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Radiologic Imaging and
Intervention for Gastrointestinal
and Hepatic Complications of
Hematopoietic Stem Cell
Transplantation’
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Shmuel Y. Mahgerefteh, MD .. . . .
Jacob Sosna, MD Hematopoietic stem cell transplantation (HSCT) is an in-

creasingly available treatment option for patients with
, , various oncologic, hematologic, and immunologic diseases.
Michael Y. Shapira, MD Although HSCT can be curative for some diseases, compli-
. g ; P
Orit Pappo, MD cations associated with this treatment limit its success
Allan 1. Bloom, MD and applicability. Gastrointestinal graft-versus-host disease
(GVHD) and hepatic veno-occlusive disease are unique
and deadly complications of HSCT. These diseases can
mimic other HSCT complications, such as infection, hem-
orrhage, and hepatotoxicity with cholestasis, but GVHD
and veno-occlusive disease require specific treatment.
Early treatment improves the probability of treatment
success. For these reasons, timely and accurate diagnosis
is essential. Abdominal imaging and intervention play an
important role in the early, minimally invasive diagnosis
and treatment of GVHD and veno-occlusive disease. Imag-
ing findings tend to be nonspecific, but common findings
that may guide further management or establish a diagno-
sis in the clinical setting have been defined. In cases where
the diagnosis is unclear and liver biopsy is required, image-
guided transvenous liver biopsy may be a safer and more
practical option than the transcutaneous approach. Image-
guided interventions, including intraarterial steroid-injection
therapy in severe, systemic steroid-refractory GVHD and
transjugular intrahepatic portosystemic shunt placement
in veno-occlusive disease with portal hypertension, have
shown some promise in small, uncontrolled series. Larger,
controlled studies are needed to define the role of these
mvasive procedures in this patient population.
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ematopoietic stem cell transplan-

tation (HSCT) consists of the in-

travenous infusion of stem cells to
reestablish hematopoietic or immune
function (1). HSCT follows cytoreduc-
tive preparation in which the transplant
recipient undergoes chemotherapy or
radiation therapy of varying intensity
with the aim of eliminating existing tu-
mor cells and limiting the host’s im-
mune response to transplanted tissue
(1). Because HSCT can fully replenish
the immune system, indications for this
procedure have been expanded beyond
hematologic malignancies and deficiencies
to include both solid tumors and autoim-
mune disorders (1). HSCT can be cura-
tive, but its success depends on the type
and severity of the underlying disease.
Worldwide, more than 45000 HSCT
procedures are performed each year (1).

B Gastrointestinal graft-versus-host
disease (GVHD) and hepatic
veno-occlusive disease (VOD)
represent unique and potentially
deadly complications that may
limit the success and applicability
of hematopoietic stem cell
transplantation.

® Urgent and accurate diagnosis of
these diseases may be life-saving,
especially in the acute phase or
in clinically ambiguous cases.

B Abdominal plain radiographic, US,
and CT imaging generally reveal
nonspecific signs of disease, but
an understanding of frequencies
and radiologic subtleties of find-
ings within the clinical setting
may guide management.

B When liver disease remains am-
biguous, transvenous biopsy is a
relatively safe diagnostic proce-
dure that guides clinical manage-
ment in a majority of these cases.

B [mage-guided interventions—
intraarterial steroid-injection
therapy in GVHD and transjugular
intrahepatic portosystemic shunt
in VOD—although as yet unproved,
have shown therapeutic promise
in small, uncontrolled series.

Fatal complications related to HSCT
may occur as a direct result of the toxic
cytoreductive preparation or because of
immunosuppression (1). Complex im-
mune reactions between donor and host
tissues may also be fatal, but the graft-
versus-tumor effect may actually am-
plify the therapeutic benefit of HSCT
by decreasing the rates of tumor recur-
rence (2).

Graft-versus-host disease (GVHD)
and hepatic veno-occlusive disease (VOD)
represent unique and potentially deadly
complications of HSCT. GVHD may af-
fect any organ system, but it most com-
monly affects the skin, gastrointestinal
tract, and liver (3,4). Standard first-line
therapy involves systemic immunosup-
pression with steroids and cyclosporine
or tacrolimus; methotrexate is used se-
lectively in some cases (3,4). VOD pri-
marily affects the liver, but may progress
to systemic vasculitis (5). Treatment re-
mains primarily supportive and most
cases resolve spontaneously (35). Sever-
ity classifications have been proposed
for GVHD (Table 1) and VOD (Table 2);
more severe disease is associated with
dramatically increased mortality.

The clinical manifestations of these
entities may overlap or resemble other
HSCT complications, including infection,
hemorrhage, and hepatotoxicity with
cholestasis (3-5). Radiologic imaging
is particularly important in cases that
cannot be diagnosed on the basis of
clinical or laboratory findings alone, for
example, when primarily gastrointesti-
nal or hepatic disease exists without
infection or skin involvement. However,
while absence of focal lesions may help
rule out fungal infection, abscess, or neo-
plasm, radiologic evaluation lacks speci-
ficity in most cases.

Table 3 lists the important abdomi-
nal complications of HSCT that should
be considered in the differential diag-
noses of GVHD and VOD, along with
their respective imaging findings.

In this review, we focus on the ma-
jor abdominal imaging findings in GVHD
and VOD and their expected frequencies
of occurrence, with reference to the
most commonly used imaging modal-
ities of plain radiography, CT, and US.
The role of interventional radiology in

the diagnosis and treatment of these dis-
eases is also discussed.

