The Significance of Nonobstructive Sinusoidal
Dilatation of the Liver: Impaired Portal Perfusion or
Inflammatory Reaction Syndrome
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Sinusoidal dilatation found in the absence of an impaired sinusoidal blood outflow has
been so far of unclear significance. Sinusoidal dilatation may actually be a nonspecific fea-
ture of impaired portal venous blood inflow, whatever the cause, or a feature of severe sys-
temic inflammatory reaction syndrome, whatever the cause. Sinusoidal dilatation is
mainly located in the centrilobular area even in the absence of an outflow block. A pre-
dominantly periportal location is specifically found in oral contraceptive users, associated
with an inflammatory condition. There is strong evidence for the association of sinusoidal
dilatation and oxaliplatin-based chemotherapy but not for estroprogestative steroids or
thiopurine derivatives. Exposure to anabolic androgen steroids appears to cause sinusoidal
changes different from a mere sinusoidal dilatation. Conclusion: There is evidence of acti-
vation of the interleukin-6 and vascular endothelial growth factor pathways in sinusoidal
dilatation, but the mechanisms linking the activation of these pathways with the micro-
vascular changes must be identified. (HErATOLOGY 20153562:956-963)

inusoidal dilatation (SD) in the absence of post-

sinusoidal outflow block is characterized by

enlarged hepatic sinusoids as a predominant his-
topathological feature.'™
This review aims to show that conditions associated
with SD involve decreased portal blood inflow or the
systemic inflammatory reaction syndrome (SIRS). We
also discuss that the interleukin-6 (IL-6), Notchl, and
vascular endothelial growth factor (VEGF) pathways
are probably involved in its pathogenesis.

Its significance is unclear.

Diagnosis

As yet, SD has not been clearly defined. Electron
microscopic studies done on normal liver’ are consist-
ent with our definition of SD as a sinusoidal lumen
that is more than one liver cell plate wide, observed in
several lobules in a high-quality liver specimen devoid
of artifactual tearing (Supporting Fig. S1).! Atrophy or

regenerative changes of hepatocytes, perisinusoidal
fibrosis, and congestion may be present. Whether mild
SD occurring as a purely isolated finding could be
considered a mere artifact related to the biopsy proce-
dure itself or a real entity will be difficult to ascertain
without taking into account the indications for and
the context of liver biopsy.

This review will focus on SD that cannot be
explained by (1) vascular infiltration by sickle cells,
hemophagocytic histiocytes, or neoplastic cells caus-
ing enlargement of sinusoids, recognized at histology
(Fig. 1A); (2) Budd-Chiari syndrome or heart fail-
ure, evidenced by blocked or dilated hepatic veins,
respectively (Fig. 1B); (3) small-for-size syndrome
after liver transplantation, which harbors many of
the features of postsinusoidal outflow block includ-
ing SD; and (4) sinusoidal obstruction syndrome/
veno-occlusive disease (SOS), where toxic agents
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Fig. 1. Sinusoidal dilata-
tion secondary to sinusoidal
or postsinusoidal obstruc-
tion. (A) Sinusoidal dilata-
tion with breast cancer cells
occupying sinusoids (hema-
tein-eosin-safran <200). (B)
Centrilobular SD associated
with perisinusoidal fibrosis in
congestive heart failure (tri-
chrome X200). (C,D) Sinu-
soidal obstruction syndrome
after chemotherapy with cen-
trilobular  endothelial  cell
injury, necrosis of hepatocytes,
and sinusoidal occlusion with
congestion  (C, hematein-
eosin-safran X250; D, picro-
hemalun X250).

cause endothelial cells to detach and embolize down-
stream and block sinusoids (Fig. 1C,D).® However,
toxic agents may also cause predominant SD without
full SOS.

Peliosis and SD have often been used interchange-
ably to describe sinusoidal alterations in similar con-
texts—peliosis in severe SD, SD in early—stage peliosis.
However, peliosis is characterized by different-sized
lobular cystic blood lakes, randomly distributed
throughout the lobule.” Peliosis harbors a total rupture
of the reticulin fibers, which is not found in SD.

