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ABSTRACT
Background and objectives: Pulmonary hypertension is a hemodynamic and pathophysiological 

condition defined as an increase in mean pulmonary pressure more than or equal to 25 mm Hg. Evalu-
ation of pulmonary hypertension severity and prognosis plays a central role in the management of these 
patients, between diagnosis and therapeutic decision making. The aim of our study was to identify the 
adverse prognostic factors in patients with pulmonary hypertension and their impact on mortality, qual-
ity of life, need for hospitalization and complications during hospitalization. 

Material and methods: We performed a prospective study that included 553 patients diagnosed 
with pulmonary hypertension in the Institute of Cardiovascular Diseases of Iasi between 1st November 
2008 and 1st July 2011. We analyzed a series of demographic and clinical data, echocardiographic and 
hemodynamic parameters, which correlated with mortality, WHO functional class, complications and 
need for hospitalization. 

Outcomes: We identified as main negative prognostic factors: WHO functional class III and IV, the 
pulmonary artery systolic pressure value, right chambers dilation, TAPSE, pericardial effusion, cardiac 
index and right atrial pressure. 

Conclusions: Pulmonary hypertension, despite the development of treatment methods, remains a 
serious disease, with progressive and inexorable evolution, but the prognosis of patients with pulmonary 
hypertension is very variable, depending on the etiology, functional class, clinical, echocardiographic 
and hemodynamic parameters.

Keywords: pulmonary hypertension, prognosis, mortality,
echocardiography, right heart catheterization
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INTRODUCTION

Pulmonary hypertension (PH) is a he-
modynamic and pathophysiological 
condition defined as an increase of 
mean pulmonary pressure more than 
or equal to 25 mmHg at rest (1,2). 

Evaluation of pulmonary hypertension severity 
and prognosis plays a central role in the man-
agement of these patients, between diagnosis 
and therapeutic decision making. In patients 
with untreated idiopathic pulmonary arterial 
hypertension (IPAH), historical data show a 
median survival of 6 months in patients with 
WHO functional class IV, 2.5 years for those in 
class III and 6 years for functional classes I and 
II (2). Prognosis is also significantly affected by 
the etiology of PH (3). Patients with congenital 
heart diseases have a better prognosis. Survival 
was significantly higher in patients with Eisen-
menger syndrome compared to IPAH patients 
treated either with conventional therapy or 
epoprostenol (4,5).

Echocardiography generates several indica-
tors of prognostic value: the existence of peri-
cardial fluid, right atrial area index and left ven-
tricular eccentricity index (6), right ventricular 
Tei index (7-9) and TAPSE (10). Cardiac cathe-
terization in patients with PH has prognostic 
value (1,4). Identified parameters include pul-
monary artery saturation, right atrium pressure, 
cardiac output, pulmonary vascular resistance 
and pronounced vasodilator responsiveness. 
The pulmonary artery pressure is also prognos-
tic, but towards the final stages of the disease, 
when the right ventricle becomes insufficient, it 
may decrease. 

The aim of our study was to identify the ad-
verse prognostic factors in patients with pulmo-
nary hypertension and their impact on mortal-
ity, quality of life, need for hospitalization and 
complications during hospitalization.  

MATERIALS AND METHODS

We performed a prospective study that in-
cluded 553 patients diagnosed with pul-

monary hypertension in the Institute of Cardio-
vascular Diseases of Iasi between 2008 and 
2011. In order to determine the evolution of 
the disease we retrospectively analyzed the 
files of enrolled patients since 1998. Study in-
clusion criteria were patients with idiopathic 
arterial pulmonary hypertension and second-
ary forms of pulmonary hypertension. The clas-

sification of patients in clinical classes was per-
formed according to the Dana Point clas s i fi-
 cation of PH (2008). The study had the app ro-
val of the ethics committee of our institution. 
Protocol study included:
I. Demographic data: sex, age 
II. Personal pathologic history – date of diag-

nosis of PH; for secondary forms of PH – 
date of diagnosis of the disease which gen-
erated PH.

