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Abstract. Disseminated intravascular coagulation (DIC) is a
common and morbid complication of streptococcal toxic shock
syndrome (STSS). Because DIC with STSS progresses rapidly,
prompt and proper care is critical. The present report describes
the case of a 10-year-old boy who survived STSS with DIC
without sequelae after treatment with combination anticoagu-
lant therapy of recombinant human soluble thrombomodulin
(rhTM) and danaparoid. Rh"TM and antithrombin-III were
administered on day 1. Rh\TM administration was continued.
Despite this, on day 2, his general condition remained poor, his
fever persisted and his DIC score increased from an initial 5
points upon admission to 9 points. Therefore, danaparoid was
additionally administered from day 2 onwards. The patient
recovered without serious complications. Combination anti-
coagulant therapy of rhTM and danaparoid for DIC in a child
with STSS was effective and safe. Therefore, this combination
therapy could be used as an option for managing high-risk,
rapidly progressing disease states, which predispose to morbid
sequelae and death, such as DIC with STSS. RhTM and danap-
aroid therapy may reduce the risk of serious complications,
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such as organ failure, and improve the prognosis not only
in STSS but also in other conditions with infection and DIC
concurrence, such as sepsis.

Introduction

Disseminated intravascular coagulation (DIC) is a common
and morbid complication of streptococcal toxic shock
syndrome (STSS). For instance, a retrospective study
reported coagulation abnormalities in 71% of the patients
(median age, 47 years) who had blood tests upon admis-
sion (1). Another children-centered study also reported that
78% of the patients developed coagulopathy (2). Accurate,
quick administration of care is needed in DIC with STSS
because patients tend to present with a rapidly developing
clinical course. However, there is no standard anticoagulant
therapy for managing DIC with STSS. Recombinant human
soluble thrombomodulin (thTM) and danaparoid are
administered to patients with DIC. For example, in a retro-
spective study of 2663 patients with sepsis, 1247 received
anticoagulants, out of which 717 received rhTM and 144
received either heparin or danaparoid (3). However, to the
best of our knowledge, there have been no clinical studies
regarding combination anticoagulant therapy of thTM and
danaparoid, nor are there reports regarding combination
therapy for managing DIC with STSS. A concerningly high
mortality rate as well as a prevalence of long-term sequelae
due to STSS make exploring and suggesting new therapies
necessary. A retrospective study reported a 58% mortality
rate among 29 patients with STSS (1), while another study
reported a 34.2% mortality rate; among those who survived,
26.8% suffered sequelae (2). Moreover, a third study
reported a mortality rate of 30% among 20 patients with
STSS (median age, 36) (4). Therefore, we present the case of
a 10-year-old boy who survived without sequelae after treat-
ment with combination anticoagulant therapy for managing
DIC with STSS.
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Figure 1. Clinical course of the patient with streptococcal toxic shock syndrome. (A) Time course of administered medications and the corresponding patient's
temperature. (B) Time course of CRP and AST measurements. (C) Time course of FDP and PLT measurements with the corresponding DIC score and clinical
findings. (a) Swelling and redness of the patient's left ankle joint upon admission. The line indicates swelling and redness. (b) Contrast-enhanced CT scan
showing an increased fat concentration around the cutaneous veins of the patient's left lower leg upon admission. The right arrow indicates the cutaneous
vein, and the right circle indicates the increased fat concentration around the vein. The left arrow indicates the cutaneous vein, and the left circle indicates
the increased fat concentration around the vein. (c) Swelling and redness of the patient's left lower leg on day 2. The line indicates swelling and redness.
(d) Swelling and redness of the patient's left lower leg on day 3. The line indicates swelling and redness. (¢) Swelling and redness of the patient's left lower leg
on day 7. The line indicates swelling and redness. (f) Contrast-enhanced CT scan showing a progressive increase in fat concentration of the patient's left lower
leg on day 7. The circle indicates a progressive increase in fat concentration. (g) Contrast-enhanced CT scan showing a ring-shaped contrast enhancement of
the popliteal vein of the patient's left lower leg on day 7. The circle indicates a ring-shaped contrast enhancement of the vein. (h) Almost no swelling and redness
of the patient's left lower leg on day 21. ABPC/SBT, ampicillin/sulbactam; CLDM, clindamycin; IVIG, intravenous immunoglobulin; AT-III, antithrombin-III;
RhTM, recombinant human soluble thrombomodulin; CRP, C-reactive protein; AST, aspartate aminotransferase; DIC, disseminated intravascular coagulation;

FDP, fibrinogen and fibrin degradation products; PLT, platelet.