Conditions Associated With SD

The most common conditions associated with non-
obstructive SD  (Table 1)** share impaired portal
venous inflow and/or SIRS. Clinical and laboratory
manifestations are mild, nonspecific, or related to the
associated conditions (Supporting Table S1).

Vascular Disorders
Portal venous obstruction, idiopathic noncirrhotic
portal hypertension (INCPH), and congenital porto-
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systemic shunts are accompanied by decrease in portal
inflow to the sinusoids. Zahn’s infarct includes sinusoi-
dal congestion and parenchymal atrophy in the terri-

tory of the obstructed portal vein.® Sinusoidal
dilatation is always found in extrahepatic portal vein
thrombosis.” After portal vein ligation or embolization
in humans'® or animals,’" SD is predominantly
located in the centrilobular area. It is found in up to
94% of patients with INCPH.”'*'? Other features of
INCPH may or may not be present (nodular regenera-
tion, fibrosis, obliterative portal venopathy) (Fig. 2A).
Also, SD has been found in congenital portacaval
shunts and Abernethy malformation, where marked
portosystemic shunting was associated with decreased
or absent portal venous perfusion to the liver.”'*"
Centrilobular SD is found in rats with congenital or
surgical portosystemic shunts.'® In humans, SD fol-
lowing surgical portosystemic shunts has not been
assessed.

Neoplastic Diseases
Sinusoidal dilatation can only be considered nonob-
structive when it is distant from, or occurs in the

Address reprint requests to: Chiara Marzano, M.D., Dipartimento di Medicina Clinica, UOC di Gastroenterologia, Umberto I Policlinico di Roma, Sapienza
Universita di Roma, Viale dell'Universita 37, 00185 Rome, Italy. E-mail: chiara_marzano@yahoo.it; tel: +39-06-49970463; fax: +39-06-4453319.

Copyright © 2015 by the American Association for the Study of Liver Diseases.
View this article online at wileyonlinelibrary.com.

DOI 10.1002/hep.27747

Potential conflict of interest: Nothing to report.


http://onlinelibrary.wiley.com/doi/10.1002/hep.27747/suppinfo

958  MARZANO ET AL.

Table 1. Main Conditions Associated With Sinusoidal
Dilatation in the Absence of Postsinusoidal Block in the
Three Largest Consecutive Series of Consecutive Cases

(Number of Cases)

Reference

Kakar et al.?
(n=51)

Bruguera et al.*
(n=26)

Poulsen et al.>
(n=28)

Vascular diseases

Portal vein obstruction 1

Idiopathic noncirrhotic 2
portal hypertension

Congenital 1
portosystemic shunts

Neoplastic diseases

Cancer without 1 4
hepatic metastasis

Hepatic metastasis 4

Renal cell carcinoma 2

Hodgkin’s disease 6

Inflammatory diseases

Castleman’s disease

Crohn’s disease 1

Rheumatoid arthritis

Other inflammatory diseases 3

Infectious diseases

Pulmonary tuberculosis

Brucellosis 1

_ =

N~ =N

absence of, hepatic metastasis.'” As discussed below,
SIRS is also present in neoplasms that are commonly
associated with SD: renal cell carcinoma and Hodg-
kin’s disease.

Sinusoidal dilatation involving mediolobular areas
without inflammation, fibrosis, or changes in hepa-
tocytes, except for cholestasis, was found in 20% of
patients with renal cell carcinoma but only 6% of
patients with urinary transitional cell carcinoma.'”'®
In patients with renal cell carcinoma, SD has fea-
tures similar to Stauffer syndrome including SIRS
and elevated serum alkaline phosphatase in the
absence of hepatic metastases.'”'® It has been found
in patients with Stauffer syndrome,'® while reports
of SD associated with solid tumors appear to be
anecdotal.

