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A B S T R A C T

Background

Disseminated intravascular coagulation (DIC) is an acquired syndrome characterized by systemic intravascular activation of coagulation,
leading to deposition of fibrin in the bloodstream. It may occur in patients with acute and chronic leukemia and is particularly associated
with acute promyelocytic leukemia (a subtype of acute myeloid leukemia).

Objectives

To assess the clinical benefits and harms of any pharmacological intervention for treating DIC in patients with acute or chronic leukemia.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (the Cochrane Library 2015, Issue 05), MEDLINE (1946 to 7 May
2015), LILACS (1982 to 7 May 2015) and African Index Medicus (7 May 2015). There was no language restrictions. We sought additional
randomized controlled trials (RCTs) from the World Health Organization International Clinical Trials Registry Platform and the reference
lists of primary studies identified.

Selection criteria

RCTs assessing the clinical benefits and harms of interventions for treating DIC in patients with acute and chronic leukemia.

Data collection and analysis

Two review authors independently performed trial selection, 'Risk of bias' assessment and data extraction. Primary outcomes were overall
mortality, in-hospital mortality from any cause (15-day and 30-day) and adverse events.

Main results

In this Cochrane Review update we did not include any new RCT compared with the first review version. Accordingly, four RCTs
(388 participants) met the inclusion criteria. These trials evaluated the human activated protein C, recombinant human soluble
thrombomodulin, tranexamic acid and dermatan sulphate. Included trials reported data on mortality and bleeding. The studies were
conducted in Japan, Italy and the Netherlands. We classified the included trials as: 1) including patients with or without leukemia which
did not report data for the leukemia subgroup (366 participants); and 2) only including patients with leukemia (22 participants). Overall,
the risk of bias of the included trials was high, since the trial authors did not provide a detailed description about trial design and execution.
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According to the GRADE recommendations, we judged the overall quality of the body of evidence for all prefixed outcomes as 'very low',
due to methodological limitations and very small sample size.

One trial, including 10 participants with leukemia and comparing dermatan sulphate with heparin, reported no deaths during trial
treatment.

In terms of bleeding data, we were unable to pool results from two studies that were only conducted with leukemia patients due to the
inconsistency in the measurement and reporting of this outcome. One trial, including 12 participants with leukemia, found very low quality
evidence that tranexamic acid can reduce the cumulative hemorrhagic score in participants compared with those assigned to placebo (P
= 0.0015, very low quality evidence). On the contrary, there is no evidence that dermatan sulphate compared with placebo reduces new
events of hemorrhagic diathesis (1/5 (20%) versus 2/5 (40%); RR 0.50; 95% CI 0.06 to 3.91; P = 0.51, very low quality evidence).

No thromboembolic complications were reported in either trial that included patients with leukemia only (very low quality evidence). The
safety profile was inconclusive.

The included trials did not assess overall mortality, resolution of respiratory failure, renal failure or shock.

Authors' conclusions

Due to a lack of new RCTs, our conclusions in this Cochrane Review update are the same as the previous review version. We included
four RCTs which reported mortality and bleeding data. It is not possible to determine whether human activated protein C, recombinant
human soluble thrombomodulin, tranexamic acid and dermatan sulphate are ePective or harmful for patients presenting with DIC related
to acute or chronic leukemia. The quality of the evidence was low to very low. Therefore, prescription of these interventions for treating
DIC in patients with acute and chronic leukemia can neither be supported nor rejected, unless new evidence from a large high-quality trial
alters this conclusion.

P L A I N   L A N G U A G E   S U M M A R Y

Drug therapy for treating systemic intravascular activation of coagulation in patients with leukemia

Review question
We reviewed the clinical benefits and harms of anticoagulant and antifibrinolytic therapy for treating disseminated intravascular
coagulation (DIC) in patients with acute or chronic leukemia.

Background
DIC is a thrombo-hemorrhagic complication (involving blood clotting or bleeding) characterized by deposition of fibrin (a fibrous protein)
in the bloodstream, which occurs in the course of various diseases including acute and chronic leukemia and is particularly associated
with acute promyelocytic leukemia (a subtype of acute myeloid leukemia). DIC is never considered as an isolated clinical entity and
represents a hematological emergency. Therefore, DIC requires treatment and resolution of the underlying disease in addition to other
approaches, such as antibiotic therapy, replacement of blood products and fluid therapy, which are considered 'primary' or 'conventional
care' interventions. DIC is accompanied by hyperfibrinolysis (increased dissolution of blood clots) and reduction of natural anticoagulants
(proteins of the coagulation cascade). Hence, pharmacological interventions such as tranexamic acid (an antifibrinolytic agent) and
heparin (an anticoagulant) have been used for treating patients with this acquired disorder. However, this practice is not considered as
standard care and there is a lot of controversy about its clinical benefits.

Study characteristics

We included four trials that had a limited number of patients (388) and assessed four diPerent interventions: human activated protein
C, recombinant human soluble thrombomodulin, tranexamic acid and dermatan sulphate with heparin or placebo. Two trials included
patients either with or without leukemia. The other two trials only included patients with leukemia. The studies were published between
1989 and 2007, and were conducted in Japan, Italy and the Netherlands. All trials have a high risk of bias.

Key results

There were no deaths reported in a trial comparing dermatan sulphate with heparin. Two small trials which included patients with leukemia
only (22 participants) reported bleeding data. These results were not compiled due to inconsistency in the measurement and reporting
of that outcome. One trial found very low quality evidence that tranexamic acid compared with placebo reduces bleeding in leukemia
patients. On the contrary, there is no evidence that dermatan sulphate compared with placebo reduces new events of hemorrhagic
diathesis in patients with leukemia. SaQey profile is inconclusive. No thromboembolic complications were reported in both the trials.

These trials did not report overall mortality, resolution of respiratory failure, renal failure and shock.

Accordingly, the clinical benefits and harms of the human activated protein C, recombinant human soluble thrombomodulin, tranexamic
acid and dermatan sulphate are unknown in this population.
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Quality of evidence

The confidence in the results of this review is very low. The studies have limitations in the way they were designed and executed. Moreover,
the limited number of patients included in the studies led to imprecise results. Well conducted larger studies will provide more information
about the ePect of human activated protein C, recombinant human soluble thrombomodulin, tranexamic acid and dermatan sulphate for
treating DIC in patients with acute or chronic leukemia.

This plain language summary is current as of 7 May 2015.

Search date: 7 May 2015
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Human activated protein C versus heparin for DIC

Human activated protein C versus heparin for DIC

Patient or population: DIC
Settings: acute or chronic leukemia patients
Intervention: human activated protein C
Comparison: heparin

Illustrative comparative risks* (95%
CI)

Assumed risk Corresponding
risk

Outcomes

Heparin Human activated
protein C

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Overall mortality See comment See comment Not estimable 132
(1 trial)

See comment Included trial did not measure this outcome

Mortality from any
cause (15-day and 30-
day in-hospital) 
Follow-up: 28 days

400 per 1000 204 per 1000 
(108 to 388)

RR 0.51 
(0.27 to 0.97)

104
(1 trial)

⊕⊝⊝⊝

very low 1,2,3

The included trial did not report disaggregat-
ed data for patients with leukemia

Adverse events 
Follow-up: 28 days

36 per 1000 19 per 1000 
(2 to 206)

RR 0.53 
(0.05 to 5.66)

107
(1 trial)

⊕⊝⊝⊝

very low 1,2,4

The included trial did not report disaggregat-
ed data for patients with leukemia

Bleeding 
Follow-up: 28 days

116 per 1000 7 per 1000 
(0 to 126)

RR 0.06 
(0 to 1.09)

132
(1 trial)

⊕⊝⊝⊝

very low 1,2,5,6

The included trial did not report disaggregat-
ed data for patients with leukemia.

Resolution of respira-
tory failure

See comment See comment Not estimable — See comment Included trial did not measure this outcome

Renal failure See comment See comment Not estimable — See comment Included trial did not measure this outcome

Shock See comment See comment Not estimable — See comment Included trial did not measure this outcome

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% CI) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
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CI: confidence interval; RR: risk ratio; DIC: disseminated intravascular coagulation.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Indirectness: trial included patients with or without leukemia; and this outcome was not discriminated by type of patients.
2Limitations in execution: large loss (21.3%) to follow up could bias the reported estimates. Trial authors reported no reasons for attrition could bias the reported estimates.
3Imprecision: low sample size (104 participants and 32 events) resulting in wide 95% CIs.
4Imprecision: low sample size (107 participants and 3 events) resulting in wide 95% CIs.
5Imprecision: low sample size (132 participants and 8 events) resulting in wide 95% CIs.
6Quality of evidence rated and ePect estimates obtained for aggravation of bleeding.
 
 

Summary of findings 2.   Recombinant human soluble thrombomodulin compared with heparin for DIC

Recombinant human soluble thrombomodulin compared with heparin for DIC

Patient or population: DIC
Settings: acute or chronic leukemia patients
Intervention: recombinant human soluble thrombomodulin
Comparison: heparin

Illustrative comparative risks* (95%
CI)

Assumed risk Corresponding
risk

Outcomes

Heparin Recombinant
human soluble
thrombomodulin

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Overall mortality See comment See comment Not estimable 234
(1 trial)

See comment Included trial did not measure this outcome

Mortality from any
cause (15-day and 30-
day in-hospital) 
Follow-up: 28 days

257 per 1000 218 per 1000 
(139 to 349)

RR 0.85 
(0.54 to 1.36)

227
(1 trial)

⊕⊝⊝⊝

very low 1,2

The included trial did not report disaggregat-
ed data for patients with leukemia.
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Adverse events 
Follow-up: 28 days

78 per 1000 69 per 1000 
(27 to 172)

RR 0.88 
(0.35 to 2.2)

231
(1 trial)

⊕⊝⊝⊝

very low 1,3,4

The included trial did not report disaggregat-
ed data for patients with leukemia.

Bleeding 
Follow-up: 28 days

See comment See comment Not estimable 234
(1 trial)

⊕⊝⊝⊝

very low 1,4,5

The included trial did not report disaggregat-
ed data for patients with leukemia.

Resolution of respira-
tory failure

See comment See comment Not estimable — See comment Included trial did not measure this outcome

Renal failure See comment See comment Not estimable — See comment Included trial did not measure this outcome

Shock See comment See comment Not estimable — See comment Included trial did not measure this outcome

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% CI) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; RR: risk ratio; DIC: disseminated intravascular coagulation.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Indirectness: trial included patients with or without leukemia; and this outcome was not discriminated by type of patients.
2Imprecision: low sample size (227 participants and 54 events) resulting in wide 95% CIs.
3Imprecision: low sample size (231 participants with 17 events) resulting in wide 95% CIs.
4Author trials measured this outcome either clinical benefit or harm.
5Trial authors reported P = 0.0271 for "disappearance rate of bleeding symptoms at day 7". Results were not discriminated according patients with or without leukemia.
 
