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Small intestinal thrombotic microangiopathy following kidney
transplantation diagnosed by balloon-assisted enteroscopy
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Abstract Thrombotic microangiopathy (TMA) is a serious complication following kidney transplantation.
Although intestinal TMA is a major organ injury and causes abdominal pain, diarrhea and bloody
stools, the clinical and endoscopic characteristics of small intestinal TMA remain unclear. Here,
we report a drug-induced small intestinal TMA, which did not meet the laboratory-defined TMA
criteria but was diagnosed by balloon-assisted enteroscopy (BAE). A 32-year-old woman who
underwent kidney transplantation at the age of 10 years complained of abdominal pain, diarrhea
and bloody stools one month after starting everolimus (EVE) as an immunosuppressant. Although
she did not meet the diagnostic criteria for TMA serologically, BAE revealed a circumferential
ulcer in the jejunum, and the pathological findings of a biopsy specimen showed microvascular
thrombi, compatible with intestinal TMA. Her symptoms improved upon the discontinuation of
EVE, demonstrating that EVE can cause drug-induced intestinal TMA. The present case suggests
that BAE should be performed when abdominal pain, diarrhea, and bloody stools occur in patients
receiving immunosuppressive medication following kidney transplantation, even if there is no
evidence of TMA according to the laboratory definition.
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Introduction

Thrombotic microangiopathy (TMA) is a serious complication
following renal transplantation and causes hemolytic anemia,
thrombocytopenia and organ injury [1]. Intestinal TMA (iTMA)
is one of the organ disorders caused by TMA and causes abdominal
pain, diarrhea and bloody stools. When the laboratory criteria for
TMA are not met, histological evaluation by endoscopic biopsy
is necessary for the diagnosis of iTMA [2-4]. In recent years,
various small intestinal diseases have been revealed by balloon-
assisted enteroscopy (BAE), including double- and single-balloon
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enteroscopy. However, there are few reports of small intestinal
TMA, and the clinical features and endoscopic findings remain
unclear. Herein, we report a case of small intestinal TMA,
following kidney transplantation, diagnosed by BAE.

Case report

A 32-year-old woman, who received a kidney transplant
because of nephrotic syndrome at the age of 10 years, was admitted
to our hospital with recurrent abdominal pain, diarrhea and
bloody stools. Five months before admission, she was administered
everolimus (EVE), a mammalian target of rapamycin (mTOR)
inhibitor, in addition to tacrolimus and methylprednisolone for
rejection prophylaxis, and her symptoms developed 1 month
after the start of EVE administration. She received antibacterial
therapy, but her symptoms did not improve. On admission, initial
laboratory findings revealed mild anemia, thrombocytopenia,
and slightly elevated lactate dehydrogenase (LDH), while
schistocytes were not observed (Table 1). Thus, laboratory findings
did not show any evidence of TMA. Further, no evidence of
an infection (ie., cytomegalovirus or Epstein-Barr virus) was
found. Plain computed tomography of the abdomen showed wall
thickening of the small intestine and ascites; there was therefore
no evidence of organ disorders other than of the digestive tract.
Intestinal ultrasound examination showed wall thickening with
increased blood flow in the small intestine (Fig. 1). In contrast,
esophagogastroduodenoscopy (EGD)and colonoscopy results were
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within normal limits. Subsequently, double-balloon enteroscopy
(DBE) was performed, which revealed a circumferential ulcer over
20 cm in length in the jejunum. Enteroclysis with gastrografin
revealed a small intestinal stricture that coincided with the site
of the ulcer (Fig. 2A,B). Histopathological findings of the small
intestine biopsy specimen revealed shortened villi, hyperemia in
the mucosa, and thrombi within small vessels in the submucosa,
leading to the diagnosis of small intestinal TMA (Fig. 3).
Considering the clinical course, with the symptoms of the patient
appearing after EVE administration, she was diagnosed with EVE-
induced TMA. Her symptoms, consisting of abdominal pain,
diarrhea and bloody stools, improved after the discontinuation
of EVE. Ulcer healing was observed by DBE 4 months after the
discontinuation of EVE (Fig. 2C).

