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ABSTRACT
Background: Data about the clinical significance and outcome of patients with nodular regenerative hyperplasia are limited.
Objective: The aim of this study was to describe the clinical and histopathological characteristics of patients with nodular
regenerative hyperplasia and compare our findings with the literature.
Methods: From January 2015 to March 2021, patients with a diagnosis of nodular regenerative hyperplasia were included. They
were extracted from the database of the pathology department of Cliniques universitaires Saint‐Luc. Clinical and histological
data were retrospectively recorded and complications of portal hypertension and mortality were analyzed. We also performed a
systematic review of the literature.
Results: Eighty‐two histology‐proven nodular regenerative hyperplasia were included. The mean age at diagnosis was
58 � 14 years. At least one clinical sign of portal hypertension was present in 37 patients (45%), and liver tissue sampling was
performed for 29 of them for evaluation of portal hypertension. Conversely, nodular regenerative hyperplasia was an incidental
discovery in 27 patients (33%), mostly after liver resection for metastasis (n = 15) or protocol biopsy in liver‐transplanted pa-
tients (n = 9). The 5‐year liver‐related mortality was 5%. The 5‐year non‐liver‐related mortality was 20%. Patients diagnosed by
clinical suspicion (n = 55) were compared to patients diagnosed incidentally (n = 27). Patients with an incidental diagnosis had
more frequently a condition associated with nodular regenerative hyperplasia than patients diagnosed clinically (93% vs. 66%,
p = 0.008) and they developed significantly lower liver‐related complications (4% vs. 27%, p = 0.01). A systematic review allowed
us to compare our patients with 10 case series in the literature.
Conclusion: The clinical spectrum of patients with nodular regenerative hyperplasia is heterogeneous, including patients with
clinical liver manifestations and patients diagnosed incidentally who could remain free of liver‐related complications. This
suggests that nodular regenerative hyperplasia could be a histological epiphenomenon as well as a clinical entity.

Abbreviations: Alk Phos, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, g‐glutamyltransferase; H&E, hematoxylin and eosin; HCC, hepatocellular
carcinoma; INR, international normalized ratio; NRH, nodular regenerative hyperplasia; PSVD, porto‐sinusoidal vascular disorder; SOS, sinusoidal obstruction syndrome Structured; TIPS,
transjugular intrahepatic porto‐systemic shunt; VALDIG, Vascular Liver Disease Interest Group.
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1 | Introduction

Nodular regenerative hyperplasia (NRH) is a histological lesion
characterized by micronodular transformation of the liver in the
absence of significant fibrosis [1]. NRH was first described in
1953 by Ranstrom under the designation of miliary hepatocel-
lular adenomatosis [2, 3]. According to consecutive autopsy
series, its prevalence varies between 2.1% and 2.6% [4, 5]. NRH
belonged previously to the histological features reported in pa-
tients with idiopathic (non‐cirrhotic) portal hypertension [6]. In
2019, the Vascular Liver Disease Interest Group (VALDIG)
proposed to replace the term “idiopathic portal hypertension”
by porto‐sinusoidal vascular disease, which later became porto‐
sinusoidal vascular disorder (PSVD), in order to group into a
common entity three pivotal histological lesions observed in
patients with idiopathic portal hypertension: NRH, obliterative
portal venopathy and incomplete septal fibrosis [7–9].

Even though NRH has been known for 70 years, it remains a
particularly mysterious lesion. First, multiple conditions have
been associated with NRH without an obvious common etiology
[10]. Second, its pathogenesis is not clearly understood. It seems
to be related to abnormalities in thebloodflow [11], but the reason
why and how this histological lesion occurs is largely unknown.
Third, it remains unexplained why some patients develop clinical
portal hypertension [12] while others remain asymptomatic and
are diagnosed incidentally [13]. Fourth, the natural history of
NRH is poorly known and is limited to a few cases series [13–15].
Fifth, the outcome of patients with asymptomatic NRH has not
been studied. Lastly, the association of NRH with the two other
pivotal lesions of PSVD, obliterative portal venopathy and
incomplete septal fibrosis, has not been elucidated.

Accordingly, our aim was to contribute to the knowledge of this
curious entity. For this, we explored the clinical and histopatho-
logical characteristics and outcomes of our patients with NRH.
We also compared our findings with those in the literature.

