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Abstract An 80-year-old man was diagnosed with dis-
seminated intravascular coagulation (DIC) and thrombotic
microangiopathy (TMA) associated with mucin-producing
gastric cancer with bone marrow metastasis. He died sud-
denly on the third day of hospitalization before chemother-
apy. Microscopic autopsy findings revealed fibrin thrombi
by phosphotungstic acid hematoxylin (PTAH) staining of
the renal glomeruli, and platelet thrombi by von Willebrand
Factor (Factor VIII Antigen) staining of the microvessels of
the bleeding intestine. Tumor cells were negative for both
stains. Staining of endothelial cells (EC) of the small ves-
sels with thrombomodulin (TM) stain revealed destruction of
EC structure. This patient was thought to have had systemic
dissemination of solid tumor cells associated with DIC and
TMA, the clinical course of which is extremely aggressive.
Different types of thrombi were observed in different organs,
such as the kidneys and small intestine, which supported the
co-occurrence of DIC and TMA by microscopic pathological
findings. These findings provide pathological evidence for the
pathology of the concurrent development of DIC and TMA
and show differences in the types of thrombi according to
the blood vessel localization. Furthermore, the findings were
highly suggestive of the mechanisms causing organ dysfunc-
tion, such as renal dysfunction, and gastrointestinal bleeding.
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Introduction

Disseminated intravascular coagulation (DIC) is defined as
a condition in which systemic intravascular coagulation is
activated in the absence of local or compensatory control
due to various underlying diseases [1-4]. In addition to
DIC associated with hematopoietic malignancy and infec-
tion, refractory DIC in internal medicine includes chronic
DIC, such as DIC caused by vascular lesions (aneurysms
and angiomas), DIC in cancer patients, and DIC caused by
systemic dissemination of solid cancers. Although cases
with DIC caused by systemic dissemination of solid can-
cers are often reported, there are few reports on the patho-
logical and other findings regarding the coagulation pathol-
ogy of DIC and other conditions except for cancer cells
arising from underlying diseases.

We recently experienced a patient with bone marrow
carcinosis due to gastric cancer, a type of systemic dissemi-
nation of solid cancer, which was complicated by DIC and
thrombotic microangiopathy (TMA). Although these com-
plications were diagnosed before his death, we were unable
to save him. After his death, we received permission by his
family with an informed consent to perform an autopsy to
obtain detailed pathological findings regarding the compli-
cations, which are reported here.

Case

The patient was a Japanese man 80 years of age. He had
a history of vertebrobasilar insufficiency, pulmonary
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Table 1 Laboratory findings on admission

Hematology

WBC 9.0 x 10°%/pL
RBC 204 x 10%pL
Hb 6.4 g/dL.

Ht 19.0 %

Plt 4.9 x 10*/uL
RCF 11 %

APTT 41.2s

PT 27.9 % (PT INR 2.07)
Fbg <50 mg/dL
FDP 31.5 pg/mL
DD 25.7 pg/mL
AT 61.9 %
Biochemistry

Na 142 mEq/L
K 3.5 mEg/L
Cl 106 mEq/L
BUN 47.0 mg/dL
Cre 1.10 mg/dL
Ca 8.4 mg/dL
AST 36 IU/L

ALT 12 TU/L

ALP 267 IU/L
LDH 737 IU/L
y-GTP 36 IU/L
T-Bil 5.73 mg/dL
D-Bil 1.19 mg/dL
Amy 156 TU/L

TP 6.6 g/dL.

Alb 3.2 g/dL
CRP 1.2 mg/dL
CEA 21.4 ng/mL
CA19-9 487.8 U/mL
SCC 2.1 ng/mL
Urinalysis

Protein (3+) (700 mg/dL)
Glucose (+)

Bilirubin (+)

Blood B+
Urobilinogen 3B+)

Others

Activity of ADAMTS13 16 %

emphysema, anemia, hypertension, and cerebral infarction.
His regular medications included an angiotensin-converting
enzyme (ACE) inhibitor imidapril, ifenprodil for treatment
of cerebral infarction, and aspirin. On December 12, 20XX,
he visited our emergency medical care center for epistaxis.
Because the epistaxis had resolved by the time of his
arrival, he was instructed to discontinue oral administration

