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THE CLINICAL-STAGE CLASSIFICATION OF PULMONARY ARTERIAL
HYPERTENSION ASSOCIATED WITH CONGENITAL SYSTEMIC-
PULMONARY SHUNT IN CHILDREN

SUMMARY
Pulmonary arterial hypertension associated with congenital right-to-left shunt (APAH-CHD) has various clinical management
issues. There are several classifications for adults and children with APAH-CHD [1-4].
Aim: to develop the clinical-stage classification of APAH-CHD for management of children with congenital left-to-right

shunt based on our clinical experience.

Material and methods: retrospective analysis of 109 histories of children with APAH-CHD, in Scientific Centre of Paediatric
and Paediatric surgery of Ministry of Health of Republic of Kazakhstan between 2012 and 2016. We analysed clinical status on
admission, echocardiography (Echo), right heart catheterization (RHC), Acute vasoreactive test (AVRT), operation reports with

early postoperative status.

Results: 104 children demonstrated APAH-CHD symptoms as dyspnoea, low weight, cyanosis, often-respiratory infections.
Oxygen saturation (sO2) was <90% in 22 children, 90-94% in 54 patients and normal ranges in 33.

On Echo, mean systolic right ventricular pressure (SRVP) was 56.77 + 15.51. Right to left ventricle ratio (RV/LV) was 0.54+0.51.
Left-to-right shunt (LRS) was registered in 90 kids, right-to-left (RLS) in 8, and bidirectional (BDS) in 11 children. Left ventricle

(LV) end diastolic index (EDI) showed LV dilation in 52 cases.

On RHC reports mean pulmonary arterial pressure (mPAP) was 49.19+22.87mmHg. The AVRT was positive in 27 children.
After operation 11 patients had complications with APAH-CHD progression. While 98 children did not present any signs of
APAH-CHD after shunt correction. Based on our analysis and the outcome of the option we suggest the following criteria that

may help in the clinical management:

1.PseudoPAH: sO2 97-100%, SRVP > 36mmHg., RV/LV 0.4 - 0.5, only LRS. No RHC needed, full operability, no specific medical

treatment (SMT) needed;

2. Reversal APAH-CHD: sO2 91-97%, SRVP > 36mm.Hg., RV/LV 0.5 — 0.7, predominantly LRS. AVRT positive, full operability,

no SMT needed or monotherapy for 3-6 months after operation;

3. Persistent APAH-CHD: sO2<95%, SRVP > 36mm.Hg., RV/LV>0.7, LRS or BDS. AVRT negative, no repair options, possible

palliation, life-long SMT is indicated.

4. Irreversible APAH-CHD: Eisenmenger syndrome, no operability options, mandatory life-long SMT is required.
Conclusion: We believe that simplified clinical criteria described in results can help in guiding the clinical management of

the APAH-CHD.
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Pulmonary arterial hypertension associated with
congenital right-to-left shunt (APAH-CHD) has
various clinical management issues. There are several clas-
sifications for adults and children with APAH-CHD [1-4].
However, no one that would guide for management of chil-
dren with APAH-CHD. Criteria for understanding of the
tactic in every individual case. Left-to-right shunts are the
most common amongst the congenital heart diseases. The
adequate management of children with APAH-CHD on
every stage is crucial for the long-term prognosis.

Aim: to develop the clinical-stage classification of
APAH-CHD for management of children with congenital
left-to-right shunt based on our clinical experience.

20

Material and methods: We analysed retrospective data
of 104 medical records in Scientific Centre of Paediatric
and Paediatric surgery of Ministry of Health of Republic
of Kazakhstan between 2012 and 2016. All the patients
were echocardiographically diagnosed APAH-CHD and
confirmed it with direct invasive measurement of mean
pulmonary arterial pressure (mPAP) on right heart cath-
eterisation (RHC) of during the open-heart surgery. Inclu-
sion criteria were age between 6 month and 16 years old,
confirmed APAH-CHD diagnosis, one-month follow up
data and signed parents / guardians informational consent
for the procedures. We excluded patients under 6-month-
old, with right ventricle outflow tract obstruction, pulmo-
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nary stenosis, left heart diseases, without the follow up
data or with improper filling the protocols, without parent
/ guardian agreement for the procedures and operation.

