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Abstract:  The operative deliveries can expose the fetus to acute and systemic hypoxia along with an increase in perinatal morbidity. The aim 
of this study was to reveal any relationship between delivery type and Chitotriosidase and Troponin T levels in cord blood. Ninety 
babies born in Ankara Etlik Maternity and Women’s Health Teaching Hospital were involved in the study. The babies were divided into 
three groups; Group 1: Normal vaginal; Group 2:  Caesarean section; Group 3: Forceps application. Cord blood samples were drawn 
from umbilical arteries of the babies soon after the birth. Chitotriosidase enzyme activities in group 3 (141 nmol/ml/h (0–246)) were 
found higher than groups 1 (100 nmol/ml/h (0–208)) and 2 (91 nmol/ml/h (0–202)) (p<0.01 and p<0.03 respectively). Although 
cardiac Troponin T levels were higher in group 3, the difference among groups was not statistically significant (p=0.79). Acute or 
systemic hypoxic exposure of the organism gives rise to a microvascular response characterized by interactions between leukocytes 
and endothelium. We are hypothesizing that the high levels of chitotriosidase found in the forceps group were due to hypoxia, and that 
chitotriosidase level can be used as a marker of acute and systemic hypoxia.
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1. Introduction
Labors requiring intervention are accompanied by 
increased morbidity. In particular, normal vaginal 
deliveries under epidural anesthesia lengthen the first 
and second stages of the birth. The most common 
indication of forceps is elongation of the second 
stage; midforceps are most often used when there 
is a risk of fetal asphyxia and neonatal hypoxia [1]. 
Subdural, cerebral, intraventricular and subarachnoid 
hemorrhages, facial nerve and brachial plexus injury, 

convulsion, central nervous system depression and 
the need for mechanical ventilation are more frequent 
in babies after births assisted by forceps, vacuum, and 
caesarean section when compared with spontaneous 
deliveries [2-4]. Respiratory depression, risks of perinatal 
asphyxia and hypoxia have been shown to increase 
in operative deliveries [5,6]. Operative deliveries can 
expose the fetus to acute and systemic hypoxia along 
with an increase in perinatal morbidity. Accordingly, the 
aim of this study was to reveal relationships among 
delivery type, degree of hypoxia and the levels of two 
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markers for hypoxia, chitotriosidase (ChT) and troponin 
(Tn), in cord blood. 

An enzyme of the chitinase group, ChT breaks down 
the chitin sheath, particularly of fungi. Its primary source 
is activated macrophages [7]. Following an appropriate 
stimulus, this enzyme can either be secreted by 
macrophages or by polymorphonuclear leukocytes [8]. 
It was first defined in patients with Gaucher disease, 
and was found be increased 1000-fold in macrophages 
of the tissues of Gaucher patients [9]. Recent studies 
suggest that ChT levels are related to inflammation 
[10,11]. Systemic hypoxia causes a microvascular diffuse 
inflammation in the body, as a result of which leukocyte-
endothelial adhesion and vascular permeability increase 
and leukocytes migrate through the perivascular area 
[12-15]. Therefore, inflammation resulting from hypoxia 
can indirectly result in an increase in ChT levels. 

The inhibitor protein complex Tn is found in the 
actin filaments of striated muscles. It comprises three 
subtypes: troponin T (TnT), troponin C (TnC) and 
troponin I (TnI). Cardiac TnT levels increase in hypoxic 
myocardial injuries [16-18]. Cardiac TnT is expressed 
in fetal cardiac myocytes, and it is found at increased 
levels in cord blood as a marker of cardiac injury [19]. 
This phenomenon arises from low perfusion of the heart 
in hypoxic fetuses. A high TnT value in cord blood is 
assumed to be a marker of serious chronic hypoxia in 
abnormal umbilical venous return. This occurs in fetuses 
that have retrograde blood flow or a loss of diastolic blood 
flow in the umbilical artery, and in fetuses with severe 
placental insufficiency [20,21]. TnT levels are thought 
to increase with fetal asphyxia and neonatal hypoxia, 
influencing the myocardium in operative deliveries.

