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Abstract
AIM: To investigate the diagnosis, pathogenesis, natu-
ral history, and management of nodular regenerative 
hyperplasia (NRH) in patients with human immunodefi-
ciency virus (�IV). 

METHODS: We performed a systematic review of the 
medical literature regarding NR� in patients with �IV.  
Inclusion criteria include reports with biopsy proven 
NR�. We studied the clinical features of NR�, in partic-
ular, related to its presenting manifestation and labora-
tory values. Combinations of the following keywords 
were implemented: “nodular regenerative hyperpla-
sia”, “human immunodeficiency virus”, “noncirrhotic 
portal hypertension”, “idiopathic portal hypertension”, 
“cryptogenic liver disease”, “highly active antiretroviral 
therapy” and “didanosine”. The bibliographies of these 
studies were subsequently searched for any additional 
relevant publications.

RESULTS: The clinical presentation of patients with 
NR� varies from patients being completely asymp-
tomatic to the development of portal hypertension – 
namely esophageal variceal bleeding and ascites. Liver 
associated enzymes are generally normal and synthetic 
function well preserved. There is a strong association 
between the occurrence of NR� and the use of anti-
viral therapies such as didanosine. The management 
of NR� revolves around treating the manifestations of 
portal hypertension. The prognosis of NR� is generally 
good since liver function is preserved. A high index of 
suspicion is required to make a identify NR�. 

CONCLUSION: The appropriate management of �IV-
infected persons with suspected NR� is yet to be out-
lined. �owever, NR� is a clinically subtle condition that 
is difficult to diagnose, and it is important to be able to 
manage it according to the best available evidence.

© 2014 Baishideng �ublishing �roup Co., Limited. All rights 
reserved.
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Core tip: Liver complications in patients with human 
immunodeficiency virus (HIV) is emerging as a public 
health concern. The appropriate management of �IV-
infected persons with suspected nodular regenera-
tive hyperplasia (NR�) is yet to be outlined. �owever, 
NRH is a clinically subtle condition that is difficult to 
diagnose, and it is important to be able to manage it 
according to the best available evidence. We believe 
the implications of our manuscript will have immediate 
clinical implications.
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INTRODUCTION
Nodular regenerative hyperplasia (NRH) is the diffuse 
transformation of  the liver parenchyma into micronod-
ules without intervening fibrosis[1]. NRH is associated 
with a number systemic diseases, including human im-
munodeficiency virus (HIV) infection, and over the past 
several years, it has become an increasingly recognized 
entity that causes noncirrhotic portal hypertension 
(NCPH)[2].

The pathogenesis of  NRH is thought to be vascular 
in origin, initiated by endothelial damage and causing an 
uneven distribution of  obliteration of  the small portal 
venules throughout the liver parenchyma[3]. In addition 
to endothelial damage, recurrent micro-thrombosis of  
the portal vasculature is also thought to contribute to the 
obliterative phenomenon. These micronodules tend to 
form in areas of  preserved blood flow and are thought 
to represent a compensatory hypertrophic response to 
the neighboring acini with impaired blood flow[2,4]. The 
diagnosis of  NRH is definitively made with the histo-
logical presence of  micronodules not greater than 3 mm 
thick and without intervening fibrosis[1].

The pathogenesis of  NRH in HIV infection remains 
unclear. Several theories have been proposed, includ-
ing a “two-hit” model in which recurrent gut bacterial 
translocation to the portal tract in combination with 
vascular endothelial damage ultimately results in portal 
hypertension[5]. Other theories suggest that direct viral or 
immune-mediated damage contribute to the obliterative 
venopathy[6]. However drug-induced hepatotoxicity has 
become the prevailing theory. The prolonged exposure 
to highly active antiretroviral therapy (HAART), namely 
didanosine (DDI) has been strongly correlated, and in all 
cases of  proposed HAART-associated NRH, DDI has 
been present in each[5-15].

