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Abstract

Background: Emerging infections, sepsis, and disseminated intravascular coagulation (DIC) carry a high risk of morbidity
and mortality in children. Elevated D-dimer levels indicate ongoing thrombosis and thrombolysis, which are hallmarks of DIC.
Hence, D-dimer can be used as a prognostic marker in sepsis.

Methods: A prospective single-center observational study was conducted at the Department of Pediatrics, Kasturba Medical
College, Manipal. Children aged between 1 month and 18 years with sepsis were included to determine the level of D-dimer and
to correlate D-dimer levels with outcomes.

Results: Among the 80 consecutive children included in the study, the incidence of sepsis was highest in the 1 month to 6
years age group (55%). Lower respiratory tract infection (LRTI) was the most common etiology (25%) for sepsis. D-dimer was
elevated in 64 out of 80 children (80%), and C-reactive protein (CRP) was elevated in 66 children (82%). About 6 children with
sepsis had multi-organ dysfunction, with D-dimer elevated in 4 of these children. Three patients (4%) succumbed in our cohort.
When elevated D-dimer levels were compared with the primary outcomes, statistical significance was not found. However,
elevated D-dimer was found to be fairly sensitive (74 - 85%) in predicting outcomes, though with poor specificity. Data were
analyzed using the Statistical Package for the Social Sciences version 23. The mean * standard deviation, median, and
interquartile ranges were used based on the normality of data. The chi-square test/Fisher’s exact test and Mann-Whitney tests
were used for the analysis of categorical and continuous-discrete data, respectively, to determine statistical significance.

Conclusions: This study reiterates that D-dimer is a sensitive tool for identifying various outcome parameters, though not
statistically significant.
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1. Background

Sepsis is a syndromic reaction to infection that can
result in organ dysfunction caused by a defect in the
host’s immune response. In 2017, globally, about 50% of
sepsis cases occurred in children, constituting
approximately 20 million cases and leading to 2.9
million deaths in children below five years of age (1). A
recent report indicated that the prevalence of severe
sepsis was 8.2% in hospitalized children, with a mortality
rate of 25% among those with severe sepsis (2).

Previously, different scoring systems were used to
stratify sepsis patients and predict mortality (3).
However, these scoring systems did not include
biochemical tests for diagnosis and prognostication (3).
Biomarkers like C-reactive protein (CRP) and
procalcitonin help differentiate between infectious and
non-infectious causes and also assist in monitoring the
response to antimicrobials (3, 4).

Recently, infection and inflammation have been
linked to derangement in the coagulation cascade. D-
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dimer and other biomarkers related to coagulation are
significantly ~increased during sepsis due to
disseminated intravascular coagulation (DIC) (5). D-
dimer is a biomarker used to diagnose DIC and
pulmonary embolism. In patients without obvious
evidence of bleeding manifestations, D-dimer can
signify microvascular thrombosis and fibrinolysis,
indicating the severity and complexity of the disease (6-
8).

2. Objectives

Although many studies have examined the role of D-
dimer in predicting the severity and mortality of sepsis,
only a few have explored its role in predicting outcomes
such as the length of ICU stay, need for inotropes, and
mechanical ventilation. Hence, we aimed to study the
role of D-dimer in predicting the severity and detailed
outcome measures of children with sepsis.

3.Methods

This is a single-center, prospective, observational
study conducted in the Department of Paediatrics,
Kasturba Medical College, Manipal, India, among
children with a diagnosis of sepsis aged between 1
month and 18 years, from May 2021 to July 2022.
Approval for the study was obtained from the
Institutional Ethics Committee (IEC number 866 - 2020)
and registered with the Clinical Trial Registry of India
(CTRI) (CTRI/2021/04/032592). Informed written consent
was obtained from the parents of the study participants,
indirect identifiers were used, and patient-related data
were kept confidential.

