=
)

Journal of the Saudi Heart Association

Volume 32 | Issue 1 Article 7

2020

Right Ventricular Functions in Subphenotypes of Sickle Cell
Disease

Follow this and additional works at: https://www.j-saudi-heart.com/jsha

b Part of the Cardiology Commons
@ OOE

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative
Works 4.0 License.

Recommended Citation

Youssry, Ilham; Shaltout, Mohamed F.; AbdelMassih, Antoine F.; Ghobrial, Carolyne; Nabih, Mohammad;
Doss, Ramy; Fouda, Raghda; and EI-Sisi, Amal (2020) "Right Ventricular Functions in Subphenotypes of
Sickle Cell Disease," Journal of the Saudi Heart Association: Vol. 32 : Iss. 1, Article 7.

Available at: https://doi.org/10.37616/2212-5043.1006

This Original Article is brought to you for free and open access by Journal of the Saudi Heart Association. It has
been accepted for inclusion in Journal of the Saudi Heart Association by an authorized editor of Journal of the
Saudi Heart Association.


https://www.j-saudi-heart.com/jsha
https://www.j-saudi-heart.com/jsha/vol32
https://www.j-saudi-heart.com/jsha/vol32/iss1
https://www.j-saudi-heart.com/jsha/vol32/iss1/7
https://www.j-saudi-heart.com/jsha?utm_source=www.j-saudi-heart.com%2Fjsha%2Fvol32%2Fiss1%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/683?utm_source=www.j-saudi-heart.com%2Fjsha%2Fvol32%2Fiss1%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.37616/2212-5043.1006

o
<
2
Z
>
=
>
=
=
0
=
o

Right ventricular functions in subphenotypes
of sickle cell disease

ITham Youssry °, Mohamed Fawzan Shaltout b Antoine Fakhry AbdelMassih bk
Carolyne Ghobrial ©, Mohammad Nabih ¢, Ramy Doss , Raghda Fouda 4" Amal El-Sisi ?

@ Pediatric Hematology Unit, Faculty of Medicine, Cairo University, Cairo, Egypt

P Pediatric Cardiology Unit, Pediatrics' department, Faculty of Medicine, Cairo University, Cairo, Egypt
¢ Cardiology Department, Faculty of Medicine, Cairo University, Cairo, Egypt

4 Clinical and Chemical Pathology Department, Faculty of Medicine, Cairo University, Cairo, Egypt

¢ Pediatrics' Department, Faculty of Medicine, Cairo University, Cairo, Egypt

f Cardio-oncology Department, Children's cancer hospital Egypt (57357), Cairo, Egypt

Abstract

Objectives: Sickle cardiomyopathy is the most important cause of death in patients with sickle cell disease (SCD). Based
on recent evidence, SCD can be divided into two subphenotypes, namely, the viscosity vaso-occlusion (VVO) sub-
phenotype and the hemolysis endothelial dysfunction (HED) subphenotype. The aim of our series is to study right
ventricular (RV) functions in both subphenotypes.

Methods: Echocardiography including conventional and tissue Doppler imaging as well as speckle tracking echocar-
diography was performed in 50 patients (23 from the VVO subgroup and 27 from the HED subgroup) based on a serum
lactate dehydrogenase (LDH) level below or above 270 U/L, respectively, and in 50 controls. Reticulocyte count and
hemoglobin levels were assessed in different groups of patients.

Results: The HED subgroup showed RV dysfunction. Patients in this subgroup also showed systolic and diastolic
functions similar to those seen in the VVO subgroup and controls. In addition, a tight correlation exists between LDH
and both RV global longitudinal strain (—0.68) and RV E/E’ ratio (0.9), defined as the ratio of early diastolic tricuspid
inflow velocity to tricuspid annular early diastolic velocity.

