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Abstract

Disseminated intravascular coagulation (DIC) is a thrombo-hemorrhagic condition that commonly
accompanies life-threatening illnesses in children and is associated with significant morbidity and
mortality. Treatment of underlying conditions, hemodynamic support, and replacement therapy with blood
components is the mainstay of DIC management. Limited research studies have supported the use of
antithrombin (AT), recombinant thrombomodulin (rTM), and protein C concentrates (PrCC). Although there
have been several studies and advancements in the DIC treatment in adults, data in pediatric patients are
limited, and the consensus is lacking. Evidence validating the use of diagnostic scoring systems in the
pediatric population is also limited. Since the hemostatic system differs significantly in children, especially
in neonates, management of DIC is also different in children from that of adults, and there is a dire need for
good quality research studies in this aspect.

We reviewed more than 100 articles in PubMed, Cochrane database, and Google Scholar. This traditional
review article discusses different scoring systems for diagnosing DIC in pediatric patients, and different
pharmacological treatment options for acute DIC in this population. This study mainly focuses on papers
published from 1990 to 2021 and includes papers in all languages involving humans only.
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Introduction And Background

Disseminated intravascular coagulation (DIC) is an acquired clinicopathological syndrome that complicates
various illnesses, mainly sepsis, trauma, malignancy, liver diseases, and toxins. It is characterized by
systemic activation of different coagulation pathways resulting in the generation of fibrin clots that may
cause organ failure. In addition, there is concomitant consumption of platelets and coagulation factors,
which may result in clinical bleeding [1].

The mainstay of management of DIC is early identification and treatment of the underlying condition,
hemodynamic support, frequent monitoring of laboratory and clinical parameters, and replacement of
consumed coagulation factors and blood components via transfusion of platelets, fresh frozen plasma (FFP),
or cryoprecipitate. However, prophylactic transfusion of these blood products is not recommended unless
there is a bleeding or impending invasive procedure [1,2]. Over the past few decades, several studies have
demonstrated the efficacy of antithrombin (AT) and protein C concentrates (PrCC), recombinant activated
protein C (APC), and recombinant thrombomodulin (rTM) for the management of DIC in children [2,3].

Although it is a common thrombo-hemorrhagic condition in critically ill children, there have been very
limited studies and only very few controlled clinical trials regarding its management in pediatric patients
[2,3]. In addition, several diagnostic scoring systems have been validated for calculating morbidity and
mortality risks in adults but not in pediatric patients. The purpose of this traditional review is to briefly
outline the diagnostic scoring systems and different pharmacological treatment options for acute DIC in
children so as to guide pediatricians in their management. DIC due to congenital deficiencies of protein C,
protein S, and antithrombin (AT), or treatments for chronic DIC or snake or scorpion bites are not included
in this review.

Review
Diagnostic scores for DIC

Several studies have proven the validity of the Japanese Association for Acute Medicine (JAAM), the
Japanese Ministry of Health, Labor and Welfare (JMHLW), and the International Society on Thrombosis and
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Hemostasis (ISTH) DIC scoring systems in adults (details in Table I) [4,5]. But there have been limited
studies in pediatric patients, and these limited data suggest that these scoring systems perform reasonably
well in pediatric patients [6-8].

JAAM ISTH JMHLW TCH values
Score Score Score Score
Essential 0 Essential Essential 1
SIRS criteria Organ
met: =3 failure
SIRS 0-2 0 Bleeding 1
<80 or >50%
reductionin24 3 <50 2 <50 3
hours
Sequential
81-120 or 30- t
or . 50-100 1 50-80 2 measuremen
50% reduction
=120 0 >100 0 80-120 1
INR > PT > 5.6
INR=1.2 1 PT > 6 seconds 2 2 2
1.67 seconds
INR 1.25- 2.6-5.6
INR<1.2 0 PT 3-6 seconds 1 1 1
1.67 seconds
PT < 3 seconds 0 <2.6seconds 0
<35 1 <100 1 <1 2 Sequential
235 0 >100 0 115 1 foasUISent
. D-dimer, FEU:
FDP = 25 3 Strong increase 3 >40 3 4 3
10-24 1 Moderate increase 2 20-40 2 1.5-3.9 2
<10 0 No increase 0 10-20 1 <15 0
>4: DIC =5: over.t DIC daily scoring; <5: >7: DIC 25:
. ) suggestive for non-overt DIC, i . overt
diagnosis . diagnosis
repeat in 1-2 days DIC

TABLE 1: Comparison of different scoring systems for the diagnosis of DIC.

