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OBJECTIVE. Graft-versus-host disease (GVHD) is a common complication of hemato-
poietic stem cell transplant (HSCT). GVHD predominantly affects the skin, gastrointestinal
system and hepatobiliary systems. Imaging findings in the gastrointestinal tract include bow-
el wall thickening with mucosal enhancement, mesenteric edema, and vascular engorgement.
In the hepatobiliary system, hepatosplenomegaly, periportal edema, bile duct dilatation, and
gallbladder and biliary wall thickening are seen. Although the imaging findings of GVHD are
nonspecific, with a known history of HSCT, GVHD should be considered.

CONCLUSION. GVHD is a serious complication of HSCT, which involves multiple or-
gan systems, with imaging manifestations most commonly seen in the gastrointestinal tract
and hepatobiliary system. Knowledge of the imaging manifestations of GVHD, which alone
may be relatively nonspecific, taken in conjunction with clinical history including the timing
and type of HSCT, laboratory values, stool studies, and dermatologic findings can increase
radiologist confidence in suggesting this diagnosis.

ore than 25,000 allogeneic hema-

topoietic stem cell transplants

(HSCTs) are performed every

year in the United States, and this
number continues to rise [1]. HSCT is used to
treat life-threatening hematologic and genet-
ic diseases including malignancies and to re-
store hematologic and immunologic compe-
tence after chemotherapy and radiation
therapy [2]. As stem cell transplant becomes
more widespread, radiologists encounter
transplant recipients with increasing frequen-
cy. Various potentially life-threatening con-
ditions have been reported to complicate
HSCT including opportunistic infections and
other complications caused by dysfunction of
the immune system [3]. Stem cell transplant
recipients, particularly allogenic and nonmye-
loablative recipients, are at risk for developing
graft-versus-host disease (GVHD). GVHD is
one of the major and life-threatening compli-
cations after HSCT, with an overall incidence
of up to 59% after HSCT [4].

GVHD is an immunologic disorder that
develops secondary to interaction between
functionally competent donor T lymphocytes
and epithelial cells of the skin, gastrointesti-
nal tract, and liver in the recipient [1]. The
number of GVHD cases, particularly chronic
GVHD cases, has increased despite advanced

immunosuppressive therapy [5]. An estimat-
ed 17% of HSCT recipients are readmitted
because of GVHD, and hospitalizations may
occur as early as 70 days after HSCT for low-
grade GVHD or up to 101 days after trans-
plant for more complicated cases [6]. Acute
GVHD accounts for approximately 50% of
posttransplant deaths that are not related
to relapse of the neoplasm [7]. The goal of
HSCT is to improve patient survival and de-
crease the rate of disease relapse. However,
the complication of GVHD can result in high
cost both to the patient, with reduced quality
of life and survival for HSCT recipients, and
to the health care system [6, 8—10]. Imaging
studies play an important role in the initial
diagnosis, treatment follow-up, and surveil-
lance of GVHD. Although tissue sampling is
necessary for definitive diagnosis, there are
characteristic imaging findings in the gastro-
intestinal tract and hepatobiliary system that
taken in combination with knowledge of the
history and timing of HSCT strongly support
the diagnosis of GVHD. It is increasingly im-
portant for physicians to be familiar with the
clinical and imaging features of GVHD to
enable timely diagnosis and reduce associat-
ed morbidity and mortality.

This article reviews the pathogenesis and
classification of GVHD, illustrates the key
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imaging findings of abdominal and pelvic
manifestations, and highlights the impact of
imaging on the identification and manage-
ment of GVHD.

Stem Cell Transplant

Conventional HSCT is performed after a
conditioning regimen (combination of high-
dose chemotherapy and radiation therapy)
has ablated the recipient bone marrow. In the
current era, advances have expanded avail-
able conditioning regimens, sources of cells,
and the breadth of the donor pool to increase
availability and improve outcomes [11-13].
Pluripotent stem cells harvested from marrow
or circulating blood of the patient or a donor
are transfused to repopulate the bone mar-
row. Collection of granulocyte colony-stim-
ulating factor (G-CSF)-mobilized progenitor
cells from the peripheral blood has largely
replaced bone marrow harvest [11-13]. Au-
tologous HSCT is defined as transfusion of
the patient’s previously harvested cryopre-
served cells, syngeneic stem cells are from a
genetically identical donor (i.e., monozygotic
twin), and allogeneic stem cells come from a
donor who is genetically different but shows
sufficient histocompatibility [14].

The course after HSCT is divided into three
phases. The preengraftment phase is the peri-
od between stem cell transplant and restora-
tion of hematopoiesis, typically lasting 15-30
days. During this period, the immune system
is severely compromised and patients are pan-
cytopenic (particularly neutropenic) and at
high risk for opportunistic infection. The ra-
pidity of neutrophil recovery varies with the
type of graft: Approximate recovery time is
2 weeks with G-CSF-mobilized peripher-
al blood grafts, 3 weeks with marrow grafts,
and 4 weeks with umbilical cord blood grafts
[15]. The early posttransplant period begins
after resumption of hematopoiesis and spans
30-100 days after transplant. Although neu-
trophil counts have begun to recover, patients
often remain deficient in cellular and humoral
immunity because of persistent lymphopenia.
The late posttransplant phase begins approx-
imately 100 days after transplant when lym-
phocyte levels return to normal, and humoral
immunity continues to improve over the first
year [14]. It is typically during the early and
late posttransplant period, as the immune sys-
tem recovers, that allogeneic transplant recipi-
ents develop GVHD. GVHD leads to dysfunc-
tional immunity, which puts patients at risk for
bacterial, fungal, and viral infections in addi-
tion to the manifestations of GVHD itself.
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Older or frail patients may undergo non-
myeloablative allogeneic transplants, with
reduced intensity conditioning protocols
that suppress the recipients’ immunity only
enough to allow engraftment. The recipient’s
marrow is only partially ablated, which pre-
vents pancytopenia, leading to fewer infec-
tious complications in the early posttrans-
plant phase. However, these patients remain
at risk for GVHD and other related late com-
plications [14].