Graft-versus-Host Disease

GVHD, occurring in acute and chronic
forms, is a multisystem disease complex
resulting from the attack of the donor’s
immune system against vulnerable re-
cipient tissues (29,30). Classically, acute
and chronic GVHD were defined as
GVHD within or beyond 100 days after
HSCT, respectively. However, in 2003, a
National Institutes of Health consensus
group modified GVHD criteria for the
purposes of clinical trials. Broadly, the
National Institutes of Health defined
acute GVHD as GVHD without clinical
or pathologic features of chronic GVHD
and defined chronic GVHD as the pres-
ence of these features, with or without
overlapping acute GVHD, regardless
of the time of onset (31). The risk of
GVHD depends on the degree of human
leukocyte antigen matching and the ge-
netic relation between the donor and
the recipient, type of conditioning, graft
type, and donor and recipient charac-
teristics such as age, sex, and parity (3).
However, high rates of GVHD can be
seen even with good human leukocyte
antigen matching and postgraft immu-
nosuppression (32).

Acute GVHD with some form of gas-
trointestinal involvement, that is, grade
II-1V, has been reported in 30%-75%
of patients undergoing HSCT (3,6,33)
(Table 1). Acute GVHD typically manifests
as skin rash and gastrointestinal symp-
toms that may include nausea and vom-
iting, abdominal pain, diarrhea, weight
loss, liver dysfunction, and cholestatic
Jjaundice; pulmonary symptoms are much
less common (3).
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HSCT = hematopoietic stem cell transplantation
TIPS = transjugular intrahepatic portosystemic shunt
VOD = veno-occlusive disease
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Approximately one-half of patients
with acute GVHD develop chronic GVHD
(3). The overall long-term risk of devel-
oping chronic GVHD after allogeneic
bone marrow transplantation is esti-
mated at 40%-45% (34,35). However,
the risk is greater after acute GVHD, es-
pecially higher-grade acute GVHD, and
can reach 70%-85% for some patients
(34,35). Chronic GVHD typically mani-
fests with features similar to those of
autoimmune disease, such as skin and
hair changes, dry eyes, and lichenoid
mucosal changes (4). Common gastroin-
testinal symptoms include dry mouth,
esophageal reflux, dysphagia, diarrhea,
and bloating, as well as anorexia and
weight loss (30,36).

Long-term survival for patients with
acute GVHD ranges from less than 5%
to more than 80%, depending partly on
the response to steroid treatment and
grade of disease (3,6,37) (Table 1). In
HSCT patients, chronic GVHD is the
leading long-term cause of nonrelapse
mortality (38,39), causing about 30% of
deaths in allogeneic bone marrow trans-
plant recipients (39). Long-term survival
in chronic GVHD patients is reported
to range from about 12% to 75% (38)
and is lowest when chronic GVHD has
progressed from nonremitting acute
GVHD, as opposed to occurring de novo
(40). A majority of these deaths result
from infection secondary to immuno-
suppressive GVHD treatment (3). Immu-
nosuppression also diminishes the graft-
versus-tumor effect, increasing the rate
of tumor recurrence (2). Thus, GVHD
represents a major limiting factor in the
success of HSCT.

Intestinal GVHD

GVHD can affect any part of the gastro-
intestinal tract, from the esophagus to
the rectum. Signs and symptoms may
include anorexia, dyspepsia, nausea,
vomiting, abdominal pain and tender-
ness, and secretory diarrhea, with or
without hemorrhage (41). The percent-
age of HSCT patients undergoing endo-
scopic evaluation or rectal biopsy has
greatly increased over the past 2 de-
cades. This increase in the number of
diagnostic procedures is thought to be
responsible for the dramatic increase

Table 1

Modified Glucksberg Criteria for Grading Acute GVHD

Minimal Extent of Organ Involvement Needed
to Meet Respective Grade Criteria

Frequency among  Day 100

Grade Skin Liver Gut HSCT Patients (%) Mortality (%)
| Rash =50% None None 12-36 10-22
of skin
I Rash >50% Bilirubin Diarrhea >500 mL/d or ~ 12-25 8-37
of skin or 2-3 mg/dL or persistent nausea
1l Bilirubin Diarrhea >1000 mL or 10-24 38-71
3-15 mg/dL or severe abdominal pain
v Generalized Bilirubin 5-16 75-77
erythroderma >15 mg/dL
with bullae

Source.—Reference 6.

Table 2

McDonald Criteria for Grading the Severity of VOD

Variable AllVOD Mild Moderate Severe

Weight gain by day 20 (% increase = 109 +71 70x35 101 =53 155+ 9.2
standard deviation)

Maximum total serum bilirubin level by 12.3 + 128 47 +29 79+6.6 26.0 +15.2
day 20 (mg/dL = standard deviation)

Liver enlargement or tenderness (%) 92 93 97 81

Ascites (%) 23 5 16 43

Peripheral edema (%) 63 23 70 85

Frequency among VOD patients (%) 100 23 48 28

Day 100 mortality (%) 39 9 23 98

Source.—Reference 7.

in the diagnosis of grade II-IV acute
GVHD after HSCT with human leuko-
cyte antigen-identical sibling donors,
from 25% to 45% before 1990 to as
much as 75% in later series (33). Early
upper gastrointestinal GVHD, includ-
ing persistent nausea without diarrhea,
represents the bulk of this increase in
diagnosis (33). Concurrently, it became
evident that histologically confirmed early
intestinal GVHD may occur without
skin involvement in as many as 20%
of these cases (33). Therefore, suspi-
cion must remain high, even in patients
with atypical presentation. In patients
with chronic GVHD, intestinal symp-
toms are most often manifestations of
persistent acute GVHD-related intesti-
nal disease. Biopsy has revealed purely

chronic GVHD-related intestinal disease
in 14% or less of symptomatic patients
(36).

