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Abstract

Background: Tricuspid regurgitation (TR) is associated with adverse prognosis in various patient populations but currently no

data is available about the prevalence and prognostic implication of TR in ST-segment elevation myocardial infarction (STEMI)

patients. We investigated the possible implication of TR among STEMI patients. Methods: We conducted a retrospective

study of STEMI patients undergoing primary percutaneous coronary intervention (PCI), and its relation to major clinical and

echocardiographic parameters. Patients records were assessed for the prevalence and severity of TR, its relation to the clinical

profile, key echocardiographic parameters, in-hospital outcomes, and long-term mortality. Patients with previous myocardial

infarction or known previous TR were excluded. Results: The study included 1071 STEMI patients admitted between September

2011 and May 2016 (age 61 ± 13 years; predominantly male). A total of 205 patients (19%) had mild TR while another 32

(3%) had moderate or greater TR was 3% (n = 32). Patients with significant TR demonstrated worse echocardiographic

parameters, more likely to have in-hospital complications and had higher long-term mortality (28% vs. 6%; p<0.001). Following

adjustment for significant clinical and echocardiographic parameters, mortality hazard ratio (HR) of at least moderate to severe

TR remained significant (2.44; 95% CI, 1.06-5.6; P = .036) for patients with moderate-severe TR. Conclusions: Among STEMI

patients after primary PCI, the presence of moderate-severe TR was independently associated with adverse outcomes and

significantly lower survival rate. Keywords: Tricuspid Regurgitation; ST-segment elevation myocardial infarction; percutaneous

coronary intervention; cardiac intensive care unit; cardiac intensive care unit; echocardiography; valvular regurgitation.

Introduction

Tricuspid regurgitation (TR) is a prevalent echocardiographic finding1,2, mostly considered as a benign
finding and untreated unless associated with severe or major comorbidity such as significant pulmonary
hypertension, right or left ventricular dysfunction.

The clinical impact of TR is still under investigation due to variation in the results of previous studies 3,4.
This variation was mainly associated with the heterogenous and numerous comorbidities associated with TR
that influenced clinical outcomes, such as low left ventricular ejection fraction (LVEF)5, right ventricular
(RV)6 dilation and dysfunction, and pulmonary artery systolic pressure (PASP) 7, thus, leading to studies
that tried to isolate TR from potential confounders. Recent studies had demonstrated association between
severe isolated TR and excess mortality and morbidity in various patient populations2,6,8, but lesser degrees
of TR were associated as well with poor prognosis, especially in men 9. Nonetheless, current management
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guidelines of TR patients are ambiguous and most often consider interventional therapy only at the time of
mitral or aortic valve surgery 5.

To date, no study evaluated the prevalence and possible prognostic implication of TR in ST segment elevation
(STEMI) patients. In the present study, we investigated the clinical profile, in-hospital outcomes, and long-
term mortality associated with the presence of TR in STEMI patients treated with primary percutaneous
coronary intervention (PCI).

Methods

A retrospective, single-center observational study was performed at the Tel-Aviv Sourasky Medical Center,
a tertiary referral hospital with a 24/7 primary PCI service, as previously described 10.

We evaluated 2139 consecutive patients admitted between September 2011 and May 2016 to the cardiac
intensive care unit (CICU) with the diagnosis of acute STEMI. We excluded patients with a missing record of
tricuspid valve echocardiographic evolution (n=847), as well as patients with previous myocardial infarction
(n=196) and known previous TR (n=25). The patient selection process is shown in Figure 1. The final cohort
consisted of 1071 patients whose baseline demographic, cardiovascular history, clinical risk factors, treatment
characteristics, and laboratory results were retrieved from their hospital electronic medical files. Diagnosis
of STEMI was established in accordance with published guidelines including typical chest pain history,
diagnostic electrocardiographic changes, and serial elevation of cardiac biomarkers 11. Primary PCI was
performed in patients with symptoms [?] 12 hours in duration as well as in patients with symptoms lasting
12-24 hours if pain consisted at the time of admission. Symptom duration was defined as the time from
symptom onset (usually chest pain or discomfort) to ER/catheterization laboratory admission. Assessment
of survival following hospital discharge was determined from computerized records of the population registry
bureau. The study protocol was approved by the local institutional ethics committee.

