
122

RESEARCH ARTICLE

©Copyright 2018 by Turkish Society of Hematology
Turkish Journal of Hematology, Published by Galenos Publishing House

ÖzAbstract

Received/Geliş tarihi:  December 11, 2017
Accepted/Kabul tarihi: March 23, 2018

Address for Correspondence/Yazışma Adresi: Hale ÖREN, M.D., 
Dokuz Eylül University Faculty of Medicine, Department of Pediatric Hematology, İzmir, Turkey
Phone	 :	+90 232 412 60 01
E-mail	:	 hale.oren@deu.edu.tr ORCID-ID: orcid.org/0000-0001-5760-8007

Amaç: Akut travma ilişkili koagülopati; travma sonrası ortaya çıkan, 
hemostazda bozulma ve fibrinoliz aktivasyonudur. Koagülasyon 
sistemindeki bu bozuklukta bazı endojen moleküller rol oynamaktadır. 
Histon bu moleküllerden bir tanesi olup son dönemlerde dikkat 
çekmeye başlamıştır. Bu çalışmada, pediatrik travma olgularında 
histon-kompleks DNA (hcDNA) fragmanları ile koagülasyon 
anormallikleri arasındaki ilişkinin incelenmesi amaçlanmıştır.

Gereç ve Yöntemler: Bu çalışma pediatrik travma olgularında yapılmış 
prospektif olgu-kontrol çalışmasıdır. Çalışmaya 50 hasta ve 30 kontrol 
olgusu dahil edildi. Tüm hastaların demografik verileri, travmanın 
özellikleri, koagülasyon parametreleri, bilgisayarlı tomografi sonuçları, 
travma skorları ve Dissemine İntravasküler Koagülasyon skoru (DİKS) 
kaydedildi. hcDNA düzeyi için kan örnekleri alınarak enzim ilintili 
immün test ile değerlendirildi.

Bulgular: Hastaların 32’sinde çoklu travma, 18’inde izole kafa travması 
mevcuttu. hcDNA düzeyi travma olgularında sağlıklı kontrollere göre 
istatistiksel olarak anlamlı yüksek bulundu (0,474 AU and 0,145 AU, 
sırasıyla). Plazma hcDNA düzeyi ile travma ciddiyeti arasında anlamlı 
ilişki saptandı. On üç hastada akut travma ilişkili koagülopati saptanmış 
olup, bu hastaların akut travma ilişkili koagülopati olmayanlara göre 
daha yüksek plazma histon düzeyine sahip oldukları görüldü (0,703 
AU and 0,398 AU, sırasıyla). Plazma hcDNA düzeyinin, DİKS ve yoğun 
bakımda kalış süresi ile pozitif; fibrinojen düzeyi ile negatif korelasyon 
gösterdiği bulundu.

Sonuç: Bu çalışmada, pediatrik travma olgularında hcDNA düzeyinin 
arttığı ve koagülopatinin erken fazıyla ilişkili olduğu gösterilmiştir. 
hcDNA’nın dissemine intravasküler koagülasyon ve mortalite oranını 
belirlemedeki yerini ortaya koymak için ileri çalışmalara ihtiyaç vardır. 

Anahtar Sözcükler: Akut travma ilişkili koagülopati, Çocuk, Histon, 
Travma

Objective: Acute traumatic coagulopathy occurs after trauma 
with impairment of hemostasis and activation of fibrinolysis. Some 
endogenous substances may play roles in this failure of the coagulation 
system. Extracellular histone is one such molecule that has recently 
attracted attention. This study investigated the association between 
plasma histone-complexed DNA (hcDNA) fragments and coagulation 
abnormalities in pediatric trauma patients.

Materials and Methods: This prospective case-control study was 
conducted in pediatric patients with trauma. Fifty trauma patients and 
30 healthy controls were enrolled. Demographic data, anatomic injury 
characteristics, coagulation parameters, computerized tomography 
findings, trauma, and International Society on Thrombosis and 
Haemostasis disseminated intravascular coagulation (ISTH DIC) scores 
were recorded. Blood samples for hcDNA were collected and assessed 
by enzyme-linked immunosorbent assay.