Histologically, intestinal acute GVHD
is marked by apoptosis of crypt cells,
with or without cryptitis (Fig 1); chronic
GVHD has the added features of fibro-
sis and marked mucosal crypt distor-
tion and loss (36). These features, along
with underlying capillary bed engorge-
ment and inflammation, are detected
at endoscopy as mucosal atrophy or
sloughing, bleeding, and hyperemia (Fig
2). Radiologic assessment is particu-
larly important in acute GVHD, where
the timing of diagnosis and treatment
affects prognosis (42), but imaging find-
ings may be similar regardless of the
timing of onset (43,44).
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Table 3

Differential Diagnosis of Gastrointestinal and Hepatic Complications of HSCT (Excluding GVHD, VOD, Neoplasia, and Fungal Infection) with

Their Respective Imaging Findings

Days from HSCT Within Which
Entity May Arise (8)/Disease

Entity Underlying Disease

Imaging Features

Imaging Features That May Help Rule
Out GVHD or VOD Alone

Further Diagnostic or
Confirmatory Tests

0-30 (pretransplant
and early posttransplant

period)
Typhlitis Necrotizing,
hemorrhagic
transmural

inflammation (9)

C difficile colitis Exudative, fibrinous
mucosal plaques
overlying dilated
crypts; inflammation
limited to mucosa,
submucosa (13,14)

31-100 (early posttransplant

period)

Viral (mainly Intranuclear inclusions
cytomegalovirus) (cytomegalovirus),
gastroenteritis or mucosal inflammation
hepatitis and ulceration; in

hepatitis, biliary
involvement may lead
to cholestasis (19-21)

Pneumatosis (cystoides)
intestinalis

Mucosal compromise,
dissection of
intraluminal gas into
submucosa or
subserosa (8)

Thrombotic microangiopathy —Microthrombi leading

to ischemic

enterocolitis

>100 (late posttransplant

period)

Posttransplantation Donor infected with
lymphoproliferative Epstein-Barr
disease virus, B- (or T-) cell

proliferation toward
lymphoid hyperplasia
or malignant
lymphoma (26,27)

Moderate bowel wall thickening,

small bowel dilatation, increased
ileocecal wall vascularity
(ultrasonography [US]), increased
mucosal enhancement, target sign
(computed tomography [CT]),
adjacent fat stranding (CT) (8,10)

Marked colonic wall thickening in

segmental (early) or diffuse (late)
fashion, heterogeneous medium-
echogenic submucosal edema (US),
increased mucosal enhancement,
target sign (CT) (13,15-17)

Moderate ileocecal and ascending

colonic wall thickening with or
without small intestinal
involvement, increased

mucosal enhancement,

target sign (unless hemorrhagic)
(CT) adjacent fat stranding (CT),
ascites (13), nonspecific signs
of hepatobiliary disease,
nonobstructive acalculous
cholecystitis (22)

Features of typhlitis or acute or

chronic GVHD may be
present (8,24)

May coexist with and be

indistinguishable from GVHD (8)

Lymphadenopathy, hepato-
splenomegaly, bowel wall
thickening, ascites (8,26)

Bowel wall thickening limited
to ileocecal region, ascending
colon; bowel perforation may occur
in advanced cases, showing free
intraperitoneal air or fluid; ascites is
usually mild (8,10-13)

Usually a diagnosis of
exclusion (10)

Bowel wall thickening limited
to the colon, nodular;
characteristic accordion sign at CT:
trapping of oral contrast material
between thickened low-attenuation
haustral folds (10,15)

Fecal testing for C difficile
toxins or antigens
usually sufficient;
endoscopy with biopsy
in some cases (18)

Bowel perforation may occur in
advanced cases, showing
free intraperitoneal air or
fluid (12,23)

Virology; gastrointestinal
or hepatic
histopathologic
examination is often
necessary in HSCT
patients (20,22)

Air bubbles, typically in a cystic
fashion; pneumoperitoneum
may exist (24)

Not applicable

Not applicable Laboratory evidence of
hemolysis; endoscopy
and biopsy are often

required (25)

Extensive mesenteric
lymphadenopathy, may be
infiltrative (8,26)

Biopsy (28)

Note.—No imaging finding is 100% specific for respective disease entity; various entities may coexist in the same patient.
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Imaging Findings
Plain radiographic, CT, and US studies
may reveal common findings, with the
primary pathologic finding being bowel
wall thickening and abnormal mucosal
enhancement (Table 4) (44,46). The ac-
curacy of any radiologic finding has yet
to be determined, and imaging is generally
considered nonspecific. Nevertheless,
certain imaging findings may help to
distinguish GVHD from other gastroin-
testinal complications of HSCT, in which
immunosuppression is contraindicated.
Morphologic and functional signs seen
at abdominal radiography, CT, and US
along with their reported frequencies in
patients with HSCT are listed in Table 4
and illustrated in Figures 3-5.
Findings of plain abdominal radiog-
raphy are abnormal in 95% of acute
GVHD cases, demonstrating separation
of bowel loops indicative of wall thick-
ening, air fluid levels, decreased luminal
gas, and small bowel dilatation (Fig 3)
(49). Small and large intestinal wall thick-
ening, mainly submucosal in origin (48),
is seen at US (Fig 4) and CT (Fig 5)
in the majority of patients with acute
GVHD and may lead to luminal narrow-
ing or separation of bowel loops (50).
Bowel wall thickening per se is not spe-
cific for GVHD, as it also occurs fre-
quently in other patients with HSCT
(47) and those with neutropenia (10).
However, intestinal thickening in acute
GVHD is typically moderate at less than
5.5-8 mm (10,44,45,47,48), whereas
more severe thickening at CT may sug-
gest infection with Clostridium difficile,
cytomegalovirus, or neutropenic entero-
colitis, also known as typhlitis (10). When
bowel wall thickening is caused by GVHD,
the small intestine is involved in 75%-
100% of cases (44,45,47,48), serving
to virtually exclude neutropenia-related
C difficile colitis (10). Like acute GVHD,
typhlitis may affect both small and large
bowel (10). Where concurrent small and
large bowel involvement is seen, two ad-
ditional findings may help to distinguish
acute GVHD from typhlitis: first, a dis-
continuous distribution of bowel involve-
ment is seen in 41%-54% of patients
with acute GVHD (44,45), but is less
common in typhlitis (51); second, strictly
right colonic involvement is uncommon in