Echocardiography

All patients underwent a screening echocardiographic examination within 6-72 h of CICU admission. Relevant
data were collected from the clinical echocardiographic exam reports. Echocardiography was performed by
Philips IE-33 equipped with S5-1 transducers (Philips Healthcare, Andover, MA, USA), and GE Vivid 7
model equipped with M4S transducer.

RV qualitative size and function assessment were based on multiple views of the right ventricle (short-axis
parasternal at basal, mid, and apical levels; lower parasternal RV inflow view; apical four-chamber view and,
if possible, RV long-axis view; and subcostal short-axis and four-chamber views). Using these multiple views,
an integrative qualitative grading was

formulated by the physician responsible for the echocardiographic study. From four-chamber views encom-
passing the entire right ventricle, end-systolic and end-diastolic RV areas and the tricuspid annulus were
measured. Apart from qualitative grading, RV function was evaluated by tricuspid annular plane systolic
excursion (TAPSE) 12.

TR severity was determined using an integrative, semiquantitative approach as recommended by the Ame-
rican Society of Echocardiography13.

Regarding the gravity of tricuspid regurgitation, we first assessed the severity of valve regurgitation by
evaluating specific signs that would point to either less than mild or severe regurgitation, including color jet
area (thin small central vs large >50% jet area), vena contracta (VC) width (<0.2 cm or [?]7 mm), density
of continuous Doppler jet (faint or dense and triangular), hepatic vein flow pattern (systolic dominant
vs systolic reversal), trans tricuspid inflow pattern (A-wave dominant or high-velocity E-wave dominant),
annular diameter (normal vs dilated annulus with lack of valve coaptation), and RV and right atrial (RA)
size (normal vs dilated). If all of the signs and indices were concordant, we defined TR as less than mild
or severe. If the signs or values of the qualitative or semiquantitative parameters were in the intermediate
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range between mild and severe, we defined TR as at least moderate to severe if the majority (five or more)
of the signs and indices were concordant with severe TR13.

In patients with measurable tricuspid regurgitation jet on Doppler echocardiography peak systolic pulmonary
artery pressure (SPAP) was estimated using the modified Bernoulli formula (4 × TRV2max) + RAP, where
TRVmax is the peak systolic tricuspid regurgitation velocity at end expiration, and RAP is the right atrial
pressure. Left ventricular (LV) diameters and interventricular septal and posterior wall width were measured
from the parasternal short axis by means of a 2-dimensional (2D or a 2D-guided M-mode echocardiogram
of the LV at the papillary muscle level using the parasternal short-axis view14. LV ejection fraction was
calculated by the Biplane method of disks (modified Simpson’s rule). Early trans mitral flow velocity (E)
was measured in the apical 4-chamber view to provide an estimate of LV diastolic function 15. Early diastolic
mitral annular velocity (e’) was measured using spectral tissue Doppler imaging in both septal and lateral
positions. The ratio of peak E to peak e’ was calculated (E/e’ ratio) from the average of at least 3 cardiac
cycles. In patients with atrial fibrillation we have used the average measured from 5-7 cardiac cycles. Left
atrial volume was calculated using the biplane area length method at end systole 16. Cardiac output was
calculated as the product of aortic stroke volume and heart rate as demonstrated on pulse wave Doppler.
Valvular regurgitation was qualitatively assessed using color Doppler according to the guidelines of the
American Society of Echocardiography (normal/trivial = 1, mild = 2, moderate = 3,severe = 4) 17. Diastolic
function was assessed by integrating measurements of the mitral inflow, left atrial volume, and Doppler tissue
imaging of the mitral annulus using the average annulus velocity, and classified into four categories: normal
diastolic function = 0, impaired relaxation = 1, pseudo-normal = 2 and restrictive pattern = 3, based on
recent guidelines15. Right atrial (RA) pressure was estimated by the inferior vena cava diameter as well as
its response to inspiration as previously described 18. Briefly, expiratory and inspiratory inferior vena cava
(IVC) diameters and percent collapse were measured in subcostal views within 2 cm of the right atrium.
IVC diameter <2.1 cm that collapsed >50% with a sniff suggested a normal RA pressure (assigned as 5
mmHg), whereas an IVC diameter >2.1 cm that collapsed <50% with a sniff suggested a high RA pressure
(15 mmHg). In patients with IVC diameter <2.1 cm and no collapse (<20%) with a sniff, RA pressure
was upgraded to 20 mmHg. In indeterminate cases in which the IVC diameter and collapse did not fit this
paradigm, secondary indices of elevated RA pressure were integrated. If uncertainty remained, RA pressure
was left as intermediate value of 10 mmHg.

