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H EPATIC resection for malignant liver tumors improves
overall survival. However, liver surgery continues to be

associated with significant morbidity and mortality.1 A combi-
nation of careful patient selection, meticulous operative tech-
nique and specialized perioperative care is required to achieve
low perioperative mortality (less than 5%) even in cases of hep-
atocellular carcinoma resections in cirrhotic patients.1 Postop-
erative hepatic failure (POLF) is one of the most serious com-
plications following liver surgery with a mortality that can
exceed 70%.2 The aim of this case scenario is to highlight the
perioperative management of POLF after liver resection for
hepatocellular carcinoma in patient with cirrhosis.

Case Reports
A 51-yr-old man with hepatocellular carcinoma in the setting
of hepatitis B cirrhosis was scheduled for a right hepatec-
tomy. He had been diagnosed with chronic hepatitis B 6 yr
ago and had no other significant medical conditions. A rise in

�-fetoprotein to 700 ng/ml led to the diagnosis of two hep-
atocellular carcinoma tumors in the right liver (60 mm in
segment VII and 25 mm in segment IV and VIII) delineated
on computed tomography (CT) scanning. Preoperative as-
sessment did not show esophageal varices, portal hyperten-
sion, ascites, or evidence of portal vein thrombosis on ab-
dominal CT-scan. Nontumor liver biopsy displayed
macronodular cirrhosis. Bone scintigraphy and lung CT-
scan did not show any evidence of metastasis. Preoperative
liver and kidney functions were normal. There was no evi-
dence of ongoing hepatitis B viral replication. An arterial
chemoembolization of the segment IV artery was performed
first, followed by a right venous portal embolization to in-
duce hypertrophy of the left liver 1 month later.3 Four weeks
after embolization, a postprocedure liver CT-scan showed a
10% increase in the volume of the left liver, suggesting that
the postoperative remaining liver volume would be approxi-
mately 40% of the original liver volume. A right hepatec-
tomy (resection of hepatic segments V, VI, VII, and VIII)
was performed 6 weeks after portal embolization. Anesthesia
consisted of propofol, sufentanil, atracurium, and desflu-
rane. Perioperative hemodynamic monitoring was per-
formed with a radial artery catheter, a right internal jugular
catheter and esophageal doppler. Intermittent portal clamp-
ing lasted 34 min. There were no intraoperative complica-
tions and no red cell transfusions were required. The patient
was extubated in the operating theater and then transferred
to the intensive care unit as part of standard postoperative
care. The patient was alert and hemodynamically stable,
without respiratory or renal failure. Postoperative analgesia
was provided through patient-controlled analgesia with mor-
phine. Acetaminophen was not given. Immediate postoper-
ative data showed metabolic acidosis with hyperlactatemia (4
mM), which normalized after 12 h. Postoperatively, biliru-
binemia increased steadily and prothrombin time (PT) re-
mained low (vitamin K had been supplemented) (fig. 1).
Daily hepatic echo-Doppler did not show any abnormalities
of portal and suprahepatic vein flow, nor of hepatic artery
flow. Because of persistent hyperbilirubinemia and a de-
creased PT, an abdominal CT scan was performed on post-
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operative day 3, which showed a partial thrombus of the
remnant right portal vein. The CT scan did not reveal addi-
tional vascular abnormalities or any collections. Therapeutic
anticoagulation with unfractionated heparin was initiated.
There was no significant ascites and the abdominal drain was
removed on postoperative day 4. On postoperative day 4, the
patient became confused and somnolent. Electroencephalo-
gram was consistent with a metabolic source of altered men-
tal status, and hepatic encephalopathy was considered the
most likely diagnosis. On postoperative day 5, the patient’s
mental status worsened (Glasgow coma score � 5) and he
required tracheal intubation and mechanical ventilation. His
worsening neurologic status was concomitant with fever
(38°6 C) and an increase in leukocyte count to 16.4 g/L.
There were no clinical signs of pulmonary, abdominal, or
urinary infection. An extensive infectious workup (blood,
urine, ascites, and blind protected pulmonary catheter cul-
tures) was performed. Empiric antimicrobial therapy with
piperacillin-tazobactam and ciprofloxacin was started. He-
patic and neurologic compromise was isolated without acute
renal injury or significant hemodynamic instability. Arterial
ammonia measurements were not available at the time.