Figure 1:
gastrointestinal acute GVHD. Photomicrograph
shows capillary congestion (arrow) and colonic crypt
cell apoptosis (arrowhead). (Hematoxylin-eosin stain;
original magnification, X10.)

Figure 2:  Acute intestinal GVHD. Endoscopic
image shows generalized mucosal atrophy, ulcera-
tion, and hyperemia.

Table 4

CT and US Findings in Patients with Gastrointestinal Acute GVHD

Variable CT (%)

US (%)

Bowel wall thickening*

Mucosal enhancement

Bowel dilatation®

Excessive small intestinal fluid filling
Biliary tract abnormality

Mesenteric infiltration

Ascites

Blood vessel or flow abnormality

94 (44)

86-100 (10,44,45)
54-89 (10,44,45)
23-86 (10,44,45)

41-74 (44,45)

29-73 (10,44,45)

29-45 (10,44,45)

40-90 (engorgement of vasa
recta, or comb sign) (44,45)

86-100 (47,48)

Not applicable

100 (47)

Not assessed

Not assessed

0 (47)

71 (47)

66 with increased or normal
SMA flow (48), 33 with
decreased SMA flow (48)*

* Bowel wall thickening is typically moderate at less than 6-8 mm.
T Small intestinal diameter greater than 2.5 to 3.5 cm, large intestinal diameter greater than 4 to 8 cm.
*Patients with ischemic bowel, as demonstrated by decreased superior mesenteric artery (SMA) flow, were the only ones in whom

therapy failed and who died of gastrointestinal acute GVHD.

acute GVHD (10,44,45,47,48), whereas
selective involvement of the right colon
or cecum is present in 75%-100% of
typhlitis cases (10,51).

Abnormal mucosal enhancement at
CT following administration of intrave-
nous contrast material (Fig 5) is seen in
nearly 80% of patients with acute GVHD
(10,44,45) and is significantly more
common in acute GVHD than in other
neutropenic causes of bowel disease (10).
Mucosal enhancement is limited to thick-
ened bowel segments (44,45). Replace-
ment of mucosa by highly vascular gran-
ulation tissue has been shown to be
the underlying disease (46). This find-
ing is best appreciated when intrave-

nous contrast material is used in con-
junction with negative oral contrast ma-
terial (8,46). Indeed, Kalantari et al
(45) speculated that their relatively low
rate of visualized mucosal enhancement
(53%) may have been due to the con-
comitant use of intravenous and positive
oral contrast material in their patients.
Others have reported 89% enhancement
rates when oral contrast material was
not used (44). Gastrointestinal symptoms
may limit the use of oral or rectal con-
trast material in GVHD patients (11).
When barium is used, severe mucosal
ulceration may facilitate intramural in-
filtration of contrast material, leading
to persistent submucosal attenuation
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Figure 3

Figure 3: Plain abdominal anteroposterior radio-
graph in a 34-year-old woman with acute gastroin-
testinal GVHD shows multiple dilated bowel loops
and bowel wall thickening.

Figure 4:  Abdominal high-resolution color Doppler
US scan (linear 12-mHz transducer, IUS 22; Philips
Healthcare, Eindhoven, the Netherlands) in a 7-year-old
boy with gastrointestinal acute GVHD shows small
bowel wall thickening.

that can last for weeks after contrast
material administration (50,52).

Bowel dilatation, when defined as
large intestinal diameter greater than
8 cm or small intestinal diameter greater
than 2.5-3 cm, was seen at CT in about
429% of acute GVHD patients (10,44,45).
However, when defined as a minimal
large intestinal diameter of 4 cm or
small intestinal diameter of 3.5 cm,
bowel dilatation was seen at US in 100%
of cases (47). This apparent discrep-
ancy between imaging modalities may

Figure 5

Figure 5:  Abdominal CT scan (2-mm section thickness, 1-mm incre-

ment, 250 mAs, and 120 kVP) in a 14-year-old boy shows cecal and
small bowel wall thickening, mucosal enhancement, and engorgement
of the vasa recta. CT was performed with negative oral contrast mate-
rial (1500 mL of 5% mannitol solution) and 100 mL of intravenous
iodinated contrast agent containing 300 mg iodine per milliliter.

be related to patient selection bias in
various published reports or differing
definitions of dilatation. Dilatation oc-
curs at a significantly higher rate in
acute GVHD than in other neutropenic
(10) or HSCT patients (47). It is limited
to bowel that is proximal to thickened
wall segments (45). Although this sign
appears early in the course of clinical
manifestations, its persistence seems un-
related to the clinical course (47).

