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ABSTRACT
Objectives: This study aimed to investigate the association between the tricuspid annular plane systolic excursion (TAPSE)/pulmonary 
artery systolic pressure (PASP) ratio and in-hospital mortality in patients undergoing tricuspid valve replacement or repair.
Patients and methods: A retrospective evaluation was conducted with 302 consecutive patients (182 females, 120 males; 
mean age: 59.5±11.7 years) who underwent surgical intervention on the tricuspid valve at our tertiary center between January 2019 and 
January 2022. The final endpoint of the study was determined as in-hospital mortality. Patients were divided into two groups: those who 
developed in-hospital mortality and those who did not. Regression analyses were conducted to identify the independent variables.
Results: Forty-eight patients died in the hospital. Multivariate logistic regression analysis aimed at determining the predictors of 
in-hospital mortality identified age (p=0.023), TAPSE/PASP (p=0.024), and hospital stay duration (p<0.001) as independent determinants 
of in-hospital mortality. A receiver operating characteristic curve was plotted, and a cutoff value of 0.30 was determined using the Youden 
index (area under the curve=0.692, 95% confidence interval 0.609-0.774, p<0.001). This cutoff value could detect in-hospital mortality 
with a sensitivity of 66.8% and specificity of 68.7%.
Conclusion: The TAPSE/PASP ratio, a simple echocardiographic score, is associated with in-hospital mortality in patients undergoing 
tricuspid valve replacement or repair.
Keywords: Mortality, TAPSE/PASP, tricuspid valve surgery.
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Tricuspid valve (TV) disease, either organic 
or secondary to other cardiac conditions, namely 
mitral valve disease or atrial fibrillation, is relatively 
common. The incidence of tricuspid regurgitation 
is observed in 0.55% of the general population and 
4% of patients aged above 75 years.[1] Although 
the main background of severe tricuspid disease 
is mostly mitral stenosis or regurgitation,[2] atrial 
fibrillation,[3] or an implanted cardiac device,[4] 8.1% 
of patients with TV regurgitation do not have other 
valve diseases.[5] Surgery is indicated in symptomatic 
patients with severe tricuspid regurgitation and 
stenosis, irrespective of the cause.[2]

Surgical treatment of TV disease, either TV 
replacement or repair, has an increased mortality 
rate.[6] Several studies have shown the superiority of 
TV repair to TV replacement. Patients with valve 
replacement have increased all caused mortality rates 
and increased in-hospital stay.[7,8] Right ventricular 
mid-cavity length and TV tenting area were shown to 

be long-term predictors of one-year mortality after TV 
annuloplasty.[9] Regarding the short-term prognosis of 
TV surgery, TRI-SCORE, which is based on clinical 
and laboratory variables, was shown to be a predictor of 
in-hospital mortality.[10] Sarcopenia was demonstrated 
as an independent risk factor of increased in-hospital 
stay in this patient group.[11]

The tricuspid annular plane systolic excursion 
(TAPSE)/pulmonary artery systolic pressure (PASP) 
ratio is a simple echocardiographic score and is 
found to be related to increased mortality in various 
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diseases. Initially, it was reported that a lower 
TAPSE/PASP ratio is related to increased mortality 
in patients with pulmonary embolism.[12] Recently, 
this ratio was found to be a beneficial marker of 
mortality in patients with cardiac amyloidosis.[13] 
A lower TAPSE/PASP ratio was represented as 
a marker of development of pulmonary arterial 
hypertension.[14] This study aimed to investigate 
the relationship between in-hospital stay and the 
TAPSE/PASP ratio in patients who underwent TV 
replacement or repair.

PATIENTS AND METHODS
This retrospective study included 450 consecutive 

symptomatic patients with severe TV disease who 
underwent TV surgery at the Mehmet Akif Ersoy 
Thoracic and Cardiovascular Surgery Training 
and Research Hospital, Department of Cardiology 
between January 2019 and January 2022. Patients with 
severe and symptomatic TV disease were discussed 
by the heart team, and surgical decisions were made 
by this team. Exclusion criteria were as follows: 
patients with systemic inf lammatory diseases, those 
with chronic autoimmune disease, patients with active 
systemic infections, urgent operation due to any cause, 
and patients with a prior history of type 1-3 pulmonary 
arterial hypertension. After exclusion criteria were 
applied, 302 patients (182 females, 120 males; mean 
age: 59.5±11.7 years) were enrolled in this study.