On postoperative day 7, the patient was comatose and
could not be weaned from the ventilator. PT was 26% with a
corresponding International Normalized Ratio (INR) of 2
and a serum bilirubin of 145 �M. Protected distal pulmonary
sample cultures from postoperative day 5 yielded more than
103 Klebsiella pneumoniae, suggesting pneumonia. The pa-
tient was placed on appropriate antimicrobial therapy, and
subsequently his leucocytosis improved and his fever re-
solved. Definitive histologic examination of the resected
right liver showed macronodular cirrhosis with a low level of
hepatitis activity and two well differentiated nodules of hep-
atocellular carcinoma (3 cm and 2.5 cm). The diagnosis of
POLF secondary to a small functional liver remnant and
possibly worsened by sepsis was considered. After a multidis-
ciplinary meeting was held with liver transplant surgeons,

hepatologists, intensivists, and anesthesiologists, the patient
was listed for liver transplantation and received a liver graft 9
days after the hepatectomy. Histologic analysis of the rem-
nant left liver showed macronodular cirrhosis and multiple
foci of parenchymal necrosis. There was no vascular throm-
bosis, no evidence of sinusoidal obstruction, and no inflam-
mation. The patient’s hospital course after the liver trans-
plantation was complicated by severe sepsis secondary to
bacterial peritonitis and concomitant bacteremia. The pa-
tient was extubated on postoperative day 12. He left the
intensive care unit 15 days after his liver transplantation and
24 days after his hepatectomy.

Discussion

What Are the Clinical Symptoms of Postoperative Liver
Failure?
The typical clinical features of POLF are worsening coagu-
lopathy, hyperbilirubinemia, and encephalopathy, and can
be associated with renal failure, respiratory compromise, and
features of sepsis. This clinical presentation is similar to the
presentation of acute liver failure, but more akin to that of
subacute liver failure than to that of hyperacute liver failure.4

Unlike acute liver failure, POFL is usually not associated
with hepatic necrosis and transaminitis. The decrease in
functional liver mass that occurs in POFL is mostly related to a
large resection volume and not to necrosis and inflammation.

Diagnostic Criteria and Epidemiology of Postoperative
Liver Failure after Liver Resection
Serum bilirubin and clotting tests are well known measures
of hepatic function. Changes in these parameters of hepatic
function following liver surgery demonstrate that serum bil-
irubin and INR peak on postoperative day 2 and then nor-
malize between postoperative days 5–7. These postoperative
changes are influenced by the extent of resection, the subse-
quent inflammatory response, and the remnant liver’s capac-
ity for regeneration.5 Consequently, serum bilirubin and
INR are used in a majority of the proposed POFL scoring
systems. However, there was no standardized definition of
POLF until recently when the International Study Group
of Liver Surgery has proposed a standardized definition of
POLF and a system for grading severity of posthepatectomy
liver failure.6 They defined POLF as impairment in the
liver’s ability to maintain its synthetic, excretory, and detox-
ifying functions as characterized by an increased INR and
hyperbilirubinemia on or after postoperative day 5. Figure 1
shows the time course for development of hyperbiliru-
binemia and coagulopathy in our patient and exemplifies the
typical postoperative evolution of POLF. The group also
proposed a system for classifying severity of POLF based on
its impact on clinical management. Grade-A posthepatec-
tomy liver failure requires no change in the patient’s clinical
management. Grade-B posthepatectomy liver failure re-
quires changes in the patient’s clinical management but no

Fig. 1. Postoperative course of serum bilirubinemia and pro-
thrombin time. LT � liver transplantation; �mol/l � �M; PT �
prothrombin time; Preop � preoperative day; Postop � im-
mediate postoperative.
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invasive therapies. Grade-C posthepatectomy liver failure is
defined by the need for invasive treatment.6 Based on this
classification, our patient developed grade-C POLF.