The material for the study was the clinical status on ad-
mission (sO,, heart rate, blood pressure, cyanosis), echo-
cardiography (right ventricle systolic pressure (RVSP),
secondary signs of pulmonary hypertension) and right
heart catheterization (mean pulmonary arterial pressure)
reports, acute vasoreactive test (AVRT) results, operation
reports with early postoperative status, assessed by echo-
cardiography.

During the clinical assessment, we were looking on
the oxygen saturation, cyanosis presence, dyspnoea, heart
rate, blood pressure, physical activity and tolerance. The
physical tolerance in small children (6 months—3 years
old) couldn’t be evaluated by any tests, although we were
collecting data of feeding and BMI [5].

For the Echocardiography investigation, we used
Toshiba Artida and Phillips iE33 expert machines. The
protocol included full paediatric segmental analysis in B-,
M- and Doppler modes. For the calculations of RVSP, we
measured tricuspid regurgitation (TR) velocity and sum-
marised it with the right atrium pressure that was assessed
by inferior vena cava collapsing. The diagnosis of APAH-
CHD was considered if RVSP >36mmHg. [6]

Right heart catheterisation was performed on the Sie-
mens Zee biplane angiograph. Standard protocol with
acute vasoreactivity test was used. Inhalation of iloprost
was the medication for selective pulmonary vasodilation.

Partly, CHD was repaired with the cardiac surgery,
while other patients underwent transcatheter interventions.

Statistical analysis was performed with R studio and
Excel 2017. Continuous variables were expressed as mean
+ standard deviation. P value less than 0.05 was consid-
ered significant.

Results: Amongst 104 children, were 67 (64%) girls
and 37 (36%) boys. The age structure is presented in the
table 1. The CHD with left-to-right shunt was established
in all children with echocardiography, the full structure is
presented in Table 2. All patients demonstrated APAH-

CHD symptoms as dyspnoea, low weight, cyanosis, often
respiratory infections. Oxygen saturation (sO,) was <90%
in 17 children, 90-94% in 54 patients and normal ranges
in 33.

Table 1. The gender-age structure of the group.

girls boys %
6-12 m.o. 19 9 27%
1-3 yrs.0. 15 10 24%
3-7 yrs.o. 16 9 24%
7-11 yrs.o. 12 16%
11-16 yrs.o. 5 4 9%

Table 2. The structure of congenital heart disease in

group.

CHD girls boys %
ASD 8 4 12%
CS 16 9 24%
AVSD 7 0 7%
other 4 0 4%
PDA 16 2 17%
VSD 16 22 37%

Abbreviations: ASD — atrial septal defect, CHD — con-
genital heart disease, CS — combined shunt, AVSD — atrio-
ventricular septal defect, PDA — patent ductus arteriosus,
VSD - ventricular septal defect.

Echocardiographically for all group mean right ven-
tricular systolic pressure (RVSP) was 56.77 + 15.51. Right
to left ventricle ratio (RV/LV) was 0.5440.51. Depending
to the level of sO,, RVSP level and RV/LV ratio with shunt
direction (mPAP/mSAP ratio), we divided all children in 4
categories (Table 3).

Table 3. The 4 categories of patients depending on oxygen saturation, right ventricle systolic pressure level and right
to left ventricle, mean pulmonary arterial pressure to mean systemic arterial pressure ratios.

Category 1 (n=4) Category 2 (n=53) | Category 3 (n=44) Category 4 (n=3)
sO, (%) 97-100 91-97 <95 <91
RVSP (mmHg) 36-50 36-70 42-90 >50
RV/LV 0,4-0,5 0,5-0,7 0,7-1,5 0,5-2,0
Shunt direction LRS LRS LRS/BDS/RLS RLS

Abbreviations: RVSP —right ventricle systolic pressure, RV —right ventricle, LV — left ventricle, LRS — left-to-right

shunt, BDS — bidirectional shunt, RLS — right-to-left shunt.
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Left-to-right shunt (LRS) was registered in 92 kids,
right-to-left (RLS) in 4, and bidirectional (BDS) in 8 chil-
dren. Left ventricle (LV) end diastolic index (EDI) showed
LV dilation in 52 cases.

On RHC reports mean pulmonary arterial pressure
(mPAP) was 49.19+22.87mmHg. The AVRT was per-
formed in 29 patients with positive response in 9 children.