Children were recruited to the study if they satisfied
the Systemic Inflammatory Response Syndrome (SIRS)
criteria according to the International Consensus
Conference on Pediatric Sepsis 2005 (9). SIRS was
diagnosed when at least two of the following four
criteria were present, one of which must be an
abnormal temperature or leukocyte count: Core body
temperature of > 385°C or < 36°C,
tachycardia/bradycardia, tachypnea, or
leukocytosis/leukopenia. Sepsis is defined as SIRS in the
presence of or as a result of a suspected or proven
infection. Severe sepsis is defined as sepsis plus one of
the following: Cardiovascular organ dysfunction, acute
respiratory distress syndrome, or two or more other
organ dysfunctions. Septic shock is when sepsis is
associated with cardiovascular or organ dysfunction (9).

The following children were excluded from the study:
Those on anticoagulants or procoagulants before
admission, those diagnosed with malignancies, those
with a history of recent fibrinolytic
therapy/stroke/pulmonary embolism/deep vein
thrombosis, those diagnosed with sickle cell disease,
those with snake envenomation, those with a history of
recent blood transfusion, or those who refused consent.
Baseline clinical, laboratory, and treatment data were
documented in the proforma designed for the study.
Plasma samples for D-dimer levels were sent along with
routine investigations within 24 hours of admission
among children with sepsis. D-dimer levels were
measured by the Rosch Cobas c702 model plasma
enhanced immunoturbidometric method with a range
of detectability of 0.15 - 9.0 microgram FEU/mL. The
following normal values of D-dimer (microgram
FEU/mL) were considered for analysis: 1 month-1 year:
0.22 (0.11 - 0.42), 1 year-5 years: 0.25 (0.09 - 0.53), 6 years-
10 years: 0.26 (0.10 - 0.56), 11 years-16 years: 0.27 (0.16 -
0.39), Adult: 0.18 (0.05 - 0.42) (10).

D-dimer levels of patients were compared with
outcomes, namely, length of hospital stay, length of ICU
stay, need for oxygen and/or mechanical ventilation,
inotropes requirement, and mortality. Based on the
estimation that D-dimer has a 72% prognostic ability and
10% absolute precision, the sample size required was 80.
Out of 87 consecutive children who fulfilled the SIRS
criteria during the study period, 80 children were
recruited. Four children with acute lymphoblastic
leukemia, one child with a recent history of blood
transfusion, one child with aspirin usage, and one child
who had post-cardiac surgery were excluded from the
study.

Data were analyzed using the Statistical Package for
the Social Sciences version 23. For parameters where the
scatter was uniform, the mean and standard deviation
were considered, and where the distribution was
skewed, the median and interquartile ranges were
considered for statistical assessment. The chi-square test
and Fisher’s exact test were used for the analysis of
categorical data, and the Mann-Whitney test was used
for continuous, discrete data to determine statistical
significance. Sensitivity and specificity were calculated
by receiver operating characteristic (ROC) curve
analysis.

4. Results
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Table 1. Demographic Profile and Etiology of Sepsis (N = 80)

Characteristics No. (%)
Age
1(mo)-5(y) 45(56.3)
>5-12(y) 16 (20)
>12(y) 19 (23.7)
Gender
Male 43(53.7)
Female 37(46.3)
Etiology of sepsis
Pneumonia 20(25)
Dengue-like illness/dengue fever 1(12)
Meningoencephalitis/meningitis 10 (14)
Scrub typhus 9(12)
Urinary tract infection 6(8)
Acute gastroenteritis 6(7)
COVID-19 infection 4(5)
Pyrexia of unknown origin 3(4)
Sinusitis/URTI 3(4)
Kawasaki's disease 2(3)
Viral exanthematous illness 2(3)

Typhoid fever
Pulmonary TB

Cellulitis

We studied the role of D-dimer in identifying and
predicting outcomes in 80 children aged between 1
month and 18 years with sepsis. The male-to-female ratio
was 1.1:1. Table 1 shows the demographic details and
etiology of sepsis among the study participants. The
most common clinical presentation of sepsis was fever,
observed in 95% of the cases. Pneumonia was the most
common etiology for sepsis, accounting for 25% of the
cases.

