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Abstract  

Background:  To investigate plasma Connective Tissue  
Growth Factor (CTGF) levels in Pulmonary Arterial Hyper-
tension (PAH) associated with Congenital Heart Disease  

(PAH-CHD) in children and the relationships of CTGF with  
hemodynamic parameters. Plasma CTGF levels were calculated  
in 30 children with PAH-CHD and 30 health volunteers, using  
the subtraction method.  

Aim of Study:  To assess plasma Connective Tissue Growth  
Factor (CTGF) levels in children with CHD and study its role  

in assessment of PAH that can be promising diagnostic and  

prognostic biomarkers for PAH in children with CHD.  

Patients and Methods:  Our study was conducted in Pedi-
atric Cardiology Clinic and Cardiology Catheter Laboratory  

of Ain Shams University Pediatric Hospital, in the period  
from Jan. 2019 to May 2020, including 30 patient and 30  

healthy controls of matched age and sex.  

Results:  The patients with PAH, 17 were acyanotic and  
13 were cyanotic. The health control group and patient groups  
did not differ significantly in terms of age, gender and BSA  
(p>0.05). Height, weight and BMI were significantly lower  

in PAH-CHD group compared with the HCG ( p<0.05), while  
no difference was found between PAH-CHD group (p>0.05).  
In addition, CTGF levels were higher in PAH-CHD group  

than health control group. Depicts that, PAH-CHD group had  

higher PASP, PADP, RVSP, mPAP, Qp, Rp and Rp/Rs (p<0.01).  

Conclusion:  Plasma CTGF levels could be a promising  
diagnostic biomarker for PAH-CHD in children.  

Key Words:  Pulmonary arterial hypertension – Congenital  

heart disease.  

Introduction  

PULMONARY  Arterial Hypertension (PAH) is a  
severe progressive disease with high mortality and  
morbidity leading to elevated pulmonary vascular  
resistance, right heart failure and death [1] . Clini- 
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cally, the disease is defined as a mean pulmonary  

artery pressure of >25mmHg at rest [2] .  

The incidence of PAH secondary to congenital  
heart disease is estimated as 1.6-12.5 case/million/  

year. The increased pulmonary blood flow in Con-
genital Heart Disease (CHD) with left-to-right  

shunts induces endothelial cell injury and apoptosis  
and increases pulmonary arterial pressure with  

neo-intimal development and pulmonary vascular  
remodeling [3] . Specific PAH-target drugs have  
improved the quality of life and survival by pre-
venting pulmonary vascular remodeling [4] .  

PAH carried a poor prognosis in children with  
CHD. In the past years, some blood biomarkers in  
PAH such as B-type Natriuretic Peptide (BNP),  

N-Terminal pro-B-type Natriuretic Peptide (NT-
proBNP), endothelin-1, growth differentiation  
factor-15 and miRNAs have been used to diagnosis  

and prognosis, but none of them was validated to  
be an ideal biomarker [5] .  

Connective Tissue Growth Factor (CTGF), also  

known as CCN2, is a 38-kDa, cysteine-rich secreted  
peptide and belongs to the member of the CCN  

(acronym of Cyr61/CEF-10, CTGF/Fisp-12 and  

Nov) family of growth factors that was originally  
isolated from umbilical vein endothelial cells [6] .  
CTGF is involved in normal physical condition,  
but also participates in pathological processes such  

as angiogenesis and wound healing, as well as  

extracellular matrix production, adhesion, prolif-
eration and apoptosis [7] .  

More importantly, there are several observations  
that CTGF is intimately correlated with pulmonary  

vascular remodeling [8] . Many studies performed  
by Lee and Wang et al., at rats, found CTGF con- 

673  

http://www.medicaljournalofcairouniversity.net
mailto:dr_mam.2010@yahoo.com


674 Plasma CTGF Levels in Assessment of PAH in Children with Congenital Heart Disease  

tributed to the proliferation of pulmonary artery  
smooth muscle cells these results suggest that  
CTGF should play an important role in the devel-
opment of pulmonary vascular remodeling [9] .  