Pathogenesis

GVHD is the direct result of one of the
most fundamental functions of the immune
system—that is, differentiating “self” from
“nonself.” The term “graft-versus-host dis-
ease” was introduced in 1955 by Barnes and
Loutit [16] to describe the secondary disease
consisting of diarrhea, skin changes, and
wasting syndrome seen in irradiated mice
that were given allogeneic stem cells. Similar
responses were seen in other animal studies
and early human allogeneic stem cell trans-
plants [17, 18]. GVHD is now recognized as
a clinical syndrome caused by target organ
injury to the skin, liver, gastrointestinal tract,
and rarely lung due to immune cells from a
graft (marrow, organ, transfusion) reacting
against the recipient. According to Billing-
ham [19], three requirements must be met for
GVHD to develop: The graft or donor tissue
must contain immunologically competent
cells, the recipient must express tissue anti-
gens that are not present in the donor, and
the recipient must not be capable of mount-
ing an immune response to eliminate the do-
nor cells. The immunologically competent
donor cells are T cells, which respond to
genetically defined proteins on host cells—
most importantly, human leukocyte antigen
(HLA) proteins [1, 20]. These HLA proteins
in the recipient are considered foreign, and
the donor T cells react against them. There-
fore, the transplant of any tissue containing
T cells, such as blood products, bone mar-
row, and solid organs, into a person who is
not able to effectively eliminate them may
lead to GVHD [1, 20]. As HLA disparity be-
tween the donor and recipient increases, so
does the likelihood of developing GVHD
and the severity of the reaction [20]. Recipi-
ents of mismatched transplants are at great-
est risk. The prevalence of acute GVHD is
seen in 35—-45% of patients with matched sib-
ling donors and 60—80% of patients with un-
related donors and one antigen mismatched
[1, 11]. Moderate to severe GVHD is seen in

30-50% of patients receiving matched allo-
geneic transplants [14, 21, 22].

Ferrara and Deeg [23] suggested a three-
phase pathogenesis of acute GVHD [1, 17].
In phase I, the conditioning regimen dam-
ages and activates host tissues, including
skin, intestinal mucosa, and liver. Activated
host cells secrete a variety of cytokines that
may upregulate adhesion molecules and ma-
jor histocompatibility complex (MHC) anti-
gens, promoting recognition of MHC anti-
gens or HLAs by donor T cells after the stem
cell transplant [17, 24-27]. In phase 11, donor
T cells recognize recipient HLA complexes
(alloantigens) as “not self” via antigen-spe-
cific T-cell receptors and become activated.
T-cell activation results in the production
of a cascade of cytokines [1, 11, 17, 28-34].
Phase III involves inflammatory cellular ef-
fectors, which release additional cytokines
that result in necrosis, apoptosis, and ampli-
fication of local tissue injury leading to the
clinical manifestations of GVHD [17, 35].
Despite the systemic response, only a cluster
of targets including skin, gut, and liver are
predominantly involved. For the gastrointes-
tinal tract specifically, damage to the mucosa
leads to translocation of microbial products
(including endotoxin and lipopolysaccha-
ride), which creates a feedback loop of cy-
tokine storm and ongoing tissue injury [11,
17, 20, 36].

In the gastrointestinal tract, a distinctive
histologic feature of GVHD is epithelial cell
apoptosis, most prominent in the regenerative
compartment of the gland or crypt. These
apoptotic cells contain vacuoles filled with
debris and have been described as “explod-
ing crypt” cells [17, 37]. In more advanced
GVHD, cystic dilatation of crypts, crypt ab-
scesses, and frank epithelial necrosis and to-
tal sloughing of the mucosa can be seen [17,
38, 39]. In the duodenum and small bowel,
crypt blunting is seen; the distribution of gas-
trointestinal GVHD is often patchy, which
may require multisite biopsy and pathologic
analysis of multiple sections. The histologic
hallmark of acute hepatic GVHD is bile duct
injury, with changes in biliary epithelial cells
including uneven spacing of nuclei, changes
in nuclear size, and cytoplasmic vacuoliza-
tion with apoptosis and necrosis less com-
monly seen. Cholestasis is present, and with
time, portal fibrosis and bile duct loss are
seen [11, 40].

In contradistinction to acute GVHD,
chronic GVHD has different underlying his-
topathology and pathophysiology that re-
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main less well understood. The current the-
ories relate chronic GVHD to autoimmune
disorders, possibly associated with immune
dysregulation [1, 11, 32, 33, 41-43]. Interplay
between T cells, macrophages, and B cells
results in chronic inflammation and stimu-
lation of fibroblasts, leading to the general
sclerosing syndrome seen in chronic GVHD
[11]. Pathologic analysis shows mucosal, sub-
mucosal, and serosal fibrosis; crypt distor-
tion; mild inflammation; Paneth cell meta-
plasia; and hyalinization of small venules
[11, 44]. In the liver, a sharp demarcation be-
tween acute GVHD and chronic GVHD does
not exist. With time (often > 90 days), por-
tal fibrosis and bile duct loss become evident;
however, these changes can be seen in acute
GVHD and can be reversible [11]. These
changes need to be irreversible to be con-
sidered chronic; therefore, chronic GVHD
usually requires correlation with a distinc-
tive feature in another organ system [11, 41].
Chronic GVHD is estimated to affect 30—
65% of HSCT patients, with incidence dif-
fering by regimen, center, and other risk fac-
tors [1, 11,33, 41, 45].