At CT, engorgement of the vasa recta,
or the comb sign (Fig 5), was seen in
about 60% of acute GVHD patients
(44,435) and may be more pronounced
near thickened bowel wall segments (45).
Approximately one-third of patients may
have increased blood flow in the superior
mesenteric artery, seen at color Dop-
pler US, and one-third may have de-
creased superior mesenteric artery flow
in association with ischemic bowel (47).
Importantly, the patients with ischemic
bowel and decreased superior mesenteric
artery flow showed no response to ste-
roid treatment and died of GVHD (47).

CT signs of mesenteric inflamma-
tion, including fat stranding, also known
as misty mesentery, have been reported
in about 44% of acute GVHD patients
(10,44,45) and are more pronounced
near thickened bowel wall segments
(45). In GVHD, this finding exists with-
out mesenteric lymphadenopathy (45),
helping to distinguish GVHD in the

late posttransplant period from post-
transplant lymphoproliferative disor-
der, which is associated with exten-
sive lymphadenopathy, hepatobiliary
disease, bowel wall thickening, and as-
cites (26).

Since high-grade acute GVHD is
associated with significantly increased
mortality (37), the radiologic grading of
GVHD can have important implications
for prognosis, treatment, and monitor-
ing of response to therapy. Brodoefel
et al (44) recently suggested grading cri-
teria based on six CT findings, each cor-
relating with overall clinical, gastrointes-
tinal, and/or pathologic grading of acute
GVHD (Fig 6).

Findings in chronic GVHD of the gut,
while generally similar to those in acute
GVHD, may be less frequent (11,13).
Gastrointestinal GVHD and its treat-
ment, together with associated superin-
fection, act to impair mucosal integrity
and immunity (53), leading to imaging
signs such as bowel wall thickening.
These signs may be related to GVHD
or have other etiologies (11). Chronic
GVHD may also demonstrate strictures
of the esophagus or, less commonly, of
the small or large bowel (54).

HSCT-related Hepatic GVHD and VOD

Hepatic complications afflict 80% of allo-
geneic HSCT patients and have an overall

Radiology: \/olume 258: Number 3—March 2011 = radiology.rsna.org

665



>
i

S
=

S
s

REVIEW: Hematopoietic Stem Cell Transplantation: Gastrointestinal and Hepatic Complications

Mahgerefteh et al

Figure 6

Abdominal CT variable

Mucosal attenuation on unenhanced
scan

(<40 HU; >40 HU) & °
Maximal wall thickness

(<3 mm; >3 to <6 mm; >6 mm) & ¢

Total number of bowel segments
involved

(<3; >3 to <6; >6 to <9) & °

Ascites & °

Engorgement of vasa recta
(“Comb sign”) ®

Mesenteric inflammation

(“Misty mesentery sign”)

Figure 6: Brodoefel CT grading criteria for acute
GVHD (44). Overall clinical grade was determined by
combining organ grade from modified Glucksberg
grading system (6) with the Eastern Cooperative
Oncology Group Performance Scale. Organ (gut)
grading was based on modified Glucksberg grading
system (6). Histopathologic severity was assessed in
terms of crypt atrophy by using a four-point scale
(53). a = Correlates with overall clinical grading,

b = correlates with gut grading, and ¢ = correlates
with pathologic grading.

mortality rate of 37% (55). The most
likely differential diagnoses are drug tox-
icity and drug-induced cholestasis, GVHD,
VOD, and infection, including recurrent
viral hepatitis. Clinical, laboratory, and
radiologic findings usually suffice for diag-
nosing drug-induced cholestasis and in-
fection (11). In GVHD and VOD, however,
findings may be nonspecific and liver
biopsy may be required (22,56).

Hepatic GVHD

Hepatic GVHD is primarily a disease of
the biliary system, marked histologi-
cally by progressive atypical degenera-
tion of small bile ducts (Fig 7). Occur-
ring in half of acute GVHD patients
(57), hepatic GVHD typically manifests
as cholestatic jaundice, with liver fail-
ure and encephalopathy occurring only
rarely. Chronic GVHD of the liver affects
40%-73% of human leukocyte antigen-
matched bone marrow transplant pa-
tients (4). Chronic hepatic GVHD may
progress from cholestasis to aggressive
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Figure 7:  Photomicrograph in a patient with
chronic hepatic GVHD disease: the portal triad.
Arrow = bile duct, which shows early degenerative
changes, BD = bile ductule, HA = hepatic arteriole,
PV = portal venule. (Hematoxylin-eosin stain; orig-
inal magnification, x20.)

hepatitis and cirrhosis or may manifest
as acute hepatitis (58).

Biliary tract abnormalities, including
enhancement of the biliary tract, gall-
bladder wall thickening, dilatation of
the common bile duct, pericholecystic
fluid, and biliary sludge, are common
coexisting extraintestinal CT findings in
acute gastrointestinal GVHD and occur
in about 61% of cases (Table 4) (44,45).
In addition, Ketelsen et al (59) recently
reported a significantly greater rate of
common bile duct dilatation in patients
with gastrointestinal acute GVHD (67%,
n = 27) than in HSCT patients without
acute GVHD (12%, n = 25). A majority
of acute GVHD patients also showed
common bile duct and gallbladder wall
enhancement, compared with no patients
in the control group. Moreover, in 96%
of acute GVHD patients, bilirubin con-
centration correlated significantly with
common bile duct diameter (59).