Conclusions: Results reveal a marked discrepancy in RV functions between HED and VVO subphenotypes of SCD,
with patients in the former subgroup being more prone to RV dysfunction. This warrants early screening of such pa-
tients in daily practice.
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1. Introduction dehydrogenase (LDH) levels, and the hemolysis
endothelial dysfunction (HED) subphenotype, in
which patients suffer mainly from stroke and pul-
monary hypertension with markedly elevated LDH
levels as a result of high rates of intravascular he-
molysis depleting nitrous oxide levels, thus inducing
microvascular dysfunction [2]. To our knowledge,
few have studied the discrepancy in myocardial
dysfunction, especially of the right ventricle (RV),
between the VVO and HED subphenotypes. Besides
being outdated, available studies only weighed the

C ardiopulmonary complications are the
leading cause of mortality in patients with
sickle cell disease (SCD) [1].

In recent years, two distinct phenotypes have been
identified in SCD: the viscosity-vaso-occlusion sub-
phenotype [viscosity vaso-occlusion (VVO)], in which
patients suffer mainly from severe vaso-occlusive
crises with mildly elevated or non-elevated lactate
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discrepancy of pulmonary hypertension and death
risk rather than performing a true assessment of
myocardial dysfunction across different phenotypes
[3,4]. In addition, a wide disagreement exists about
the state of systolic myocardial dysfunction in cases
with SCD. Most series [5—7] claim that left ventricular
strains are normal and comparable to matched con-
trols in cases with SCD while fewer studies contradict
such a finding and confirm the presence of subtle
systolic dysfunction especially during vaso-occlusive
crises [8]. Such contradictions may raise the need to
re-examine systolic function of the myocardium
across divergent phenotypes, in order to identify the
existence of a potential difference that might be
responsible for the varying findings reported in this
regard.

The aim of this study is to review the RV systolic
and diastolic functions in the two subphenotypes of
SCD to be able to confirm or preclude if a certain
subphenotype needs a more close follow-up of its
myocardial functions than the other.

2. Patients and methods
2.1. Study population

This was a cross-sectional study conducted be-
tween June 2017 and July 2018, and included two
groups: Group 1 and Group 2.

2.1.1. Group 1

The group included 50 children of both sexes with
SCD. Children were between 6 and 9 years of age
(mean: 7.28 +1.48 years). A total of 25 patients were
females (50%) and 25 were males (50%), with posi-
tive consanguinity in 30/50 (60%) patients. The fre-
quency of blood transfusion per year ranged
between one and 24 times/yr (mean:
5.57 +4.99 times/yr). Patients with symptoms or
signs suggesting pulmonary or cardiac abnormal-
ities were excluded from the study. The group was
subdivided into two based on subphenotype: Group
1A, including patients with the VVO subphenotype
(n=23); and Group 1B, including patients with the
HED subphenotype. The discrimination was per-
formed based on an LDH cutoff of 270. Patients with
an LDH level <270 U/L were included in the VVO
subphenotype and those with an LDH level >270 U/
L were included in the HED subphenotype [9].

2.1.2. Group 2

Fifty healthy children matched for age, sex, and
body surface area were set as the control group.
Both groups were enrolled in the study after
obtaining consent from the patients or their legal
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Abbreviations

BSA Body surface area

Cm Centimeter

dL Deciliter

E Early diastolic inflow velocity
E' Early diastolic tissue velocity
ECG Electrocardiogram

GE General Electric

Kg Kilogram

LDH Lactate dehydrogenase

m? Square meter

MHz Mega Hertz

mL Milliliter

Mm Millimeter

Msec Millisecond

Ng Nanogram

NO Nitrous oxide

PAP Pulmonary artery Pressure

SD Standard deviation
SCD Sickle cell disease
SPSS Statistical package for social science

TDI Tissue Doppler imaging

TRV Tricuspid regurgitant velocity
2-D Two dimensional

8) Unit

USA United State of America

guardians and obtaining the approval of the ethical
committee of Cairo University, Cairo, Egypt.

2.2. Methods

Patients were subjected to full clinical assessment
and clinical definitions, echocardiography, and lab-
oratory investigations.