Classification and Staging

Classic acute GVHD typically develops 10—
40 days after transplant (usually < 100 days),
although persistent, recurrent, or late-onset
acute GVHD can be seen after day 100. Acute
GVHD most commonly affects the skin first
and then progresses to include the gastroin-
testinal tract (most commonly, the small intes-
tine) and the liver [1]. It is uncommon to see
liver and gastrointestinal manifestations with-
out skin lesions. Later, oral manifestations may
be seen, such as severe oral pain, xerostomia,
ulcerative lesions, and mucositis [46].

Transplant recipients with acute GVHD
often develop chronic GVHD, although the
presence of acute GVHD is not necessary
to develop chronic GVHD. In patients with-
out acute GVHD, chronic GVHD can occur
insidiously. Similar risk factors are seen in
chronic GVHD, with unrelated allogeneic
transplant recipients at higher risk. Chronic
GVHD is typically seen in the late posttrans-
plant period, after 100 days, but can occur
almost anytime after HSCT. Chronic GVHD
is associated with hyperpigmentation and
sclerodermalike skin reaction, hepatic fibro-
sis, and wasting.

Overall, the acute and chronic forms of
GVHD have mutually exclusive features at
opposite ends of the spectrum. New classi-
fication systems have incorporated the gray
area between these two, known as “acute-
on-chronic GVHD” or “overlap syndrome,”
which can have features of both acute GVHD
and chronic GVHD [1]. The National Insti-
tutes of Health (NIH) classification, which
is based on more clinical manifestations,
recognizes two main categories of GVHD,
each with two subcategories. Acute GVHD
can be subdivided into classic acute GVHD
or persistent, recurrent, or late-onset acute
GVHD (occurring after day 100). Chronic
GVHD can be subclassified as classic chron-
ic GVHD or an overlap syndrome for pa-
tients with features of both acute GVHD and
chronic GVHD (Table 1). In this classifica-
tion system, characteristic skin, gastrointes-
tinal tract, or liver abnormalities are classi-
fied as acute GVHD regardless of the amount
of time that passed after transplant. Chronic
GVHD requires the presence of at least one
diagnostic clinical sign or distinctive clinical
manifestation confirmed by biopsy or other

relevant test in the same or another organ [17,
41] (Tables 1 and 2).

In acute GVHD, the extent or stage of in-
volvement of each of the three primarily in-
volved organs (skin, gastrointestinal system,
and liver) determines the grade (severity) of
the disease as grade I (mild), grade II (mod-
erate), grade III (severe), or grade IV (very
severe) [20]. The NIH Consensus Develop-
ment Project has formulated a staging sys-
tem for chronic GVHD based on specific
signs, degree of organ involvement, laborato-
ry data, and histologic confirmation [20, 41].

Clinical and Imaging Findings
Acute Graft-Versus-Host Disease

As we have described, GVHD primarily
affects the skin, gastrointestinal tract, and
hepatobiliary system; hence, patients often
present with the clinical triad of dermatitis,
enteritis, and hepatitis [20]. Overwhelming-
ly, the most common, and often the first, or-
gan to be affected is the skin in up to 81%
of patients, followed by the gastrointestinal
tract in 54% of patients, and the liver in 50%
of patients [1]. The lungs, genital tract, and
joints are less commonly affected.

Clinical  presentation—Development — of
acute GVHD is often heralded by the develop-
ment of a diffuse pruritic maculopapular rash
that can be followed by desquamation in severe
cases. Typically, involvement of the gastroin-
testinal tract begins after dermatologic disease
is clinically evident. Less commonly, gastroin-
testinal symptoms can occur without skin find-
ings, seen in up to 20% of cases [47]; however,
recently there seems to be an increased inci-
dence of isolated gastrointestinal GVHD [11,
48]. Gastrointestinal symptoms in acute GVHD
are usually nonspecific and variable [47]. Be-

TABLE I: National Institutes of Health Classification System for Graft-Versus-Host Disease (GVHD)?

Classification

Time of Onset

Features

Classic acute GVHD

Persistent, recurrent, late-onset acute GVHD

Classic chronic GVHD

Overlap syndrome

Cases present< 100 days of HSCT

Cases present with features of acute GVHD > 100
days after HSCT

May present at any time after HSCT

May present at any time after HSCT

Maculopapular rash, nausea, vomiting, anorexia,
profuse diarrhea, ileus, or cholestatic hepatitis

Same features as features of classic acute GVHD
without diagnostic and distinctive features of
chronic GVHD

At least one diagnostic or distinctive manifestation
of chronic GVHD without features of acute GVHD;
manifestations can affect skin, nails, eyes, mouth,
lungs, gastrointestinal tract, genitalia, fascia,
joints, and muscles (see Table 2)

Features of acute and chronic GVHD appear
together

Note—HSCT = hematopoietic stem cell transplant.

aModified from [41]: Biology of Blood and Marrow Transplantation, Vol. 11/edition no. 12, Filipovich AH, Weisdorf D, Pavletic S, et al., “National Institutes of Health
Consensus Development Project on Criteria for Clinical Trials in Chronic Graft-Versus-Host Disease: |. Diagnosis and Staging Working Group Report,” pages 945-956,

Copyright 2005, with permission from Elsevier.
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TABLE 2: Diagnostic and Distinctive Features of Chronic Graft-Versus-Host Disease (GVHD)?

Organ

Diagnostic Feature?