III. The clinical examination aimed to establish 
the WHO class at admission and the patient 
status (stable or deteriorating). 

IV. Echocardiography was performed in all pa-
tients and included the following measure-
ments: systolic pulmonary artery pressure 
(sPAP), pulmonary acceleration time, pulmo -
nary ejection time and their ratio, left ven-
tricular ejection fraction, TAPSE, right atri-
um area (indexed to the body surface), right 
ventricular diameter, presence/ absence of 
pericardial fluid; by pulsed- wave tissue 
Doppler at the tricuspid ring we measured 
the isovolumic contraction time (IVCT), iso-
vo lumic contraction velocity (IVCV), isovo-
lumic acceleration (ICA), tri cus pid ring sys-
tolic velocity (St), E wave (Et), A wave (At) 
and isovolumic relaxation time (IVRT).

V. Right heart catheterization was performed 
in 313 patients during the study. All patients 
signed informed consents. The remaining of 
the group had previous hemodynamic ex-
ams (we used their results only for diagnos-
tic confirmation and not as part of the statis-
ti cal analysis). The following parameters 
were calculated: systolic, diastolic and mean
pulmonary artery pressure, pulmonary vas-
cular resistance and pulmonary/ sys  te  mic 
resistance ratio, cardiac output, car  diac in-
dex, right atrial pressure.

VI. We monitored the following parameters: 
WHO functional class deterioration; hospi-
talizations for heart failure phenomena; 
number of days of hospitalization; need for 
inotropic support or mechanical ventilation; 
need of treatment modification; non- car-
diac complications (pleural, pericardial, he-
patic, renal). We defined renal complica-
tions as a rise in serum creatinine of ≥0.3 
mg/dl or ≥50% in less than 48 hours; he-
patic complications as hepatic cytolysis syn-
drome and/or spontaneous INR >1.5; pleu-
ral complications as significant pleurisy, 
wh i ch necessitated thoracentesis; pericar-
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dial complications as significant amount of 
pericardial fluid with signs of compression 
and/or need for pericardiocentesis. Patient 
monitoring was carried out over 34 months. 
Patients were examined every 6 months 
(clinical examination, WHO class assess-
ment and echocardiographic follow- up) or 
in case of clinical worsening. 
Statistical analysis - We used STATISTICA (a 

dedicated program for medical research) for 
statistical processing of data. Continuous vari-
ables were described as mean ± SD. The 2 
test was used to compare categorial variables. 
ANOVA and Kruskal- Wallis test were used to 
compare means of continuous variables. Sur-
vival was calculated using Kaplan- Meier analy-
sis. We performed multivariable analysis for 
mortality.  

RESULTS

Demographic and clinical features of pa-
tients are shown in Table 1. IPAH repre-

sented 1.26% of the total group. Our analysis 
confirms the female predominance of the dis-
ease. Congenital heart defects generated PH in 
48 patients (6.87%). Patients with atrial septal 
defect (n=21) were significantly older than pa-
tients with other malformations (ventricular 
septal defect, patent ductus arteriosus, com-
plete atrio ventricular septal defect, truncusus 
arteriosus or total anomalous pulmonary ve-
nous return) (52.28 ± 20.10 years vs. 27.41 ± 
16.10 years, p<0.001), the explanation being 
PAH late appearance in this condition. In 12 
cases the disease was already in stage of Eisen-
menger syndrome at diagnosis time. The post-
tricuspid shunts (ventricular septal defect and 
patent ductus arteriosus) reached the stage of 
Eisenmenger syndrome the most frequently 
and, for this reason, they have a more severe 
prognosis.

Echocardiographic and hemodynamic val-
ues at baseline are noted in Table 2. Therapeu-
tic options are presented in Table 3. Surgical 
treatment concerned patients with congenital 

TABLE 1. Demographical and clinical characteristics.