Results: Thirty-two patients had multiple trauma, while 18 patients 
had isolated brain injury. hcDNA levels were significantly higher 
in trauma patients than healthy controls (0.474 AU and 0.145 AU, 
respectively). There was an association between plasma hcDNA levels 
and trauma severity. Thirteen patients had acute coagulopathy of 
trauma shock (ACoTS). ACoTS patients had higher plasma histone 
levels than those without ACoTS (0.703 AU and 0.398 AU, respectively). 
Plasma hcDNA levels were positively correlated with the ISTH DIC 
score and length of stay in the intensive care unit and were negatively 
correlated with fibrinogen level.

Conclusion: This study indicated that hcDNA levels were increased 
in pediatric trauma patients and associated with the early phase of 
coagulopathy. Further studies are needed to clarify the role of hcDNA 
levels in mortality and disseminated intravascular coagulation.

Keywords: Acute traumatic coagulopathy, Children, Histone, Trauma

1Dokuz Eylül University Faculty of Medicine, Department of Pediatric Emergency Care, İzmir, Turkey
2Dokuz Eylül University Faculty of Medicine, Department of Biochemistry, İzmir, Turkey
3Dokuz Eylül University Faculty of Medicine, Department of Pediatric Hematology, İzmir, Turkey

 Emel Ulusoy1,  Murat Duman1,  Aykut Çağlar1,  Tuncay Küme2,  Anıl Er1,  Fatma Akgül1,  Hale Çitlenbik1,
 Durgül Yılmaz1,  Hale Ören3

Akut Travma İlişkili Koagülopati: Pediatrik Travma Hastalarında Histonun Yeri

Acute Traumatic Coagulopathy: The Value of Histone in Pediatric 
Trauma Patients

DOI: 10.4274/tjh.2017.0444 
Turk J Hematol 2018;35:122-128

https://orcid.org/0000-0002-2827-1553
https://orcid.org/0000-0001-6767-5748
https://orcid.org/0000-0002-2805-5420
https://orcid.org/0000-0003-3440-3513
https://orcid.org/0000-0003-3452-5123
https://orcid.org/0000-0002-6503-2279
https://orcid.org/0000-0001-7819-0412
https://orcid.org/0000-0002-4944-2913
https://orcid.org/0000-0001-5760-8007


123

Turk J Hematol 2018;35:122-128

Introduction

Trauma is the leading cause of visits to pediatric emergency 
departments [1]. The majority of pediatric trauma is minor, 
but it remains an important cause of morbidity and mortality 
in childhood [2]. While massive bleeding is less common in 
the pediatric trauma cohort, coagulation abnormalities have 
been described in 10% to 77% of patients [3]. In this regard, 
identification of coagulopathy and early intervention are 
important in severely injured trauma patients [4,5].

Acute traumatic coagulopathy (ATC) is an endogenous process 
that occurs after trauma with the impairment of hemostasis 
and activation of fibrinolysis [6]. Patients with ATC frequently 
meet the criteria for disseminated intravascular coagulation 
(DIC). Currently available data suggest that ATC reflects the 
early phase of DIC in trauma patients [7,8]. Three major factors 
that are associated with subsequent development of ATC are 
hemodilution, hypothermia, and acidosis, and its complex 
nature is exacerbated by shock and tissue injury [9,10]. 
Accumulating evidence supports an important role of different 
interactions between coagulation and inflammation in ATC. 
Damage-associated molecules such as histone-complexed DNA 
(hcDNA) fragments released after trauma play a significant role 
in the balance of the coagulation system [11,12]. There are five 
types of histones; all have alkaline structures. Histones form an 
organized pattern with DNA in the cell nucleus by neutralizing 
the acidic residues of the DNA [13]. Complex structures of 
DNA, histones, and cell-specific granular proteins, known 
as neutrophil extracellular traps (NETs), can be released into 
circulation after stimulation by inflammatory cytokines [14,15]. 
During NET osis, which is a pathogen-induced cell death causing 
NET release or tissue damage, nuclear and plasma membranes 
dissolve or rupture and nuclear materials are released into the 
circulation [12,16].

