
Tricuspid-valve regurgitant jet velocity as a risk factor for 
death in β-thalassemia
Pulmonary hypertension (PH) has been recognized as a 
frequent complication in patients with β-thalassemia, 
owing to the underlying chronic anemia, endothelial 
damage, and hypercoagulable state.1,2 However, there are 
mounting concerns that reported prevalence rates using 
echocardiographic thresholds overestimate the true epi-
demiology of the disease. In 2014, we published results 
from a large multicenter study of 1,309 Italian β-thalas-
semia patients which evaluated PH prevalence through 
a dedicated protocol for right heart catherization (RHC), 
as part of the Italian Webthal® project (clinicaltrials gov. 
Identifier: NCT01496963).3 In the original study, adult (≥18 
years) patients with a diagnosis of β-thalassemia major 
or intermedia and without chronic restrictive lung dis-
ease or a left ventricular ejection fraction (LVEF) ≤50% 
were recruited between January 2012 and January 2013. 
Patients first underwent a screening transthoracic 
echocardiography using continuous-wave Doppler samp-
ling of the peak tricuspid-valve regurgitant jet velocity 
(TRV) to calculate systolic pulmonary artery pressure 
(sPAP), based on which they were divided into three 

groups: PH unlikely (n=1,234), sPAP ≤36 mm Hg or TRV 
≤3.0 m/s; PH possible (n=28), sPAP >36 to <40 mm Hg or 
TRV >3.0 to <3.2 m/s; and PH likely (n=47), sPAP ≥40 mm 
Hg or TRV ≥3.2 m/s. Patients with PH likely underwent 
RHC and the prevalence of confirmed PH in the entire 
study population was 2.1%. The positive predictive value 
for the TRV ≥3.2 m/s threshold for the diagnosis of PH 
was 93.9%.3 This latter finding was adopted by β-thalas-
semia international management guidelines which now 
recommend RHC in patients with  a TRV ≥3.2 m/s.2,4  
In this study, we provide long-term mortality data for pa-
tients who had a TRV ≥3.2 m/s in the original study to 
further confirm the clinical value of this threshold to flag 
patients who require RHC and PH-directed management. 
The Institutional Review Boards of all participating 
centers approved the study protocol and all participants 
signed a written informed consent before inclusion in the 
study. We followed 42 of the 47 patients with TRV ≥3.2 
m/s (PH likely) at the initial echocardiographic assess-
ment (baseline) until March 2021, death, or loss to fol-
low-up. Five patients had transitioned care to other 

Table 1. Comparison of study parameters between baseline tricuspid-valve regurgitant jet velocity groups.

*Comparisons made using the Mann Whitney U test for continuous variables and Fisher’s Exact test for categorical variables. †Bosentan, 
ambrisentan, sildenafil, tadalafil, macitentan, riociguat, and other angiotensin converting enzyme inhibitors, calcium channel and beta-
blockers, and anticoagulants. IQR: interquartile range; LVEF: left ventricular ejection fraction; TRV: tricuspid-valve regurgitant jet velocity; PH: 
pulmonary hypertension. 

Parameter
Baseline TRV P-value*

≥3.2 m/s 
(N = 42)

>3.0 to <3.2 m/s 
(N = 26)

Baseline characteristics
Age in years, median (IQR) 48 (39.8-57.8) 44.5 (39.3-48.3) 0.097
Male, % 38.1 46.2 0.614
Splenectomized, % 88.1 76.9 0.312
Thalassemia diagnosis, % 0.208
β-thalassemia intermedia 66.7 50
β-thalassemia major 33.3 50

Hemoglobin in g/dL, median (IQR) 9.1 (8-9.6) 9.1 (8.5-9.7) 0.495
Serum ferritin in ng/mL, median (IQR) 970 (476.8-1,538.5) 767.5 (500-1,097) 0.466
LVEF in %, median (IQR) 60 (60-66.5) 62 (53.5-66) 0.843
TRV in m/s, median (IQR) 3.43 (3.31-4.09) 3.04 (3.04-3.08) <0.001
Management
PH-directed therapy, %† <0.001

