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Bone Marrow Transplant (BMT) is a critical therapeutic interven-
tion for a variety of diseases occurring in the pediatric patient.
Complications of allogeneic BMT include graft-versus-host disease
(GVHD), infection, drug toxicity, thrombotic microangiopathy, and
veno-occlusive disease. With solid organ transplantation, chronic
vascular rejection has emerged as a major factor limiting long-term
survival of the graft. We present a vasculopathy of small muscular
arteries in 6 patients after allogeneic BMT. Cases include 4 boys and 2
girls ranging in age from 4 months to 13 years with full or partial
human leukocyte antigen matching. Five of the 6 transplants were
from related donors. The vasculopathy occurred 13 to 418 days after
iransplant and was noted in surgical specimens (2) and at autopsy (4).
It was seen in the gastrointestinal tract and lung in 3 cases each.
Vascular changes in small muscular arteries include concentric intimal
or medial hyperplasia with luminal narrowing, prominent myxoid
change, extravasated red blood cells, and presence of some foamy
histiocytes with no evidence of thrombotic microangiopathy.

Vasculopathy contributed to intestinal compromise requiring
surgical intervention 3 times in 1 patient, and diffuse alveolar damage

Bone marrow transplant (BMT) is an important
therapeutic intervention for several forms of cancer as
well as some inherited metabolic and hematologic
diseases in pediatric patients. Unfortunately, the effi-
cacy of the procedure is often tempered by a number of
severe reactions to the transplant itself, and/or the pre-
and posttransplant regimens. A rare type of obliterative
arteriopathy seen in postBMT patients represents a
newly identified complication of the procedure, whose
understanding may contribute to the knowledge base
behind both bone marrow and solid organ transplanta-
tion. This vasculopathy appears distinctive, while at the
same time possesses some characteristics similar to
accelerated-graft atherosclerosis in cardiac transplant
patients and chronic rejection of renal, lung, and liver
allografts, as well as features seen in thrombotic micro-
angiopathies (TMA) such as thrombotic thrombocytope-
nic purpura (TTP) and hemolytic-uremic syndrome
(HUS).
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with hemorrhage in another. All 6 patients are dead. The cause of this
unusual vasculopathy present in patients after BMT is likely to be
multifactorial, involving effects of irradiation, chemotherapy, cyclos-
porine, and GVHD. Together these may create a negative synergy
which produces an obliterative arteriopathy that should be recognized
as a pathological entity and may be a harbinger of a poor prognosis.
Hum PaTHOL 30:734-740. Copyright © 1999 by W.B. Saunders Com-
pany
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Abbreviations: BMT, bone marrow transplant; TMA, thrombotic
microangiopathies; TTP, thrombocytopenic purpura; HUS, hemolytic-
uremic syndrome; HLA, human leukocyte antigen; Ig, immunoglobu-
lin; GI, gastrointestinal; GVHD, graft-versus-host disease; ALL, acute
lymphoblastic leukemia; CMV, cytomegalovirus; SCIDS, severe com-
bined immunodeficiency syndrome; ARDS, adult respiratory distress
syndrome; TBI, total body irradiation; CsA, cyclosporine; IL-2,
interleukin-2; ET, endothelin; smc, smooth muscle cell contraction;
CVR, chronic vascular rejection.

MATERIALS AND METHODS

The 6 cases presented were retrieved from the files
of the Department of Anatomic Pathology at Children’s
National Medical Center and consisted of 4 surgical
pathology specimens representing 2 patients (3 sepa-
rate small intestinal resections from 1 patient, and 1
lung wedge biopsy specimen from another) and 4
autopsied patients (from a database of 17 autopsied
patients who were status post-BMT). The vasculopathy
was an unexpected post mortem finding in the 4
autopsied patients, involving the gastrointestinal tract
(2 cases) or the lungs (2 cases). Clinical histories of
each of these patients were reviewed with focus on
human leukocyte antigen (HLA) homology, pre- and
posttransplant conditioning and infectious processes.