The significance of  the association between NRH 
and HIV is underscored by the evolving patterns of  dis-
ease in HIV-infected persons. Approximately 34 million 
people are currently infected with the virus worldwide. 
In developed nations, where individuals have ready ac-
cess to HAART the mortality of  HIV is decreasing[5]. 
The causes of  death are shifting and studies have shown 
that liver disease accounts for as high as 18% of  deaths 
in the post-HAART era[6]. These findings place liver dis-
ease in the top three causes of  mortality in HIV-infected 
persons, out ranking opportunistic infections and ac-
quired immune deficiency syndrome (AIDS)-defining 
illnesses. While hepatic viral co-infection accounts for a 
majority of  the liver disease in HIV patients, both alco-
holic and non-alcoholic liver diseases are also important. 
Of  emerging relevance, is the burden of  NCPH, namely 
NRH.

The purpose of  this paper is to perform a systematic 
review of  the clinical syndrome and outcomes in patients 
with NRH specifically related to HIV. The manifesta-
tions of  NRH in HIV patients are similar to those that 
have previously been well defined in patients with NRH 
of  other etiologies. We will focus on the clinical manifes-
tations reported and suggest a methodical approach to 
the HIV patient with known or suspected NRH.

MATERIALS AND METHODS
We performed a search of  the MEDLINE database for 
all published studies in all available languages on NRH 
in HIV-infected patients. Combinations of  the follow-
ing keywords were implemented: “nodular regenera-
tive hyperplasia”, “human immunodeficiency virus”, 
“noncirrhotic portal hypertension”, “idiopathic portal 
hypertension”, “cryptogenic liver disease”, “highly active 
antiretroviral therapy” and “didanosine”. The bibliog-
raphies of  these studies were subsequently searched for 
any additional relevant publications.

Our search yielded 68 unique hits (Figure 1). These 
publications were reviewed for relevance to the topic 
of  interest. A total of  49 publications pertaining to the 
phenomenon of  NCPH in the context of  HIV-infection 
and its treatment were found. The papers were then re-
viewed in further detail to identify cases where the spe-
cific diagnosis of  NRH was made, and cases were only 
included if  diagnosis was based on histologic identifica-
tion. A total of  95 cases that met our inclusion criteria 
were found. We excluded any cases where the diagnosis 
of  NCPH was attributed to conditions other than NRH, 
therefore cases of  hepatoportal sclerosis (HPS) and 
other obilterative portal venopathies not meeting diag-
nostic criteria for NRH were excluded. Of  note, we did 
include cases where both HPS and NRH were found in 
the same liver. We excluded any cases where liver biopsy 
was not done and therefore no definitive diagnosis of  
NRH could be made.

RESULTS
Epidemiology
NRH is a rare condition, and although it has become 
increasingly recognized, its epidemiology remains poorly 
understood. The incidence in the general population is 
approximately 2.6%, an estimate that comes from a large 
autopsy study done in 1990[1]. The majority of  the exist-
ing data is based from case reports and case series, and 
the incidence appears to be increasing as NRH is be-
coming more widely recognized[7]. The diagnosis is fre-
quently missed as liver biopsy is usually only undertaken 
in symptomatic patients and NRH often exists sub-
clinically. Moreover, diagnosis requires adequate speci-
men, appropriate use of  reticulin staining and evaluation 
by a skilled pathologist, making histologic confirmation 
difficult[8].

The first published case of  a patient with HIV found 
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Table 1  Literature review of nodular regenerative hyperplasia in human immunodeficiency virus positive patients (biopsy confirmed)

to have NRH was reported from Spain in 1993 in a pa-
tient with HIV infection and visceral leishmaniasis[9]. We 
identified a total of  94 additional cases of  biopsy-con-
firmed NRH in HIV-positive patients, most of  which 
were reported within the last decade (Table 1). Given that 
the same limitations in diagnosis apply to HIV-infected 
persons, the incidence is likely grossly underestimated in 
this patient population as well. Epidemiological studies 
geared toward select patient populations are needed and 

may shed more light on the actual incidence of  NRH in 
HIV patients as well as in the general population.