2 | Materials and Methods

2.1 | Patient Selection and Histological
Assessment

Cases of NRH were retrospectively collected from the database
of the pathology department of Cliniques universitaires Saint‐
Luc. Histological reports including the following terms
“nodular regenerative hyperplasia” from January 2015 to March
2021 were identified. Only those with a confirmed diagnosis of
NRH in the conclusion of the histological report were selected.
Patients under 18‐year‐old and those with insufficient infor-
mation in their medical records were excluded. Formalin‐fixed
and paraffin‐embedded core biopsies and resection specimens
were reviewed by the same expert liver pathologist (P.B.) ac-
cording to the guidelines [5, 11]. Hematoxylin and eosin (H&E),
reticulin staining and CK7 immunostained slides were evalu-
ated. NRH was graded according to the Wanless scoring system:
0, absent; 1, nodules present on reticulin staining but indistinct;
2, nodules present on reticulin staining but only occasionally
distinct; and 3, nodules distinctly visible on H&E [5]. Biopsy size
(only for core biopsy), number of portal tracts (only for core
biopsy), portal inflammation, lobular inflammation, sinusoidal
dilatation, and the presence of cholestasis were reported.
Fibrosis was assessed using Venturi [16] and Metavir scores.
The presence of histological signs of PSVD (specific and non‐
specific) were evaluated as well as the presence of sinusoidal
obstruction syndrome (SOS). Finally, only liver biopsies
considered adequate according to guidelines were analyzed [7].

2.2 | Data Collection and Outcomes

Demographical, laboratory, clinical, imaging, and endoscopic
data at diagnosis were retrospectively extracted from the medical
records. Indications for liver specimens and conditions associated
with NRH were also collected. Conditions associated with NRH
were categorized as drug exposure, immunological disorders,
genetic disorders, hemocoagulative disorders and cardiovascular
diseases [10, 17]. Follow‐up began at the histological diagnosis of
NRH and ended on March 31, 2022. Concerning the follow‐up,
the primary endpoint was the development of portal
hypertension‐related complications. Secondary endpoints were
liver‐related and non‐liver related mortality. Furthermore, pa-
tients were classified as “incidental NRH” when NRH was un-
expected or unsuspected prior to the histological diagnosis of
NRH. In those cases, histological assessment of the liver was not
performed because of clinical suspicion of NRH. On the contrary,
patients were classified as “clinical NRH” when NRH was ex-
pected or suspected based on clinical, biological and/or
morphological signs prior to the histological diagnosis.

2.3 | Statistical Analyses

Statistical analysis was performed using SPSS Statistics 28.0.1.1
(IBM Corp, Armonk, NY). Continuous variables were presented
as mean and discrete variables as number and percentage.
Categorical variables were analyzed using the chi‐square test
and continuous variables using the Student's t‐test. A p‐

Summary

� Summarise the established knowledge on this subject
◦ Patients with NRH mainly present with signs of

portal hypertension
◦ According to autopsy series, some patients are

asymptomatic
◦ The clinical significance of NRH is therefore

uncertain

� What are the significant and/or new findings of this
study?
◦ This is the first study to include patients with NRH

diagnosed incidentally. This point makes the origi-
nality of the current study.

◦ Our incidental cases of NRH occurred mainly in the
setting of liver transplantation or liver resection for
metastasis

◦ These patients did not develop portal hypertension‐
related complications

◦ This suggests that NRH could be a histological
epiphenomenon as well as a clinical entity.

◦ The natural history of incidental NRH remains un-
known and should be studied.
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value < 0.05 was considered significant. Kaplan–Meier survival
analysis was used to evaluate the survival and the complication‐
free survival.

2.4 | Systematic Review of the Literature

To compile data of the literature comparable with our meth-
odology and findings, we conducted a systematic review ac-
cording to the Preferred Reporting Items for Systematic Reviews
and Meta‐Analyses (PRISMA) guidelines [18] (see Supporting
Information S1). We included consecutive case series of patients
with NRH identified from a pathology database and occurring in
an adult general population. Patients were identified exclusively
from a pathology database in order to highlight the clinical
significance of NRH. Therefore, case series from patients diag-
nosed solely from a clinical database were excluded. We also
excluded series that evaluated the occurrence of NRH in pa-
tients with an underlying disease or condition in order to rule
out studies that did not address our research question. Finally,
we excluded case series reporting less than 10 cases to avoid the
inclusion of case reports.

