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Background: Increased blood flow may erigger pulmo-
raary arvterial wall inflammation, which nay m]ucmc ro-
gression of pulmonary srtery hypertension in patients with
congenital heart disease. In this study, we aimed to investigate

the correlation besween preoperative inflammation markers
and pulmonary arterial hyperzension.

Methods: A toral of 201 patients with pulmanary hyper-
tension were entolled in this stedy retrogpectively; they had
undergone open heart surgery bepween January 2012 and
December 20130 Pavients” preoperative Coreactive protein
(CRI), neutrophil ta lymphocyte ratio, red blood celt diseris
bution widdh, pulinonary pressures, and pustoperative out-
comivs were evaluated,

Results: Patient age, nestrophil o hanphoeyte ratin, red
Biood cell distribution wideh, and CRI? were found o be sig-
nificantly correlsted with Im%h preoperative peak and mean
]sulmmm}: artery pressures, Phese data were entered into o
ltsear logistic regression analysis, Patient age, neutrophil to
Exmphmgu, ratio, and CRI were found to b ;micpc}n(lwlh

correlated with pesk pulmoenary pressure (7 < 001, £ < 001,
and £ = 004) and mean pulmenary artery pressure (P <001,
£ 001 and £ = 001), whereas preoperative mean pulmo-
nary artery pressure was found o be independently corre-
lated with intensive care unit stay (P < 008). No parameter
wis found to be significantly correlated with extubation time
and mortality. Eighteen patients had u;wnum}d pulmonary
hypertensive crisis; in this subgroup, patients’ mean puime-
mary artery pressure and acatraphil to lymphocyte ratio were
found to be significant (P = 047, P= 003),

Conelusion: Prevperative inflammation warkers may be
earselated with the progression of pulmonary hypertensive
disease, but further studies with larger sample sive are needed
to determine the predictive role of these markers for postop-
erative outeomes,
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Pulmonary arrerial hypertension (PATD is defined as mean pul-
monary artery pressure »25 mmblg. Ivis one of the most influentiad
cotponents of congenital heart disease with left to vighrshung, or in
soine cases with left side lesions leading to posteapitlary pulmonary
hypertension [Price 2012}, Inereased blood flow and pressare cause
abnermsal shear stress, circumferential wall strerch, and enslothelial
dvstuncrion in palmonary arterivs. Gverespression of vasoactive

mudiators including endotheline | and prostacyelin resultin vasocon-
striction. Onthe other hand, shear stress and inflummmaton-induced
vaseular endothelial and fibroblast growth factors promote thick-
erang of the intima, media and adventita, profiferation of smonth
mausele, and incremsed intracellulae mavrix deposition [Aduda 201 ).

Inereased blood How related mechanical signals may
promote artevial wall inflammation. Lencocyte and plareler
activarion play o crucial role in vaseular vesponse s shear

337 parients with congenital
huul disease woere analyzed

I87 patienws without pulmosary
Byperiension were escloded

2y pativiny with pubmonary
bypertension were docmented

3% pavients with pusitive hilvetous
mhirkers were exclude)

i

213 patients dura tmvestigated

P2 patiems weee exeluded due o
inadequate dats

g 201 patients were included o the
i study

Figure 1. Flow diagram of the study.
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Figure & Dstribution of patlents” diagnoses. Y51 indicatas ventricalar
seplal defert; PAVSD, partal strisventriculir septal defecy; POA, patant
ductus srtericsust SAS, subsortic stenosis; DORY, double sutlet right
ventricle; M5, mitral senosiss TAPYC, total anomalows pulmonary ve-
complete atrigventricular septal defect; TA,

nous connection; CAVSD,
Truncus arferioss.

stress | haaki 20091 Activated neutrephils aie strongly asso-
ciated with varfous pathophysiologic processes. In the last
decade, counts and hstnb:zrmn of leucocyte subtypes have
been widely stadied in the ctiology of numerous diseases
IBhat 2013, Solak 2013; Tembhane 20081

In the present study, we aimed to investigate correlation
of C-reactive protein (CRPY), acutrophil o lvaghoeyte ratio
NLR), red Blood celt distribution widdh QUYWL and con-
genital heart disease associated pulmuonary hypertension

