure modulation and its

benefit.’”> Moreover, for all this drugs the
role of infusions are still undefined, with an
important lack of prospective studies.

Associating liver partition and
portal vein ligation for staged
hepatectomy

Described for the first time in 2010,
this is a newer technique with big expecta-
tion. When a portal vein ligation/emboliza-
tion is performed, a partial revascularization
of the lobe due to contralateral portal ves-
sels occurs. This procedure consists in the
partition of the liver along the falciform lig-
ament line, followed by portal vein ligation.
This reduces regenerative waiting time
before the tumor’s surgery (regenerative
rates in a week of 40% to 80%, versus 8-
27% with PVL/PVE), but is affected by
high morbidity (16-64% of patients) and
mortality rates (12-23% of patients).3%-¢!
The procedure is comforted by Nagano’s
theorem,%? regarding liver regeneration,
which explains how a precondition of liver
cells in S-phase of cell’s cycle improve
functional regeneration after hepatectomy.

Which parameters should be
monitored to show SFFLF
development after surgery?

After surgery, it is very important to
perform a strict control of operated patients.
In 48-72 hours after hepatectomy, a raise of
bilirubin and INR it’s very common due to
liver injuries caused by surgery.!3:62:63
Currently, a raise of bilirubin >50 pmol/L (3
mg/dL) and INR>1.7 after 5th day post-op
is commonly accepted as early markers of
liver dysfunction. These criteria are called
50-50 criteria, as we have described before.
Despite this, INR is not a very suitable
parameter, because of blood and platelet
infusion that are often administered during
or immediately after extended hepatectomy.

According to flow-theory, if a raise of
bilirubin is recognized after day 5, different

Table 2. Sum-Up about small for size syndrome.

strategies can be adopted. Even if there are
lack of evidence tested in SFFLF context,
portal hyper pressure is usually diagnosed
by Doppler US, through biliary system ecta-
sia (according to AISF’s guidelines,* a
diameter threshold >13mm has a sensibility
of 50% and specificity of 95%). Doppler
US scan could be used to assess portal over-
flow, and a threshold of 250 mL/min/100 g
of liver parenchyma has been indicated as
risk factor for SFFLF development7-48
When bilirubin raises, a simply Doppler US
could develop the suspect of disease, lead-
ing to invasive diagnostic strategies (HVPG
measurement) and therapeutic choices, as
well as avoiding any other iatrogenic caus-
es. After this indication, portal pressure
with HVPG could be measured to develop
therapies. Indeed, as previously stated a
HVPG>10 mmHg is associated with func-
tional liver regeneration impairment (in
Table 1 cut-offs are summarized). As differ-
ent authors suggest, if a raise in biliru-
bin>50 pmol/L and HVPG>10 mmHg is
recognized, then we should refer the patient
to an interventional radiologist to perform a
Splenic Artery Embolization (SAE), to
reduce flow and pressure in portal sys-
tem.%>-% In case this strategy is not suitable,
we could consider a TIPS, even if this last
procedure is affected by higher morbidity
than SAE. One of the authors of this article
has suggested, in parallel with SAE, daily
infusion of Terlipressine or Octeotride (50
mcg/hour) until bilirubin falls,” but this
strategy is not confirmed by prospective
randomized clinical trials. In Figure 2 we

Table 1. Sum-Up of parameters and their
respective cut-off, to be monitored during
management of affected patients.

Bilirubin 50 pmol/L - 3 mg/dL

PT Above 50% of baseline

INR >1.7

Portal Flow 250 mL/min/100g of liver parenchima
HVPG >10 mmHg

PT: protombrine Time; INR: International Standardised Ratio; HVPG:
hepatic venous pressure gradient.

Definition

Portal overflow and over pressure compared to liver remnant volume leading to liver impairment

Predictive factors

Intra-operatively: Portal vein flow and pressure measurements
Post-operatively: Bilirubin>50 pmol/L after day 5; Ultrasound evidence of portal hypertension;
Doppler UltraSound to estimate portal flow; Hepatic Venous Pressure Gradient measurement

Pre-operatively: Preoperative volumetry and future liver remnant volume estimation.

Therapeutic strategies

Portal flow and pressure modulation with surgical and/or pharmacological strategies; Liver regeneration preconditioning.
If established: TIPS; Splenic Artery Embolization; Anti-portal hyperpressure drugs

OPEN 8ACCE55
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CONSOLIDATED
SUSPECT OF SFFLD BY
DOPPLER US, BILIRUBIN

AND INR

PORTAL
PRESSURE
MEASUREMENT

Figure 2. Therapeutic decision-making Alghorythm applied in our clinical experience.
After an ultrasound evidence of portal hypertension, portal pressure measurement and
estimation of Hepatic Vein Pressure Gradient are useful to address the therapy. SFFLF:
small for flow liver failure; SAE: Splenic Artery Embolization; TIPS: tran-jugular porto-
caval shunt; HVPG: hepatic venous pressure gradient.

show our algorithm to manage and treat
patients who underwent SFFLF applied in
our clinical practice.

Conclusions

SFFLF is still a challenge for oncologi-
cal surgeons. In fact, in the field of oncolog-
ical surgery there is a lack of data regarding
outcomes after treatments, or data on how
to diagnose this syndrome with increased
certainty. International recognizable criteria
are lacking, which leads to increased confu-
sion. With this review, we would suggest a
management protocol applied in our clinical
practice to prevent and correctly diagnose
this syndrome (main points are summarized
in Table 2), extrapolated from the few stud-
ies published in literature. In order to vali-
date this algorithm, it should be necessary
to set up a randomized trial that can evalu-
ate the effectiveness of it. By the way, with
more data coming from literature, the role
of flow and hyper-pressure is becoming
clearer, conditioning therapies and surgical
approach. Most of this knowledge came
from transplantation experience, and it
would be problematic to translate that kind
of research in a similar but different con-
text, as the liver resection is. An effort
should be made, because of small-for-size
syndrome after transplant and the so-called
post-hepatectomy liver failure seem to be
two face of the same coin. From this point
of view, even if prospective data are
required, it could be possible to manage this
kind of surgical liver failure in both condi-
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tion applying the same concepts, obviously
in an empirical way.

But not only management is lacking of
evidences: an HABR is never been demon-
strated after human hepatic resections, and
how the liver regeneration become impaired
is still unclear. Clarifing this important
pathological mechanism would be funda-
mental to discuss the role of different surgi-
cal strategies right now adopted in trans-
plantation context, but unnecessary in
resection field. Would it be, ethically and
surgically, correct to manipulate portal and
inferior cava veins when they are disease-
free? This consideration leads until now
surgeons to do not apply transplantation
technique in resection context. But the
emerging role of flow in liver regeneration
could change, in a not so far future, our
approach radically, permitting us to manip-
ulate and drive liver regeneration through
portal-flow regulation, avoiding the most
important risk of this kind of surgery: liver
failure.
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