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abstractCONTEXT: Previous criteria for coagulation dysfunction in critically ill children were
based mainly on expert opinion.

OBJECTIVE: To evaluate current evidence regarding coagulation tests associatedwith
adverse outcomes in children to inform criteria for coagulation dysfunction during critical illness.

DATA SOURCES: Electronic searches of PubMed and Embase were conducted from
January 1992 to January 2020 by using a combination of medical subject heading terms and
text words to define concepts of coagulation dysfunction, pediatric critical illness, and
outcomes of interest.

STUDY SELECTION: Studies were included if critically ill children with coagulation
dysfunction were evaluated, if performance characteristics of assessment and/or scoring tools
to screen for coagulation dysfunction were evaluated, and if outcomes related to mortality or
functional status, organ-specific outcomes, or other patient-centered outcomes were assessed.

DATA EXTRACTION: Data were abstracted from each eligible study into a standard data
extraction form, along with risk of bias assessment, by a task force member.

RESULTS: The systematic review supports the presence of at least 2 of the following
criteria reflecting coagulation dysfunction in the absence of liver dysfunction: platelet count
<100000 cells per μL, international normalized ratio >1.5, fibrinogen level <150 mg/dL, and
D-dimer value above 10 times the upper limit of normal, or above the assay’s upper limit of
detection if this limit is below 10 times the upper limit of normal.

LIMITATIONS: The proposed criteria for coagulation dysfunction are limited by the
available evidence and will require future validation.

CONCLUSIONS: Validation of the proposed criteria and identified scientific priorities
will enhance our understanding of coagulation dysfunction in critically ill children.
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Coagulation is seldom viewed as an
“organ” in the various definitions of
organ dysfunction, although
derangements in coagulation have
long been recognized as a
prognostic factor for survival in
critically ill children.1 In addition,
coagulation tests have been included
in the definitions of hematologic and
liver dysfunction in many scoring
systems of critical illness.
Thrombocytopenia, defined as a
platelet count <20 000 cells per μL,
was one of the criteria for
hematologic dysfunction in the
definition by proposed by Wilkinson
et al.2 In 1996, Proulx et al3 also
included thrombocytopenia (still
defined as a platelet count <20 000
cells per μL) in the criteria for
hematologic dysfunction but also
added disseminated intravascular
coagulation (DIC), which they
defined as prothrombin time (PT)
>20 seconds or activated partial
thromboplastin time (aPTT) >60
seconds or an international
normalized ratio (INR) value >2 in
the presence of a positive assay
result for fibrin-split products or a
D-dimer level >0.5 mg/mL. In 2005,
Goldstein et al4 defined hematologic
dysfunction as a platelet count
<80 000 cells per μL or, for patients
with chronic hematologic or
oncologic disease, a decline of 50%
in the platelet count from the
highest value recorded over the
preceding 3 days, or an INR >2.

The threshold values for platelet
count, PT, INR, and aPTT were
largely arbitrary because none were
determined by rigorous
methodology. Consequently, each of
these definitions were based on
expert opinion and consensus
conferences. In 1999, Leteurtre
et al5 derived the Pediatric Logistic
Organ Dysfunction (PELOD) score,
the first evidence-based definition of
multiple organ dysfunction, using
data from 594 critically ill children.
Platelet count, D-dimer level, PT,

and aPTT were analyzed, but only
platelet count and PT were found to
be independently associated with
mortality and were included as
components of the PELOD score.
This score was subsequently
validated in a larger cohort of 1806
critically ill children, and excellent
discrimination was demonstrated,
that is, an area under the receiver
operator characteristic curve of
0.91.6 In 2013, the same group
published an updated score (PELOD-
2).7 In this updated score, only a
platelet count <77 000 cells per μL
was associated with mortality,
whereas the fibrinogen level and PT
were not. The PELOD-2 score
revealed an even higher
discrimination value, with an area
under the receiver operator
characteristic curve of 0.94. In
parallel, diagnostic criteria and
severity rating for the evaluation of
adults with DIC were developed by
international societies, but the
experience with DIC scores in the
case of critically ill children is
limited.8–11

In this project, our objective was to
evaluate the current evidence
regarding coagulation tests that are
associated with outcomes in
critically ill children to revise how
clinicians identify coagulation
dysfunction during critical illness.
On the basis of our review of
available studies, we proposed
criteria for coagulation dysfunction.