Distinctive Feature®

Scalp and body hair

Nails

Skin

Eyes

Mouth

Lung

Gastrointestinal tract

Genitalia

Fascia, joints, and muscles

e Lichen planus—like features

e Lichen sclerosus—like features
* Morphealike features

¢ Poikiloderma

¢ Sclerotic features

* Hyperkeratotic plaques
e Lichen-type features

* Restriction of mouth opening due to sclerosis

* Bronchiolitis obliterans diagnosed with lung biopsy

e Esophageal web

o Strictures or stenosis in the upper to mid third of
the esophagus

e Lichen planus—like features

*Vaginal scarring or stenosis

¢ Fasciitis

* Joint stiffness of contractures secondary to
sclerosis

*New onset of scarring or nonscarring scalp
alopecia

 Scaling, papulosquamous lesions

¢ Dystrophy

e Longitudinal ridging, splitting or brittle features
¢ Onycholysis

¢ Pterygium unguis

¢ Nail loss (symmetric; affects all nails)

*Depigmentation

*New onset of dry, gritty, or painful eyes
e Cicatricial conjunctivitis

 Confluent areas of punctate keratopathy
¢ Keratoconjunctivitis sicca

*Mucocele

*Mucosal atrophy

*Pseudomembranes

e Ulcers

*Xerostomia

¢ Bronchiolitis obliterans diagnosed with PFTs and
radiology

e Erosions
e Fissures
e Ulcers

* Myositis or polymyositis

Note—PFT = pulmonary function test.

aModified from [41]: Biology of Blood and Marrow Transplantation, Vol. 11/edition no. 12, Filipovich AH, Weisdorf D, Pavletic S, et al., “National Institutes of Health
Consensus Development Project on Criteria for Clinical Trials in Chronic Graft-Versus-Host Disease: |. Diagnosis and Staging Working Group Report,” pages 945-956,

Copyright 2005, with permission from Elsevier.
bSufficient to establish the diagnosis of GVHD.

¢Seenin chronic GVHD butinsufficient alone to establish the diagnosis of chronic GVHD.

cause the small bowel and colon are the most
common sites of gastrointestinal GVHD, pa-
tients most commonly present with secreto-
ry diarrhea in addition to fever and abdominal
pain. Epithelial damage can lead to mucosal
ulceration, so gastrointestinal bleeding, pro-
tein-losing enteropathy, and ileus can be seen
in severe cases. Esophageal involvement can
manifest as mucositis followed by development
of webs or strictures, which can produce symp-
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toms of odynophagia. Gastric GVHD can cause
nausea and vomiting [14, 17,49].

Endoscopic findings in patients with
GVHD do not always correlate well with his-
topathologic findings [17, 50] and can range
from normal-appearing mucosa to severe ul-
ceration. Investigators have suggested that
visible endoscopic lesions are seen in only
a minority of cases (16-32%) [17, 51]. When
present, mucosal edema, erythema, and fri-

ability are most commonly seen, with ero-
sions and ulcers encountered less frequently
[17, 50, 51]. Although there is no agreed-on
optimal site for gastrointestinal endoscopic
biopsy, rectal biopsy is sometimes performed
as a first step because of the clinical advan-
tages. If rectal biopsy is not diagnostic or is
negative but gastrointestinal GVHD is still
suspected, an upper gastrointestinal site such
as the stomach may yield additional diagnos-

AJR:209, July 2017
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tic material; some authors suggest that gas-
tric biopsies may be more sensitive in diag-
nosing acute GVHD [11, 17, 52-56].

Gastrointestinal imaging findings—The
hallmark imaging findings in acute GVHD
involving the gastrointestinal tract include
bowel wall thickening with abnormal marked
mucosal enhancement (Fig. 1) and mu-
ral stratification, which can be seen involv-
ing any part of the gastrointestinal tract [47,
57] but is most common in the small bowel
and colon. The mucosal and serosal surfac-
es avidly enhance to appear hyperattenuat-
ing and form a target sign, with a hypoatten-
uating middle layer representing intramural
or submucosal bowel wall edema [58] (Fig.
2). Bowel loops are often fluid-filled and di-
lated, and bowel loop separation can be seen
[14,21,59-61]. In one study, all patients with
biopsy-proven intestinal GVHD had small-
bowel involvement, whereas 59% had further
concomitant large-bowel involvement [62].
In this same study, extraintestinal findings
such as engorgement of the vasa recta adja-
cent to affected bowel (91%) and stranding
of the mesenteric fat (73%) were noted [62]
(Fig. 3 and Table 3). No mesenteric lymph-
adenopathy was reported in this series [62].
This collection of findings is nonspecific
and can overlap with other causes of enteri-
tis; however, the overall extent of bowel in-
volvement tends to be greater in GVHD, of-
ten with involvement of both the small bowel
and colon in many cases [14, 59, 63].

In many cases, the main differential diag-
nosis in these patients may include neutro-
penic enterocolitis, infectious enterocolitis
(pseudomembranous colitis, viral infections,
fungi), or radiation enteritis in addition to
GVHD [64]. Neutropenic enterocolitis most
commonly involves the cecum and ascending
colon and occasionally involves the ileum, in
contradistinction to GVHD. In GVHD, both
the small bowel and colon can be involved,
but the small bowel is more prominently af-
fected and often is affected in a diffuse dis-
tribution. Pseudomembranous colitis usually
manifests as a pancolitis with marked ec-
centric or circumferential fold thickening;
small-bowel involvement is uncommon [59].
During the early posttransplant period, the
most common cause of gastrointestinal in-
fectious complications is cytomegalovirus
(CMV). CMV colitis has a similar appear-
ance to typhlitis, predominantly affecting
the terminal ileum, cecum, and right colon
[64]. Small-bowel involvement can be seen
with CMV or other viral infections (e.g., her-
pes simplex virus, rotavirus) but is often seg-
mental rather than diffuse. Although overlap
exists between GVHD and other enteriti-
des that arise in patients with HSCT, the lo-
cation and extent of bowel involvement and
the presence and intensity of associated find-
ings may narrow the differential diagnosis.
In addition, clinical history is critical, taking
into account the timing of the HSCT, type
of HSCT, and type and timing of condition-

A

Fig. 1—Two patients with acute graft-versus-host disease (GVHD).
A, 8-year-old girl who presented with abdominal pain and rash 30 days after undergoing hematopoietic stem cell transplant (HSCT) for acute myelogenous leukemia
(AML). Axial contrast-enhanced CT image shows diffusely thick-walled small bowel and colon (arrows) with marked mucosal enhancement. Many bowel loops are

dilated and fluid filled, and mesenteric congestion and ascites (star) are seen.
B, 60-year-old woman who presented for imaging follow-up after HSCT for AML. Axial contrast-enhanced CT image shows fluid-filled stomach with mucosal
hyperenhancement (S) and periportal edema (arrowhead) and ascites.