3 | Results

3.1 | Selection of Cases and Baseline
Characteristics

The flowchart of included patients is reported in Figure 1. We
included 82 patients. The clinical characteristics of these pa-
tients are reported in Table 1. The mean age at diagnosis was
58 � 14 years. Conditions associated with NRH were identified
in 61 patients (74%). Forty‐six patients (56%) had a history of
exposure to immunosuppressive or antineoplastic drugs. Four

patients (5%) had an immunological disorder, two patients (2%)
a genetic disease, five patients (6%) a cardiovascular disease and
four patients (5%) a hemocoagulative condition. In 21 patients
(26%), no conditions associated with NRH could be identified.

At diagnosis, 37 patients (45%) had at least one clinical sign of
portal hypertension. Among them, 30 patients (37%) had
splenomegaly (with thrombocytopenia in 63% of them), 16 pa-
tients (19%) had ascites and 23 patients (28%) esophageal vari-
ces. Moreover, three patients (4%) had a portal vein thrombosis
or mesenteric vein thrombosis. In one patient, NRH was diag-
nosed at the same time as hepatocellular carcinoma (HCC).
Hepatic venous pressure gradient was performed in 44 patients
(54%). The mean value was 7 � 4 mm Hg. Liver stiffness
measurements determined by transient elastography (Fibro-
scan) were performed in 18 patients. The mean value was
12 � 10 kPa (Table 1). Liver tests at diagnosis are reported in
Table 1. At inclusion, 65 patients (79%) had at least one
abnormal liver biological test.

3.2 | Histological Characteristics

As reported in Table 2, among the 82 patients of our study, 29
patients (35%) had a liver biopsy for evaluation of portal hyper-
tension and 20 patients (24%) for abnormal liver tests. Interest-
ingly, NRH was diagnosed incidentally in 27 patients (33%): 18
patients underwent liver resection or liver biopsy for liver tumors:
metastasis (15 patients), cholangiocarcinoma (1 patient), hepa-
tocellular adenoma (1 patient), non‐cirrhotic HCC (1 patient) and
9 patients had a protocol biopsy after liver transplantation.

Most liver specimens were obtained by needle liver biopsy:
transjugular liver biopsy was performed in 46 patients (56%),
percutaneous liver biopsy in 17 patients (21%) and intraoperative

FIGURE 1 | Flowchart. From the database of our pathology department, 274 cases were evaluated. 118 cases were rapidly excluded because NRH
was not retained as a diagnosis in the histological report. 66 other cases were also excluded. Finally, after a review of 90 slides by an expert liver
pathologist (P.B.), 82 patients were included.

3 of 13

 20506414, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ueg2.12708 by E

deline K
aze , W

iley O
nline L

ibrary on [21/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



liver biopsy in one patient. In 18 patients (22%), a liver resection
was performed. The mean biopsy size was 29 � 13 mm and the
mean number of portal tracts was 22 � 13. Among the 82 liver
specimens, 74 (90%) did not have significant fibrosis. Interest-
ingly, no specimen showed other specific signs of PSVD (oblit-
erative portal venopathy or incomplete septal fibrosis). However,
non‐specific signs of PSVD were frequently associated with NRH
in our series, architectural disturbance was the most frequent
associated lesion and was present in 77 patients (94%). NRH

grades according to the Wanless scoring system are shown in
Figure 2.

3.3 | Occurrence of Liver‐Related Complications
and Mortality

The median length of follow‐up was 35.9 months (range 1–
83 months). Nine patients were lost to follow‐up. Globally,

TABLE 1 | Baseline characteristics in 82 NRH patients.

Demographical characteristics

Sex (men), n (%) 49 (60%)

Mean age at diagnosis (years � SD) 58 � 14

Conditions associated with NRH

Drug exposure (immunosupressive or antineoplastic drug)a, n (%) 46 (56%)

Immunological disorderb, n (%) 4 (5%)

Genetic disorderc, n (%) 2 (2%)

Cardiovascular diseased, n (%) 5 (6%)

Hemocoagulative disordere, n (%) 4 (5%)

No associated conditions identified, n (%) 21 (26%)

Liver‐related characteristics at diagnosis

Splenomegaly, n (%) 30 (37%)

Thrombocytopenia, n (%) 23 (28%)

Ascites, n (%) 16 (19%)

Esophageal varices, n (%) 23 (28%)

Presence of portal vein thrombosis/mesenteric vein thrombosis, n (%) 3 (4%)

Hepatocellular carcinoma, n (%) 1 (1%)

Hepatic venous pressure gradientf (mean mm Hg � SD) 7 � 4 (in 44 cases)

Liver stiffness measurementg (mean kPa � SD) 12 � 10 (in 18 cases)