 

Summary of findings 3.   Tranexamic acid compared with placebo for DIC

Tranexamic acid compared with placebo for DIC

Patient or population: DIC
Settings: acute or chronic leukemia patients
Intervention: tranexamic acid
Comparison: placebo

Outcomes Illustrative comparative risks*
(95% CI)

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments
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Assumed risk Corresponding
risk

Placebo Tranexamic
acid

Overall mortality See comment See comment Not estimable 12
(1 trial)

See comment Included trial did not measure this outcome

Mortality from any cause
(15-day and 30-day in-
hospital)

See comment See comment Not estimable 12
(1 trial)

See comment Included trial did not measure this outcome

Adverse events 
Follow-up: 14 days

See comment See comment Not estimable 12
(1 trial)

⊕⊝⊝⊝

very low 1,2

Reported no thromboembolic events over
course of trial

Bleeding 
Follow-up: 14 days

See comment See comment Not estimable 12
(1 trial)

⊕⊝⊝⊝

very low 1,2

Trial reported no number of events

Resolution of respiratory
failure

See comment See comment Not estimable 12
(1 trial)

See comment Included trial did not measure this outcome

Renal failure See comment See comment Not estimable 12
(1 trial)

See comment Included trial did not measure this outcome

Shock See comment See comment Not estimable 12
(1 trial)

See comment Included trial did not measure this outcome

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% CI) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; RR: risk ratio; DIC: disseminated intravascular coagulation.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Limitations in design and execution: insuPicient information about the random sequence generation, allocation concealment and blinding. High risk for reporting bias.
2Imprecision: low sample size (12 participants).
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Summary of findings 4.   Dermatan compared with heparin for DIC

Dermatan compared with heparin for DIC

Patient or population: DIC
Settings: acute or chronic leukemia patients
Intervention: dermatan
Comparison: heparin

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Heparin Dermatan

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Overall mortality See comment See comment Not estimable 10
(1 trial)

See comment This outcome was not measured in the
included study.

Mortality from any cause (15-
day and 30-day in-hospital) 
Follow-up: 9 and 18 days

See comment See comment Not estimable 10
(1 trial)

⊕⊝⊝⊝

very low 1,2

Trial reported no death during study
treatment.

Adverse events 
Follow-up: 9 and 18 days

See comment See comment Not estimable 10
(1 trial)

⊕⊝⊝⊝

very low 1,2

It did not report information on safety
explicitly.

Bleeding 
Follow-up: 9 and 18 days

400 per 1000 200 per 1000 
(24 to 1000)

RR 0.5 
(0.06 to 3.91)

10
(1 trial)

⊕⊝⊝⊝

very low 2
 

Resolution of respiratory fail-
ure - not measured

See comment See comment Not estimable — See comment This outcome was not measured in the
included study.

Renal failure See comment See comment Not estimable — See comment This outcome was not measured in the
included study.

Shock See comment See comment Not estimable — See comment This outcome was not measured in the
included study.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% CI) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio; DIC: disseminated intravascular coagulation.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
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Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Limitations in design and execution: insuPicient information about the random sequence generation, allocation concealment, and blinding. High risk for reporting bias.
2Imprecision: low sample size (10 participants) and low rate of events (3 in total) resulting in wide 95% CIs.
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B A C K G R O U N D

Description of the condition

Hemostasis (blood coagulation) is a self-defense system to prevent
death secondary to massive bleeding aQer a blood vessel injury
(Chu 2004). Blood coagulation and the inflammatory process are
interrelated as part of the innate host defense mechanism and form
part of the argument for the hemostasis theory (Engelmann 2013;
van der Poll 2014).

Disseminated intravascular coagulation (DIC) is an acquired
syndrome characterized by systemic intravascular activation of
coagulation, leading to deposition of fibrin in the bloodstream,
which occurs in the course of several diseases (Dalainas 2008;
Franchini 2006; Levi 2013). It has been considered as a loss of
homeostasis in hemostasis (Hook 2012).

The morbidity of DIC is related to organ dysfunction and bleeding,
which explains the high risk of death associated with this harmful
and potentially fatal condition (Levi 2007). Organ dysfunction is
explained by intravascular fibrin deposition (ischemic phase); the
microvascular thromboses lead to organ damage and failure (Chu
2004; Wada 2014; Williams 2008). The bleeding phase is due to
massive and ongoing activation of bloodstream coagulation, which
leads to depletion of platelets and activated coagulation factors
(Dalainas 2008; Franchini 2006). This explains why DIC is also known
as consumption coagulopathy (Levi 2013). It has been suggested
that DIC represents up to 26.8% of acquired bleeding disorders
(Asthana 2009). However, it has a poorly established incidence and
a heterogeneous clinical presentation. Okajima 2000 described a
12.7% incidence of DIC induced by hematologic malignancies in
204 patients with other underlying disorders. In summary, DIC is
an acquired clotting catastrophe (DeLoughery 2005) that cannot be
considered an isolated clinical entity and it should be managed as
a hematological emergency.

DIC is one of the major complications of acute myeloid leukemia
(Bunjevacki 1978; Dmoszyńska 1976), mainly promyelocytic
leukemia (Barbui 2001; Choudhry 2012; Cornell 2012; Dreyfus
1973; Kwaan 2014; Lo-Coco 2008; Speiser 1990; Stein 2009;
Uchiumi 2007; Yanada 2006). However, it can also complicate the
clinical course of acute lymphoblastic leukemia (Dixit 2007; Durán
Suárez 1980; Higuchi 2005; Sarris 1992), chronic myeloid leukemia
(Fujiwara 1997; García de Paredes 1983; German 1976; Gingrich
1979; Hess 2005; Komatsu 1986; Rosenthal 1995; Seligman 1976;
Sunder-Plassmann 1993; Yoshikawa 1980) and chronic lymphocytic
leukemia (Kawano 2011). DIC in leukemia is accompanied by
hyperfibrinolysis and reduction of natural anticoagulants (protein
C and antithrombin III) (Choudhry 2012; Franchini 2010; Hunt 2014;
Ikezoe 2012; Kwaan 2014). The main feature of this condition is the
enhanced generation of thrombin in vivo (Levi 2009).

The pathogenesis of DIC is based on tissue-factor-mediated
initiation of systemic coagulation that is insuPiciently contained
by the physiological anticoagulant pathways, and is amplified by
impaired endogenous fibrinolysis (Falanga 2003; Franchini 2010;
Ikezoe 2014; Levi 2007; Stein 2009; Wada 2014). The clinical
entity is propagated by intravascular release of procoagulant
substances, such as tissue thromboplastin, or by damage to
vascular endothelium and platelets (Prentice 1985).

Guidelines for the diagnosis of DIC have recently been published
(Levi 2009). Table 1 shows the International Society of Thrombosis
and Haemostasis scoring system for overt DIC.

See Appendix 1 for medical terms.

Description of the intervention

Treatment of the underlying disease must be the cornerstone of
therapy (Dalainas 2008; Levi 2007; Prentice 1985). Additionally
supportive anticoagulant approaches have been used with the aim
of resolving coagulation abnormalities. The drugs used include the
following:

1. First-generation anticoagulants: low molecular weight heparin
(Brunton 2008; Iba 2013), unfractionated heparin (Hoyle 1988;
Mangal 1984) and danaparoid sodium (Brunton 2008; Iba 2013);

2. Second-generation anticoagulants: synthetic protease inhibitor
(Tsukagoshi 2000), recombinant hirudin (Saito 1995), human
recombinant antithrombin (Iba 2013; Pal 2010), human
recombinant activated protein C (Brunton 2008; Iba 2013),
recombinant human soluble thrombomodulin (Iba 2013; Ikezoe
2012; Ogawa 2010) and recombinant tissue factor pathway
inhibitor (Kaiser 2001);

3. Antifibrinolytic drugs: tranexamic acid (Levi 2009; Wada 2010).
The use of a combination of tranexamic acid and unfractionated
heparin has also been reported (Koseki 2007);

4. Pro-coagulants: recombinant activated factor VIIa (Abshire
2004).

How the intervention might work

The aim of anticoagulant drugs is to fulfil the role of the natural
anticoagulants (protein C and antithrombin systems) which are
disrupted during DIC. A close relationship between coagulation
and inflammation pathways during DIC has also been identified:
"inflammation leads to activation of coagulation and coagulation
considerably aPects inflammatory activity" (Levi 2008).

1. First generation anticoagulants catalyze the inhibition of several
coagulation proteases by antithrombin (a natural anticoagulant)
which inhibits activated coagulation factors of the intrinsic and
common pathways, including thrombin, factors Xa and IXa.
Heparin increases the rate of the thrombin-antithrombin reaction
by at least 1000-fold (Brunton 2008). Danaparoid sodium is a
mixture of non-heparin glycosaminoglycans isolated from porcine
intestinal mucosa (84% heparan sulfate, 12% dermatan sulfate, 4%
chondroitin sulfate) and responsible for promoting inhibition of
factor Xa by antithrombin (Brunton 2008).

2. Second-generation anticoagulants:
2.1 Synthetic protease inhibitor is a protease inhibitor with
anticoagulant properties (Tsukagoshi 2000);
2.2 Recombinant hirudin is an anticoagulant
pharmacodynamically diPerent from heparin (Greinacher 2001)
and a product of genetic engineering. It is identical to natural
hirudin. It is a direct thrombin inhibitor present in the salivary
glands of the medicinal leech (Brunton 2008; Greinacher 2001;
Nowak 2002);
2.3 Recombinant human soluble thrombomodulin has an
antithrombotic ePect (reducing coagulation) by neutralizing the
ePect of thrombin (Ikezoe 2012);

Treatment for disseminated intravascular coagulation in patients with acute and chronic leukemia (Review)
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2.4 Recombinant tissue factor pathway inhibitor is the only
endogenous inhibitor of the tissue factor/factor VIIa complex that
plays a crucial role in the pathogenesis of thrombotic, vascular and
inflammatory disorders (Kaiser 2001);
2.5 Human recombinant activated protein C is a recombinant
form of human activated protein C that inhibits coagulation by
proteolytic inactivation of factors Va and VIIIa. It also has anti-
inflammatory ePects (Brunton 2008).

3. Antifibrinolytic drugs (aminocaproic acid and tranexamic acid)
inhibit the conversion to plasminogen and plasmin, blocking the
interaction of plasmin with fibrin. This leads to a potent inhibition
of fibrinolysis and can reverse states that are associated with
excessive fibrinolysis (Brunton 2008);

4. Pro-coagulant drugs (recombinant activated factor VIIa) bind to
the surface of an activated platelet and can directly activate factor
X in the absence of tissue factor (Abshire 2004).

Why it is important to do this review

This is the first update of this Cochrane Review, which we
performed to update the search strategy (May 2015) to identify
new randomized controlled trials (RCTs) on pharmacological
interventions to treat DIC in patients with acute and chronic
leukemia.

O B J E C T I V E S

The research question of this Cochrane Review is: what are the
clinical benefits and harms of anticoagulant and antifibrinolytic
therapy for treating DIC in patients with acute or chronic leukemia?

To assess the clinical benefits and harms of pharmacological
interventions for treating DIC in patients with acute or chronic
leukemia.

M E T H O D S

Criteria for considering studies for this review

Types of studies

RCTs irrespective of publication status (unpublished or published
as an article, an abstract or a letter), language (no language
limitation was applied) and country of origin. We did not apply any
limits on the period of follow-up or diagnostic criteria used for DIC.

Types of participants

Patients of any age with DIC and suPering from acute or chronic
leukemia.

Types of interventions

DIC requires resolution of the underlying condition in addition
to other approaches, such as antibiotic therapy, replacement of
blood products and fluid therapy, which are considered 'primary'
or 'conventional care' interventions. Anticoagulant, procoagulant
and antifibrinolytic drugs are considered complementary to
the conventional care interventions. Thus, for the purposes of
this Cochrane Review, eligible RCTs had to compare the same
conventional interventions with and without anticoagulants, with
and without procoagulants, or with and without antifibrinolytics.