All tissue was fixed in 10% formalin and stained
routinely with hematoxylin and eosin. In selected cases,
pertinent blocks were also stained with elastica-van
Gieson, Masson trichrome, and Perls’ iron stains. To
assure identification of any form of angiopathy through-
out the body, slides of all available organs were re-
viewed.

In addition, sections of tissue from 3 cases were
evaluated by transmission electron microscopy. Formalin-
fixed tissue (2 cases) or tissue retrieved from the
paraffin block (1 case) were placed in a solution of 2%
paraformaldehyde, 2.5% glutaraldehyde, and 0.1 mol/L
sodium cacodylate buffer. The samples were postfixed
in 2% osmium tetroxide and then stained en bloc with
uranyl acetate. After dehydration and infiltration, the
tissue was embedded in epoxy resin. Thin sections were
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cut on an ultramicrotome, stained with lead citrate, and
screened in an electron microscope.

Immunofluorescence studies were performed on
frozen tissue for case 6. Tissue was embedded in OCT
embedding medium, fixed in acetone, and subse-
quently incubated with fluoresceinated antisera di-
rected against immunoglobulin (Ig)G, IgM, IgA, C3,
Clq and fibrinogen by standard methods. This was
followed by multiple washes in phosphate-buffered
saline before mounting and examination under a fluo-
rescence microscope.

REPORT OF 6 CASES

Information on the 6 cases is included in Table 1.
Cases 1, 2, and 3 showed vascular changes in the small
intestine, and cases 4, b, and 6 showed vascular changes
in the lungs.

Case 1

An 8year-old black girl underwent an allogeneic,
6/6 HLA-matched, related, non-T-cell-depleted BMT
for acute myelocytic leukemia. She developed recurrent
gastrointestinal (GI) obstruction secondary to focal
circumferential stenosis of the small bowel, requiring
surgical resection at posttransplant days 180, 202, and
418. Vessel changes were present in all resection speci-
mens. Her course was complicated by acute graft-versus-

host disease (GVHD) of the skin and gut which evolved
into chronic GVHD, hemorrhagic cystitis, and multiple
bouts of sepsis. She died on transplant day 448 at 9 years
of age secondary to a surgical complication after place-
ment of a broviac catheter. Similar vessel changes were
seen in the small intestine at the time of autopsy.

Case 2

An 8%-year-old white boy with acute lymphoblastic
leukemia (ALL) underwent an allogeneic, haploidenti-
cal, T-cell-depleted BMT from his mother with full
engraftment. His clinical course was complicated by
hemorrhage colitis early after BMT, hepatic veno-
occlusive disease, and cytomegalovirus (CMV) pneumo-
nia. Adenovirus was cultured from stool specimens and
Candida albicans was cultured from both Broviac ports.
He developed shock and died on posttransplant day 68.
A complete autopsy was performed. GVHD was not
noted at the time of autopsy.

Case 3

A 12-year-old white boy with pre-B-cell acute lym-
phocytic leukemia underwent an allogeneic, related,
5/6 HLA-matched, T-cell-depleted BMT. Donor mar-
row grew Bacillus sp. Engraftment was documented but
the patient continued to be severely pancytopenic
requiring frequent blood and platelet transfusions.
Posttransplant complications included acute GVHD

TABLE 1. Clinical and Pathological Data on 6 Patients With Vasculopathy After Bone Marrow Transplant
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Age*/race/sex 8y; BF 8% y; WM 12y; WM 3 m; WF 504 days 912 days; 13y, BM
WM
Primary Diagnosis ~AML ALL Pre-B ALL SCIDS (Ommen’s) Chediak-Higashi Aplastic anemia
No. Allogeneic 1 1 1 2 2
BMT
HLA match 6/6 3/6 5/6 5/6 3/6 5/6
Related Sibling Maternal Sibling Maternal Maternal Unrelated
T-cell depletion No Yes Yes Yes Yes Yes
Preparative Busulphan, cyclo-  Cyclophospha- Busulfan, cyclo-  Cyclophospha- Cyclophospha- Cyclophospha-
regimen phosphamide, mide, thiotepa, phosphamide mide, thiotopa mide, cytosine mide, cytosine
adriamycin TBI cytosine arabi- arabinoside, TBI arabinoside, TBI
noside, TBI
GVHD Prophylaxis Cyclosporin, Antithymocyte Antithymocyte Antithymocyte Antithymocyte Cyclosporine,
methotrexate, globulin, pred- globulin, pred- globulin, pred- globulin, pred- prednisone,
prednisone nisone nisone nisone nisone methotrexate
GVHD (site) Skin No GVHD Skin Skin Skin No GVHD
Small intestine Small intestine
Large intestine
No. days after 180, 202, 418 68 95 13 497 14
BMT to vascu-
lopathy
Vasculopathy Small intestine Small intestine Small intestine Lung Lung Lung
(site)
No. days after 448 68 95 13 497 69
BMT to death
Cause of death Surgical complica- HVOD ARDS Pulmonary edema ARDS; PCP Multiorgan failure

