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Abstract

Objective: Pulmonary Artery Hypertension (PAH) is an independent risk 
factor for increased morbidity in Sickle Cell Disease (SCD) patients. Tricuspid 
Annular Plane Systolic Excursion (TAPSE) can be used as a surrogate measure 
for PAH. The objective of this study was to determine whether lower TAPSE 
values are associated with increased Emergency Department (ED) and hospital 
utilization.

Methods: TAPSE measurements were retrospectively obtained from 
bedside echocardiograms from a convenience sample of 28 SCD patients 
presenting to the ED with SCD pain. TAPSE was considered abnormal if 
<24.9mm, one standard deviation below the mean TAPSE for SCD patients. 
Medical records were reviewed to determine ED visits and hospital overnight 
stays over a two-year period. A t-test analysis and Pearson’s correlation were 
used for each variable.

Results: The initial sample included 28 SCD patient encounters. TAPSE 
measurements were abnormal in 5 patients and normal in 23 patients. The mean 
number of ED visits/year for the abnormal and normal TAPSE group were 23.00 
and 16.87, respectively (p=0.57) with moderate negative linearity (p=0.03). The 
mean number of hospitalized days for abnormal and normal TAPSE groups was 
108.8 and 59.6, respectively (p=0.10) with moderate negative linearity (p=0.07).

Conclusion: Lower TAPSE values (<24.9mm) in SCD patients were 
associated with higher ED and hospital utilization. If findings are replicated in 
larger studies, TAPSE may serve as a marker of morbidity in SCD patients 
presenting to the ED.
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Introduction
Sickle Cell Disease (SCD) is a debilitating disease characterized 

by painful, unpredictable Vaso-Occlusive Episodes (VOEs) and 
chronic multi-organ damage [1]. SCD affects approximately 100,000 
patients in the United States, with a disproportionate impact on 
underrepresented minorities [2,3]. SCD is associated with high 
healthcare utilization and costs and frequent Emergency Department 
(ED) visits [4-7]. Higher SCD-related ED utilization is associated 
with more severe disease and poorer outcomes [8,9].

Pulmonary Artery Hypertension (PAH) is a known 
complication of SCD, thought to be caused by chronic hypoxemia 
and vasoconstriction of the pulmonary vasculature due to chronic 
hemolysis [10]. PAH has been associated with higher SCD-related 
complications and greater hospitalization rates for SCD patients [10-
12]. Tricuspid Annular Plane Systolic Excursion (TAPSE) is a non-
invasive echocardiographic assessment of right ventricular function 
that measures the longitudinal excursion of the tricuspid annulus, 
and it can be reliably measured by emergency medicine physicians 
with experience in echocardiography [13-15]. TAPSE is a strong 

prognostic factor for non-SCD patients with PAH [14-16], but its 
role in SCD remains unclear. SCD patients have higher mean baseline 
TAPSE measurements than non-SCD patients due to enlarged 
chamber sizes in this population [17,18], rather than better overall 
right ventricular functioning. We hypothesized that values lower than 
the baseline TAPSE value for SCD patients would be associated with 
increased morbidity in sickle cell patients.

To the best of our knowledge, this is the first study exploring the 
relationship between TAPSE and SCD-related ED visits and hospital 
utilization.

Materials and Methods
Study design and setting

This was a retrospective, observational study performed on a 
convenience sample of adult SCD patients presenting to the ED of a 
large, academic hospital with over 2,000 ED visits per year for SCD-
related complaints. The study was reviewed and approved by the 
Institutional Review Board of the University of Illinois at Chicago. 
Recruitment of patients occurred over three time periods during the 
summers of 2016, 2018 and 2019, based on availability of research 
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personnel.

Selection of participants 
Hemodynamically stable SCD patients who were 18 years or 

older presenting to the ED with a chief complaint of sickle cell VOE 
were included. Study participants were approached for participation 
after their initial ED evaluation and treatment plan was started for 
their pain.

Ultrasound protocol
Limited Bedside Echocardiograms (LBEs) were performed as 

part of a protocol for a separate study using a M4S-RS GE Vivid 
transducer by one of five emergency department providers (four 
attending physicians, one nurse practitioner) with at least one year 
of ultrasound fellowship training. Each LBE included at minimum an 
apical four chamber view, but other views were also obtained at the 
discretion of the sonographer.  Echocardiograms were electronically 
stored for later analysis.

