Tricuspid regurgitant jet velocity and
hospitalization in Tanzanian children with sickle
cell anemia

Elevated tricuspid regurgitant velocity (TRV) measured
by echocardiogram predicts death in adult sickle cell ane-
mia (SCA)" and occurs in children,” although etiology
and association with survival and complications requiring
hospitalization are unknown. In children, hemolysis is
associated with TRV in some® but not all’”’ studies. We
studied TRV prevalence and predictors in African children
with no hydroxyurea and limited blood transfusion expo-
sure in a region of low malaria prevalence."’

Ethical clearance was granted by Muhimbili University
of Health and Allied Sciences (MU/RP/AEC/Vol XIIV/01)
and the Children’s Hospital Colorado (COMIRB 10-0030).
Written informed consent was obtained from all partici-
pants. Inclusion criteria were age 9-19 years and HbSS by
hemoglobin electrophoresis and high performance liquid
chromatography for SCA cases. Non-SCA controls were
HbAS or HbAA by electrophoresis. Exclusion criteria
included blood transfusion within the previous two
months, sickle crisis within the previous two weeks,
febrile illness within the previous seven days, fever or
signs of acute illness on the day of the echocardiogram or
echocardiographically identified hemodynamically signifi-
cant congenital heart disease.

Echocardiography was undertaken in April 2010. Blood
pressure (BP) was measured twice after 5 min rest using an
automated digital device (PRO 400 V2 Dinamap) and the
mean was calculated. Resting hemoglobin oxygen satura-
tion (SpO:2) was obtained over 5 min using pulse oximetry
(Masimo Rad-57). Axial temperature and heights and
weights were recorded and clinical examination per-
formed to exclude acute complications. Two-dimensional
and Doppler echocardiography was performed using a
standard pediatric protocol. TRV was assessed in the
parasternal long- and short-axis and apical 4-chamber
views. All studies were performed on a GE Vivid Q
portable ultrasound system using a 5S or M4S transducer
as appropriate by one of 3 experienced sonographers/pedi-
atric cardiologists from the Children’s Hospital, Colorado,
USA. TRV was not quantified if no measurable regurgita-
tion was present or if the quality of the Doppler tracing
precluded accurate TRV measurement; these patients were
excluded from further analysis. All measurements were
later over-read by a different sonographer and agreement
reached. Elevated TRV was categorized as the mean plus
2xSD TRV in controls.

Laboratory results were available from previous steady-
state samples for SCA cases (defined as absence of pain or
fever, negative malaria rapid test, and no recorded hospital
admission or blood transfusion within 30 days) and at
screening for the non-SCA controls. Full blood counts
were performed using an automated cell counter (Pentra
60, Horiba ABX, Kyoto, Japan). Biochemical tests were
performed using an automated chemistry analyzer (Roche
Cobas Mira, New York, USA or Abbott Architect, New
York, USA). NT pro-BNP was measured using a cardiac
reader (Roche Diagnostics, Basel, Switzerland) in fresh
lithium heparin plasma collected in 2007/2008.

Continuous variables were compared between SCA-
cases and non-SCA controls using Student’s t-tests or
Wilcoxon’s rank sum tests. Tests for trend were used for
differences across TRV categories. Multivariable linear
regression was used to test for independent associations
between explanatory variables and TRV in which all vari-

ables significant at P<0.1 were included and then non-sig-
nificant variables were dropped simultaneously. Risk of
prospective hospitalization according to TRV category was
assessed using Cox’s regression and the Cnaan and Ryan
approach, modeling the effect of age at start of surveil-
lance." Hospital admissions less than seven days apart
were treated as a single event and previous number of
admissions included as a co-factor. Repeated events within
individuals were accounted for using robust standard
errors. The end date for observation for hospitalization
was 31* March 2012 for all subjects; none were lost to fol-
low up.

A total of 265 subjects were included in this analysis
(215 SCA cases and 50 non-SCA controls); none had
received hydroxyurea or chronic blood transfusions. Table
1 summarizes the demographic, clinical, laboratory and
echocardiographic variables in the cases and controls.
Cases were non-significantly older but were more anemic
and significantly more wasted and stunted than controls.
Systolic, diastolic, and mean blood pressures and SpO:
were also significantly lower in SCA cases. Although only
limited data were available for controls, hemolytic and
liver function markers were lower than in the cases (Table
1).

The proportion of subjects with measureable TRV was
similar between cases and controls. Mean TRV was signif-
icantly higher in cases versus controls (P=0.0039). A cut off
TRV of over 2.55 m/s was considered elevated. The preva-
lence of elevated TRV was 14.4% in cases and 0% in con-
trols, and the prevalence in cases of TRV =23.0 m/s was
2.7% (Table 1).