Case report

A 10-year-old boy presented to our hospital with a fever that
had persisted for 7 days. He developed impetigo on the second
day and diarrhea on the sixth day since fever onset. Medical
history and family history were unremarkable.

On physical examination, the patient appeared acutely
ill, uncomfortable, and irritable. He was unable to stand and
converse normally. His vital signs were as follows: heart rate,
147 beats/min; blood pressure, 101/61 mmHg; temperature,
40.5°C; respiratory rate, 42 breaths/min; and oxygen satura-
tion, 100%. He presented with no nuchal rigidity, and lung
fields were clear. Further examination revealed cheek and
pharyngeal erythema, impetigo on the forehead and jaw, and
abdominal tenderness. He had swelling, redness, and tender-
ness in his left elbow and left ankle joints (Fig. 1Ca).

Laboratory findings are shown in Table I. The rapid antigen
detection test result for Group A Streptococcus pharyngitis was
positive. The blood, throat, and impetigo pus cultures taken
upon admission were positive for Streptococcus pyogenes,
and the minimum inhibitory concentrations against the

bacterium were as follows: ampicillin: <0.06 pg/ml;
clindamycin: <0.12 yg/ml. A contrast-enhanced computed
tomography (CT) scan revealed an increased fat concentration
around the cutaneous veins of his left lower leg (Fig. 1Cb).

A diagnosis of STSS was made because this case met
the criteria proposed by The Working Group on Severe
Streptococcal Infections: coagulopathy, liver involvement,
generalized erythematous macular rash, and isolation of
Group A Streptococcus (5). Furthermore, he fulfilled the
revised diagnostic criteria for DIC by the Japanese Society
on Thrombosis and Hemostasis; his DIC score was 6 points,
and since infectious-type DIC is diagnosed if the score is =5
points, a diagnosis of infectious-type DIC was made (6).

As the patient's state was worsening, he was immediately
admitted to our intensive care unit (ICU). Since his blood
pressure was within the normal range, aggressive intravenous
rehydration was performed up to the maximum recommended
maintenance limit (60 ml/kg/day) to avoid potential hypoten-
sion. Intravenous amoxicillin-sulbactam (180 mg/kg/day
in 4 divided doses) and clindamycin (40 mg/kg/day in 4
divided doses) were administered to treat the invasive Group
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Table I. Laboratory data on day 1.
Time after admission, h

Variable 0 8 16
White blood cell count, cells/ul 10,200 11,100 12,500
Neutrophils, % 92.0 97.0 943
Band forms, % 29.0 40.0 53.0
Platelet count, platelets/ul 145,000 67,000 63,000
International normalized ratio of prothrombin time 1.93 237 2.20
Activated partial-thromboplastin time, sec 49.1 614 59.0
Fibrinogen, mg/dl 487 257 267
Fibrin degradation products, yg/ml 471.1 801.8 896.1
D-dimer, pg/ml 183.0 290.3 =300
Antithrombin-III, % 102 78 91
Thrombin-antithrombin-III complexes, ng/ml ND ND 85.1
Plasmin-a2-plasmin inhibitor complex, yg/ml ND ND 16.7
Total bilirubin, mg/dl 1.52 228 1.75
Aspartate aminotransferase, U/l 240 275 182
Alanine aminotransferase, U/l 109 102 93
Creatine kinase, U/l 143 153 ND
Creatinine, mg/dl 0.59 0.70 0.47
Ferritin, ng/ml 29050 ND ND
C-reactive protein, mg/dl 26.67 25.00 24.08
DIC score, points 5 8 9

ND, not done; DIC score, disseminated intravascular coagulation score.

Figure 2. Histological images of a skin biopsy specimen (hematoxylin-eosin staining; magnification, x100). (A) Spongiotic dermatitis. (B) Suppurative

panniculitis.