Intervention

1. Heparins (low molecular weight heparin and unfractionated
heparin);

2. Danaparoid sodium;

3. Antifibrinolytic drugs (epsilon aminocaproic and tranexamic
acid);

4. Synthetic protease inhibitor and antithrombin;

5. Human recombinant activated protein C;

6. Recombinant human soluble thrombomodulin;

7. Recombinant tissue factor pathway inhibitor;

8. Recombinant activated factor VIIa;

9. and Recombinant hirudin and antifibrinolytic drugs.

plus resolution of the underlying condition, conventional care
(antibiotic therapy, replacement of blood products, fluid therapy).

Control

Resolution of the underlying condition with conventional care
(antibiotic therapy, replacement of blood products, fluid therapy)
alone or plus placebo.

Types of outcome measures

Primary outcomes

1. Overall mortality (Porta 2008);

2. In-hospital mortality from any cause (15-day and 30-day);

3. Adverse events: number and type of adverse events defined as
patients with any untoward medical occurrence not necessarily
having a causal relationship with the treatment. We reported
adverse events that led to treatment discontinuation and those
that did not lead to treatment discontinuation separately.
We have defined serious adverse events according to the
International Conference on Harmonisation (ICH) Guidelines
(ICH-GCP 1997) as any event that at any dose results in
death, is life-threatening, requires in-patient hospitalization or
prolongation of existing hospitalization, results in persistent or
significant disability, or is a congenital anomaly/birth defect,
and any important medical event, which may have jeopardized
the patient or requires intervention to prevent it. All other
adverse events were considered non-serious.

Secondary outcomes

1. Bleeding;

2. Resolution of respiratory failure;

3. Resolution of renal failure;

4. Resolution of shock (defined as the condition associated with
circulatory collapse, when the arterial blood pressure is too low
to maintain an adequate supply of blood to the tissues) (Concise
Medical Dictionary 2011).

Search methods for identification of studies

The MEDLINE search strategy used in the first version of this
Cochrane Review was not very sensitive (Marti-Carvajal 2011) and
could have generated publication bias. Therefore, we performed
this review update using a new MEDLINE search strategy.

Treatment for disseminated intravascular coagulation in patients with acute and chronic leukemia (Review)
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Electronic searches

We searched the following electronic databases to find reports of
relevant RCTs:

• Cochrane Central Register of Controlled Trials (CENTRAL) (the
Cochrane Library 2015, Issue 05);

• MEDLINE OVID (1946 to 7 May 2015);

• LILACS (http://lilacs.bvsalud.org/es/): 1982 to 7 May 2015:

• African Index Medicus (http://indexmedicus.afro.who.int/): 7
May 2015:

In the previous review version, we also searched EMBASE (Marti-
Carvajal 2011). For this update, we did not search the EMBASE
database.

We used the following keywords in our search: DIC, consumption
coagulopathy, acute leukemia and chronic leukemia.

Searching other resources

In addition we searched trials registries via the World Health
Organization International Clinical Trials Platform Search Portal
(WHO ICTRP).

We also checked the reference lists of all trials identified by the
above methods. We contacted trial authors and researchers in the
field to obtain further details about unpublished studies.

Data collection and analysis

Selection of studies

Two review authors (Arturo Martí-Carvajal (AMC) and Vidhu Anand
(VA)) independently assessed for inclusion all the potential studies
identified from the search strategy. We resolved any disagreements
through discussion.

Data extraction and management

In the previous version of this Cochrane Review (Marti-Carvajal
2011), we used a form to extract data (Zavala 2006). For assessing
the eligible studies, two review authors (AMC and VA) extracted
the data independently using the agreed form. We entered data
into RevMan 2014 and checked them for accuracy. We resolved
discrepancies through discussion or, if required, we consulted a
third review author (Ivan Solà (IS)).

For this update, if we had included new RCTs, we would have used
the same strategy.

Assessment of risk of bias in included studies

Two review authors independently assessed the risk of bias (AMC
and VA) of each included trial using the domain-based evaluation
as described in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011). We resolved discrepancies through
discussion or, if necessary , we consulted a third author (IS).

The definitions of each classification is given below:

Sequence generation (checking for possible selection bias)

• Low risk (any truly random process, e.g. random number table;
computer random number generator);

• High risk (any non-random process, e.g. odd or even date of
birth; hospital or clinic record number);

• Unclear (if the trial was described as randomized, but the
method used for the allocation sequence generation was not
described).  

Allocation concealment (checking for possible selection bias)

• Low risk (e.g. telephone or central randomization; consecutively
numbered sealed opaque envelopes);

• High risk (open random allocation; unsealed or non-opaque
envelopes, alternation; date of birth);

• Unclear risk (if the trial was described as randomized, but the
method used to conceal the allocation was not described).

Blinding or masking (checking for possible performance bias)

• Low, high or unclear risk for participants;

• Low, high or unclear risk for personnel;

• Low risk, high or unclear risk for outcome assessors.

Incomplete outcome data (checking for possible attrition bias
through withdrawals, dropouts, protocol deviations)

• Low risk (the numbers and reasons for dropouts and
withdrawals in all intervention groups were described or if it was
specified that there were no dropouts or withdrawals);

• High risk (the number or reasons for dropouts and withdrawals
were not described);

• Unclear risk (the report gave the impression that there had
been no dropouts or withdrawals, but this was not specifically
stated).///

Selective reporting bias

• Low risk (where it is clear that all of the trial's pre-specified
outcomes and all expected outcomes of interest to the review
have been reported);

• High risk (where not all the trial's pre-specified outcomes
have been reported; one or more reported primary outcomes
were not pre-specified; outcomes of interest are reported
incompletely and so cannot be used; trial fails to include results
of a key outcome that would have been expected to have been
reported);

• Unclear risk (not all pre-defined, or clinically relevant and
reasonably expected outcomes were reported on, or were not
reported fully, or it was unclear whether data on these outcomes
were recorded or not).

Other biases

We described for each included RCT any important concerns we had
about other possible sources of bias (industry bias, academic bias,
bias of the presentation data, etc.):

• Low risk (the trial appears to be free of other components that
could put it at risk of bias);

• High risk (there are other factors in the trial that could put it at
risk of bias);

• Unclear risk (the trial may or may not be free of other
components that could put it at risk of bias).

Overall risk of bias

We considered trials in which we could assess one of the domains
as high risk of bias as trials with high risk of bias.

Treatment for disseminated intravascular coagulation in patients with acute and chronic leukemia (Review)
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We made explicit judgements about whether studies are at high risk
of bias, according to the criteria given in Higgins 2011.

In the previous version (Marti-Carvajal 2011), AMC entered the data
into RevMan 2014 and a second review author checked data for
accuracy. In this current version, AMC entered the data into RevMan
2014 and IS checked data for accuracy.

Measures of treatment e?ect

For dichotomous data, we planned to present results as a summary
risk ratio (RR) with 95% confidence intervals (CIs).

1. Mortality from any cause (15-day and 30-day in-hospital);

2. Adverse events;

3. Bleeding;

4. Resolution of respiratory failure;

5. Resolution of renal failure;

6. Resolution of shock.

Unit of analysis issues

The unit of analysis would have been the patients studied. We
would have collected and analyzed a single measurement for each
outcome from each participant.

Dealing with missing data

We planned to note levels of attrition and explore the impact of high
levels of missing data in the overall assessment of treatment ePect
by using sensitivity analysis.

For all outcomes we would have carried out analysis, as far
as possible, on an intention-to-treat basis (i.e. we would have
attempted to include all participants randomized to each group
in the analyses). The denominator for each outcome in each trial
would have been the number randomized minus any participants
whose outcomes are known to be missing.

For future updates, if possible, we will conduct main analysis based
on completers but we will perform sensitivity analysis for per-
protocol, worse and best case scenarios (Hollis 1999).

Assessment of heterogeneity

We planned to use the I2 statistic to measure statistical
heterogeneity among the trials in each analysis. In the presence
of substantial heterogeneity we would have explored this by
pre-specified subgroup analysis.  The I2 statistic describes the
percentage of total variation across trials that is due to
heterogeneity rather than sampling error (Higgins 2003). We would
have considered a substantial statistical heterogeneity if the I2
statistic was greater than 50% (Higgins 2011).

Assessment of reporting biases

If we had suspected reporting bias (see 'Selective reporting bias'
section), we would have attempted to contact the trial authors
asking them to provide missing outcome data. When this was not
possible, and the missing data were thought to introduce serious
bias, we would have explored the impact of including such studies
in the overall assessment of results by a sensitivity analysis.

We would also have attempted to assess whether the review is
subject to publication bias by using a funnel plot to graphically

illustrate variability between trials. If asymmetry was detected,
we would have explored causes other than publication bias
(e.g. selective outcome reporting, poor methodological quality
in smaller studies, true heterogeneity) (Higgins 2011). In future
updates we will construct a funnel plot if 10 or more RCTs meet the
inclusion criteria.

Data synthesis

We planned to out statistical analyses using RevMan 2014
and summarize the findings using a random-ePects model, as
diPerences would have been anticipated in terms of interventions
and patients.

Subgroup analysis and investigation of heterogeneity

We anticipated clinical heterogeneity for the following participant
and intervention characteristics, and therefore we would have
carried out the following subgroup analyses:

1. Acute versus chronic leukemia;

2. Type of intervention;

3. Stage of DIC; and

4. Unfractionated heparin dose.

We would have restricted subgroup analysis to the review’s primary
outcome (Higgins 2011).

Sensitivity analysis

If suPicient trials are identified, we plan to conduct a sensitivity
analysis comparing the results using all trials. We would have
compared the RCTs with high methodological quality (studies
classified as having a 'low risk of bias' versus those identified as
having a 'high risk of bias') (Higgins 2011).

We would also have evaluated the risk of attrition bias, as estimated
by the percentage of participants lost. We would have excluded
trials with a total attrition of more than 20% or where diPerences
between the groups exceeded 10%, or both, from meta-analysis but
would have included them in the review.

'Summary of findings' tables

We planned to use The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach (Guyatt 2008)
to assess the quality of the body of evidence associated with
specific outcomes (mortality from any cause (15-day and 30-day
in-hospital), overall mortality, bleeding, resolution of respiratory
failure, renal failure or shock and adverse events) in this Cochrane
Review and construct a 'Summary of findings' table using
GRADEpro 2008. The GRADE approach appraises the quality of a
body of evidence based on the extent to which one can be confident
that an estimate of ePect or association reflects the item being
assessed. The quality of a body of evidence considers within-trial
risk of bias (methodologic quality), the directness of the evidence,
heterogeneity of the data, precision of ePect estimates and risk of
publication bias.
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R E S U L T S

Description of studies

Results of the search

For this update, we identified 9027 references of potential interest
aQer duplicates were removed. We did not find any new eligible

RCTs. Therefore, this Cochrane Review update includes the four
RCTs identified in the original review version (Aoki 2002; ART-123
Trial Group 2007; Avvisati 1989; Cofrancesco 1994). See Figure 1 for
search result details.

 

Figure 1.   Study flow diagram for this review update.

 
These RCTs included 388 participants for analysis. We have
provided a detailed description of the included trials in the
Characteristics of included studies section.

Included studies

We classified the included trials as:

1. Including patients with or without leukemia (Aoki 2002; ART-123
Trial Group 2007);

2. Only including patients with leukemia (Avvisati 1989;
Cofrancesco 1994).

Two trials were conducted in 1989 (Avvisati 1989;) and 1994
(Cofrancesco 1994) and the other two trials were conducted during
2002 (Aoki 2002) and 2007 (ART-123 Trial Group 2007).