of ifenprodil and aspirin, and was sent home. Four days
later, on December 16, he visited our center for the recur-
rence of epistaxis. Although the blood test results from
this visit showed a platelet count of 177,000/uL, a fibrin-
ogen level of less than 50 mg/dL, a fibrinogen and fibrin
degradation products (FDPs) level of 32.8 pg/mL, and
a D-dimer level of 30.5 pg/mL, he was again allowed to
go home. Abdominal pain occurred on December 19, and
he was admitted on December 20 with chief complaints
of abdominal pain, achalasia, and frequent epistaxis. The
physical findings on admission were as follows: height of
152 cm, weight of 37.4 kg, temperature of 37.4°C, blood
pressure of 132/70 mmHg, pulse of 108/min, and respira-
tory rate of 25/min. He was lucid and able to carry out a
normal conversation. His skin appeared yellowish. Finger
clubbing and subcutaneous hematoma at the site of infu-
sion were observed. Anemia in the palpebral conjunctiva
and jaundice in the bulbar conjunctiva were observed. Car-
diopulmonary auscultation detected a wheeze in the right
main bronchus area, and respiratory sounds were decreased
in both lower lung fields. Tenderness was detected in the
epigastric area. No edema was found. The laboratory test
results on admission are shown in Table 1. Marked anemia,
thrombocytopenia, hypercoagulability, hyperfibrinolysis,
marked increase in schizocytes by 11 %, and increased
indirect bilirubin levels were observed. The activity of
a disintegrin-like and metalloproteinase with thrombos-
pondin type 1 motifs 13 (ADAMTS13) remained mildly
decreased. Among tumor markers, both carbohydrate anti-
gen (CA) 19-9 and carcinoembryonic antigen (CEA) lev-
els were elevated. Computed tomography performed on the
day of admission revealed shadows suggestive of thicken-
ing of the lower esophageal wall and lymphadenopathy
(Fig. 1). Similarly, on the day of admission, May-Giemsa

Fig.1 Abdominal-pelvic CT findings on admission. Paraaortic
lymph nodes were swollen between the stomach and the pancreas.
White arrow swelling lymph nodes
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Fig. 2 Bone marrow smear and clot findings. May-Giemsa (MG)
staining of bone marrow smears and Hematoxylin and eosin (HE)
staining of bone marrow aspirate clot preparations revealed aggre-

staining of bone marrow smears and bone marrow aspi-
rate clot preparations revealed aggregation of large tumor
cells, which were found to contain mucins by periodic
acid-Schiff (PAS) staining (Fig. 2). On the day following
admission, upper gastrointestinal endoscopy revealed sub-
mucosal swelling, redness, and a concave surface in the
junction between the esophageal and gastric mucosa, lead-
ing to a diagnosis of cancer of the gastric cardia. We con-
sider this case to be bone marrow carcinosis from undif-
ferentiated gastric cancer on the basis of clinical course and
bone marrow findings.

Because the patient had concurrent DIC associated with
marked coagulation and fibrinolytic activity and already
showed a bleeding tendency, treatment for DIC including
180 mg/day of nafamostat mesilate, and 1500 U/day of
antithrombin (AT) was started immediately after admis-
sion. While chemotherapy was considered for treatment
of his primary disease, the patient suffered cardiopulmo-
nary arrest and died on the third day after admission.

The autopsy revealed macroscopic findings including
submucosal swelling, redness, and a concave surface in the
junction between the esophageal and gastric mucosa, which
were consistent with findings of cancer of the gastric cardia
(Fig. 3). The microscopic findings of each organ included
diffuse phosphotungstic acid hematoxylin (PTAH) staining,
which indicated the presence of fibrin in renal glomeruli.
Microvessels of the bleeding small intestine were extremely
well stained by factor VIII (FVIII, von Willebrand factor
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gation of large tumor cells, which were found to contain mucins by
periodic acid-Schiff (PAS) staining. Black arrows large tumor cells
containing mucin in PAS staining

Fig. 3 Macroscopic findings of autopsy. The autopsy revealed mac-
roscopic findings including submucosal swelling, redness, and a
concave surface in the junction between the esophageal and gastric
mucosa, which were consistent with findings of cancer of the gastric
cardia. The lesion is showed by white arrow

[VWEF]), which is platelet-associated staining (Fig. 4). No
infiltration of inflammatory cells, such as neutrophil, was
observed around microvessels with thrombi under the
mucosa of the small intestine. The blood vessels of the
other organs, including the great vessels, were predomi-
nantly stained by PTAH. There were no apparent findings
suggestive of either thrombi or infiltration of inflamma-
tory cells around the aggregation of tumor cells (Fig. 5).



Pathological findings in a case of bone marrow carcinosis due to gastric cancer complicated... 509

Glomerulus of the kidney

ST A

Hemorrhagic mucosa of the intestine

Fig. 4 Location of thrombi by autopsy. The microscopic findings
of each organ included diffuse phosphotungstic acid hematoxy-
lin (PTAH) staining, which indicated the presence of fibrin in renal
glomeruli (a). Microvessels of the bleeding small intestine were

(PTAHx400)

extremely well stained by factor VIII [FVIII, von Willebrand factor
(VWEF)], which is platelet-associated staining (d). Strong stain of glo-
meruli by factor VIII staining and small intestine by PTAH staining
were not observed (b, ¢)

(FVIIx400)

Fig. 5 Thrombi around the tumor. There were no apparent findings suggestive of either thrombi or infiltration of inflammatory cells around the

aggregation of tumor cells

Thrombomodulin staining by using anti-thrombomodulin
antibody was performed in order to assess the severity of
vascular endothelial damage in the microvessels of the
bleeding small intestine. Compared to findings from con-
trol patients without concurrent DIC, there was little or no
thrombomodulin staining in the microvessels of our patient
(Fig. 6).