Liver‐related laboratory findings at diagnosis

AST (U/L) (normal range 15–40) 63 � 113

ALT (U/L) (normal range 10–40) 70 � 154

GGT (U/L) (normal value < 60) 173 � 252

Alk Phosh (U/L) (normal range 40–130) 168 � 186

Bilirubinh (mg/dL) (normal value < 1.2) 0.77 � 0.5

Albumini (mg/dL) (normal range 35–52) 40 � 7

INRj (0.80–1.20) 1.16 � 0.3

Albumin‐bilirubinei (ALBI) score −2.7 � 0.6

Plateletsh (109/L) (normal range 150–450) 192 � 91
Note: Values are n (%), mean � SD.
Abbreviations: Alk Phos, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, g‐glutamyltransferase; INR international
normalized ratio; SD, Standard deviation.
aSee Supporting Information S1: Table S1: oxaliplatin (n = 13), azathioprine (n = 7), methotrexate (n = 4), immunosuppressive drugs for liver transplantation (n = 11),
immunosuppressive drugs for kidney transplantation (n = 2), immunosuppressive drugs for combined liver–kidney transplantation (n = 1), antineoplastic drugs for
extra‐hepatic cancers (n = 8).
bImmunological disorders included hypogammaglobulinemia (n = 2), Wegener disease (n = 1), and primary biliary cholangitis (n = 1).
cGenetic disorder included cystic fibrosis (n = 2).
dCardiovascular disease included congestive heart failure (n = 4) and congenital heart defect (n = 1).
eHemocoagulative disorder included multiple myeloma (n = 1), myelofibrosis (n = 1), polycythemia vera (n = 1), and factor V Leiden mutation (n = 1).
fData available in 44 patients.
gData available in 18 patients.
hData available in 81 patients.
iData available in 78 patients.
jData available in 80 patients.
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17 patients (21%) experienced new liver‐related complications
during follow‐up. All of them had at least one sign of portal
hypertension at NRH diagnosis. Five patients (6%) had new‐
onset ascites, three patients (4%) had variceal bleeding, three
patients (4%) had hepatic encephalopathy, four patients (5%)
had portal vein thrombosis and two patients (2%) had HCC
(Table 3).

Adequate information about the cause of death was available for
77 patients (94%). The cumulative 5‐year‐liver‐related mortality
was 5% (Figure 3). The cumulative 5‐year‐non‐liver‐related
mortality was 20% (Figure 4).

3.4 | NRH Diagnosed Incidentally Versus NRH
Diagnosed Clinically

In this study, NRH was diagnosed following clinical suspicion in
55 patients, whereas NRH was diagnosed incidentally in 27
patients (see above). We compared the patients according to the
circumstances of NRH diagnosis, either clinically or incidentally
(Table 4). Both groups were comparable in terms of age and sex
at diagnosis, and liver‐related mortality. Interestingly, patients
with an incidental diagnosis of NRH had more frequently an
identified condition associated with NRH. Indeed, 25 patients
(93%) had an history of drug exposure compared with 21 pa-
tients (38%) in the group of NRH diagnosed clinically
(p < 0.001). Oxaliplatin was the most frequent drug represented:
12 patients (41%) had a history of oxaliplatin‐based chemo-
therapy in the group of patients diagnosed incidentally
compared with one patient (2%) in the group of NRH diagnosed
clinically (p < 0.001). Conversely, patients diagnosed clinically
were more frequently exposed to azathioprine (13% vs. 0%,
p = 0.04). During follow‐up, patients diagnosed incidentally
developed less liver‐related complications (4% vs. 27%, p = 0.01).
In contrast, non‐liver related death was significantly higher in
patients with an incidental diagnosis of NRH than in patients
diagnosed clinically (26% vs. 9%, p = 0.01). We also looked for
possible histological differences between both groups. Remark-
ably, patients diagnosed clinically were found to have a signif-
icantly higher degree of NRH. Their liver slides also showed
more frequent sinusoidal ectasia.

3.5 | Literature Review

The research strategy is detailed in Supporting Information S1.
Of 1198 identified records, a total of 10 case series of NRH were
selected because of a similar methodology. Their population
characteristics are shown in Table 5.

4 | Discussion

In this study, we reported the clinical and histological charac-
teristics and outcome of 82 histology‐proven cases of NRH. We
compared them with the literature by carrying out a systematic
review (see Supporting Information S1) and highlighted the
particularities of our series in the hope of contributing to the
knowledge of this mysterious entity.

