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Rationale: Chronic disseminated intravascular coagulation (DIC) associated with thoracic aortic aneurysm is characterized by |

enhanced fibrinolysis and is thought to be stable in the compensated/asymptomatic stage, with few bleeding symptoms. However,
DIC can lead to decompensated/hemorrhagic stage disseminated intravascular coagulation, resulting in severe bleeding diathesis,
and there is currently no established strategy for treatment of DIC in aortic aneurysms.

Patient concerns: A 77-year-old woman underwent angiography and cardiac catheterization, before descending aortic
replacement surgery. She developed DIC in postprocedure week 2 with extensive, uncontrollable massive subcutaneous
hemorrhage.

Diagnoses: Her acute-phase DIC score was 7 points, and the risk of mortality within 30days after surgery according to the
JapanSCORE was estimated to be 33.6%.

Interventions: Therapy was a combination of recombinant human soluble thrombomodulin (thTM) and an aortic stent-graft
treatment.

Outcomes: Short-term improvements were seen in both DIC and bleeding diathesis. The thoracic aortic aneurysm with severe DIC
was eventually corrected by administration of rhTM.

Lessons: We report the use of rhTM as an effective, novel anticoagulant drug with anti-inflammatory activity for treating DIC with
suppressed fibrinolysis, which is typically associated with sepsis. In patients with a high hemorrhagic diathesis, in whom preoperative
control of DIC cannot be achieved with conventional anticoagulation and radical surgical repair cannot be performed, a combination
of rhTM and endovascular therapy may be a powerful new treatment option.

Abbreviations: DIC = disseminated intravascular coagulation, FDP = fibrinogen degradation product, PAI-1 = plasminogen
activator inhibitor-1, PIC = plasmin-a2-plasmin inhibitor complex, rhTM = recombinant human soluble thrombomodulin, TAT =
thrombin—antithrombin complex.
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1. Introduction

Disseminated intravascular coagulation (DIC) syndrome associ-
ated with thoracic aortic aneurysm is a complication observed in
5.7% of all aortic aneurysm cases; however, it is reportedly stable
in the decompensated/asymptomatic or chronic stage, which
exhibits few bleeding symptoms."*! The clinical manifestations
of aortic aneurysm-induced DIC are marked fibrinolytic
activation that is more than commensurate with coagulation
activation and, in rare cases, leads to DIC during the necrotic/
hemorrhagic phase, which can lead to hemostatic difficulties and
potentially fatal bleeding.>~®! Although the fundamental treat-
ment of aortic aneurysms is surgical resection, the risk of bleeding
is extremely high in cases wherein DIC is a complication.
Therefore, preoperative control of DIC is important.
Unfortunately, there is no established strategy for treatment of
DIC in aortic aneurysms. Different drugs have been used in the
past to treat DIC; however, it has been shown that recombinant
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human soluble thrombomodulin (rhTM) can be safely used for all
types of DIC.

rhTM is a drug formulation created by genetic transformation
of the active extracellular domain of thrombomodulin, a
glycoprotein present on the endothelial cell surface. It has 3
activities: anticoagulation activity by combining with thrombin
produced in excess in the blood vessel to form a thrombin-TM
complex, thereby antagonizing the effects of thrombin (such as
fibrin-forming and platelet-activating abilities); anti-inflammato-
ry activity; and vascular endothelial protection activity, derived
from the inhibitory effect against the production of plasminogen
activator inhibitor-1 (PAI-1) released from the injured vascular
wall.l”?! The thrombin-TM complex is also reported to be
effective in the treatment of chronic DIC because it inhibits
excessive fibrinolysis by activating thrombin-activated fibrinoly-
sis inhibitors.[”-1°!

Here, we report a case with a thoracic aortic aneurysm in
which preoperative administration of thTM markedly improved
DIC in a patient with the preoperative complication of hyper-
fibrinolytic DIC and marked bleeding symptoms.

2. Case presentation

Weritten, informed consent has been obtained in full, from the
patient and her family, for publication of this case report.