In addition to being used as diagnostic tools, postopera-
tive bilirubinemia, and INR or PT have also been included in
scores that are used as outcome predictors after hepatic resec-
tion. We have previously shown that PT less than 50% (INR
more than 1.7) and bilirubinemia greater than 50 �M are
early predictors of mortality in the intensive care unit on
both postoperative days 3 and 5, with positive likelihood
ratios of 8.6 and 9.9, respectively.2

The incidence of POLF after a major hepatic resection
ranges between 0–30% with a mean incidence of 5–8%
following hepatic resection in patients with cirrhosis.1,7,8

However, the lack of a standardized definition for POLF
makes it difficult to compare the various reported values of
incidence. Still, POLF is a major contributor to postopera-
tive mortality and is implicated in 18–75% of postoperative
deaths following major hepatic resections.2,9

What Are the Predictors and the Causes of
Postoperative Acute Liver Failure after Liver Resection
in Cirrhotic Patients?
Many predictors of POLF, such as, diabetes, liver fibrosis
extent, small remnant liver volume, intraoperative blood
loss, and need for blood transfusion have been described.10

Diabetes is a common comorbidity in patients with liver
resection. It is commonly associated with cirrhosis and is also
a risk factor for nonalcoholic fatty liver disease, including
nonalcoholic steatohepatitis, which can lead to liver fibrosis,
cirrhosis, and hepatocellular carcinoma. Diabetes may also
increase the risk of postoperative hepatic decompensation.11

The extent of liver resection is one of the major factors for
POLF. The critical residual volume is related to the inci-
dence of postoperative function. The correlation between
remnant liver mass and regeneration is frequently linked to
the development of POLF.10 Failure to regenerate occurs
when the remnant liver volume is below a certain threshold.
Schindl et al. have shown that a remnant volume that is 26%
of the original liver volume seems to be the threshold in
noncirrhotic patients. Liver volumetry using axial images
from two-dimensional CT scans is used to measure the fu-
ture remnant liver volume as a predictor of postoperative
hepatic dysfunction. In cirrhotic livers, functional reserve is
impaired, resulting in a reduced regeneration capacity and a
higher probability of POLF following resection.12 An ex-
pected remnant volume (expressed as a percentage of total
liver volume) greater than 40% is suggested in patients with
parenchymal disease such as cirrhosis.13

A schematic representation of the causes of POLF is dis-
played in figure 2. Postoperative conditions such as hepatic
congestion and sepsis can also be responsible for POLF by
themselves or in combination with small remnant liver vol-
ume. Hepatic congestion is a well described etiology for
POLF.1,8 Congestion can be related to liver outflow obstruc-

tion, which highlights the importance of preserving the ve-
nous drainage of the remnant liver for adequate liver func-
tion.1 Hepatic congestion can be also related to excessive
inflow pressure or flow. Shear stress is an important compo-
nent of liver regeneration, but excessive pressure in the portal
vein could be responsible for increased sinusoidal perfusion,
which can induce sinusoidal endothelial cell injury and sub-
sequently reduce hepatocyte regeneration.14 This concept,
which originates from experiences with living donor liver
transplantation, has been named small for size syndrome.
“Small-for-size” syndrome arises when a partial graft cannot
cope with the unique stresses placed upon it because of its
small size. Although there is no standard definition, small-
for-size syndrome may be diagnosed clinically when pro-
longed hyperbilirubinemia, coagulopathy, ascites, and/or en-
cephalopathy arise.14 Based on the small size of the remnant
liver, a similar syndrome can be observed following hepatic
resection.

Sepsis or infection plays a key role in POLF occurrence,
particularly during acute liver failure. However, a causal re-
lationship between POLF and infection has not been fully
elucidated.8,9,15 On the one hand, liver failure is a risk factor
for infection, and patients with acute liver failure are prone to
infections4 with an incidence as high as 40–80%.16 It has
been shown that 73% of patients with postoperative liver
dysfunction develop postoperative sepsis compared with
18% of patients without POLF.15 On the other hand, sepsis
has detrimental effects on liver function and affects hepatic
regeneration.10 Sepsis can cause hypotension resulting in he-
patic ischemia. It induces Kuppfer cells dysfunction, in-
creases proinflammatory cytokines, and causes the release of
toxic liver endotoxins that may have an inhibitory effect on
hepatocyte proliferation.10 Consequently, sepsis diminishes
the liver’s capacity for regeneration. Sepsis in an independent
predictor of death in patients with POLF.9 Furthermore,
liver surgery itself likely increases the risk of infection. In-
deed, hepatectomy is associated with enteric bacterial trans-
location and the risk of translocation increases with portal
clamping. Major liver resections significantly reduce the
functional capacity of the reticuloendothelial system, which