2.2.1. Clinical assessment and clinical definitions

All included patients were subjected to (1) full his-
tory taking and (2) clinical examination (complete
general and systemic examination) with special
attention to anthropometric measurements including
body weight (kg), height (cm), and heart rate. Data
were collected on SCD complications in the two
defined subgroups following the methodology rec-
ommended by Van Der Land et al. [10]. Vaso-occlu-
sive pain episodes were expressed as number of
episodes per patient per year (in the past 3 years).
Stroke was defined as a focal neurological deficit at the
time of the study with evidence on neuroimaging of a
cerebral infarct corresponding to the focal deficit
(expressed as number of patients with evidence on
neuroimaging per affected patients) at the time of the
study. Acute chest syndrome was defined as a new
infiltrate on chest radiograph in the presence of pul-
monary symptoms and expressed as number of pa-
tients having more than one episode per year. Leg
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ulcers were defined as painful skin defects on lower
legs and expressed as number of affected patients at
the time of examination.

2.2.2. Echocardiography

Echocardiography was performed according to
the protocol recommended by DiLorenzo et al. [11]
for assessment of RV functions (but with some
modifications for the purpose of this study rather
than for routine assessment). The procedure was
performed using a GE ultrasound system (GE Vivid
7 Dimension; GE Healthcare, Horten, Norway) with
probe frequencies appropriate for patient size ac-
cording to the guidelines for performing echocar-
diogram published by the American Society of
Echocardiography [12]. The motion-mode (M-
mode) was used to calculate tricuspid annular plane
systolic excursion.

2.2.2.1. Continuous wave Doppler. This is one of the
first tools used to estimate the presence of pulmo-
nary hypertension in any group, which involves
measuring the pulmonary artery pressure. In this
study, the tricuspid gradient was estimated from
peak tricuspid regurgitation velocity (TRV), with
TRV >2.5m/s considered significant for pulmonary
hypertension [13].

2.2.2.2. Conventional and tissue Doppler method. RV
diastolic function was assessed using the RV E/E’
ratio, which is defined as the ratio of early diastolic
tricuspid inflow velocity to the early diastolic tricuspid
annular velocity. An E/E’ ratio >15 was considered
suggestive of RV diastolic dysfunction [14].

2.2.2.3. 2D speckle tracking echocardiography. Digital
loop ECG recording was obtained for the RV in

Table 1. Demographic and clinical criteria of the three study groups.
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four-chamber view and analyzed by the EchoPAC
(General Electric, Horten, Norway) offline analysis
software for calculation of global longitudinal strain
of RV using the average of the three segments of RV
free wall.

Echocardiography was performed by two senior
cardiologists who were blinded for the phenotype of
SCD, including laboratory data, and subsequent
kappa analysis for intra- and interobserver vari-
ability was performed.

2.2.2.4.  Laboratory  investigations. Hemoglobin,
platelet, and LDH levels were measured after
collection of samples in dry tubes. Serum LDH
assays were performed with a spectrophotometer
at 340nm. The LDH assay kit was provided by
Cypress Diagnostics (Hulshout, Belgium) [15]
with a reference range between 160 and 320 U/L.
Reticulocyte counts and fetal hemoglobin (per-
centage) were measured in the studied cases
only.

2.3. Statistical analysis

Data were statistically described in terms of
mean + standard deviation. A comparison of nu-
merical variables between the study groups was
performed using a paired #-test (normal distribu-
tion). For comparisons of multiple groups, the
Turkey—Kramer test was applied, with individual p
values listed in Table 1. Correlation between
various variables was done using the Pearson
moment correlation equation. All p values <0.05
were considered statistically significant. All statis-
tical calculations were done wusing SPSS for
Microsoft Windows (version 15; SPSS Inc., Chi-
cago, IL, USA).

Variables Group 1A (n=230) Group 1B (1 =30) Control, Group 2 (n=25) p value®" p value®" p value®
Age (yr) 1243 12+4 1243 NS NS NS

HR (BPM) 86+8 85+5 84 +10.4 NS NS NS

BSA (m?) 1.2+0.02 1.3+0.01 1.2+0.02 NS NS NS
Frequency of blood transfusion (mL/kg/yr) 152 + 15 24022 — - - <0.01

Hb (g/dL) 10£3.1 85+19 - - - <0.01
Platelets (x10°/L) 301 £120 42177 <0.01
Reticulocyte count 4 8

Serum LDH (U/L) 457 51 125+ 10 - - - <0.01

Data are presented as mean + standard deviation or %.