Class 1
Class 2 Class 3 Class 4 Total

1.1 1.4.1 1.4.4
Number 7 4 48 370 37 87 553
Male gender
[n (%)]

2 (28%) 3 (75%) 22 (46%) 226 (61%) 29 (79%) 31 (36%) 313 (57%)

Age (yrs) 48.7± 18.8 62.75± 11.4 36.2± 20.8 63.6± 11.6 74.1±  6.9 59.7± 14.8 61± 15.5
WHO III - IV 
[n (%)]

4 (57%) 2 (50%) 25 (52%) 215 (57%) 25 (54%) 52 (60%) 323 (59%)

TABLE 2. Echocardiographic and hemodynamic characteristics.

Parameter Value

sPAP (echo), mm Hg 61.5 ± 18.22 
dPAP (echo), mm Hg 31.32 ± 15.71
LVEF, % 50.84 ± 13.87
PAT, ms 83.9 ± 33.23
PAT/PET 0.48 ± 0.13
TAPSE, mm 18.2 ± 5.9
RVEDD, mm 38.6 ± 7.92
Indexed RA area, cm²/m² 14.51 ± 5.47
Pericardial fluid, n (%) 39 (7%)
IVCV (cm/s) 7 ± 2.4
IVCT, ms 55.05 ± 17.43
IVA (m/s²) 2.7 ± 1
IVRT (ms) 113.81 ± 42.37
Sa (cm/s) 10.43 ± 2.96
Ea (cm/s) 6.1 ± 2.46
Aa (cm/s) 11.26 ± 4.05
sPAP (cath), mm Hg 65.62 ± 25.24
mPAP, mm Hg 42.75 ± 17.3
dPAP, mm Hg 32.75 ± 16.75
PVR, Wood units 13.53 ± 11.1
PVR/SVR 0.4 ± 0.3
CO, l/min 4.47 ± 2. 27
CI, l/min/m² 2.76 ± 1.1
mRAP, mm Hg 11.54 ± 5.5
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heart diseases and left heart valvular disease. 
Seven patients showed inadequate clinically 
response to the initial specific therapy and 
needed treatment augmentation to combina-
tion therapy (4 cases- phosphodiesterase type-
5 inhibitor and prostanoids, 3 cases- endothe-
lin receptor antagonist and phosphodiesterase 
type-5 inhibitor).

We recorded 25 deaths in the studied group 
(4.52% mortality). There were no significant 
differences between genders (13 male patients 
and 12 female) (p 0.27). Average age at death 
was 64.72 years (range between 1 and 92 
years). Age was not an independent risk factor 
for death (mean age 64.72 years vs. 61.03 
years, p = 0.24).

Mortality depending on the etiology of the 
general group is presented in Figure 1. The 
highest mortality was recorded for idiopathic 
PH and the lowest in patients with congenital 
heart diseases, but the difference is not statisti-
cally significant (2 2.59, p = 0.1).

Among the deceased patients, one was in 
functional class II WHO, two in class III and 22 
in functional class IV. Functional class IV was 
associated with a relative risk of death of 36.27, 
p<0.001 and the combined analysis of class III 
and IV WHO showed a relative risk of 21.27, 
p<0.001. The difference in survival between 
III and IV WHO classes is statistically significant 
(2 4.09576, p<0.001). The difference is even 
more marked between WHO class II and IV, 
respectively (2 4.21073, p<0.001). Kaplan-
Meier survival curves according to the WHO 
class are shown in Figure 2. 

The average systolic pulmonary artery pres-
sure determined by echocardiography (sPAP) 
in the deceased patients group was of 75.65 ± 
14.67 mmHg. The ANOVA test for comparing 
mean values of sPAP depending on the pa-
tient’s vital status shows that there was a statisti-
cally significant difference between patients 
who died and alive patients (in this subgroup, 
mean sPAP is 60.72 ± 18.12 mmHg, p<0.001). 
In order to determine the influence of sPAP on 
survival we can set a “cut off” value function of 
the quartiles of the variable, then setting the 
corresponding survival rates. For sPAP the value 
of 70 mmHg represents a “cut off” value. Fig-
ure 3 shows the regression analysis for the cor-
relation between sPAP and the months of sur-
vival. sPAP value is strongly correlated with 
survival duration (r 0.52, p<0.001). Figure 4 
shows the Kaplan Meier survival curve accord-

ing to the cut off value found in our study, and 
this value is statistically significant (2 = 
-2.47957, p= 0.01).