Details of the severity of sepsis and absolute D-dimer
levels among the study participants are described in
Tables 2 and 3. The majority of study participants
belonged to the sepsis category, and D-dimer was
elevated in 80% of the cases included. Children were
categorized based on the severity of sepsis according to
the Systemic Inflammatory Response Syndrome (SIRS)
criteria into sepsis, severe sepsis, septic shock, and
multiple organ dysfunction syndrome (MODS) (Table 2).
The maximum D-dimer level found was > 9 pug FEU/mL,
observed in 8 cases, with 4 cases categorized under
MODS. Out of 64 children with elevated D-dimer, only 2
children exhibited bleeding manifestations
(endotracheal bleeding and hematuria).

] Compr Ped. 2025;16(2): €152358

1(1)
1(1)
1(1)

The primary outcomes of the study participants are
described in Table 4. The median duration of hospital
stay in the study was 8 days, with the maximum hospital
stay being 30 days and the minimum hospital stay being
2 days.

When elevated D-dimer levels were compared against
primary outcomes (Table 5), statistical significance was
not obtained. However, elevated D-dimer was found to
be fairly sensitive in predicting outcomes using the ROC
curve. The sensitivity of D-dimer to predict the
requirement for ICU care, prolonged hospital stay,
oxygen  requirement, mechanical ventilation
requirement, and inotrope requirement was 74%, 77%,
85%, 80%, and 83%, respectively. Specificity for these
outcomes was poor, ranging from 14% to 22%. Among the
3 deaths in children with sepsis, all had elevated D-
dimer levels, with the maximum D-dimer level being > 9
ng FEU/mL. Overall mortality in children with sepsis in
our study was 3.7%. The sensitivity of D-dimer to predict
mortality was 100%, whereas specificity was only 20%.

5. Discussion

The highlight of our study is the finding that D-dimer
is a highly sensitive marker for predicting outcomes. D-
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Table 2. Categorization of Cases Based on Severity of Sepsis (N =80)

Variables

Number of Cases (%)

Sepsis
Severe sepsis

Septic shock

60 (76)
13 (16)
7(9)

Table 3. D-dimer Levels in Children with Sepsis

D-Dimer

Number of Cases (%)

Normal (0 - 0.5 ug FEU/mL)
Elevated (> 0.5 pg FEU/mL)

dimer is a biomarker used to diagnose DIC and
pulmonary embolism. It is an easily obtainable test that
signifies the stimulation of the coagulation pathway
and the complexity of the body’s response and outcome
(6-8). Sepsis is the most common etiologic factor for DIC
in children, with DIC present in almost 30 - 60% of sepsis
cases. The sustained activation of the inflammatory and
coagulation processes leads to microvascular
thrombosis, thereby causing DIC, which can lead to
multiple organ dysfunction syndrome (MODS) and
mortality. Hence, it becomes important to detect DIC
early and intervene. D-dimer, a marker of coagulation
and fibrinolysis, is being studied in children with sepsis
(12).

In a study conducted by Weiss et al. (12), the highest
incidence of sepsis was seen in children under 5 years
(43%), followed by those aged 6 - 12 years (26%) and 12 - 18
years (23%), similar to our study. This possibly explains
the high mortality rate in children under 5 years of age
due to sepsis. Nademi et al. (13) studied the source of
fever in children and found that 41 (29%) children had a
serious infection. The most common cause of infection
was pneumonia (22%), followed by meningitis. This
observation is similar to our study, where the most
common cause of sepsis was pneumonia, constituting
25% of the cases.

In our cohort, blood cultures were performed in 66
children, out of which 2 cultures were positive for
Streptococcus pneumoniae, 1 for Candida, and 1 for
Escherichia coli. Out of the 4 culture-positive sepsis cases,
3 had elevated D-dimer levels. In a study by Alvaro-Meca
et al. (14) on epidemiological trends of sepsis, it was
found that the length of hospital stay was high in
infants and children under 5 years (21.8 days), compared
to older children (5 - 9 years) (10.2 days). Nonetheless, in

16 (20)
64 (80)

our study, the median duration of hospital stay in
children with sepsis was 8 days, with the maximum stay
being 30 days and the minimum stay being 2 days.
However, there was no significant difference in the
median duration of hospital stay between those with
elevated D-dimer (8 days) and those with normal D-
dimer (7 days).