AJR:209, July 2017

ing regimen, as well as laboratory values and
stool studies, when trying to make a more
specific diagnosis [64]. Finally, in addition to
imaging, endoscopic examination and gas-
trointestinal biopsies are critical in establish-
ing the final diagnosis.

Often these patients are evaluated ini-
tially with CT. In terms of protocol consid-
erations, IV contrast material is desirable if
possible to identify bowel wall enhancement.
Some groups have advocated a biphasic pro-
tocol (late arterial and portal venous phases)
to make mucosal hyperenhancement more
conspicuous [65]. CT enterography proto-
cols, which may use a higher IV contrast in-
jection rate or may be biphasic (mucosal and
enteric phases), may also have some utility
in subtle cases. In many cases, positive oral
contrast agent is not desirable. First, it is of-
ten poorly tolerated by patients due to severe
nausea and vomiting; therefore, opacification
of bowel loops with oral contrast material is
often poor as well [21]. Second, administra-
tion of a positive oral contrast agent may be
undesirable because it impairs evaluation of
the mucosa and bowel wall. The fluid with-
in the bowel loops often serves as a natural
neutral oral contrast agent. If a positive oral
contrast agent is administered, prolonged
coating of the bowel with oral contrast ma-
terial at CT or in barium studies may occur
because the epithelial damage and mucosal
ulceration of the bowel allow the oral con-
trast material to be incorporated into the sub-
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Fig. 2—Target sign seen in three patients with acute graft-versus-host disease (GVHD).
A-C, 23-year-old woman with B-cell acute lymphoblastic leukemia who underwentimaging 30 days after hematopoietic stem cell transplant (HSCT). Axial contrast-
enhanced CT (CECT) image (A) and magnified views of A (B and C) show small-bowel loops (arrows, A) that exhibit marked mucosal enhancement with low-attenuation

edema in submucosal region.

D, Stylized drawings. Upper drawing shows mucosal and serosal enhancement with submucosal low atttenuation in targetoid fashion. Lower drawing shows halo sign
with mucosal hyperenhancement and submucosal edema without associated serosal enhancement. (Drawings by Menias CO)
E and F, Axial CECT image of pelvis of same patient shown in A-C (E) and magnified view of E (F) depict thick-walled loop of colon with mucosal enhancement and

ulceration (arrow, E).

G, Patientwho presented for imaging after undergoing HSCT. Axial CECT image shows multiple thick-walled loops of bowel with targetoid mural stratification,

mesenteric edema, and ascites (circle).

H, 30-year-old woman who presented with stage 4 grade IV acute GVHD 70 days after undergoing HSCT for sarcoma. Axial CECT image shows extensive wall thickening
and mural stratification from duodenum (/ong arrow) through colon (short arrow). This involvement of both small bowel and large bowel, nearly in its complete extent,
may be more suggestive of GVHD than other enteridities, and diffuse small-bowel involvement is associated with poorer prognosis.

mucosal layer through mucosal ulcers (Figs.
2F and 4). MR enterography could be used in
these patients, but this examination requires
longer breath-holding and longer table time
without motion. This can be challenging for
these patients who are often quite nauseated
and ill. In theory, glucagon could be used but
would likely exacerbate nausea and may not
improve the images because these patients
often already have dilated fluid-filled loops.
Again, a neutral contrast agent, likely an oral
contrast barium preparation (VoLumen, E-Z-
EM) could be used but is often poorly toler-
ated and may exacerbate nausea and diarrhea.
The fluid-filled loops often have natural oral
contrast, and additional agents make the ex-
amination more challenging for the patient.
In addition to using CT to diagnose acute
GVHD, CT can also be used to grade the
severity of GVHD and provide prognos-
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tic information about acute gastrointestinal
GVHD. One group found that diffuse small-
bowel involvement and any colonic involve-
ment were associated with severe clinical
presentation [66]. Diffuse small-bowel in-
volvement was also associated with a poorer
prognosis and a decreased likelihood of re-
sponding to therapy [66].

Hepatobiliary imaging findings—Isolat-
ed hepatic involvement is rare because liv-
er involvement is usually seen concomitant
with disease involving the skin, gastrointes-
tinal tract, or both [11, 67]. Half of patients
with acute GVHD have hepatic involvement,
which is primarily a biliary system disease,
with progressive atypical degeneration of the
small bile ducts. This form of GVHD pres-
ents as cholestatic jaundice, which can less
commonly progress to liver failure and he-
patic encephalopathy [62]. Imaging findings

can include hepatosplenomegaly, peripor-
tal edema, biliary tract wall thickening and
enhancement, gallbladder distention, wall
thickening and increased enhancement, and
gallbladder sludge (Figs. 5 and 6 and Table 3)
[47]. Prominent intramural gallbladder wall
edema is sometimes mistaken for “pericho-
lecystic fluid,” although perihepatic ascites
can be present.