Interventions and populations assessed

Each trial investigated a diPerent intervention to treat DIC: human
activated protein C (Aoki 2002), recombinant human soluble
thrombomodulin (ART-123 Trial Group 2007), tranexamic acid
(Avvisati 1989) and dermatan sulphate (Cofrancesco 1994). All

included trials had a parallel-trial design and compared two arms.
The route of administration of the intervention was intravenous in
all trials.

Three trials used heparin as comparison group (Aoki 2002; ART-123
Trial Group 2007; Cofrancesco 1994). One trial used placebo
(glucose 5% (w/v) in 10 mL sterile water) (Avvisati 1989).

Two trials had a follow-up length under 20 days, ranging between
nine and 18 days (Aoki 2002; ART-123 Trial Group 2007). Two trials
had a follow-up length of 28 days (Avvisati 1989; Cofrancesco 1994).

One trial with 132 patients included many types of leukemia,
solid tumors, infection and other causes (liver diseases and aortic
aneurysm) of DIC. Patients were classified in two groups: leukemic
(hematopoietic malignancy and anti-cancer chemotherapy) and
non-leukemic (infection and other causes such as liver disease
and aortic aneurysm) (Aoki 2002). One trial reported results
from 234 patients including acute or chronic leukemia, another
hematopoietic malignancies, sepsis, pneumonia, biliary tract
infection, peritonitis, abscess, viremia, meningitis, cholangitis,
enterocolitis and other infections (ART-123 Trial Group 2007). Two
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trials were only conducted in patients with leukemia (Avvisati
1989; Cofrancesco 1994). Avvisati 1989 included 12 patients with
newly diagnosed acute promyelocytic leukemia. Cofrancesco 1994
considered ten patients with many types of acute leukemia and
those who had a blast crisis due to chronic myelogenous leukemia.

Overall, included participants were above 50 years of age and most
were male.

Trial location

The included trials were conducted in three countries: two in Japan
(Aoki 2002; ART-123 Trial Group 2007), one trial in Italy (Cofrancesco
1994) and one trial was conducted in Italy and the Netherlands
(Avvisati 1989).

Trial methods

Two trials were reported as phase-III (Aoki 2002; ART-123 Trial
Group 2007), two trials did not report the trial phase (Avvisati
1989; Cofrancesco 1994). Two trials were multicenter (ART-123 Trial
Group 2007; Avvisati 1989) and the site was unclear in two trials
(Aoki 2002; Cofrancesco 1994). All trials were conducted using a
parallel group trial design. Three trials were conducted without
reporting an a priori sample size estimation (Aoki 2002; Avvisati
1989; Cofrancesco 1994). Two trials were designed to include few
leukemic patients (fewer than 15 cases): 12 and 10 participants
in Avvisati 1989 and Cofrancesco 1994, respectively. The trials
including other causes of DIC were conducted with sample sizes of
between 55 and 104 participants (Aoki 2002; ART-123 Trial Group
2007). Two trials did not describe their exclusion criteria (Avvisati

1989; Cofrancesco 1994). One trial is associated with a duplicate
publication (Cofrancesco 1994).

Excluded studies

We excluded 50 studies for the following reasons: 10 were case
reports (Aviles de la Garza 1982; Koseki 2007; Martínez López 2002;
Ogawa 2010; Pizzuto 1969; Sandler 1982; Shindo 2012; Sugawara
1992; Takagi 2011; Yagamuchi 2001), seven were non- RCTs
(HoPmann 2004; Iba 2012; Ikezoe 2012; Sakuragawa 1992; Takezako
2014; Wada 1995; Yamato 2013), 11 were case series (Gamba
1979; Gillis 1995; Glarnick 1972; Goldberg 1987; Nieuwenhuis 1986;
Nowrousian 1978; Pogliani 1989; Rodríguez Gómez 1993; Saito
1995; Shirahata 2014; Vinazzer 1989), seven were observational
studies (Aoki 1994; Kato 2013; Kawano 2011; Matsushita 2014;
Sawamura 2009; Yang 2014; Yin 2014), one was a systematic review
(Franchini 2007), one was a narrative review (Walia 2012), five were
RCTs excluding patients with leukemia (Fourrier 1993; Gando 2013;
Hofmann 1997; Nishiyama 2012; Shpilberg 1995), one was a RCT
for preventing DIC in leukemia (Chojnowski 2002) and seven were
excluded for miscellaneous reasons (Asakura 2014; Göbel 1980;
Gross 1982; KYBERSEPT 2006; Liu 2014; Oguma 1990; Vincent 2013).

See the Characteristics of excluded studies table.

Ongoing trials

We found no ongoing RCTs.

Risk of bias in included studies

We have summarized the risk of bias of the included RCTs in Figure
2 and Figure 3.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included trials.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included trial.

 
Allocation

Sequence generation

One RCT was rated as having low risk of bias because the trial
authors used computer generation for assigning the participants
(ART-123 Trial Group 2007). Three RCTs reported insuPicient
information to permit judgment as 'low risk' or 'high risk'.
Therefore, we rated them at unclear risk of bias (Aoki 2002; Avvisati
1989; Cofrancesco 1994).

Allocation concealment

One RCT was rated as having low risk of bias (ART-123 Trial Group
2007). Three RCTs showed unclear risk of bias (Aoki 2002; Avvisati
1989; Cofrancesco 1994).

Blinding

One trial was reported as blinded; however, it was not described
how participants and personnel were blinded. Therefore, it was
rated as having unclear risk of bias (Avvisati 1989). Three trials did
not report any information about this domain; so, were rated as

having unclear risk of bias (Aoki 2002; Avvisati 1989; Cofrancesco
1994).

Incomplete outcome data

ART-123 Trial Group 2007; Avvisati 1989; Cofrancesco 1994 had a low
risk of bias for attrition bias. Aoki 2002 lost 21.3% of patients and
supplied no details of withdrawals by groups. Hence, this trial was
considered as showing high risk of attrition bias.

Selective reporting

Since one or more outcomes of interest were reported incompletely
or not at all, Aoki 2002; ART-123 Trial Group 2007; Avvisati 1989 and
Cofrancesco 1994 had high risk of reporting bias.

Other potential sources of bias

InsuPicient information on sequence generation could have
generated a potential bias of the estimated ePect of exposure on
an outcome due to baseline diPerences among exposure groups,
which is known as confounding bias (Porta 2008). Therefore, Aoki
2002; ART-123 Trial Group 2007; Avvisati 1989; Cofrancesco 1994
were rated as having a high risk of bias.
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All trials had high risk of bias due to bias in the presentation of data
(Aoki 2002; ART-123 Trial Group 2007; Avvisati 1989; Cofrancesco
1994).

Overall, due to the limitations in the reporting of the methodology
and the design for the included trials, we judged them to be at high
risk of bias.

E?ects of interventions

See: Summary of findings for the main comparison Human
activated protein C versus heparin for DIC; Summary of findings
2 Recombinant human soluble thrombomodulin compared with
heparin for DIC; Summary of findings 3 Tranexamic acid compared
with placebo for DIC; Summary of findings 4 Dermatan compared
with heparin for DIC

We have based the results on 356 analyzed patients out of 388
patients randomized in four included trials (Aoki 2002; ART-123
Trial Group 2007; Avvisati 1989; Cofrancesco 1994). Each trial
investigated a diPerent intervention. Two trials included patients
with or without leukemia (Aoki 2002; ART-123 Trial Group 2007)
and two trials included patients with leukemia (Avvisati 1989;
Cofrancesco 1994). We compared human activated protein C,
recombinant human soluble thrombomodulin, tranexamic acid
and dermatan sulphate with placebo or heparin in this review. In
future updates, we will also consider any combination of these
drugs (if trials were available).

Trials including patients with or without leukemia reported ePects
of interventions by drugs under research rather than by disease
group. Therefore, their results represent all participants in each one
of these trials (Aoki 2002; ART-123 Trial Group 2007).

None of the included trials assessed overall mortality, resolution of
respiratory failure, renal failure or shock.

Primary outcomes  

Mortality from any cause (15-day and 30-day in-hospital)

Trials including patients with or without leukemia

Human activated protein C versus heparin

Human activated protein C notably reduced mortality from any
cause compared with heparin (10/49 (20.4%) versus 22/55 (40%);
RR 0.51, 95% 0.27 to 0.97; P = 0.04; Aoki 2002).

Recombinant human soluble thrombomodulin versus heparin

There was not a significant diPerence in mortality from any cause
between recombinant human soluble thrombomodulin versus
heparin (25/114 (21.9%) versus 29/113 (25.7%); RR 0.85, 95% 0.54
to 1.36; P = 0.51; ART-123 Trial Group 2007).

Trials only conducted in patients with leukemia

Dermatan sulphate versus heparin

One trial including 10 participants reported no deaths during trial
treatment (Cofrancesco 1994).

Adverse events

Trials including patients with or without leukemia

Human activated protein C versus heparin

Aoki 2002 reported a non-significant diPerence between human
activated protein C and heparin (1/52 (1.92%) versus 2/55 (3.63%);
RR 0.53, 95% CI 0.05 to 5.66; P = 0.60).

Recombinant human soluble thrombomodulin versus heparin

There was not a significant diPerence between recombinant human
soluble thrombomodulin and heparin in terms of serious bleeding-
related adverse events (8/116 (6.9%) versus 9/115 (7.8%); RR 0.88,
95% CI 0.35 to 2.20; P = 0.79; ART-123 Trial Group 2007).

Regarding non-related bleeding serious adverse events during
the 28 days, there was not a significant diPerence comparing
recombinant human soluble thrombomodulin with heparin
(37/116 (31.9%) versus 41/115 (35.6%); RR 0.89, 95% CI 0.62 to 1.28;
P = 0.55; ART-123 Trial Group 2007).

Trials only conducted in patients with leukemia

Tranexamic acid versus placebo

Avvisati 1989 did not report any thromboembolic complications in
tranexamic acid or placebo group.

Dermatan sulphate versus heparin

Cofrancesco 1994 did not report information on safety explicitly,
however, the trial authors stated that among the patients
without hemorraghic diathesis at trial entry, two in the heparin
group and one in the dermatan sulphate developed moderate
cutaneous bleeding (petechiae, ecchymoses) shortly aQer the start
of anticoagulant treatment and none of the patients had clinically
apparent thromboembolic complications.

Secondary outcomes  

Bleeding

Trials including patients with or without leukemia

Human activated protein C versus heparin

Aoki 2002 compared human activated protein C versus heparin
and did not find a significant diPerence in terms of aggravation of
bleeding (0/63 (0%) versus 8/69 (11.6%); RR 0.06, 95% CI 0.00 to
1.09; P = 0.06). Regarding amelioration of bleeding, Aoki 2002 did
not report any significant diPerence between APC and heparin (35%
(22/63) versus 22% (15/69); RR 1.61, 95% CI 0.92 to 2.81; P = 0.10).

Recombinant human soluble thrombomodulin versus heparin

ART-123 Trial Group 2007 reported the disappearance rate of
bleeding symptoms at day seven regarding underlying disease
(hematologic malignancy versus infection). Trial authors reported
the clinical course of bleeding symptoms in the thrombomodulin
group at day seven, which was significantly improved when
compared with the heparin group (P = 0.0271).

Trials only conducted in patients with leukemia

Tranexamic acid versus placebo

Avvisati 1989 reported this outcome using a cumulative
hemorrhagic score which was composed by three items: skin
bleeding, mucosal bleeding and hematuria. During the first trial
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period (days two to seven), it was two points for patients
receiving tranexamic acid versus 31 points for control group
patients (P = 0.032). During second period (days 8 to 14) of
this trial, the cumulative hemorraghic scores were one point for
tranexamic group and 11 points for control group (P = 0.0015).
See Characteristics of included studies for cumulative hemorrhagic
score details.