2.1. Current medical history

The patient was a 77-year-old woman, 145 cm tall and weighing
35kg. Implantation of a graft (distal aortic arch to descending
aorta) and coronary artery bypass graft surgery (left internal
mammary artery to left anterior descending coronary artery) were
performed for impending rupture of an aortic aneurysm 3 years
prior. Follow-up computed tomography revealed an increase in the
diameter of the posterior descending aortic aneurysm, and repeat
surgery was scheduled. Upon preoperatively performing angiog-
raphy and cardiac catheterization, hemostasis was difficult to
achieve at the puncture sites; extensive subcutaneous hemorrhage
was identified. We empirically suspected that these symptoms were
due to aortic aneurysm-related DIC, malignancy, hematologic
tumor, or collagen disease; therefore, we decided to admit the
patient to the hospital for a closer examination (Fig. 1).

Medicine

2.2. Findings on admission

The patient was lucid with a blood pressure of 132/80 mm Hg
and a normal pulse rate of 74 BPM. A grade II systolic murmur,
based on the Levine grading system, was detected at the left
sternal border in the fourth intercostal space. Spots of
subcutaneous hemorrhage were observed at the extremities,
other than at the puncture sites.

2.3. Laboratory findings on admission

The test results were as follows: white blood cell count, 3500/u.L;
hemoglobin and platelet level 10.5 and 105,000/nL, respectively;
prothrombin time-international normalized ratio, 0.98; activated
partial thromboplastin time, 42.3 seconds; fibrinogen level, 113
mg/dL; fibrinogen degradation product (FDP) level, 76 wg/mL; D-
dimer level, 28 pg/mL, plasmin-a2-plasmin inhibitor complex
(PIC) level, 7.2 wg/mL, thrombin—-antithrombin complex (TAT)
level, 49ng/ml, aspartate aminotransferase level, 20IU/L,
alanine transaminase level, 11TU/L, lactate dehydrogenase level,
2221U/L, blood urea nitrogen level, 20 mg/dL, creatinine level,
1.2mg/dL, and estimated glomerular filtration rate, 35 mL/min.
Significant increases in TAT and PIC, as well as increases in FDP
and D-dimer, were observed; this indicated remarkable fibrino-
lytic activation. Based on the diagnostic criteria for DIC by the
Japanese Association of Acute Medicine, the score on admission
was 7 points (normal range: 0-1).["

2.4. Computed tomography results

From the aortic arch to the descending aortic junction, as well as
from the renal to the common iliac artery branch, the aorta showed
nodular-like expansion. The descending aorta exhibited a
maximum diameter of 55 mm, with a tendency toward expansion.

2.5. Clinical course after admission

Figure 2 shows the treatment course and changes in laboratory
data after admission. Preoperative examination did not detect
endogenous factors, such as malignancy, that might contribute to
DIC. Therefore, aortic aneurysm was determined to be the cause
of consumptive DIC. Surgical resection was planned due to the
expected rupture of the rapidly expanding aneurysm, but

Implantation of a graft (distal aorticarch to descending aorta)
and coronary artery bypass graft surgery

CT revealed anincrease inthe diameter of the posterior
descendingaorticaneurysm.
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Figure 1. Historical information and clinical course of treatments. TEVAR =thoracic endovascular aortic repair.
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Figure 2. Perioperative course: clinical findings, coagulation function test trends, and anti-DIC treatment. APTT =activated partial thromboplastin, AT3=
antithrombin Ill, DD =D-dimer, FDP =fibrinogen degradation product, FFP =fresh-frozen-plasma, PC =platelet concentrates, PIC =plasmin-a2 plasmin inhibitor
complex, Plt=platelet levels, PT-INR = prothrombin time-international normalized ratio, RCC =red cell concentrates, rTM =recombinant thrombomodulin, TA=

tranexamic acid, TAT =thrombin—antithrombin complex.

according to the JapanSCORE (Japanese Adult Cardiovascular
Surgery Database!'?)), the risk of death from the 30-day surgery
was estimated to be 33.6%. Therefore, thoracic aortic stent
grafting was planned after anti-DIC treatment and reduction in
the bleeding symptoms.