Cholestasis is a common finding after
HSCT. While it can be related to hepatobi-
liary GVHD, cholestasis can also be due to
hepatic venoocclusive disease or sinusoidal
obstruction syndrome, sepsis, or hepatocellu-
lar necrosis caused by infection, ischemia, or
medications [68]. Although many of these en-
tities may produce clinical symptoms similar
to GVHD, most affect the liver and intrahe-
patic bile ducts and few would produce ex-
trahepatic biliary ductal dilatation. Ketelsen et
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A

Fig. 3—Extraintestinal findings associated with graft-versus-host disease (GVHD).

A, Coronal contrast-enhanced CT (CECT) image of patient who presented for imaging after undergoing hematopoietic stem cell transplant (HSCT) shows engorgement
of vasa recta (arrow). Note also bowel wall thickening with mural stratification and dilated fluid-filled loops. This patient may have element of acute-on-chronic disease
(overlap syndrome) given that small-bowel strictures (arrowheads) are also present.

B, Drawing shows engorgement of vasa recta. (Drawing by Alhalabi K)

C, Axial CECT image of patient who presented for imaging after undergoing HSCT shows engorgement of vasa recta (arrow), similar to A, with associated mesenteric
edema and stranding and thickened fluid-filled bowel loops with marked mucosal enhancement and mural stratification.

TABLE 3: Frequency of Intestinal and Extraintestinal Findings in Acute Graft-

v Host Di (GVHD)? al. [68] looked at the presence and extent of
ersus-Host Disease

common bile duct dilatation in patients with

Finding Percentage of Patients GVHD and found that they were more likely
- to have temporary common bile ductal dila-
Intestinal . . . .
tation (compared with control patients with-
Small bowel out GVHD who also underwent imaging af-
Wall thickening 50 ter HSCT) [68]. They defined a pathologic
Mucosal enhancement 100 diameter of the common bile duct as greater
I than 7 mm at CT in patients without chole-
Dilatation 94 . .
cystectomy and 8 mm in patients postchole-
Fluid-filled lumen 94 cystectomy and found pathologic diameters in
Diffuse involvement 100 67% of patients with GVHD compared with
Colon 12% of control subjects. Of the patients in the
Wall thickening 19 GVHD group, 96% also haq cholestatlc ]?.].:)0—
ratory values and showed significant positive
Mucosal enhancement 100 correlation between bilirubin level and biliary
Dilatation 94 ductal dilatation. In addition, enhancement of
Fluid-filled lumen 100 the bile duct and gallbladder wall was seen in
. ) the GVHD group but not in the control sub-
Diffuse involvement 100 jects [68]. Involvement of the common bile
Extraintestinal duct in a patient with cholestasis may be more
Mesenteric infiltration 73-88 suggestive of GVHD than of other entities in-
Vasa recta engorgement 91 cluded in the differential diagnosis.
One of the main entities in the differen-
Hepatomegaly 9-44 tial diagnosis is sinusoidal obstruction syn-
Hepatic periportal edema 31-36 drome (SOS) (previously known as hepatic
Ascites 45-50 venoocclusive disease), and tissue diagno-
Gallbladder wall enhancement 93-100 sis is often needed to establish the diagno-
. . sis [69]. However, imaging can be helpful
Gallbladder dilatation 56 in differentiating SOS from GVHD as well.
Gallbladder wall thickening 9 In a series of 18 patients with biopsy-proven
Pericholecystic fluid 18 hepatic GVHD and SOS at follow-up after
Biliary sludge 18 HSCT, a right hepatic vein diameter of 0.45
) cm or less was found to be highly suggestive
Urinary bladder wall enhancement 88 of SOS rather than GVHD. For patients who
Splenomegaly 36 have undergone bone marrow transplant, the

aBased on data from [21] and [62].
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right hepatic vein narrowing are more sug-
gestive of SOS, whereas associated small-
bowel wall thickening in addition to dilata-
tion of the common bile duct with bile duct
wall and gallbladder wall thickening is more
suggestive of GVHD [69].

Ultrasound (US) may be a useful modal-
ity in imaging hepatobiliary GVHD given its
utility in the evaluation of the biliary tree and
its portability to image ill patients at the bed-
side. The Doppler capabilities can be useful
for differentiating GVHD from other entities
such as SOS. Many of the findings (gallblad-
der and common bile duct wall thickening,
periportal edema, ascites) are well depicted
at US. CT also is useful despite the fact that
it may be less sensitive for subtle biliary ab-
normalities because CT still depicts com-
mon bile duct dilatation well and may bet-
ter depict concomitant bowel findings that
may raise concern for acute GVHD. As with
gastrointestinal evaluation, MRI can be per-
formed and MRCP may be useful for subtle
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cases of biliary involvement but may not be
necessary in some patients and may be less
well tolerated.

Using imaging to predict acute graft-ver-
sus-host disease—Some groups have also
looked at the ability of CT to predict who
will develop severe acute GVHD, allowing
more aggressive and individualized GVHD
prophylaxis. One group performed CT pro-
spectively between days 7 and 14 after trans-
plant [65]. A variety of CT findings including
the presence of vasa recta engorgement, gall-
bladder fossa edema, mesenteric edema, gall-
bladder or biliary enhancement, and bowel
wall thickening or enhancement and the num-
ber of bowel loops involved were scored and
used to create an image-based risk prediction
model. A score of 5 or more showed sensitiv-
ity, specificity, and accuracy of 100%, 81%,
and 85%, respectively, in predicting develop-
ment of grade Il or IV acute GVHD. Howev-
er, an even more simplified model that looked
at only the presence of mesenteric edema and

Fig. 4—Two patients with acute graft-versus-host
disease (GVHD) of gastrointestinal tract.