Dermatan sulphate versus heparin

Cofrancesco 1994 reported a non-significant diPerence between
dermatan sulphate and heparin regarding moderate cutaneous
bleeding (petechiae, ecchymoses) shortly aQer the start of
anticoagulant treatment (1/5 (20%) versus 2/5 (40%); RR 0.50, 95%
CI 0.06 to 3.91; P = 0.51).

D I S C U S S I O N

Summary of main results

In this updated Cochrane Review we found no new RCTs. Hence, the
summary of main results comes from the first review version (Marti-
Carvajal 2011).

This review of treatment for DIC in patients with acute and chronic
leukemia included four RCTs (388 randomized participants, 356
analyzed) which assessed human activated protein C (Aoki 2002),
recombinant human soluble thrombomodulin (ART-123 Trial Group
2007), tranexamic acid (Avvisati 1989) and dermatan sulphate
(Cofrancesco 1994). We classified these included trials as: 1) trials
including patients with or without leukemia (Aoki 2002; ART-123
Trial Group 2007); and 2) trials only including patients with
leukemia (Avvisati 1989; Cofrancesco 1994).

1. Trials that included patients with or without leukemia did not
report data for each disease type (Aoki 2002; ART-123 Trial Group
2007): These trials reported outcomes by drugs under research
rather than by disease group. Aoki 2002 assessed symptoms,
DIC score and coagulation/fibrinolysis parameters, death from
any cause during treatment or within 28 days aQer treatment,
and safety. ART-123 Trial Group 2007 assessed DIC resolution
rate (rate of recovery from DIC) within seven days aQer the
start of infusion (or withdrawal) (primary outcomes) and clinical
course of bleeding symptoms and mortality at 28 days aQer the
start of infusion (secondary outcomes). These trials reported
safety profile of human activated protein C (Aoki 2002) and
recombinant human soluble thrombomodulin (ART-123 Trial
Group 2007);

2. Trials only including patients with leukemia (Avvisati 1989;
Cofrancesco 1994): Avvisati 1989 assessed severity of bleeding,
packed red cell transfusion requirements and platelet
concentrate transfusion requirements. Furthermore, Avvisati
1989 included thromboembolic complications as safety data.
Cofrancesco 1994 did not report their outcomes as primary
or secondary, however they described clinically overt bleeding
until hospital discharge and type and amount of daily
transfusions.

One trial assessing tranexamic acid versus placebo did not report
information on mortality (Avvisati 1989). Another trial comparing
dermatan sulphate versus heparin neither did not mention
mortality across trial (Cofrancesco 1994). In terms of bleeding
data, we were unable to pool results from studies due to the
inconsistency in the measurement and reporting of this outcome.

Avvisati 1989 reported significantly reduced bleeding events
with tranexamic acid compared with placebo. On the contrary,
Cofrancesco 1994 found inconclusive data comparing dermatan
sulphate versus heparin. Regarding adverse events, Avvisati 1989
reported no thromboembolic complication as adverse event.
Cofrancesco 1994 did not report information on safety profile.

The included trials did not assess overall mortality, resolution of
respiratory failure, renal failure or shock as outcomes.

Therefore it is not possible to determine whether human
activated protein C (Aoki 2002), recombinant human soluble
thrombomodulin (ART-123 Trial Group 2007), tranexamic acid
(Avvisati 1989) and dermatan sulphate (Cofrancesco 1994) are
ePective or harmful for DIC in patients with acute and chronic
leukemia.

Overall completeness and applicability of evidence

The included trials assessed two pre-fixed primary outcomes of
this review (mortality from any cause and adverse events) and one
pre-fixed secondary outcome (bleeding). There is inconsistency in
reporting these outcomes.

As mentioned above, two trials included patients with and without
leukemia which did not disaggregate data by leukemia (Aoki 2002;
ART-123 Trial Group 2007). It is therefore diPicult to estimate
the true ePect of human activated protein C (Aoki 2002) and
recombinant human soluble thrombomodulin (ART-123 Trial Group
2007) in patients with leukemia aPected by DIC.

All included trials had diPerent approaches for describing
the bleeding outcome: aggravation of bleeding (Aoki 2002),
the disappearance rate of bleeding symptoms at day seven
(ART-123 Trial Group 2007), hemorrhagic score (Avvisati 1989) and
hemorrhagic diathesis (Cofrancesco 1994). Furthermore, two trials
did not assess this outcome in the leukemic group (Aoki 2002;
ART-123 Trial Group 2007).

Therefore, these important outcomes are diPicult to compare,
contrast or combine (Hopewell 2010). Recently, the adoption of an
agreed minimum core set of outcomes for each medical condition
has been suggested (Clarke 2007). This approach would reduce
the impact of outcome reporting bias in trials (Kirkham 2010). See
Appendix 8 for outcome details.

The impact of outcome reporting bias may be reduced for adopting
the recommendations of the Patient-Centered Outcomes Research
Institute (PCORI) (PCORI 2012). PCORI's research is intended to give
patients a better understanding of the prevention, treatment and
care options available, and the science that supports those options
(PCORI 2012).

Three trials included heparin as comparison group (Aoki 2002;
ART-123 Trial Group 2007; Cofrancesco 1994). So, we were
interested in pooling data as heparin versus no-heparin. However,
we were unable to pool results from these trials due to the
inconsistency in the measurement and reporting of mortality and
bleeding data. Aoki 2002 and ART-123 Trial Group 2007 did not
report data for the leukemic group.

This update identified no new trials for reducing the uncertainty of
ePect of the interventions. The low number of participants carries
a risk of random error (play of chance). This update shows a high
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risk of systematic errors (bias, that is overestimation of benefits -
positive false result - and underestimation of harms - negative false
result) (Button 2013; Kjaergard 2001; Savović 2012; Thorlund 2011).

Thus, overall completeness and applicability of evidence is poor
due to potential spurious findings.

Quality of the evidence

We assessed the quality of evidence as very low due to a overall high
risk, and the Cochrane Review results should therefore be treated
with great caution.

The main methodological pitfalls found in the four trials included
in this review were: firstly, two trials involved either patients with
or without leukemia. Both type of patients were not disaggregated
which limited the possibility to make conclusions about the ePicacy
of the treatment of patients with leukemia in this setting regarding
mortality from any cause, adverse events and bleeding. One trial
assessing human activated protein C, Aoki 2002, showed unclear
risk of bias for selection bias and high risk of attrition bias
(21.3% loss) and the trial authors reported no reasons for attrition
could bias the reported estimates. Furthermore, this trial showed
imprecision due low sample size and low events which resulted in
wide 95% CIs for mortality from any cause (227 participants and
54 events) and adverse events (231 participants and 17 events).
ART-123 Trial Group 2007 showed indirectness, and imprecision
due low sample size and low events which resulted in wide 95%
CIs for mortality from any cause (104 participants and 32 events),
adverse events (107 participants and three events) and bleeding
(132 participants and eight events). Secondly, the other trials
only included patients with leukemia. Avvisati 1989, assessing
tranexamic acid versus placebo, was rated as very low quality
due to limitations in design and execution: insuPicient information
about random sequence generation, allocation concealment and
blinding. This trial was rated as having high risk of reporting
bias. Furthermore, this trial was conducted with a very small
sample size (12 participants) which resulted in imprecision (i.e.
wide 95% CIs). Cofrancesco 1994 compared dermatan versus
heparin showed a very low quality due to limitations in design
and execution: insuPicient information about random sequence
generation, allocation concealment and blinding. It was conducted
involving 10 participants generating imprecision in bleeding (three
events) estimate.

The quality of the evidence of safety profile was rated as very low
due to indirectness in two included trials (Aoki 2002; ART-123 Trial
Group 2007) and incomplete or absent reporting of data in Avvisati
1989 and Cofrancesco 1994.

For additional details, please, see Summary of findings for the
main comparison; Summary of findings 2; Summary of findings
3; Summary of findings 4). Our 'Risk of bias' assessment of the
included trials has been described in the Risk of bias in included
studies section and a summary can be found in Figure 2 and Figure
3.

Potential biases in the review process

In the process of performing a systematic review, there is a group
of biases called significance-chasing biases (Ioannidis 2010). This
group includes publication bias, selective outcome reporting bias,
selective analysis reporting bias and fabrication bias (Ioannidis

2010). Publication bias represents a major threat to the validity of
systematic reviews, particularly in reviews that include small trials.

Potentially, this Cochrane Review has a low risk of publication bias
due to the thorough trial search process. We screened more than
8,000 studies from the year 1946. However, we include EMBASE
as source in this review update. EMBASE includes more European,
non-English and drug therapy journals (Draper 2014).

Selective outcome reporting bias operates through suppression
of information on specific outcomes and has similarities to trial
publication bias, in which 'negative' results remain unpublished
(Ioannidis 2010). This Cochrane Review includes four trials with
a high risk of selective outcome reporting (Aoki 2002; ART-123
Trial Group 2007; Avvisati 1989; Cofrancesco 1994). As previously
mentioned, this Cochrane Review includes two types of trials:
one group including patients with or without leukemia (Aoki
2002; ART-123 Trial Group 2007) and another group only including
patients with leukemia (Avvisati 1989; Cofrancesco 1994). The first
group did not report information by disease group (Aoki 2002;
ART-123 Trial Group 2007). We did not receive replies from the trial
authors in order to get information related with leukemic group.
Trial group only including patients with leukemia reported bleeding
outcome with inconsistency which prevented compiling the data
(Avvisati 1989; Cofrancesco 1994). Furthermore, none of the four
included trials assessed overall mortality, resolution of respiratory
failure, renal failure or shock as outcomes.

We found two ongoing single and non-RCTs assessing
thrombomodulin for treating DIC in this population (JPRN-
UMIN000008466; JPRN-UMIN000006738). However, these trials
may be useful for improving the knowledge on thrombomodulin
harms but not its clinical benefit.

Agreements and disagreements with other studies or
reviews

There is a strong uncertainty about the clinical benefits and
harms of the interventions used for treating DIC in patients with
acute or chronic leukemia. This is due to a lack of RCTs of
high methodological quality. The current knowledge is based on
retrospective studies (Matsushita 2014; Yang 2014) or case series
(Dorantes-Acosta 2013; Kawano 2011). Therefore, this updated
Cochrane Review agrees with other studies, in that there is a paucity
of certainty on what is the best scientific advance for treating DIC in
patients with leukemia either acute or chronic.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This updated Cochrane Review has no new RCTs included.
Therefore, the implications for clinical practice from Marti-Carvajal
2011 still apply.

We included four small RCTs of low methodological quality. It
is not possible to determine whether human activated protein
C, recombinant human soluble thrombomodulin, tranexamic acid
and dermatan sulphate are ePective or harmful to patients
presenting with DIC related to acute or chronic leukemia, due to the
inconsistency in the measurement and reporting of mortality and
bleeding data. For the same reason, we were unable to pool results
from these trials. Therefore, prescription of these interventions for
treating DIC in patients with acute and chronic leukemia can neither
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be supported nor rejected, unless new evidence from a large high-
quality trial alters this conclusion.

Implications for research

Further well-designed, high power RCTs are necessary to evaluate
the role of pharmacological interventions for treating DIC in
patients with acute and chronic leukemia ePectively. Future trials
should include the following outcomes: mortality from any cause
(15-day and 30-day in-hospital), overall mortality, hemorrhagic
diatheses, resolution of respiratory failure, renal failure, shock and
safety. The definition of bleeding should be standardized in these
patients.