Plasma CTGF levels are shown to be useful in  
diagnosing heart failure [10] , idiopathic pulmonary  
fibrosis Kono et al. [11] , and correlate with the  
severity of fibrotic diseases [12] . We therefore  
hypothesize that secreted CTGF levels could be a  

clinical biomarker in children with PAH associated  
with CHD (PAH-CHD).  

Right Heart Catheterization (RHC) is the gold  

standard method for diagnosis of PAH and an  

important tool for testing the eligibility of patients  
with CHD to undergo operations for correction of  

heart defects. However, it is an invasive test and  
not always practical for repeated ongoing evalua-
tion. So, accurate noninvasive assessment of PAH  
is desirable both for diagnostic purposes and to  

assess response to therapy. Doppler echocardiog-
raphy (D-ECHO) has become the most important  
and routinely applied noninvasive imaging tech-
nique for the diagnosis and follow-up of patients  
with CHD and is recommended as the initial non-
invasive modality in the screening and evaluation  

of PAH [13] .  

Aim of the work:  

The aim of this study is to assess plasma Con-
nective Tissue Growth Factor (CTGF) levels in  
children with CHD and study its role in assessment  
of PAH that can be promising diagnostic and prog-
nostic biomarkers for PAH in children with CHD.  

Also, to assess the diagnostic accuracy of Doppler  
ECHO as noninvasive technique in detecting PAH  

in patients with CHD and its value in detecting the  
ventricular remodeling and diastolic dysfunction  

induced by PAH to some extent.  

Patients and Methods  

Study population:  Our study was conducted in  
Pediatric Cardiology Clinic and Cardiology Cath-
eter Laboratory of Ain Shams University Pediatric  
Hospital, in the period from Jan. 2019 to May  
2020, including 30 patient and 30 healthy controls  
of matched age and sex.  

The children were divided into two groups:  

Group A (study group): It is composed of 30 chil-
dren. Detailed history and physical examination  
including age, gender, weight, height, Body Surface  

Area (BSA), Body Mass Index (BMI), electrocar-
diography and heart catheterization findings were  
recorded. Group B (control group): It is composed  

of 30 children excluded from any chronic diseases.  

Inclusion criteria:  

Age <12 years. Patients with PAH associated  
with CHD. Echocardiographic evidence of moder-
ate to severe PHA. All control cases will be healthy  
with no clinical manifestation or history of chronic  

diseases.  

Exclusion criteria:  
Idiopathic PAH (IPAH). Patients with any  

chronic disease as connective tissue disease, liver  

disease, kidney disease,  etc.  

Study tools and procedures:  

Complete history taking include age, sex, die-
tetic history, developmental history and history of  
any chronic diseases. General examination includ-
ing, weight, height, Body Surface Area (BSA),  
Body Mass Index (BMI). Cardiac examination and  

modified Ross classification of heart failure. Sample  

collection from peripheral venous blood for assess  

plasma CTGF levels by using sandwich ELIZA.  
Ecocardiography: Echocardiographic examination  

will be performed for all cases in supineposition  
using General Electric (Vivid-E9) system with  
probe 5S or 6S MHz (multifrequency transducer)  

according to age of patient. The examination will  

be done by a pediatric cardiologist who is expert  

in echocardiography. Two dimensional transthoracic  
echocardiography to detect the underlying congen-
ital cardiac disease and the increased right-sided  

chamber size and wall thickness (RV dilatation  

and hypertrophy). c. Systolic, diastolic and mean  

pulmonary artery pressures will be evaluated by  

Doppler recordings of the maximal velocity of  

tricuspid regurgitation and early and late diastolic  

pulmonary regurge jet flow.  

Cardiac catheterization for assessment of:  
Mean pulmonary arterial pressure (mPAP).  

Mean right atrial pressure (mRAP) and left atrial  

pressure. Pulmonary Capillary Wedge Pressure  

(mPCWP). Qp can be estimated using Fick's prin-
ciple by the following equation:  

Qp =VO2 / (pulmonary venous O 2  content – 
Pulmonary arterial O 2  content).  