A, 26-year-old woman with familial myelodysplastic
syndrome who presented with abdominal pain and
gastrointestinal bleeding approximately 30 days after
hematopoietic stem cell transplant (HSCT). Axial
contrast-enhanced CT (CECT) image shows fluid-filled
terminal ileum with mucosal enhancement (arrow).

B and C, Small-bowel follow-through images of same
patient as shown in A show fold thickening in terminal
ileum (arrows, B) and retained contrast material
coating of ileum (arrow, C) in area containing multiple
ulcerations.

D, Colonoscopy image of same patient as shown in A-C
confirms multiple small ulcers with blood products in
terminal ileum and throughout colon. Biopsy results
confirmed diagnosis of GVHD.

E, 47-year-old woman who presented for follow-up
imaging approximately 20 days after double cord blood
HSCT for acute myelogenous leukemia. Patient was
given oral contrast material, but note poor opacification
of bowel loops on this coronal CECT image because
oral contrast material was not well tolerated. Note also
coated appearance of duodenum (arrow); patient also
has periportal edema (arrowhead) and small ascites.

the number of involved loops was still able
to predict the development of GVHD with a
sensitivity of 75% and specificity of 95% and
correctly classified 90% of patients [65].

Chronic Graft-Versus-Host Disease

Symptoms of chronic GVHD usually pres-
ent within 3 years of allogeneic HSCT [41].
Chronic GVHD is the leading cause of non-
relapse patient mortality more than 2 years
after allogenic HSCT [70]. Although chronic
GVHD often follows acute disease, one-third
of patients are reported to develop chronic
GVHD de novo [1, 11, 33, 41, 71]. The del-
eterious effects of chronic GVHD often paral-
lel a beneficial graft-versus-tumor effect with
lower relapse rates seen in patients with chron-
ic GVHD [1, 11, 33, 41, 45, 70, 71]. The in-
creased use of mobilized peripheral RBCs as
the stem cell source and the fact that more pa-
tients are surviving the early posttransplant
period have resulted in increasing numbers of
patients developing chronic GVHD [70].
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D

Fig. 5—Acute graft-versus-host disease (GVHD) involving liver in 62-year-old man with elevated liver function test (LFT) results 45 days after hematopoietic stem cell
transplant (HSCT) for acute lymphoblastic leukemia.

A, Gray-scale ultrasound image shows gallbladder wall thickening (arrow). Given elevation of LFT values, patient underwent liver biopsy.

B, Photomicrograph (H and E, ~ x200) of surgical pathologic specimen shows severe bile duct damage (arrows).

C and D, Axial contrast-enhanced T1-weighted MR images show mild gallbladder and cystic duct wall thickening and enhancement (arrows).

E and F, Photomicrographs (H and E: x200, E; x400, F) of liver biopsy specimen show mild biliary ductal damage (arrows).

Fig. 6—6-year-old girl who presented with watery diarrhea 3 months after undergoing hematopoietic stem cell transplant (HSCT) for congenital amegakaryocytic
thrombocytopenia.

A and B, Axial contrast-enhanced CT images show mild distention and wall thickening of gallbladder (arrow, A) and mild central biliary ductal prominence (arrowhead, B).
C, Contrast-enhanced axial CT image shows diffuse small- and large-bowel wall thickening with mural stratification. These findings seen in conjunction with findings
shown in A and B raised concern for acute graft-versus-host disease.
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Fig. 7—Chronic graft-versus-host disease (GVHD) in gastrointestinal tract.
A, Patient with chronic GVHD who presented for imaging after undergoing hematopoietic stem cell transplant (HSCT). Coronal contrast-enhanced CT image shows

multifocal small-bowel strictures (arrows).

B, Patient with chronic GVHD who presented for imaging after undergoing HSCT. Small-bowel follow-through image shows tubular, ribbonlike small bowel (arrows) with

fold effacement.

C and D, Patient with chronic GVHD who presented for imaging after undergoing HSCT. Axial (C) and coronal (D) T2-weighted images show multifocal small-bowel wall
thickening, which appears as low T2 signal intensity, and associated luminal narrowing (arrows); these findings are compatible with multifocal small-bowel strictures in

setting of chronic GVHD.

A

Fig. 8—26-year-old woman who presented with vaginal graft-versus-host disease (GVHD) 8 years after undergoing hematopoietic stem cell transplant for acute

myelogenous leukemia.

A-C, Sagittal T2-weighted (A), T1-weighted (B), and contrast-enhanced T1-weighted (C) MR images show hematocolpos (stars, A and B) with vaginal scarring and dense
fibrosis (arrows) are nearly obliterating distal vaginal cavity.

Clinical presentation—In chronic GVHD,
like acute GVHD, the skin is often the first or-
gan to be involved, with a distinct conglomera-
tion of symptoms that is thought to be related

42

to fibrosis of the dermis. These symptoms in-
clude poikiloderma, a lichen planus—type re-
action (erythematous or violaceous flat-topped
papules or plaques with a silvery or shiny ap-

pearance on direct light), deep sclerotic fea-
tures (smooth, waxy, indurated skin), or lichen
sclerosis—type lesions (discrete to coalescent
gray-to-white moveable papules or plaques, of-
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ten with follicular plugs, with a shiny appear-
ance and leathery consistency) [41] (Table 2).

The gastrointestinal symptoms of chronic
GVHD are similar to those of acute GVHD,
including anorexia, nausea, vomiting, diar-
rhea, weight loss, and failure to thrive [41].
The chronic intestinal injury can lead to mal-
absorption and wasting.

Gastrointestinal — imaging  findings—The
imaging findings of chronic gastrointestinal
GVHD are associated with chronic bowel wall
thickening, which includes esophageal webs or
strictures and less commonly segmental small-
bowel or colonic strictures. These strictures can
be seen throughout the gastrointestinal tract,
from the esophagus to the rectum, but are most
common in the small bowel and colon [14, 47].
GVHD denudes the gastrointestinal mucosa,
which is later replaced by granulation tissue.