Clinical presentation
The clinical presentation of  the cases found was highly 
variable. The diagnosis was prompted by incidental lab 
abnormalities in asymptomatic patients, and in other 
cases, patients presented with manifestations of  portal 
hypertension such as esophageal varices, ascites, and 
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Medline search; keywords: 'nodular 
regenerative hyperplasia, 'human 

immunodeficiency virus, 'noncirrhotic portal 
hypertension, "idiopathic protal hypertension, 

"cryptogenic liver disease, 'highly active 
antiretroviral therapy, ""didanosine

Initial review to determine relevance 
to topic of interest, namely pertaining 
to NR� and its relationship with �IV 

and its treatment

�etailed review to identify 
histologically confirmed cases 

of NR� and review of the 
associated bibliographies

68 unique hits

49 publications of interest

27 publications and 95 cases

Figure 1  Flow diagram outlining methods of search. NRH: Nodular regenerative hyperplasia; HIV: Human immunodeficiency virus.

Ref. Study type Number of patients Clinical presentation

Arey et al[21] Case report   1 Abdominal distention, abdominal, pain, EV
Bihl et al[31] Case report   1 Abdominal pain, ALP, ascites, EV, GIB, splenomegaly
Bissonnette et al[11] Case report   2 Ascites, EV, GIB
Cachay et al[15] Case series   1 ALP
Saifee et al[52] Case series 11 Ascites, EV, GIB
Cesari et al[53] Case control   5 Ascites, EV, GIB, splenomegaly
Cotte et al[12] Case control 13 Abdominal pain, ALP, ascites, EV, GIB, splenomegaly
Alvarez Díaz et al[33] Case report   2 ALP, ascites, EV, GIB
Ding et al[54] Case report   1 ALP, EV, GIB, ascites
Dinh et al[55] Case control   3 Ascites, encephalopathy, EV
Fernandez-Miranda et al[9] Case report   1 Unknown
Garvey et al[19] Case report   2 EV, splenomegaly
Hofmaenner et al[27] Case report   1 Epigastric pain, ALP
Kochin et al[56] Case report   1 EV, GIB
Kovari et al[23] Case control   1 EV
Maida et al[8] Case series   2 Splenomegaly
Mallet et al[4] Case control 13 ALP, EV, GIB
Mallet et al[57] Case report   1 Portal hypertension
Mallet et al[30] Case series   8 ALP, ascites, EV, splenomegaly
Mendizabal et al[58] Case control   5 EV, GIB
Podevin et al[59] Case report   1 Ascites, EV, splenomegaly
Sandrine et al[20] Case report   1 ALP, ascites, EV, splenomegaly
Santiago et al[28] Case report   1 Abdominal distention, splenomegaly
Schiano et al[22] Case report   1 ALP, EV, splenomegaly
Scourfield et al[60] Retrospective cohort   4 Unknown
Schouten et al[61] Case report   3 EV, GIB
Stebbing et al[62] Retrospective cohort   2 ALP
Tateo et al[13] Case report   3 ALP, ascites, EV, GIB
Vispo et al[29] Case report   3 ALP, ascites, EV, GIB

ALP: Abnormal liver panel; EV: Esophageal varices; GIB: Gastrointestinal bleed.
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Table 2  Manifestations of portal hypertension in patients 
with nodular regenerative hyperplasia and human immunode-
ficiency virus  n  (%)

hypersplenism (Table 1). Jaundice was universally not 
reported. According to our findings, the most common 
manifestation of  NRH in HIV-positive patients was 
esophageal varices, which were identified in at least 66 
of  95 cases. Only 28 patients developed gastrointestinal 
bleeding in the setting of  esophageal varices (Table 2). 
In many cases, once the clinical syndrome of  portal hy-
pertension was identified, patients underwent screening 
esophagogastroduodenoscopy and were placed on pro-
phylactic non-selective beta-blockers (NSBB) if  varices 
were found. Patients were reported to be on NSBB in 
almost all cases.

Liver synthetic function as indicated by INR and al-
bumin is well preserved across all cases in which it was 
reported. Liver associated enzymes may be only mildly 
elevated (Table 3). Patients were also not uncommonly 
found to have thrombophilias including protein C and 
protein S deficiencies, which may be associated with the 
pathogenesis of  NRH and the development of  portal 
vein thrombosis in these patients (Table 3).