Evidence of biliary tract disease may
be seen in other high-mortality HSCT-
related diseases, including acalculous
cholecystitis and VOD (60), and to our
knowledge, no truly reliable GVHD-
specific imaging findings exist in the
liver. Therefore, given that GVHD of
the liver usually coexists with GVHD of
the gut, radiologic evaluation of patients
with liver disease must include full ab-
dominal scanning, if such investigation

is to be diagnostically meaningful. In
particular, Erturk et al (61) found that
small bowel wall thickening as seen at
CT is much more indicative of GVHD
than VOD.

Veno-occlusive Disease

VOD, also known as sinusoidal obstruc-
tion syndrome, is thought to result directly
from chemotherapy- or radiation-induced
destruction of hepatic microvasculature
during cytoreductive HSCT condition-
ing. VOD represents the most common
cause of liver disease during the first 20
days after HSCT, affecting 10%-60% of
HSCT patients (7,62,63), with dramati-
cally increased risk after myeloablative
or increased-intensity conditioning (62).
In most cases, VOD develops within
1 week before to 3 weeks after cell
transplantation and manifests clinically
as a specific triad of weight gain due
to portal hypertension and fluid reten-
tion, jaundice, and painful hepatomeg-
aly (7). Over the long term, VOD may
progress to panvasculitis and multior-
gan failure. Progression may be related
to decreased circulating levels of antico-
agulation factors, increased levels of pro-
coagulant proteins, and increased levels
of inflammatory mediators (5,64,65).
VOD-associated death may result from
hepatic, renal, cardiovascular, or respi-
ratory complications. Mortality rates at
100 days range from 9% in mild cases
to nearly 100% in patients with more
severe presentation, with the latter repre-
senting 28% of all VOD cases (7). Overt
manifestations of VOD in the form of
the clinical triad may lag relative to bio-
logic and radiologic findings (28,66).
A high index of clinical suspicion early
in the HSCT process therefore may be
crucial, especially since timely medical
treatment may potentially curb the pro-
gression to severe VOD and decrease
mortality (67,68).

Centrilobular hemorrhagic necrosis,
with venular obliteration, sinusoidal
congestion, and fibrosis represents the
underlying pathologic basis for the de-
ranged blood flow in VOD (65). The
obliteration of venous microvasculature
leads to decreased outflow from the
liver, with consequent portal hyperten-
sion similar to that seen in Budd-Chiari
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syndrome (65). Since morphologic and
blood flow changes of the liver can exist
in patients even before undergoing HSCT
preparation (28,69-72), baseline and se-
rial US assessments have been recom-
mended by some authors (28,69-71).
Radiologic evaluation in VOD may re-
veal morphologic changes, including he-
patomegaly, splenomegaly, gallbladder
wall thickening, increased hepatic echo-
texture, ascites, and periportal cuffing,
as well as signs of blood flow abnormality
in the hepatic arterial or portal venous
systems (28,43,69-72).

In prospective studies of HSCT pa-
tients by Herbetko et al and Hommeyer
et al, no gray-scale US finding was strongly
associated with VOD (70,71). Stronger
associations have been reported with
some Doppler findings, but there is
inconsistency between studies. In the
study by Herbetko et al, a hepatic arte-
rial resistive index of 0.75 or greater
was the best indicator of VOD, occur-
ring in 95% of VOD patients. In HSCT
patients without VOD, including those
with GVHD and hepatitis, the resistive
index values always remained below
0.70 (70). Although elevation of the in-
dex was not correlated with the severity
of VOD, return to baseline resistive in-
dex values corresponded with resolu-
tion of hepatic dysfunction in most pa-
tients (70). It is worth noting that the
resistive index could theoretically de-
crease to normal levels in the presence
of hepatofugal flow, as a consequence
of hepatic arterial diversion to the por-
tal vein via the sinusoids (72).

Portal venous flow abnormalities, in-
cluding to-and-fro and hepatofugal flow,
are considered more specific for VOD,
but they typically occur very late in the
disease (69). These findings occur in only
18% of patients and may represent more
severe VOD; thus, their diagnostic im-
portance in early or clinically ambiguous
liver disease is questionable (69-72).

Lassau et al (28) studied the accu-
racy of US in diagnosing VOD in a large
population of HSCT patients. By using
a 14-point scoring system based on
seven gray-scale and seven Doppler US
findings, with one point per abnormal
finding, a total score of 6 was most
accurate, with sensitivity of 83% and

specificity of 87%. In adults, a total score
of 8 or more along with a serum biliru-
bin level greater than 80 wmol/L was
found to be an earlier predictor of mor-
tality than was bilirubin level alone. A
Doppler score of 3 or more correlated
with portal hypertension, defined as a
corrected hepatic sinusoidal pressure
of 10 mm Hg or above (28). It should be
noted, however, that most data con-
cerning US imaging of VOD were pub-
lished more than a decade ago, with
many conflicting findings that have not
been reproduced in later studies. More
recently, McCarville et al (73) found in
a prospective study that clinical criteria
were superior to either gray-scale or
Doppler US parameters for the diagno-
sis of VOD.

If the clinical presentation is ambig-
uous, CT and US can sometimes be use-
ful in helping to distinguish between
hepatic GVHD and VOD. Gray-scale US
findings that occur more frequently in
VOD are splenomegaly, gallbladder wall
thickness greater than 6 mm, hepatic
vein diameter of less than 3 mm, asci-
tes, and visualization of paraumbilical
veins (28). Doppler findings that occur
more frequently in VOD are flow de-
modulation in the portal vein, decrease
in spectral density, decrease in velocity
to less than 10 cm/sec or reversal of flow
in the main portal vein, hepatic artery
resistive index 0.75 or greater, mono-
phasic flow in the hepatic vein, and flow
in the paraumbilical vein (28).