DIC, disseminated intravascular coagulation; FDP, fibrin degradation products; FEU, fibrinogen equivalent unit; INR, international normalized ratio;
ISTH, International Society on Thrombosis and Hemostasis; JAAM, Japanese Association for Acute Medicine; JMHLW, Japanese Ministry of Health,
Labor and Welfare; PT, prothrombin time; SIRS, systemic inflammatory response syndrome; TCH, Texas Children’s Hospital.

A retrospective analysis in 132 children found that a one-point rise in DIC score was associated with an
increased risk of mortality [6]. Another similar retrospective study in 191 pediatric intensive care unit (PICU)
patients revealed that the JAAM and ISTH scores were useful for detecting DIC in PICU patients. These
scores correlated well with other severity scores: Pediatric Risk of Mortality III, modified Sequential Organ
Failure Assessment, and Pediatric Multiple Organ Dysfunction Syndrome scores. The diagnostic
concordance rate between ISTH and JAAM scoring systems was 52.6%. The scores were also significantly
associated with 28-day mortality rates, and the areas under the receiver operating characteristic curve of
JAAM score was (95% CI, 0.675-0.900) and ISTH score was 0.716 (95% CI, 0.598-0.834) [8].

The other diagnostic criteria for DIC are Texas Children's Hospital (TCH) criteria [7]. It does not have a
scoring system, but the coagulation parameters (prothrombin time [PT], platelet count, fibrinogen, and D-
dimer) and the patient's clinical condition are serially evaluated, and DIC is diagnosed when there is a
successive drop or increment in the values resulting in a trend. Soundar et al. did a retrospective study of
130 children with DIC and evaluated the ISTH criteria and TCH criteria against the gold standard diagnostic
method of autopsy in those who died [7]. They found that the TCH diagnostic criteria were comparable to the
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ISTH scoring system, or even better with significantly higher sensitivity (P < 0.05) when tested against the
gold standard. They also concluded that fibrinogen is not a significant predictor of overt DIC, and also,
sequential testing of coagulation parameters is recommended for better sensitivity while using the ISTH
scoring system in pediatric patients [7].

The JMHLW scoring system has moderate sensitivity and high specificity for diagnosing DIC in hematologic
malignancies in adults but there is not enough evidence to support its usefulness in critically ill patients [5].
Several studies, especially in Japan, have used the JMHLW scoring system to diagnose DIC in pediatric
patients, but no comparative studies or mortality/morbidity risk assessment studies have been done [3,7,9].

Selecting a scoring system depends upon its use. Early diagnosis requires a scoring system with higher
sensitivity, whereas a highly specific system is preferred to confirm the diagnosis [5]. Unfortunately, good
quality studies are still lacking in the pediatric population that validate these scoring systems and guide the
selection. However, it can be concluded that a one-time score should not be relied upon, but rather serial
evaluation should be done for the definite diagnosis, to rule out DIC, and analyze the course and severity of
DIC.

Basic principles of DIC management

Rajagopal et al. [2] summarized it as early identification and management of the underlying condition
predisposing to DIC, supportive management with blood products and related measures, inhibiting the
effects of excess thrombin, regular monitoring of clinical and laboratory parameters (keeping in mind that
deranged values could be due to several factors, not just DIC), and early intervention from a
multidisciplinary team.

Treatment of underlying disease

DIC never occurs in isolation, and early identification and vigorous management of the underlying condition
is the cornerstone of DIC management. Therefore, it should always precede interventions to normalize
coagulation parameters [10], e.g., empiric broad-spectrum intravenous therapy with one or more
antimicrobials (bacterial and potentially fungal or viral coverage) as soon as possible after recognition and
within one hour for those with sepsis or septic shock [11], and anti-snake venom for snake bites. However, in
overt DIC, coagulopathy may persist even after the underlying primary cause of injury to endothelium is
eliminated and may require specific therapy [10].

Wada et al. compared four DIC guidelines and recommends that treatment of underlying disorder should be
attempted first in patients with bleeding, organ failure, and non-symptomatic types of DIC, while blood
transfusions are needed first in patients with the massive bleeding type of DIC [12].

The common causes of DIC in neonates, older infants, and children are listed in Table 2 as described by
Rajagopal et al. [2].