tion

Abbreviations: BF, black female; WM, white male; WF, white female; BM, black male; AML, acute myelocytic leukemia; ALL, acute
lymphoblastic leukemia; pre-B ALL, pre-B-cell ALL; SCIDS, severe combined immunodeficiency syndrome; BMT, bone marrow transplant; HLA,
human leukocyte antigen; GVHD, graft-versus-host disease; HVOD, hepatic veno-occlusive disease; ARDS, adult respiratory distress syndrome;
PCP, Pneumocystis carinii pneumonia; TBI, total body irradiation.

*Age at time of BMT.
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and aspergillosis requiring a right upper lobectomy 1
month after transplant. The lung specimen showed
aspergillus with no evidence of vasculopathy. The pa-
tient died on transplant day 95 at 12 years of age and a
complete post mortem examination was performed.

Caose 4

A 3-month-old white female infant with Omenn
Syndrome, a variant of Severe Combined Immunodefi-
ciency Syndrome (SCIDS) with eosinophilia, under-
went haploidentical (5/6) BMT of maternal, T-cell-
depleted bone marrow on day 111 of life. Her clinical
course was complicated by GVHD of the skin and
multiple bouts of sepsis. She died on posttransplant day
13 at 4 months of age after being found unresponsive in
her hospital bed. A complete post mortem examination
was performed.

Case 5

A white male infant with Chediak-Higashi syn-
drome received an allogeneic, maternal, 3/6 HILA-
matched, T-cell-depleted BMT at 504 days of age, and
repeat transplant at 912 days of age from the same
donor. His clinical course was complicated by develop-
ment of a lymphoproliferative disorder successfully
treated with ganciclovir, alpha-interferon, and gamma
Ig. He developed GVHD confirmed by skin biopsy and
Pneumocystis carinii pneumonia (PCP). He died on day
497 after the second transplant at 3 years of age. The
autopsy performed was limited to liver, lungs, and
lymphoid tissue. He died with adult respiratory distress
syndrome (ARDS), pulmonary hypertension, systemic
hypertension, and bradycardia.

Case 6

A 13-year-old black boy with nephrotic syndrome
and aplastic anemia received an allogeneic, 5/6 HLA-
matched BMT, and underwent a left upper lobe biopsy
on posttransplant day 14 for evaluation of interstitial
infiltrates/ARDS. The patient died on posttransplant
day 69. An autopsy was not performed.

RESULTS

Clinical and laboratory parameters within 2 days of
the surgical or autopsy date were evaluated to rule out
HUS and TTP. Data were available in 4 out of the 6
cases. Platelet count ranged from 18,000/ mm?® to
92,000/ mm3; peripheral smear showed anisocytosis with
no evidence of microangiopathic hemolytic anemia;
creatinine was 0.3 mg/dL to 1.3 mg/dL and BUN 9
mg/dL to 63 mg/dL. There was no evidence of hyper-
tension and no'evidence of mental status changes.

There was no uniform conditioning regiment, with
treatment including antithymocyte antibody, cyclospo-
rine, methotrexate, prednisone, busulphan, cyclophos-
phamide, adriamycine, thiotepa, cytosine-arabinoside,
each stated in some but not all patients. Four patients
(cases 2, 8, 5, and 6) received total body irradiation, and
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two (cases 1 and 4) did not. There was documented
radiation colitis in patient no. 2.

