
Pulmonary	arterial	hypertension	(PAH)	is	defined	as	a	mean	
pulmonary	arterial	pressure	of	>25	mmHg	(1).	Although	there	
have	been	developments	in	diagnostic	tools	such	as	echocar-
diography	 and	 treatment	modalities,	 PAH	 secondary	 to	 un-
diagnosed	 or	 untreated	 congenital	 heart	 diseases,	 especially	
left-to-right	shunt	defects,	remains	an	important	cause	of	pul-
monary	 arterial	 hypertension	 in	 childhood.	The	 pathophysi-
ology	 of	 PAH	 is	 multifactorial,	 complex	 and	 incompletely	
understood	 (2-4).	 PAH	 secondary	 left-to-right	 shunt	 defects	
is	related	to	increased	pulmonary	blood	flow	leading	to	endo-
thelial	dysfunction,	increased	pulmonary	vascular	resistance,	

vascular	 remodelling	 and	 luminal	 obstruction	 due	 to	 in	 situ	
thrombosis	and	neointimal	and	plexiform	lesions	(5-7).	Some	
recent	 studies	 have	 shown	 that	 inflammation	 has	 an	 impor-
tant	role	in	the	pathophysiology	of	PAH	(8).	C-reactive	pro-
tein	(CRP)	is	a	classic	short	pentraxin	that	is	produced	in	liver	
secondary	 to	 systemic	 inflammation.	 Pentraxin	 3	 is	 one	 of	
the	long	pentraxins	and	is	synthesized	by	local	vascular	cells,	
such	as	smooth	muscle	cells,	endothelium	and	fibroblasts,	as	
well	as	innate	immune	cells	at	sites	of	inflammation.	Pentrax-
in	3	plays	a	key	role	in	the	regulation	of	cell	proliferation	and	
angiogenesis	(9,	10).

Background:	 Pulmonary	 arterial	 hypertension	 secondary	 to	 un-
treated	left-to-right	shunt	defects	leads	to	increased	pulmonary	blood	
flow,	 endothelial	 dysfunction,	 increased	 pulmonary	 vascular	 resis-
tance,	vascular	remodelling,	neointimal	and	plexiform	lesions.	Some	
recent	studies	have	shown	that	inflammation	has	an	important	role	in	
the	pathophysiology	of	pulmonary	arterial	hypertension.
Aims: The	aim	of	this	study	is	to	evaluate	serum	pentraxin	3	and	high	
sensitive	(hs)-C	reactive	protein	(hs-CRP)	levels	in	children	with	se-
vere	pulmonary	arterial	hypertension	(PAH)	secondary	to	untreated	
congenital	heart	defects	and	evaluate	the	role	of	inflammation	in	pul-
monary	hypertension.
Study Design:	Cross	sectional	study.
Methods:	After	 ethics	 committee	 approval	 and	 receiving	 consent	
from	 parents,	 there	 were	 31	 children	 were	 selected	 for	 the	 study	
with	 severe	PAH,	mostly	with	 a	 left-to-right	 shunt,	who	 had	 been	
assessed	by	cardiac	catheterisation	and	were	taking	specific	pulmo-
nary	vasodilators.	The	control	group	consisted	of	39	age	and	gender	
matched	healthy	children.	After	recording	data	about	all	the	patients	
including	age,	gender,	weight,	haemodynamic	studies	and	vasodila-
tor	testing,	a	physical	examination	was	done	for	all	subjects.	Blood	
was	taken	from	patients	and	the	control	group	using	peripheral	veins	
to	analyse	serum	Pentraxin	3,	N-terminal	pro-Brain	Natriuretic	Pep-