We retrospuerively reviewed 337 pationts who under-
went open heart surgery between January 2002 and Decem-
ber 2013 246 parients with pulmonary hypertension were
included in our study. Thirty-three patents who had positive
preaperative mifection markers {paticnts with Jeukacyrosis,
Bigh Coreactive protein U3 mg/dL), or clinical and/or labo-

ratory docemented infections disease) were excluded, lwobve
patients were also excluded due to inadequate date, o han-
dred and ene patients were envolled in the sty (FF jgure 1),
Patients” dingnoses are summarized in Figure 2. Patients’
pnw;m.mvu exammation chares, labomory iL‘sli]f‘s‘ and post-
aperative intensive care unit files were reviewed, Patient age,
sex, dingnosis, preoperative systolic and mean Pll]lhl)!ldi\f
artery. pressues, preoper rative leucocyte counts, nestrophil
w lymphoeyte ratio, red hlood cell distribution width, an
Coreactive protein values were investigared. Patients' post-
aperative systolic snd mean pulmomiry pressures, intubation
times, intensive care unit stay, pulmonary hy pertensive crisis,
Hoprost Gamalogue of prostacy dzm treatment, and mortality
were also documented. Preoperative patient characteristics
are surmmarized in Table 1. Data were analyzed statistically.

Uperative Managemoent
All procedures woere conducted under volatile anesthesia
with sevoflurane (Sevorane Lic wid, Abbote Laloratories,

2015 Forum Mhddmedis Pabdisliing, 11O

Table 1. Preoperative Characteristics of Patients®

Parameior

i 201
Age, months 18,45 © 16,44
S, i f 133 /65
Waighi, kg 8.51 % 408

FL72 2 2540
4764 2 1750

Preop ppap, mmblg

Proos mpap, muinke

“Drata are presented as the mean 3 50 where indicated, Preap ppap e
vates presperative peak pulmonary srtery pressure; precg moap indicares

preperative mean pulmonary artery pressure.

USAY and cardiopulmonary bypass with acrto-hicaval can-
aulation (DLP Medoromie, USA; Terumoe Advanced Perfu-
sion Sy:ﬁtcm I heart ung machine and Capiox 1X03 {xy-
genator, "lerumo Me lical arporation, L}‘v Ad Antegr ade
cold crystalloid cardioplegia (Plegisol Llospira, USAY wasy
used for myocardial protecoon. A dacron pateh and hovine
pericardivnm were used for ventricular sepral defect closure
and right ventricle outflow tract reconstruction.

Postoperative Managenent

In this study, we did not prefer postoperarive sedation rou-
tinely. We used o dircet pulmonary artery catheter in paticnts
whose postrepair mean pulinonasy astery pressure was higher
than 50% of their mewn systemic arterial pressure. We decided
to use sedative agents Guidazolam, fenvapyl, morphine, and
pancuronium), sildenafil, and intravenous 1%;);)14;5{ aceording
to the pustoperative course of pulmonary artery pressure,

Pulinonary Hypertensive Crisix

Pulmonary hypertensive crisis was defined as an seute rise
m opubmonary pressure which cavses cardiopuimonary com-
promise as rellecred by desaturation and hypotension.

Statistical Analysis

Dats were anabyzed with the Statistival Package for Social
Suiences version 160 (PSS, C hicago, 11, USA). ‘\H data were
expressed s mean = standasd deviations. The Kolmogorov
Stirnov test was used to assess the normal distribution of vari
ables. Pearsom and Spearman tests were used for correlation
analysis, T tests and Mann Whitney U tests were used in the
comyprison of roups. Linear regression amalvsis with the enter
method wag pc riormed for comparison of statistically significant
factors. A P ealue of 03 was considered tsratistically swmﬁggm

patients were enrolled in this stedy, 133
Yo} patients were

1084 (i 1 max 70
£ OB (mine 3.4 max

A totl of 201
(06.1%) patients were male and 68 (33,9

female, Mean age was 1824 o
months and mean weight way 851
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Table 2
Which WU‘" Ségn;ﬁmmiy Correlated with
Pulmonary Artery Prassuce