BPM = beats per minute; BSA = body surface area; HR = heart rate; LDH = lactate dehydrogenase; SD = standard deviation; NS = non-

significant.
? Between Groups 1A and 2.
® Between Groups 1B and 2.
¢ Between Groups 1A and 1B.
" A p value <0.05 was considered statistically significant.
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3. Results

Clinical characteristics of the studied population
(Groups 1A and 1B) were matched for age, heart
rate, and body surface area, and compared with
controls (Group 2; Table 1). Group 1B showed
higher hemolysis indices as confirmed by the
greater need for blood transfusion, higher LDH, and
lower hemoglobin.

Table 2 summarizes the discrepancy of clinical
manifestations between the two subphenotypes of
SCD. Data show that vaso-occlusion is higher in the
VVO subgroup, whereas more leg ulcers and higher
evidence of cerebral infarcts were noted in the HED
subgroup.

As can be seen in Table 3, parameters suggest-
ing RV dysfunction are obvious in Group 1B.
However, the RV functions showed no statistically
significant difference between Group 1A and
controls (Group 2).

Figs. 1 and 2 present two regression curves
demonstrating tight correlation between RV global
longitudinal strain and RV E/E’ ratio on the one
hand and LDH on the other.

The intraobserver variability was low for each
cardiologist; for Cardiologist 1 kappa coefficient was
0.91, whereas for Cardiologist 2 it was 0.89. The
interobserver variability was also very trivial with a
kappa coefficient of 0.87.

Table 2. Clinical manifestations among the subgroups of the disease.
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4. Discussion

Sickle cell is more than just a hemolytic anemia.
Some patients with sickle cell anemia do not present
with hemolysis or anemia. Instead, these patients
may initially encounter severe pain from vaso-oc-
clusion or right-sided heart failure as a result of
myocardial involvement [10].

The wide spectrum of manifestations seen in SCD
and the weight exerted by SCD cardiomyopathy on
mortality and morbidity make it mandatory to
detect SCD cardiomyopathy early and to elucidate
the risk factors and at-risk groups to stratify the
patients according to the presence or absence of
such risks.

As mentioned earlier, SCD can be subdivided into
two main subphenotypes: VVO and HED. These
two phenotypes differ in their severity of manifes-
tations, but few series have underlined the
discrepancy in cardiac dysfunction across these
subphenotypes [9].

In this series, we compared hematologic clinical
data and laboratory data as well as RV myocardial
functions between the two subphenotypes. The
major study findings were the lower rate of hemo-
globin, the higher need for blood transfusion, and
the higher LDH levels (initial discriminating factor)
in the HED phenotype, which were all expected in
this subgroup [2].
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Variables Group 1A (n=30) Group 1B (n=30) p value™”
Vaso-occlusive events (number of events per patient/yr) 24 1.1 0.04
Cerebral infarcts (affected patients/patients with available imaging) 0/0 1/2 0.04
Acute chest syndrome (number of patients with >1 episode) 6 2 <0.01
Leg ulcers (affected patients) 2 7 <0.01

? Between Groups 1A and 1B.

* A p value <0.05 was considered statistically significant.
Table 3. Echocardiographic parameters of systolic and diastolic function of RV in the three study groups.
Variables Group 1A (n=30) Group 1B (n=230) Controls Group 2 (n=25) P value™” P value™” 4 value®”
TAPSE (mm) 22+2 21+3 202 NS NS NS
TR velocity (m/s) 1.4 £0.42 1.5+0.41 1.4+0.32 NS NS NS
RV E/E' ratio 6.5+14 14+2 62+1.1 NS <0.01 <0.01
RV GLS (%) —22+2 —15+12 —21+3 NS <0.01 <0.01

Data are presented as mean + standard deviation.
GLS = global longitudinal strain; RV = right ventricle; RV E/E’ = ratio of early diastolic tricuspid inflow velocity to the early diastolic
tricuspid annular velocity; TAPSE = tricuspid annular plane systolic excursion; TR = tricuspid regurgitant velocity; SD = standard de-
viation; NS = Non significant.