tide	(NT-ProBNP)	and	hs-CRP	levels.	Serum	Pentraxin-3	levels	were	
measured	 by	 enzyme	 linked	 immunosorbent	 assay	 (ELISA)	 and	
expressed	as	ng/mL.	Serum	hs-CRP	 levels	were	measured	with	an	
immunonephelometric	method	and	expressed	as	mg/dL.	The	serum	
concentration	of	NT-proBNP	was	determined	by	a	chemiluminescent	
immunumetric	assay	and	expressed	as	pg/mL.
Results:	Serum	Pentraxin-	3	levels	were	determined	to	be	1.28±2.12	
(0.12-11.43)	in	the	PAH	group	(group	1)	and	0.40±0.72	(0.07-3.45)	
in	group	2.	There	was	a	statistically	significant	difference	between	
the	 two	 groups	 (p<0.01).	 Serum	 hs-CRP	 levels	were	measured	 as	
2.92±2.12	(0.32-14.7)	mg/dL	in	group	1	and	0.35±0.16	(0.07-3.45)	
mg/dL	in	group	2.	The	hs-CRP	level	was	increased	in	the	PAH	group	
to	a	significant	degree	(p<0.01).
Conclusion:	Our	study	showed	that	pentraxin	3	and	hs-CRP	levels	
were	increased	significantly	in	the	PAH	group.	We	consider	that	in-
flammation	plays	an	 important	 role	 in	severe	pulmonary	hyperten-
sion	 and	 progressive	 pulmonary	 arterial	 hypertension	 in	 children	
with	PAH.
(Balkan Med J	2014;31:219-23).
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The	aim	of	this	study	was	to	evaluate	serum	pentraxin	3	and	
high	 sensitive-CRP	 (hs-CRP)	 levels	 in	 children	with	 severe	
pulmonary	arterial	hypertension	secondary	to	untreated	con-
genital	heart	defects,	and	determine	the	role	of	inflammation	
in	pulmonary	hypertension.

MATERIAL AND METHODS

After	ethics	committee	approval	and	consent	from	parents,	
31	children	with	severe	PAH	from	two	centres	were	selected	
for	 the	 study	who	mostly	 had	 a	 left-to-right	 shunt	 and	 had	
been	assessed	with	cardiac	catheterisation,	required	diagnos-
tic	catheterisation	and	were	taking	specific	pulmonary	vaso-
dilators.	The	control	group	consisted	of	39	age-	and	gender-
matched	healthy	children.	After	 recording	data	about	all	 the	
patients	including	age,	gender,	weight,	echocardiographic	as-
sessment,	haemodynamic	studies	and	vasodilator	 testing,	all	
subjects	received	a	physical	examination.	Patients	and	control	
subjects	who	had	an	infection,	fever	or	history	of	infection	in	
the	 previous	month	 or	 other	 chronic	 disease	were	 excluded	
from	the	study.
Medical	 history,	 age,	 weight,	 height,	 and	 body	 measure-

ments	were	obtained	from	all	observed	children.	All	cardiac	
haemodynamic	studies	which	had	been	performed	previously	
according	 to	 standard	 procedures	 were	 as	 follows:	 intrave-
nous	fluids	and	electrolyte	therapy	were	given	to	all	patients	
and	oral	 ingestion	had	been	stopped	 three	hours	before	car-
diac	catheterisation.	For	patients	under	three	years	of	age,	we	
selected	oxygen	consumption	as	10-14	mLO2/kg	for	patients	
weighing	 2-5	 kg,	 and	 7-11	 mLO2/kg	 for	 patients	 weighing	
5-8	kg.	For	the	remaining	patients,	oxygen	consumption	val-
ues	were	estimated	according	to	the	formulas	of	the	LaFarge	
and	Miettinen	method.7	Based	on	the	results	obtained	during	
cardiac	catheterisation	and	the	Fick	principle,	the	pulmonary	
and	systemic	blood	flows,	pulmonary	vascular	resistance	and	
systemic	vascular	resistance	were	calculated.	Additionally,	the	
ratio	of	pulmonary	to	systemic	flow,	and	the	ratio	of	pulmo-
nary	to	systemic	resistance	were	calculated	using	PedCath	3	
Software	 (Scientific	Software	Solutions	 Inc,	Charlottesville,	
USA).	Pulmonary	vascular	 resistance	and	systemic	vascular	
resistance	were	expressed	as	mmHg	X	min/L.	If	patients	had	
severe	 pulmonary	 artery	 hypertension	 (elevation	 of	 pulmo-
nary	 artery	 pressure	 to	 near	 systemic	 levels,	 or	 pulmonary	
vascular	 resistance	 >8	Wood	 unit·m2),	 a	 vasoreactivity	 test	
was	performed	using	25	ng/kg/minute	nebulised	prostacycline	
with	oxygen	over	a	ten	minute	period.
Blood	(2	cc)	was	also	 taken	from	the	patients	and	control	