Fig. 2. Schematic representation of postoperative liver failure
causes after hepatic resection.
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plays a pivotal role in bacterial immune defense.17 Our pres-
ent patient was suffering from cirrhosis, which is a very well
documented additional risk factor for sepsis. Patients with
cirrhosis develop bacterial infections more frequently than
those without cirrhosis. Infection in these patients is accom-
panied by a markedly imbalanced cytokine release along with
an excessive proinflammatory response and an increased risk
of sepsis, severe sepsis, or septic shock.18 Moreover, infection
and systemic inflammation appear to be associated with se-
vere hepatic encephalopathy in cirrhotic patients.19

In the present case, the pathologic examination of the
remnant liver did not display any specific histologic abnor-
malities. This suggests that POLF was likely related to the
large resection, which left a relatively small remnant cirrhotic
liver and was probably worsened by infection.

How Is Postoperative Liver Failure Following Liver
Resection in Cirrhotic Patients Prevented?
Based on the scarcity of therapeutic options for POLF, a
great effort should be made to prevent its occurrence. The
following section describes meticulous preoperative selection
and optimization strategies, optimal intraoperative surgical
and anesthetic techniques, and cautious postoperative care, a
combination of perioperative strategies designed to prevent
POLF occurrence.
Preoperative Care. Preoperative patient evaluation allows
the physician to determine the functional reserve of the liver
and to predict the volume of the remnant liver. The func-
tional liver capacity can be assessed with the Child-Pugh
classification system, which is a predictor of postoperative
morbidity (table 1).20 The general consensus is that liver
surgery should only be conducted in patients with nonde-
compensated cirrhosis, classified as Child A, and in some
very well selected Child B patients. The Model for End-stage
Liver Disease score combines bilirubinemia, creatinine, and
INR according to the following formula: (0.957 � ln(serum
creatinine) � 0.378 � ln(serum bilirubin) � 1.120 � lnINR �
0.643) � 10. This score reflects hepatocellular function. A
Model for End-stage Liver Disease score of more than 10,
when compared with a score of less than 9, is associated with

a significant increased risk of POLF after hepatectomy for
hepatocellular carcinoma in cirrhotics.21 Portal hyperten-
sion, which is a contraindication for major liver resection in
cirrhotic patient, is assessed by the presence of esophageal
varices, ascites, splenomegaly, or thrombocytopenia. Some
authors suggest measuring the hepatic vein pressure gradient
to predict the risk of postoperative liver failure.22 The hepatic
functional reserve can also be evaluated with functional tests.
Assessment of the plasma indocyanine green disappearance
rate by pulse spectrophotometry is a noninvasive measure of
liver function that has been widely used to assess functional
liver reserve in patients with chronically reduced hepatic
function. It can also be used to preoperatively assess liver
function reserve and safety limits for the liver resection size.23

In patients with predicted remnant liver volumes that are
insufficient, preoperative portal vein embolization is used to
induce atrophy of the embolized, tumor-bearing liver seg-
ments and hypertrophy of the nonembolized segments. De-
pending on the underlying liver function, portal vein embo-
lization can increase liver volume by 8–16% and increase
liver function in the future remnant liver.24 Portal venous
embolization has been shown to reduce the risk of postoper-
ative liver failure.3

Intraoperative Care. Volatile anesthetic agents have been
associated with adverse hepatic reactions. However, there is a
general lack of evidence demonstrating hepatotoxicity from
either desflurane or sevoflurane, and hepatotoxicity of anes-
thetic agents is no longer a significant clinical concern.25