Our series distinguished itself by systematically reporting the
indication for liver tissue, the liver‐related characteristics at
diagnosis and patient outcomes. Moreover, several interesting
aspects can be raised.

Besides being the third largest study population in the literature,
our series is also interesting in that it recruits NRH cases which

TABLE 2 | Histological characteristics in 82 patients with NRH.

Indication for liver tissue

Signs of portal hypertensiona, n (%) 29 (35%)

Abnormal liver tests, n (%) 20 (24%)

Liver resection for metastasis/cancer, n (%) 16 (19%)

Protocol biopsy after liver transplantation, n (%) 11 (13%)

Other, n (%) 6 (7%)

How liver tissue was obtained

Percutaneous liver biopsyb, n (%) 17 (21%)

Transjugular liver biopsy, n (%) 46 (56%)

Intraoperative liver biopsy, n (%) 1 (1%)

Liver resection specimen, n (%) 18 (22%)

Histological features

Mean sizec þ SD (mm) 29 � 13

Mean number of portal tractsc þ SD 22 � 13

Fibrosis (METAVIR > F1), n (%) 8 (10%)

NRH Grade 1d, n (%) 27 (33%)

NRH Grade 2e, n (%) 49 (60%)

NRH Grade 3f, n (%) 6 (7%)

Obliterative portal venopaty, n 0

Incomplete septal fibrosis, n 0

Portal tract abnormalitiesg, n (%) 62 (76%)

Architectural disturbanceh, n (%) 77 (94%)

Non‐zonal sinusoidal dilatation, n (%) 41 (50%)

Mild perisinusoidal fibrosis, n (%) 13 (16%)

Absence of SOS, n 78 (95%)

Mild SOSi, n (%) 0

Moderate SOSj, n (%) 3 (4%)

Severe SOSk, n (%) 1 (1%)
Note: Values are n (%).
aSpecific signs of portal hypertension (esophageal varices, portal hypertensive
bleeding, portosystemic collaterals at imaging) and nonspecific signs of portal
hypertension (ascites, thrombocytopenia, splenomegaly).
bOther indications for liver tissue included liver resection for hepatocellular
adenoma (n = 1), liver biopsy for non‐cirrhotic HCC (n = 1), dysmorphic liver on
imaging (n = 2), portal vein thrombosis without signs of portal hypertension
(n = 1), and liver lesion (n = 1).
cSurgical resections not included.
dNodules present on reticulin staining but indistinct.
eNodules present on reticulin staining but only occasionally distinct.
fNodules distinctly visible on H&E.
gMultiplication, increased number of arteries, periportal vascular channels,
aberrant vessels.
hIrregular distribution of the portal tracts and central veins.
iCentrilobular involvement limited to one‐third of the lobular surface.
jCentrilobular involvement in two‐thirds of the lobular surface.
kComplete centrilobular involvement.
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are both homogeneous and heterogeneous. On the one hand,
the recruitment of NRH cases in our study was homogeneous
because our study was monocentric, and all liver specimens

were reviewed by the same expert liver pathologist (P.B.). This is
important because as reported in the literature, the diagnosis of
NRH can be challenging due to high interobserver variability
[26]. In our study, the histological evaluation could be consid-
ered optimal according to the size (mean biopsy size:
29 � 13 mm), the number of analyzed portal tracts (mean
number of portal tracts: 22 � 13) and the interpretation of our
expert liver pathologist. On the other hand, our study comprised
a heterogeneous group of NRH cases according to the circum-
stances of diagnosis, whether clinical or incidental.

The identification of a large group of incidental NRH is the
main originality and contribution of our study. In the current
study, NRH was diagnosed following clinical suspicion in 55 of
the 82 patients (67%), while in 27 patients (33%), NRH was
diagnosed completely incidentally following liver resection for
metastasis, cholangiocarcinoma, hepatocellular adenoma, or
following a protocol biopsy after liver transplantation or a bi-
opsy in a non‐cirrhotic HCC. Our study is unique considering
the high number of NRHs discovered incidentally. Incidental
diagnosis of NRH has rarely been reported in the literature.
Indeed, from our literature review, only one case of NRH was
diagnosed incidentally during a cholecystectomy [13]. Never-
theless, autopsy series performed more than 30 years ago

FIGURE 2 | NRH grades according to the Wanless scoring system NRH is graded according to the Wanless scoring system based on the degree of
contrast between nodular and internodular tissue. (a and b) NRH Grade 1 shows nodules that are indistinct but occasionally visible with reticulin
staining (arrows) (a: H&E 5�, b: reticulin staining 5�). (c and d) NRH Grade 2 shows nodules that are occasionally distinct with H&E staining
and more distinct with reticulin staining (c: H&E 5�, d: reticulin staining 5�, arrows show nodules). (e–f) NRH Grade 3 shows distinct
nodularity in most areas with both H&E and reticulin staining (e: H&E 5�, f: reticulin staining 5�, arrows show nodules).