Left ventricle ejection fraction was 44.74 ± 
21.12% in deceased patients group vs 51.01 ± 
13.56% in survivors (p 0.03). We found no cor-
relation between the value of left ventricular 
ejection fraction and survival (r 0.0203, p = 
0.747). 

The pulmonary acceleration time (PAT) is 
strongly correlated with severity of PH. Kruskal-
Wallis test shows highly significant statistical 
variation of PAT according to the severity of PH 
(p <0.001). The ANOVA test shows, however, 
that this difference doesn’t reach statistical sig-
nificance in terms of mortality (p = 0.14). PAT 
correlates inversely with survival time (there is a 
decrease of the range of survival with decreas-
ing values of PAT), but not statistically signifi-
cant (r = - 0.29, p = 0.059).

Dilatation of right cavities was a major prog-
nostic factor, negatively correlated with mortal-
ity. Right ventricular end diastolic diameter in 
deceased patients was in average of 45.47 ± 
8.77 mm and of 38.22 ± 7.78 mm for the rest 
of the group (p<0.001). Right atrium area (in-
dexed to the body surface area) was closely 
correlated with the risk of death (p<0.001); 
the mean area of deceased patients was 19.06 
± 7 mm/m², compared to 15.18 ± 5.31 mm/

TABLE 3. Therapeutic options.
ERA = endothelin receptor antagonists; PDE-5 I = phosphodiesterase type-5 
inhibitor

Treatment Number (%)

Oral anticoagulation 195 (35.6%)
Surgery 159 (28.75%)
Calcium channel blockers 44 (7.95%)
PDE-5 I 27 (4.88%)
ERA 20 (3.61%)
Prostanoids 9 (1.62%)
Combination therapy 7 (1.26%)

FIGURE 1. Mortality depending on etiology
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m² in living patients. Right ventricular dysfunc-
tion was also associated with higher risk of 
death - average TAPSE in deceased patients 
was 12.23 ± 4.83 mm and 18.49 ± 5.8 mm in 
the remaining patients (p<0.001). Pericardial 
fluid was associated with a relative risk of death 

of 3.5 (confidence interval 1.49 to 8.21), p = 
0.04.

Among the studied hemodynamic parame-
ters, the right atrium pressure (RAP) and the 
decreased cardiac index had the greatest im-
pact on mortality. The RAP of deceased pa-
tients was 29.66 ± 3.05 mmHg compared to 
11.3 ± 5.39 mmHg in survivors (p < 0.001). 
The cardiac index in patients who died was on 
average 1.63 ± 0.6 l/min/m2, compared to 
2.56 ± 1.17 l/min/m2 in survivors (p = 0.009).

The results of multivariable analysis for mor-
tality are shown in Table 4. Only right atrial 
pressure (p = 0.017) and sPAP (p = 0.028) 
reached statistical significance.

Among the deceased patients, four died af-
ter cardiac surgery (valvular replacement); the 
dead IPAH patient was receiving phosphodies-
terase type-5 inhibitor and oral anticoagula-
tion; four patients with thromboembolic PH 
were on oral anticoagulation; the rest had no 
specific PH medication.