Causes

Sapls Bacterial (group B stref)tococt_:u.s,/-l/e/ls'seﬂa /_nen{'//g/'f/b’/;s‘, Haema.,a///h/s Influenzae), vir?ll (Cytomegalovirus, Varicella-
zoster), fungal (systemic candidiasis, aspergillosis), and others like dengue and malaria

Perinatal Birth asphyxia, respiratory distress syndrome, meconium aspiration syndrome, and dead twin

Injury Trauma, burn, and drowning

Malignancy Acute lymphoblastic leukemia, acute promyelocytic leukemia, and solid tumors

Snake and spider bites, liver diseases, acute hemolytic transfusion reaction, and giant hemangioma (Kasabach-Merritt

Others
syndrome)

TABLE 2: Common causes of disseminated intravascular coagulation in neonates, older infants,
and children.

As described by Rajagopal et al. [2].

Management of shock

The first step is to maintain or restore airway, oxygenation, and ventilation followed by hemodynamic
resuscitation. Davis et al. suggested the therapeutic endpoints of hemodynamic resuscitation in children as
capillary refill less than or equal to two seconds; threshold heart rate; warm extremities and normal pulses
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(quality of the peripheral pulses equal to central pulses); urine output >1 mL/kg/hr; normal mental status;
cardiac index 3.3-6.0 L/min/m2, with normal perfusion pressure for age; central venous oxygen saturation
greater than 70%; normal INR, anion gap, and lactate; systolic blood pressure at least fifth percentile for age
i.e. 60 mmHg for less than one month of age, 70 mmHg + [2 x age in years] for 1 to 10 years, and 90 mmHg
for more than or equal to 10 years of age [13].

Replacement therapy

The commonly used blood components in DIC treatment include platelets, fresh frozen plasma (FFP),
cryoprecipitate, and fibrinogen concentrates. However, since DIC is a procoagulant process, they should not
primarily be administered based on laboratory results but should be administered only in patients with
bleeding manifestations [2,14-16].

The recommended guideline for platelet transfusion is bleeding patients with platelet count <50,000/uL, but
bleeding in DIC can also be due to platelet dysfunction, and patients with higher platelet count may also
require platelet transfusion [14]. In non-bleeding patients, prophylactic platelet transfusion is not
recommended as factors beyond platelet counts alone may impact bleeding risk in children. Also,
thrombocytopenia is commonly seen in sick preterm neonates, and studies have shown that pediatric
patients are at a higher risk of bleeding over a wider range of platelet counts [2,15]. For older or larger
children, the dose is 4-5 U of platelets, while for younger children or those with bodyweight less than 30 kg,
10-15 ml/kg body weight is the recommended dose [17].

FFP contains all the coagulation factors and is mainly given in bleeding patients with prolonged
prothrombin time (PT) and activated partial thromboplastin time (APTT) (more than 1.5 times the normal
upper limit) at a dose of 10-20 ml/kg over 30 minutes with strict monitoring of hemodynamic status to avoid
fluid overload (as DIC patients may require multiple blood component transfusions). In addition, PT and
APTT normal values may vary in neonates with gestational age [2,18]. So, FFP transfusion should not be
done based on coagulation parameters alone but should be considered in those with bleeding [1,2,18].
Adverse effects of FFP transfusion include viral infections (e.g. human immunodeficiency virus, hepatitis B,
hepatitis C virus, and parvovirus B19), allergic reaction (urticaria, rarely anaphylaxis), transfusion-
associated lung injury (higher incidence with FFP transfusions compared with platelet or packed red cell
transfusions), and transfusion-associated cardiac overload [1].

Prothrombin complex concentrate (PCC) contains the vitamin K-dependent factors (II, VII, IX, and X), and
can be considered in patients with bleeding if FFP cannot be transfused because of volume overload.
However, it should be used judiciously as PCC can cause thrombosis and lacks certain coagulation factors
(especially factor V) while in DIC, there is a global deficiency of coagulation factors [1,2]. To date, there is no
evidence-based data on efficacy, safety, and optimal dosing of PCC in the pediatric population [16].

Severe hypofibrinogenemia (value less than 1.5 g/l with bleeding or less than 1 g/1 that persists despite FFP
replacement) may be treated with fibrinogen concentrate or cryoprecipitate [1,16]. Although there is a lack
of clear evidence, the two may be considered equivocal alternatives. The recommended dose of fibrinogen
concentrate is 50 ml/kg, and that of cryoprecipitate is 5-10 ml/kg [16,19]. Cryoprecipitate contains factor
VIII, factor XIII, von Willebrand factor, fibrinogen, and fibronectin [19].