? Between Groups 1A and 2.

® Between Groups 1B and 2.

¢ Between Groups 1A and 1B.

" A p value <0.05 was considered statistically significant.
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Fig. 1. Correlation of LDH with RV E/E’ ratio. LDH = lactate dehy-
drogenase serum level; R* = correlation coefficient of regression anal-
ysis; RV =right ventricle; RV E/E' = ratio of early diastolic tricuspid
inflow velocity to early diastolic tricuspid annular velocity.
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Fig. 2. Correlation of LDH with RV GLS. LDH = lactate dehydrogenase
serum level; R®=correlation coefficient of regression analysis;
RV =right ventricle; RV GLS =right ventricular global longitudinal
strain.

Besides, the other findings that confirm the role of
LDH as a discriminating factor between these two
clinical subphenotypes are the higher rate of vaso-
occlusion and its surrogate manifestations such as
the acute chest syndrome in the VVO subgroup and
the presence of ischemic manifestations such as
cerebral infarcts and skin ulcers in the HED sub-
group. This result agrees with those reviewed by
Habara et al. [2] regarding the frequency of mani-
festations in each group.

A relatively striking finding in this study is the
lack of a statistically significant elevation in pul-
monary artery pressure in both groups of patients
compared with controls. This finding, however,
disagrees with the review by Habara et al. [2], who
noted that the HED group is susceptible to pul-
monary hypertension. Based on recent evidence as
well as reports of over-diagnosis of pulmonary
hypertension in patients with SCD, Mushemi-Blake
et al. reported that pulmonary hypertension in SCD
is rather a state of overflow due to hyperdynamic
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circulation and that pulmonary hypertension is
unrelated to RV dysfunction in this patient group
[17,17].

Several studies, such as those by Barbosa et al. and
Ahmad et al. [6,7], have concluded that ventricular
strains are not reduced but might be increased in cases
with SCD. A recent study by AbdelMassih et al. [18]
showed that left ventricular strains are reduced in
patients with SCD mainly in the subendocardium
with overall preserved left ventricular global longitu-
dinal strain. AbdelMassih et al. [18] compared the
pattern of left ventricular dysfunction in thalassemia
with SCD and proved that the patients with SCD
experience early subendocardial involvement. The
latter finding raises the suspicion of possible lack of
vascular relaxibility in SCD as an underlying patho-
genesis for the observed dysfunction. However, none
of the studies has compared the ventricular strains in
different phenotypes. Our study shows a normal
strain in the VVO group; by contrast, the HED group
has a markedly reduced RV strain compared with
controls. This contradicts the fixed cliché about non-
reduced strains in patients with SCD and underlines
the neglected discrepancy between different pheno-
types. This might also explain the observed ventricu-
lar dysfunction in the study by AbdelMassih et al. [18],
whereby the HED phenotypes develop vascular stiff-
ness due to intravascular hemolysis that can impair
the subendocardial function of both ventricles.
Moreover, RV dysfunction was marked in the HED
group and no data are available that can be compared
with our series. The observed difference between the
two phenotypes and the tight correlation between
measures of RV function and LDH might be explained
by the fact that microvascular dysfunction character-
istic of the HED group may induce subendocardial
ischemia, with the latter inducing impaired functions
in patients with SCD. This is in agreement with Sen-
gupta et al. [8] who reported reduced subendocardial
strain in patients with SCD.

5. Conclusion

SCD subphenotypes do not show uniform mani-
festations across different subphenotypes. The HED
subphenotype clearly displays more ventricular
dysfunction compared with the VVO group. Thus,
LDH can be used as a stratifying factor to screen
patients for RV dysfunction.

5.1. Limitations and future projects
Larger sample sizes are needed to generalize the

results of this study. Because of financial reasons, a
correlation analysis between genetic variabilities in
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SCD and the observed RV dysfunction, and explo-
ration of the relationship between SCD sub-
phenotypes and SCD-causing mutations could not
be performed.

In addition, the latter findings should serve as a
basis for further research to underline the patho-
genesis of ventricular dysfunction in the HED
group. We aim in our next study to compare LV
functions across the two subphenotypes.