In order to see if sPAP value has other prog-
nostic implications, we divided patients into 
two groups (sPAP lower, respectively higher 
than 70 mmHg) and we analyzed the need for 
hospitalization due to heart failure phenomena 
and the average period of hospitalization for 
each group. For patients with sPAP lower than 
70 mm Hg, the average number of hospitaliza-
tions for clinical worsening and heart failure 
phenomena during the monitoring period was 
1.1 ± 0.35 vs 1.39 ± 0.9 hospitalizations for 
patients with severe PH (p<0.001). The aver-
age duration of hospitalization was 7.82 ± 
4.08 days in the first group, respectively 12.96 
± 7.84 days in the second group (p <0.001). 
The impact of PH severity on the need for me-
chanical ventilation, inotropic support and 

TABLE 4. Multivariable analysis of mortality.

DEATH
 Param.

DEATH
Std.Err

t p
DEATH
exp (ß)

-95.00%
Cnf.Lmt

+95.00%
Cnf.Lmt

Intercept 0.181640 0.29835 0.6088 0.54659 -0.42406 0.787342
sPAP -0.00220 0.00201 1.3881 0.02813 1.743998 1.00628 3.001884
LVEF -0.00291 0.00362 -0.8043 0.42661 -0.15584 -0.01027 0.004442
TAPSE 0.003991 0.00575 0.6938 0.49233 0.141463 -0.00768 0.015667
RVEDD -0.00403 0.00476 -0.8470 0.40273 -0.17161 -0.01370 0.005636
Indexed RA area 0.002841 0.00598 0.4747 0.63791 0.093861 -0.00930 0.014992
RAP 0.025920 0.01043 2.4829 0.01797 2.686186 1.04727 4.047113
CI -0.02119 0.03544 -0.5979 0.55369 -0.12429 -0.09315 0.050760
WHO class 1 0.032404 0.11552 0.2805 0.78074 0.078467 -0.20211 0.266925
WHO class 2 0.026661 0.08196 0.3252 0.74689 0.094303 -0.13972 0.193048
WHO class 3-4 -0.10117 0.07288 -1.0940 0.17386 -0.36750 -0.24914 0.046790

FIGURE 2. Kaplan-Meier survival curves according to the WHO 
class

FIGURE 3. Regression analysis for the correlation between sPAP and 
survival
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non-cardiac complications is presented in Ta-
ble 5.

Using the risk stratification recommended 
by the ESC Guidelines (good prognosis – pa-
tients with functional classes I and II, negative 
prognosis - patients with functional classes III 
and IV), we divided patients into a first group of 
classes I and II and a second group that includ-
ed patients with functional classes III and IV 
and we studied a series of clinical, echocardio-
graphic and hemodynamic parameters. The 
results are presented in Table 6.  

DISCUSSIONS

There is a lack of consensus on factors that 
predict mortality and prognosis in patients 

with pulmonary arterial hypertension. A recent 
meta-analysis (11) addressing IPAH identified 
no less than 107 factors that have been associ-
ated with mortality in different studies. There 
are conflicting reports on the prognostic value 

of many of them. The first ten identified as 
prognostic factors were functional class, heart 
rate, six minutes walking distance, pericardial 
effusion, mPAP, right atrial pressure, cardiac in-
dex, stroke volume index, PVR, mixed venous 

TABLE 6. Echocardiographic and hemodynamic parameters according to WHO class.