This review update suggests that potential trials should be
planned using Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) (Chan 2013) and reported according
to the Consolidated Standards of Reporting Trials (CONSORT)
statement for improving the quality of reporting of ePicacy and of
harms in clinical research (Calvert 2013; Schulz 2010). The trials

should be conducted according to the PCORI recommendations
(PCORI 2012).
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Methods Design: parallel (2 groups)

Study phase: III

Country: Japan

Follow-up period: 28 days after the end of the infusion or until death

Randomization unit: patient

Participants Randomized: 132

1. Activated protein C: 63 (48%)

2. Heparin: 69 (52%)

Excluded post-randomization (likely): 21.2% (28/132)

1. Without evidence of DIC: 5 (received infusion?)

2. Withdrawals: 13 (within 3 days of the infusion)

3. Protocol violation: 10

Analyzed patients for efficacy: 79% (104/132)

1. Activated protein C: 78% (49/63)

2. Heparin: 80% (55/69)

Analyzed patients for safety: (107/132)

1. Activated protein C: (52/63)

2. Heparin: (55/69)

Age (mean ± SD)

1. Activated protein C: 60.0 ± 18.8 years

2. Heparin: 56.9 ± 18.8 years

Gender

1. Activated protein C (male/female): 31/18

2. Heparin (male/female): 34/21

Patient with leukemia:

1. Activated protein C:

Acute promyelocytic leukemia: 6

Non-leukemias: 17

2. Heparin:
Acute promyelocytic leukemia: 6
Non-leukemias: 26

Inclusion criteria:

Patients with DIC diagnosed primarily on the basis of criteria established by the DIC research group of
the Ministry of Health and Welfare of Japan.

Exclusion criteria:

1. Children younger than 15 years;

2. Pregnant women and women suspected of being pregnant;

3. Allergic patients;
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4. Patients with a history of allergic shock reaction to preparations from human blood;

5. Patients judged as unsuitable for the clinical trial;

6. Patients receiving the following agents: anticoagulant agents, antiplatelet agents, antifibrinolytic
agents, and others that might affect the evaluation of the test drugs (these other agents include
heparin, aprotinin, tranexamic acid, gabaxate mesylate, antithrombin concentrate, argatroban, as-
pirin, ticlopidine, cilostazole, dipyridamole, plasminogen activators, urinastatin, and nafamostat me-
sylate).

Interventions Experimental:

1. Human activated protein C (freeze-dried preparation containing 10,000 units of human activated pro-
tein C in each vial (the Chemo-Sero-Therapeutic Research Institute, Kumamoto, Japan). One unit of
Human activated protein C was defined as the amount of human activated protein C required to dou-
ble the activated partial thromboplastin time of 1 mL of normal standard plasma. One unit was equiv-
alent to 0.2 μg of human activated protein C. Dosage: 12.5 U (2.5 μg)/kg bodyweight per hour

Comparison:

1. Heparin (unfractionated sodium heparin prepared by Fuso Pharmaceutical Company (Osaka, Japan).
Each vial contained 10,000 units of heparin in 10 mL of solution. Dosage: 8 U/kg bodyweight per hour

2. Placebo preparations were identical in appearance.

The test drug (Human activated protein C, heparin or placebo) was added to 500 mL to 1000 mL of infu-
sion fluid (5% glucose, physiological saline or electrolyte solution) and was administered intravenously
at a constant rate for a total duration of 6 days.

• Co-intervention: fresh frozen plasma and platelet concentrates

Outcomes Symptoms
DIC score and coagulation/fibrinolysis parameters
Death from any cause during treatment or within 28 days after treatment
Safety

Notes Identifier trial number: not reported

Sample size calculation a priori: not declared

Conduction time date: no reported

Sponsor: not given

This trial included 'leukemic group' patients and 'non-leukemic group'. However, details of deaths in
the 'leukemic group' were not given. On 19 August 2010 and 18 February 2014, we sent an e-mail to the
main trial author (aoki.hema@med.tmd.ac.jp), but we were unable to make contact.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information to permit judgment of 'low risk' or 'high risk'.

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgment of 'low risk' or 'high risk'.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgment of 'low risk' or 'high risk'.

The trial was described as "double blind", however details were not reported.

Incomplete outcome data
(attrition bias) 

High risk Lost patients: 21.3%.
There were no details of withdrawals by groups.

Aoki 2002  (Continued)
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All outcomes

Selective reporting (re-
porting bias)

High risk One or more outcomes of interest in the review are reported incompletely so
that they cannot be entered in a meta-analysis.

For leukemic patients there is no information on death from any cause.

Other bias High risk 1. Confounding bias (Porta 2008);

2. Bias in the presentation of data (Porta 2008);

3. Design bias (Porta 2008).

Aoki 2002  (Continued)

 
 

Methods Design: parallel (2 groups)

Country: Japan

Multicenter: yes (113 sites, Japan)

Study phase: III

Follow-up period: 28 days

Randomization unit: patient

Participants Randomized: 234

1. Recombinant human soluble thrombomodulin: 117 (50%)

2. Heparin: 117 (50%)

Treated: 99% (232/234)

1. Recombinant human soluble thrombomodulin: 99% (116/117)

2. Heparin: 99% (116/117)

Analyzed: 98% (227/232)

1. Recombinant human soluble thrombomodulin: 97.4% (114/117)

2. Heparin: 96.6% (113/117)

Analyzed for primary endpoint: 96.6% (224/232)

1. Recombinant human soluble thrombomodulin: 96% (112/117)

2. Heparin: 96% (112/117)

Age (years):

Recombinant human soluble thrombomodulin

1. < 50: 26 (22.8%)

2. > 50 to 69: 44 (38.6%)

3. ≥ 70: 44 (38.6%)

Heparin

1. < 50: 9 (8.0%)

2. > 50 to 69: 41 (36.3%)

3. ≥ 70: 63 (55.8%)

Gender (male)

ART-123 Trial Group 2007 
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1. Recombinant human soluble thrombomodulin: 68 (59.6%)

2. Heparin: 65 (57.5%)

Type of leukemia: acute leukemia at first diagnosis or relapse

Total patients with leukemia: 104 (44.4% of the randomized participants)

1. Recombinant human soluble thrombomodulin (54 patients (52% (54 /104)):

Acute myeloblastic leukemia: 36

Acute promyelocytic leukemia: 3

Acute lymphoblastic leukemia: 14

• Chronic myelogenous leukemia: 1

2. Heparin (50 patients (48% (50 /104)):

Acute myeloblastic leukemia: 35

Acute promyelocytic leukemia: 1

Acute lymphoblastic leukemia: 9

Chronic myelogenous leukemia: 5

Inclusion criteria:

1. DIC score of more than 7 points, or more than 4 points in the presence of severe thrombocytopenia
because bone marrow failure is present, DIC is diagnosed. When a DIC score of 6 points or 3 points
in the presence of severe thrombocytopenia because of bone marrow failure is present, 2 or more
positive findings of supplementary tests are needed to make a diagnosis of DIC;

2. Negative recombinant human soluble thrombomodulin skin test;

3. 15 years old or older;

4. Bodyweight ≤ 100 kg;

5. In-patient status.

Exclusion criteria:

1. Fatal or life-threatening bleeding (intracranial, gastrointestinal or pulmonary bleeding);

2. High probability of developing fatal or life-threatening bleeding;

3. History (within 1 year) of cerebrovascular disorder (cerebral bleeding, cerebral infarction);

4. Recent central nervous system surgery or trauma;

5. History of hypersensitivity to protein preparations or unfractionated heparin;

6. Pregnancy, nursing or potential pregnancy;

7. Positive recombinant human soluble thrombomodulin skin test;

8. Dialysis therapy or severely impaired drug excretion because of kidney disorder;

9. Fulminant hepatitis, decompensated liver cirrhosis, or other serious liver disorder;

10.Expected difficulty in ensuring an adequate study drug infusion, or obtaining efficacy and safety data;

11.Administration of another study drug within 6 months prior to the current study;

12.Participation in previous clinical studies on recombinant human soluble thrombomodulin;

13.Administration of unfractionated heparin (within 3 months prior to the start of study drug infusion);

14.Patients judged as inappropriate at the discretion of investigators.

Interventions Experimental: recombinant human soluble thrombomodulin: 0.06 mg kg-1 was drip infused for 30 min-
utes once-daily for 6 consecutive days

Comparison: heparin sodium (Fuso Pharmaceutical Industries, Ltd, Osaka, Japan): 8 U kg-1 h-1 was
drip-infused 24 hours a day for 6 consecutive days

ART-123 Trial Group 2007  (Continued)
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Patients received a continuous infusion of either placebo or tranexamic acid (2000 mg in 500 ml of 5%
glucose in water, every 8 hours, total 6 g/day) for the 6 days of anti-leukemic treatment

Co-intervention: Blood preparations (excluding antithrombin); heparin (≤ 1000 U day-1) or urokinase (≤
10 000 U per infusion) to prevent catheter coagulation, and drugs used to treat other conditions

Outcomes Primary: DIC resolution rate (rate of recovery from DIC) as assessed at 7 days after the start of infusion
(or withdrawal)

Secondary: clinical course of bleeding symptoms and mortality at 28 days after the start of infusion

Notes Study date: June 2000 and September 2005

Identifier trial number: not given

Sample size calculation a priori: yes

Sponsor: Asahi Kasei Pharma

Role of sponsor: funded.

"H. Asakura, M. Nakashima and N. Aoki have received consultancy funding from Asahi Kasei Pharma.
Although it was not directly related to the current study, I. Maruyama has received research funding
support from Asahi Kasei Pharma."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "were computer generated" (page 32).

There is imbalance in age.

Allocation concealment
(selection bias)

Low risk —

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk "were concealed from the investigators, patients and sponsor" (page 32).
Insufficient information to permit judgment of 'low risk' or 'high risk'.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Lost patients: 4.3% (N = 10); 5 patients from each group.

Reasons:

1. Loss before receiving intervention or control (N = 2 patients):
a. Withdrew before treatment (failed to meet inclusion criteria): 1 patient

from each group.

2. Loss post receiving intervention or control (N= 8 patients):
a. Solid tumour as underlying disease in the recombinant human soluble

thrombomodulin group: 2 patients;

b. DIC score was not evaluated: 3 patients (2 in the recombinant human sol-
uble thrombomodulin group and 1 in the heparin group);

c. Double registration, insufficient DIC score and solid tumour as underlying
disease in the heparin group: 3 patients.

There is no information on loss or withdrawal from the leukemia group

Selective reporting (re-
porting bias)

High risk One or more outcomes of interest in the review are reported incompletely so
that they cannot be entered in a meta-analysis.

For leukemic patients there is no information on death from any cause.

ART-123 Trial Group 2007  (Continued)
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Other bias High risk Bias in the presentation of data (Porta 2008).

ART-123 Trial Group 2007  (Continued)

 
 

Methods Design: parallel (2 groups)

Multicenter: yes

Country: Italy and the Netherlands

Study phase: not given

Follow-up period: 14 days

Randomization unit: patient

Participants Randomized: 12

Age (median year (range))

1. Tranexamic acid group: 35 (17 to 59);

2. Placebo group: 40 (29 to 56).

Gender: 42% (male)

Inclusion criteria:

1. Age: 15 to 60 years;

2. Ventricular ejection fraction > 50%;

3. Serum alanine aminotransferase: < 4 times the upper normal limit;

4. Creatinine < 177 μmol/L.

Exclusion criteria: not given

Interventions Experimental: tranexamic acid (1000 mg in 10 mL sterile water (KabiVitrum, Stockholm, Sweden))

Comparison: placebo: glucose 5% in 10 mL sterile water

Patients received a continuous infusion of either placebo or tranexamic acid (2000 mg in 500 mL of 5%
glucose in water, every 8 hours, total 6 g/day) for the 6 days of anti-leukemic treatment

Co-intervention:

1. Daunorubicin IV (2 mg/kg bodyweight/per day) for 6 days;

2. Packed red cells to keep the Hb concentration above 9.0 g/dL;

3. Platelet concentrates: (6 to 8 U/m2) were routinely given during 7 days and additionally for overt he-
morrhage. The attending physicians decided whether to give packed red cells and extra platelet con-
centrates.