Documented infectious agents included herpes in
2 cases, CMV in 3, hepatitis C in 1, aspergillus in 1,
varicella in 1, and Epstein-Barr virus-mediated lympho-
proliferative disorder in 1. All patients had a course of
bacterial (variety of species) or Candida infection while
immunosuppressed.

Gross Pathological Findings by Organ System

Changes of vasculopathy were appreciated in the
GI tract or lung only. None of the patients showed
involvement of both organ systems; GI tract or lung
involvement was mutually exclusively of the other organ
system,

GI Tract. Vasculopathy was seen in vessels of the
small intestine in 3 cases.

Case 1 had 3 separate surgical resections of ob-
structed small intestine. Bowel removed included a 2.8
cm length at the first surgery, a 23 cm length at the
second surgery, and 2 segments, being 43 cm and 27 cm
in length at the third surgery. All three showed similar
gross findings. There was an abrupt dilatation of the
proximal bowel. Sectioning revealed the lumen to be
obstructed by a syncytial web composed of tan fibrous
tissue. The mucosal surface in this area was eroded,
granular, and brown, and the wall was thickened and
edematous (Fig 1). Mucosa away from the involved site
was intact and tan.

Case 2 showed congested jejunum and ileum with
small scattered foci of mucosal hemorrhage, and a
thickened mesentery studded with petechiae at the
time of autopsy. Case 3 showed shaggy and hemorrhagic
mucosa of the distal jejunum and ileum with focal
petechial hemorrhage of the transverse and sigmoid
colon.,

Lung. Cases 4 and 5 showed hemorrhagic, solid
lungs secondary to acute congestion and intraalveolar
acute hemorrhage at the time of autopsy. A wedge
biopsy of lung from case 6 had a solid, firm, red
hemorrhagic cut surface.

Microscopic Findings

Vessels in the GI and lung specimens showed
similar histopathology. Small muscular arteries in the
affected organ and some arteriolar sized vessels mani-
fested the changes. The pathology included intimal
hyperplasia, myxoid change, and intimal and medial
fibrosis. The most prominent finding was concentric
hyperplasia of the intima with some medial involvement
(Fig 2). This finding was present in all the specimens,
resulting in mild luminal compromise in case 6, and
moderate-to-marked narrowing or luminal occlusion in
all other cases. Interestingly, in case 1 the first 2
resection specimens had vessels with marked luminal
compromise, where vessels from the third surgery
showed only mild luminal compromise. There was
prominent myxoid change of the vessel wall in three
cases, predominantly intimal (case 1 in all 3 surgical
resections, cases b and 6), and intimal edema in case 2.
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FIGURE 1. (A) Surgical resection of obstructed bowel from
case 1 shows abrupt narrowing and stenosis of the small
infestine with dilatation of the proximal bowel. The lumen is
filled with hemorrhagic contents. (B) A synctial web of fibrinous
fissue occludes the lumen. There is ulceration of the mucosa in
this region, and full-thickness edema of the intestinal wall.

A foamy change/vacuolization was present in the in-
tima in b5 cases (cases 1, 2, 3, 4, and 6). Few red blood
cell fragments were appreciated in the vessel wall in all
cases. Foamy histiocytes were seen in the vessel wall in
case 2, and perivascular in cases 4 and 5. Polymorpho-
nuclear neutrophils were not seen.

All specimens showed intimal and medial fibrosis
and minimal disruption of the elastic fibers. By Masson
and elastica-van Gieson stains, the fibrosis was noted to
be predominantly intimal. All three specimens from the
GI tract had perivascular hemosiderin-laden macro-
phages suggestive of an earlier bleed (case 1 in all 3
surgical resections, case 2, and rare siderophages in
case 3).

Small intestinal mucosa present over the involved
vessels showed necrosis, ischemic damage, and granula-
tion tissue response present in varying amounts in all 3
patients with GI vasculopathy. Two of these cases showed
fibrin thrombi in vessels underlying the ulcerated mu-
cosa (the second surgical resection of case 1, and case
3). There was no evidence of necrosis in the lung
specimens, although diffuse alveolar damage (hyaline
membranes) was present in cases 5 and 6.