When compared to the clinical presentation of  pa-
tients with NRH without HIV, similar findings have 
been reported. In one recent series including 42 patients, 
the most common presenting abnormality was an abnor-
mal liver profile, existing in 76% of  cases. Varices were 
detected in 26% of  patients. None of  these patients 
had synthetic liver dysfunction as implicated by normal 
INR[10]. In another series of  24 patients, similar rates of  
various clinical features of  NRH were reported[11]. These 
findings mimic those of  other similar case reports and 
are also similar to the findings presented in patient’s spe-
cifically with NRH and HIV.

Diagnosis
Tthe diagnosis of  NRH is a histologic one, requiring 
liver biopsy. Histologic features are shown in Figure 2. 
The use of  a reticulin stain is usually necessary to make 
the diagnosis. Important features on the reticulin stain 
include: nodular apperance, characterized by alternating 
hypertrophic and atrophic hepatocytes. Highlighting the 
frequent delay in diagnosis, in one report of  13 patients 
on HAART who developed NRH, the mean time from 
presentation to diagnosis of  NRH was approximately 38 
mo[12]. This point highlights the sub-optimal diagnosis of  
NRH, leading to its under-appreciation as an important 
clinical entity in the HIV population. Diagnosis is further 
limited by the presence of  a clear workup bias in that it 

is usually either the symptomatic patient, or the patient 
with long-term DDI exposure who undergoes diagnostic 
testing for NRH. Furthermore, consideration of  NRH is 
certainly more common in the academic setting[13].

Radiologically, the diagnosis of  NRH is also difficult. 
Findings are variable and range from none to diffuse hy-
poechoic nodules. On ultrasound, findings may include 
widespread nodularity of  the liver can mimic cirrhosis[14]. 
On computed tomography, the nodules are usually hy-
podense and typically do not enhance with contrast. Fi-
nally on magnetic resonance imaging, suface nodularity 
and nodules of  similar signal intensity to the liver may 
be noted[14]. Because the findings on imaging are non-
specific and non-diagnostic, clinical correlation is key in 
determining the next best step in diagnosis.

Natural history
The natural history of  NRH is poorly understood. There 
is likely an inherent bias to diagnose and report symp-
tomatic cases, and NRH is likely more indolent than ap-
preciated. This notion is supported by the large autopsy 
study by Wanless in which only one of  64 patients had 
been diagnosed with NRH prior to death. Few of  these 
patients had developed manifestations of  portal hyper-
tension prior to death[1]. These findings are likely ex-
plained by the preservation of  hepatic synthetic function 
observed in patients with NRH. From the available data, 
the presentation of  NRH is variable and ranges from 
subtle findings on serum liver tests, to vague abdominal 
symptoms, to overt gastrointestinal hemorrhage and 
other severe manifestations of  portal hypertension. To 
date, the overall prognosis has not been well defined, as 
there have not been substantial outcomes data reported 
in the literature. In one long-term follow up study of  a 
cohort of  eight HIV-infected patients with NCPH, there 
was only one death, which was attributed to non-NCPH 
related causes. The remainder of  the patients underwent 
regular screening EGD and was placed on NSBB therapy. 
If  the patients were found to have NCPH prior to the 
development of  variceal bleeding, they tended to remain 
minimally symptomatic with supportive and preventative 
care. On the other hand patients who were not treated in 
a timely manner tended to develop refractory bleeding. 
One patient with severe NRH required repeated TIPS 
and was placed on the liver transplant waiting list while 
another underwent surgical hepatorenal shunt[15].