Assay for plasma CTGF:  
After overnight fasting, blood samples for CT-

GF and BNP measurements were collected at 08- 
09am, immediately transferred to chilled polypro-
pylene tubes containing EDTA-2Na and centrifuged  
at 4ºC and 2080g for 15min. The plasma samples  
were stored at –80ºC and then thawed by incubating  

at 25ºC for 5min in a water preceding the CTGF  

assay. BNP was measured using the chemilumines-
cent microparticle immunoassay on the ARCHI- 
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TECT 2000i System (Abbott; Abbott Park, IL,  

USA). Anti-CTGF antibodies were prepared, and  
each sandwich Enzyme-Linked Immunosorbent  
Assay (ELISA) was executed as described previ-
ously. The full-length CTGF levels were detected  
by a sandwich ELISA using two monoclonal anti-
bodies against modules 1 and 4. Total CTGF levels  
were determined by a sandwich ELISA using two  
monoclonal antibodies against modules 1 and 2.  
N-terminal CTGF levels were calculated using a  
subtraction method, as follows: (N-terminal CTGF  

level) = (Total CTGF level) (full-length CTGF  
level). All analyses were performed in duplicate,  

and the mean value is reported for each.  

Statistical analysis:  
The values will used to describe mean ±  stand-

ard deviation. Comparison between groups will  

made using the Mann-Whitney U-test, Chi-square  

or rank sum test. Differences in CTGF levels in  

New York Heart Association (NYHA) classes wil-
lanalyzed by nonparametric Jonckheere-Terpstra.  
Receiver Operating Curve (ROC) analyses were  
assessed for diagnosis of PAH-CHD with MedCalc  

statistical software version 11.5.0.The differences  

between Area Under Curve (AUC) were evaluated  
by Hanley and McNeil methods (hanley, 1983).  
p<0.05 will be considered statistically significant.  

Results  

Table (1): Baseline clinical and laboratory characteristics of  

subjects.  

Variable  
HCG  

(n=30)  

PAH-CHD  
group  
(n=30)  

p-value  
(HCG vs.  

PAH-CHD)  

Age (months)  54.3±27.6  53.7±38.8  0.86  

Gender (F/M)  15 (10)  16 (14)  0.62  

H (cm)  99.3±24.5  88.9±21.8  0.021  

Weight (Kg)  17.6±8.2  15.2±7.8  0.009  

BSA (m2)  0.65±0.1  0.61 ±0.2  0.37  

BMI (kg/m2)  16.7±5.7  15.2±7.6  0.01  

BNP (pg/ml)  52±20.7  280.9± 135.8  0.000  

Values are represented as mean ±  SD;  
p<0.05 was regarded as statistically significant.  
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Table (2): Comparison of cardiac catheterization parameters  

among the studied groups.  

Variables  PAH-CHD (n=30)  p-value  

PASP (mmHg)  62.4± 19.1  0.000  
PADP (mmHg)  39.7±7.5  0.000  
RVSP (mmHg)  50± 13.7  0.000  
RVDP (mmHg)  13.4±5.8  0.07  
mPAP (mmHg)  57.2± 10.3  0.000  
Qp [L/(min m2)]  19.1 ±2.1  0.000  
Qs [L/(min m2)]  4.6± 1.6  0.09  

Qp/Qs  4.3± 1.7  0.08  
Rp (U X m2)  9.3±5.4  0.000  
Rs (U X m2)  19.2±7.5  0.15  
Rp/Rs  0.49±0.35  0.001  
Oxygen saturation (%)  88.9± 12.7  0.13  

Table (3): Correlations of CTGF with various parameters in  

PAH-CHD patients.  

Parameters  Correlation coefficient  p-value  

Age (months)  –0.314  0.126  
H (cm)  –0.216  0.300  
Weight (Kg)  –0.22  0.291  
BSA (m2)  –0.233  0.262  
BMI (kg/m2)  –0.189  0.365  
PASP (mmHg)  0.386  0.057  
PADP (mmHg)  0.056  0.790  
RVSP (mmHg)  0.265  0.201  
RVDP (mmHg)  –0.132  0.529  
mPAP (mmHg)  0.370  0.069  
Qp [L/(min·m

2
)]  0.385  0.094  

Qs [L/(min·m
2
)]  0.152  0.467  

Qp/Qs  –0.27  0.898  
Rp (U/m2)  0.035  0.868  
Rs (U/m2)  0.067  0.751  
Rp/Rs  –0.165  0.432  
Oxygen saturation (%)  –0.436  0.016  
BNP  0.475  0.008  

PASP 
 

: Pulmonary Artery Systolic Pressure. 
PADP 

 
: Pulmonary Artery Diastolic Pressure. 