The demographic information, clinical features, 
laboratory values, and echocardiography variables 
were obtained from patient files and hospital records. 
Routine blood tests were performed to assess complete 
blood count, lipid profile, complete blood count, serum 
C-reactive protein, and albumin levels. Blood samples 
were obtained from a forearm vein after a 12-h fast before 
performing the endovascular intervention. A Cobas 
8000 c502 (Roche Holding AG, Basel, Switzerland) 
analyzer was used to evaluate serum C-reactive protein 
and albumin levels. Hospital stay time and the duration 
of mechanical intubation requirement were recorded. 
For each patient, the EuroSCORE II was calculated 
(https://www.euroscore.org).

Preprocedural transthoracic echocardiography 
was performed in each participant. An experienced 
echocardiographer performed all the echocardiographic 
evaluations using an echocardiography device with a 
3.2-mHz adult probe (GE Vingmed Ultrasound AS, 
Horten, Norway).

Tricuspid annular plane systolic excursion is a 
parameter of longitudinal systolic performance of the 
right ventricle. Apical four-chamber view was used 
to obtain TAPSE values.[15] The M-mode precursor 
was aligned along the right ventricular free wall 
perpendicular to the lateral tricuspid annulus. The 
distance moved by the leading edge of the annulus 
from end-diastole toward the apex at end-systole was 
measured.[16]

Maximum tricuspid regurgitation was 
obtained either in four-chamber view or a right 
ventricle-focused four-chamber view. The Bernoulli 
equation was used to calculate the systolic pulmonary 
artery pressure.[16]

Statistical analysis

Data were analyzed using IBM SPSS version 
26.0 software (IBM Corp., Armonk, NY, USA). To 
assess the normal distribution of variables, visual 
methods such as histograms and probability plots 
were employed alongside the Kolmogorov-Smirnov 
test. Numerical variables with a normal distribution 
were presented as mean ± standard deviation 
(SD), while numerical variables without a normal 
distribution were presented as median (interquartile 
range). Categorical variables were expressed as 
frequency (%). To determine the predictive value 
of the TAPSE/PASP value for the development of 
in-hospital mortality, receiver operating characteristic 
(ROC) curve and the Youden index [max (sensitivity 
+ specificity -1)] were used. Numerical variables 
were compared between the two groups using the 
unpaired Student's t-test and the Mann-Whitney 
U test, depending on the distribution. Categorical 
variables were compared using the chi-square test or 
Fisher exact test. Univariate and multivariate logistic 
regression analyses were performed to determine the 
independent determinants of in-hospital mortality. 
The level of statistical significance was set at p<0.05, 
and an area under the ROC curve (AUC) >0.5 was 
considered statistically significant.

RESULTS
During the follow-up period, 48 patients died in 

the hospital. Patients were divided into two groups: 
patients with in-hospital mortality (non-survivors) 
and patients without in-hospital mortality 
(survivors). The baseline demographic, laboratory, 
and procedural data of the study group are presented 
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in Table 1. The two groups were comparable 
in terms of demographic characteristics, except 
for age (p=0.001) and smoking (p=0.029). These 
parameters were higher in the nonsurvivors group. 
No signif icant differences were found between 
the two groups in terms of laboratory parameters. 
Regarding echocardiographic parameters, PASP 
(p=0.007) was higher in the nonsurvivors group, 
whereas in the survivors group, LVEF (53.8±9% 
vs. 51±9.1%, p=0.044), tissue Doppler imaging of 
right ventricular free walls (10.6±1.7 vs. 9.8±1.4, 
p=0.004), TAPSE (17.7±3.6 vs. 15.5±3.5, p<0.001), 
and TAPSE/PASP (0.38±0.16 vs. 0.30±0.12, 
p<0.001) were higher compared to the nonsurvivors 

group. In terms of postoperative follow-up, hospital 
stay (18 [9-41] vs. 11 [8-16], p<0.001), the duration 
of intensive care unit stay (18 [9-41] vs. 11 [8-16], 
p<0.001), and intubation duration (12 [4-26.8] vs. 
3 [2-5.3], p<0.001) were signif icantly higher in 
the nonsurvivors group compared to the survivors. 
Figure 1 illustrates the relationship between 
patients' TAPSE/PASP value and in-hospital 
mortality. According to these results, two-thirds 
of patients who experienced mortality had a 
TAPSE/PASP value below the cutoff point.