Associated conditions and medications
Nodular regenerative hyperplasia has long been associ-
ated with rheumatologic, autoimmune, hematologic and 
myeloproliferative disorders[7]. Of  particular clinical 
consequence is the link between NRH and thrombo-
philias. The association is theoretically attributed to the 
increased chronic micro-thrombosis of  the small portal 
venules, leading to their constriction, obliteration and 
eventually to intrahepatic portal hypertension[16]. Many 
of  these patients are also predisposed to the develop-
ment of  portal vein thrombosis, which can lead to end-
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Manifestation Patients 
identified 

References

Ascites 30 (32) [4,12,19,20,28,33,52,53,58,60]
Esophageal varices 61 (66) [4,12,19,20,28,33,52,53,58,60]
Hepatic encephalopathy    1 (1.1) [54]
Splenomegaly 25 (27) [4,12,19,20,31,52,53,54,58,60]
Portal thrombosis 11 (12) [4,12,19,20,31,52,53,54,58]
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Table 3  Select laboratory tests associated with nodular regenerative hyperplasia

stage disease. In one study, 12 out of  2600 persons with 
HIV infection were found to have NCPH, and NRH 
was a common histologic diagnosis. Of  the 12 patients 
with NCPH, half  were found to have portal thrombo-
sis[17]. Among all cases, the percentage of  patients with 
portal thrombosis was close to 15% (Table 2).

The association between NRH and antiretroviral ther-
apy has been identified mostly through case reports and 
small case-control studies. In particular, specific associa-
tions have been made with DDI. One of  the earliest 
associations with DDI and NCPH and NRH was from 
a case-control analysis[18]. Their findings were supported 
in a number of  succeeding publications[14,15,17,19-23]. More 
recently, the results of  another analysis suggested that 
patients with NRH had a longer exposure not only to 
DDI, but stavudine, tenofovir, and a combination of  
DDI and stavudine and DDI and tenofovir as well[12].

Aside from HAART, other medications have also 
been linked to NRH. Its association with azathioprine 
(AZA), 6-mercaptopurine, 6-thioguanine, busulphan, 
cyclophosphamide and most recently, oxaliplatin-based 
therapies have also been reported[24,25]. A presumed mech-
anism is damage of  the endothelium in the small hepatic 
veins leading to the phenomenon of  obliterative portal 
venopathy. Interestingly, in one report of  AZA-induced 
NRH, some patients demonstrated normalization of  liver 
enzyme markers and histological regression of  NRH after 

withdrawal of  AZA[26]. Such histological regression has 
never been reported in the case of  HAART and HIV-
associated NRH. 

Treatment
There is no definitive treatment for NRH. The mainstay 
of  management is removal of  the offending agent and 
prevention and supportive care of  disease manifesta-
tions. It is important to note that in many of  the cases 
in which NRH was linked to DDI, the exposure had 
been long-since stopped prior to the time of  NRH di-
agnosis. Cessation of  DDI or other implicated HAART 
agents may improve outcomes, however it has not been 
shown to result in reversal of  the disease process[27]. In 
part because of  its associated hepatotoxicity, the use of  
DDI has declined substantially and it is now regarded as 
a lower-tier anti-retroviral medication[12]. Although it is 
clear that DDI-induced NRH does persist for years after 
cessation of  the medication; interruption has still been 
associated with an overall better prognosis[27-29].

Treatment of  the clinical manifestations of  NRH 
revolves around the primary prophylaxis of  esophageal 
variceal bleeding in asymptomatic patients. For cases in 
which details were provided, we observed that in almost 
all asymptomatic cases of  esophageal varices, primary 
prophylaxis with NSBB was started, and propranolol 
was the usual drug of  choice. Many patients also under-
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Laboratory test Range References

Albumin (g/dL) 1.9-4.5 [22,28,52,54,55]
Aspartate transaminase (IU/L)   15-139 [4,8,20-22,30,31,38,54,55,59,60]
Alanine transaminase (IU/L)   13-196 [3,7,19-21,30,31,52,54,55,59,60]
Alkaline Phosphatase (IU/L)   92-541 [4,20-23,28,31,52,53,55,59,60]
Total bilrubin (mg/dL) 0.6-3.6 [21,22,31,52,54,55,59,60]
Gamma glutamyl transpeptidase (IU/L)   12-771 [4,20,22,28,31,53,55,59,60]
White blood cell count (cells/mm3) 1090-4800 [4,21,22,28,30,31,33,53-55,60]
Hemoglobin (g/dL) 6.6-13 [22,55,60]
Platelet (1000/mm3)   61-273 [4,22,23,52,54,55,59,60]