RVSP 
 

: Right Ventricular Systolic Pressure. 
RVDP 

 

: Right Ventricular Diastolic Pressure. 
mPAP 

 
: Mean Pulmonary Artery Pressure. 

Qp : Pulmonary artery flow. 
Qs : Systemic artery flow. 
Qp/Qs  : Pulmonary-to-systemic flow ratio. 
Rp : Pulmonary arterial resistance. 
Rs : Systemic arterial resistance. 
Rp/Rs  : Pulmonary-to-systemic resistance ratio.  

Table (4): Values of CTGF in PAH-CHD designated on the basis of ROC curves.  

Test AUC Sensitivity (%) 
 

Specificity (%) 
 

PPV (%) 
 

NPV (%) +LR –LR p-value  

CTGF 0.841 67 93 91 74 10.0 0.36 <0.0001  
(0.724-0.923) (47-83) (78-99) (71-99) (57-87) (7.6-13.1) (0.09-1.5)  

PPV 
 

: Positive Predictive Value. +LR 
 

: Positive likelihood ratio. 
NPV 

 
: Negative Predictive Value. –LR 

 
: Negative likelihood ratio.  
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Discussion  

The available information confirms that a large  
amount of full-length CTGF which were known  

to be present in platelets were shown to be released  

into plasma by platelet activation during or after  
blood collection and may interfere with determi-
nation of plasma CTGF levels [14] , which is con-
sidered to reflect fibrosis in a variety of organs.  

We therefore focused our investigation on a novel  
subtraction method for accurately determining  
plasma CTGF levels [10] .  

To our knowledge, we demonstrated for the  

first time that plasma CTGF levels were elevated  

in children with PAH-CHD. Cyanotic PAH-CHD  
had significantly higher levels of plasma CTGF  

than acyanotic PAH-CHD, but plasma CTGF levels  

also were higher in acyanotic PAH-CHD compared  

with HCG. Plasma CTGF levels were not correlated  
with PASP, PADP, RVSP, RVDP, mPAP, Qp, Qs,  
Qp/Qs, Rp, Rs or Rp/Rs, respectively, while there  

was a negative relation between plasma CTGF  

levels and oxygen saturation. Plasma CTGF levels  

were associated with NYHA classes in PAH-CHD.  
Furthermore, even though the addition of CTGF  
to BNP did not significantly increase AUC for  

diagnosis of PAH-CHD compared with BNP alone,  
it revealed a moderately better specificity, PPV  
and positive likelihood ratio than BNP alone.  

Accumulating data demonstrate that CTGF  
expression was regulated by several stimulating  
factors, for example mechanical stretch, pressure  

overload, TGF- (3 , oxidative and angiotensin II [16] .  
Thus, it is reasonable that plasma CTGF levels  
were markedly elevated due to abnormal hemody-
namics in children with PAH-CHD. On the other  

hand, as an important induced factor for PAH,  

hypoxia increased secretion of CTGF [17] . Our  
results indicate that the mean mixed venous oxygen  
saturation of the children with PAH-CHD was  
approximately 88.9%, suggesting that tissue hy-
poxia was slightly present; cyanotic PAH-CHD  

had significantly higher levels of plasma CTGF  

than acyanotic PAH-CHD, but also oxygen satura-
tion was negatively correlated with plasma CTGF  

levels. We therefore speculate that higher plasma  
CTGF levels in cyanotic PAH-CHD children than  

in other group that we studied may be explained,  

at least in part by this mechanism.  

Several studies have found that CTGF partici-
pated in the development of pulmonary vascular  
remodeling [8] . Conversely, plasmid-based shRNA  
against CTGF prevented pulmonary vascular re-
modeling in cigarette smoke-exposed rats [18] .  