A Streptococcus infection. Intravenous immunoglobulins
(150 mg/kg/day) were also administered. As a result, blood
cultures were negative on the third day (day 3) of ICU
admittance, whereas the fever thought to be caused by
hypercytokinemia persisted until day 10 (Fig. 1A). RhTM
(380 U/kg/day) and antithrombin-III (30 U/kg/day) were

administered for managing DIC. Despite this, on day 2 after
admission, the patient's general condition was poor, his fever
persisted, and his DIC score was found to have increased from
5 points (PT/INR, 2; fibrinogen and fibrin degradation prod-
ucts, 3) upon admission to 9 points (platelet count, +3 points
[=30% decrease within 24 h]; thrombin-antithrombin-III
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Figure 3. MRI of the left knee. MRI showing inflammatory findings in
the regions of the left soleus, the left gastrocnemius and between the two
muscles. No findings of arthritis or osteomyelitis.

complexes [TAT], +1 point). Thus, danaparoid (2,500 U/day
in 2 divided doses), in addition to rhTM, was administered
on the same day (day 2) after we obtained informed consent
from his family. After danaparoid + rhTM administration,
his general condition improved, and his laboratory findings
became less alarming (Fig. 1B and C). From day 3 to day 4,
the patient's DIC score decreased to 4 points from 5 points
(fibrin degradation products, -1 point), indicating that the
DIC was resolved.

Unfortunately, the redness, swelling, and pain in his
left lower leg and elbow joint were gradually worsening
(Fig. 1Cc-e); hence, a contrast-enhanced CT scan was
performed on day 7. It revealed a progressive increase in
fat concentration and ring-shaped contrast enhancement of
his left popliteal vein, suggesting inflammation and coagu-
lopathy (Fig. 1Cf and g). The patient's Laboratory Risk
Indicator for Necrotizing Fasciitis (LRINEC) score was 8. If
the LRINEC score is =8, a strong possibility of necrotizing
fasciitis is suggested (7). Skin biopsy was performed for
differential diagnosis, and although a diagnosis of spongi-
otic dermatitis and suppurative panniculitis was made, his
soft tissue did not progress to necrosis (Fig. 2A and B).
Because the range of motion of the joint had not improved,
magnetic resonance imaging (MRI) was performed on
day 9. However, the MRI scan only showed inflammatory
findings in the regions of the left soleus, left gastrocnemius,
and between the two muscles; arthritis or osteomyelitis was
not evident (Fig. 3). His condition improved gradually with
sufficient recovery in his legs, enabling him to walk, and he
was finally discharged on day 20 without sequelae (Fig. 1Ch).

No medication-related adverse events were observed during
or after treatment with the combination therapy. During four
years of follow-up, he did not show any signs of disease, and
his life seemed to have returned to its regular rhythm prior
to hospital admission.

Discussion

This case presents two important clinical findings. First, the
combination anticoagulant therapy of rhTM and danaparoid
for managing DIC in a child with STSS was effective. Several
reports have suggested that organ dysfunction, such as acute
respiratory distress syndrome and acute renal failure, is a
frequent complication in STSS (1,2,4). Coagulopathy, which
is the cause of organ dysfunction, is found in approxi-
mately 70% of STSS cases (1,2). A previous case report has
described anticoagulant therapy administered to a child for
STSS. Intensive care was provided along with combined
administration of thTM and heparin for managing STSS in
the 3-year-old boy, who, except for the amputation of his left
distal metatarsal, survived with normal development and
no sequelae (8). The mechanism of action of the anticoagu-
lant therapy in this reported case is similar to that in ours
(Fig. 4). The difference lies in the selection of heparin rather
than danaparoid as the heparinoid. Unlike the anticoagulant
profile of unfractionated heparin (1:1), that of danaparoid is
characterized by a high ratio of anti-factor Xa to anti-factor
ITa activity (=20:1) (9); the clinical significance of this
difference in anticoagulant effect is yet to be elucidated.
Furthermore, the effective plasma concentration of thTM
estimated in phase II clinical trials was 500 ng/ml. It took
72 h after initial administration for this effective plasma
concentration to persist and remain steady in patients with
DIC under 65 years of age and patients with DIC with normal
renal function (creatinine clearance =70 ml/min) (10). A
prospective, clinical pharmacological study has reported
the evolution of rhTM plasma concentrations over time
in patients with DIC with acute renal dysfunction. Even
when thTM was administered to patients with acute renal
dysfunction at a normal dosage (380 U/kg/day), it took
72 h after initial administration for this effective plasma
concentration to persist (11). In our case, the progression
of coagulation laboratory findings was observed on day 2,
his fever had persisted as well, and his general condition
was not improving. This was when additional danaparoid
was administered. Because this combination therapy had a
stronger anticoagulant effect than the single-agent therapy,
he recovered without requiring mechanical ventilation or
renal replacement therapy, which could have been necessary
if he was not treated accordingly.

