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Objective description of clinical characteristics of patients, their
physiological and hemodynamic parameters during right heart cath-
eterization in the center of pulmonary hypertension in Ukraine.
Material and methods. The procedure fof the right heart catheteriza-
tion according to national and international protocols was performed
in 108 patients with intermediate or high probability of pulmonary
hypertension according to expert echocardiography. Physiological
evaluation at the time of diagnosis includes a 6-minute walk test, a
NTpro-BNP level, and an expert echocardiography with expanded
protocol and an assessment of the right ventricular function.
Results. We confirmed the presence of pulmonary hypertension in 94
patients (90.4%). During the diagnosis, 67% of patients with pul-
monary hypertension had functional class Il and 8% — functional
class 1V, 75% of patients had functional class 11 or IV. 67 patients
underwent right heart catheterization before administering specific
therapy for pulmonary hypertension, and the remaining 27 patients
had already received specific therapy without confirmation of diagnosis.
Our experience has shown that the lack of accurate hemodynamic
measurements leads to a misleading diagnosis or inappropriate use of
drugs specific to pulmonary hypertension, which can lead the patient
to seek alternative treatments that have no proven efficacy.
Conclusions. Catheterization of the right heart is the only way to
reliable diagnosis of pulmonary hypertension and the risk of seri-
ous complications. It is necessary for the diagnosis of pulmonary
hypertension, assessment of pulmonary hemodynamic condition and
estimation of further prognosis.
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KATETEPU3AIIHUA IIPABBIX OT/[EJIOB CEPIIIA

JUIA OLJEHKH F'EMOJHHAMHUKH JIETOYHOH
T'HIIEPTEH3HH

FO.H. Cupenxo, H.A. Kusuno, A.1O. Cupenxo

Llens pabomst — onucanue KIUHULECKUX XAPAKMEPUCTUK NAYU-
eHmOo8, UX (QU3UONO2ULECKUX U 2eEMOOUHAMUUECKUX NaAPAMeEMPO8
npu Kamemepuzayuy NPAgvix omoenos cepoyd 8 YeHmpe 1e20YHoll
eunepmeH3uu 8 YkpauHe.

Mamepuan u memoowt. [Iposedero npoyedypy kamemepuzayuu npa-
8bIX OMOEN08 cepOUa 8 COOMBEMCMBUU C HAYUOHATbHIMU U MENHCOY-
HapoOoHviMu npomokonamu 8 108 nayuenmos ¢ npomexicymounoul uiu
8bICOKOU 8ePOSMHOCHbIO JIE20HUHOU 2UNEPMEH3UL 8 COOMBEMCNEUU
¢ 9KCnepmuoll dxoKkapouozpaguel. Pusuoro2ueckds OYeHKd Ha
MOMeHm OUAZHOCMUKY 8Ktouaem 6 cebs mecm 6-MUHYmHoU X00b0bl,
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yposerv NTpro-BNP u skcnepmuyro 9Xokapouocpaguio ¢ pacuiuper-
HbIM NPOMOKOJIOM U OYEHKOU (DYHKYUU NPABO2O IHCETYOOUKA.
Pesynomamot. Moi noomeepounu Hanuuue 1e204HOU 2Unepmensuu
v 94 nayuenmos (90,4%,). llpu ycmanosnenuu ouaznosa 67% nayu-
enmos c nezoynoul eunepmensuets umenu 111 OK u 8% — 1V OK, 75%
nayuenmos umenu 111 unu IV @K. Kamemepuzayuio npagvix omoenos
cepoya neped Ha3HaueHuem cneyuuyeckol mepanuu 0 1e204Holl
eunepmensuu nposedero 67 nayuenmam, a ocmanvhvie 27 nayuen-
MO8 yoice noyuanu cneyupuueckyro mepanuio 6e3 NOOMmMeepI’HcOeHUs
ouaznosa. Haw onvim noxasaiu, umo omcymcmeue mouHwlx 2emMoOUuHa-
MUHECKUX UBMEPEHUTI RPUBOOUM K OUUOOUHOMY OUASHOCIMUPOBAHUIO
UIU HeyenecooopasHOMY NPUMEHEHUIO NPenapamos, Cneyu@uyeckux
0J15 1€204HOU 2UNepmen3ull, KOmopbvie Mo2ym npusecmu nayueHma
K HOUCKY ANbMEPHAMUSHBIX MEMOO0E J1eUeHUsl, KOMOpble He UMEIOm
0oKaszauo s¢hghexmusrHocmu.