In Table 2, the surgical procedures performed 
on the patients were as follows: six (2%) patients 
underwent TV replacement and coronary artery 
bypass grafting, 46 (15.2%) patients underwent 
double valve replacement and coronary artery bypass 
grafting, 62 (20.5%) patients underwent triple valve 
replacement, 182 (60.3%) patients underwent double 
valve replacement, and six (2%) patients underwent 
isolated TV replacement or repair. There was no clear 
association between surgery subtypes and in-hospital 
mortality.

Univariate logistic regression analyses were 
conducted with all parameters to determine the 
predictors of in-hospital mortality in patients. 
Among the parameters signif icantly associated 
with in-hospital mortality, age, smoking, LVEF, 
tissue Doppler imaging of right ventricular free 
walls, TAPSE/PASP, and duration of in-hospital 
stay are presented in Table 3. In the multivariate 
logistic regression analysis conducted using these 
variables, age (p=0.023), TAPSE/PASP (p=0.024), 
and hospital stay duration (p<0.001) emerged as 
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Figure 1. Distribution of TAPSE/PASP cutoff values among 
groups with in-hospital mortality.
TAPSE: Tricuspid annular plane systolic excursion; PASP: Pulmonary 
arterial systolic pressure.

Table 2
Distribution of operation types

All patient
(n=302)

Survivor group
(n=254)

Non-survivor group
(n=48)

Surgery type n % n % n % p
Isolated tricuspid valve surgery 6 2 5 2 1 2.1

0.230

Combined mitral and tricuspid valve surgery 172 57 152 59.8 20 41.7
Combined aortic and tricuspid valve surgery 10 3.3 7 2.8 3 6.3
Combined aortic, mitral and tricuspid valve surgery 62 20.5 49 19.3 13 27.1
Combined mitral and tricuspid valve and CABG surgery 42 13.9 33 13 9 18.8
Combined aortic and tricuspid valve and CABG surgery 4 1.3 4 1.6 0 0
Combined aortic, mitral and tricuspid valve and CABG surgery 6 2 4 1.6 2 4.2
CABG: Coronary artery bypass graft.
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independent determinants of in-hospital mortality. 
A ROC curve was plotted to determine the optimal 
cut-off value for TAPSE/PASP that best detects 
in-hospital mortality (Figure 2), and a cutoff value 
of 0.30 was determined using the Youden index 
(AUC=0.692, 95% confidence interval 0.609-0.774, 
p<0.001). This cutoff value could detect in-hospital 
mortality with a sensitivity of 66.8% and specif icity 
of 68.7%.

DISCUSSION
Through this study, we investigated the relationship 

between the TAPSE/PASP ratio and in-hospital 
mortality of surgically treated TV disease. Noteworthy 
this research highlights:

- TAPSE/PASP ratio is an independent predictor 
of in-hospital mortality in patients, who underwent 
TV surgery.

- Advanced age is an independent rick factor of 
in-hospital mortality in such patient group. With 
regard to the current knowledge, this present study is 
the first data, which represents the relationship with 
lower TAPSE/PASP ratio and in-hospital mortality in 
this patient group in literature.

Open repair or replacement of the TV is a 
high-risk operation. Kawsara et al.[6] have recently 
represented that 8.7% of surgically treated patients 
have in-hospital mortality. In the same data, acute 
heart failure signs and symptoms, nonelective 
surgery, and liver dysfunction were shown to be 
the independent predictors of in-hospital mortality. 
However, this study was performed in patients with 
isolated TV disease. The majority of our patients 
underwent surgery due to concomitant valve diseases 
or coronary artery.

With regard to long-term mortality, Wong et al.[7] 
illustrated that only 12.6% of patients underwent 
isolated TV surgery among 2,644 patients. In this 
data, it is clearly shown that TV replacement is 
an independent predictor of all-cause long-term 
mortality. With respect to our findings, there is no 

Table 3
Independent predictors for in-hospital mortality with univariate and multivariate logistic regression analysis