Cardiac surgery correction was performed in 53 chil-
dren, 3 patients were not operated due to Eisenmenger
syndrome. For other 48 patients transcatheter device clo-
sure was considered as a best option. After operation 11
patients had complications with APAH-CHD progression
and 5 patients had had a pulmonary hypertension crisis in
early postoperative period. While 19 children did not pre-
sent any signs of APAH-CHD after shunt correction.

Based on our analysis and the outcome of the option
we suggest the following criteria that may help in the clini-
cal management:

1. Pseudo APAH-CHD: Patients have congenital
left-to-right shunt with the clinical presentation on sO,
97-100%, echocardiography measurements of RVSP are
>36mmHg., RV/LV ratio is usually normal (0,4 — 0,5),
shunt direction is only left-to-right. For this category no
RHC needed, full operability, no specific drug treatment
(SDT) is needed;

2. Reversal APAH-CHD: Patients have congeni-
tal left-to-right shunt with the clinical presentation on
sO, 91-97%, echocardiography measurements of RVSP
are between 36 and 50 mm.Hg., RV/LV ratio shows RV
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TYWUIHAI

KaHHbIH Tya 6iTKeH CON-OH LWYHTTaybiMeH KaybiMAACTbIPbINFaH OKMNesik apTepuanblk runepteHsnaHbliH (AJTAT-AMNO) kentereH
KNMHMKanblK KepiHictepi 6ap. AJTAT-AMNO 6ap epecektep MeH 6ananap yLwiH 6ipHelue xikteynepi 6ap.

MakcaTbl: KaHHbIH Tya 6iTKeH con-oH WyHTTaybl 6ap 6ananapabl Kapay YLWiH KNMHUKanblK Taxipnbe Herisinge ANTAT-ANO
KIMHUKaNbIK CaTbiNapbIH XikTeydi 93ipney.

Matepuanpap xoHe apictep: KasakctaH Pecnybnukacbl [leHcaynblk cakTay MUHUCTPRIriHiH Megumatpus xaHe 6ananap
XVIPYPrUACHI FbinbiMy opTanbiFbiHAa 2012-2016 k. keseHae AJIAT-ANO 6ap 6ananapabiH 104 aypy TapuxbiHa PeTPOCNeKTUBTI
Tanpay. AypyxaHara TYCKeH Ke3feri KIVHWKanblk MapTebeci, 3xokapauorpadua AepekTepi, XKypekTiH OH ak 6enimaepiH
KaTeTepney aepektepi (KMOC), xiTi Ba30peaKTVBTI TeCT HITVXKeCi, NauMeHTTephiH epTe onepaunsafaH KeliHri mapTebecimeH
onepauuanblk XxaTrama TangaHzbl.

Hatwke: AJIAT-ANO ocbiHAam KNMHMKaNbIK KOPiHiCTepi peTiHAe eHTiry, TOMeH canmak, LimaHo3, XKuni pecnpaTopsbik aypynap,
oTTeriHiH 90% kem caTypauuacsl 17 6anaga Tipkengi, 54 nauneHTTe xaHe 33 6anaga Hopma weriHge 90-94%.

«IxoKkapaunorpaduaaa, opTalla AeHreni-CUCTONNANDBIK KbICbIM KYKblFbIMeH KapblHwaga (CAMMK) 56,77+15,51 Mmm. cbiH.6aF.CT.
OH aK KapblHLWaHbIH COM XakK KapblHLIa AnameTpiHe KaTbiHackl (MXK/J1XK) 0,54+0,51. Con-oH wyHTTay 90 6anaga Tipkengi, oH-
COon - 8 XaHe alkac Typi 6onbiHwWwa 11 6ana.

’KYPeKTiH OH akK benimaepiH KaTeTepriey xaTTaMacblHa CAMKEC opTa ©KNeHiH KaH KbiCbiMbl 49,19+22,87 MM. CbiH.6aF.CT.
6ongbl. 29 6anara XiTi Ba30peaKTVBTI TEeCT OTKi3ingi.