DIC can be subdivided into two different phenotypes: 
fibrinolytic (hemorrhagic) and antifibrinolytic (thrombotic). 
The antifibrinolytic phenotype is associated with plasminogen 
activator inhibitor-1 and is seen in sepsis or the late phase of 
trauma, while the fibrinolytic phenotype leads to coagulopathy 
including primary and secondary fibrin(ogen)olysis in the early 
phase of trauma [7]. NETs, contributing factors to coagulopathy 
in the early stage of trauma, have various effects on the vascular 
endothelium, platelets, erythrocytes, and coagulation proteins 
[14,15].  Although NETs contain different components like 
neutrophil granule enzymes and bactericidal molecules, the main 
structure consists of DNA and histones [16]. hcDNA plays a role 
in coagulopathy by increasing thrombin formation, activating 
platelets, stimulating endothelial activation, inhibiting tissue 
factor pathway inhibitor, causing thrombocytopenia, decreasing 
fibrinogen, inhibiting anticoagulant protein C activation, 
and stimulating factor XII-mediated thrombin generation 

[15,17,18,19,20,21,22,23,24]. In addition, hcDNA complexes, 
having an integrated linkage between inflammation and 
coagulation, augment thrombin generation to a greater extent 
than histones alone [15].

To date, few studies have been done assessing the extracellular 
hcDNA fragment levels in trauma patients [12,25],  while 
there are no studies investigating this in the pediatric trauma 
population.  The aim of this study was to investigate the 
relationship of histone with coagulopathy in pediatric trauma 
patients and also to analyze coagulopathy frequency and its 
relationship with clinical findings.

Materials and Methods

Study Population

This is a prospective case-control study conducted among 
pediatric patients (1-16 years old) with multiple trauma or 
isolated brain injury in a pediatric emergency  department 
between August 2014 and August 2015. Multiple trauma was 
defined as injury to more than 1 body system, or at least 2 
serious injuries to 1 body system [26]. Fifty trauma patients 
were enrolled in the study. Patients with bleeding diathesis, 
liver disease, arrival to the trauma center >2 h after injury 
and/or >40 mL/kg intravenous fluid given before arrival to the 
hospital, and usage of any drugs including antiplatelet drugs or 
anticoagulants were all excluded.

Demographic data,  patient characteristics, vital signs, 
and anatomic injury characteristics were recorded.

The control group consisted of 30 children who were evaluated 
in the outpatient clinic of our hospital for routine well-child 
visits. None of the children had a history of drug usage, chronic 
systemic disease, or any major trauma in the last 6 months.

Scoring Systems

Four scoring systems were used to assess patients upon 
admission: the Glasgow Coma scale (GCS)  [27],  the Pediatric 
Trauma score (PTS) [28], the Injury Severity score (ISS) [29], and 
the International Society on Thrombosis and Haemostasis 
(ISTH) DIC score  [30]. GCS scores were classified as mild (14-
15), moderate (9-13), or severe (3-8) to describe the level 
of consciousness. The PTS score was determined with six 
parameters; the minimum score is -6 and the maximum score 
is +12.  Trauma severity is inversely correlated with PTS score 
and a score of 8 or less indicates the need for trauma services. 
The ISS consists of six body regions and produces values from 0 
to 75. Major trauma is signified by an ISS score of greater than 
15. If an injury is assigned an Abbreviated Injury Scale score of 
6 (unsurvivable injury), the ISS score is automatically assigned 
as 75. According to the ISTH DIC scale, overt DIC was diagnosed 
if the total score was ≥5. The ISTH DIC score includes platelet 

Ulusoy E, et al: Acute Traumatic Coagulopathy and Histone



124

Turk J Hematol 2018;35:122-128Ulusoy E, et al: Acute Traumatic Coagulopathy and Histone

count, fibrinogen level,  prothrombin time  (PT), and fibrin 
degradation products. Age-appropriate reference ranges within 
our trauma center were used to determine prolonged PT (11.2-
14.4 s) and activated partial thromboplastin time (aPTT) (age 1-3 
years: 30.6-39.9 s, age 4-7 years: 28.8-38.9 s, age 8-14 years: 
28.1-39.1 s, age 14-18 years: 26.0-36.6 s) levels. The presence 
of acute coagulopathy of trauma shock (ACoTS) was defined 
as prolonged PT and/or aPTT according to the age-appropriate 
references ranges [31,32,33,34,35].