Six out of 16 patients with Hodgkin’s disease who
underwent liver biopsy, but none of 15 patients with
non-Hodgkin’s lymphoma, showed SD.* Half of 46
patients with Hodgkin’s disease had centrilobular and
midlobular SD."” Tt was more common in patients
with SIRS (90%) than in those without (20%), but it
was not related to stage, hepatic infiltration, or lymph
node findings."”

Inflammatory hepatocellular adenoma is a benign
neoplasia that is frequently associated with SIRS.*
Histopathological hallmarks include inflammation and
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SD in the tumor.*® Also, SD has been found in the
adjacent parenchyma, suggesting either minute foci of
adenomas without architectural specificity or the effect
of blood-borne mediators released by adenoma.”'"**

Inflammatory Diseases

Castleman’s disease, Crohn’s disease, and rheumatoid
arthritis are the most common chronic inflammatory
conditions reported with SD.>* Many patients with
Castleman’s disease present with SIRS and hypergam-
maglobulinemia.”® Peliosis or SD has been reported in
the liver biopsies of patients with Castleman’s dis-
ease.”** The disappearance of hepatic anomalies after
lymph node resection suggests a direct relationship
between the two.**

Slight, moderate, or severe SD was found in 20%,
10%, and 4%, respectively, of untreated patients with
inflammatory bowel disease. Most patients with mod-
erate or severe SD had Crohn’s disease (Fig. 2B).%
Liver biopsy showed diffuse SD in 85% of 19 patients
with Crohn’s disease unrelated to the site of gastroin-
testinal involvement.”® A marked inflammatory syn-
drome was present.”” Exposure to purine analogues
makes interpretation of other data difficult.”®

Eight out of 32 patients with rheumatoid arthritis,
not exposed to purine analogues, had centrilobular SD
on biopsy done for abnormal liver tests.”” The pres-
ence of SIRS was not reported. Also, SD was found in
three nodular but noncirrhotic livers.”®

Six out of 73 patients with systemic lupus who were
autopsied (n=060) or who underwent liver biopsy
(n=13) were found to have peliosis.31 Primary anti-
phospholipid syndrome was found in four of 11 con-
secutive patients with SD, without SIRS or splanchnic
vein thrombosis (Fig. 20).!

Infections

The relationship of SD with chronic infectious con-
ditions is unclear (Table 1). In patients with tuberculo-
brucellosis, SD is rare.’”>* In
tuberculosis, the high prevalence of peliosis found at
autopsy”” is in contrast with reports of SD found at
liver biopsy,36 suggesting that this is a late event.

Peliosis and SD have frequently been found in
patients with acquired immunodeficiency syndrome
(AIDS).>” A causal relationship has been reported
between the development of bacillary peliosis in the
liver, lymph nodes and spleen, and Bartonella henselae
infection in immune-deficient patients.38 This condi-
tion is always associated with SIRS®” and specific his-
topathological features.*® It is unclear whether all the
SD in AIDS patients was related to B. hensellae.

sis  or active
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Fig. 2. Sinusoidal dilatation
in the absence of postsinusoi-
dal  obstruction  associated
with various conditions. (A) In
INCPH SD is associated with
obliterative  portal  venopathy
(picro-hemalun <200). (B) In
Crohn’s disease SD observed
during a flare (hematein-eosin-
safran X200). (C) Sinusoidal
dilatation in a patient with
primary antiphospholipid syn-
drome (trichrome X200). (D)
Sinusoidal dilatation observed
in oral contraceptive user
(hematein-eosin  <200). (E,F)
Sinusoidal dilatation observed
after treatment with oxaliplatin,
leading to extensive SD mim-
icking sinusoidal obstruction
syndrome (E, trichrome X25;
F X250).

Hepatic rupture due to peliosis has been reported in
patients with pyelonephritis-associated SIRS,*' and SD
has also been observed in women during acute
pyelonephritis.

Hormones and Drugs

Although the relationship between SD and use of
oral contraceptives (OCs), anabolic androgen steroids,
and purine derivatives has frequently been reported,
the results remain inconclusive.