None 35.7 100
Single agent 42.9 0
Double agent 21.4 0

Outcome
Death from any cause, % 47.6 15.4 0.009
Death from cardiopulmonary disease, % 33.3 0 0.001
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institutions immediately after the original study and were 
not included in this analysis. For comparisons, we also 
followed 26 of the 28 patients (2 patients transitioned 
care) originally grouped as PH possible (TRV >3.0 to <3.2 
m/s). For each patient, we retrieved data on baseline 
demographics (age and sex), thalassemia diagnosis, sple-
nectomy status, hemoglobin and serum ferritin levels 
(mean over previous 10 years), and LVEF. The use of PH-
directed therapies during the period of observation and 

last observation TRV values, if available, were also re-
trieved.  
Patients with a baseline TRV ≥3.2 m/s (n=42) and TRV 
>3.0 to <3.2 m/s (n=26) had comparable age, hemoglobin 
level, serum ferritin level, and LVEF (Table 1). They also 
had comparable proportions of males, β-thalassemia in-
termedia diagnosis, and splenectomy (Table 1). None of 
the patients with a TRV >3.0 to <3.2 m/s received PH-di-
rected therapy, while 18 (42.9%) patients received single 

Figure 1. Kaplan-Meier survival curves. (A) All-cause mortality, and (B) cardiopulmonary disease-related mortality according to 
baseline TRV group. TRV: tricuspid-valve regurgitant jet velocity.    
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Figure 2. Kaplan-Meier survival curves. (A) All-cause mortality, and (B) cardiopulmonary disease-related mortality according to 
TRV improvement. TRV: tricuspid-valve regurgitant jet velocity.  
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agent and nine (21.4%) patients received double agent 
therapy in the TRV ≥3.2 m/s group (Table 1). 
The median follow-up time was 6 years (interquartile 
range [IQR]: 2.3-8). The crude all-cause mortality rate 
was 47.6% (95% confidence interval [CI]: 32.0-63.6; car-
diopulmonary disease n=14, hepatic failure n=2, post 
fracture n=1, severe hemolytic anemia n=1, unknown n=2) 
in patients with a baseline TRV ≥3.2 m/s compared with 
15.4% (95% CI: 4.4-34.9; hepatic failure n=2, sepsis n=1, 