Outcomes 1. Severity of bleeding assessed with cumulative hemorrhagic score:
a. Skin bleeding: new or extension of pre-existing hematuria (1 point) and no or persistent hematoma

(0 points);

b. Mucosal bleeding: active hemorrhage (1 point) and no hemorrhage (0 points);

c. Hematuria.: macroscopic hematuria (1 point) and no hematuria (0 points).

2. Packed red cell transfusion requirements;

3. Platelet concentrate transfusion requirements.

Likely:

Avvisati 1989 
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Thromboembolic complications (page 123)

Notes Identifier trial number: not given

Study date: not reported

Sample size calculation a priori: no

Sponsor: Amstol Foundation (A 584), the Netherlands, the Italian National Academy Research Council
and Royal Dutch Academy of Sciences Fellowships

Role of sponsor: not given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information to permit judgment of 'low risk' or 'high risk'.

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgment of 'low risk' or 'high risk'.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk "Patients and attending physicians were blinded to the treatment group-
s" (page 122).

Reported no information on how participants were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing data.

Selective reporting (re-
porting bias)

High risk Comments: trial failed to include results of a key outcome that would have
been expected to have been reported, i.e. mortality.

Other bias High risk 1. Confounding bias (Porta 2008);

2. Bias in the presentation of data (Porta 2008);

3. Design bias (Porta 2008).

Avvisati 1989  (Continued)

 
 

Methods Design: parallel (2 groups)

Multicenter: no

Study phase: not described

Country: Italy

Follow-up period: 15 days (median), range: 9 to 18 days

Randomization unit: patient

Participants Randomized: 10

Age (years ± SD): (data calculated by review authors)

1. Overall: 49 ± 15.34

2. Dermatan group: 46.4 ± 16.75

Cofrancesco 1994 
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3. Heparin group: 51.6 ± 15.22

Gender: 60% (male)

Type of leukemia: acute leukemia at first diagnosis or relapse

1. Dermatan sulphate group (# of patients):
Acute myeloblastic leukemia, with granulocytic maturation: 1
Acute promyelocytic leukemia: 2
Acute lymphoblastic leukemia: 1
Crisis blastic-chronic myelogenous leukemia: 1

2. Heparin group (# of patients):
Acute monoblastic leukemia: 2
Acute promyelocytic leukemia: 1
Acute lymphoblastic leukemia: 1
Crisis blastic-chronic myelogenous leukemia: 1

Inclusion criteria:

1. Age: < 70 years

2. Need for intensive antiblastic chemotherapy

3. Dissemintaed intravascular coagulation demonstrated by the presence of cross-linked fibrin degra-
dation products (XDP: > 500 ng/ml) and at least 1 of the following: prothrombin activity < 70%; plas-
ma fibrinogen < 150 mg/dL; absence of intracranial hemorrhage and gastrointestinal bleeding; no ev-
idence of sepsis; creatinine < 1.5 mg/dL

Exclusion criteria: not given

Interventions Experimental: dermatan sulphate (MF 701, Mediolanum Farmaceutici) by continuous infusion through
a percutaneous central vein catheter (fixed rate: 0.3 mg/kg/hour)

Comparison: Sodium heparin (Liquemine, Roche) by continuous infusion through a percutaneous cen-
tral vein catheter (fixed rate: 8.5 U/kg/hour)

Co-intervention:

1. Packed red cells, platelet concentrates (0.1 U/kg (day): if Hb concentration fell below 9.0 g/dL or

20x109/L, respectively

2. Fresh frozen plasma (10 mL/kg (day): if prothrombin activity fell below 60%

3. Antifibrinolytic agents: none

Outcomes Clinically overt bleeding until hospital discharge
The type and amount of daily transfusions

Likely (page 72):
These outcomes were reported in the results section: death during the study treatment and clinically
apparent thromboembolic complications

Notes Identifier trial number: not given

Date of study: not given

Sample size calculation a priori: no

Sponsor: I.R.C.C.S. Ospedale Maggiore, Milan (by a grant 12/1988)

Role of sponsor: not given

One trial author was associated with the drug company manufacturer of the intervention (Mediolanum
Farmaceutici)

Cofrancesco 1994  (Continued)
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information to permit judgment of 'low risk' or 'high risk'.

"patients were randomly assigned to receive" (page 66).
Both groups were not comparable by white blood cell count, platelet count
and hemoglobin level at the study entry.

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgment of 'low risk' or 'high risk'.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Insufficient information to permit judgment of 'low risk' or 'high risk'.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk —

Selective reporting (re-
porting bias)

High risk One or more outcomes of interest in the review were reported incompletely so
that they could not be entered in a meta-analysis.Trial authors did not report
safety data.

Other bias High risk 1. Confounding bias (Porta 2008);

2. Bias in the presentation of data (Porta 2008);

3. Design bias (Porta 2008).

Cofrancesco 1994  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Aoki 1994 Descriptive study.

Asakura 2014 Post-marketing surveillance study.

Aviles de la Garza 1982 Case series involving patients with leukemia and another clinical conditions.

Chojnowski 2002 A RCT for preventing DIC using low molecular weight heparin.

Fourrier 1993 A RCT excluding patients with leukemia.

Franchini 2007 Systematic review which does not reported inclusion or exclusion of leukemic patients.

Gamba 1979 Case series.

Gando 2013 A RCT excluding patients with history of hematopoietic malignancy.

Gillis 1995 Case series.

Glarnick 1972 Case series.

Goldberg 1987 Case series.
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Study Reason for exclusion

Gross 1982 A RCT that reported no information on inclusion or exclusion patients with leukemia.

Göbel 1980 A RCT that reported no information on inclusion or exclusion patients with leukemia.

Hoffmann 2004 Clinical trial that included no patients with leukemia.

Hofmann 1997 A RCT that included no patients with leukemia.

Iba 2012 Non-randomized study. It does not report inclusion or exclusion of leukemic patients.

Ikezoe 2012 Trial conducted using historical controls.

Kato 2013 Retrospective cohort study. None information on leukemia.

Kawano 2011 Observational study including patients with leukemia.

Koseki 2007 Case report.

KYBERSEPT 2006 A RCT that reported no information on inclusion or exclusion patients with leukemia.

Liu 2014 A RCT that included no patients with leukemia.

Martínez López 2002 Case report.

Matsushita 2014 Retrospective analysis of an open-label, multicenter, post-marketing surveillance study cohort.

Nieuwenhuis 1986 Case series.

Nishiyama 2012 A RCT excluding patients with leukemia.

Nowrousian 1978 Case series.

Ogawa 2010 Case report.

Oguma 1990 Reported no information on leukemia group.

Pizzuto 1969 Case report.

Pogliani 1989 Case series.

Rodríguez Gómez 1993 Case series.

Saito 1995 Case series.

Sakuragawa 1992 Controlled clinical trial.

Sandler 1982 Case report.

Sawamura 2009 Retrospective observational trial included no patients with leukemia.

Shindo 2012 Case report.

Shirahata 2014 Case series. It included only 2 leukemia-patients.

Shpilberg 1995 RCT involving patients with acute myeloid leukemia without DIC.
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Study Reason for exclusion

Sugawara 1992 Case report.

Takagi 2011 Case report.

Takezako 2014 Retrospective observational study.

Vinazzer 1989 Case series did not report inclusion patients with leukemia.

Vincent 2013 RCT excluded patients receiving chemotherapy.

Wada 1995 Controlled clinical trial.

Walia 2012 Narrative review.

Yagamuchi 2001 Case report.

Yamato 2013 Controlled clinical trial.

Yang 2014 Retrospective observational study.

Yin 2014 Retrospective observational study. It did not included patients with leukemia.

 

 

A D D I T I O N A L   T A B L E S
 

Scoring system for overt DIC,

International Society of Thrombosis and Haemostasis (ISHT) ( Levi 2009)

A) Risk assessment

Does the patient have
any underlying disorder
known
to be associated with
overt DIC?

If yes: proceed

If no: do not use this al-
gorithm

B) Order global co-
agulation tests 
(prothrombin time,
platelet count, fib-
rinogen,
fibrin-related
marker)

C) Score the test results

Platelet count: 

> 100 x 109/L = 0

< 100 x 109/L = 1

< 50 x 109/L = 2

Elevated fibrin marker: 
(D-dimer, fibrin degradation products)
(no increase = 0, moderate increase = 2,
strong increase = 3)

Prolonged PT: 
(< 3 s = 0; > 3 but < 6 s = 1; > 6 s = 2)

Fibrinogen level (> 1 g/L = 0; < 1 g/L =1)

D) Calculate score

≥ 5 compatible with
overt DIC: repeat
score daily

< 5 suggestive for
non-overt DIC: re-
peat next 1 to 2
days

Table 1.   Diagnostic scoring system for DIC (Levi 2009) 

 

 

A P P E N D I C E S

Appendix 1. Glossary
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Term Definition Source

Ecchymosis Extravasation of blood into the skin, resulting in a non-elevated, rounded or ir-
regular, blue or purplish patch, larger than a petechia.

Endothelium A layer of epithelium that lines the heart, blood vessels (endothelium, vascu-
lar), lymph vessels (endothelium, lymphatic), and the serous cavities of the
body.

Fibrin A protein derived from fibrinogen in the presence of thrombin, which forms
part of the blood clot.

Fibrinogen Plasma glycoprotein clotted by thrombin, composed of a dimer of three non-
identical pairs of polypeptide chains (alpha, beta, gamma) held together by
disulfide bonds. Fibrinogen clotting is a sol-gel change involving complex
molecular arrangements: whereas fibrinogen is cleaved by thrombin to form
polypeptides A and B, the proteolytic action of other enzymes yields different
fibrinogen degradation products.

Fibrinolysin (plasmin) A product of the lysis of plasminogen (profibrinolysin) by plasminogen acti-
vators. It is composed of two polypeptide chains, light (B) and heavy (A), with
a molecular weight of 75,000. It is the major proteolytic enzyme involved in
blood clot retraction or the lysis of fibrin and quickly inactivated by antiplas-
mins.

Fibrinolysis The natural enzymatic dissolution of fibrin.

http://onlinelibrary.wi-
ley.com/cochraneli-
brary/search/mesh

Fibrinolytic system The fibrinolytic system in mammalian blood plays an important role in the dis-
solution of blood clots and in the maintenance of a patent vascular system.
The fibrinolytic system contains an inactive proenzyme, plasminogen, which
can be converted to the active enzyme, plasmin, which degrades fibrin into
soluble fibrin degradation products.

Hoffman 2008

Hemorrhage Bleeding or escape of blood from a vessel.

Petechiae Purplish or brownish red discoloration, easily visible through the epidermis,
caused by hemorrhage into the tissues. When the size of the discolorization is
> 2 to 3 cm it is generally called ecchymoses (ecchymosis).

Plasminogen Precursor of plasmin (fibrinolysin). It is a single-chain beta-globulin of molec-
ular weight 80,000 to 90,000 kDa found mostly in association with fibrinogen
in plasma; plasminogen activators change it to fibrinolysin. It is used in wound
debriding and has been investigated as a thrombolytic agent.

