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Akciğer nakli adaylarının ekokardiyografik değerlendirmesinin etkinliği: 
Sağ kalp kateterizasyonuna alternatif olabilir mi?

Lung Transplantation, Kartal Koşuyolu High Speciality Educational and Research Hospital, Istanbul, Türkiye

ÖZ
Amaç: Bu çalışmada son dönem akciğer hastalığı olan akciğer nakli 
adaylarında pulmoner arter basıncının tahmininde transtorasik 
ekokardiyografinin rolü değerlendirildi ve pulmoner hipertansiyon 
varlığı belirlendi.
Çalışma planı:Ocak 2012 - Eylül 2020 tarihleri arasında altta 
yatan çeşitli nedenlere bağlı son dönem akciğer hastalığı tanısı 
konan ve 72 saat içinde sağ kalp kateterizasyonu ve transtorasik 
ekokardiyografi yapılan toplam 244 hasta (166 erkek, 78 kadın; 
ort. yaş: 48.6±13.8 yıl; dağılım, 18-77 yıl) retrospektif olarak 
incelendi. Hastaların hemodinamik özellikleri karşılaştırıldı. 
Pulmoner arter basınç ölçümleri için transtorasik ekokardiyografi 
ile tahmin edilen ve sağ kalp kateterizasyonu ile ölçülen değerler 
arasında korelasyon analizi yapıldı.

Bul gu lar: Sağ kalp kateterizasyonu ile medyan pulmoner arter 
sistolik basıncı 43 mmHg iken, transtorasik ekokardiyografi 
kullanılarak 40 mmHg idi. Sağ kalp kateterizasyonu ve transtorasik 
ekokardiyografi ile hesaplanan pulmoner arter sistolik basıncı 
arasında pozitif bir ilişki görüldü (r=0.718; p<0.001). Pulmoner 
arter sistolik basıncı ölçümünün duyarlılık, özgüllük ve pozitif ve 
negatif prediktif değerleri sırasıyla %76.30, %64.22, %72.54 ve 
%68.63 idi.
Sonuç:Bu çalışma, transtorasik ekokardiyografi ile değerlendirilen 
pulmoner arter sistolik basıncı ve sağ kalp kateterizasyonu ile 
ölçülen arasında güçlü bir pozitif ilişki olduğunu ortaya koydu. 
Bu iki yöntemle pulmoner hipertansiyon tespiti, kabul edilebilir 
duyarlılık ve özgüllük gösterdi. Transtorasik ekokardiyografi, 
akciğer nakli adaylarında hem başlangıçta hem de sonraki kardiyak 
hemodinamiğin takibinde pulmoner arter basınç eğilimlerini 
izlemek için yararlı ve pratik bir yöntem olabilir.
Anahtar sözcükler: Akciğer nakli, sağ kalp kateterizasyonu, transtorasik 
ekokardiyografi.

ABSTRACT
Background: In this study, we aimed to evaluate the value of 
transthoracic echocardiography in the estimation of pulmonary artery 
pressure and to identify the presence of pulmonary hypertension in 
lung transplant candidates with end-stage lung disease.
Methods: Between January 2012 and September 2020, a total of 
244 patients (166 males, 78 females; mean age: 48.6±13.8 years; 
range, 18 to 77 years) who were diagnosed with end-stage lung 
disease due to various underlying conditions and underwent right 
heart catheterization and transthoracic echocardiography within 
72 h were retrospectively analyzed. Hemodynamic parameters of 
the patients were compared. Correlation analysis was performed 
among the values estimated by transthoracic echocardiography 
and measured by right heart catheterization for pulmonary artery 
pressure measurements.
Results:The median pulmonary artery systolic pressure with right 
heart catheterization was 43 mmHg and 40 mmHg using transthoracic 
echocardiography. A positive correlation was seen between the 
pulmonary artery systolic pressure estimated by transthoracic 
echocardiography and right heart catheterization (r=0.718; p<0.001). 
The sensitivity, specificity, and positive and negative predictive 
values of pulmonary artery systolic pressure measurement were 
76.30%, 64.22%, 72.54%, and 68.63%, respectively.
Conclusion: This study revealed a strong positive correlation 
between the pulmonary artery systolic pressure evaluated with 
transthoracic echocardiography and measured with right heart 
catheterization. Pulmonary hypertension detection by these two 
methods showed acceptable sensitivity and specificity. Transthoracic 
echocardiography may be a useful and practical method to monitor 
pulmonary artery pressure trends both initially and in the subsequent 
follow-up of cardiac hemodynamics in lung transplant candidates.
Keywords: Lung transplantation, right heart catheterization, transthoracic 
echocardiography.
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Pulmonary hypertension (PHT) refers to high 
blood pressure in the lungs, and five groups of PHT 
have been identified based on different etiologies. 
Pulmonary hypertension impairs health-related quality 
of life (QoL), often signals advanced pulmonary 
disease, and can result in early mortality if left untreated 
during the course of pulmonary vascular disease, lung 
parenchyma, or airway disease.[1] Detection of PHT 
is typically an indicator of a poor prognosis. Since a 
variety of etiologies can lead to the development of 
PHT, classifying patients and assessing the clinical 
outcomes is complex. The prognosis is associated 
with the underlying disease, with the worst prognosis 
seen in cases of PHT due to lung diseases, such as 
chronic obstructive pulmonary disease and idiopathic 
pulmonary fibrosis (IPF).[2]