These vascular changes were limited to the GI tract
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or lung; vessels examined in other organ systems, when
available for review, showed no abnormality. Larger
vessels such as coronary arteries, renal arteries, aorta,
and other elastic arteries showed no changes. There was
no evidence of a TMA process in any of the other organs
evaluated in the autopsy cases. Sections of the kidney
were available for review in 3 of the 4 autopsy cases;
there was no evidence of a TMA in these 3 cases.

Electron microscopic examination in cases 1, 4,
and 6 revealed small muscular arteries with lucent
expansion of the subendothelial space by hypodense
fluffy material, fibrin and extravasated red blood cells
(Fig 3).

Immunofluorescence staining of the lung in case 6
showed no staining of vessel walls with IgG, IgM, IgA,
C3, Clq, or fibrinogen. There was diffuse staining of the
alveolar capillary wall with fibrinogen, a finding not
unexpected with the diffuse alveolar damage seen in the
lung.

DISCUSSION

The cases presented describe a distinctive vasculop-
athy seen in the lungs and GI tract of pediatric patients
after BMT.

Although a post-BMT TMA is well described in the
literature, this vasculopathy differs TMA (such as throm-
botic thrombocytopenic purpura and hemolytic-uremic
syndrome) for the following reasons: (1) the size of the
vessel involved; in these cases, the majority of the vessels
were small muscular arteries with some arteriolar involve-
ment and in TMA the vessels are small; (2) no evidence
of thrombosis in our cases, except focally in 2 cases, in
which the thrombosis was near an ulceration site; (3) no
evidence of renal disease in our cases at the time of
pathological evaluation, evaluated by blood urea nitro-
gen and creatinine levels as well as histological review of
the kidneys in 3 of the cases; and (4) no evidence of
mental status changes. The possible causative agents
accounting for TMA in patients after BMT may also play
a role in the formation of the vasculopathy we describe,
either individually or via negative synergy of several
therapeutic modalities. The findings in the literature
can be summarized as follows.

Human Leukocyte Antigen. An HLA-related dispar-
ity is an unlikely sole causative origin for this post-BMT
vasculopathy. In a study by Byrnes and Hussain,! 32 out
of 96 patients reported to have thrombotic microangi-
opathies such as TTP and HUS were status post an
autologous bone marrow transplant. However, Silva et
al? reported a 9-fold greater risk for development of
HUS or TTP from allogeneic BMT than that of autolo-
gous BMT in patients treated with preparative regimens
of cyclophosphamide, etoposide, and total body irradia-
tion (TBI) (6.3% of 112 versus 0.7% of 146).

With increasing HLA disparity, there are increased
requirements for use of immunosuppressants such as
cyclosporine (CsA) as prophylaxis for graft rejection
and GVHD. Cyclosporine has a number of sequelae
which predispose to development of symptoms charac-
teristic of TMAs.
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Cyclosporine.  CsAis a cyclic peptide derived from a
soil fungus and used as a systemic immunosuppressant.
Although its exact mechanism of action is unknown,
CsA is believed to block the action of nuclear transcrip-
tion factors to inhibit cytokine transcription in
Tymphocytes and thus suppress production of interleu-
kin-2 (IL-2), IL4, interferon-gamma, and IL-2 receptors
without affecting myelopoiesis.? IL-2 is a proliferative
factor required for cytotoxic Tymphocyte induction in

FIGURE 3. Ultrastructural findings include small muscular arter-
les with lucent expansion of the subendothelial space showing
hypodense fiuffy material and fibrin. A single red blood cell is
present in the narrowed lumen (original magnification x2,950).