group	using	a	peripheral	vein	for	analysis	of	the	serum	Pen-
traxin	 3,	 ProBNP	 and	 hs-CRP	 levels.	 After	 collection,	 the	
blood	samples	were	centrifuged	at	3500	rpm	to	separate	the	
serum,	which	then	was	stored	in	Eppendorf	tubes	and	stored	

in	deep	freeze	(-70	degrees	Celsius).	Serum	Pentraxin	3	levels	
were	measured	by	enzyme	linked	immunosorbent	assay	(ELI-
SA)	 using	 Quantikine®	 ELISA	 (Human	 Pentraxin	 3/TSG-
14	 Immunoassay,	R	&	D	 systems,	 Inc,	Minneapolis,	USA).	
Values	were	expressed	as	ng/mL.	Serum	hs-CRP	levels	were	
measured	 with	 an	 immunonephelometric	 method	 (hsCRP,	
Siemens,	 Erlangen,	Germany)	 and	 expressed	 as	mg/dl.	The	
serum	 level	 of	NT-proBNP	was	measured	 by	 a	 chemilumi-
nescent	immunumetric	assay	(IMMULITE	2000	NT	proBNP,	
Siemens	Erlangen,	Germany)	and	expressed	as	pg/mL.

Statistical analysis
All	 analysis	 were	 performed	 using	 the	 Statistical	 Pack-

age	for	the	Social	Sciences	(SPSS)	(SPSS	16.0	Chicago,	IL,	
USA).	Normality	for	continuous	variables	in	groups	was	de-
termined	by	the	Shapiro	Wilk	test.	The	variables	did	not	show	
normal	distribution	(p>0.05).	The	Mann-Whitney	U	test	was	
used	for	comparisons	of	variables	between	the	studied	groups.	

RESULTS

A	total	of	31	children	with	severe	pulmonary	hypertension	
(15	females,	16	males)	and	39	healthy	children	(19	females,	
20	males)	were	selected	for	study.	The	mean	age	of	the	PAH	
group	(group	1)	was	9.2	years	±0.39	(1-18	years);	the	mean	
age	of	the	grup	of	healthy	children	(group	2)	was	9.64	years	
±4.73	(3-18	years).	There	was	no	statistically	significant	dif-
ference	between	the	two	groups	according	to	age	and	gender	
(p>0.05).	The	mean	weight	of	group	1	was	26.01	kg	±15.85	
(5.2-69)	and	the	mean	weight	of	group	2	was	36.37±19.9	(5.6-
80).	Group	1	had	a	statistically	significant	lower	weight	than	
group	2	(p<0.05).
Fourteen	patients	in	group	1	had	a	ventricular	septal	defect	

(VSD)	 and	PAH,	 4	 patients	 had	 primary	PAH	 (2	 had	 small	
muscular	VSD,	1	had	a	secundum	atrial	septal	defect	(ASD)),	
2	patients	had	patent	ductus	arteriosus	(PDA)	and	PAH,	6	pa-
tients	 had	 a	 complete	 atrioventricular	 septal	 defect	 (AVSD)	
and	PAH,	3	patients	were	diagnosed	as	postoperative	residual	
severe	PAH	(they	were	operated	for	VSD),	1	patient	had	trans-
position	of	great	arteries	(d-TGA)	and	PAH,	1	patient	had	a	
double	outlet	right	ventricle	(DORV),VSD	and	PAH	and	1	pa-
tient	had	a	secundum	ASD-abnormal	systemic	artery	supply	to	
the	left	lower	lobe	of	the	lung.	Eleven	patients	in	group	1	also	
had	Down	syndrome.	The	demographic	data	on	the	PAH	and	
control	groups	are	shown	in	Table	1.
On	the	haemodynamic	evaluation,	the	mean	pulmonary	ar-