Periportal SD has been reported in OC users,
while a diffuse*® or mediolobular® distribution has
also been described (Fig. 2D).*® A direct role of OCs
is unlikely because (1) there are few cases of OC use
in SD series>®; (2) duration of exposure to OC is var-
ied®®; (3) time to resolution after OC withdrawal
ranges from days to years”*>*%; and (4) elevated
erythrocyte sedimentation rate suggesting associated
SIRS is frequent.*® Most cases were reported in the

27,42,43
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1970s when the estrogen content of OCs was high. By
contrast, reports of SD in pregnancy are rare.***’

Unlike OCs, anabolic androgen steroids have been
mainly associated with peliosis, while SD was only
mentioned as the initial lesion, with no predominance
in any specific area.’® Indications for steroids include
stimulation of hematopoiesis,51 female transexuality,
male impotence,” and bodybuilding.”* None of these
underlying conditions have been associated with pelio-
sis. Neither intrahepatic vascular obstruction nor SIRS
has been reported in this context.

Thiopurine analogues have been long regarded as a
cause of various sinusoidal changes in patients with
Crohn’s disease,”® renal transplantation,”*>> hemato-
logic malignancies,”® and other inflammatory dis-
cases.”” Centrilobular SD seems to be the rule.”®>’
The cumulative incidence in inflammatory bowel dis-
case is <1.5% at 10 years™ and <3% at 3 years in
renal  transplantation.’*®>  In  patients  with
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Fig. 3. Hypotheses on etiopathogenesis for SD in the absence of postsinusoidal obstruction. Three mechanisms have been proposed, which
might concur in an individual patient. (A) Atrophy of the hepatic cords as a primary event. (B) Hemodynamic factors remodeling the sinusoidal
lumen: increased hepatic arterial blood flow (cf. arteriovenous malformations) could cause dilation of sinusoids,®® relevant in portal vein blood flow
deprivation. Localized obstruction of sinusoids may also induce upstream SD, relevant in perisinusoidal fibrosis, nodular regenerative hyperplasia, or
SOS (oxaliplatin-associated SD). (C) Implication of soluble systemic factors including IL-6 and VEGF, relevant in SIRS-associated SD. Activation of
NOTCH-1 pathway in sinusoidal endothelial cells could also induce SD. Dashed lines indicate possible mechanism, and plain lines indicate hypothe-
ses supported by experimental data. [Correction added on July 28, 2015, after first online publication: Figure was redrawn for clarity.]

autoimmune hepatitis receiving azathioprine, SD has
not been reported.

In Crohn’s disease, the role of thiopurine analogues
has not been clearly established because (1) prevalence
of SD is high even without previous exposure to
purine analogues®’; (2) incidence of symptomatic cases
is low?®%; (3) histological follow-up after withdrawal
of purine analogues has not been reported; (4) male
gender and prior intestinal resection, but not azathio-
prine exposure, are independent risk factors for nodu-
lar regenerative hyperplasia, with or without SD.28>3

The role of thiopurine analogues in patients with
kidney graft is only based on increased prevalence of
sinusoidal lesions after renal transplantation.’*®° Sinu-
soidal lesions are rare with anticalcineurin-based
immunosuppression without azathioprine.®!

Sinusoidal changes including centrilobular SD, pel-
iosis, or SOS have been described in 25%-36% of
patients receiving oxaliplatin-based chemotherapy for

colon cancer® but not in those without chemotherapy
(Fig. 2E,F).®>%

Experimental and Epidemiological Data on
Pathogenesis

Figure 3 illustrates proposed mechanisms. Liver cell
atrophy has been found in association with SD, while
inconspicuous sinusoidal obstruction and sinusoidal
remodeling are theoretical considerations. Recent find-
ings involving IL-6, Notchl, and VEGF pathways are

discussed below.