unknown = 1) in patients with a TRV >3.0 to <3.2 m/s 
(P=0.009; Table 1). The crude cardiopulmonary disease-
related mortality rate was 33.3% (95% CI: 19.6-49.6; 
right-sided heart failure n=12, pulmonary embolism n=2) 
in patients with a baseline TRV ≥3.2 m/s while there were 
no cardiopulmonary disease-related deaths in patients 
with a TRV >3.0 to <3.2 m/s (P=0.001; Table 1). On Kaplan-
Meier curves, cumulative all-cause mortality-free survival 
estimates at 5 and 9 years for patients with a baseline 
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TRV ≥3.2 m/s were 59% and 47% compared with 84% and 
84% in patients with a TRV >3.0 to <3.2 m/s (log-rank 
chi-square: 5.944, P=0.015; Figure 1A). Cumulative cardio-
pulmonary disease-related mortality-free survival esti-
mates at 5 and 9 years for patients with a baseline TRV 
≥3.2 m/s were 71% and 56% compared with 100% and 
100% in patients with a TRV >3.0 to <3.2 m/s (log-rank 
chi-square: 9.413, P=0.002; Figure 1B). Of note, 29 of the 
42 patients with a baseline TRV ≥3.2 m/s underwent RHC 
in the original study, two patients did not have confirmed 
PH on RHC and remained alive; while 27 patients had 
confirmed PH on RHC, out of which 15 died during the 
period of observation (12 due to cardiopulmonary dis-
ease). 
On Cox regression analysis, the unadjusted hazard ratio 
(HR) for death from any cause in patients with a baseline 
TRV ≥3.2 m/s compared with TRV >3.0 to <3.2 m/s was 
3.402 (95% CI: 1.157-10.005; P=0.026). In a multivariate, 
forward stepwise Cox regression model including base-
line TRV groups and adjusting for age, sex, splenectomy 
status, thalassemia diagnosis, hemoglobin level, serum 
ferritin level, LVEF, and PH-directed therapy; only base-
line TRV was significantly and independently associated 
with an increased risk of death (adjusted HR for TRV ≥3.2 
m/s vs. TRV >3.0 to <3.2 m/s: 3.337; 95% CI: 1.122-9.923; 
P=0.030).  
On receiver operating characteristic curve analysis, a 
baseline TRV of 3.2 m/s had the highest sum of sensitivity 
and specificity for the outcomes of death from any cause 
(area under the curve [AUC]: 0.67±0.07; P=0.024) and 
death from cardiopulmonary disease (AUC: 0.74±0.07; 
P=0.007) among the range of TRV values >3.0 m/s in-
cluded in this study. 
Thirty-two out of the 42 patients with a baseline TRV ≥3.2 
m/s had a TRV at the last observation. TRV values im-
proved to <3.2 m/s in 12 (37.5%) patients of whom three 
(25%) were receiving single agent and five (41.7%) were 
receiving double therapy. TRV values remained ≥3.2 m/s 
in 20 (62.5%) patients of which 14 (70%) were receiving 
single agent and one (5%) was receiving double therapy. 
Survival was significantly better in patients who had TRV 
improvement than those who did not for both all-cause 
mortality (log-rank chi-square: 7.876, P=0.005; Figure 2A) 
and cardiopulmonary disease-related mortality (log-rank 
chi-square: 5.237, P=0.020; Figure 2B).  
Our study further highlights the relevance of a TRV ≥3.2 
m/s threshold to inform PH-related management in β-
thalassemia by establishing an increased risk of mortal-
ity, especially from cardiopulmonary disease. Our original 
study supported a recommendation to undergo RHC at 
this TRV threshold through the finding of a high positive 
predictive rate, as well as more recent data on high mor-
tality in those patients with confirmed PH on RHC.2-5 
However, not all patients were able to undergo RHC, 

which makes clinical correlates with adverse outcomes 
identified in the full subset of patients with a TRV ≥3.2 
m/s in this study very informative. This may also support 
management decisions in resource-restricted settings or 
when RHC is not feasible. The key limitations in our work 
that need to be addressed in future studies include in-
ability to evaluate lower TRV thresholds for long-term 
mortality outcomes or RHC correlation; however, the lack 
of cardiopulmonary disease-related deaths in the subset 
of patients with TRV >3.0 to <3.2 m/s, further supports 
our original choice of a TRV ≥3.2 m/s for further evalu-
ation. Indeed, low mortality rates (n=3, heart failure, 
cancer, unknown) were previously reported in thalasse-
mia cohorts with lower TRV thresholds (n=148, mean TRV: 
2.3±0.4 m/s, range: 0.2-3.5; 5% with TRV ≥3.0 m/s).6 On 
the contrary, data in patients with sickle cell disease 
have consistently reported an increased risk of mortality 
in patients with comparatively lower TRV thresholds ≥2.5 
m/s.7,8 The reasons behind such difference remain 
unclear. They may be attributed to observational study 
design and adjustment for cofounders, the underlying 
mechanism of PH (hemolysis vs. hypercoagulability), or 
the more severe anemia in patients with thalassemia 
which may contribute to TRV elevation beyond that at-
tributed to PH.   
Although this study was not designed to evaluate the role 
of intervention, it does suggest a protective role for TRV 
improvements below the 3.2 m/s threshold. There is a 
high unmet need for randomized clinical trials evaluating 
the role of intervention in β-thalassemia patients with 
PH, to avoid the detrimental effects of this complication.   
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