Anticoagulant - heparin

Few small-sized studies in the past (more than 30 years ago) revealed that therapeutic treatment with
heparin in children with acute DIC had no mortality benefit, but it significantly improved the coagulation
parameters [20,21]. Some studies in the 1970s have also clearly documented the undoubted therapeutic
effectiveness of heparin in purpura fulminans and Waterhouse-Friderichsen syndrome following
meningococcemia [22,23].

Therapeutic doses of heparin should be considered in those cases with predominant arterial or venous
thromboembolism. However, if there is coexisting high risk of bleeding, continuous infusion of
unfractionated heparin (UFH) can be considered, especially in the pediatric population since UFH has a short
half-life and can be reversed with protamine sulfate. Monitoring of APTT may be complicated in these
circumstances, and patients should be monitored for clinical signs of bleeding and anti-factor Xa levels
[1,24]. Evidence is still lacking on the use of low molecular weight heparin (LMWH) in children with acute
DIC. However, the prophylactic dose of LMWH is frequently used as supportive therapy for DIC in children
with acute leukemia (heparin use in pediatric cancer patients is discussed separately) [3]. Since DIC is also
associated with multiorgan failure, abnormal renal function can also complicate the treatment with LMWH

[2]-

Furthermore, the use of heparin for prophylaxis of DIC in neonates is probably restricted to those with
obvious clinical signs of thromboembolism or prophylaxis in cases of indwelling central vascular catheters as
there is an increased risk of bleeding complications in newborns [11]. Further studies are needed focusing on
pediatric patients to establish therapeutic benefits of heparin in children with DIC.
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Antithrombin

There are no randomized control trials available assessing the efficacy of antithrombin (AT) treatment in the
pediatric population, but several retrospective analyses have reported its beneficial use [25-29]. Fuse et al.
reported a case series in 1996 including four children with DIC and organ failure that were successfully
treated with only AT concentrate [25].

Nowak-Gottl et al. used AT III without heparin in 21 preterm infants and 18 children with sepsis-induced
DIC and found that there was normalization of plasma level of AT III, platelet count, fibrinogen, PT, APTT,
and thrombin time within 24-48 hours without any observed side effects or mortality [26].

A multicenter post-marketing survey in 65 children with DIC concluded that AT replacement and
concomitant anticoagulant therapy were safe and effective for DIC treatment when started at JMHW DIC
score 6 or JAAM DIC score 4. The 28-day mortality rate was 6.8%, the standardized mortality rate was 0.55,
and the DIC resolution rate on day three was 54.5%. In their study, AT replacement was started at AT activity
70% and DIC score of six, at a median total dose of 85.3 U/kg (median single dose of AT concentrate 30 U/kg)
for a median duration of three days. Their study also concluded a target AT activity of 90% of normal at
three days of therapy [27].

Another non-randomized multi-institutional prospective survey in 729 DIC patients (including 182 patients
in the 15-64 years age group and two in <14 years age group) found that higher initial AT activity, AT
supplementation dose at 3000 IU/day, and younger age were significant factors for improved survival, and
the AT supplementation influenced both morbidity and mortality associated with severe sepsis. The risk of
major bleeding was less than 2%, unaffected by concomitant heparin administration [28]. The authors also
conducted a similar survey in a similar age group in 2014 and concluded that 3000 IU/day for three days was
a safer and more efficacious dosing option than 1500 IU/day [29].

Based on these limited findings, AT supplementation and concomitant anticoagulation therapy may be
considered safe for early DIC treatment in children. However, large-sized controlled studies have to be done
to prove the efficacy and study the pharmacokinetics of AT supplementation in pediatric patients.

Activated protein C and protein C concentrate

Activated protein C (APC) inactivates the activated coagulation factors V and VIII, and ultimately causes
inhibition of thrombin formation. It also has anti-inflammatory properties. So, it can play an important role
in anti-DIC medicine as DIC involves activating the coagulation cascade and inflammatory processes [30].

There are two different formulations of protein C (PC) available: recombinant human activated protein C
(rhAPC) and human plasma-derived viral inactivated protein C. During the neonatal period, since there is a
higher risk of bleeding, the human plasma-derived viral-inactivated protein C concentrate may be an
effective therapeutic option [31].