TABLE 3 | Liver‐related outcomes and mortality in 82 NRH patients.

Complications and medical interventions during
follow‐up
Ascites at baseline and during follow‐up, n (%) 7 (8%)

New onset of ascitesa, n (%) 5 (6%)

Variceal bleeding, n (%) 3 (4%)

Hepatic encephalopathy, n (%) 3 (4%)a

Portal vein thrombosis, n (%) 4 (5%)

TIPS, n (%) 3 (4%)

HCC, n (%) 2 (2%)

Liver transplantationb, n (%) 1 (1%)

Liver‐related mortalityc, n (%) 2 (3%)

Non‐liver‐related mortalityc, n (%) 10 (13%)
aOne patient who developed hepatic encephalopathy had a TIPS.
bIndication for liver transplantation: HCC.
cData available in 77 patients. Causes of liver‐related death included sepsis
(n = 1), spontaneous bacterial peritonitis (n = 1).
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showed that NRH was an underreported entity that could be
present without any clinical manifestations. Indeed, Wanless
reviewed the hepatic histology of 2500 consecutive autopsies
and found the presence of NRH in 2.6% of the cases in which
only one patient had esophageal varices before death [5].
Similarly, Nakamuna examined 577 autopsy livers in Japan and
found NRH in 2.1% of cases of whom no patient had esophageal
varices antemortem [4]. Interestingly, when we compared cases
diagnosed following clinical manifestations with cases diag-
nosed incidentally, we found that patients with an incidental
diagnosis of NRH had a lower rate of liver‐related complications
during follow‐up and a higher rate of non‐liver‐related

mortality. Thus, our study supports the findings of the
mentioned autopsies series suggesting that NRH is probably an
underreported entity that can exist without any clinical mani-
festation of portal hypertension and whose clinical significance
is therefore uncertain.

From a histological point of view, the most interesting contri-
bution of our series is to show that NRH is not usually associ-
ated with the two other pivotal lesions reported in PSVD [7–9].
We asked our pathologist to scrupulously look for the presence
of obliterative portal venopathy and incomplete septal fibrosis,
but these lesions were not identified in our specimens. In the

FIGURE 3 | Liver‐related mortality‐free survival. Kaplan–Meier survival curve for liver‐related mortality free survival.

FIGURE 4 | Non‐liver‐related mortality‐free survival. Kaplan–Meier survival curve for non‐liver‐related mortality free survival.

7 of 13

 20506414, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ueg2.12708 by E

deline K
aze , W

iley O
nline L

ibrary on [21/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



TABLE 4 | Comparison between NRH diagnosed incidentally and NRH diagnosed clinically.

NRH diagnosed incidentallya NRH diagnosed clinicallyb

pN = 27 N = 55

Clinical characteristics

Mean age at diagnosis (years � SD) 63 � 16 58 � 13 ns

Sex (men), n (%) 14 (52%) 35 (63%) ns

Conditions associated with NRH, n (%)

Conditions associated with NRH 25 (93%) 36 (66%) 0.008

Immunosuppressive or antineoplastic drug 25 (93%) 21 (38%) < 0.001

Oxaliplatin 12 (41%) 1 (2%) < 0.001

Azathioprine 0 (0%) 7 (13%) 0.04

Immunosuppressive drugs for liver transplantation 8 (30%) 3 (5%) 0.002

Antineoplastic drugs for extra‐hepatic cancers 3 (10%) 5 (9%) ns

Liver‐related laboratory findings at diagnosis

Plateletsc (�109/L) (normal range 150–450) 219 � 86 179 � 91 ns

AST (U/L) (normal range 10–40) 112 � 185 38 � 29 < 0.001

ALT (U/L) (normal range 10–40) 131 � 255 40 � 40 < 0.001

GGT (U/L) (normal value < 60) 105 � 164 206 � 280 ns

Alk Phosc (U/L) (normal range 40–130) 121 � 125 191 � 207 ns

Bilirubinc (mg/dL) (normal value < 1.2) 0.6 � 0.4 0.8 � 0.5 ns

INRd (normal range 0.80–1.20) 1.1 � 0.1 1.2 � 0.3 ns

Albumine (mg/dL) (normal range 35–52) 43 � 5 38 � 8 ns

Liver related‐complications during follow‐upf, n (%) 1 (4%) 15 (27%) 0.01

Liver‐related mortalityg, n (%) 0 (0%) 3 (7%) ns

Non‐liver‐related mortalityg, n (%) 7 (26%) 5 (9%) 0.04

Histological characteristics

Grade, n (%)