CT findings favoring a diagnosis of
VOD are periportal edema and ascites
(61). A right hepatic vein diameter of
less than 0.45 cm at CT is highly sugges-
tive of VOD (61). The rates of occurrence
of hepatomegaly and increased portal
vein diameter were comparable in VOD
and GVHD at both CT and US (28,61).

Transjugular Liver Biopsy

Infectious and cholestatic causes of post-
HSCT liver disease are usually identifi-
able with clinical, laboratory, and radio-
logic work-up. However, the diagnosis
of GVHD and VOD may be more chal-
lenging. Typically, VOD manifests with
the clinical triad described above, and
GVHD manifests with skin as well as
gastrointestinal manifestations at the time

of clinical hepatic involvement. When
patients present with isolated liver disease
and the clinical presentation and work-up
do not enable a definitive diagnosis,
liver biopsy may be needed. Liver his-
tologic examination in these immuno-
suppressed patients may be evaluated
not only for GVHD and VOD, but also
for drug toxicity, as well as bacterial,
viral, and fungal infection. To our knowl-
edge, data regarding liver biopsy rates
in this population have not been pub-
lished. At our institution, approximately
10% of HSCT patients undergo liver bi-
opsy. Kalantari et al stated that liver
biopsy must be performed in most cases
to differentiate between hepatic GVHD
and VOD (45). Other authors have re-
ported that transjugular liver biopsy is
part of a standard approach in the as-
sessment of HSCT patients with liver
dysfunction (22).

In some cases, US-guided percuta-
neous biopsy is performed. However,
many HSCT patients are at risk for
bleeding secondary to thrombocytope-
nia or coagulopathy (74). Ascites, which
may exist in both GVHD and VOD, pre-
sents a technical obstacle to the percu-
taneous approach. The transjugular ap-
proach is considered safe in these patients
(22,75-77) and has a major complica-
tion risk of about 1% (75). Transvenous
access allows sampling from multiple
sites, a potential advantage in the diag-
nosis of VOD, where even severe disease
may cause centrilobular necrosis in only
10%-30% of the liver parenchyma (78).
Transvenous liver biopsy provides clini-
cally useful information in a majority
of cases (75-77,79-81) and influences
treatment decisions in about 90% of
these patients (75,81).

The transvenous approach also fa-
cilitates direct and indirect measure-
ment of hepatic and portal venous pres-
sures, aiding in the diagnosis and
management of VOD with secondary
portal hypertension. A corrected he-
patic sinusoidal pressure greater than
10 mmHg is 52% sensitive and 91%
specific for VOD (81), and the progno-
sis is especially poor when pressure ex-
ceeds 20 mmHg (81). Concurrent he-
patic venogram may demonstrate small-
caliber main hepatic veins, occlusion
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Figure 8: Hepatic venogram in a patient with VOD
shows a small-caliber right hepatic vein with a distal
spiderweb pattern, mimicking Budd-Chiari syndrome.

of terminal hepatic vein branches, and
the so-called spider web pattern, which
is classically seen in Budd-Chiari syn-
drome (Fig 8).

Image-guided Interventional Therapies
in GVHD and VOD

Aside from transvenous liver biopsy, some
radiologic interventions may be impor-
tant in the management of HSCT-related
complications, specifically, intraarterial
steroid-injection therapy in intestinal
and hepatic GVHD, and transjugular
intrahepatic portosystemic shunt (TIPS)
placement in VOD.

Intraarterial Steroid-injection Therapy in
GVHD: Rationale and Results

Intraarterial steroid-injection therapy
represents adjuvant therapy in patients
with systemic steroid-refractory acute
GVHD, typically those with grade III or
IV disease. GVHD is characterized by
both a reduction in the number of ste-
roid receptors in diseased tissue and a
decrease in the receptors’ affinity for
steroids (82,83). Salvage regimens con-
sisting of mega-dose systemic therapy
have failed to adequately improve signs
and symptoms of acute GVHD and cause
profound immunosuppression (84-86),
thereby increasing risk of infection (87)
and tumor recurrence (88). Since intraar-
terial steroid-injection therapy delivers

treatment directly to the “end-organ” dis-
eased tissue via respective arterial chan-
nels, high concentrations of steroids can
be applied locally, thereby overcoming
the underlying unresponsiveness without
further depressing the already incompe-
tent immune system in these patients.

Initial reports in the recent litera-
ture suggest that intraarterial steroid-
injection therapy is safe and effective in
severe acute GVHD, especially if per-
formed early (89-94). Shapira et al (92)
and Nakai et al (90) described their ex-
perience in 17 patients with grade IlI-
IV gastrointestinal and/or hepatic acute
GVHD. Organ response, either partial
or complete, was defined as ameliora-
tion of abdominal pain or diarrhea vol-
ume in gastrointestinal GVHD and a
decrease in serum bilirubin level in he-
patic GVHD. At least partial gastroin-
testinal or hepatic response occurred in
92% and 63% of patients, respectively,
and complete gastrointestinal or he-
patic response occurred in 83% and
38%, respectively. In those with gastro-
intestinal disease but no hepatic in-
volvement, long-term survival was 50%,
but 75% of survivors developed mild
chronic GVHD a mean of 1 year after
intraarterial steroid-injection therapy.
One of four patients with purely hepatic
disease survived, with normal bilirubin
and only mildly elevated liver enzymes
at 1 year. Among patients who died
with isolated gastrointestinal or hepatic
involvement, GVHD progression was
the cause of death in less than 30%.
When gastrointestinal and hepatic dis-
eases coexisted, long-term survival was
0%, and GVHD progression was the
cause of death in 80%.