In our study, MODS led to mortality in 33% of cases (2
out of 6 MODS cases), which is comparable to another
similar study where the mortality was 30% (15). In 2012,
Sharma et al. (16) conducted a pilot study to determine
D-dimer and fibrinogen levels in 50 children with sepsis.
It was found that both D-dimer and fibrinogen were
significantly increased in patients compared to
controls, even though no patient had any clinical
features of DIC at admission. Sridhar et al. (17)
conducted a case-control study to determine the role of
D-dimer as a marker of DIC in children with dengue
hemorrhagic fever (DHF). They found that D-dimer
levels were significantly higher among those who
presented with shock, irrespective of the severity of
thrombocytopenia.

In a study done by Li et al. (18) in elderly patients with
sepsis, a combination of D-dimer levels, PaO2[FiO2
levels, and the Sequential Organ Failure Assessment
(SOFA) score were used as prognostic markers in terms
of 28-day mortality. It was concluded that each of these
variables is a good marker for the prognosis of sepsis.

In the present study, elevated D-dimer levels were
compared with outcomes, namely length of hospital
stay, length of ICU stay, need for oxygen, mechanical
ventilation, mortality, and inotrope requirement,
however statistical significance was not evident.
However, it is noteworthy that Sharma et al. (16) studied
only the D-dimer positivity rate in patients compared to
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Table 4. Outcomes in Children with Sepsis

Variables Number of Cases (%)
Hospital stay (d)
<14 71(89)
>14 9(11)
ICU care requirement 39 (49)
Oxygen requirement 27(34)
Inotropes requirement 12 (15)
Need for mechanical ventilation 5(6)
Mortality 3(4)
Table 5. Comparison of D-dimer Levels with the Primary Outcomes in Children with Sepsis *
Outcome DDimer P-Value
Normal Elevated
Duration of hospital stay >14 (d); (n=71) 16 (20) 64(80) 0.4Pb
ICU care (n=39) 10 (26) 29 (74) 01P
Requirement of oxygen (n =27) 4(15) 23(85) 0.407°
Mechanical ventilation (n =5) 1(20) 4(80) 1P
Inotrope requirement (n =12) 2(17) 10 (83) 0750
Mortality (n=3) 0 3(100) 05¢

@ Values are expressed as No. (%).
b Chi-square test.

€ Fisher’s exact test.

controls and not the levels. Similarly, in the study by Li
et al. (18), D-dimer levels in association with other
factors like PaO,[FiO, levels and the Sequential Organ

Failure Assessment (SOFA) score were studied as
outcome predictors, not D-dimer alone. The sensitivity
of D-dimer to predict each of the above-mentioned
outcomes varied between 70% and 85%; however, it had
poor specificity. Therefore, it is better to study D-dimer
in association with other biochemical tools or in
conjunction with illness severity scores like the
pediatric SOFA (pSOFA) to predict outcomes. This
approach will ensure early identification of sepsis and
its complications and ensure appropriate timely
intervention (19, 20).

The limitation of our study was that a large
proportion of cases were in the less severe category —
sepsis (76%) — which might have lead to selection bias.
The total number of cases in the serious categories
(severe sepsis, septic shock, and MODS) constituted 24%.
This would have led to falsely low levels of D-dimer,
considering the milder illness of the participants. The

] Compr Ped. 2025;16(2): €152358

lack of logistic regression analysis to adjust for
confounding variables is also a limitation of our study.
We recommend larger studies with more power to
better predict outcomes before generalizing our
findings and also explore the role of low molecular
weight heparin or plasma exchange in improving the
outcomes of children with sepsis.

5.1. Conclusions

Coagulation abnormalities are consistently present
in the pathophysiology of the host inflammatory
response to infection. Hence, it has been found that D-
dimer can be studied as a marker of DIC in sepsis. This
study reiterates that D-dimer is a sensitive tool to
identify various outcome parameters, though not
statistically significant. Higher D-dimer levels at
admission may alert the clinician to the possible need
for a longer hospital stay, ICU care, and inotrope
requirements.
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