tery	pressure	was	measured	as	69.1±16.51	(47-94)	mmHg	and	
the	mean	aortic	pressure	was	75.41±12.83	(43-91)	mmHg	in	
the	PAH	group.	The	shunt	ratio	was	1.25±0.57	(0.7-2.3).	Mean	
pulmonary	 resistance	 (Rp)	was	13.48±9.97	 (2.87-26)	Uxm2,	
systemic	 resistance	 (Rs)	 was	 18.96±22.72	 (4.05-26)	 Uxm2,	
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Rp/Rs	was	0.94±0.66	(0.23-2.25).	Vasoreactivity	testing	was	
performed	on	30	patients	due	to	severe	pulmonary	hyperten-
sion	with	nebulised	prostacycline	(Ventavis®,	Bayer	Group,	
Germany).	Among	these	patients,	vasoreactivity	was	found	to	
negative	in	20,	and	10	were	found	to	have	partially	reversible	
pulmonary	arterial	hypertension.	One	patient	was	followed-up	
with	Iloprost	and	26	patients	with	Bosentan	treatment,	while	
4	patients	required	combination	treatment	(Bosentan	and	Ilo-
prost).	Diagnostic	and	haemodynamic	data	on	the	PAH	group	
are	shown	in	Table	2.

Serum	NT-proBNP	levels	were	measured	in	the	pulmonary	
hypertension	group	as	1047.2±2032.4	 (60-9555)	pg/mL	and	
76.04±59.3	(10-294)	pg/mL	in	group	2.	There	was	a	statisti-
cally	significant	difference	between	the	two	groups	(p<0.01).
Serum	 Pentraxin-	 3	 levels	 were	 measured	 as	 1.28±2.12	

(0.12-11.43)	ng/mL	(median	0.49)	in	the	pulmonary	hyperten-
sion	group	(group	1)	and	0.40±0.72	(0.07-3.45)	ng/mL	(me-
dian	0.16)	in	group	2	(Figure	1).	There	was	a	statistically	sig-
nificant	difference	between	 the	 two	groups	 (p<0.01).	Serum	
hs-CRP	levels	were	measured	as	2.92±2.12	(0.32-14.72)	mg/
dL	in	group	1	and	0.35±0.16	(0.32-1.28)	mg/dL	in	the	control	
group	(Figure	2).	The	CRP	level	was	significantly	increased	
in	the	PAH	group	(p<0.01).	The	results	for	serum	pentraxin	3,	
hs-CRP	and	NT-proBNP	are	shown	in	Table	1.

DISCUSSION

Pulmonary	 arterial	 hypertension	 (PAH)	 is	 a	 severe	 condi-
tion	 characterised	by	vascular	proliferation	 and	 remodelling	

	 PAH	group	 Control	group	
	 n:31	 n:39	 p

Age	(years)	 9.2±0.39	 9.64±4.73	 >0.05	
	 (1-18)	 (3-18)

Weight	(kg)	 26.01	kg	±15.85	 36.37±19.9	 <0.05	
	 (5.2-69)	 (5.6-80)

NT-proBNP	(pg/mL)	 1047.2±2032.4	 76.04±59.3	 <0.01	
	 (60-9555)	 (10-294)

Pentraxin	-3	(ng/mL)	 1.28±2.12	 0.40±0.72	 <0.01	
	 (0.12-11.43)	 (0.07-3.45)

hs-CRP	(mg/dL)	 2.92±2.12	 0.35±0.16	 <0.01	
	 (0.32-14.72)	 (0.32-1.28)

PAH:	pulmonary	arterial	hypertension;	hs-CRP:	highly	sensitive	C-reactive	protein;	
NT-proBNP:	n	terminal	brain	natriuretic	peptide

TABLE 1. Serum	NT-pro	BNP,	Pentraxin-3	and	hs	CRP	levels	in	the	PAH	
and	control	groups

Diagnosis	 VSD:	14	
	 Primary	PAH:	4	
	 AVSD:	6	
	 PDA:	2	
	 Postoperative	residual	PAH:	3	
	 DORV:	1	
	 d-TGA:	1	
	 ASD:	1	
	 Abnormal	systemic	artery:	1