Acknowledgments'

We thank the patients and their families for their
utmost cooperation. I want to thank as a corre-
sponding author and on behalf of all other authors
Drs Hend El Hossainy and Habiba Ismail for their
efforts in proofreading the manuscript for gram-
matical errors and errors of punctuation. We also
want to thank our families, their relentless efforts to
tolerate our tight schedule, and their non-ending
sacrifice to let us stay beside our patients, which is
the key to every perfection we have achieved in
clinical and research practice. A final thank you
note shall be addressed to our students, interns,
house officers, and residents. The passion and spark
we see daily in their eyes is the driving force that
makes us believe that our efforts toward them and
toward our patients will definitely be rewarded one
day.

Contflicts of interests

None declared.

References

[1] Mehari A, Gladwin MT, Tian X, Machado RF, Kato G]J.
Mortality in adults with sickle cell disease and pulmonary
hypertension. JAMA 2012;307:1254—6.

[2] Habara A, Steinberg MH. Minireview: genetic basis of het-
erogeneity and severity in sickle cell disease. Exp Biol Med
(Maywood) 2016;241:689—96.

[3] Bunn HF, Nathan DG, Dover GJ, Hebbel RP, Platt OS,
Rosse WEF, et al. Pulmonary hypertension and nitric oxide
depletion in sickle cell disease. Blood 2010;116:687—92.

[4] Nouraie M, Lee JS, Zhang Y, Kanias T, Zhao X, Xiong Z, et al.
The relationship between the severity of hemolysis, clinical
manifestations and risk of death in 415 patients with sickle
cell anemia in the US and Europe. Haematologica 2013;98:
464-72.

[5] Desai AA, Patel AR, Ahmad H, Groth JV, Thiruvoipati T,
Turner K, et al. Mechanistic insights and characterization of

1. YOUSSRY ET AL 39

sickle cell disease-associated cardiomyopathy. Circ Car-
diovasc Imaging 2014;7:430—7.

[6] Blanc ], Stos B, De Montalembert M, Bonnet D,

Boudjemline Y. Right ventricular systolic strain is altered in

children with sickle cell disease. ] Am Soc Echocardiogr 2012;

25:511—7.

Barbosa MM, Vasconcelos MC, Ferrari TC, Fernandes BM,

Passaglia LG, Silva CM, et al. Assessment of ventricular

function in adults with sickle cell disease: role of two-

dimensional speckle-tracking strain. ] Am Soc Echocardiogr
2014;27:1216—22.

Sengupta SP, Jaju R, Nugurwar A, Caracciolo G,

Sengupta PP. Left ventricular myocardial performance

assessed by 2-dimensional speckle tracking echocardiogra-

phy in patients with sickle cell crisis. Indian Heart J 2012;64:

553—8.

Kato GJ, McGowan V, Machado RF, Little JA, Taylor 6th J,

Morris CR, et al. Lactate dehydrogenase as a biomarker of

hemolysis-associated nitric oxide resistance, priapism, leg

ulceration, pulmonary hypertension, and death in patients
with sickle cell disease. Blood 2006;107:2279—85.

[10] Van Der Land V, Peters M, Biemond BJ, Heijboer H,
Harteveld CL, Fijnvandraat K. Markers of endothelial
dysfunction differ between subphenotypes in children with
sickle cell disease. Thromb Res 2013;132:712—7.

[11] DiLorenzo MP, Bhatt SM, Mercer-Rosa L. How best to assess
right ventricular function by echocardiography. Cardiol
Young 2015;25:1473—81.

[12] Cheitlin MD, Armstrong WF, Aurigemma GP, Beller GA,
Bierman FZ, Davis JL, et al. ACC/AHA/ASE 2003
Guideline update for the clinical application of echocar-
diography: summary article. A report of the American
College of Cardiology/American Heart Association Task
Force on Practice Guidelines (ACC/AHA/ASE Committee
to Update the 1997 Guidelines for the Clinical Application
of Echocardiography). ] Am Soc Echocardiogr 2003;16:
1091—110.