2. Material and Methods

2.1. Subjects 
Ninety babies born in Division of Maternal-Fetal 
Medicine of Ankara Etlik Maternity and Women’s Health 
Teaching Hospital were involved in the study. Only full-
term babies were included in the study. Mothers with 
risk factors including hypertension, diabetes mellitus, 
preeclampsia and smoking, as well as resuscitated 
and/or congenitally malformed babies, were excluded. 
Since ChT is a marker of infection, patients with preterm 
premature rupture of membranes were also excluded. 
Maternal hypertension was defined according to the 
Working Group (2000) criteria as high blood pressure 
≥ 140/90 mmHg after the 20th week of gestation [22]. 
Gestational diabetes mellitus was defined as any degree 
of glucose intolerance with onset or first recognition 
during pregnancy [23].  

The study was approved by the local ethical 
committee of Gulhane Military Academy of Medicine. 
Informed consent was obtained from all subjects.

2.2. Study groups
The babies were divided into three groups according to 
delivery type: Group 1: Normal vaginal delivery (NVD); 
Group 2:  Caesarean section (C/S); Group 3: Forceps 
application. In Group 2; 12 patients were underwent 
C/S for fetal distress, whereas C/S was elective in the 
others. Cord blood samples were drawn from umbilical 
arteries of the babies soon after the birth, and collected 
into tubes without any additives. Supernatants were 
taken after the centrifugation at 4000 rpm for 10 min, 
and kept at -80°C until measurement. 

2.3. Activity of Chitotriosidase  
ChT enzyme activities were analyzed according to the 
method described by Guo et al. [24]. Briefly, 25 μl of 
milk supernatant was incubated with 100 μl of 22 μmol/L 
4-methylumbelliferyl-β-D-N,N′,N″-triacetylchitotriose in 
McIlvain’s phospate-citrate buffer, pH=5.2, for 1 h at 37°C. 
The reaction was terminated by adding 120 μl 0.5 mol/L 
Na2CO3–NaHCO3 buffer, pH 10.7, and the fluorescence 
of 4-methylumbelliferone was read in a Microfluor 2® 
fluorimeter (Bio-Tek Instruments, Neufahrn—Germany; 
excitation 355 nm, emission 460 nm). The ChT activity 
was expressed as nanomoles of substrate hydrolyzed 
per milliliter per hour (nmol/ml/h).

2.4. Troponin T determination 
Cord blood TnT levels were assessed by Elecsys 
Troponin-T STAT Immunoassay, Elecsys® 1010/2010 
systems. The electrochemiluminescence immunoassay 
was performed using an Elecsys® 2010 immunoassay 
analyzer (Roche® Diagnostics GmbH, Mannheim, 
Germany) with a lower limit of 0.010 ng/ml. Any value 
below this limit was considered to be zero. The upper 
limit of the test was 25.00 ng/ml; the normal range was 
0.010–0.100 ng/ml.

2.5. Statistical analysis
Data were analyzed using SPSS® for Windows® 10.0. 
Descriptive statistics were given as mean ± standard 
deviation and median (min-max) values. Multiple group 
comparisons were done by the Kruskal-Wallis test and 
post hoc Bonferroni adjusted Mann-Whitney U tests. 
Statistical significance was set at p<0.05. 
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3. Results
Clinical characteristics of the babies and mothers are 
shown in Table 1. ChT enzyme activities in Group 3 
(141 nmol/ml/h (0–246)) were found higher than Group 
1 (100 nmol/ml/h (0–208)) and Group 2 (91 nmol/ml/h 
(0–202)) (p=0.01 and p=0.03 respectively). There was no 
significant difference between Groups 1 and 2 (p=0.55). 
Although cardiac TnT levels were higher in Group 3, the 
difference among groups was not statistically significant 
(p=0.79) (Table 2). 

4. Discussion
In this study, we aimed to discover whether ChT and 
TnT levels were related to delivery type. No significant 
difference was seen in ChT levels between the NVD and 
C/S groups, whereas the forceps group had significantly 
increased ChT levels; the groups were similar regarding 
cardiac TnT levels. 