A B

Figure 2  Needle liver biopsy of male infected with human immunodeficiency virus. A: His risk factor for the development of Nodular Regenerative Hyperplasia 
was long term use of didanosine. Hepatocytes size varies zonally, occasional areas of small hepatocytes with increased nuclear cytoplasmic ratio alternate with areas 
of a more normal appearing morphology in the hematoxylin-eosin stain (original magnification × 100); B: The reticulin stain highlights and confirms nodular regenera-
tion throughout the specimen with nodular areas of regenerative hepatocytes as characterized by widened hepatocellular plates alternating with areas of normal ap-
pearing lobular architecture and then areas of narrowed, attenuated hepatocytes (original magnification × 100). 
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went endoscopic band ligation (EBL), either as primary 
prophylaxis or after manifestation with bleeding. There 
were several cases of  failure of  NSBB or EBL, for 
which patients underwent transjugular intrahepatic por-
tosystemic shunt (TIPS). At least one of  these cases was 
documented as refractory and TIPS was done as bridge 
to transplant[15]. In contrast to non-HIV related NRH, 
ascites was not uncommonly reported in our review of  
HIV patients with NRH. At least 12 cases of  ascites 
were reported, however the need for paracentesis was 
not reported. Ascites is infrequently reported in NRH 
with patients without HIV[10].

The utility of  anticoagulation in patients with NRH 
is a burgeoning concept. Mallet et al[30] described a series 
of  21 patients with clinical evidence of  prothrombotic 
state in the setting of  NCPH. The median protein S level 
in this group was nearly half  of  normal. The coagula-
tion abnormalities in patients with NRH have particular 
significance as suggested by Bihl et al[31], who reported 
a case in which the patient’s clinical course improved 
dramatically after initiation of  anticoagulation. It appears 
that the benefit of  anticoagulation in these patients may 
be multifactorial. One theory is that it slows disease pro-
gression by preventing the micro-thrombosis thought 
to play a pathogenic role in NRH. In addition, given the 
noted thrombophilias in these patients, anticoagulation 
prevents portal vein thrombosis, which can lead to re-
fractory manifestations of  portal hypertension and end-
stage liver disease[30-32]. These findings suggest potential 
benefit of  anticoagulation therapy and warrant further 
studies specifically in the context of  NRH.

Patients with severe liver disease and intractable 
symptoms of  portal hypertension should be considered 
for liver transplant, which has been successfully de-
scribed in 7 cases of  patients with HIV and NRH[13,30]. 
In most of  these cases, the indication for liver transplant 
was severe and intractable symptoms portal hyperten-
sion, with or without complete portal vein thrombosis. 
In one case, the indication to consider transplant was 
hepatic encephalopathy secondary to TIPS placement[33]. 
All 7 patients who underwent liver transplant reportedly 
had excellent survival. However, it is important to note 
that there have been cases in which NRH reappears in 
the transplanted liver[34], although this has yet to be de-
scribed in a patient with NRH in the setting of  HIV. Re-
gardless, for this reason, continued anticoagulant therapy 
even after transplant may be warranted and necessitates 
further investigation.

DISCUSSION
The burden of  liver disease in HIV-infected persons is 
substantial and a comprehensive and interdisciplinary ap-
proach to management is crucial. All HIV-positive individ-
uals should undergo regular liver function testing at least 
biannually as they are routinely exposed to hepatotoxic 
medications and are generally at increased risk for both 
viral and non-viral hepatitides[35]. NRH should be consid-

ered in all HIV-positive patients with unexplained signs 
and symptoms of  portal hypertension. A thorough history 
of  past and current antiretroviral drug regimens should 
be obtained as it has been shown that the effects of  NRH 
persist long after cessation of  the offending agent.