Parameter WHO I- II (n = 232) WHO III- IV (n = 321) F p
sPAP, mm Hg 49.89 ± 10.97 69.56 ± 17.79 3.85 <0.001
PAT, ms 96.81± 42.82 76.17 ± 22.22 7.74 0.006
PAT/PET 0.4 ± 0.08 0.31± 0.08 23.89 <0.001
TAPSE, mm 21.1± 4.65 16.3 ± 5.31 51.52 <0.001
EDRVD, mm 35.59 ± 6.63 40.49 ± 8.13 50.97 <0.001
Indexed RA area, cm²/m² 12.57 ± 3.9 16.10 ± 5.8 75.75 <0.001
IVCV, cm/s 7.28 ± 2.82 6.94 ± 2.34 0.2 0.6
IVCT, ms 48.83 ± 13.89 58.45 ± 18.40 3.74 0.05
IVA, m/s² 3 ± 1.2 2.1 ± 0.7 8.76 0.005
Et, cm/s 7.22 ± 2.73 5.1 ± 2.2 9.19 0.004
At 12.33 ± 3.67 10.65 ± 4.57 1.77 0.18
St 11.16 ± 2.5 9.87 ± 2.41 4.02 0.05
IVRT, ms 109.72 ± 37.1 121.73 ± 47.28 0.86 0.35
mPAP, mm Hg 32.05 ± 8.96 51.97 ± 17.55 34.42 <0.001
RAP, mm Hg 6.22 ± 2.25 16.04 ± 3.95 103.2 <0.001
CI, l/min/ m² 3.1± 1.07 2.1± 0.75 40.9 <0.001
PVR, Wood units 5.25 ± 4.65 23.81 ± 11.25 46.68 <0.001
PVR/SVR 0.19 ± 0.16 0.61 ± 0.27 46.53 <0.001
Pericardial fluid, n (%) 2 (0.86%) 37 (11.52%) 2 = 23.36 <0.001

TABLE 5. Rate of complications according to PH severity.

Complication
sPAP<70 mm Hg

N = 376
sPAP>70 mm Hg

N = 177
2 p

Mechanical ventilation, n (%) 2 (0.53%) 6 (3.39%) 7 0.008
Inotropic support, n (%) 15 (3.99%) 10 (5.65%) 0.76 0.38
Renal, n (%) 7 (1.86%) 10 (5.65%) 5.79 0.01
Hepatic, n (%) 24 (6.38%) 23 (12.99%) 6.76 0.009
Pleural, n (%) 15 (3.99%) 7 (3.95%) 0.0004 0.98
Pericardial, n (%) 4 (1.06%) 10 (5.65%) 10.25 0.001

FIGURE 4. Kaplan Meier survival curve according to the cut off 
value of sPAP
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pressure of oxygen or saturations. Our study 
identifies echocardiographic and hemodynam-
ic parameters associated with unfavourable 
out comes in patients with both idiopathic and 
se condary forms of PH. We found significant 
co r relation between these parameters and 
mor tality, need for hospitalization, number of 
days of hospitalization, need for inotropic sup-
port and mechanical ventilation and occur-
rence of non- cardiac complications. The sPAP, 
determined by echocardiography, has not clas-
sically been seen as a prognostic factor (6). Yet, 
LeTourneau and his colleagues found that sPAP 
above 50 mm Hg in patients with chronic or-
ganic mitral regurgitation was an independent 
predictor of mortality after cardiac surgery (12). 
In another study, sPAP >60 mmHg correlated 
with a composite end point of cardiac death, 
readmission for heart failure or fatal arrhythmia 
in a group of patients undergoing restrictive mi-
tral annuloplasty for severe functional mitral 
regurgitation secondary to advanced cardiomy-
opathy (13). In our study, we found that severe 
PH (defined as sPAP >70 mmHg) is closely re-
lated to increased mortality, survival duration, 
number of hospitalizations for clinical worsen-
ing and heart failure phenomena and longer 
hospitalization duration. We also found a statis-
tically higher risk of patients with sPAP >70 
mmHg for mechanical ventilation and renal, 
hepatic and pericardial complications. We 
found no association between sPAP value and 
need for inotropic support or pleural complica-
tions. Prognostic value of sPAP remained sig-
nificant in multivariable analysis.

We found no significant influence of age or 
gender on mortality in patients with PH. Age 
impact on PAH prognosis is controversial in lit-
erature. One recent study identified male gen-
der and age over 60 years as an independent 
predictor of increased mortality (14). Extremes 
of age (<14 years or >65 years are considered 
to carry a poor prognosis in IPAH (1). However, 
it seems that children have an increased vaso-
dilator response, more reversible lesions and a 
better prognosis (15-18). The highest mortality 
in our group was recorded for IPAH and the 
lowest in patients with congenital heart diseas-
es. Even the difference is not statistically signifi-
cant, this finding is consistent with literature 
data showing that IPAH patients have a poor 
prognosis and patients with congenital heart 
disease, even with Eisenmenger syndrome, 
have a longer natural history (4,5). 