Fig. 9—Chronic graft-versus-host disease (GVHD).

At CT, this tissue is seen as hyperemic gran-
ulation tissue surrounded by lower-attenuation
outer bowel wall layers resulting in less mural
stratification (mucosal hyperenhancement, sub-
mucosal edema, and serosal enhancement) and
more of the halo sign (thick mucosal enhance-
ment with surrounding low-attenuation wall
[Fig. 7]) [14]. More focal wall thickening with
associated luminal narrowing or stricture can be
identified and can be multifocal with some ar-
eas of upstream dilatation or partial obstruction.
In chronic GVHD, “ribbon” bowel is seen, with
small-bowel fold effacement and a tubular ap-
pearance with associated delayed transit time
(Fig. 7). These changes in the bowel and the de-
layed transit can be seen at barium fluoroscopy
studies (Fig. 7). CT remains the mainstay of im-
aging; however, MRI or MR enterography can
be helpful for investigating bowel wall thick-

ening. Although there is often edema (high T2
signal intensity) in the bowel wall in patients
with acute GVHD, the bowel wall can become
fibrous (low T2 signal intensity) with associat-
ed luminal narrowing in patients with chronic
GVHD (Fig. 7).

Hepatobiliary imaging findings—Hepatic
involvement in chronic GVHD, like in acute
GVHD, generally presents as cholestasis with
increased bilirubin and alkaline phosphatase
levels [41]. Therefore, the distinction between
acute and chronic disease cannot be made with
liver findings alone, and diagnosis often relies
on detection of involvement of other organ sys-
tems, as previously described [41]. Again, bil-
iary tract abnormalities, such as enhancement
of the biliary tract, gallbladder wall thicken-
ing, dilatation of the common bile duct, and
gallbladder sludge, are common findings [47].

A and B, 50-year-old woman with chronic GVHD of bowel who presented with acute abdominal pain approximately 150 days after undergoing hematopoietic stem cell
transplant (HSCT) for acute myelogenous leukemia (AML). Axial contrast-enhanced CT (CECT) images show diffuse wall thickening of fluid-filled colon with marked
mucosal enhancement and luminal narrowing of proximal transverse colon (arrow, B). Note collection of fluid and gas in left lower quadrant (oval, A), adjacentto dilated
fluid-filled cecum (arrow, A). These findings are compatible with cecal perforation, which was confirmed at surgery.

C, Colonoscopic image of same patient shown in A and B reveals mucosal changes.
D and E, 64-year-old man who presented with acute abdominal pain 45 days after undergoing HSCT for AML. Axial CECT images show diffusely thick-walled fluid-filled

small bowel and large bowel (arrows) with marked mucosal enhancement and mild gallbladder distention (star, D).

F, Colonoscopic image of same patient shown in D and E reveals adherent thick pseudomembranous material. These findings are compatible with GVHD with

superimposed Clostridium difficile infection.
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Chronic hepatic GVHD can also result in van-
ishing bile duct syndrome in which extrahepat-
ic ducts develop strictures similar to those seen
in primary sclerosing cholangitis with pruned
or diminutive intrahepatic ducts [14, 72, 73]. In
these cases, MRCP may be useful in better de-
picting the intrahepatic involvement.

Genitourniary and gynecologic imag-
ing findings—Involvement of the genitouri-
nary tract, lungs, and joints and fascia is less
common. Approximately 25% of long-term
female survivors after allogeneic HSCT de-
velop genital chronic GVHD. Genital com-
plications are usually associated with GVHD
that involves other organs, with symptoms that
range from vaginal or vulvar irritation and ul-
ceration to vaginal stenosis (agglutination).
Vaginal symptoms may develop an average of
10 months after bone marrow transplant [74].
These symptoms are unresponsive to system-
ic or topical estrogens and usually require cy-
closporine or surgical lysis [74] (Fig. 8). MRI
may be more sensitive in the evaluation of gy-
necologic manifestations in the pelvis.

In chronic GVHD, the recipient immune
system is devastated, with involution of the thy-
mus and depletion of lymphocytes in lymph
nodes. In addition, GVHD impairs mucosal
lymphoid intestinal immunity by damaging the
gut mucosa. Because GVHD is treated with
immunosuppressive therapy, patients are also
more susceptible to superimposed gastrointes-
tinal infections including Clostridium difficile,
which can result in severe typhlitis, bowel isch-
emia, and bowel perforation [14] (Fig. 9).

Treatment

Patients are treated with immunosuppres-
sive prophylaxis early after transplant, usu-
ally including a calcineurin inhibitor or
methotrexate-based therapy. If acute GVHD
develops, steroids remain the mainstay of
treatment, with additional or other forms of
immunosuppression also applied in refrac-
tory cases (including extracorporeal photo-
pheresis) [1, 11, 33, 45]. However, even with
treatment, acute GVHD may prove fatal in up
to 15% of affected patients [1, 11,32, 34].

Steroids are the mainstay of treatment of
chronic GVHD, like acute GVHD, and are of-
ten used in combination with calcineurin in-
hibitors. There is ongoing research into other
novel regimens for the treatment of refractory
cases [1,11,45].

Conclusion

GVHD is a serious complication of HSCT,
which involves multiple organ systems, with
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imaging manifestations most commonly seen
in the gastrointestinal tract and hepatobiliary
system. Knowledge of the imaging manifes-
tations of GVHD, which alone may be rela-
tively nonspecific, taken in conjunction with
clinical history including the timing and type
of HSCT, laboratory values, stool studies, and
dermatologic findings can increase radiologist
confidence in suggesting this diagnosis.
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