Because the use of heparin alone would have increased
bleeding in hyperfibrinolytic DIC, we chose a short-term
anticoagulation treatment with rhTM (Asahi Kasei Pharma,
Tokyo).

The patient’s informed consent was obtained following
explanation of the administration procedure. In accordance
with the dosage and route of administration for DIC, we initially
administered thTM intravenously at a dose of 130U/kg/kg
(standard dose 380U/kg/d) in a daily single-drop intravenous
injection for 7 consecutive days because renal dysfunction was
observed. After the treatment was started, the serum FDP level
gradually declined. On the seventh day of treatment, the score
improved to 2 points. During the treatment, known rare adverse
events associated with rhTM therapy, such as intracranial,
gastrointestinal, or pulmonary hemorrhage, were not observed.

Ten days after admission, the patient underwent thoracic aorta
stent-graft treatment under general anesthesia. While the amount
of intraoperative bleeding was 415 mL, a decrease in the platelet
count to 68,000/nL was recognized; therefore, replacement
therapy using blood products was conducted. In addition,
tranexamic acid was administered at 110 mg/kg/h via continuous
infusion to prevent excessive fibrinolysis, both intraoperatively
and 1 day postoperatively. The inflammatory response peaked on
day 2, subsequently improving. Infectious symptoms were not
present; however, bleeding from the puncture site of the blood
vessel, and hematoma formation due to arterial injury to the
hypogastric wall, were exhibited from postoperative days 5 to 9.

On day 13, the platelet count was 45,000/L, while fibrinogen
and FDP levels were 120 and 120 pg/mL, respectively; excessive
fibrinolysis associated with prolonged chronic DIC was
suspected. Platelet concentrate was transfused, and tranexamic
acid was orally administered to the patient; her symptoms
gradually improved, and she was ambulatory when discharged
on postoperative day 49.

3. Discussion

DIC associated with thoracic aortic aneurysms is characterized
by a slow and progressive activation of the coagulation
fibrinolytic system and a long-lasting pathology.

Its mechanism involves activation of intrinsic coagulation
factors in the tissues underlying the vascular endothelial cells, as
well as activation of extrinsic coagulation factors. The former is
caused by blood flow abnormalities in the injured vascular walls
of aneurysmal regions; the latter is caused by contact between
blood and tissue factors in the aortic wall, or cytokine release via
infiltrating inflammatory cells, which induce intermittent or
continuous thrombus formation and excessive fibrinolysis.

PAI-1 is released into the plasma from the vascular endothelial
cells, leading to the suppression of fibrinolysis; therefore, these
activations are thought to be slow.[>!3!

However, at this stage of the disease, if a patient’s condition is
complicated by bleeding due to an extrinsic cause, excessive
tissue-type plasminogen activator is released from the vascular
endothelial cells. Consumption of PAI-1 and «2-plasmin
inhibitor is increased due to the formation of a large amount
of fibrin, fibrinolysis significantly increases, and fibrinolytic
activation may cause decompensated/hemorrhagic fibrinolytic
DIC.


http://www.md-journal.com

Tanigawa et al. Medicine (2021) 100:9

In our case, the patient had severe hemorrhage and decom-
pensated/hemorrhagic DIC after an invasive test with arterial
puncture.

The primary treatment for aortic aneurysm complicated by
DIC is surgical resection of the aneurysm (the cause of the
DIC)"; therefore, if possible, surgery should be performed at the
compensated/asymptomatic stage.

However, if aneurysm resection is performed under cardiopul-
monary bypass at the stage of markedly increased fibrinolysis, as
in the present case, or at the stage of compensated and
hemorrhagic DIC, life-threatening hemorrhagic complications
are likely to occur due to the consumption of platelets and
clotting factors, the use of heparin, and the increased systemic
inflammatory response associated with blood contact with
foreign bodies and cardiopulmonary ischemia-reperfusion.