Discussion

Two key findings should be highlighted in this case. First,
although the laboratory findings did not meet the TMA diagnostic
criteria [5], a definitive diagnosis was achieved by performing

Table 1 Laboratory findings on admission

Parameter Patient Reference

Hematology
Hemoglobin (g/dL) 10.0 11.6-14.8
Platelet count (x 10°/pL) 112 158-348
White blood cell count (x 10°/pL) 14.8 3.3-8.6
Schistocyte count <0.1

Blood chemistry
Lactate dehydrogenase (U/L) 284 124-222
Albumin (g/dL) 2.1 4.1-5.1
Serum creatinine (mg/dL) 4.18 0.46-0.79
Serum bilirubin (mg/dL) 0.4 0.4-1.5
C-reactive protein (mg/dL) 6.6 <0.14

Figure 1 (A) Abdominal computed tomography shows wall thickening
of the small intestine (yellow arrowheads) and ascites. No free air is
found. (B) Abdominal ultrasound shows wall thickening with focally
increased Doppler flow
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DBE. In the criteria proposed by the European Group for Blood
and Marrow Transplantation, TMA is defined as a syndrome
with the following laboratory findings: i) hemolytic anemia; ii)
thrombocytopenia; iii) a schistocyte count of >4%; iv) increased
LDH; and v) decreased haptoglobin [5]. In the present case,
thrombocytopenia was the only TMA criterion that was met.
The clinical symptoms of iTMA are reported as abdominal pain,
diarrhea and bloody stools, difficult to distinguish from graft-
versus-host disease, an infection, and ischemic enteritis/colitis. On
the other hand, previous studies have reported that some patients
have been diagnosed with iTMA histologically, even if their
laboratory findings do not meet the TMA criteria [2-4]. In such
cases, histological investigation by endoscopic biopsy is important
for the diagnosis of iTMA. To the best of our knowledge, the
present report is the first iTMA case confined to the small intestine
that could not be diagnosed by EGD and colonoscopy alone, but
additionally required DBE. In recent years, BAE has become
popular in many countries, but there have been no reports of
small intestinal TMA diagnosed by BAE. The endoscopic findings
of TMA in the duodenum and colon have been reported as
edema, redness and ulcers [6,7], but since there have been only
a limited number of reports, the endoscopic characteristics of
iTMA have been unclear. The present case showed circumscribed
and extensive ulcers, which were not found in the duodenum and
colorectal lesions in previous reports. Given that cases of intestinal
perforation due to iTMA have been reported, the early diagnosis
of iTMA is important. However, since the risk of bleeding,
perforation and aspiration pneumonia may be elevated in patients
who are in poor general condition, the indication for BAE should
be carefully considered. This case suggests that BAE is a useful
tool for diagnosing TMA confined to the small intestine when a
histopathological diagnosis is imperative, rather than a necessary
procedure that should be performed in every post-transplant
patient with bloody diarrhea and abdominal pain.

The second key finding to highlight is that EVE
can cause intestinal TMA. mTOR inhibitors, including
sirolimus and EVE, are known to cause TMA after kidney
transplantation [1]. Previous studies have demonstrated that the
risk of TMA is significantly increased in patients who receive
a combination of mTOR inhibitors and calcineurin inhibitors,
including tacrolimus and cyclosporine, compared to receiving
either medication alone [8]. The initial treatment for drug-
induced TMA is the discontinuation of the causative drug, and
in the present case, iTMA was improved by the discontinuation
of EVE. Eculizumab has been reported to be effective if
improvement in TMA is not achieved by the discontinuation
of the causative drug [9]. Although a previous study reported
sirolimus-induced iTMA [10], there have been no reports of
EVE-induced iTMA. Thus, to the best of our knowledge, the
present case is also the first report of EVE-induced iTMA.

In conclusion, BAE is useful for diagnosing TMA
confined to the small intestine when a histopathological
diagnosis is imperative, rather than a necessary procedure
that should be performed in every post-transplant patient
with bloody diarrhea and abdominal pain. Furthermore,
EVE may be the cause of small intestinal TMA. The present
case suggests that BAE should be performed in patients
taking immunosuppressive medication following kidney
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Figure 2 (A) Endoscopic view of the small intestine on admission. A severe circumferential ulcer measuring over 20 cm in length was found in the jejunum.
(B) Enteroclysis with gastrografin revealed a small intestinal stenosis at the ulcer site. Two stricture sites in the jejunum were skipped (yellow arrowheads).
(C) Endoscopic view of the small intestine 4 months after the discontinuation of everolimus. The severe circumferential ulcer has healed without stricture
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Figure 3 (A) Histopathological findings of the small intestinal biopsy
specimen with hematoxylin and eosin staining revealed shortened
villi and hyperemia in the mucosa. (B) Detail of the yellow box in (a);
histopathological findings revealed thrombi within some small vessels in
the submucosa, compatible with intestinal thrombotic microangiopathy

transplantation, who complain of abdominal pain, diarrhea
and bloody stools, and yet have no abnormal EGD or
colonoscopy findings, even if there is no evidence of TMA
as defined by laboratory findings. Further accumulation of
cases is needed to clarify the clinical course and endoscopic
characteristics of small intestinal TMA.
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