A prospective open-label study was done on eight children and adolescents with DIC associated with
meningococcal septic shock and severe acquired protein C deficiency. They used virus-inactivated PrCC at
the dose of 80 to 120 IU/kg i.v. bolus followed by 50 IU/kg up to six times per day. It resulted in
normalization of plasma PC levels, marked decrement in plasminogen activator inhibitor type 1 levels, and
significant clinical improvement without any adverse effects. Two out of eight patients died, and both had
severely low plasma PC activity on admission [32].

Decembrino et al. conducted a pilot study in 18 neonates (12 preterm and six full-term) with severe sepsis or
septic shock, with coagulopathy, and were given PrCC at the dose of 100 IU/kg i.v bolus, followed by 50 IU/kg
every six hours for three days. Clinical Risk Index for Babies II score calculated the expected mortality in
preterm babies as 10%. After 24 hours of treatment, PC activity levels increased from an average of 19% to
57% and were ultimately normalized in three days. The therapy also led to shortening of PT (P = 0.04) and
APTT (P =0.02), and an increase in AT levels (P < 0.0001), along with a reduction in C-reactive protein (P =
0.005) and Neonatal Therapeutic Intervention Scoring System values (P = 0.003). There were no adverse
reactions and no mortality [33].

Drotrecogin alfa is a rhAPC used for the treatment of adults with severe sepsis but a multicenter phase III
randomized controlled trial called Researching Severe Sepsis and Organ Dysfunction in Children: A Global
Perspective (RESOLVE) trial concluded that there is no efficacy of its use in children with severe sepsis [34].
In addition, a systematic review by Kylat and Ohlsson in 2012 also concluded that there is insufficient data
to use rhAPC to manage severe sepsis in newborn infants. Results among adults demonstrated a lack of
efficacy and increase in bleeding, ultimately resulting in the withdrawal of thAPC from the market. So, the
authors concluded that neonates should not be treated with rhAPC, and further trials should not be
conducted [35].

Based on these findings, protein C concentrate (PrCC) can be considered as a beneficial therapeutic option,
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rTM therapy

Type of
study

Age group
and number
of cases

Daily dose

Dose for
severe renal
impairment

Duration

Concomitant
drugs

Outcome

Adverse
drug
reactions
(ADR)

but controlled studies have to be done to prove the efficacy. However, rhAPC is not recommended for use in

pediatric patients.

Recombinant thrombomodulin

Studies in the past two decades have established thrombomodulin to be a crucial component of a
multimolecular system with antithrombotic, anti-inflammatory, and cytoprotective properties. rTM
activates protein C leading to the inactivation of factor Va, which ultimately leads to the inhibition of
thrombin generation. This results in minimal effects on clotting times compared to the effects of

argatroban, heparin, or recombinant APC. Along with this, there is also a lower risk of bleeding with rTM

than APC [36,37]. Few studies on r'TM therapy are summarized in Table 5[9,36,38].

Yagasaki et al. (2012) [9]

Retrospective study

Children: 25

380 U/kg/day i.v. over 30 min

130 U/kg/day, given to newborns
considering their relatively low renal
function

Median duration five days (range 2-
13 days)

FFP and platelets; one patient had
concomitant AT with rTM

Survival rate at day 28 was 22/25; in
seven days, 20/25 patients
recovered from DIC; had significant
improvement in Median Pediatric
Logistic Organ Dysfunction score
and in the values of prothrombin
time ratio, fibrin/ FDP, D-dimer, and
protein C; 5/25 patients failed to
respond

Serious bleeding in two out of 25
children

Shirahata et al. (2014) [36]

Post-marketing surveillance

Neonates: 60

380 U/kg/day i.v. over 30 min

130 U/kg/day

Less than six days because of earlier
improvement in 59.4% of cases; for
six days in 15.8% of cases, with no
change in DIC; for more than six
days in 31.7% of cases

rTM monotherapy in 31.7%;
concomitant anticoagulants in
68.3%; AT concentrates, nafamostat
mesylate, UFH, and gabexate
mesylate; concomitant blood
products usage: platelet
concentrate, FFP, and RBC
concentrate

Survival rate at day 28: 76.7%; DIC
resolution rate: 47.1%; decreased
levels of fibrin/FDP, increased
platelet counts, and AT

activity ; DIC improvement
rate and survival rates were greater
in neonatal patients than in children
and adults, but the DIC resolution
rate was lower