Intraoperative blood loss and subsequent need for blood
transfusions are predictors of POLF. In cirrhotic patients,
postoperative metabolic acidosis following hepatic surgery is
worsened by intraoperative blood loss and could be related to
hepatic functional reserve and the complexity of the surgical
resection.26 The immediate postresection bicarbonate level
could be used as an early predictor of POLF.26 Tranexamic
acid, an antifibrinolyic drug, has been shown to reduce in-
traoperative blood loss and the need for blood transfusion
during liver resection.27 This suggests that the use of
tranexamic acid should be considered, especially for liver
resections associated with a high risk of blood transfusion.
Surgical techniques such as vascular occlusion, namely portal
occlusion, have been reported to reduce intraoperative bleed-
ing. Systematic studies have shown that portal clamping is
associated with a significant reduction in intraoperative
bleeding.28 However, none of these studies demonstrated a
significant reduction in erythrocyte transfusions. Further-
more, vascular occlusion techniques are consistently associ-
ated with liver ischemia–reperfusion injury. Intermittent
vascular pedicular clamping has been developed to improve
parenchymal tolerance to clamping. For liver surgery in cir-
rhosis, repeated 10-min episodes of hepatic vascular clamp-
ing interrupted by 5 min of reperfusion as well as a cumula-
tive length of vascular clamping not exceeding 1 h have been
proposed.7 Liver surgery without clamping has also been
proposed to reduce parenchymal ischemia.29 In patients with

Table 1. Child-Pugh Classification for the Assessment
of the Severity of Cirrhosis

1 Point 2 Points 3 Points

Total Bilirubin,
�M (mg/dl)

�34 (�2) 34–50 (2–3) �50 (�3)

Serum
albumin, g/L

�35 28–35 �28

INR �1.7 1.71–2.20 �2.20
Ascites None Mild Severe
Hepatic

encephalopathy
None Grade I or II Grade III–IV

Class A cirrhosis: 6–8 points, Class B cirrhosis: 7–9 points, Class
C: 10–15 points.
INR � International Normalized Ratio.
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chronic liver disease, measures such as portal vein emboliza-
tion, avoidance of parenchymal ischemia, and minimization
of blood loss are crucial to decreasing postoperative morbid-
ity and mortality.3,12

The development of therapeutic approaches to ischemia-
reperfusion injury has allowed for some randomized clinical
trials.30 Ischemic preconditioning before continuous hepatic
pedicle clamping could reduce reperfusion injury, particu-
larly in steatotic livers. However, randomized clinical trials
have not confirmed that ischemic preconditioning has a pos-
itive effect on outcomes. Preconditioning with sevoflurane
has been shown to significantly limit the postoperative in-
crease of serum transaminases and the rate of postoperative
complications.31 Recently, an experimental model has sug-
gested that pretreatment with remifentanil can attenuate
liver injury both in vivo and in vitro. These effects were
thought to be mediated through inducible nitric oxide syn-
thase by exhausting reactive oxygen species and attenuating
the inflammatory response.32 These novel pharmacological
approaches have generated a new interest in the choice of
anesthesic agents, which might influence the postoperative
outcome.
Postoperative Care. Postoperative analgesia is usually pro-
vided with patient-controlled analgesia and combined
with acetaminophen because of the morphine-sparing ef-
fect of this agent. However, concerns exist about the safety
of acetaminophen, particularly in patients at risk for liver
failure.33 Moreover, acetaminophen metabolism may be
impaired after hepatic resection.34 At present, despite the
absence of definitive data, it seems reasonable to avoid the
use of acetaminophen for postoperative analgesia after
liver surgery in patients at risk for POLF, such as those
with cirrhosis.

How Is Postoperative Liver Failure Treated?
POLF should be recognized as early as possible. Criteria such
as bilirubinemia exceeding 50 �M and PT less than 50%
(INR more than 1.7) on postoperative day 3 could be used as
early warning signs.2 This is crucial for triggering early rec-
ognition of the potentially curable complications of POLF
(fig. 3).