Some medical treatment is available for PHT; 
however, surgery is often necessary. The severity 
of PHT affects decisions regarding surgical options 
to treat end-stage lung disease. The presence of 
significant PHT often requires evaluation of suitability 
for lung transplantation (LTx).[2] The most appropriate 
time for LTx is determined based on the PHT diagnosis 
and an increasing trend in pulmonary artery pressure 
(PAP) values.[3]

Right heart catheterization (RHC) and 
transthoracic echocardiography (TTE) are routine 
tests performed in patients undergoing transplant 
assessment at LTx centers. Although RHC is the gold-
standard method to measure pulmonary pressure, it 
is invasive, expensive, and requires an experienced 
team and equipment. It also has significant risks, 
including morbidity (1.1%) and mortality (0.055%).[4] 
Transthoracic echocardiography is an inexpensive, 
non-invasive, and practical method to estimate PAP 
and monitor cardiac functions. It has become a 
popular means of non-invasive pulmonary artery 
systolic pressure (PASP) evaluation in the last two 
decades and provides useful information about right 
ventricular structure and function.[5] Additionally, a 
study by Buyukbayrak et al.[6] showed that the TTE 
played a critical role in the assessment of postoperative 
hemodynamic impairment in open-heart surgical 
patients. Another important aspect of TTE is that it 
can facilitate prediction of hemodynamic changes that 
may occur following transplantation and is helpful in 
the postoperative patient management.[7-10] Current 
guidelines recommend TTE for the evaluation of LTx 
candidates.[11]

Lung transplantation has evolved into a life-saving 
treatment option that can increase survival and QoL 
in selected patients with end-stage lung disease.[10] 

An accurate PASP estimation using TTE without the 
need for an invasive procedure such as RHC would 
be of great benefit. In the present study, we aimed to 
analyze the correlation between PAP estimated by TTE 
and RHC to evaluate the performance of TTE in the 
estimation of PAP and to identify the presence of PHT 
in LTx candidates with end-stage lung disease.

PATIENTS AND METHODS
This single-center, retrospective cohort study was 

conducted at the Department of Lung Transplantation 
of Kartal Koşuyolu High Speciality Educational 
and Research Hospital between January 2012 and 
September 2020. The study included a total of 
244 consecutive patients (166 males, 78 females; mean 
age: 48.6±13.8 years; range, 18 to 77 years) who were 
diagnosed with end-stage lung disease due to various 
underlying conditions such as obstructive lung disease 
(OLD), interstitial lung disease (ILD), end-stage 
infectious lung disease, or pulmonary vascular disease 
(PVD), who were referred for LTx. Of the initial 
317 patients selected for the study, 11 were excluded, 
as TTE and RHC were not both performed within 72 h. 
Another 38 patients were eliminated, as PASP could 
not be estimated using TTE, and 24 patients were 
found not to have sufficiently appreciable tricuspid 
regurgitation. Finally, 73 patients were excluded due to 
insufficient data for this study. The study flow chart is 
shown in Figure 1.

Data collection
The data used were extracted from patient files 

and the hospital database. Patient demographic details, 
smoking history, body mass index (BMI), arterial 
blood gas values, results of respiratory function test and 
a 6-min walk test (6MWT), long-term oxygen therapy 
use, need for non-invasive mechanical ventilation, 
PASP estimated by TTE, PASP measured by catheter, 
PAPmean, cardiac output (CO) results, and cardiac 
index (CI) assessments were recorded.