FIGURE 2. (A) Small muscular arterles show intimal hyperplasia
and myxoid change of the vessel wall (lung, case 3, original
magnification x312). (B) This vessel shows intimal fibrosis with
amost complete occlusion of the lumen (infestine, case 1,
original magnification x312). (C) One arteriole vessel shows
intimal hyperplasia and perivascular hemosiderinlladen macro-
phages (to right of vessel) suggestive of an earlier bleed (intes-
tine, case 1, original magnification x312).

response to an alloantigenic challenge, a process of
significance in both humoral and cellular immune
responses. By down-regulating T-lymphocyte responses
to alloantigenic challenges, CsA reduces acute graft
rejection when administered before transplantation
and is an effective posttransplantation prophylactic for
GVHD in which the transplanted immunocompetent
T-lymphocytes initiate a response against the immuno-
logically challenged host.

The emergence of CsA revolutionized the efficacy
of solid organ and bone marrow transplantation. When
introduced for acute GVHD prophylaxis, several trans-
plant centers reported benefits on survival rates.* How-
ever, the introduction of CsA was followed by a signifi-
cant increase in the incidence of vascular and renal side
effects in BMT and solid organ transplant recipients.>®

There is an association of biochemical and morpho-
logical changes representative of generalized endothe-
lial damage in allogeneic BMT patients receiving CsA*
and the well-developed association between posttrans-
plant patients and TMAs such as HUS and TTP’
Thrombotic microangiopathy may occur in up to 6% of
patients after BMT.2 CsA related TMA may involve
several factors. CsA inhibits prostaglandin I, (prostacy-
clin), a potent endogenous vasodilator and inhibitor of
platelet aggregation, production by cultured endothe-
lial cells? while increasing the release of the thrombo-
genic eicosanoid thromboxane A by platelets.!?

CsA also increases plasma vWF levels, which have
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been used as an index of endothelial cell perturbation
or injury, and CsA enhances platelet aggregation.!1?
The vWF protein plays an important role in primary
hemostasis because it is required for platelet adhesion
to subendothelial collagen.!® Together, these effects
may precipitate TMA, however, it is unlikely that they
are the sole causative agents because a few cases of
primary TTP are reported to have resolved after institu-
tion of CsA as treatment.)%!5 In addition, TMAs have
been observed post-BMT in patients not on CsA'6!7 and
alterations in prostacyclin and thromboxane formation
have also been attributed to TBI, another major compo-
nent of the BMT regimen.

In a study by Holler et al,’ 49 of 66 patients who
underwent allogeneic BMT and received CsA for GVHD
prophylaxis, presented with evidence of TMA. However,
this was not observed in any of the 11 patients receiving
methotrexate for GVHD prophylaxis. Ten of these 49
patients receiving CsA suffered from severe microangi-
opathy equivalent to TTP and 7 died as a result.

Endothelin. CsA has been shown in cultured hu-
man endothelial cells to induce synthesis of endothelin
(ET),'8 a potent endothelium-derived 21-residue vaso-
constrictor peptide that shows regional homologies to a
group of neurotoxins which implies a role of ET as
modulator of voltage-dependent ion channels.!® Endo-
thelins are also produced by macrophages? and they
cause smooth muscle cell contraction (SMC) in tissue
culture by influx of extracellular calcium via a process
inhibited by calcium channel antagonists.!8

Calcium channel blockers have been used to re-
duce the extent of acute tubular necrosis and decreased
renal function induced by CsA in allogenic renal trans-
plants.2! ET also causes proliferation of vascular smooth
muscle cells, fibroblasts, and mesangial cells as well as
producing protracted hypertension on systemic admin-
istration in human and animal experimental mod-
els.19222% CsA has been shown to stimulate endothelial
cell synthesis of ET that then causes SMC proliferation,
an action inhibited by coincubation with a calcium
channel antagonist or an ET-specific antibody.!

High doses of in vivo CsA administration to rats has
been associated with increased ET release, development
of renal dysfunction and systemic hypertension.?* ET
has been associated with chronic vascular rejection
(CVR) in rat cardiac allograft models at site of subocclu-
sive and occlusive intimal proliferation associated with
CVR.2 In solid organ transplants, oral administration of
CsA causes increased levels of circulating ET which has
been hypothesized to contribute to CsA-associated neph-
rotoxicity and hypertension, particularly during long-
term immunosuppressive therapy.?® This theory is sup-
ported by a number of studies, but contradicted by 1
examination of ET levels after orthotopic heart trans-
plantation in 18 patients in which ET levels did not
correlate with CsA levels, mean arterial pressure, or
serum creatinine.?