Grade 1 15 (55%) 12 (22%) 0.002

Grade 2 11 (41%) 38 (69%) 0.01

Grade 3 1 (3%) 5 (10%) ns

Portal inflammation, n (%) 18 (62%) 21 (40%) 0.052

Lobular inflammation, n (%) 2 (7%) 4 (7%) ns

Sinusoidal ectasia, n (%) 8 (30%) 34 (62%) 0.006

Centrolobular cholestasis, n (%) 2 (7%) 11 (20%) ns

Metavir F0, n (%) 19 (70%) 36 (66%) ns

Metavir F1, n (%) 7 (26%) 12 (22%) ns

Metavir > F1, n (%) 1 (3%) 7 (13%) ns
Note: Values are n (%), mean � SD. Grade 1: mild nodularity on reticulin staining. Grade 2: moderate nodularity in both H&E and reticulin staining. Grade 3: strong
nodularity in both H&E and reticulin staining.
Abbreviations: Alk Phos, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, g‐glutamyltransferase; INR international
normalized ratio; ns, not significant.
aNRH diagnosed incidentally includes NRH diagnosed after liver resection for metastasis or cancer (n = 16), protocol biopsy in liver‐transplanted patients (n = 11), liver
resection for hepatocellular adenoma (n = 1), liver biopsy for non‐cirrhotic HCC (n = 1).
bNRH diagnosed clinically includes NRH diagnosed after signs of portal hypertension (n = 31), abnormal liver tests (n = 20), dysmorphic liver on imaging (n = 2), liver
lesion (n = 1), portal vein thrombosis without signs of portal hypertension (n = 1).
cData available in 81 patients.
dData available in 80 patients.
eData available in 78 patients.
fData available for 78 patients.
gData available for 73 patients.
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literature, the co‐existence of the pivotal PSVD lesions has not
been systematically studied. NRH in association with oblitera-
tive portal venopathy has been documented [5, 27, 28], however,
only one case series from our literature review reported the
presence of obliterative portal venopathy in 11% of patients with
NRH [22]. Conversely the non‐specific histological lesions for
PSVD were frequently found in our patients with NRH. Our
study suggests that PSVD is an umbrella term that regroups
several distinct histological features that do not per se occur
together. Also, from a histological point of view, another
interesting point was that the histology of NRH differed ac-
cording to the circumstances of discovery, clinically or inci-
dentally: patients diagnosed clinically had more frequent
sinusoidal dilatation. The significance of nonobstructive sinu-
soidal dilatation is unclear; however, it has been described as a
histological feature of portal hypertension [29]. Consequently,
the presence of sinusoidal dilatation could provide clinicians
with clues to identify patients at risk for portal hypertension‐
related complications.