Multivariate Logistic Regression Analysis of Parameters
Peak and Mean

i Linear Begression

Analysiz for MIPAP

L Regression
Aralysis for PPAP

AT

Paramerer O {95% Ch P OR(95% Oy P
R G a8 | oo 190
(1,649, 785) {-1.4740,296)
02w 0.200
R _ : e R Y
oMy (6.225-16.659)
0,365 0.342
ChP 004 oo
(12.382-36.490) g (7.525-27.207)
{3.435 141z
A i <0071 ' <0t

{0.429-0.48%) {0.252-0.555%

ROW indiicates red bload cell distribution width; NLR, neutrophil to
lymphecyte ratior CRE, Coreactive protein, PPAP, pual pulmonary artery

prossure; MPAP, mean pulmonary artery pressure

22} Llitwmm, Mean systolic pubnonary artery pressure was
P S Omine 3 max: 125) mm]]g;;mi pzt;cms mean
pulmonary arcery E)JL‘;RLML was 4704 = 1710 (min: 235, max
89.7) sy, Padenws’ preoperatve characteristics ave swn-
marized in Table 1

Muan ﬂLUlEU})]}lI to lymphocyte ratio was 0.82 2 0.43 (min:
019 maxe 2,263, mean RIDW was 16,49 2 2,56 and mean CRI?
value was 0,23 £ 0,23 {min: 0.03; max: 0.3),

Patient age, neatrophil to fvmiphocyre ratio, red hlosd cell
distribution width, and CRP were found o be significantly
correlated with both preoperative peak and mean pulmonary
artery pressures. These data were used for huear Jugisei
regression analysis, Patient age, NLR, and CRIP were found
o he izadapcmiuui) vorrelated with peak pulmonary preg-
sure (1< 00E P < 008 and P = 0043 and mean pulmonary
artery pressure (P < 01, P« 001 and P =
linear logistic regression JEH]\‘;I& are sumpmarized i Table 2,

P.mum postoperative follow- up duta were also ana-
lyzed. Mean extubation time was 26.91 £ 40,35 {min: 3: max:
3133 hours, while miean intensive care unit stay was 42.97
+ BY3L tmine 2% maxe 6383 hours. Inflammation markers
were not found o be sionificantly correlated with either
mtubation time or intensive care unit stay. Only preopera-
tive mean pulmonery artery prossure was found to be sigg-
nificantly correlated with intubation tme (< 0013 Mo
ralivy oceurred 1nosix patents: three related 1o supsis, two
refated to low cardiac output, and one refated o pulmo-
narvy artery hypertensive crisis and sudden arrest. Pulmo-
nary ii}'}}bllﬁﬂ.‘si\l crisis occurred in 18 patienrs, NLIR and
preoperative mean pulmonary artery pressure were found
to be significantly different in this subgroup (P = 63, P =
047). Boprost treatment was adniinistered in 57 patients
and patients” age, weight, preoperative systolic PAP, mean
PAP and postoperative svstolic PAPR NLR and CRP were
fornd to be significantly different.

B0

AMas R{;%lhs of

In the present study, we investigated the corvelation
berween inflammation markers and congeniral heart disease
agsociated pulmonary hypertension. We also analyzed the
selationship berween postoperative outcomes and preopera-
tive demagraphics, hematologic parameters, and pulmonary
astery pressures. Qur results suggest that pulmonary hyper-
tension s significantly correlared with !mzmmiumc inflam-
mation markers such as neutrophii to E}Ilzplmgyie ratie and
RIDW,

Congenital Beart discases may cause increased pulmo-
nary blood flow with left o righe shunt. On the other b,
some diseases alfecting the lef heart such as congenital misral
stenosis and aromalous pulmonary venous connection with
ahstruction can result in posteapillary pulmonary hyperten-
sion. In hoth conditions, pulmonary over-cireolation and/or
nereased pressure s the puhnonary vaseolsture cuse abnor-
il shear stress, civcamferential wall strerch, and endothelial
dysfunction [I2Alwe 2042,