ADR: 6.7%; bleeding-related ADR:
6.7%:; bleeding-related
adverse events: 16.7 %

Mimuro et al. (2013) [38]

Post-marketing surveillance

0-14 years: 270; 15-64 years: 1484; >65
years: 2302; total: 3548

380 U/kg/day (0.06 mg/kg) i.v. over 30
min

130 U/kg/day

28 days

Concomitant anticoagulants in 36.8%:
gabexate mesylate, AT concentrates,
nafamostat mesylate, UFH, heparan
sulfate, and LMWH

Survival rate at day 28: in infection-
induced DIC, 64.1%; in hematological
malignancy-associated DIC,

70.7%; DIC scores significantly
decreased in both groups ( P-value <
0.001); severity of underlying
disease was the most important factor
for survival rate (odds ratio: 0.288, P <
0.001)

Critical bleeding ADR in the infection-
DIC: 2.6% and hemat-DIC groups:
2.4%; younger age and pre-existing
bleeding were found to affect the
bleeding ADR

TABLE 3: Summary of findings from studies done by Yagasaki et al., Shirahata et al., and Mimuro
et al. on rTM therapy on the management of DIC in children.

AT, anti-thrombin; DIC, disseminated intravascular coagulation; FDP, fibrin degradation products; FFP, fresh frozen plasma; rTM, recombinant
thrombomodaulin; UFH, unfractionated heparin; RBC, red blood cells; LMWH, low molecular weight heparin; ADR, adverse drug reactions.
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Compared to other anticoagulants, rTM seems to be more effective and safe in children. However, further
trials are needed to confirm its efficacy.

Antifibrinolytics

Antifibrinolytic agents and recombinant FVIIa are not recommended in the treatment of DIC due to
significant concern for thromboembolism except in patients with hyperfibrinolysis, such as acute
promyelocytic leukemia [2,39].

Tissue factor pathway inhibitor

In sepsis-induced DIC, tissue factor (TF) and factor VIIa pathway mainly activate coagulation cascade and
increase TF expression compared to tissue factor pathway inhibitor (TFPI). So, replacement therapy with
recombinant TFPI is a rational therapeutic approach [40]. Although there have been a few randomized
controlled trials in adults, no such studies have been done in pediatrics.

Others

Few case series and reports have reported using plasma exchange and newer therapeutic approaches like
eculizumab, but no proven beneficial role has been established [41,42].

Combination therapy

A prospective interventional and open-labeled randomized controlled trial was done recently in 2021 in 80
PICU patients with proven severe sepsis/septic shock and non-overt DIC. The intervention group was given
FFP, low-dose UFH, and tranexamic acid. Compared with this group, the non-intervention group had a
significantly higher mortality rate, a significantly higher rate of progression to overt DIC (45% vs 10%, P <
0.0001), and significantly higher DIC risk assessment scores on the second and fifth day [43].

A retrospective cohort study was done in 55 neonates with DIC. Group 1 received (FFP) or (FFP + AT III),
while Group 2 received (rTM) or (rTM + FFP + AT III). They found that the DIC scores were reduced in both
groups on day one and day two with P-value < 0.05. Furthermore, DIC scores before treatment in Group 2
were higher than in Group 1 (4.7 vs 3.6, P < 0.05). Hence, they concluded that rTM and FFP were effective
therapies for neonatal DIC [44].

A randomized prospective, double-blind trial in 2002 included patients more than 15 years of age and found
that APC in a relatively small dosage (dosage used: APC at 2.5 g/kg/hr and heparin at 8 U/kg/hr by
intravenous infusion) can improve DIC more efficiently than can heparin. The use of APC did not increase
bleeding, and this trial suggested that APC may be a better alternative [45].

Treatment options for DIC in pediatric cancer

There is no evidence-based guideline regarding the management of DIC in children with cancer. So, general
DIC treatment guidelines are followed: platelet concentrate transfusion in bleeding patients with platelet
count <50,000/uL and FFP transfusion in those with active bleeding and PT, and APTT more than 1.5 times
the normal upper limit. However, in non-bleeding patients who develop DIC during chemotherapy, a
threshold platelet count of <10,000/pL is also accepted. The use of heparin and antifibrinolytics like
tranexamic acid and epsilon aminocaproic acid is still controversial in pediatric cancer patients [3].