Despite the extensive technological improvements 
in modern medicine in recent years, parturition 
asphyxia can progress in the form of hypoxic ischemic 
encephalopathy. Sometimes that clinical condition 
can result in permanent neurological injuries [6]. 
Several studies have shown that there is a positive 
relationship between operative deliveries, particularly 
forceps application, and asphyxia at birth [5,6]. Acute or 
systemic hypoxic exposure of the organism gives rise to 

a microvascular response characterized by interactions 
between leukocytes and endothelium [15]. Leukocyte 
migration to the affected area occurs with increased 
vascular permeability [14,25]. Recent data suggest that 
the balance between reactive oxygen species (ROS) 
and nitric oxide (NO) plays a role in microvascular 
response to hypoxia. A study by Steiner et al. [28]
showed that ROS formation increased in the mesenteric 
microcirculation during hypoxia. ROS formation, as well 
as leukocyte adherence and migration, was shown to 
decrease with an antioxidant pretreatment before the 
hypoxia. Another study by Wood et al. [15] revealed that 
increased NO within tissues diminished the leukocyte-
endothelium interaction. 

Another potential result of the oxidative stress that 
results from the imbalance between ROS and NO is 
an increase in local inflammatory mediators, which are 
readily formed from arachidonic acid; these substances 
play a role in the microvascular rapid response to 
hypoxia [27,28]. Circulatory levels of cytokines, such 
as leukotriene B4 (LTB4), have been shown to increase 
during hypoxia [29]. LTB4 is a potent proinflammatory 
mediator that not only leads to adhesion and migration of 
the leukocytes, but also increases vascular permeability. 
Moreover, in parallel with the response to hypoxia, 
LTB4 was shown to also increase ROS formation in 
polymorphonuclear leukocytes [30,31]. However, it must 
be mentioned that findings to the contrary have also 
been reported [32]. 

ChT is an antifungal functioning member of chitinase 
enzyme system, and its main origin is the macrophages. 

Group 1 (n=30) Group 2 (n=30) Group 3 (n=30) P value

Maternal age (year) 28.87±5.32 29.28±4.89 30.77±5.21 >0.05

Maternal weight (kg) 77.13±8.91 81.72±7.86 79.72±11.14 >0.05

Gestational age (week) 38.68±1.49 37.85±2.88 38.31±1.79 >0.05

Birth weight (g) 3120

(2610–3925)

3030

(2520–3780)

3220

(2710–3890)

>0.05

Birth length (cm) 49.2±2.6 50.1±3.1 50.05±4.10 >0.05

Sex (Male/Female) 13/17 14/16 17/13 >0.05

Apgar scores     

1  min     

5  min

8.7 (7–10)

9.5 (8–10)

8.5 (7–10)

9.8 (9–10)

8.2 (6–9)

9.3 (6–10)
>0.05

Table 1. Clinical characteristics of the subjects.

Table 2. Chitotriosidase and Troponin T levels in cord blood.

NVD (n=30) C/S (n=30) Forceps (n=30) P value*

Chitotriosidase (nmol/mL/h) 100 (0–208) 91 (0–202) 141 (0–246) =0.02

Troponin T 

(ng/mL)

0.018

(0.010–0.074)

0.020

(0.00–0.182)

0.021

(0.010–0.390)
=0.79

*P<0.05 was accepted as significant
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In the course of an appropriate stimulus, this enzyme 
is secreted from the granules of macrophages and 
polymorphonuclear leukocytes [33-36]. Having assessed 
the ChT levels in cord blood, our study showed no 
significant difference between the NVD and C/S groups. 
However, ChT levels increased in the forceps group 
compared with C/S and NVD. Risk of fetal asphyxia 
can increase, particularly in prolonged deliveries, and 
there may be an indication for forceps intervention. High 
levels of ChT in the forceps group may be an outcome of 
fetal exposure to acute hypoxia, and to increased levels 
of mononuclear and polymorphonuclear leukocytes 
secreting leukotrienes such as LTB4. Both the increased 
number of inflammatory cells in circulation and the 
secretion of the enzymes stored in their granules may 
give rise to high ChT levels. 

A second finding was that TnT levels in cord blood 
were not related with the parturition type. Since TnT 
shows myocardial cellular injury, our results suggest 
that the subjects were not exposed to significant hypoxia 
that would induce cardiac injury.  

We hypothesize that the high levels of ChT found 
in the forceps group resulted from hypoxia, and that 
the ChT level can be used as a marker of acute and 
systemic hypoxia. Long-term studies must be done to 
evaluate the degree of that hypoxic effect. The clinicians 
should bear in mind that C/S is an alternative approach 
in these conditions to avoid the risk of a hypoxic effect. 
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