Qp/Qs	 1.25±0.57	(0.7-2.3)

Mean	PAP	(mmHg)	 69.1±16.51	(47-94)

Mean	Aortic	Pressure	(mmHg)	 75.41±12.83	(43-91)

Rp	(U	x	m2)	 13.48±9.97	(2.87-26)

Rs	(Ux	m2)	 18.96±22.72	(4.05-26)

Rp/Rs	 0.94±0.66	(0.23-2.25)

Vasoreactivity	testing	 Negative	in	20	patients	
	 Partially	reversible	in	10	patients

Treatment	 Bosentan	for	26	patients	
	 Nebulised	Iloprost	for	1	patient	
	 Combination	therapy	for	4	patients
VSD:	ventricular	septal	defect;	PAH:	pulmonary	arterial	hypertension;	AVSD:	atrio-
ventricular	septal	defect;	PDA:	patent	ductus	arteriosus;	DORV:	double	outlet	right	
ventricle;	ASD:	atrial	septal	defect;	PAP:	pulmonary	artery	pressure;	Rp:	pulmonary	
resistance;	Rs:	systemic	resistance

TABLE 2. Diagnostic	and	haemodynamic	data	from	the	PAH	group
FIG. 1. Serum Pentraxin 3 levels were increased in the PAH group
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FIG. 2. Serum hs-CRP levels were increased in the PAH group

CONTROL

15.00

10.00

5.00

.00
PAH

Group

C
R

P



of	small	pulmonary	arteries.	PAH	is	defined	as	mean	pulmo-
nary	 artery	 pressure	 greater	 than	 25	mmHg	 and	 pulmonary	
vascular	resistance	greater	than	3	Wood	units	x	m2	at	rest	(11).	
Pulmonary	arterial	hypertension	may	be	related	to	increased	
blood	flow	(hyperkinetic	pulmonary	arterial	hypertension)	or	
pulmonary	venous	obstruction.	PAH	is	an	important	cause	of	
morbidity	and	mortality.	Large	registries	of	paediatric	pulmo-
nary	hypertension	show	that	the	most	common	causes	of	PAH	
are	idiopathic	PAH,	PAH	related	to	congenital	heart	disease,	
postoperative	PAH	and	paediatric	lung	disease	(12-14).
Our	cases	were	selected	from	two	paediatric	cardiology	cen-

tres,	both	of	them	located	in	the	southern	part	of	our	country.	
Most	 of	 our	 patients	 have	 severe	 PAH	 related	 to	 late	 diag-
nosed	congenital	heart	disease	or	postoperative	PAH.
	Although	there	has	been	diagnostic	and	therapeutic	prog-

ress	 in	 PAH,	 undiagnosed	 and/or	 late	 diagnosed	 congenital	
heart	disease	and	postoperative	PAH	are	still	important	causes	
of	severe	PAH	or	Eisenmenger	syndrome	in	developing	coun-
tries.	The	pathophysiology	of	PAH	is	complex	and	 includes	
various	factors.	Pulmonary	hypertension	as	a	complication	in	
children	with	congenital	heart	disease	 is	either	secondary	 to	
increased	pulmonary	blood	flow	or	to	increased	post-capillary	
pressure.
Pulmonary	vascular	endothelium	has	a	central	role	in	PAH	(15).
Pulmonary	vasoconstriction	is	mediated	largely	by	endothe-

lial	dysfunction	secondary	to	increased	blood	flow	or	pressure	
in	congenital	heart	disease.	Endogenous	vasodilators	such	as	
nitric	oxide	and	prostacycline	are	decreased	while	endogenous	
vasoconstrictors	such	as	endothelin-1	(ET-1)	and	serotonin	are	
increased	in	patients	with	pulmonary	hypertension	(16,	17).
The	pathology	of	PAH	has	been	well	defined	by	Edwards,	