We found a significant number of clinical, 
echocardiographic and hemodynamic param-
eters associated with mortality. WHO classes III 
and IV, as reported in many previous studies (1, 
11, 14, 19), despite large interobserver varia-
tion, remain a strong predictor of mortality. 
Right atrium enlargement, right ventricle dila-
tion and dysfunction, pericardial fluid, de-
creased cardiac index and elevated right atrial 
pressure correlate in our study both with mor-
tality and functional class. These findings are 
consistent with other literature data 
(6,11,14,20). Right ventricle dilation has re-
cently been associated with poor outcome in 
patients with IPAH (21). In our study, left ven-
tricle systolic function was associated with mor-
tality, but not with survival time. This finding is 
a consequence of the group structure, with 
more than half of patients having class II PH. 

In multivariable analysis, right atrial pressure 
had the strongest impact on mortality. Our 
study comes to confirm the strong predictive 
value of mRAP (1,3,14). RAP was overall the 
most powerful predictor of survival both by 
univariate and multivariate analysis in patients 
receiving either conventional therapy or epo-
prostenol (3). The NIH registry identified mRAP, 
cardiac index and mean pulmonary artery 
pressure as important predictors of survival (1). 
Our analysis confirms the importance of hemo-
dynamic parameters obtained by right cardiac 
catheterization.

Most hospitalizations and deaths in our 
group were due to right heart failure. Elevated 
right atrial pressure is due to severe functional 
tricuspid regurgitation and/ or elevated right 
diastolic pressure, both a consequence of right 
ventricular failure. Early diagnosis of right ven-
tricle dysfunction may identify a high risk cate-
gory of patients, which need aggressive thera-
py. Identifying accurate and reliable non 
invasive parameters for the functional assess-
ment of the right ventricle still remains a chal-
lenge (22). In univariable analysis, TAPSE was 
associated with mortality and worse functional 
class. Using pulsed-wave tissue Doppler at the 
tricuspid ring, we found significant differences 
between WHO classes for tricuspid ring systolic 
velocity (St), isovolumic contraction time and 
isovolumic acceleration time. Studies have 
shown that tricuspid ring systolic velocity and 
IVA strongly correlate with right ventricle ejec-
tion fraction determined by MRI or radionu-
clide ventriculogram (22). Abnormal right ven-
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tricle filling, expressed by decreased Et value 
(which we found statistically significant in pa-
tients with WHO class III and IV) and inverted 
Et/At, indicates an impaired right ventricle re-
laxation. This abnormality occurs early in pa-
tients with PAH (23). Thus, tissue Doppler pa-
rameters may be an useful tool for early 
detection of right ventricle diastolic and/ or 
systolic dysfunction and risk stratification. 

Limits of the study: The heterogeneity of 
our group represented one limitation of the 
study. Detailed analysis for each clinical class is 
further needed. Another limitation is the re-
duced number of patients with IPAH, which 
made a separate statistic analysis irrelevant. 
Due to group heterogeneity, treatment analysis 
was also difficult. The significant number of pa-
tients surgically treated imposes a separate 
analysis of this group. Last but not least, the 
great number of patients with clinical class 2 

(left heart diseases) had a considerable impact 
on some particular findings, such as signifi-
cance of decreased LVEF.  

CONCLUSIONS

Pulmonary hypertension, despite the devel-
opment of treatment methods, remains a 

serious disease, with progressive and inexora-
ble evolution. PH severity and the onset of right 
ventricular dysfunction are associated with in-
creased mortality, functional class deteriora-
tion, increased complications and need for 
hospitalization. The prognosis of patients with 
PH is very variable, depending on etiology, 
functional class and clinical, echocardiographic 
and hemodynamic parameters. Knowledge of 
these parameters allows early identification of 
high risk patients, which require close monitor-
ing and aggressive therapeutic approach.