The threshold for defining anemia is hemoglobin at or below the 
2.5th percentile for age, race, and sex [36]. Hypothermia is graded 
as mild (36-34 °C), moderate (34-32 °C), or severe (<32 °C) [37].

Biochemical Analysis

Biochemical parameters of the study population were assessed 
on admission. Venous blood gas, routine biochemistry, complete 
blood count, PT, aPTT, fibrinogen, and D-dimer were evaluated 
based on normal laboratory reference ranges in the hospital.

Peripheral venous blood samples were collected in blood tubes 
with EDTA for hcDNA. Tubes were centrifuged at 1200 x g for 
10 min and plasma samples were stored at -80 °C until analysis. 
Plasma nucleosome levels were measured with the Cell Death 
Detection ELISAPLUS commercial kit based on the principle of 
sandwich enzyme immunoassay (Catalog No: 1774425, Roche 
Diagnostics, Mannheim, Germany). Results were reported as 
absorbance units (AU).

Ethical Approval

The study protocol was designed in compliance with 
the  Declaration  of  Helsinki.  Informed consent was obtained 
from parents or legal guardians before enrollment in the study. 
The study was begun after receiving the approval of the Ethics 
Committee of the Dokuz Eylül University Faculty of Medicine.

Statistical Analysis

Statistical analysis was performed using SPSS 22.0 (IBM Corp., 
Armonk, NY, USA).  Power hoc analysis was performed to 
evaluate the sample size. Data are presented as medians with 
interquartile ranges (IQRs) and 25th-75th percentiles. Histograms 
were used to assess the normality of sample distributions. The 
Kruskal-Wallis test was used for analyzing plasma hcDNA levels 
among different groups. The Mann-Whitney U  test was used 
for comparing two groups. The chi-square test was used for 
comparing group ratios. Correlations between parameters were 
computed through Pearson correlation analysis. All t-tests were 
two-tailed and group differences or correlations with  p<0.05 
were considered to be statistically significant. Receiver operating 
curve (ROC) analysis was used to detect the optimal cut-off 

points for separating the ACoTS group from the healthy control 
group. Bonferroni correction was used for multiple comparisons.

Results

Fifty trauma patients and 30 healthy controls were enrolled in 
the study. The study group and control children were comparable 
in terms of age and sex distribution (Table 1).

Falls were the most frequent cause of injury; the second most 
common was motor vehicle accidents (Table 2).

Eighteen (36%) patients had isolated brain injury while 32 
(64%) patients had multiple trauma. Three patients had liver 
laceration, 3 patients had spleen laceration, and 1 patient had 
renal and spleen laceration. Twenty-one patients had anemia 
and none of the patients had thrombocytopenia. Although no 
patient had overt DIC, 13 patients had ACoTS. Ten patients had 
only prolonged PT, 1 patient had only prolonged aPTT, and 2 
patients had both.  The median level of PT was 13.0 s (12.3-
14.2 s) and the median level of aPTT was 27.6 s (23.7-30.4 s) 
in trauma patients. There were significant differences between 
patients with ACoTS [PT: 15.6 s (14.9-16.9 s), aPTT: 31.8 s (27.6-
40.0 s)] and those without ACoTS [PT: 12.6 s (12.1-13.4 s), 
aPTT: 25.9 s (22.3-29.1 s)] according to hemostasis parameters 
(p=0.000 and  p=0.001, respectively).  Nineteen patients (38%) 
were admitted to the  intensive care unit (ICU).  Emergency 
endotracheal intubation was performed for 15 patients. The 
overall mortality rate was 6%. Clinical characteristics of the 
patients are shown in Table 3.

When we evaluated patients according to the ISS, we determined 
that 21 patients had scores over 16 and only three patients had 
75 points. Those three patients died.

