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Assessment for pulmonary hypertension (PH) is critical in liver
transplant (LT) candidates given the significant therapeutic and prog-
nostic implications of elevated pulmonary pressures [1,2]. Currently,
transthoracic echocardiography (TTE) is recommended as the screen-
ing tool for PH in all LT candidates by the American Association for
the Study of Liver Diseases (AASLD) [3]. While there have been exten-
sive research examining the role of TTE in PH assessment, these stud-
ies mainly investigated TTE-estimated pulmonary arterial systolic
pressures (PASP) as the main surrogate for pulmonary hypertension
[4,5,6]. The validity of other echocardiographic markers in PH screen-
ing is not well established. We evaluated the utility of TTE in detect-
ing PH among liver transplant candidates from three perspectives:
(1) TTE-estimated PASP (2) tricuspid regurgitant (TRV) alone (3)
probability-based approach using TRV in conjunction with other
echocardiographic markers of PH according to recent guideline [7].
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We retrospectively assessed the pre-operative screening TTE of all
liver transplant patients from the South Australian Liver Transplant
Unit at Flinders Medical Centre over a 5-year period (n=117). Haemo-
dynamic parameters recorded using right heart catherization (RHC)
at the time of LT were used as the reference. PASP was calculated
when TRV measurement was possible using the Bernoulli equation.
Linear regression analysis and Bland-Altman plot were used to exam-
ine the agreement between TTE- and RHC-derived PASP. Accuracy of
TTE was pre-defined as PASP estimates within 10 mmHg of that
derived from RHC. Using the current guideline, patients were strati-
fied as having low, intermediate, or high PH echocardiographic prob-
ability based on TRV and seven other echocardiographic parameters
[7]. The significance of echocardiographic predictive probability of
PH was examined using the Chi-square test and multivariate logistic
regression.
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Fig. 1. Probability of having PH detected by RHC according to echocardiographic risk stratification.
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The mean time interval between the pre-operative TTE and intra-
operative RHC was 150 days. When TRV could be measured reliably
for PASP calculation (52.9%), our initial data analyses demonstrated a
positive moderate correlation between PASP estimated by TTE and
PASP measured directly from RHC (r = 0.40, P < 0.05), similar to those
in the prior studies [4—6]. However, further analysis revealed a large
95% limits of agreement ranging from -23.3 to +25.50 mmHg, which
was considered as clinically significant. Interestingly, Chi-square
analysis showed a statistically significant relationship between
Child-Pugh classification and accuracy of TTE estimates of PASP. TTE-
derived PASP of patients within class A had the highest accuracy
(91.7%); follow by class B (69.2%) and class C (50%).

Given the potential for great variability in the estimation of PASP,
the current PH guideline places a greater emphasis on using TRV as
the main variable to grade the echocardiographic probability of PH
[7]. In that regard, our data are in concordant with the guidelines’
suggestion, of which the binary logistic regression analysis demon-
strated that the probability of having pulmonary hypertension
increases as TRV increases (odds ratio (OR)=3.012, 95% confidence
interval (CI) 0.85—10.61). However, when combining other echocar-
diographic variables together with TRV as suggested by the guide-
lines, no significant relationship was found between the predictive
echocardiographic probability of PH and elevated pulmonary pres-
sures detected by RHC [Chi-square = 1.90, P=0.387). The multivariate
analysis also suggested that having an intermediate or high PH risk
predicted by TTE was not associated with pulmonary hypertension as
per RHC (OR =0.78, 95% CI 0.33-1.85, P=0.574). Fig. 1 illustrates the
rates of pulmonary hypertension as measured by RHC in each echo-
cardiographic probability group. Within the low-risk group, 42.5% of
patients were considered to have PH. Interestingly, this is almost
same rate of patients (42.8%) who were not considered as having PH
within the high-risk group.

The present study has found that the utility of TTE in detecting
pulmonary hypertension is inadequate in liver transplant candi-
dates. While TRV appears to be a good predictive factor, there are
limitations associated with obtaining its precise measurement.
When other echocardiographic PH markers are used in conjunction
with TRV, there appears to be a poor correlation, both under- and
over-estimating PH probability in this cohort. The role of this prob-
ability-based approach in the diagnosis of PH requires further evi-
dence from prospective studies. In addition, the accuracy of TTE-
estimated PASP was influenced by degree of liver disease as based
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on the Child-Pugh classification. This may be due to increased hae-
modynamic variability associated with hyperdynamic state in
more advanced liver disease making TTE less reliable. Hence, we
believe that the pre-operative process of PH assessment should not
be based on echocardiography alone. Clinicians should consider
echocardiographic findings in context of other parameters such as
clinical signs, 6-minute walking test, cardiopulmonary exercise
testing, and further tests to better evaluate for this significant dis-
ease in liver transplant candidates.
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