Discussion

One of the typical pathological conditions for which hema-
tologists are consulted is infiltration of malignant tumors
into the bone marrow (i.e., bone marrow carcinosis).
Among the cases experienced in our department, those of
bone marrow carcinosis from gastrointestinal cancer, such
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Patient
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(TM stain x400)

Fig. 6 Endothelial damage of micro blood vessels in the intestinal submucosa. Compared to findings from control patients without concurrent
DIC, there was little or no thrombomodulin staining in the microvessels of our patient

as gastric cancer, have particularly poor prognosis as previ-
ous other report [5]. Many of these cases resulted in death
in a short period of time, as was also true in the present
case.

In terms of pathological cytology, there are many
reported cases of undifferentiated or mucin-producing
adenocarcinomas, as in the present case, as well as other
types [6]. Analysis from a clinical perspective revealed DIC
associated with substantial hypercoagulability and hyper-
fibrinolysis in terms of coagulation and concurrent TMA
associated with marked red cell fragmentation (RCF) and
increased levels of indirect bilirubin and lactate dehydroge-
nase (LDH). The mean survival time after diagnosis ranges
from 23 to 67 days according to the presence or absence
of hyponatremia, lung metastasis, peritoneal metastasis,
etc. [7] and from 11 to 121 days with chemotherapy [8].
During the clinical course of our case, no resolution of
DIC was observed, and his anemia progressed despite daily
administration of red blood cell transfusions. Bleeding was
assumed to be the cause of death.

The autopsy of this patient revealed new microscopic
pathological findings. Specifically, we obtained samples
positive for PTAH staining that suggested the presence of
diffuse fibrin thrombi in the renal glomeruli. Samples were
also positive for FVIII (VWF) staining, suggesting concur-
rent platelet thrombi in microvessels of the bleeding small
intestine (Fig. 4). These findings were consistent with the
results of the coagulation test performed before the death
of the patient, which indicated the concurrence of DIC
and TMA. Interestingly, the autopsy findings revealed
fibrin and platelet thrombi mainly in the renal glomeruli
and microvessels of the small intestine, respectively. To
our knowledge, this is the first case report of the concur-
rence of these conditions. The findings in the present case
may be helpful for exploring the mechanisms of thrombus
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formation that separately cause organ dysfunction, such as
renal dysfunction, and bleeding symptoms, such as gastro-
intestinal bleeding, in DIC.

Thrombomodulin is membrane glycoprotein with
a molecular weight of approximately 100,000 that is
expressed on vascular endothelial cells. It binds with
thrombin to convert protein C to activated protein C; con-
sequently, the procoagulant activity of thrombin is con-
verted to anticoagulant activity [9]. Thus, the evidence and
lack of thrombomodulin suggested that the epithelia of the
microvessels of the bleeding small intestine had severe vas-
cular endothelial damage.

The hypercoagulability of solid cancers is attributed to
tissue factors (TFs) expressed by tumor cells and various
surrounding cells, enhanced production of cancer proco-
agulant (CP), and circulatory release of microparticles
expressing these substances [10]. The fibrinolytic system
has also been shown to be activated by enhanced expression
of annexin II which are receptors of tissue plasminogen
activator (t-PA) and plasminogen, and urokinase-type plas-
minogen activator (u-PA) receptors in various tumor cells
[11, 12]. The present case also indicates that the disease
type of DIC in carcinoma, such as undifferentiated adeno-
carcinoma and mucin-producing adenocarcinoma, is char-
acterized by both hypercoagulability and hyperfibrinolysis.
Sallah et al. reported that bleeding symptoms make up a
large proportion (54 %) of clinical symptoms, followed by
thrombotic symptoms alone (34 %), and the combination
of both (7 %); however, various symptoms may occur [13].
Moreover, in Trousseau syndrome, which is frequently
associated with mucin-producing cancer, the expression of
L-selectin and P-selectin ligands on the surface of mucin is
a main cause of platelet aggregation and leads to thrombus
formation independent of thrombin [14]. This mechanism
is thought how the mucin producing or undifferentiated



Pathological findings in a case of bone marrow carcinosis due to gastric cancer complicated... 511

gastric cancer impacts on the development of TMA. In the
present case, the lesion in the small intestine also suggested
the presence of these mechanisms of thrombus formation.
The reason why some organs developed fibrin thrombi
while others developed platelet thrombi remains unknown.
However, a pathological condition in which bone marrow
carcinosis from solid cancer is simultaneously complicated
by DIC and TMA is frequently observed. We were able to
confirm the pathological findings of this condition in the
current case.

Conclusion

We experienced a case of bone marrow carcinosis due to
gastric cancer. While the findings at the time of diagnosis
suggested a pathological condition simultaneously com-
plicated by DIC and TMA, postmortem autopsy revealed
fibrin thrombi mainly in the kidneys and platelet thrombi
mainly in the small intestine. These findings are of note
because they provide evidence for the pathology of the
concurrent development of DIC and TMA and showed dif-
ferences in the types of thrombi according to blood vessel
localization. Furthermore, the findings were highly sug-
gestive of the mechanisms of organ dysfunction, including
renal dysfunction, and gastrointestinal bleeding.
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