Bui6oowi. Kamemepusayus npageix omoenog cepoya 0cmaemcs eOun-
CMBEHHBIM CNOCOOOM HAOEIICHOU OUAZHOCIUKU 1€20YHOU 2UNEPIMEH3UL.
Kamemepusayus cepoya neobdxoouma 011 ycmanosieHus OudeHo3d
JIC20YHOU 2UNEPMeEH3UU, OYEHKU 1e20UHOU 2eMOOUHAMUKU U OYEHKU
oanvHeliuezo npocHo3a.

Knrouosi cnosa: KATETEPU3AILIIA IIPABUX BDUILUTIB CEPLA JUVIA
Jlecenesa 2inepmensis, OL[THKH TEMOJUHAMIKH JIETEHEBOI T'TITIEPTEH3IT
Kamemepu3zayis npasux IO.M. Cipenxo, 1.0. 2Kuguno, O.10. Cipenko
8i00ini8 cepys, mecm Mema pobomu — onuc KIiHIYHUX XAPAKMEPUCIUK NAYIEHMIB, iX ¢i-
6-X8UNUHHOI X0ObOU. 3I0/I02IYHUX MA 2eMOOUHAMIYHUX Napamempis nio uac kamemepuzayii
npasux 6i00iNie cepys 6 yeHmpi 1e2eHesoi cinepmensii 6 Ykpaini.
bykosuncokuii meduu- Mamepian i memoou. [Iposedero npoyedypy kamemepuzayii npasux
Hutl gichux. T.21, No 4 8i00ini6 cepys 8i0N0BIOHO 00 HAYIOHANLHO20 MA MINCHAPOOHO20 NPO-
(84). P. 114-119. moxonig y 108 nayienmie 3 npomisncHoo abo 8UCOKOI IMOBIPHICIO

Jecenegoi 2inepmensii 8i0N0BIOHO 00 ekcnepmHuoi exokapdiozpadii.
Dizionociuna oyinka Ha Momenm Ola2HOCTUKU BKIIOYAE O-XGUTUHHULL
mecm, pieenv NTpro-BNP ma excnepmuy exoxapodioepagito 3 po3uiu-
PEHUM NPOMOKOIOM MA OYIHKOIO QYHKYIT NPAsoeo WLIyHOUKA.
Pezynomamu. Mu niomeepounu HaasHicms eceHegoi cinepmensii y 94
nayienmis (90,4%). 11io yac ecmanosnenns diacnosy 67% nayieumie
i3 necenesoro cinepmensieio manu 11l OK ma 8% — 1V OK, 75% na-
yienmige manu 111 yu IV @K. Kamemepuszayiro npagux 8i00inie cepys
nepeo npusHaueHHAM cneyughiunoi mepanii 0is 1ecenesoi einepmen3sii
nposedeno 67 nayienmam, a inwi 27 nayieHmis gxce ompumyeaiu
cneyughiuny mepaniro be3 niomeepoicenns diaenosy. Haw 0ocgio
NPOOEMOHCIPYBAB, WO GIOCYMHICIb MOYHUX 2EMOOUHAMIYHUX BUMIDIO-
8aHb NPU3BOOUMb 00 NOMUTKOB020 OiAZHOCHYBAHHA ADO HEOOYLTLHOZO
3ACMOCYBaHHA npenapamis, cneyupiunux 0 necenegoi einepmensii,
AKI MOJICYMb NPU3EECmu nayieHma 00 NOULYKY aibMmepHaAmueHUx
Memooig NiKY8anHs, SKi He Maloms 008e0eHOl edheKmuUHOC.
Bucnoexu. Kamemepusayis npagux i00inie cepys 3a1uuacmocs
€0OUHUM CNOCOOOM HAOINIHOT OIAeHOCMUKU Jle2eHeBOi cinepmeHs3i.
Kamemepuszayis cepysa neobxiona 0115 6Cmano8ieHHs 0iacHo3y jie-
2eHeBol einepmensii, OYIHKU Jle2eHe8ol 2eMOOUHAMIKU Md OYIHKU
noOANbLULO20 NPOSHO3Y.
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Background. Pulmonary arterial hypertension
(PAH) is a group of rare chronic progressive dis-
eases with a very poor prognosis. According to all
international guidelines currently a catheterization
of the right heart and the pulmonary artery (RHC)
is the only reliable method of confirmation of the
diagnosis of PAH [1,2]. Besides a direct measuring
of the mean pressure in the pulmonary artery (mPAP)
and pulmonary artery wedge pressure (PAWP) during
RHC procedure it is possible to measure a level of
cardiac output by the direct method (most often with
thermodilution) and calculate the level of pulmonary
vascular resistance (PVR) and evaluate the mixed
venous blood oxygen saturation (SvO2) [2,3]. The
degree of PVR alongside with the level of mPAP are
keys for PAH diagnosis verification and the levels
of cardiac output (CO) and SvO2 are the important
prognostic markers of disease [4,5]. The incomplete
RHC assessment is linked to a higher likelihood of
misdiagnosis and inappropriate treatment in PAH.