A systematic review of 24 articles done by Kongstad et al. in 2020 found that a prophylactic dose of
unfractionated heparin was most frequently used as a supportive agent in pediatric acute leukemia.
However, most of the children developed hemorrhages leading to death in the studies, and also, the articles
were almost 30 years old. So, they considered heparin treatment contradictory [3]. Their findings are
included in Table 4.
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Supportive therapy used
Unfractionated heparin
Platelet concentrate

Fresh frozen plasma
Cryoprecipitate

Epsilon aminocaproic acid
Vitamin K

Tranexamic acid

Recombinant thrombomodulin

No. of articles

TABLE 4: Supportive therapy used for DIC in pediatric leukemia in different articles.

Adapted from Kongstad et al. [3].

A randomized controlled trial in 60 children with acute leukemia demonstrated that bleeding tendency and
DIC incidence were greatly decreased with an early intervention using low molecular weight heparin before
DIC occurrence [46].

A national survey regarding the supportive treatment of hemostatic complications in children with leukemia
was done by Osone et al. in Japan in 2019, and they found that the management differs markedly from
protocols in other countries. r'TM was most often used in Japan irrespective of the etiology of DIC. Other
treatment options and their findings are summarized in Figure 1. They also found that dalteparin and
danaparoid sodium were used rather than enoxaparin for LMWH (dalteparin more than danaparoid) [47].

80%

70% A

60% -

50% -

40% -

30% A

20% A

10% -

0% -

rT™ Pl AT UFH and LMWH

FIGURE 1: Selection of first-line anticoagulant therapy for DIC in
pediatric leukemia in Japan.

Adapted from Osone et al. [47].

AT, antithrombin concentrate; LMWH, low molecular weight heparin; Pl, synthetic protease inhibitors
(gabexate mesylate, nafamostat mesylate); rTM, recombinant thrombomodulin; UFH, unfractionated heparin.

Osone et al. also studied the use of supportive therapy for hemostatic alterations caused by asparaginase as
induction therapy in childhood leukemia [47]. Prophylactic antithrombin replacement in such conditions
was used by 95% of institutions and most of them used a threshold of <70 % AT activity (67%); while some
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used <60% or <50% of AT activity as a threshold. Prophylactic FFP transfusion, however, was used by only
24% of total institutions in the study, and 58% of them used a threshold of <0.5 g/1, and 18% used <1 g/1 [47].

A retrospective study of adults by Ookura et al. in 2018 compared the efficacy of rTM with gabexate mesylate
(GM) and concluded that rTM is safe and more efficacious than GM for treating acute myeloid leukemia
patients with DIC [48].

There are only limited moderate quality and heterogeneous studies in pediatric cancer patients. The use of
heparin, antifibrinolytics, protease inhibitors, or replacement therapy with blood components is still based
on clinical judgments and findings in the adult population. rTM is emerging as new beneficial therapy, but
high-quality large-sized studies are yet to be done.

Limitations

This article focuses on the pediatric population, but one article under the subheading "Anticoagulant -
heparin" involves more than 15 years age group, two articles under the subheading "Antithrombin" and one
under "Recombinant thrombomodulin" involves both pediatric and adult age groups. The studies were
included because only a few studies involved the pediatric age groups under the respective subheadings and
the findings were significant. Large-sized studies were limited, so most of the studies included are small or
moderate-sized.

The article involves studies from 1990 to 2021, but four articles under the subheading "Anticoagulant -
heparin" were published before 1990. The articles were included because no recent studies were found
during our database search.

Conclusions

High-quality studies in disseminated intravascular coagulation (DIC) diagnosis or management are limited
in the pediatric population. Current practices mainly depend on clinical experiences, expert opinions, and
findings based on the adults. Limited studies have shown that different diagnostic scoring systems used in
adults work fairly well in pediatric patients, but their efficacy has not been validated. Decisions on
diagnosis, severity, or course of DIC should not be based on a single, one-time DIC score, but rather
sequential evaluation of clinical and laboratory parameters is recommended. Treatment of underlying
disease is the cornerstone of DIC management. Replacement therapy with blood products such as fresh
frozen plasma, platelet transfusion, cryoprecipitate, or fibrinogen concentrate should not be primarily based
on laboratory derangements, but should only be done in patients with bleeding manifestations. Good-
quality evidence for transfusion of the non-red blood cell products in the pediatric population is low.
Limited evidence suggests that supplementation with antithrombin, protein C concentrate, or recombinant
thrombomodulin is beneficial for DIC treatment in children. However, larger randomized controlled studies
are needed to prove efficacy.
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