Concerning the conditions associated with NRH, our study
confirmed published data but also showed some specificities,
such as the frequent association with oxaliplatin and liver
transplantation. Numerous conditions were associated with
NRH [10], which can be classified into five groups (drug/toxine
exposure, immunological disorder, hemocoagulative disorder,
infectious, and congenital/genetic/familial) [17]. In our series,
the main condition associated with NRH (56%) was a treatment
with immunosuppressive or antineoplastic drugs, and oxalipla-
tin was the most frequently associated drug. In fact, 13 patients
(28%) had a history of FOLFOX chemotherapy (5‐fluorouracil
and oxaliplatin) as neoadjuvant therapy for colon cancer (Sup-
porting Information S1: Table S1). Curiously, 12 of the 13 pa-
tients treated with oxaliplatin were diagnosed incidentally. In
our review of similar studies, oxaliplatin was associated with
NRH only in one series (Navale et al., number of patients treated
with oxaliplatin unknown [19]). Oxaliplatin has been associated
with several liver histological damages, the most prevalent being
sinusoidal obstruction syndrome [30]. Therefore, we looked for
the presence of SOS in 13 patients with a history of oxaliplatin
based‐chemotherapy. Only two of them had lesions compatible
with SOS. Azathioprine was the second most common drug
associated with NRH in seven patients (15%) and was more
frequent in patients diagnosed clinically. In our systematic re-
view, 6 series reported patients treated with azathioprine (Morris
et al. [13], 7%, Penrice et al. [14], 6%, Stromeyer and Ishak [15]
6%, Navale and Gonzalez [19], 7%, Rothweiler et al. [23], 8%,
Colina et al. [24], 4%). Moreover, in our series, 11 patients (24%)
had been liver transplanted and were taking immunosuppressive
drugs. The liver‐transplanted patients were transplanted for
various causes, and we did not identify any relationship between
the cause of the primary liver disease and the occurrence of post‐
transplant NRH. NRH after liver transplantation has been re-
ported with an incidence between 1% and 5.1% [31–33]. How-
ever, no association between immunosuppressive drugs
commonly used after liver transplantation (anticalcineurin or
mycophenolate mofetil) has been previously described [34].
Blood flow abnormalities occurring after liver transplantation
have been suggested as a possible pathophysiological mechanism
for the development of NRH [31, 32]. As in our series, all drugs
associated with NRH were immunosuppressive drugs, we

hypothesize that an immunosuppressive status might be the
common denominator in the etiology of NRH in addition to the
well‐known drug toxicity.

The outcome of our NRH population did not differ from the one
reported in the literature (Table 5). The survival at 5 years
without clinical complications of portal hypertension was 90%
(Supporting Information S1: Figure S2), the liver‐related mor-
tality at 5 years was 5% and the non‐liver‐related mortality at
5 years was 20%. In our systematic review, a prior series found a
liver‐related death of 2% [13], a non‐liver‐related death of 33%
[13] and a portal hypertension‐related complications at 10 years
of 28% [14]. Thus, portal hypertension‐related complications do
not commonly occur and the mortality of NRH patients is
mainly driven by the comorbidities of these patients [13–15].
During follow‐up, 2 patients developed HCC. The association
between NRH and HCC is controversial and has only been re-
ported in case reports [35, 36].

Our study has some limitations. The first limitation concerns
the enrollment of patients. Our cohort is monocentric, and our
institution is an academic hospital where hepatic surgery
(involving transplantation and resection) is performed. Some
patients are also referred for complex cases and for procedures
such as hepatic venous gradient measurement and TIPS.
Consequently, our population may not represent the usual
spectrum of NRH. Moreover, the clinical context leading to the
liver histological assessment was heterogeneous, including
protocol biopsy after liver transplantation and liver histology at
the time of hepatic tumor resection. Again, these conditions do
not represent the usual spectrum of NRH. Nevertheless, this is,
to our opinion, the main interest of our study. Indeed, it allows
us to identify a group of incidental NRHs, a pattern of the dis-
ease largely unknown in the literature, and to compare them
with NRHs diagnosed following clinical suspicion. A second
limitation of our study is inherent to the difficulty in diagnosing
NRH at histology. The histologic abnormalities of the liver may
be subtle, leading to interoperator dependency and conse-
quently some cases may have been missed. A third limitation is
the retrospective design of our study. Some interesting data were
missing such a detailed work‐up at diagnosis (for instance, a
screening for coagulopathies was not systematically performed)
and a complete follow‐up of patients. Finally, we decided to
exclude patients who underwent liver resection for colorectal
metastases or liver transplantation (see above) from our sys-
tematic review. This may impact the generalizability of our
study.

In conclusion, the large number of NRH cases observed in our
institution confirms the crucial role of the liver pathologist to
identify NRH. The diagnosis of NRH requires reticulin staining
in specific scenarios, namely in case of abnormal liver tests,
unexplained features of portal hypertension, in patients with a
history of oxaliplatin‐based chemotherapy or in patients who
had a liver transplantation. In addition to being the third largest
case series of NRH, our study is the first to include NRH cases
diagnosed incidentally. Our incidental cases of NRH showed
that NRH occurred mainly in the setting of liver transplantation
or liver resection for metastasis without signs of portal hyper-
tension at diagnosis and during follow‐up. This suggests that
NRH could be in some cases just an epiphenomenon and not a
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real clinical entity. The natural history of this form of NRH
remains up to now totally unknown. Further studies are
required to characterize the natural history of NRH not revealed
by clinical and/or biological liver signs and to determine
whether the clinical phenotype could be related to the condition
associated with NRH.
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