We prospectively hypothesized that hemoglobin, SpOs,
markers of hemolysis and systolic blood pressure would
differ according to TRV category (Table 2). Hemoglobin
and SpO: demonstrated an inverse association with TRV
(P<0.01 for trend). Unconjugated bilirubin concentrations
were higher in children with TRV over 3 m/s (P=0.059 for
trend) but there was no evidence of any difference in LDH
across the TRV categories. NT pro-BNP measured at
steady state between September 2007 and January 2008
weakly predicted higher subsequent TRV category
(P=0.027). In multivariable analysis, only hemoglobin (f-
coefficient -0.48; P=0.006) and SpO: (B-coefficient -0.023,
P=0.004) independently associated with TRV, but only
explained 11% of TRV variation. There was no evidence
that any of the tested variables differed in the 27 SCA
cases in whom TRV could not be measured compared to
cases with a non-elevated TRV.

Thirty-seven hospitalizations occurred among 27
patients from a total of 370 person years observation
(PYO) with 10.0 (95%CI: 7.2-13.8) hospitalizations per
100 PYO. Independent of age, TRV over 2.55 m/s was bor-
derline associated with an increased risk of hospitalization
(2.44 [1.04/5.76]; P=0.04). However, no hospitalizations
occurred in the 5 children with a TRV of over 3 m/s. The
primary cause of hospitalization was pain in 23 of 37
(62%) and for the remainder were infections (14%), severe
anemia (8%) or “other” (16%). There was no evidence of
any difference according to TRV for cause classified as pain
versus non-pain causes.

In this first report of a large population of children with
SCA resident in Africa, the prevalence of high TRV is sim-
ilar to that observed in the US and Europe,”" despite the
fact that study subjects had had no hydroxyurea exposure,
fewer blood transfusions (cross-sectional data from same
aged children in the Muhumbili Sickle Cohort: 80% none,
13% 1, 6% 2-5; Makani and Cox, unpublished data, 2013)
and higher burden of infectious diseases. The high TRV cut
off generated from our controls was similar to that from
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Table 1. Characteristics of SCA cases and non-SCA controls.

Cases (HbSS) Controls (HbAA/AS) P
N=215 N=50

Age (years)* 14.1 [13.7-144] 13.3 [12.5-14.1] 0.072
Male sex, n. (%) 119 (55%) 26 (52%) 0.66
Hemoglobin*, g/dL 72 [1.1-74] 117 [11.3-12.2] <0.0001
Body mass index z-score* (wasting) -1.54 [-1.71- -1.38] -0.57 [-0.94- -0.20] <0.0001
Height for age z-score* (stunting) -2.28 [-2.43--2.13] -0.96 [-1.30--0.59] <0.0001
Systolic BP*, mm Hg 109 [107-110] 116 [112-119] 0.0001
Diastolic BP*, mm Hg 64 [63-64] 68 [65-70] 0.0002
Mean arterial pressure*, mm Hg 79 [78-80] 84 [81-86] <0.0001
Hemoglobin oxygen saturation*, % 97.7197.3-98.0] 99.7 199.5-99.9] <0.0001
Tricuspid regurgitant velocity (TRV) measures
Measureable TRV 188/215 [87%] 43/50 [86%]
TRV, m/s 2.30[2.27-2.35] 2.18 [2.12-2.24] 0.0039
TRV >2.55 m/s (mean+2xSD TRV in controls) n(%) 27/188 [14.4%)] 0743 [0%]
TRV =3.0 m/s 5 [2.7%] 0/43 [0%]
Markers of hemolysis N=11¥
Lactate dehydrogenase (wL)* 599 [467-864] 438 [283-630] 0.076
Unconjugated bilirubin (mgl/L)* 37.9 [21.3-72.0] 2.6 [1.8-11.6] <0.001
Markers of liver function
Conjugated bilirubin, (mg/dL)* 0.80 [0.61-0.97] 0.20 [0.18-0.35] 0.001
Aspartate transaminase, [U/L* 42 [35-51] 28 [15-43] 0.004

*Mean (95% confidence interval); 'median [25" — 75" percentile]; *clinical chemistry was not routinely available during screening and only available in a subset who had

participated in another protocol as non-SS controls.

American  age-matched controls (>=2.6 m/s).’
Unconjugated bilirubin, a robust measure of hemolysis in
those without Gilbert’s syndrome, was increased in cases
versus controls and was higher in cases with the most ele-
vated TRV. LDH may not be specific to hemolysis," and
was similar between the groups and not associated with
TRV category. This is in contrast to the PUSH study”*"in
which all assessed hemolytic markers were associated
with TRV over 2.6 m/s (unconjugated bilirubin not report-
ed) but in line with two smaller studies.”” In a study of
adolescent and adult Nigerian patients, combined' LDH,
but not total bilirubin (unconjugated bilirubin not report-
ed) was associated with elevated TRV. We did not have
reticulocyte counts available and could not calculate a
hemolysis index.” However, it remains a possibility that
the association between hemolytic markers and elevated
TRV in SCA may not be directly causal,” but an effect of
increased cardiac load from increased anemia' rather than
increased vascular resistance.”