Therefore, it is advisable to perform surgery after the
hemorrhagic disease resolves with alternative therapies such as
anticoagulants, antifibrinolytic drugs, and transfusion therapy.

However, in our case, we were forced to control the DIC and
perform a less invasive surgery within a short period because the
aorticaneurysm dilated rapidly and had a very high risk of rupture.

Heparin has been widely used for the treatment of DIC.
However, there are individual differences in its anticoagulant
effect, and there have been reports of cases in which heparin
administration did not produce any effect in the short term, or in
which hemorrhage occurred despite improvement in DIC on
blood tests.!"*!

Nafamostat mesilate and gabexate mesilate, synthetic throm-
bin agents, are proteolytic enzyme inhibitors, which inhibit not
only coagulation activity but also fibrinolytic activity, and are
effective treatments for hyperfibrinolytic DIC caused by aortic
aneurysms. However, in addition to the need for continuous
infusion, there have been cases of side effects of hyperkalemia
that have forced the discontinuation of treatment.®!

Thus, we explored therapeutic strategies, such as using rhTM
to control DIC preoperatively and opting for a surgical technique
that avoids cardiopulmonary bypass.

In addition to binding to thrombin and exerting an
antithrombin effect, thTM is a coagulation inhibitor that
inhibits thrombin production by dramatically activating protein
C and inactivating factors Va and VIIla with protein S as a
cofactor. Given that DIC withdrawal rates and the risk of
bleeding during treatment were reported to be superior to
heparin for DIC caused by blood cancer and infection,!'”! it was
anticipated that it would also be effective for DIC derived from
aortic aneurysms that present with the same hyperfibrinolytic
form as blood cancer.

In our case, during the 7-day administration period, the DIC
score improved from 7 to 3 points; hemorrhagic complications
were not observed. Prolonged DIC may further aggravate a
patient’s systemic condition and result in treatment-resistant
DIC; therefore, if controlling the DIC using rhTM over a short-
term period is possible in patients with aneurysm or aortic
dissection  complicated by  decompensated/hemorrhagic
DIC, therapeutic strategies including surgical treatment are
suggested.!'$17]

Aortic stent-graft treatment is widely used as a treatment for
thoracic aortic aneurysm and aortic dissection, mainly in Europe
and the United States, due to its minimal invasiveness and
therapeutic outcomes; this treatment was introduced to Japan in
2008. Postoperative occurrence of consumptive coagulopathy is
reportedly low due to thrombosis of the aneurysm and blocked
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blood flow!2%?!l; however, it is possible for the coagulation and
fibrinolytic systems to be activated at the contact points between
the stent graft and blood flow. In preoperative cases of
coagulopathy (as presented in this report) or aortic dissection
with a large false lumen, remarkable hyperfibrinolysis has been
reported to occur postoperatively,!?>23!

Although antifibrinolytic treatment was performed at an early
stage in this patient, recurrence of DIC was recognized. Even after
aortic stent-graft treatment, it is desirable to achieve strict control
of the coagulation and fibrinolytic systems.

There were still no randomized, controlled trials of drug
therapy for hyperfibrinolytic DIC associated with aortic
aneurysms or aortic dissections, and currently no clear guidelines
on when to move from drug therapy to surgical treatment.

Because this was only a single-case experience, the response to
treatment with rhTM relative to other conventional drugs
remains unclear. In the future, new therapies targeting protein C
activation using rhTM may play an important role in the
treatment of hyperfibrinolytic DIC associated with aortic
aneurysms or aortic dissection.

In cases of thoracic aortic aneurysm accompanying chronic
DIC, decompensated/hemorrhagic DIC can develop, resulting in
severe bleeding diathesis.

Therefore, as shown in our case, preoperative therapy of rhTM
for patients who develop thoracic aortic aneurysm with hyper-
fibrinolytic DIC can reduce the DIC within a short period without
the occurrence of hemorrhagic complications, thus providing
survival benefits.
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