Schermuly et al showed that inflammation might phv 4
major role in the progression of pulmonary h\putuzsmn
fSehermudy 2011] Recent studies have shown tha complore
blood count test paramerers may reffeet inflammation. In
this regard, neutrophil o ixmp!wutc atio has been widely
studied in various zlasusc., i partivular cardiovascular pro-
CEssUS i]hn.ni,i 201 2; Sawanr 2014) Recenty, Yildi et al
reported thar neutrophil o lymphocyte ratio was sm;uimundv
increased in :n:inli patients wn] PAM compared to heal 1ln
subjects [Yildiz 2013]. Consistently, we ’1]&(; found g signifi-

cant correlation bumyn neutrep shil o lvmphocyte rasio and
BUHINGNATY GPTery prossure. As activ ited neuatrophils have
crucial role in o majority l)f iflamivatory provesses, local
pulmonary vaseular inflammation m: iy affect neutropl n!x and
also platelets. Yildir et sl found a correlation bevween the
presence of pubmonary hvperension and NLR, hut we ana-
lvzed the relationship %wumu& degree of pulmonary hyper-
tension and NLR .md found a positive correlation, sugg esling
that inflammation mumsu’ pmpmummi%\ with severity of
pubmonury h‘;]mrwmlun the best of our knowledge, the
pregent study s the first one to investigate neutrophii to lym-
phoeyre ratis and severity of PAH in the : pediarric population,
NLR s nonspecific and could not be used as a diagnostic s,
but finding the correlation bevween NLR and severity of dis-
Case may be helpful in patients” follow-up and risk nuhu:am

Frdehelial dnhmunm and mfhmnmmn may vesult in
platelet activation and dhrombuosis, .\d(’il{t)l!-l]i}( systenic
mfhmm.mnn in PAH may precipitate plaveler activation.
Mean plaseler vohume 15 a simple and inespensive miethod
of assessing plateler activation {Batls 1994]. In COMDIFISON
to smaller platelers, Lirger ones have more syanules and
higher 1];5()131!)0\’111&, Al levels, which sggregate more ritp
i:iis with vollagen and express more glyeoprotein 16 and
HbATa. Py \:(;mh Varol et al wnd Can ot al also ve pmtui R
positive correlation between MPV and PAM s adule patients
[Varol 2001, Can 20101

Red blood el ilsirih(_;téun width is another notable
parameter that may be associated  with inflammation,
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dysfunctional uslh;u soiests, dron defiviency, and oxidative
stross [Rlodes 2011 ()zsn 2014 I our alm!y, RIDW was
found 1w he signif%v:mliy correlated with peak pubmonary
pressure and mean pulmonary pressure, and similarly with
NLR, whicl may support the relationship of inflammmdon
and puliionary hypertension,

Iy our study, patients with CRP levels higher than
0380 mgddl, were excluded, bur CRP vartations in normal
raiges were found te be sigaificantly vorreled with pulmo-

PETY arfery pressure.

Postoperative outcomes were amalyzed retrospectively,
Preoperative hemaslogic indices were not significantly cor-
related with intubation time and mtensive care univstay. Only
preoyperstive mean pulmonary artery pressure was found to be
correlated with ingensive care unit sty In our patient popula-
tion, mortality oecurred inosix patents, so we could aot per-
formmn a correlation anafysis due to our m&zieqmu_ sample size,

Pulmonary artery hypertensive crisis is one of the most
dangerous postoperative conditions in congenital eardiue
surgery procedores. The most ltkely causavive mechanizm
is abrupt pulmenary vasoconstriction. cusing right heart
failure and systemic hypotension, which can result in desth
from severe tissue hyposia [Bronner 2014, Iy this study, 18
patients had experienced polmonary hvpertensive erisis, and
NLR wgether with mean pulmonary ariery pressure were
found to be significantly higher in this group. Our sample

size is limited o show the role of NLIR in the ;nuzilu:un of

patients” rendency w pulmonary hypertensive orisis. Simi-
Jarly, NLR and C R were found to he signilicantly higher in
patients who required Hoprost sreatment,
In mmiuw;uﬁa. plwpumm inflammation markers iy
help o identify dhe severity of pulmonary hgputumvc dis-
case, but further studies with a larger sample sive are needed
to detenmine the predictive role of these markers for postop-
LEALIVE OULCOICS,

Stady Linitations
Small sample size and limited  correlational  analysis
Between postoperative vutcomes and preoperstive hema-

tologic ])"L‘(“('E'i’)!“; are o lmitations. Qur sample size also
limited ug in elassif ving the patients according 1o the severisy
of their pulmunary vascular disease. Late follow- up data to
analyze the long-revm eourse of the inflammatory process and
is ILE:}UUHH]H ywith pulmonary artery pressure would alvo be
of great value.
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