Standard procedures
The 6MWT was performed without any oxygen 

assistance according to the American Thoracic 
Society (ATS) guideline by an experienced 
physiotherapist.[12]

The RHC was regulated with a balloon-tipped and 
flow-directed pulmonary artery catheter. The catheter 
was placed through the right femoral vein or the right 
internal jugular vein utilizing local anesthesia and 
the Seldinger technique. Pulmonary artery occlusion 
pressure, right atrial pressure, pulmonary artery systolic 
and diastolic pressure, and CO were each measured 
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twice. The TTE was performed using conventional 
clinical echocardiographic equipment (il53 xMATRIX 
ultrasound system; Philips Healthcare, Inc., Andover, 
MA, USA). Transthoracic Doppler and two-dimensional 
images were retrieved from parasternal long and short-
axis, apical four-chamber, and subcostal four-chamber 
views. Right ventricular size and function were 
assessed. The color flow Doppler technique was used 
to discern tricuspid regurgitate flow, and maximum jet 
velocity was calculated with continuous-wave Doppler 
without intravenous contrast. The right ventricular 
systolic pressure was approximated according to the 
modified Bernoulli equation and was considered equal 
to PASP without right ventricular outflow obstruction: 
PASP (mmHg) = right ventricular systolic pressure = 
trans tricuspid gradient + right atrial pressure, where 
tricuspid gradient 4×v2 (v= peak speed of tricuspid 
regurgitation m/second).[4,13,14]

The 2015 European Society of Cardiology (ESC)/
European Respiratory Society (ERS) Guidelines for the 
Diagnosis and Treatment of Pulmonary Hypertension 
definition of PHT of a PAPmean at rest of ≥25 mm Hg 
was used.[15]

Statistical analysis
Statistical analysis was performed using the IBM 

SPSS version 23.0 software (IBM Corp., Armonk, 
NY, USA). Descriptive data were presented in mean ± 
standard deviation (SD), median and interquartile range 
(IQR) or number and frequency, where applicable. The 
relationship between RHC and hemodynamic changes 
detected with the TTE was evaluated according to 
the Pearson correlation analysis. The Bland-Altman 
analysis was used to determine the clinical compatibility 
of the TTE estimates of PASP/PAPmean with the 
values determined by RHC, and TTE estimates of 
PASP/PAPmean were considered accurate at 95% 

End-stage lung disease admission to our 
transplant clinic

Kartal Koşuyolu High Specialty
Educational and Research Hospital

(January 2012 and September 2020) (n=317)

Eligible (n=244)
TTE and RHC were performed within 72 hours

Analyze

Hemodynamic parameters:
TTE: PASP (mmHg)

LVEF (%)
RHC: PAPmean (mmHg)

PASP (mmHg)
CO (L/min)

CI (L/min/BSA)

Demographic parameters
Age

BMI (kg/m2)
Disease duration, smoking history, artery blood 
gas, respiratory function test, prolonged need for 

oxygen, NIMV need
6MWT (meter)

Not eligible (Totally n=73)
11 patients: TTE and RHC were not performed 

within 72 hours
38 patients: PASP could not be predicted by TTE.
24 patients: Patients were found not to have any 

appreciable tricuspid regurgitation

Figure 1. Study flow chart.
TTE: Transthoracic echocardiography; RHC: Right heart catheterization; PASP: Pulmonary artery systolic pressure; LVEF: Left ventricular 
ejection fraction; PAP: Pulmonary artery pressure; CO: Cardiac output; CI: Cardiac index; NIMV: Non-invasive mechanical ventilation; 
6MWD: 6-min walking distance; BSA: Body surface area.
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limits of agreement within 10 mmHg. A p value of 
<0.05 was considered statistically significant.