and	Rabinowich	(6,	7).	Intimal	and	medial	hypertrophy,	vas-
cular	remodelling,	and	neovasculogenesis	lead	to	vascular	oc-
clusion	 and	 reduced	 pulmonary	 flow.	 Current	 PAH-specific	
therapies	are	targeted	to	re-establish	pulmonary	vasodilatation	
and	 reduce	 smooth	muscle	 proliferation	 and	 hypertrophy	 in	
pulmonary	arteries	(6,	7).	Inflammation	may	be	an	important	
contributing	factor	to	the	progression	of	severe	PAH.	Inflam-
mation	is	considered	to	play	an	important	role	of	some	types	
of	pulmonary	arterial	hypertension	such	as	connective	tissue	
disease	and	human	 immune	deficiency	virus	 related	pulmo-
nary	arterial	hypertension.	The	pathological	 changes	 in	pul-
monary	vasculature	associated	with	severe	pulmonary	arterial	
hypertension	or	Eisenmenger	syndrome	include	medial	thick-
ening	and	plexiform	lesions	resembling	idiopathic	pulmonary	
arterial	hypertension	(18).	Plexiform	lesions	are	rich	in	mac-
rophages,	T-	and	B-lymphocytes,	and	dendritic	cells	(19).
Markers	of	inflammation,	including	interleukin-1b,	interleu-

kin	-6	and	P	selectin	are	elevated	in	idiopathic	PAH.	Tumour	
necrosis	 factor-α,	CRP	 and	 interleukin-6	 are	 also	 elevated	 in	
idiopathic	 PAH,	 PAH	 associated	 with	 chronic	 thromboem-
bolic	 disease	 and	 connective	 tissue	 associated	PAH	 (20,	 21).		

Ramakrishnan	 et	 al.	 (22)	 showed	 that	 interferon-ɣ	 and	 hs-
CRP	 levels	 are	 significantly	 elevated	 in	 Eisenmenger	 syn-
drome.	They	also	found	that	elevated	hs-CRP	was	associated	
with	 older	 age	 and	 shorter	 6	min	walking	 distance,	 but	 the	
levels	of	inflammatory	markers	were	not	predictive	of	clinical	
events	(22).	Our	study	showed	that	serum	hs-CRP	levels	were	
significantly	elevated	in	children	with	severe	PAH	(p<0.01).	
Pentraxins	are	a	 family	of	evolutionarily	conserved	proteins	
and	divided	into	short	and	long	pentraxins	according	to	their	
structure.	 CRP	 is	 a	 classic	 short	 pentraxin	 and	 produced	 in	
liver	secondary	to	inflammation	(8).
Pentraxin	 3	 is	 one	 of	 the	 long	 pentraxins,	 synthesized	 by	

smooth	muscle	cells,	endothelial	cells,	fibroblasts	and	other	im-
mune	cells	at	sites	of	inflammation.	Pentraxin	3	plays	a	key	role	
in	the	regulation	of	cell	proliferation	and	angiogenesis	(9,	10).
Tamura	et	al.	(23)	proposed	human	pentraxin	3	as	a	novel	

biomaker	for	the	diagnosis	of	pulmonary	hypertension.	They	
compared	Pentraxin	3	levels	were	significantly	elevated	in	50	
PAH	patients,	27	with	idiopathic	PAH,	17	with	PAH	associat-
ed	with	connective	tissue	disease	and	six	with	congenital	heart	
disease	(23).	Most	of	our	patients	selected	for	this	study	were	
patients	with	 severe	pulmonary	arterial	hypertension	 related	
to	congenital	heart	disease.	We	found	that	pentraxin	3	levels	
were	significantly	 increased	 in	 the	PAH	group.	We	consider	
that	 inflammation	has	an	 important	 role	 in	severe	paediatric	
pulmonary	 hypertension	 related	 to	 congenital	 heart	 disease,	
like	connective	tissue	related	PAH.
Our	 study	 shows	 that	 pentraxin	3	 and	hsCRP	 levels	were	

significantly	 increased	 in	 the	 PAH	 group.	We	 consider	 that	
inflammation	has	an	important	role	 in	progression	of	severe	
pulmonary	hypertension	in	paediatric	PAH.
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