Statistical analysis

Patients were divided according to the severity of TR into two groups, those with no or mild TR and those
with moderate to severe TR.

All data were summarized and displayed as mean +- standard deviation for continuous variables unless stated
otherwise, and as number (percentage) of patients in each group for categorical variables. The p values for
the categorical variables were calculated with the chi-square test. Continuous variables were compared using
the independent sample t-test or the Mann-Whitney U test. The Kaplan-Meier method and log-rank test
were used to evaluate

the association between the severity of TR and survival. To assess if TR grade was

independently associated with outcome, we used multivariate Cox Regression for the primary endpoint (all-
cause mortality) adjusted for all baseline variables found to be significant in the univariate analysis. A
two-tailed p-value of < 0.05 was considered significant for all analyses. All analyses were performed with
the SPSS software (SPSS Inc., Chicago, IL).

Results

A total of 1071 patients were included in the study, of whom 1039 patients (97%) with no to mild TR, and
32 (3%) with moderate to severe TR. The mean patient age was 61 +- 13 years (range 40 to 91), with a
majority of male patients (80%). Demographic and clinical baseline parameters stratified by severity of TR
are shown in Table 1. Patients with moderate to severe TR were significantly older, female and had increased
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prevalence of chronic kidney disease and hypertension.

Key Echocardiographic parameters stratified by severity of TR are shown in Table 2. Patients having
moderate to severe TR demonstrated lower ejection fraction, higher septal E/e ratio, SPAP and RA area
(p<0.05 for all) compared to No/mild TR group. There was no significant difference in TAPSE between the
two groups.

In –hospital and long-term outcome

Patient with significant TR had higher rate of in-hospital complications (table 3). This included acute kidney
injury, heart failure, arrhythmia bleeding and need for mechanical ventilation (P<0.05 for all; table 3).

30 -Day mortality was significantly higher among patients with moderate to severe TR (4/32, 12.5%) com-
pared to patients with no/mild TR (21/1039, 2.0%; p<0.001).

Long term mortality

Over a mean period of 2.3 + 1.5 years, 71/1071 (6.6 %) patients of the entire cohort died. Mortality was
significantly higher among patients with moderate to severe TR (9/32, 28%) compared to patients with
no/mild TR (62/1039, 6%; p<0.001, Figure 2).

Multivariate Cox hazard analysis for moderate-severe TR adjusted for significant clinical and echocardio-
graphic parameters is shown in Table 4. The mortality HRs of moderate to severe TR (2.44; 95% CI, 1.06-5.6;
P = 0.03) remained significant even after adjustment for gender, family history, hypertension (HTN), esti-
mated glomerular filtration rate (EGFR) <60, EF, E/e’ ratio and SPAP.

Discussion

The present study demonstrated that among STEMI patient population, the presence of moderate to severe
TR was associated with significantly lower survival rate compared to patients with mild/no TR. TR was
associated with excess mortality even when adjusted for demographic, clinical and other echocardiography
parameters.

To our knowledge, this is the first report to date suggesting a possible prognostic implication of TR in STEMI
patients.

TR is a common echocardiographic finding 19, but has been disregarded due to the credence that it is
a clinically insignificant condition. The clinical impact and outcome of TR are difficult to assess, given
its heterogeneity and the association with numerous comorbidities. Hence, management guidelines of TR
patients remain ambiguous due to conflicting studies results9,20,21. Pivotal studies suggested that untreated
TR is associated with excess mortality and cardiac events7,21. TR had been associated in previous studies
with additional cardiovascular outcomes. It has been shown that TR is a common finding in patients with
left-sided valvular disease. Significant TR in this circumstance is considered as a late-stage marker and is
associated with poor outcome and worse prognosis21–23. Therefore, patients undergoing left valve surgery
with severe functional TR (FTR) have a class I indication for concomitant tricuspid valve surgery 24. In
patients undergoing transcatheter aortic valve replacement (TAVR) the impact of preoperative significant
TR was associated with almost a 2-fold increase in 2-year mortality 23.

TR is also common among patients with chronic heart failure (CHF), due to the pathophysiology of CHF
resulting in right ventricular dilatation, and the development of FTR which, consequently, generating further
right ventricular dilatation and worsening of TR 25. Studies indicate a strong impact of TR on the clinical
outcome in CHF patients, where TR was significantly related to mortality 26.