In recent decades, due to the technical difficulties
(lack of Swan-Ganz Catheter registration, centralized
state purchases of medical equipment etc.) in Ukraine
RHC procedure has been performed in reduced prac-
tice without measuring PAWP, direct determination
of the cardiac output and the correct calculation of
the systemic and pulmonary hemodynamics. Vast
majority of patients in Ukraine had not undergone
RHC even with reduced protocol. Considering the
features of PAH patients in Ukraine (delay in the
referral, errors in diagnosis, lack of drugs for specific
therapy for most patients, the lack of follow-up, etc.),
we could expect that those patients are basically
different from the EU countries and the USA. The
aforementioned conditions challenge the data ac-
cumulated during RHC in this group of patients in
Pulmonary Hypertension Center in NSC "Institute
of cardiology n.a. Acad. M.D. Strazhesko" over the
past 3 years. We did no found information on similar
domestic research in the available literature.

Objective. The aim of this study was to describe
patients’ clinical characteristics and physiological
and hemodynamic parameters at the time of RHC in
a pulmonary hypertension center in Ukraine.

Methods. We performed RHC procedure accord-
ing to the National and international guidelines pro-
tocol in symptomatic 108 patients with intermediate
or high probability of PH according to the expert
echocardiography [1,2,3,6]. In 4 cases we repeated
procedure of RHC after 4 and 10 months because
clinical worsening and confirm this by hemody-
namic data. Physiological assessment at the time of
diagnosis includes six-minute walk test (6MWT),
NTpro-BNP level, and expert EchoCG with extended

protocol with evaluation for pericardial effusion and
right ventricular function (TAPSE score). Proportion
of patients in subgroups of pulmonary hypertension
and without PH is displayed in the Fig. Majority of
our patients were with IPH (39,4%), CTEPH (24,1%)
and CHD (14,4%). We did not performed RHC in
patients with open ventricular septum defects or
similar conditions when presence of PAH was clear
and therefore several proportion of patients with
CHD referred to our center did not underwent RHC
procedures.

Descriptive statistics in terms of mean, standard
deviations and percentages were used to describe
characteristics of the studied patients. After assess-
ment of normality distribution of variables, Student
t-test and ANOVA test were used if data had normal
distribution. A P-value less than 0,05 was considered
a significant test. SPSS version 17 was used for all
statistical analysis.

Results and discussion. Table demonstrates
demographic, clinical and RHC data. The mean
age at diagnosis was 45,8+1,5 years, and there was
a female preponderance of 72%. The mean duration
between symptoms onset and diagnosis was 11,7+0,4
months. We confirmed presence of PH in 94 patients
(90,4%) and rejected diagnosis of PH in 10 cases
(9,6%). In half of them was a suspicion of IPAH and
in others was a suspicion of CTEPH. At the time of
establishing of diagnosis, 67% of patients with PH
were in functional class I1I and 8% were in functional
class IV; totally more that 75% of patients had 111
or IV WHO class.

Only in 67 patients RHC was performed before
prescription of specific PAH therapy and other 27 pa-
tients already received PAH specific therapy without
confirmation of PAH diagnosis. In 4 cases after RHC
this type of very expensive treatment was withdrawn
and in almost other cases was corrected: calcium
channel blockers were administrated in patients with
positive test with vasodilator or we did escalation of
specific therapy in proper conditions.

All our patients with confirmed PH had signs
of poor physiological conditions: low distance in
6MWT, markedly elevated mRAP, SPAP, DPAP and
mPAP, decreased cardiac output and compromised
right ventricular function (low TAPSE) with dramat-
ically elevated PVR. We noted that the difference
between measured mPAP and calculated by EchoCG
data more than 10 mm Hg in both sides was in 75
(79,8%) patients.