RESULTS
The patients were divided into subgroups according 

to underlying lung disease: OLD (n=64, 26.2%), ILD 
(n=111, 45.5%), end-stage infectious lung disease 
(n=55, 22.5%), and PVD (n=14, 5.7%). The mean time 
from diagnosis to the evaluation of the patient for a 
LTx candidate in the inpatient setting was 7.61±6.93 
years. The mean BMI was 23.3±4.3 kg/m2 and the 
mean forced expiratory volume in 1 sec (FEV1) was 
34.75±18%. Demographic data, pulmonary function 
test results, and hemodynamic characteristics of 
the participants are presented in Table 1 according 
to the underlying lung disease group. The mean 
age was higher in ILD and OLD subgroups than 
end-stage infectious lung disease and PVD groups 
(p<0.001). When the ILD and OLD groups (p=0.17) 
and end-stage infectious lung disease and PVD groups 
(p=0.52) were evaluated among themselves, there 
was no statistically significant difference. However, 
smoking was significantly higher in the ILD group 
than in the OLD, end-stage infectious lung disease, 
and PVD groups (p<0.001). End-stage infectious lung 
disease according to the time elapsed after diagnosis; 
ILD was short compared to OLD and PVD (p<0.001). 
The mean FEV1 in ILD group was higher than that 
of the OLD and end-stage infectious lung disease 

subgroups (p<0.001), but no significant difference 
was found compared to the PVD subgroup (p=1.00). 
The mean FEV1 value was similar in the OLD and 
end-stage infectious lung disease (p=1.00) groups and 
in the PVD and other disease groups (p=0.93). There 
was no statistically significant difference among the 
subgroups in terms of the mean BMI and 6MWT 
values (p=1.00 and p=1.00, respectively). The mean 
TTE PASP value was higher in the PVD group than 
that of the ILD, OLD, and end-stage infectious lung 
disease groups (p<0.001). The mean PASP value 
measured with the RHC was higher in the PVD group 
than that of the ILD, OLD, and end-stage infectious 
lung disease groups (p<0.001). The mean CO and CI 
values were similar among the subgroups (p=1.00 and 
p=1.00, respectively).

The median RHC PASP value was 43 
(IQR: 33 to 56.75) mmHg, while it was 40 mmHg 
(IQR: 30 to 60) mmHg when TTE was used. The 
TTE results indicated a median left ventricular 
ejection fraction of 63.56% (IQR: 63.09 to 64.03%), 
a median CO of 4.5 L/min (IQR: 4.3 to 4.6 L/min), 
and a median CI of 2.5 L/min/body surface area 
(BSA) (IQR: 2.5-2.6 L/min/BSA). The RHC and TTE 
hemodynamic measurements are presented in Table 2.

Overall, 55.3% (n=135) of the study patients were 
diagnosed with PHT based on RHC measurements, 
while 58.2% (n=142) were diagnosed with TTE. 
Figure 2 shows the PASP values recorded by TTE 

Table 1. Demographic and clinical data of patients
All patients 

(n=244)
OLD 

(n=64)
ILD 

(n=111)
End-stage infectious 
lung disease (n=55)

PVD 
(n=14)

p

Age (mean±SD) 48.6±13.8 55.1±10.0 51.5±13.1 38.7±12.3 34.4±10.0 <0.001
Sex

Female, n (%) 78 (32%) 11 (14.1%) 35 (44.9%) 24 (30.8%) 8 (10.3%)
<0.001

Smoking, n (%) 119 (48.8%) 59 (49.6%) 48 (40.3%) 7 (5.9%) 5 (4.2%) <0.001
Time since disease’s 
diagnosis (mean±SD)