Table 1. Demographic variables of patients and controls.

 
Patients
(n=50)

Controls
(n=30)

p-value

Age (IQR) 6.5 (3.0-11.5) 6.5 (3.8-9.5) 0.913*

Males, n (%) 33 (66.0) 20 (66.7) 0.951**

All data presented as median (IQR);  *Mann-Whitney U test was used; **chi-square 
test was used. 

IQR: Interquartile range.

Table 2. Trauma mechanisms in the whole patient group.

 
Trauma mechanism,
n (%)

Falls 20 (40)

Motor vehicle accidents 11 (22)

Pedestrians struck by a motor vehicle 9 (18)

Bicycle crashes 7 (14)

Others 3 (6)
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Plasma hcDNA levels were significantly higher in trauma patients 
[0.474 AU (0.184-0.841 AU)] than in healthy controls [0.145 AU 
(0.086-0.361 AU)] (p=0.008). ACoTS patients [0.703 AU (0.301-
0.897 AU)] had higher plasma histone levels than those without 
ACoTS [0.398 AU (0.130-0.802 AU)]. We found significant 
differences between hcDNA levels and groups according to the 
GCS, PTS, ISS, and D-dimer (Table 4), but we did not find any 
differences of hcDNA levels in terms of trauma type (p=0.338). ROC 
curve analyses of hcDNA were performed. ROC analysis revealed 
an optimal cut-off point at 0.186 AU for separating the ACoTS 
patients from the control group. The sensitivity and specificity 
were 76.0% and 66.4%, respectively. The area under the curve for 
hcDNA was 0.679 (p=0.008) (Figure 1).

Plasma hcDNA levels were significantly correlated with ISTH 
DIC score (r=0.433,  p=0.002) and length of stay in the ICU 
(r=0.314, p=0.026) in the whole study group. There was a 
negative correlation between hcDNA levels and PTS score (r=-
0.464, p=0.001). When we investigated coagulation parameters, 
we found a positive correlation between hcDNA levels and 
D-dimer levels (r=0.597,  p≤0.001) and a negative correlation 
with fibrinogen (r=-0.342, p=0.015).

While most of the patients with organ laceration had higher 
Figure 1. Receiver operating characteristic curve analyses of 
histone-complexed DNA.

Table 3. Clinical and laboratory characteristics of the patients.
  n=50 (%)

Multiple trauma
Isolated brain injury

32 (64)
18 (36)

Bone fracture	 26 (52)

Open wounds 25 (50)

Hypotension 4 (8)

Blood transfusion 2 (4)

Pathological findings on CT*	
     Cranial
     Abdominal
     Thorax

 
31 (62)
7 (14)
28 (56)

Endotracheal intubation 15 (30)

Prolonged PT 12 (24)

Prolonged aPTT 3 (6)

Increased D-dimer 47 (94)

Decreased fibrinogen 2 (4)

Metabolic acidosis 30 (60)

Hypothermia 2 (4)

ICU stay 19 (38)

Mortality		 3 (6)

*Pathological findings: Cranial CT: Facial-calvarial fracture, subarachnoid hemorrhage, 
epidural hemorrhage, subdural hemorrhage, intraparenchymal hemorrhage, contusion, 
pneumocephalus. Thorax CT: Pneumothorax, pulmonary contusion, fracture. 
Abdominal CT: Spleen/renal/liver laceration, intraabdominal bleeding, intraabdominal 
fluid collection, fracture.

CT: Computerized tomography,  PT: prothrombin time, aPTT: activated partial 
thromboplastin time, ICU: intensive care unit.