Shock A pathological condition manifested by failure to perfuse or oxygenate vital or-
gans.

Thromboplastin Constituent composed of protein and phospholipid that is widely distributed
in many tissues. It serves as a cofactor with factor VIIa to activate factor X in
the extrinsic pathway of blood coagulation.

http://onlinelibrary.wi-
ley.com/cochraneli-
brary/search/mesh

 

 

Appendix 2. CENTRAL search strategy

#1 MeSH descriptor: [Disseminated Intravascular Coagulation] explode all trees

#2 (intravascul* near/2 dissemin*)
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#3 (consumpt* near/2 coagulopath*)

#4 Disseminated Intravascular Coagulation

#5 MeSH descriptor: [Hemorrhage] explode all trees

#6 (hemorrhage or haemorrhage)

#7 bleed*

#8 #1 or #2 or #3 or #4 or #5 or #6 or #7

#9 MeSH descriptor: [Anticoagulants] explode all trees

#10 anticoagulant*

#11 synthetic protease inhibitor*

#12 human recombinant activated protein c

#13 recombinant activated factor VIIa

#14 hirudin*

#15 antithrombin*

#16 thrombomodulin*

#17 recombinant tissue factor pathway inhibitor*

#18 tranexamic acid*

#19 low molecular weight heparin*

#20 unfractionated heparin*

#21 danaparoid sodium*

#22 heparin*

#23 #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22

#24 MeSH descriptor: [Leukemia] explode all trees

#25 (leukem* or leukaem* or leucem*)

#26 MeSH descriptor: [Leukemia, Lymphoid] explode all trees

#27 MeSH descriptor: [Precursor Cell Lymphoblastic Leukemia-Lymphoma] explode all trees

#28 lymph* near/3 lymphoblast*

#29 acut* or akut* or agud* or aigu*

#30 lympoblast* or lymphoid* or lymphocyt* or lymphat* or linfoc*tic* or linf*id* or linfoblastic*

#31 leukem* or leukaem* or leucem*

#32 #29 and #30 and #31

#33 philadelphia near/3 positiv*

#34 #24 or #25

#35 #26 or #27 or #28 or #32 or #33

#36 MeSH descriptor: [Leukemia, Promyelocytic, Acute] explode all trees

#37 acut* or akut* or agud* or aigu*
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#38 (promyelocyt* or promielocitic* or promyelozyt* or progranulocyt*) and (leukem* or leukaem* or leuc*)

#39 #37 and #38

#40 #36 or #39

#41 MeSH descriptor: [Leukemia, Myeloid, Acute] explode all trees

#42 MeSH descriptor: [Leukemia, Myeloid] explode all trees

#43 MeSH descriptor: [Acute Disease] explode all trees

#44 #42 and #43

#45 acut* or akut* or agud* or aigu*

#46 ((myelo* or mielo* or nonlympho* or granulocytic*) and (leukem* or leukaem* or leuc*))

#47 #45 and #46

#48 aml

#49 #41 or #44 or #47 or #48

#50 #34 or #35 or #40 or #49

#51 #50 and #8 and #23 in Trials

#52 #50 and #8 in Trials

#53 #51 or #52

Appendix 3. MEDLINE OVID search strategy

 

1 LEUKEMIA/

2 (leuk?em$ or leuc?m$).tw,kf,ot.

3 exp LEUKEMIA, LYMPHOID/

4 exp PRECURSOR CELL LYMPHOBLASTIC LEUKEMIA-LYMPHOMA/

5 (lymph$ adj3 lymphoblast$).tw,kf,ot.

6 (acut$ or akut$ or agud$ or aigu$).tw,kf,ot.

7 (lympoblast$ or lymphoid$ or lymphocyt$ or lymphat$ or linfoc?tic$ or linf?id$ or linfoblas-
tic$).tw,kf,ot.

8 (leuk?em$ or leuc?m$).tw,kf,ot.

9 6 and 7 and 8

10 (philadelphia adj3 positiv$).tw,kf,ot.

11 or/1-2

12 or/3-10

13 LEUKEMIA, PROMYELOCYTIC, ACUTE/
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14 (acut$ or akut$ or agud$ or aigu$).tw,kf,ot.

15 ((promyelocyt$ or promielocitic$ or promyelozyt$ or progranulocyt$) and (leuk?em$ or leuc
$)).tw,kf,ot.

16 14 and 15

17 13 or 16

18 exp LEUKEMIA, MYELOID, ACUTE/

19 LEUKEMIA, MYELOID/

20 ACUTE DISEASE/

21 19 and 20

22 (acut$ or akut$ or agud$ or aigu$).tw,kf,ot.

23 ((myelo$ or mielo$ or nonlympho$ or granulocytic$) and (leuk?em$ or leuc$)).tw,kf,ot.

24 22 and 23

25 aml.tw,kf,ot.

26 18 or 21 or 24 or 25

27 DISSEMINATED INTRAVASCULAR COAGULATION/

28 (intravascul$ adj2 dissemin$ adj coagula$).tw,kf,ot.

29 (consumpt$ adj2 coagulopath$).tw,kf,ot.

30 Hemorrhage/

31 (hemorrhage or haemorrhage).tw,kf,ot.

32 bleed$.tw,kf,ot.

33 or/27-32

34 exp ANTICOAGULANTS/

35 anticoagulant$.tw,kf,ot.

36 synthetic protease inhibitor$.tw,kf,ot.

37 human recombinant activated protein c.tw,kf,ot.

38 recombinant activated factor VIIa.tw,kf,ot.

39 hirudin$.tw,kf,nm,ot.

40 antithrombin$.tw,kf,nm,ot.

41 thrombomodulin$.tw,kf,nm,ot.

  (Continued)
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42 recombinant tissue factor pathway inhibitor$.tw,kf,nm,ot.

43 tranexamic acid$.tw,kf,nm,ot.

44 low molecular weight heparin$.tw,kf,nm,ot.

45 unfractionated heparin$.tw,kf,nm,ot.

46 danaparoid sodium$.tw,kf,nm,ot.

47 heparin$.tw,kf,nm,ot.

48 or/34-47

49 11 or 12 or 17 or 26

50 randomized controlled trial.pt.

51 controlled clinical trial.pt.

52 randomi?ed.ab.

53 placebo.ab.

54 clinical trials as topic.sh.

55 randomly.ab.

56 trial.ti.

57 or/50-56

58 humans.sh.

59 57 and 58

60 49 and 33 and (48 or 59)

  (Continued)

 

Appendix 4. EMBASE search strategy

1. (random$ or placebo$).ti,ab.

2. ((single$ or double$ or triple$ or treble$) and (blind$ or mask$)).ti,ab.

3. controlled clinical trial$.ti,ab.

4. RETRACTED ARTICLE/

5. or/1-4

6. (animal$ not human$).sh,tw.

7. 5 not 6

8. leukemia.exp

9. leukemia or acute leukemia or chronic leukemia
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10. leukemia.sh,tw.

11. leukemia lymphoblast or lymphoid or lymphocytic or lymphatic or linfoctic or linfoid or linfoblastic

12. leukemia myeloid or myelogenous or myeloproliferative

13. leukemia promyelocyt or promielocitic or progranulocyt

14. or/8-13

15. disseminated intravascular coagulation.exp

16. blood coagulation disorders.exp

17.  purpura fulminans or intravascular coagulation or consumption coagulopathy

18. or/15-17

19. 7 and 14 and 18

Appendix 5. LILACS search strategy

# 1 Disseminated intravascular coagulation
# 2 Leukemia
# 3 #1 AND 2

Appendix 6. WHO ICTRP search portal

# 1 Disseminated intravascular coagulation
# 2 Leukemia OR Leukaemia
# 3 #1 AND 2

Appendix 7. African Index Medicus search strategy

# 1 Disseminated intravascular coagulation
# 2 Leukemia
# 3 #1 AND 2

Appendix 8. Prefixed outcomes by review authors and assessed outcomes of the included trials

 

Outcomes assessed by the included trialsPrefixed outcomes in this Cochrane Re-
view 

 Aoki 2002 ART-123 Trial Group
2007 

Avvisati 1989  Cofrancesco
1994

Primary

1. Overall mortality (Porta 2008).

2. In-hospital mortality from any cause
(15-day and 30-day).

3. Bleeding.

Secondary

1. Incidence of resolution of respiratory
failure.

2. Incidence of resolution of renal failure.

3. Incidence of resolution of shock (de-
fined as the condition associated with
circulatory collapse, when the arterial
blood pressure is too low to maintain
an adequate supply of blood to the tis-
sues).

1. Symptoms:
DIC score and
coagula-
tion/fibrinoly-
sis parame-
ters (aggrava-
tion of bleed-
ing).

2. Death from
any cause
during treat-
ment or with-
in 28 days af-
ter treatment.

3. Safety.

Primary: DIC resolution
rate (rate of recovery from
DIC) as assessed at 7 days
after the start of infusion
(or withdrawal).

Secondary: clinical course
of bleeding symptoms and
mortality at 28 days af-
ter the start of infusion
(the disappearance rate of
bleeding symptoms at day
seven).

1. Severity of
bleeding (he-
morrhagic
score).

2. Packed red
cell transfu-
sion require-
ments.

3. Platelet con-
centrate
transfusion
requirements.

Likely: 
Thromboembol-
ic complications
(page 123).

1. Clinically
overt bleeding
until hospital
discharge (he-
morrhagic
diathesis).

2. The type and
amount of
daily transfu-
sions.
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4. Safety.
  (Continued)

 

W H A T ' S   N E W

 

Date Event Description

23 June 2015 New search has been performed None RCTs were identified.

7 May 2015 New citation required but conclusions
have not changed

We performed a literature search update and updated this
Cochrane Review.

 

C O N T R I B U T I O N S   O F   A U T H O R S

AMC wrote the first draQ of this review update with subsequent input from VA and IS. AMC is guarantor for the review.

D E C L A R A T I O N S   O F   I N T E R E S T

In 2004 and 2007 AMC was employed by Eli Lilly to run a four-hour workshop on 'How to critically appraise clinical trials on osteoporosis
and how to teach this'. This activity was not related to his work with Cochrane or any Cochrane Review.
VA: none known.
IS: none known.

S O U R C E S   O F   S U P P O R T

Internal sources

• Any institution funded this Cochrane Review update, Venezuela.

External sources

• Iberoamerican Cochrane Centre, Spain.

Academic

• Cochrane Haematological Malignancies Group, Germany.

Academic

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

1. We included bleeding as a clinical outcome post hoc at the suggestions of the peer reviewers and Co-ordinating Editor of the Cochrane
Haematological Malignancies Group. It is an important outcome for patients and physicians.

2. Our protocol did not describe the intention to present a 'Summary of findings' table, whereas the review states this intention.

3. We considered that the 'Adverse events' are clinical relevant outcomes for patients and physicians. Therefore, for this update it appears
as a primary outcome.

In the previously published review, Marti-Carvajal 2011, we searched EMBASE. For this review update, we did not conduct a search using
that database.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Acute Disease;  Anticoagulants  [*therapeutic use];  Chronic Disease;  Dermatan Sulfate  [therapeutic use];  Disseminated Intravascular
Coagulation  [*drug therapy];  Leukemia  [blood]  [*complications];  Protein C  [therapeutic use];  Randomized Controlled Trials as Topic; 
Thrombomodulin  [therapeutic use];  Tranexamic Acid  [therapeutic use]
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MeSH check words

Humans
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