Administration of CsA has been shown to stimulate
upregulation of endothelin receptors.?>?” In addition,
elevated plasma ET levels have been shown in CsA-
treated patients after BMT in correlation with CsA

concentrations® and changes in microvascular perme-
ability have been radiologically identified in post-BMT
patients on CsA.?8 Therefore, although post-BMT pa-
tients not treated with CsA have presented with
TMA,71617 there is evidence to support the role of ET in
the development of a posttransplant vasculopathy in
patients on CsA.

Total Body Irradiation. 'TBI was 1 of the 2 most
common prophylactic treatments in a 1996 analysis of
96 reported cases of HUS or TTP in patients after BMT,
the other being the chemotherapeutic agent cyclophos-
phamide (91% of cases with available information).” ET
cell degeneration, thrombus formation, and vasocon-
striction are among the effects of irradiation on vascular
tissue. Pediatric patients are particularly susceptible to
the effects of TBI?? and thus there is a high potential for
ET damage which is of great concern with TBI and
central to the development of any form of vasculopathy.

A number of the proposed mechanisms of TBI-
induced vascular injury are similar to those involving
CsA. Of great interest is the role of prostacyclin and
thromboxane. A 1981 study by Allen et al,* found that
in vitro prostacyclin production was significantly de-
creased in the umbilical artery after a single dose of 200
rad in a dose-response manner, whereas platelet throm-
boxane production was unaffected after doses of 200 to
2,000 rad. The effects, similar to those of CsA, could
shift the endogenous ET production of prostacyclin and
thromboxane to a more thrombogenic level and may
therefore serve as important factors predisposing to
TMA and other forms of vasculopathy.

Exposure to radiation induces vascular changes
that include accumulation of fluid in vessel walls and
perivascular tissues, degeneration, swelling and necrosis
of endothelial cells, morphological alteration of the
vascular intima, and vaso-occlusive thrombi forma-
tion.?® These changes become more interesting with the
discovery that irradiation of an animal model acts
synergistically with high cholesterol diets to cause severe
atheromatous lesions not produced by either factor by
itself.31423% Decreased prostacyclin production may be
the means by which this occurs. One of our patients had
documented radiation-induced colitis; however, 2 of
our patients did not receive TBI.

This vasculopathy possesses histological characteris-
tics similar to accelerated-graft atherosclerosis in car-
diac transplant patients, and chronic rejection of renal,
lung, and liver allografts. However, it differs in that it
does not appear to be antibody mediated as evidenced
by the negative immunofluorescence studies per-
formed on case 6, a lung biopsy performed 14 days
posttransplant. It is possible that repeated clinical or
subclinical rejection episodes result in repeated vascu-
lar trauma.34 With patients after BMT, the findings may
similarly be related not to rejection, but to GVHD. Five
out of 6 of our patients received BMTs from living,
related donors; only 1 of the 6 patients had a 6/6 match,
thus it would seem reasonable to suggest an HLA
mismatch-based origin etiology. Four of our cases had
histologically documented GVHD. In renal and cardiac
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transplantation, vessel changes predict the long-term
survival of the transplanted organ.

Complications related to the vasculopathy in-
cluded localized gastrointestinal obstruction secondary
to luminal stricturing (case 1) and possibly the pulmo-
nary hypertension clinically documented in case 5. We
suggest ischemia secondary to vascular changes resulted
in the fibrin outpouring and luminal stricturing of the
GI tract; the pathogenesis of the pulmonary hyperten-
sion in the lungs is more speculative at this time.

The 6 cases presented show a distinctive vasculopa-
thy of small muscular arteries after BMT. Vessels of the
lung or GI tract may be involved. Histological features
differ from accelerated atherosclerosis seen in solid
organ transplants, and from TMA described post-BMT.
The origin, which is not clear at this time, is most likely
multifactional to include effects of irradiation, chemo-
therapy, cyclosporine treatment, and/or GVHD.
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