In comparison with international registers our
data show more severe level of PH and more pro-
found changes of hemodynamic parameters that are
typical for late stages of disease [7,8,9,10].
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Fig. Proportion of patients in subgroups of pulmonary hypertension (%):
IPAH — idiopathic pulmonary arterial hypertension; CTD - connective tissue disease associated PAH; CHD
— congenital heart disease associated PAH; CTEPH — chronic thromboembolic pulmonary hypertension;
HIV — human immunodeficiency virus associated PAH, NOAS — nocturnal obstructive apnea syndrome

The safety profile of right heart catheterization
in patients with pulmonary vascular disease is well
documented: from the largest dataset (n=7,218) ana-
lyzing complications in association with RHC studies,
the procedural fatality rate was 0,055% and serious
adverse event rate was 1,1%, which, aside from the
fatalities, were generally mild to moderate in severity
and largely confined to localized hematoma at the
vascular access site [7]. In our series of patients
in 5 patients (5,3%) was wrong carotid puncture
without further clinical consequences. None of our
patients needed blood transfusion or infusion therapy.
We also did not observe temperature reactions and
infectious complications and catheter introducer
was removed immediately after the procedure. In
addition to carotid puncture during catheterization
was observed a small hematoma around the site
of puncture in 8 patients (8,5%), despite that in all
patients receiving oral anticoagulants we canceled
them at least 48 hours before the procedure. Thus,
the number of complications in the performance of
PCC in this series of patients was comparable to
mentioned above international registry.

The present study describes the characteris-
tics of PAH in the largest population of patients in

Ukraine to date. In comparison with other countries
our patients still present very late in the course of
the disease, and the majority of them display se-
vere physiological and hemodynamic compromise.
Despite clear recommendations on the use of RHC,
best practice differs from guidelines. Importantly,
the consequences of not performing a right heart
catheterization to diagnose the etiology and initiate
treatment of the pulmonary vascular disorder can
have a significant impact on patient care and per-
petuate health care providers misunderstanding of
the natural course of the disorder. Our experience
demonstrated that the absence of accurate hemody-
namic measurements lead to a misdiagnosis with
overprescribing or in some cases underprescribing
PAH-specific medications that may lead a patient to
search for alternative therapies lacking demonstrated
efficacy that can produce physical harm, emotional
distress and economic hardship [1,3,11]. Our data
demonstrated that steps to improve the quality of
care of patients with PAH are being implemented
by the Pulmonary Hypertension Association through
patient and physician education and designation of
pulmonary hypertension care centers.
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Table

Demographic, Clinical, and Hemodynamic Characteristics of Patients With and Without Pulmonary

Hypertension (M+m)

Characteristics Patients with PH Patients without PH
Subjects, No 94 10
Age, years 45.8+1,5 48,6+3,7
Women/men, No (%) 68/26 (72/28) 7/3 (70/30)
Symptoms duration, months 37,4+5,7 9,2+1,8*
FC I/11, No (%) 23 (24,5) -
FCIII, No (%) 63 (67,0) -
FC 1V, No (%) 8(8.5) -
SBP, mm Hg 118,3+1,6 125,0+6,0
DBP, mm Hg 78,3%1,0 81,0+2,8
Baseline NT-proBNP, 1669,3+263,4 64,6+18,4*
6MWT, m 330,5+11,5 420,3+19,4%*
TAPSE, EchoCG, mm 14,5+0,4 23,9+1,8%
mRAP, mm Hg 9,8+0,6 6,2+0,8*
SPAP, mm Hg 87,3+2,9 27,4+1,7*
DPAP, mm Hg 38,1+1,6 11,2+0,9*
mPAP, mm Hg 59,3+2,1 17,7+1,2*
PAWP, mm Hg 9,6£0,5 7,8+1,1
Cardiac index, I/min/m? 2,24+0,06 3,07+0,30*
PVR, dyn x ¢ x cm® (Wood units) s, 1629 130,1+15,4%
(14,1£0,8) (1,6+0,2)
SvOo, ,, 62,4+1,0 77,3+2,8*

FC — functional class; mRAP — mean right atrium pressure; SPAP — systolic pulmonary arterial
pressure; DPAP — diastolic pulmonary arterial pressure; mPAP — mean pulmonary arterial
pressure; PAWP — pulmonary artery wedge pressure; PVR - pulmonary vascular resistance;
TAPSE — Tricuspid annular plain systolic excursion; SvO2 - mixed venous blood oxygen saturation, * - p
< 0,05 in comparison between groups.

Conclusion. RHC remains the only technique
for reliably and definitively diagnosing PAH, and in
adult patients is associated with a low risk of seri-
ous complications. Cardiac catheterization remains
necessary to establish the diagnosis of PH and to
assess pulmonary hemodynamic state and evaluate
the prognosis. Furthermore, there is a clear need
to follow the standardized protocols and in further
improve regulation to achieve optimal application
of RHC, with resulting positive implications for

diagnosis and earlier intervention for patients with
PAH in routine clinical practice in reference centers.
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