7.61±6.93 7.35±6.3 5.06±3.8 13.6±8.9 5.3±5.7 <0.001

BMI (mean±SD) 23.3±4.3 23.2±3.4 23.9±4.5 22.2±4.8 22.3±3.1 0.110
PaCO2 (mean±SD) 45.1±13.6 50.4±11.7 45.8±13.1 51.1±15.7 36.8±6.7 <0.001
PaO2/FiO2, median (25-75%) 250 (250-307) 257 (233-280) 255 (236-273) 286 (254-317) 289 (223-355) 0.210
6MWD, meters, median (25-75%) 210 (210-312) 226 (196-255) 219 (197-241) 211 (176-247) 180 (104-257) 0.635
FEV1, % (mean±SD) 34.7±18.0 27.5±14.9 41.1±17.4 27.5±12.1 45.7±28.6 <0.001
NIMV, n (%) 66 (27%) 40 (22.5%) 97 (54.5%) 29 (16.3%) 12 (6.7%) <0.001
LTOT, n (%) (>12 h) 184 (75.4%) 52 (28.3%) 79 (53.3%) 43 (23.4%) 4 (5.4%) 0.462
RHC PAPmean, median (25-75%) 43 (33-56%) 26.8 (23.6-30.0) 26.8 (24.3-29.4) 29.6 (26.4-32.9) 60.9 (51.6-70.2) <0.001
Data are given in mean±standard deviation (SD), median and interquartile rate (IQR), or n (number) and (%); OLD: Obstructive pulmonary disease; ILD: Interstitial lung 
disease; PVD: Pulmonary vascular disease; SD: Standard deviation; BMI: Body mass index; PaCO2: Partial arterial pressure of carbon dioxide; PaO2: Partial arterial 
pressure of oxygen; FiO2: Fraction of inspired oxygen; 6MWD: 6-min walking distance; FEV1: Forced expiratory volume in 1 sec; NIMV: Non-invasive mechanical 
ventilation; LTOT: Long-term oxygen treatment; RHC PAP: Right heart catheterization Pulmonary artery pressure;
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and RHC for each of the subgroup. The overall 
median PASP was 40.0 (IQR: 45.57 to 52.33) mmHg 
as assessed by TTE and 43 (IQR: 33 to 56.75) mmHg 
as measured by RHC. The patients with ILD had a 
median PASP of 44 (IQR: 30 to 60) mmHg using 
TTE and the median RHC measurement was 43.0 
(IQR: 31 to 53) mmHg. Patients with OLD had a 
median TTE PASP of 35 (IQR: 29 to 45) mmHg and 
the median RHC PASP was 38 (IQR: 33 to 51) mmHg. 
The end-stage infectious lung disease patients had a 
median PASP of 43 (IQR: 29 to 65) mmHg using TTE 
and a median of 46.0 (IQR: 35 to 58) mmHg using 
RHC. The PVD group had a median PASP by RHC 
of 93 (IQR: 76 to 138) mmHg.

Correlation analysis of TTE and RHC PASP 
measurements are shown in Table 3. A strong 
correlation between the two methods was seen in all 
of the study patients (r=0.718; p<0.001) (Figure 3). 
The Bland-Altman analysis results are illustrated in 
Figure 4. Analysis according to the underlying lung 
disease subgroups revealed a weak correlation in 
OLD patients (r=0.416; p=0.001) and a moderate 

correlation in the ILD (r=0.647; p<0.001) and end-stage 
infectious lung disease (r=0.590; p<0.001) groups. 
No significant correlation was observed in the PVD 
patients (r=0.428; p=0.127).

The sensitivity, specificity, and positive predictive 
and negative predictive values of TTE and RHC 
were analyzed based on the PHT criteria. The 
sensitivity, specificity, and positive and negative 
predictive values of PASP for a diagnosis of PHT 
using TTE was 76.30% (confidence interval [CI]: 
68.22-83.19%), 64.22% (CI: 4.47-73.17%), 72.54% 
(CI: 66.88-77.55%), and 68.63% (CI: 61.05-75.33%), 
respectively (Table 4). Due to the small sample size, 
the PVD group was not included in the analysis.

DISCUSSION
The main finding of this study is that the results 

of TTE PASP assessment correlated with the RHC 
measurements with an acceptable sensitivity (76%) and 
specificity (64%) in transplantation candidates with 
end-stage lung diseases. Therefore, TTE can be used 
to non-invasively evaluate pulmonary hemodynamics. 

Table 2. Hemodynamic parameters determined by 
RHC and Doppler echocardiography

Median IQR
Transthoracic echocardiography

PASP (mmHg) 40.0 30.0-60.0
LVEF (%) 63.56 63.0-64.0

Right heart catheterization
PAPmean (mmHg) 15.2 27.5-31.3
PASP (mmHg) 43.0 33.0-56.7
CO (L/min) 4.5 4.3-4.6
CI (L/min/BSA) 2.5 2.5-2.6
RHC: Right heart catheterization; IQR: Interquartile ratio; PASP: 
Pulmonary artery systolic pressure; LVEF: Left ventricular ejection 
fraction; CO: Cardiac output; CI: Cardiac index; BSA: Body surface area.