METHODS

The Pediatric Organ Dysfunction
Information Update Mandate
(PODIUM) collaborative sought to
develop evidence-based criteria for
organ dysfunction in critically ill
children. In the present article, we
reports on the systematic review of
coagulation dysfunction scoring
tools performed as part of PODIUM,
provide a critical evaluation of the
available literature, propose
evidence-based criteria for

coagulation dysfunction in critically
ill children as well as research
priorities listed in the Supplemental
Information. The PODIUM executive
summary details Population,
Interventions, Comparators, and
Outcomes questions; search
strategies; study inclusion and
exclusion criteria; and processes for
risk of bias assessment, for data
abstraction and synthesis, and for
drafting and developing agreement
for criteria indicating coagulation
dysfunction.12

RESULTS

Criteria With Rationale

Of 4741 unique citations published
between 1992 and 2020, 86 studies
were eligible for inclusion, as shown
in the Preferred Reporting Items for
Systematic Reviews and Meta-
Analyses flowchart (Fig 1). Data
tables (Supplemental Tables 1 and
2) and risk of bias assessment
summaries (Supplemental Fig 1) are
detailed in the Supplemental
Information. Criteria for coagulation
dysfunction in critically ill children
informed by the evaluated evidence
are listed in Table 1.

We defined coagulation dysfunction
as dysfunction caused by a clinical
imbalance in the regulation of
hemostasis and not merely that due
to a decrease in synthesis of
hemostasis-related factors. We
recognized that normal hemostasis
involves at least 3 separate organ
systems (ie, hematology [balance
between bone marrow production
and peripheral destruction or
consumption of platelets], hepatic
[synthesis of procoagulant and
anticoagulant proteins], and
endothelium [interaction of
endothelial cells with platelets and
soluble clotting-related factors]).
Consequently, defining coagulation
dysfunction should be holistic and
account for these other organ
systems. Furthermore, when
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assessing coagulation dysfunction,
the outcome assessed should ideally
be abnormal hemostasis (ie,
hemorrhage or thrombosis) and not
mortality unless death was directly
due to hemorrhage or thrombosis.

We propose that in the absence of
liver dysfunction, at least 2 of the
following 4 criteria should be
present to define coagulation
dysfunction: platelet count

<100 000 cells per μL, INR >1.5,
fibrinogen level <150 mg/dL, and
D-dimer value above 10 times the
upper limit of normal, or above the
assay’s upper limit of detection if
this limit is below 10 times the
upper limit of normal (Table 1). In
addition, the clinical context should
be taken into account when applying
these criteria. For instance,
thrombocytopenia in a patient with
malignancy may not reflect failure of

the coagulation system but rather
may reflect myelosuppression after
chemotherapy. The proposed
criteria have not been validated in
children on mechanical circuits, such
as extracorporeal membrane
oxygenation, ventricular assist
devices, and renal replacement
therapy, and, as such, may not be
valid in these populations.

Rationale for the Inclusion of
Selected Criteria

Platelets

Our recommendation for a platelet
count of <100 000 cells per μL to be
included in the criteria was derived
from data in 37 studies (section A of
Supplemental Tables 1 and 2).
Although thresholds of 10 000 to
150 000 cells per μL were derived in
these studies, it was our expert
opinion that a value of <100 000
cells per μL was a reasonable
threshold to include in the criteria.
Platelet count as a criterion for
coagulation dysfunction is valid only
in children without underlying
hematologic or oncologic condition.
This threshold is associated with an
adjusted odds ratio of 7.86 for
progressive hemorrhage in children
with traumatic brain injury13 and is
identified as the optimal threshold
for mortality among children with

FIGURE 1
Study flow diagram according to the Preferred Reporting Items for Systematic Review and
Meta-Analysis protocols recommendations.