IL-6 Pathways

Opverexpression of IL-6 and its soluble receptor (sIL-
6R) in mice is characterized by nodular regenerative
hyperplasia and centrilobular SD.**> Renal cell carci-
noma,®® Hodgkin’s disease,”” Castleman’s disease,®®
Crohn’s disease,”” rheumatoid arthritis,”® and AIDS’"
associated with SD are accompanied by high IL-6 and
sIL-6R levels. However, a direct relationship between
IL-6 pathway activation and SD has not been investi-
gated. Inflammatory hepatocellular adenomas are char-
acterized by both activating mutations of the IL-6/
Janus kinase/signal transducer and activator of tran-
scription pathway and SD.”* Therefore, TL-6/sIL-6R
pathway activation probably plays a role in SIRS-
associated SD. Portal vein branch ligation in mice
induces sinusoidal dilation in the ligated lobe,”® induc-
tion of IL-6, and hepatocellular proliferation in the
unligated lobe.”* Elevated levels of serum IL-6 and
interferon-y were found in INCPH.”> These results
suggest that the role of IL-6 pathway activation should
be explored in SD associated with portal vein blood
flow deprivation.

Sinusoidal lesions observed after administration of
oxaliplatin and 5-fluorouracil (folinic acid fluorouracil
oxaliplatin) in mice were associated with increased
hepatic expression of signal transducer and activator of
transcription-3 RNA and protein.”® Gene expression
profiling showed up-regulation of the IL-6 pathway in
oxaliplatin-treated patients who developed sinusoidal
injury compared to those who did not.””
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Altered Angiogenesis

A knockout mouse model without tissue-specific
disruption of Notchl has permitted deletion of NozchlI
in 4-week-old mice. These mice developed nodular
regenerative hyperplasia and SD at the periphery of
the nodules as well as portal hypertension and prolifer-
ation of sinusoidal endothelial cells colocalizing with
SD, in the absence of venous obstruction.””?

Mice implanted with VEGF-producing tumors
develop a lethal syndrome characterized by massive
SD, endothelial cell proliferation, and apoptosis;
removal of the VEGF-secreting tumor or administra-
tion of a VEGF antagonist reverses the syndrome.*’
Increased production of VEGF has been specifically
reported in patients with renal cell carcinoma®' or
AIDS-related bacillary peliosis.®*

Hepatic levels of VEGF-A, VEGE-C transcripts,
serum levels of VEGF-A, and VEGF receptors 1 and 2
are increased in a murine model of folinic acid fluo-
rouracil oxaliplatin—induced SD.”® It is unknown
whether increased VEGF expression is primary or sec-
ondary to sinusoidal injury. In resected livers with
colorectal metastases, VEGF-C”” and VEGF-D*’ are
up-regulated when SD is present. Bevacizumab appears
to protect patients receiving oxaliplatin from develop-
ing SD.0%8*

Sinusoidal lesions could be created by induction of
the VEGF pathway and the IL-6 and sIL-6R pathway.

Hormones and Drugs

Administration of 125 pg/kg/day of ethynyl estra-
diol (300 times the contraceptive dose) in female rats
doubled the fractional periportal sinusoid volume and
halved the fractional central sinusoidal volume.®> Ster-
eological assessment in female mice that received the
androgenic steroid nandrolone decanoate showed a
doubling of sinusoidal volume, the mechanism of
which was not determined.®¢

Experimental evidence that purine analogues cause
SD is also limited. Relevant animal models of purine
analogue toxicity are lacking. In cultured murine cells,
azathioprine was selectively more toxic for sinusoidal
endothelium than for hepatocytes, due to greater sensi-
tivity to glutathione deplction.87

Conclusions

Rather than a disease, SD unrelated to postsinusoi-
dal block is a nonspecific feature of impaired portal
venous blood inflow or severe SIRS, whatever the
cause. The role of IL-6 pathway activation in impaired
portal venous blood inflow has been suggested by
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preliminary data. There is evidence of activation of IL-
6, Notchl, and VEGF pathways in SD associated with
SIRS. There is strong evidence for an association of
SD with oxaliplatin-based chemotherapy but not with
estroprogestative  steroids or thiopurine derivatives.
Sinusoidal changes related to anabolic androgen ste-
roids differ from those of SD. In the liver histology
SD is a significant finding with important clinicopath-
ologic correlations and interesting pathophysiology.
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