Table 4. Histone-complexed DNA levels of patients and controls.
hcDNA levels 
(AU) p-value

Patients
Controls

(n=50) 0.474 (0.184-0.841)
0.008*

(n=30) 0.145 (0.086-0.361)

Patients
Male (n=17) 0.463 (0.094-0.853)

0.759*
Female (n=33) 0.485 (0.243-0.802)

GCS

14-15 (n=27) 0.246 (0.095-0.709)

0.009**9-13 (n=11) 0.785 (0.666-0.932)

3-8 (n=12) 0.527 (0.252-0.871)

PTS
9-12 (n=21) 0.246 (0.098-0.747)

0.007*
0-8 (n=29) 0.688 (0.404-0.864)

ISS
16-75 (n=26) 0.695 (0.379-0.865)

0.004*
0-15 (n=24) 0.243 (0.094-0.652)

ACoTS
No ACoTS

(n=13) 0.703 (0.301-0.897)
0.044*

(n=37) 0.398 (0.130-0.802)

D-dimer
>0.5 (n=47) 0.503 (0.231-0.843)

0.008*
≤0.5 (n=3) 0.094 (0.038-0.101)

PT
>14.4 s (n=12) 0.767 (0.368-0.902)

0.013*
≤14.4 s (n=38) 0.359 (0.119-0.793)

APTT

>Age-appropriate 
references range 
(n=3)

0.324 (0.094-0.324)
0.854

Normal (n=47) 0.485 (0.196-0.841)

Fibrinogen

<1.8 g/L (n=2) 0.892 (0.785-0.892)

0.097
≥1.8 g/L (n=48) 0.442 (0.160-0.838)

All data are presented as median (IQR);  *Mann-Whitney U test was used;  **Kruskal-
Wallis test was used. 

hcDNA: Histone-complexed DNA; GCS: Glasgow Coma Scale; PTS: Pediatric Trauma Score; ISS: Injury 
Severity Score; ACoTS: acute coagulopathy of trauma shock; PT: prothrombin time; aPTT: activated 
partial thromboplastin time; IQR: interquartile range.
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hcDNA levels than the median level in the trauma group, we 
did not find any differences in hcDNA levels  according  to 
pathological findings in computerized tomography (CT) of the 
brain, thorax, or abdomen (p=0.342,  p=0.229,  and p=0.071, 
respectively).

Discussion

In the present study, blood levels of hcDNA fragments and ATC 
were assessed in pediatric trauma patients. The findings showed 
that extracellular histone correlates with ATC and also trauma 
severity.

In this study, ACoTS was determined in 13 (26%) patients. In the 
literature there is a wide range, varying from 10% to 71%, for 
the incidence of coagulopathy on admission after severe trauma 
in the pediatric population [3]. Routine coagulation tests such as 
PT, aPTT, international normalized ratio, fibrinogen, or fibrinogen 
degradation product have been used to determine the presence 
of coagulopathy, but Mann et al. [38] showed that these tests do 
not indicate whole coagulation system abnormalities because 
of reflecting only 4% of thrombin production. Different studies 
have been performed to clarify mechanisms of coagulopathy 
after trauma. In a large retrospective study it was found that 
large-volume resuscitation with fluid during the management 
of shock causes dilution of plasma proteins and coagulation 
factors [39], but Brohi et al. [35] also showed that coagulopathy 
could occur before excessive fluid resuscitation. Acidosis and 
hypothermia can be easily observed in patients with especially 
severe trauma, which cause clotting and platelet dysfunction. 
Dirkmann et al. [40] showed that if both of them existed, a 
synergistic effect occurred on coagulopathy and mortality was 
increased. These factors increase the coagulopathy risks after 
trauma, but the exact nature of this process is still not clear and 
correction of acidosis and hypothermia does not always correct 
the associated coagulopathy. This has led researchers to continue 
investigating the additional underlying mechanisms. Damage-
associated molecules play a significant role in the balance of 
the coagulation system in critically ill children [10,14]. In the 
current study, we demonstrated the increase of hcDNA in the 
early phase of coagulopathy without existing DIC in pediatric 
trauma patients.