Diagnosis of  NRH requires a high index of  suspi-
cion given its uncommon incidence and varied presenta-
tion of  portal hypertension. Imaging techniques, such 
as abdominal ultrasound or computed tomography (CT) 
are frequently used to further evaluate patients with liver 
disease. Hepatic nodularity may be appreciated on liver 
ultrasound, and when combined with a clinical context 
of  relatively preserved hepatic function, NRH should re-
main high on the differential. The hepatic nodularity on 
ultrasound is often followed up with CT imaging, how-
ever findings of  diffuse micronodularity can also mimic 
cirrhosis[14,36].

NRH is one of  the potential causes of  non-cirrhotic 
portal hypertension in patients with HIV. Other poten-
tial causes of  non-cirrhotic intrahepatic portal hyperten-
sion include schistosomiasis, sinusoidal obstruction syn-
drome, and idiopathic portal hypertension (hepatoportal 
sclerosis)[7,22,37]. In particular, antiretroviral therapy has 
been associated with both NRH and idiopathic portal 
hypertension. It has been hypothesized that idiopathic 
portal hypertension can lead to both NRH and portal 
vein thrombosis[2].

Accurate diagnosis of  NRH requires the histologi-
cal assessment[7]. Since the nodularity is often heteroge-
neously distributed, liver biopsy requires an ample sized 
tissue. The transjugular route is often used to minimize 
bleeding complications[38]. However, there have been 
cases where diagnosis was initially missed and later 
found only via wedge biopsy[39]. Classification of  non-
neoplastic, diffuse parenchymal liver disease necessi-
tates a sample of  at least 2-3 cm in length and at least a 
16-gauge caliber needle[40]. The hepatocyte atrophy, a key 
histologic feature is best identified with reticulin staining 
which must be employed to make the diagnosis[41].

The pathogenesis of  NRH is believe to be related to 
the differential of  blood supply to the liver that leaves 
some areas ischemic, and other with compensatory hy-
pertrophy which leads to the formation of  hepatic nod-
ules. There are multiple diseases, conditions, and medi-
cations associated with its development[7]. In contrast 
to non-HIV patients, patients with HIV and NRH tend 
to have a higher incidence of  asictes. It is unclear why 
the incidence differs but the variance may be potentially 
related to the underlying cause of  NRH in HIV patients 
being largely pharmacologic from antiretroviral drugs.

DDI which has been most strongly linked to the de-
velopment of  NRH, belongs to a class of  medications 
known as nucleoside reverse transcriptase inhibitors 
(NRTI). It functions as a purine analogue and interferes 
with the transcription of  DNA and RNA[27]. Azathio-
prine, 6-mercaptopurine 6-thioguanine and other che-
motherapeutic agents that have been previously linked to 
NRH have a similar mechanism of  action[42]. Although 
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current knowledge suggests that NRH is not a reversible 
condition, several studies have shown improved out-
comes with cessation of  causative medications.

Treatment of  NRH generally revolves around mani-
festations of  portal hypertension. Once the diagnosis 
is confirmed, patients should undergo screening for 
esophageal varices with esophagogastroduodenoscopy 
(EGD)[43]. Patients with NRH should be considered for 
screening for HCC. Although this remains a relatively 
controversial topic, a possible pathogenetic relationship 
between NRH and HCC has been described[1,25,44-50]. 
The inability to conclusively establish a propensity of  
NRH to develop into HCC may be a result of  its un-
derestimated incidence, rather than a lack of  association 
between the two conditions. Liver transplantation is an 
uncommon treatment for NRH since liver function is 
usually preserved. In a recently published systematic re-
view, the authors found severe portal hypertension as the 
most common indication for liver transplantation[51].

The importance of  NRH in HIV-infected individu-
als is growing, especially as patients are experiencing 
increased longevity and longer exposure to medications. 
High index of  suspicion is required to make a diagnosis 
since there are patients with HIV who develop manifes-
tations of  portal hypertension such as ascites and vari-
ceal bleeding from cirrhotic and non-cirrhotic causes. 
Treatment generally revolves around treating the mani-
festation of  portal hypertension.

COMMENTS
Background
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