Second, the combination anticoagulant therapy of rhTM
and danaparoid for managing DIC in a child with STSS was
safe. Safety of rhTM for managing DIC in adults has been
established (12). A retrospective cohort study has analyzed
the efficacy and safety of thTM for managing DIC in pedi-
atric patients by comparing pediatric patients with DIC with
adult patients with DIC, evaluating post-marketing surveil-
lance study data. Newborn infants were excluded, after
which data from 210 pediatric patients were analyzed and
compared with data from 3786 adult patients. The results
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Figure 4. Conceptual diagram of the mechanism of action of anticoagulant therapy in this case. Rh'TM binds to thrombin and inhibits its functions. In addition,
rhTM activates protein C, which degrades and inactivates Va and VIIIa. The arrow from rhTM indicates that protein C was activated and changed to APC.
Danaparoid binds to AT and changes its structure, causing AT to bind coagulation factors, thrombin, VIIa, IXa, Xa, XIa, and XIIa, and inhibit their reaction.
Darkening of VIla, IXa, Xa, XIa and XIIa indicates their inactivation and the subsequent inhibition of their reactions. This figure was created with reference to
several papers (17-20). RhTM, recombinant human soluble thrombomodulin; Ia, fibrin; I1a, thrombin; TF, tissue factor; Va, activated factor five; VIla, activated
factor seven; VIIIa, activated factor eight; AT, antithrombin; IXa, activated factor nine; Xa, activated factor ten; XIa, activated factor eleven; XIla, activated
factor twelve; TM, thrombomodulin; TAT, thrombin-antithrombin complex; APC, activated protein C.

of this study have suggested that the efficacy and safety of
rhTM for managing DIC in pediatric patients were not signif-
icantly different from those in adults. In addition, 21.9% of
pediatric patients with DIC who were administered thTM
were also administered unfractionated heparin (13). It can
be assumed from these data that the safety of the combined
administration of thTM and heparin is not significantly low.
In addition, safety can be enhanced by using danaparoid
instead of unfractionated heparin, as demonstrated in this
case. Danaparoid has a much higher anti-Xa/anti-Ila ratio
and shows minimal effects on platelet function and thus has
a relatively low risk of bleeding (9,14,15). Therefore, this
combination therapy could be used as an option for disease
states with rapid progression, concerning mortality rates,
and a high risk for sequelae, as is the case in DIC with STSS.

A retrospective cohort study has reported the efficacy
of anticoagulant therapies in sepsis. The results of this
study have suggested that anticoagulant therapies are
significantly associated with reduced mortality in subsets
of patients diagnosed with DIC. In addition, anticoagulant
therapies have been significantly associated with reduced
mortality in the high-risk subset stratified according to the
Sequential Organ Failure Assessment (SOFA) score: SOFA
score 13-17 (3). Because organ failure and coagulopathy are
common complications in STSS, anticoagulant therapies are
an important avenue. Furthermore, this retrospective cohort
study has reported the efficacy of rhTM in sepsis. As a result
of this study, DIC scores were significantly decreased in the
group in which thTM was administered when compared
with the scores from the no-rhTM control group on day 3
after the administration of thTM. In addition, there was

no difference in platelet counts between the two groups on
day 3, and the recovery of platelet counts in the thTM group
was greater than that in the control group on day 7 (16).
In this case, additional administration of danaparoid was
started on day 2, and the DIC score was decreased to 5
points on day 3. In our case, it is possible that similar favor-
able outcomes could have been achieved by the single-agent
therapy of rhTM for managing DIC. However, since several
reports indicate high probabilities of mortality and sequelae
with monotherapy (1,2,4,8), danaparoid addition to rhTM,
and its potential improvement of clinical outcomes, cannot
be dismissed. Taken together, it was quite possible that the
combined administration of rhTM and danaparoid at an early
stage, i.e., on day 2, led to positive outcomes in this case.
However, future studies are required to further examine
this possibility due to the current lack of research on the
combination anticoagulant therapy of rhTM and danaparoid
in sepsis-related DIC. Since fibrinolysis is suppressed in
DIC with STSS or sepsis and the risk of coagulation-induced
organ damage is higher than that of fibrinolysis-induced
bleeding, this combination therapy may be considered in
patients at high risk of sequelae or death.

In conclusion, combination anticoagulant therapy of rhTM
and danaparoid for managing DIC in a child with STSS was
effective and safe. This combination therapy could possibly be
used as an option for rapidly progressive disease cases which
present with high risks for sequelae and death, such as DIC
with STSS. Furthermore, it is quite possible that this combina-
tion therapy reduces the risk of serious complications, such
as organ failure, and improves prognosis, not only in children
with STSS but also in cases of sepsis in general.
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