Reduced SpO: in children with elevated TRV has been
previously reported, including in the largest dataset yet'*in
which elevated TRV and poor 6-min walk test perform-
ance were not explained by impaired lung function. In a
study of TRV and markers of endothelial activation, SpO-
was also associated with TRV, but not independent of its
association with the markers of endothelial activation, par-
ticularly vascular endothelial growth factor (VEGF)," sug-
gesting a mechanism by which low SpO: may contribute
to vascular changes suspected to underlie the development
of elevated TRV. Limited expertise and resources to con-
duct echocardiographic screening in most African coun-
tries mean that a biomarker like NT-pro BNF, which pre-
dicts high-risk individuals in adult SCA patients in the
USA,*" could be particularly useful in these settings. We

found some evidence that high NT-pro BNP is associated
with the development over time of high TRV (>=3 m/s).
This is in contrast to Nigerian adult patients in whom NT-
pro BNP was associated with worse functional outcomes
(6-min walk test) but was not associated with TRV or left
ventricular diastolic dysfunction.” The utility of NT-pro
BNP in predicting death in African patients has not so far
been reported.

This is the first large-scale study in children with SCA to
conduct a prospective evaluation of clinical outcomes. We
are currently unable to reliably determine whether the
increased hospitalizations in children with elevated TRV
resulted from cardio-pulmonary consequences of elevated
TRV. However, within this age group, given the apparent
lack of increased risk of death, it is more probable that ele-
vated TRV is a marker of more general disease severity.
Adult Nigerian patients with elevated estimated pul-
monary artery pressure had a history of increased crisis
rate, but prospective follow up has not yet been reported,”
whilst in American children, elevated TRV was associated
with more than 3 annual hospitalizations for pain.”

The strengths of our study include the large number of
HObSS patients with echo-cardiograms conducted by highly
experienced staff within a short time frame and to a tightly
controlled research protocol with a strict definition of
steady-state used in the inclusion criteria, thus ensuring
measurements were not affected by acute conditions. The
interpretation of the NT-pro BNP with TRV is limited by
the time difference between the measurements and its pre-
dictive value for risk of death, its specificity for cardiac dys-
function or its intra-individual variation in children with
SCA are not known. Our other laboratory markers were
measured at steady state before the echocardiography; a
longer confirmed fever-free period before echocardiogra-
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Table 2. Hematologic measures, markers of hemolysis and liver function and daytime hemoglobin oxygen saturation by tricuspid regurgitant

jet velocity category.
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TRV<2.55 m/s TRV 2.56 - 2.99 m/s TRV=3.0 m/s P
N=161 N=22 N=5 for trend

Age (years)* 14.0 (13.6-14.4) 14.0 (13.0-15.0) 14.1 (11.0-17.1) 0.96
Male sex, n. (%) 91 (57) 12 (55) 4 (80) 0.55
Body mass index z-score* (wasting) -1.6 (-18--1.4) -14 (-1.9--2.0) 2.0 (-3.5- -0.5) 0.76
Height for age z-score* 2.3 (-2.5--2.2) 2.0 (-2.5--1.4) 2.0 (-:3.2--0.8) 0.17
Systolic BP, mm Hg* 109 (107-111) 108 (105-112) 109 (101-118) 0.935
Diastolic BP, mm Hg* 64 (63-65) 61 (58-64) 61 (57-65) 0.086
Mean arterial pressure® 79 (78-80) 76 (74-79) 7 (74-80) 0.24
Mean pulse pressure* 45 (44-47) 47 (44-50) 48 (37-58) 0.16
Hemoglobin, g/dL* 73 (1.1-1.5) 6.9 (6.4-74) 58 (4.5-1.1) 0.004
Sp0?, %+ 97.7 (97.4-98.1) 96.8 (95.8-97.9) 95.6 (92.0-99.2) 0.009
HbE, %" 45 [2.56.8] N=158 5.9 [2.8-9.4] N=19 1.7 [1.5-5.2] N=5 0.83
NT pro-BNP pg/mL* 92 [30-138] N=T3 92 [75-184] N=10 128 [120-179] N=5 0.027
Markers of hemolysis

Lactate dehydrogenase (wL) 603 [467-908] N=147 550 [446-762] N=21 673 [466-1120] N=4 0.59
Unconjugated bilirubin (w/L)* 2.14 [1.25-4.13] N=149 245 [0.96-4.10] N=22 5.30 [4.91-6.59] N=5 0.057
Markers of liver function

Conjugated bilirubin, (mg/dL)* 0.79 10.61-0.96] N=151 6.89 [0.54-0.99] N=22 0.95 [0.60-1.15] N=5 0.55
Aspartate transaminase, [U/L 42 [35-51] N=154 41 [36-44] 64 [53-76] 0.37

*Mean (95% confidence interval); 'median [25" — 75" percentile]; "NT pro-BNP measured in 2007.

phy and venepuncture on the same day might yield differ-
ent results.

In summary, the prevalence of elevated TRV is similar in
Tanzanian and US children with SCA. TRV predicts hospi-
talization and is independently associated with anemia
and low hemoglobin oxygen saturation but only the high-
est TRV values are associated with unconjugated hyperbil-
rubinemia, a marker of hemolysis. Long-term follow up is
required to determine changes in TRV over time, response
to interventions and association with mortality.
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