This study showed that plasma hcDNA levels were higher in the 
trauma group than in healthy controls. This increase occurs because 
of nuclear proteins being released out of the cell membrane with 
cells dying in critically ill patients and in cases of trauma [41]. As 
is well known, nuclear and plasma membranes must be damaged 
for the release of intranuclear substances like histone or DNA to 
occur after mechanical trauma [42]. In this regard, extracellular 
hcDNA levels must be higher as trauma becomes more serious with 
growing tissue damage. Kutcher et al. [25] showed that critically 
injured adult trauma patients with high hcDNA levels had higher 

ISS and lower GCS scores. In another study of adults, Johansson 
et al. [12] found a correlation between the circulating hcDNA 
levels and ISS values. In accordance with the literature, this study 
shows a relationship between plasma hcDNA levels and trauma 
severity according to GCS, PTS, and ISS scores. According to the 
GCS, the highest hcDNA level was seen in the moderate GCS group. 
Multiple organ injuries were mainly found in the moderate GCS 
group. Among these trauma patients, only 2 patients had serious 
organ injuries other than head trauma in the severe GCS group. The 
amount of tissue damage was highest in the moderate GCS group 
and lowest in the mild GCS group, consistent with histone levels.

The main finding of our study was that plasma hcDNA levels 
were significantly correlated with coagulation parameters that 
indicate coagulopathy in the pediatric trauma population. 
After tissue injury, histone moves out of the cell membrane 
and increases activated protein C (aPC). In turn, aPC inhibits 
FV, FVIII, and PAI-1, thereby creating  hypocoagulation  and 
hyperfibrinolysis [43]. The late phase of trauma can be 
complicated with hypercoagulability and thromboembolic 
events like prothrombotic states after depletion of aPC stores 
as reported in septic patients [44]. In addition, extracellular 
histone activates platelets by TLR2 and TLR4 to cause platelet 
aggregation [17]. In experimental models with mice, histone 
injection caused coagulopathy and bleeding with prolonged PT, 
decreased fibrinogen, and fibrin deposition [45]. In this respect, 
it seems that histone plays roles in both pro- and anticoagulant 
processes. Two human studies examined blood histone levels 
and coagulopathy in adult trauma patients [12,25]. The present 
study demonstrated a hypocoagulopathic phase at the early 
stage of trauma having an association between histone levels 
and increased PT and aPTT and decreased fibrinogen.

Another result presented here is plasma hcDNA levels being 
correlated with length of stay in the ICU in the whole study 
group. A relationship between elevated histone levels and days 
of mechanical ventilation was found in trauma patients by 
Kutcher et al. [25]. This result is not surprising considering that 
patients with high histone levels had high trauma severity and 
coagulopathy. The effects of histone on lung tissue were also 
shown in human and animal models. High histone levels caused 
1.8-fold higher incidence of acute lung injury [25] along with 
pulmonary edema, hemorrhage, and microvascular thrombosis 
after injection of histone in animal models [46]. Nakahara 
et al. [45] showed that extracellular histones caused platelet 
aggregation, thrombotic occlusion of pulmonary capillaries, 
and right-sided heart failure. We could not show a relationship 
between histone levels and thorax, cranial, or abdominal CT 
findings. Because these patients had multiple trauma, we could 
not isolate any organ systems from the other tissues. When 
these patients had higher ISS values, we attributed it to the 
release of histone from dying cells that could not be shown 
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by imaging methods. We are unable to discuss whether a high 
histone level is a marker for mortality due to the small size of 
our patient population.

Treatment approaches have undergone more investigation 
since the understanding of the important role of NETs in 
coagulopathy. NETs may represent an attractive target for 
antithrombotic therapy. In the literature, prevention of histone 
toxicity on platelets and protection against histone-induced 
thrombocytopenia by heparin were demonstrated [17,18]. 
Nakahara et al. [45] also demonstrated that recombinant 
thrombomodulin protects mice against histone-induced lethal 
thromboembolism. New therapeutic approaches have caused 
excitement, with the better understanding of NETs including 
hcDNA contributing to the pathophysiology of coagulopathy.

Conclusion

In conclusion, this study indicated that hcDNA levels increase in 
pediatric trauma patients associated with coagulopathy. There 
was an association between plasma hcDNA levels and trauma 
severity according to GCS, PTS, and ISS scores. There was also 
a significant correlation between hcDNA levels and length of 
stay in the ICU. Further studies are needed to clarify the role of 
high hcDNA levels in determining the functional significance of 
these changes in therapy, DIC, and prediction of mortality.
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