Univariate analysis Multivariate analysis
OR 95% CI p OR 95% CI p

Age 1.057 1.023-1.093 0.001 1.046 1.006-1.087 0.023
Smoking 2.411 1.073-5.417 0.033 2.215 0.843-5.819 0.107
LVEF 0.968 0.938-0.999 0.046 0.985 0.757-1.282 0.910
RVS 0.754 0.620-0.916 0.004 0.955 0.751-1.215 0.708
TAPSE/PASP 0.281 0.148-0.533 0.001 0.369 0.155-0.876 0.024
Hospital stay 1.056 1.034-1.079 <0.001 1.045 1.022-1.069 <0.001
OR: Odds ratio; CI: Confidence interval; LVEF: Left ventricular ejection fraction; RSV: Systolic annular tissue velocity of the lateral tricuspid 
annulus; TAPSE: Tricuspid annular plane systolic excursion; PASP: Pulmonary arterial systolic pressure.

Figure 2. The ROC curve for TAPSE/PASP as a predictor 
of in-hospital mortality.
TAPSE: Tricuspid annular plane systolic excursion; PASP: Pulmonary 
arterial systolic pressure.
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clear difference between TV replacement and repair in 
term of in-hospital mortality. Long-term findings are 
required in our patient group.

The TRI-SCORE is a relatively new score, 
which is shown to be an independent predictor of 
in-hospital mortality in patients who underwent 
surgery due to isolated TV disease. This score 
consists of clinical, echocardiographic, and 
laboratory parameters, namely advanced age, 
clinical status evaluated by the New York Heart 
Association system, right-sided heart failure signs 
and symptoms, requirement of high-dose loop 
diuretics, deterioration of renal status, elevated 
total bilirubin, worsening of ejection fraction, 
and moderate to severe right ventricular systolic 
function.[10] Dreyfus et al.[10] showed that an 
advanced TRI-SCORE predicts not only in-hospital 
but also one-year mortality in 466 patients who 
were surgically treated due to isolated TV disease. 
Similarly, advanced age is also an independent risk 
factor for our patients. The main difference of our 
study is that the vast majority of our patients were 
operated on due to concomitant valve and coronary 
diseases. Yiu et al.[9] illustrated that right ventricular 
mid-cavitary dimensions and increased TV tenting 
area predict one-year mortality in 74 patients who 
underwent TV surgery due to concomitant valve 
disease. According to this study, the right ventricle 
diameter and tenting area should be measured 
before concomitant valve surgeries.

The TAPSE/PASP ratio is a simple scoring 
system based on the echocardiograhic calculations 
of TAPSE and PASP. This scoring system has been 
shown to be beneficial in various patient groups. 
Çolak et al.[12] demonstrated that a TAPSE/PASP 
ratio <0.20, combined with worse clinical status, is 
related to poor prognosis in patients with chronic 
thromboembolic pulmonary hypertension.

In a study with a median follow-up period of 
680 days, Maccallini et al.[13] illustrated that an 
increased TAPSE/PASP ratio is associated with 
increased long-term survival and hospitalization-
free survival rates in 233 patients with cardiac 
amyloidosis. Moreover, among 2,555 patients with 
systemic sclerosis, a TAPSE/PASP ratio <0.55 
was an independent risk factor of development 
for the pulmonary arterial hypertension.[14] The 
TAPSE/PASP could be considered a risk factor of 
all-cause mortality.[14]

In our data, we aimed to identify the risk factors 
of in-hospital mortality in this patient group. Similar 
to previous studies, advanced age was shown to be the 
independent predictor of in-hospital mortality.[15,16] 
This simple, cost-effective, and time-saving method 
was shown to be functional in predicting short-term 
prognosis in patients who underwent TV surgery. To 
the best of our knowledge, this is the first study that 
represents such a relationship.

There are several limitations to this study. 
First, it was a retrospective study conducted with a 
relatively limited number of patients. Second, this 
study was performed in a heterogeneous patient 
group. The vast majority of studies have been 
performed in patients who have been operated 
on due to isolated TV disease. Third, long-term 
findings of the patients were required. Finally, there 
is no clear cutoff value of the TAPSE/PASP ratio in 
various patient groups. Further studies are needed to 
identify this value.

In conclusion, a decreased TAPSE/PASP ratio is 
related to a deterioration in short-term outcomes and 
in-hospital mortality in patients who underwent TV 
surgery. It is a valid and time-saving scoring system 
that can be used daily in clinical practice. The scoring 
system can be used to identify high-risk patients, 
allowing for more meticulous preoperative and 
postoperative evaluations, thereby reducing mortality 
rates.
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