TABLE 1 PODIUM: Criteria for Coagulation Dysfunction in Pediatric Critical Illness

Criterion for Organ Dysfunction Suggested Thresholds Conditions Severity

Platelet count <100 000 cells per lL Absent liver dysfunction, presence of
at least 1 additional coagulation
dysfunction criterion

Not graded

INR >1.5 Absent liver dysfunction, presence of
at least 1 additional coagulation
dysfunction criterion

Not graded

Fibrinogen <150 mg/dL (<4.41 lmol/L) Absent liver dysfunction, presence of
at least 1 additional coagulation
dysfunction criterion

Not graded

D-dimer Above 10 times the upper limit of
normal,19 or above the assay’s
upper limit of detection if this
limit is below 10 times the upper
limit of normal

Absent liver dysfunction, presence of
at least 1 additional coagulation
dysfunction criterion

Not graded

We propose that in the absence of acute liver dysfunction, as defined by PODIUM, at least 2 of the 4 criteria should be present to define coagulation dysfunction. However, it should be
noted that studies investigating combinations of these criteria are not available. The clinical context should be taken into account when applying these criteria in defining coagulation
dysfunction. Furthermore, the proposed criteria have not been validated in children on mechanical circuits (extracorporeal life support, ventricular assist device, continuous renal
replacement therapy, or cardiopulmonary bypass) and, as such, may not be useful in these populations because of the effects of the circuit and associated anticoagulation therapy.
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sepsis but without a hematologic or
oncologic condition.14

INR

A threshold of INR >1.5 was derived
from data in 19 studies (section B of
Supplemental Tables 1 and 2).
Enrolled in most of these studies
were children with either acute or
chronic liver failure. Among those
without liver failure, an INR >1.5
had a sensitivity of 57% and
specificity of 92% for predicting
mortality among children admitted
for trauma.15 Although a decrease in
specific clotting factors (eg, factor
VII) in liver disease will result in an
increase of the INR, this increase
has not definitively been shown to
result in increased risk of
bleeding.16,17 Consequently, it was
our expert opinion that INR as a
criterion for coagulation dysfunction
is valid only in children without
underlying synthetic liver
dysfunction or ongoing or recent
warfarin treatment.

Fibrinogen

Our recommendation that a
fibrinogen level <150 mg/dL be
included was supported from data
included in 13 studies (section C of
Supplemental Tables 1 and 2). This
is the most commonly reported
threshold that links
hypofibrinogenemia to mortality.
Among neonates with sepsis, this
threshold had a sensitivity of 92%
and specificity of 81% for predicting
mortality.18 Among children
post–cardiopulmonary bypass, this
threshold had a sensitivity of 69%

and specificity of 84% for predicting
bleeding.19 This recommendation
reflects expert opinion.

D-Dimer

The role of D-dimer in predicting
mortality was assessed in a total of
5 studies (section D of Supplemental
Tables 1 and 2). A D-dimer value
above 10 times the upper limit of
normal, or above the assay’s upper
limit of detection if this limit is
below 10 times the upper limit of
normal, was deemed to be
predictive of mortality. Among
children admitted for trauma, a
threshold of above 10 the upper
limit of normal on day 1 had a
sensitivity of 90% and specificity of
100% for predicting mortality.20

Lower thresholds were identified
during subsequent days.

aPTT was also considered as a
criterion for coagulation
dysfunction. However, available
studies indicated that aPTT was
neither sensitive nor specific to
define coagulation dysfunction.21–31

The presence of DIC was also
considered. However, although
current definitions of DIC vary, all
are ultimately based on laboratory
parameters that have been included
in our proposed criteria for
coagulation dysfunction.8–11

CONCLUSIONS

The current literature pertinent to
coagulation dysfunction in critically
ill children has significant
limitations, with implications on the

validity of our proposed criteria for
coagulation dysfunction.
Nevertheless, we propose that a
combination of abnormal platelet
count, INR, fibrinogen level, and D-
dimer level be used to define
coagulation dysfunction in critically
ill children. Although the selected
included criteria are supported by
relevant literature, significant expert
opinion was factored into the
development of the proposed
criteria for coagulation dysfunction
to address the limitations of the
available studies. Thus, the proposed
criteria represent weak
recommendations. We identified 4
scientific priorities (Supplemental
Information) that will enhance our
understanding of coagulation
dysfunction and should result in a
more valid criteria of this
dysfunction in critically ill children.

ABBREVIATIONS

aPTT: activated partial
thromboplastin time

DIC: disseminated intravascular
coagulation

INR: international normalized
ratio

PELOD: Pediatric Logistic Organ
Dysfunction

PODIUM: Pediatric Organ
Dysfunction
Information Update
Mandate

PT: prothrombin time
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