OnepaumnagaH keiH 11 naunentTe AJIAT-AMNO GipTiHAaen Kywen TycTi. An 19 nauymeHTTe onepauuagaH kenid AJTAT-AMO
6enrinepiHiH TONbIK >KOKTbIFbIH KOPCETTI. ANlbIHFaH AiepeKTep XaHe Xefen eMaey HaTVXKenepi Heri3iHae HayKacTapFa KNUHMKanbIK,
KeMeK KepceTy YLiH MblHagan enwemaep yCbiHblnaabl:

1. Xanfan ANNAT-AMNO: sO2 97-100%, CAMX> 36 mm. cbiH.6aF.cT., MXK/JTXK 0,4 — 0,5, con-oH wyHTTay. KMNOC Tanan etinmengi,
TOJbIK Onepauua xacayfFa 6onagpl, apHaibl gapi-gapmek Tepanuacsl (CMT) Tanan eTinmengi;

2. Kanteimgbl ANTAT-AMNO: sO2 91-97%, CAMX 36-mm. cbiH.6aF.cT., TK/J1X 0,5 - 0,7, kebiHece con-oH wyHTTay. OBPT OH, TONbIK
onepauua xacayfa 6onagbl. OnepaunagaH keiniH CMT TaralibiHOAYAbIH KaXXeTTiNiri )oK, onepaunagaH KeniHri kesenge 3-6 aiira
MOHOTepanusA TaFalblHAANYbl MYMKIH;

3. ¥3aK caktanatbliH AJTIAM-AMNO: sO20,7, con-oH »akK Hemece eki 6aFbITTbl WyHTTay. Tepic OBPT, pagukangbl Ty3eTy MyMKiH
emec, NanImMaTmMBTIK XMpyprua MymkiH. Fymbipabik CMT kepceTinreH.

4. KasbinmantbiH AJTAT-AMO: Sn3eHMeHrep CMHAPOM, onepauma xacay catbicbl. Fymbipnbik CMT MiHAETTI TypAe TaFanblHAay.

KOpbITbIHAbI: HaTVKeNepiHAe cuUMaTTanfaH >KeHiNAeTINreH KavMHuKanblk Kputepuiinep AJIAM-AMNO 6ap nauveHTTepgi
KAVHWKanNbIK »KYPri3yai antapnbikTai OHTanAaHAbIpybl MYMKIH.

KinT cesep: eKne runepteH3nAChI, XikTenyi, naumeHTTepdi Kapay, ctpatervs, 6ananap.

AHHOTALUMA

JleroyHasa apTepuanbHaa rmnepTeH3uns, aCCOLMNPOBaHHaA C BPOXAEHHbIM JIeBO-MPaBbIM LIYHTUPOBaHMEM KPOBU, NMeeT
MHOXECTBO KITMHUYECKNX MPOSBIEHNI, CYLLEeCTBYET HECKOMBbKO KnaccudurKaLuin ins B3pOC/bIX U feTei.

Llenb: paspaboTaTb Knaccudukaumio KNMHUYECKUX CTaAniA NerovyHoi apTepuanbHON runepTeHsnel, Ana BeaeHus aeten c
BPO>KAEHHbIM JIEBO-MPaBbIM LLYHTUPOBaHVEM KPOBU, Ha OCHOBE KIIMHUYECKOrO OMbiTa.

MaTtepuanbl 1 METObI: PETPOCNEKTUBHDIN aHanu3 104 nctopuii 6onesHN geTel C IEroYHON apTepuasbHON rnepTeHsnen,
aACCOLMNPOBAHHON C BPOXKAEHHbIM SIEBO-MPaBbiM LWYHTUPOBAHMEM KPOBM B HayuHOM LieHTpe neguatpumn n BeTCKom Xmpyprum
MuHncTepcTBa 3apaBooxpaHeHna Pecny6nmkm KasaxctaH 3a nepuop 2012-2016 rr. [MpoaHanu3mpoBaH KIMHUYECKUiA
CTaTyC Npu NOCTyneHny, AaHHble 3XOKapauorpadum, JaHHble KaTteTepu3aluy NpasbiX OTAENOB CEPALA, pe3ynbTaT OCTPOro
Ba30pPeaKTMBHOIO TeCTa, onepaLMoHHble MPOTOKOMA C PaHHVM NOCeonepaLMoOHHbIM CTaTyCOM MaLMeHTOB.

Pe3ynbTaTbl: Takne KAMHMYeCKMEe MPOABIEHNA NErOYHON apTepranbHON rMnepTeH3nn, acCOLMMPOBAHHON C BPOXAEHHbBIM
NeBO-MpaBbiM WYHTMPOBAHNEM KPOBM, Kak OfbILIKA, HU3KWI BEC, LMAHO3, YacTble pecrnmpaTopHble 3aboneBaHus, catypauus
Kucnopopa meHee 90% 6bina 3apervctpupoBaHa y 17 peteir, 90-94% y 54 nauMeHTOB 1 B Npefenax HopMmbl y 33 geTeil.