Weintraub et al (94) recently pre-
sented their experience with intraarte-
rial steroid-injection therapy in 11 pa-
tients with treatment-resistant isolated
gastrointestinal acute GVHD. Even with
a somewhat stricter definition of re-
sponse to treatment than previously re-
ported, at least partial response was
seen in 72%, with complete response in
36%. Survival at 1.5 years was 27%.

By reducing the magnitude of sys-
temic immunosuppression and limiting
the extent of disease at the time of treat-
ment, early intraarterial steroid-injection

therapy may further improve outcomes
and survival (90,92). However, large,
controlled studies will be needed before
definitive conclusions can be drawn re-
garding the efficacy of intraarterial steroid-
injection therapy in treating GVHD.
Intestinal intraarterial steroid-injec-
tion therapy is accomplished via the su-
perior mesenteric, inferior mesenteric,
and internal iliac arteries, with or with-
out gastroduodenal artery injection (92).
The angiogram may appear normal or
show nonspecific early arterial phase mu-
cosal enhancement, resembling changes
of inflammatory bowel disease. Hepatic
GVHD is effectively a disease of the bil-
iary tree, thus treatment is most appro-
priately delivered via the hepatic artery.
The angiogram usually appears normal.

TIPS in VOD: Rationale and Results

As the hepatic venous system becomes
occluded in VOD, increasing portal
pressure may ultimately limit hepatic
perfusion, leading to hepatocellular or
gastrointestinal tissue necrosis and pa-
tient death. The finding of stagnant or
reversed flow in the main portal vein or
its branches at duplex US is an indica-
tion for shunt placement (78). Diver-
sion of portal flow with TIPS relieves
portal pressure and can potentially im-
prove hepatic and splanchnic perfusion.
In a subset of patients, TIPS may allow
more time for spontaneous recovery or
liver transplantation (65).

Only three small, uncontrolled series,
with a total population of 19 patients,
have reported the efficacy of TIPS in
VOD (78,95,96). No clinical or biologic
improvement was noted in any patient
who died within 10 days of TIPS place-
ment. Of the 13 patients (68%) surviv-
ing for more than 10 days, 11 (58%)
improved clinically, with decreased as-
cites and/or relief from abdominal pain.
Decreased alanine aminotransferase
and improved prothrombin time were
seen in about half of patients, and some
improvement of renal function was
noted in about 40% overall. These pa-
rameters typically improved within
about 1 week of TIPS. However, im-
provement of bilirubin levels was un-
common. TIPS placement was reported
to control portal hypertension in all
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patients in these small series. Zenz et al
(78) reported a 21%-30% decrease in
the hepatic arterial resistive index and
normalization of portal vein flow velocity,
which indicates increased hepatic arte-
rial flow, improved hepatocyte perfu-
sion, and restored splanchnic outflow.

The optimal timing of TIPS place-
ment is uncertain and may depend on
post-HSCT survival probability (97).
Early TIPS placement may be best. Re-
ported survival 14 days after TIPS
placement was 47% in these patients,
decreasing to only about 11% at 6 months
(78,95,96). Unfortunately, mortality from
multiorgan failure remains high. Even
after resolution of VOD, most patients
die of nonhepatic complications, espe-
cially renal or cardiopulmonary failure
or sepsis (65,78). Because of the high
mortality from nonhepatic complications,
HSCT-related VOD was not established
as an indication for TIPS placement in
recent guidelines by the American As-
sociation for the Study of Liver Diseases
(98). Controlled studies will be needed
to clarify the role of TIPS in patients
with VOD.

Gastrointestinal GVHD and hepatic
VOD are two unique and potentially
deadly complications of HSCT, in which
abdominal imaging helps to gauge disease
severity, guide urgent management, and
improve patient outcomes; emerging
image-guided interventions, although as
yet unproved, have shown therapeutic
promise in small, uncontrolled series.
Early diagnosis improves outcome in
GVHD, and new treatment options may
offer better outcomes in VOD if the
disease is recognized early. CT and US
findings can help reveal changes from
baseline evaluation, point to the diagno-
sis, gauge severity of disease, and guide
further treatment in GVHD and VOD.
Intravenous contrast material adminis-
tration may improve the accuracy of CT
imaging, particularly when used in com-
bination with negative oral contrast ma-
terial, enabling improved appreciation
of bowel wall abnormalities. In cases of
liver involvement requiring liver histo-
logic examination for diagnosis, trans-

venous biopsy is a safer and more prac-
tical option than percutaneous biopsy
in many patients, although complica-
tions may still occur. The transvenous
approach also allows measurement of
the corrected hepatic sinusoidal pres-
sure, an important prognosticator in
VOD. Minimally invasive procedures
have shown early promise, but larger,
controlled studies are needed to deter-
mine their true efficacy. In systemic
steroid-refractory severe acute GVHD,
intraarterial steroid-injection therapy
has been reported in several case series
to be a safe and potentially curative ad-
juvant therapy, especially in cases of
gastrointestinal disease without liver in-
volvement. In the few published cases
of TIPS placement for VOD, TIPS was
reported to reduce symptoms, decrease
portal pressure, and improve liver func-
tion in most patients. Although it has not
shown a clear survival benefit, TIPS may
also buy time for those patients in whom
liver transplantation is an option.
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