Table 3. Correlation between RHC and TTE PAP values in subgroups*

n % Correlation coefficient (r) p
Obstructive lung disease 64 26.2 0.416 0.001
Interstitial lung disease 111 45.4 0.647 <0.001
End-stage infectious lung disease 55 22.5 0.590 <0.001
Pulmonary vascular disease 14 5.7 0.428 0.127
All patients 244 100 0.718 <0.001
RHC: Right heart catheterization; TTE: Transthoracic echocardiography; PAP: Pulmonary artery pressure; * Pearson 
correlation coefficient.
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Figure 2. PASP in the sub-groups according to etiology of lung 
disease. First two groups estimated by TTE, last two groups 
measured by RHC.
PASP: Pulmonary artery systolic pressure; TTE: Transthoracic echocardiography; 
RHC: Right heart catheterization; PASP: Pulmonary artery systolic pressure.
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However, the results also demonstrated that the 
correlation between TTE and RHC measurements of 
PAP differed in specificity and sensitivity according 
to the underlying lung disease. Although RHC is the 
gold standard for PHT, it is an invasive method that 
requires extensive equipment and limited application.[15] 
The TTE provides information about functional cardiac 
changes that may affect perioperative management in 
transplant candidates, as well as estimation of PAP. 
In addition, it can be used for PAP monitoring due 
to its reproducibility. The use of echocardiography in 
clinical practice may provide great value for transplant 
patients.

Previous studies have examined the correlation 
between TTE and RHC measurement of PASP in 
non-transplantation patients with various underlying 
diseases. Kim et al.[16] reported a strong correlation 
between PAP measured with TTE and RHC in 
patients with end-stage liver disease (r=0.718; p<0.001; 
sensitivity: 97%, specificity: 77%). In a recent study by 
Sohrabi et al.,[17] the PAP estimated by TTE correlated 
with RHC values in patients with rheumatic mitral 

valve stenosis (r=0.89; p<0.001; sensitivity: 92.8%, 
specificity: 86.6%).

The widespread application of LTx in many 
centers has led to greater use of TTE in clinical 
practice in the last decade. Recent studies have 
examined the correlation between TTE and RHC 
measurements of PAP in LTx candidates. Both 
Arcasoy et al.[2] and Ben-Dor et al.[18] reported a strong 
correlation (r=0.69; p=0.0001 and r=0.80; p<0.0001, 
respectively). Similarly, in our study, we found that 
the PAP values of both methods were strongly 
correlated in LTx candidates (r=0.71; p<0.001). 
Arcasoy et al.[2] reported a PHT prevalence of 25% 
using RHC and 44% using TTE, with a mean PASP 
of 49.08±24.13 mmHg using RHC and a mean of 
48.95±26.78 mmHg using TTE. In contrast, we found 
that 93.9% of all patients were diagnosed with PHT 
with RHC and 58.2% with TTE. This difference 
can be explained by the fact that the PAP threshold 
value for the diagnosis of PHT, which is higher 
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Table 4. Sensitivity, specificity, and positive and negative predictive values of PAPs by Doppler echocardiogra-
phy for diagnosis of pulmonary hypertension

Sensitivity
(95% CI)

Specificity 
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

All patients 76.3 (68.2-83.1) 64.2 (54.47-73.1) 72.5 (66.8-77.5) 68.6 (61.0-75.3)
Obstructive lung disease 41.6 (29.0-55.1) 75.0 (19.4-99.3) 96.1 (81.6-99.2) 7.89 (4.4-13.5)
Interstitial lung disease 66.9 (57.0-75.9) 100.0 (63.0-100.0) 100.00 (84.7-100) 19.05 (15.1-23.6)
End-stage infectious lung disease 61.54 (47.0-74.7) 66.67 (9.4-99.1) 96.9 (86.4-99.3) 9.09 (4.0-19.2)
PPV: Positive predictive value; NPV: Negative predictive value; PAP: Pulmonary artery pressure; CI: Confidence interval.
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than that used in our study, is ≥45 mmHg. Similarly, 
the median PASP using TTE was 40.0 mmHg and 
43 mmHg using RHC in our study. In the Arcasoy 
et al.’s[2] study, the estimation of PASP by TTE 
had an 85% sensitivity, 55% specificity, and 52% 
positive and 87% negative predictive values, which 
are similar to our rates (76.3%, 64.22%, 72.54%, and 
68.63%, respectively).

In the present study, PAP values could not be 
obtained by TTE for 62 patients due to a poor tricuspid 
regurgitation signal or other technical inadequacies. 
The PAP estimation by TTE was possible in 76.9% 
of our patients. Ben-Dor et al.[18] reported TTE PASP 
evaluation of 74% in their study. Arcasoy et al.,[2] 
however, used TTE in only 44% patients, which we 
speculate that it may be a result of differing equipment 
quality and experience level in multiple specialists.