Recent studies had demonstrated that moderate-severe TR is associated with poor outcome, even in the
absence of left ventricular dysfunction or pulmonary hypertension 3,7,9, implying that tricuspid valve repair
or replacement may lead to a survival benefit. However, to date, TR patients are rarely referred for isolated
surgical tricuspid valve repair, and these are mostly performed during other planned cardiac surgery 5,27,28.
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In the era where percutaneous repair procedures are on the rise, more research on percutaneous approaches
for TR is needed 28.

Limited data exist on the prevalence and prognostic value of significant TR in STEMI patients undergoing
PCI. In the setting of acute occlusion of the right coronary artery leading to inferior MI, RV involvement, and
concomitant severe TR, tricuspid papillary muscle rupture (PMR) had been reported as a rare complication
29,30.

The present study provides, for the first time, evidence that moderate to severe TR can serve as a possible
prognostic marker among STEMI patients. We found that among STEMI patients undergoing primary
PCI, with no previous TR, the prevalence for developing moderate to severe TR was 2.7%. These patients
suffered more in-hospital complications and worse long-term outcomes. These results imply that in patients
developing moderate to severe TR, additional follow up after PCI is needed. Once released from hospital
these patients should be followed by a cardiologist, undergo an additional echocardiographic exam to track
progression of TR severity and possibly electrocardiogram exam due to a high prevalence of arrythmias. An
extra emphasis should be placed on balancing of cardiovascular risk factors for these patients.

Though the reason for higher mortality among STEMI patients with significant TR is yet unclear, we
postulate that the presence of TR after STEMI could be a marker of decreased RV function and contractility.
It has been shown that the presence of severe TR can be attributed to RV akinesis in the settings of inferior
MI or to ischemic impairment of the tricuspid valve 29. Moreover, increasing severity of TR is allied with RV
dilation, dysfunction and elevated right atrial pressure, therefore leading to a worse outcomes25. In addition,
the association between enlarged RV and increased mortality was demonstrated in previous studies31,32,
elucidating that RV function after STEMI has important prognostic implications. Nevertheless, from our
understanding the RV function influence on outcomes only partly explains the association between significant
TR among STEMI patients and mortality, therefore, additional research is needed in order to illuminate the
matter.

We acknowledge several important limitations of our study. This was a single-center retrospective and non-
randomized observational study; because of its retrospective nature, the study was subjected to selection
bias, and therefore the results point toward association, and not cause and effect.

The study included only patients with first MI who were undergoing primary PCI and with no previous TR.
Therefore, the results cannot be generalized to all STEMI patients with TR. The group with moderate to
severe TR was small, patients were significantly older, female and with CKD. We attempted to adjust for
confounding factors using the multivariate Cox hazard model, however, most of the study population were
men, hence the data may not be applicable to female patients. Finally, data were collected retrospectively
from echocardiographic reports who were recorded and analyzed by different sonographers. An echocar-
diographic exam is highly operator dependent which may be subjective, even though it was determined by
echocardiography experts.

Conclusions:

Among STEMI patients after primary PCI, those who develop moderate to severe TR have a significantly
lower survival rate. Nevertheless, our results should be interpreted with caution and more research is needed
in the future with prospective randomized trials.

The authors declare that they have no conflict of interest.
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Figure 2. Cox regression curve for overall survival of patients. TR, Tricuspid Regurgitation.

Hosted file

7



P
os

te
d

on
A

u
th

or
ea

18
M

ay
20

20
—

C
C

-B
Y

4.
0

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
58

9
8
15

17
.7

55
44

01
7

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

at
a

m
ay

b
e

p
re

li
m

in
ar

y.

Prognostic Implication of TR in STEMI Patients- tables.docx available at https://authorea.

com/users/322606/articles/451568-prognostic-implication-of-tricuspid-regurgitation-in-

stemi-patients

8

https://authorea.com/users/322606/articles/451568-prognostic-implication-of-tricuspid-regurgitation-in-stemi-patients
https://authorea.com/users/322606/articles/451568-prognostic-implication-of-tricuspid-regurgitation-in-stemi-patients
https://authorea.com/users/322606/articles/451568-prognostic-implication-of-tricuspid-regurgitation-in-stemi-patients


P
os

te
d

on
A

u
th

or
ea

18
M

ay
20

20
—

C
C

-B
Y

4.
0

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
58

9
8
15

17
.7

55
44

01
7

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

at
a

m
ay

b
e

p
re

li
m

in
ar

y.

9