Methods of measurement
TAPSE was retrospectively measured from saved LBEs using 

GE Echopacs software by the principle investigator with at least 
one research associate present. Both the primary investigator and 
the research associate were blinded to the primary and secondary 
outcomes. Two separate TAPSE measurements were obtained from 
the echocardiograms. If there was a greater than 2mm variation in 
the first two measurements, a third measurement was obtained; the 
largest value was used for the analysis.

TAPSE measurements were considered abnormal if they were 
less than or equal to 24.9mm, a cut-off chosen because it is one 
standard deviation below the previously published mean TAPSE for 
SCD patients [17]. LBEs were excluded if the lateral tricuspid annulus 
could not be visualized throughout the entire cardiac cycle on the 
saved video clip.

Each subject’s medical record was reviewed for basic demographic 
information, hydroxyurea use, hemoglobin levels, and to determine 
ED visits, days hospitalized, and TAPSE measurement on prior 
echocardiograms over the 24-month period preceding enrollment 
date. Information was stored in REDCap, a web-based application 
for secure research databases.

Outcomes measured
The primary outcome measured was the mean number of ED 

visits per year. The secondary outcome was the total number of days 
in the hospital per year.

Primary and secondary data analysis
Patients were stratified into two distinct groups of normal 

(>24.9mm) and abnormal (<24.9mm) TAPSE measurements. The 
two groups were compared using unpaired t-tests (homoscedastic) 
for mean number of ED visits, overnight hospitals days, hemoglobin, 
and age using GraphPad.com, and confirmed in Microsoft Excel 
2016. Pearson’s correlation coefficients with confidence intervals and 
Hedges’ g tests for effect size were calculated using socscistatistics.
com. Chi-square test or Fischer’s exact tests were used to evaluate 
variables like sex and hydroxyurea use among the two groups.

Results
Characteristics of study subjects

Fifty-six patients were enrolled in this study.  Fifty LBEs were 
performed on 49 patients. Thirty LBEs had adequate visualization 
of the lateral tricuspid annulus to obtain TAPSE measurements. 
The mean TAPSE measurement for the sample was 27.9mm, with 
5 SCD patients in the abnormal TAPSE group and 23 SCD patients 
in the normal TAPSE group. Two were excluded from the analysis: 
one patient was visiting Chicago and had no prior records at the 
study institution and one patient had an artificial tricuspid valve. 
One patient was an extreme outlier of ED utilization with 114 ED 
visits, (i.e. >4 standard deviations from sample mean). Primary and 
secondary analyses were performed both with and without exclusion 
of the outlier.  Twenty-six patients were included in the final analysis 
after exclusion of the extreme outlier.

All study participants included in the analysis were African 
American, including 14 females and 14 males. The majority of 
participants were hemoglobin phenotype SS (n=27) with a mean 
hemoglobin of 8.8g/dl and a mean age of 29 years old. There were 
no statistical differences between the abnormal and normal groups 
with regard to age, sex, hemoglobin, or hydroxyurea use. Twelve 
patients had echocardiograms documented in the 24 months prior to 
enrollment, two from abnormal TAPSE group, but none had TAPSE 
measurements or PAH mentioned on echocardiography report.

Figure 1: A) Number of ED visits in two years as a function of patients’ TAPSE values. B) Number of ED visits in two years as a function of patients’ TAPSE values 
with outlier excluded. C) Patients’ TAPSE values and their number of hospitalized days in two years.
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Primary and secondary analysis
The mean TAPSE values were 22mm and 29mm for the abnormal 

and normal TAPSE groups, respectively. The mean number of ED 
visits for abnormal and normal TAPSE groups were 23.00 and 16.87, 
respectively, p=0.57, 95% CI [-15.08,27.34]. TAPSE had a moderately 
negative correlation with number of ED visits, r(26)= -0.42, p=0.03, 
and the effect size was small with a Hedges’ g of 0.29. With the outlier 
excluded, the mean number of ED visits for the abnormal group was 
23.00 and 12.00 for the normal TAPSE group, respectively, p=0.02, 
95% CI= [1.72,20.28] (Table 1) with Hedges’ g of 1.24 indicating 
large effect size on the data. TAPSE measurements had a statistically 
significant negative correlation with the number of ED visits in this 
sample, r(24)= -0.53, p<0.01 (Figure 1). 