Difficulties associated with TTE assessment 
of pulmonary hemodynamics include obtaining 
insufficient echocardiographic images in a 
hyperinflated chest and potential rightward 
rotation of the heart, and difficult visualization of 
the tricuspid valve and vena cava in patients with 
obstructive lung disease due to the physiology of the 
disease. Fisher et al.[19] evaluated patients with severe 
emphysema and found that TTE and RHC PAP values 
were weakly correlated and the test characteristics 
(sensitivity, specificity, and predictive values) were 
poor for TTE diagnosis of PHT. They reported that 
the diagnosis of PHT was important in patients with 
emphysema and that TTE should be interpreted 
carefully and may need to be confirmed with RHC. 
The examination according to underlying disease in 
our transplant candidates revealed a noteworthy poor 
correlation between the two methods in OLD patients 
compared to the ILD and end-stage infectious lung 
disease groups (r=0.416 p=0.001; r=0.647, p<0.001; 
and r=0.590, p<0.001, respectively). The sensitivity 
and specificity of patients with OLD were also 
relatively low (41.67% and 75%, respectively). Our 
results are consistent with those of Arcasoy et al.,[2] 
despite the relatively low sensitivity and specificity 
rates due to poor image quality in the patient group 
with hyperinflation, and TTE may be preferable for 
LTx and perioperative management.

A long wait for listed LTx candidates contributes 
to annual mortality.[20] Pulmonary hypertension is 
a major risk factor for early and late mortality in 
LTx patients.[21] Mortality varies according to the 
underlying disease, and wait list mortality can be as 
much as 64%, particularly in cases of IPF. Nathan et 
al.[22] investigated transplant candidates with IPF and 

revealed that the incidence of PHT increased from 
77 to 86% during the period between diagnosis and 
transplantation. Keir et al.[23] also estimated nearly 
90% PHT in patients with non-transplant ILD using 
TTE. In our study, the correlation between TTE and 
RHC was higher in ILD patients compared to other 
underlying disease groups (r=0.647; p<0.001).

Right heart catheterization may be risky in 
detecting PHT in ILD patients due to the frequent 
accompanying cardiac hemodynamic disorders. Thus, 
TTE can be safely used as a non-invasive method 
for detecting PHT in these patients, as it enables 
the evaluation of cardiac parameters. According to 
our results, the TTE and RHC correlation of PASP 
measurement was higher in ILD patients compared to 
other underlying disease groups (r=0.647; p<0.001). 
Therefore, echocardiographic evaluation of cardiac 
hemodynamics in ILD patients who are candidates for 
transplant has a critical value.

To avoid the development of PHT, it is of utmost 
importance to refer this patient group for transplantation 
soon after diagnosis and to reduce the time on the 
waiting list as much as possible. In our study, the mean 
time after diagnosis in patients who are still waiting 
for LTx and who underwent LTx was 7.6±6.9 years. 
Among these, the patient groups with the shortest 
waiting time were PVD (3; 95% CI: 1-7) and IPF 
(5.1±3.8 months).

One of the main limitations to this study is that 
there is a 72-h time frame allowed for the use of the 
two methods. The PAP is a dynamic measurement and 
can vary up to 30% within 24 h as reported by Rich 
et al.[24] Another limitation is that, although we could 
not monitor and provide oxygen as needed during the 
RHC procedure, we were unable to monitor oxygen 
saturation or provide standardized oxygen during 
TTE. Hypoxemia that occurs during testing can cause 
pulmonary vasoconstriction.

In conclusion, our study results showed that 
pulmonary artery systolic pressure assessed using 
transthoracic echocardiography was strongly correlated 
with that measured using right heart catheterization 
in transplant candidates. These results suggest that 
transthoracic echocardiography may be a very 
useful, practical, non-invasive method of monitoring 
pulmonary artery systolic pressure changes, particularly 
in idiopathic lung disease patients, in the assessment of 
pulmonary hypertension and cardiac hemodynamics. In 
the obstructive lung disease group, due to transthoracic 
echocardiography imaging difficulties, evaluation of 
transthoracic echocardiography pulmonary artery 



591

Atagün Güney P, et al.
Correlation between TTE and RHC in lung transplant candidates

systolic pressure may need to be confirmed by right 
heart catheterization.
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