[13] Dahiya A, Vollbon W, Jellis C, Prior D, Wahi S, Marwick T.
Echocardiographic assessment of raised pulmonary vascular
resistance: application to diagnosis and follow-up of pul-
monary hypertension. Heart 2010;96:2005—9.

[14] Caballero L, Kou S, Dulgheru R, Gonjilashvili N,
Athanassopoulos GD, Barone D, et al. Echocardiographic
reference ranges for normal cardiac Doppler data: results
from the NORRE study. Eur Heart ] Cardiovasc Imaging
2015;16:1031—41.

[15] Itaka K, Osada K, Morii K, Kim P, Yun SH, Kataoka K. Pol-
yplex nanomicelle promotes hydrodynamic gene introduc-
tion to skeletal muscle. ] Control Release 2010;143:112—9.

[16] Priftis KN, Anthracopoulos MB, Tsakanika C, Tapaki G,
Ladis V, Bush A, et al. Quantification of siderophages in
bronchoalveolar fluid in transfusional and primary pulmo-
nary hemosiderosis. Pediatr Pulmonol 2006;41:972—7.

[17] Mushemi-Blake S, Melikian N, Drasar E, Bhan A, Lunt A,
Desai SR, et al. Pulmonary haemodynamics in sickle cell
disease are driven predominantly by a high-output state
rather than elevated pulmonary vascular resistance: a pro-
spective 3-dimensional echocardiography/Doppler study.
PLoS ONE 2015;10:e0135472.

[18] AbdelMassih AF, Salama KM, Ghobrial C, Haroun B,
Rahman MA. Discrepancy in patterns of myocardial involve-
ment in beta-thalassaemia vs. sickle cell anaemia. Acta Cardiol
2019. https://doi.org/10.1080/00015385.2019.1610836.

[7

—_—

[8

—_

[9

—

! Quote by Antoine Fakhry abdelMassih (the 3rd author): Each formerly discovered illness seemed at a time a single entity. There is an
increasing body of evidence that points to the fact that each disease has multiple variable copies. Every person might end up with a
different version of the same disease. The increasing understanding of such hypothesis is part of an enlarging branch in medicine, which
is “personalized medicine.” We no longer should treat a disease but we should rather treat “the patient with that disease.” We seem to
have been born not only with a predefined copy of our characters and shape but also our fate.

=
=
=
=
~
<
=
<
&
g
~
o



http://refhub.elsevier.com/S1016-7315(19)30146-0/h0005
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0005
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0005
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0005
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0010
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0010
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0010
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0010
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0015
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0015
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0015
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0015
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0020
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0020
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0020
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0020
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0020
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0020
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0025
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0025
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0025
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0025
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0025
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0030
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0030
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0030
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0030
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0030
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0035
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0035
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0035
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0035
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0035
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0035
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0040
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0040
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0040
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0040
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0040
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0040
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0045
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0045
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0045
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0045
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0045
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0045
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0050
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0050
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0050
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0050
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0050
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0055
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0055
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0055
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0055
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0060
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0060
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0060
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0060
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0060
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0060
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0060
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0060
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0060
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0060
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0065
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0065
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0065
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0065
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0065
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0070
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0070
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0070
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0070
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0070
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0070
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0075
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0075
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0075
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0075
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0085
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0085
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0085
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0085
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0085
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0090
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0090
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0090
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0090
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0090
http://refhub.elsevier.com/S1016-7315(19)30146-0/h0090
https://doi.org/10.1080/00015385.2019.1610836

	Right Ventricular Functions in Subphenotypes of Sickle Cell Disease
	Recommended Citation

	Right ventricular functions in subphenotypes of sickle cell disease
	1. Introduction
	2. Patients and methods
	2.1. Study population
	2.1.1. Group 1
	2.1.2. Group 2

	2.2. Methods
	2.2.1. Clinical assessment and clinical definitions
	2.2.2. Echocardiography
	2.2.2.1. Continuous wave Doppler
	2.2.2.2. Conventional and tissue Doppler method
	2.2.2.3. 2D speckle tracking echocardiography
	2.2.2.4. Laboratory investigations


	2.3. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	5.1. Limitations and future projects

	flink7
	References