Vascular complications such as portal thrombosis or su-
prahepatic abnormalities responsible for venous liver conges-
tion can be detected by ultrasonography and Doppler or CT
scan. Whether early postoperative portal thrombosis should
be surgically managed by desobstruction or treated with an-
ticoagulants is debated. Liver outflow obstruction can be
surgically cured when caused by the rotation of the remnant
liver. Improvement of the venous outflow could also be
achieved with endovascular treatment using a metallic
stent.35 Small-for-size syndrome may potentially be man-
aged by decreasing portal venous inflow into the remnant
liver via splenic artery embolization.36

Avoidance of postoperative sepsis is a key issue in the
management of POLF. It should be noted that the diagnosis
of infection based on commonly used biomarkers of sepsis,
such as C-reactive protein, might not be accurate in this
situation. Following major hepatic resection, C-reactive pro-
tein levels were decreased in patients with POLF, probably
reflecting a decrease in functional liver mass.5 This is consis-
tent with what has been reported in acute liver failure where
C-reactive protein levels appeared to be more closely related
to acute liver failure severity than to ongoing infection.37

Based on the very high risk of sepsis in these patients and its
negative effects on outcome, current guidelines for acute liver
failure management recommend frequent utilization of an-
timicrobial therapy.4 There is currently no randomized trial
that has compared a systematic use of antibiotics versus clin-

Fig. 3. Proposed management for postoperative liver failure. CT � computed tomography; �mol/l � �M; PT � prothrombin
time; US � ultrasound.
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ically guided administration of antibiotics in acute liver fail-
ure. Whether antibiotics should be systematically adminis-
tered in POLF remains to be determined.

What Is the Role of Liver Transplantation for
Postoperative Liver Failure?
Liver transplantation is the only radical treatment that
improves survival in patients with end-stage liver disease.
However, patients suffering from POLF are rarely eligible
candidates for liver transplantation because of tumor char-
acteristics or comorbid conditions. Liver transplantation for
POLF is associated with significant morbidity but could pro-
vide treatment for an otherwise fatal condition.38 According
to the Milan criteria, indications for liver transplantation are
single-lesion hepatocellular carcinomas of 5 cm or fewer and
multiple tumors with no more than 3 nodules, each of which
is 3 cm or fewer.22,38 Based on these criteria, our patient was
a suitable candidate for liver transplantation.

What Is the Role of Extra Hepatic Assistance Devices in
Postoperative Liver Failure?
Artificial liver devices have been developed in the last few
years. These devices can be divided into extracorporeal epu-
ration systems, usually based on albumin dialysis, and bioar-
tificial devices based on bioreactors containing hepatocytes.
The former have been the most frequently studied. However,
none have been specifically studied in the setting of POLF,
with the exception of one case series with no obvious bene-
ficial outcome. Outcomes for the use of these various devices
in the management of acute liver failure are also unclear.39

They are not currently recommended in the medical man-
agement of acute liver failure patients.4 Because their actual
place in the global field of acute or on acute chronic liver
failure remains to be determined, their role in POLF is un-
defined. However, because POLF is typically a fatal condi-
tion, it is important to investigate the potential roles of these
devices.

Knowledge Gap
The field of unanswered questions about POLF is large. As
we have seen earlier, pharmacological modulation of isch-
emia/reperfusion has not yet been incorporated into clinical
practice despite its apparent impact on clinically relevant
outcomes. However, this remains an important field of on-
going research that generates interest in the choice of phar-
macological anesthetic agents that may influence postopera-
tive outcome.

The role of platelets in liver regeneration has been recently
highlighted.40 After partial liver resection, a low platelet
count is an independent predictor of delayed postoperative
liver function recovery and is associated with an increased
risk of postoperative mortality. The potential therapeutic
consequences of these findings would need to be studied.

Modulation of hepatic regeneration after hepatectomy is
another interesting field of research.10 It has recently been

suggested that the abrupt regenerative response of a small
remnant liver may be responsible for intense lobular derange-
ment and subsequent liver dysfunction. The suppression of
the mitogen-activated protein kinase kinase/extracellular sig-
naling pathway during the early posthepatectomy phase
makes the regenerative response linear, and improves the
prognosis for animals bearing a small remnant liver.41 This
approach opens a new field of investigation and therapeutic
options for the prophylaxis of POLF. Finally, the effects of
portal pressure modulation after extensive hepatectomy and
small remnant liver deserve attention. This technique could
be associated with a significant improvement of outcome.

Hepatic encephalopathy should be appropriately diag-
nosed and supportive treatment should be offered. It is of
note that ammonia appears to decrease neutrophil function,
and as such may increase the risk of infection and the inflam-
matory response.19 Whether or not agents used to decrease
ammonia levels benefit this group of patients remains to be
clarified.
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