These experimental observations suggest that CTGF  

expression promotes accumulation of extracellular  

matrix and proliferation of pulmonary arterial  

smooth muscle cell and eventually leads to vascular  

remodeling. In previous studies, CTGF has been  

involved in many disease states characterized by  
fibrosis and also has been proposed as a biomarker  

of fibroproliferative disease [19] .  

Currently, hemodynamic parameters are key  
indicators for assessing progression and diagnosis  

of PAH, but alternative parameters to monitor  
disease severity and diagnosis which are noninva-
sive, reliable and relatively quick are urgently  

needed in children with PAH-CHD. It has been  
widely accepted that plasma BNP levels as a bi-
omarker for PAH correlated with hemodynamic  

parameters in PAH Giannakoulas et al., [20]  while  
in the present study, the significant relations of  

elevated plasma CTGF levels with hemodynamic  

parameters (i.e., PASP, PADP, RVSP, RVDP, mPAP,  

Qp, Qs, Qp/Qs, Rp, Rs or Rp/Rs) have not been  
observed, indicating that BNP and CTGF may  

capture different aspects of PAH-CHD pathophys-
iology. Immunohistochemical stains of lungs from  

rat PAH model showed that CTGF was markedly  

expressed in pulmonary arterial smooth muscle  
cells [9] . Moreover, vascular remodeling closely  
associates with pulmonary arterial smooth muscle  

cells proliferation in PAH. Increased plasma levels  

of CTGF seem to mirror remodeling processes.  
Taken together, CTGF is unable to directly relate  

to and cannot be considered a indicator for the  

severity of PAH-CHD; thus, CTGF has no prog-
nostic potential. Additionally, Kono et al., [11]  
demonstrated that plasma CTGF levels were higher  

in idiopathic pulmonary fibrosis patients and neg-
atively correlated with 6-month change in force  

vital capacity. Elevated plasma CTGF levels in  

adult patients with asthma which negatively corre-
lated with force vital capacity, forced expiratory  

volume in 1s, were considered to be a clinical  
biomarker of asthma [21] .  

BNP is secreted mainly from ventricle in re-
sponse to volume load and pressure load. Increased  

plasma BNP levels were correlated with NYHA  

classes in PAH. We also confirmed an association  
of plasma CTGF levels with NYHA classes in our  
study population. Furthermore, although exogenous  

BNP inhibited the expression of CTGF Giannak-
oulas et al., [20]  increased plasma CTGF levels  
correlated with BNP in our trial. These findings  
indicate that plasma CTGF levels may reflect, to  
some extent, cardiac pathologies, especially right  

heart dysfunction in PAH-CHD. Supporting this  
hypothesis, similar relations between plasma levels  
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of CTGF and BNP have been observed in adult  
patients with heart failure [19] . Owing to pathobi-
ology of PAH induced by multifactor, a single  

biomarker will not be precise for the diagnosis,  

prognosis and aspects of the underlying disease  
process for PAH. Thus, a combination of several  
biomarkers could be the optimal proposal to im-
prove the diagnosis and prognosis. Recently, (Ni-
ckel et al., 2008) demonstrated that the addition  

of growth differentiation factor-15 to NT-proBNP  
could improve prognostic value in idiopathic PAH.  
Notably, as shown in this trial, the combination of  
CTGF with BNP did not significantly increase  
AUC for diagnosing PAH-CHD compared with  

BNP alone in this study, whereas its specificity,  
PPV and positive likelihood ratio reached 93, 91  
and 10.0%, respectively. These findings clearly  

indicate that CTGF could be a promising diagnostic  

biomarker for PAH-CHD in children.  

There were several limitations in our study.  
Firstly, this is a single-center study and sample  
size needs to be enlarged. Secondly, a study with  

a longer follow-up period should be executed to  

evaluate the relation between plasma CTGF levels  

and clinical hemodynamic parameters. Thirdly,  
there will be a topic of future studies to investigate  

the plasma CTGF levels in various conditions of  
PAH. Fourthly, more work is required to validate  
the supposition that CTGF is a novel diagnostic  

biomarker.  

Conclusion:  
Plasma CTGF levels could be a promising  

diagnostic biomarker for PAH-CHD in children.  
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