Ha sxokapguorpadun, cpegHuini ypoBeHb CUCTONMYECKOrO AaBfeHUsA B MPaBOM Xenypouke 56,77+1551 mm.pT.cT.
CooTHoOLLeHVe AraMeTpa NPABOro Keny[ouKa K neBomy »enyfnouky 0,54+0,51. JleBo-npaBblii WYHT 6bin 3apernctpuposaH y 90
feTewn, NpaBo-neBbIn y 8 1 nepekpecTHbiny 11 geTten.

CornacHoO NPOTOKOMaM KaTeTepu3auun NpaBbiX OTAENOB Cephua, CpefHee NeroyHoe apTepuanbHoe AaBneHve Obino
49,19+22,87 MM.pT.cT. OCTpbIii Ba30peaKTUBHbIV TECT ObiN NpoBefeH 29 AeTAM.

Mocne onepaummn y 11 nayMeHTOB NeroyHasa apTepuranbHasa rmnepTeH3ns, acCoLMMpPOBaHHan C BPOXAEHHbIM SIeBO-MpaBbiM
WYHTMPOBaHNEM KPOBW, MporpeccrpoBana. B 1o Bpemsa, Kak 19 nmauueHToB Mnocsie onepauun AeMOHCTPMPOBaNM MOJHOe
OTCYTCTBME CUMMTOMOB JIEFTOYHOWN apTepuanbHON runepTeHsnm. Ha oCcHOBe MoJslyYeHHbIX AaHHbIX U UCXOLOB OMepaTVBHOro
neyeHuvsA, NpeanaraloTca ciegylolme KpuTepuu, Ana NOMOLLM B KINMHUYECKOM BeieHNN NaLmneHToB:

1. Mcespo ANTAT-BIMC: sO2 97-100%, CAMXK> 36 mm.pT.cT., TK/J1XK 0,4 - 0,5, neBo-npaBoe WwyHTupoBaHue. KMOC He TpebyeTcs,
onepabenbHOCTb NosHas, crneunduyeckan MefmkameHTO3Has Tepanus He TpebyeTcs;

2. O6patuman AJIAT-BIC: sO2 91-97%, CAMXK 36-mm.pT.cT., MXK/JXK 0,5 - 0,7, npenmyLyecTBeHHO neBo-npasbii WwyHT. OBPT
MONOXKMTENbHbIN, MOSIHaA onepabenbHoCTb. OTCYTCTBYeT HEOOXOAUMOCTb B NMpefonepaLyioHHOM HasHayeHun cneyuduryeckon
Me[NKaMeHTO3HOWN Tepanuu, B NocsieonepauioHHOM NeproAe BO3MOXKHO Ha3HaueHre MoHoTepanuu Ha 3-6 mecAues;

3. Mepcuctupyrowan AJTAT-BMNC: sO2<95%, CAMXK 36-70 mm.pT.cT., RV/LV>0,7, lWwyHT neBo-npasbii Nnn AByHanpaBieHHbIN.
OtpuuatenbHbin OBPT, pagukanbHas KOppeKuma HEBO3MOXKHA, BO3MOXHA MannmnaTmMBHaa xmpyprua. [okasaHa noXmn3HeHHasa
cneunduryeckan MeKaMeHTO3Has Tepanus.

4. Heobpatumas AJTAT-BIMC: cuHapom di3eHMeHrepa, HeonepabenbHaa ctagna. O6a3aTeNlbHO Ha3HaYeHNe MOXKN3HEHHOM
cneundryeckon MeanKaMeHTO3HOM Tepanmu.

3aknloyeHne: onncaHHble B pesynbTaTax YNPOLWEHHbIe KIMHUYeCKMe KPUTepUU MOryT 3HauuMTeNlbHO OMNTMMMU3MPOBATb
KNVHMYeCcKoe BeAeHne NaueHTOB C IerOYHON rmnepTeH3nein.

KnioueBble cnoBa: neroyHas runepTeHsuns, Knaccuprkaums, BeAeHre NaLmeHToB, cTpaTerus, 4eTu.
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