Patients in the abnormal TAPSE group spent more days in 
the hospital compared to patients in the normal TAPSE group, 
with the mean number of days being 108.80 and 59.6, respectively. 
However, this finding was not statistically significant, p=0.10, 95% 
CI= [-7.89,106.27] (Table 1). The size of effect on this data set was 
fairly large though, with a Hedges’ g of 0.87. TAPSE had a moderate 
negative linear correlation with total days spent in the hospital in this 
sample, but it was not statistically significant r(26) = -0.35, p=0.07 
(Figure 1). Exclusion of the outlier had minimal effect on the mean 
number of hospital stays, Pearson’s correlation coefficient, and effect 
size (Table 1).

Limitations
This study was comprised of a convenience sample of 

patients enrolled at a single institution with retrospective TAPSE 
measurements, which limits the generalizability of the findings. Also, 
the study was likely underpowered. Study participants had higher 
ED and hospital utilization than the usual SCD patient population 
presenting to the ED, as well as overall lower TAPSE values [8], 
suggesting possible selection bias. 

Most LBEs were performed by sonographers unaware that TAPSE 
would later be measured, possibly explaining why only 60% of LBEs 
had adequate visualization of the lateral tricuspid annulus [19-21].  
Focused training may be needed before TAPSE is routinely measured 
on SCD patients in the ED.

Discussion
In our sample, TAPSE was inversely associated with both the 

number of ED visits and the number of days spent in the hospital, 
although the results were only significant after an extreme outlier was 
excluded. Larger studies are needed to determine if these correlations 
hold true [22-25]. 

PAH is a well-established risk factor for increased morbidity 
in SCD patients that must be measured either via right heart 
catheterization or indirectly estimated using Tricuspid Regurgitation 
Velocity (TRV) combined with an estimate of right atrial pressure; 

Abnormal TAPSE <24.9mm Normal TAPSE >24.9mm p-value (abnormal vs. normal)

Number of patients (Total 28) 5 23

Mean TAPSE (SD) 22mm (0.19) 29mm (0.25) <0.0001

Number of ED visits within 2 years - Mean (SD) 23 (7.48) 16.87 (23.06) 0.57

Number of overnight stays within 2 years - Mean (SD) 108.8 (63.55) 59.6 (57.44) 0.1

% High ED utilizers8 100% 82.60% 0.57

Age - Mean (SD) 33.4 (14.60) 35.48 (12.49) 0.75

Hgb - Mean (SD) 9.22 (1.87) 8.75 (2.06) 0.64

Hydroxyurea use 80% 56.50% 0.33

% Female 60 47.8 0.62

% Male 40 52.2

Table 1A: Characteristics of patients in each TAPSE group with outlier included.

 Abnormal TAPSE 
<24.9mm

Normal TAPSE group minus 
outlier

p-value (abnormal vs. normal minus 
outlier)

Number of patients (Total 28) 5 21  

Mean TAPSE (SD) 22mm (0.19) 28.9mm (0.22) <0.0001

Number of ED visits within 2 years - Mean (SD) 23 (7.48) 12.00 (9.32) 0.02
Number of overnight stays within 2 years - Mean 
(SD) 108.8 (63.55) 58.90 (59.67) 0.11

% High ED utilizers8 100% 76.20% 0.55

Age - Mean (SD) 33.4 (14.60) 36.52 (12.58) 0.63

Hgb - Mean (SD) 9.22 (1.87) 8.63 (2.08) 0.57

Hydroxyurea use 80% 61.90% 0.44

% Female 60 52.4 0.76

% Male 40 47.6  

Table 1B: Characteristics of patients in each TAPSE group with outlier excluded.
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both methods require cardiology consultation. TAPSE can reliably 
be measured at the bedside without Doppler imaging from a single 
apical 4-chamber view [26,27].

If decreases in TAPSE prove an accurate indicator of morbidity 
in SCD, then TAPSE may be a useful risk stratification tool for SCD 
patients in the ED. TRV is sometimes abnormal for SCD patients 
during VOEs, then normalizes in steady state [28]. If the same is true 
for TAPSE, measurements in the ED can be compared to baseline 
outpatient measurements to determine if there is a change from 
steady state. A change from baseline TAPSE could indicate a more 
serious VOE similar to the way a drop in hemoglobin from baseline 
would.
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