Study of Cardiac Functions in
Children with Congenital
Adrenal Hyperplasia

Ohesis
For Partial Fulfillment of Master Degree in
Pediatrics

By

Sylvia Safwat Nasseif
M.B. B.Ch. (2012)
Faculty of Medicine- Ain Shams University

(Under Supervision of

Dr. Nermine Hussein Amr
Professor of Pediatrics
Faculty of Medicine, Ain Shams University

Dr. Omneya Ibrahim Youssef
Professor of Pediatrics
Faculty of Medicine, Ain Shams University

Dr. Nadin Nabil Toaima

Associate Professor of Pediatrics
Faculty of Medicine, Ain Shams University

Faculty of Medicine
Ain Shams University

2019



Oirst of all, all gratitude is due to Allah a[iﬁightsz‘ J‘or-;ﬁférs'sing this
work, until it has reached its end, as a part of his generous he[p,
throughout my [ife.

I would [ike to express my c[eepest thanks, gratitude, and respect
for Prof. Pr. Nermine Hussein Amr Professor of Pediatrics, Faculty
of Medicine, Ain Shams ((Iniversity, for her continuous help and
support. ¢ was very fortunate to work under her supervision; she
introduced me to a completely new field, and was extremely patient as |
took my first stumbling steps in this thesis. Her close supervision made

everything that much easier and that much possiﬁ[e.

My sincere thanks go to Prof. Pr. Omneya Jorahim Youssef,
Professor of Pediatrics, Fraculty of Medicine Ain Shams (University,
for her continuous advice and supervision. ‘I'm very grateful for her
continuous encouragement and guidance.

‘I would also [ike to voice my gratitude for Pr. Nadin Nabil
@oaima, Associate Professor of Pediatrics, Faculty of Medicine, Ain
Shams (Iniversity for her working so closely with me to make sure that
evergthing goes as smooth[y as possible. Fler continuous help,
encouragement, and attention to detail were a corner stone for this work
to come to [ight. Special thanks for Pr. Rana Abd EI-Fakim Tecturer
of Pediatrics Ain Shams (University for her contribution and help in the
work,

My sincere thanks go to Pr. PJareq Mostafa Kamal Professor of

Consultant of uman genetics, Ain Shams (University, J"or fiis continuous
advice and supervision on genetic stuc[y. Im very gratefu[ for his

continuous encouragement and guidance.

Jast but not least, ‘I dedicate this work to my family, especially
my Orather and my (Mother, whom without their sincere emotional
support, pushing me forward this work would not have ever been

completed.



& (Contents s

Contents
Subjects Page
List of ADDIeVIatioNS............c..c I
LiSt Of TaDIES ... vV
LISt OF FIQUIES ... Vi
INEFOTUCTION ... 1
AIM OF the WOIK ... 4
ReVIeW OF IErature. ... 5
Patients and MethOUS ... 65
RESUILS ... 85
DISCUSSTON ... 109
Summary and ConcluSION ... 124
RecomMmMENdatioNnS ... 127
RETEIENCES... e 128
APPENAIX ..o 187

Arabic Summary




& ist of Aberrations e

ACTH
AIS
BCIP
BMI
BMIya
CAH
CIMT
CO
CPP
CRH
CV
CVvD
DHEA
DOC
DSD
ECG
EDV
EF
ESV
ET
FMD

List of Abbreviations

Adrenocorticotropic hormone
Androgen insensitivity syndrome
Bromo-4-chloro-3-indolyl phosphate
Body mass index
BMI-for-height-age

Congenital Adrenal Hyperplasia
Carotid intima media thickness
Assessment of cardiac output
Central Precociuos Puberty
Corticotropin releasing hormone
Cardiovascular

Cardiovascular disease
Dehydroepiandrosterone
Deoxycorticosterone

Disorder of sex development
Electrocardiogram

End-diastolic volume

Ejection fraction

End systolic volume

Divided by ejection time

Flow-mediated dilatation




& ist of Aberrations e

FS
GnRH
HC
HFPEF
HPA
HRQoL
ICT
IMT
IR
IRT
IVST
kb
LHRHa

LV
LVDD
LVEDd
LVM
LVMI
MPI
NBT
OH
PAI

Fractional shortening
Gonadotropin-releasing hormone
Hydrocortisone

Heart failure with preserved ejection fraction
Hypothalamic pituitary adrenal
Health related quality of life
Isovolumic contraction time
Intima-media thickness

Insulin Resistance

Isovolumic relaxation time
Interventricular septum thickness
Kilobase pairs

Luteinizing Hormone Releasing Hormone
analog

Left ventricular

Ventricular diastolic dysfunction
Ventricular end diastolic diameter
Left ventricular mass

Left ventricular mass index
Myocardial performance index
Nitro blue tetrazolium
Hydroxylase

Primary adrenal insufficiency




& ist of Aberrations e

PH
PMDS
PPP
PRA
PW
QoL
RV
SV
SW
TAPSE
TARTS
TDI
Tei
TTE
17-
OHP
210H
21-
OHD
2D
3p-HSD

Pulmonary hypertension

Persistent mullerian duct syndrome
Pseudo Precocious Puberty

Plasma renin activity

Pulsed-wave

Quiality of life

Right ventricular

Simple virilizing

Salt-wasting

Tricuspid annular plane systolic excursion
Testicular adrenal rest tumors
Tissue Doppler Imaging
Myocardial performance index
Transthoracic echocardiography

17-hydroxyprogesterone

21-hydroxylase
21-hydroxylase-deficiency

Two-dimensional

3B-hydroxysteroid dehydrogenase




£ ist of Pables &

List of Tables

Table Title Page
. Summary of the Clinical, Hormonal, and 13
Genetic Features of Steroidogenic Defects.
5 Symptoms specific to common types of 16
CAH.

3 Normal references of Tei index (Tissue .
Doppler) according to age.

4 Background data of patients. 86

5 Clinical data of patients. 87

6 Prader score of female patients at a9
diagnosis.

7 Tanner staging of patients. 88

q Initial laboratory data at diagnosis of a9
patients.

9 Systolic function of the studied patients by %0
M mode.

10 Tissue Doppler parameters of patients in 9
the study.
Myocardial performance index of the

11 _ 92
patients

19 Geno.typmg of patients (n=20): Full 04
description.
Anthropometric data of patients compared

13 | to controls. 95




£ ist of Pables &

Table Title Page

14 Comparison between the blood pressure & o7
heart rate data of patients with controls.
Comparison between initial (at diagnosis)

15 |and follow up (at time of evaluation)| 99
laboratory data.

16 Comparison between systolic function by 100
M mode of both patients & controls.

Tissue Doppler systolic and diastolic

17 . _ 102
functions in patients & controls
Myocardial performance index in patients

18 104
& controls.

19 Correlations between daily hydrocortisone 106
dose and ECHO data of patients.

20 Correlations between free testosterone 107
after treatment and ECHO data of patients.
Correlations between cumulative dose of

21 108

hydrocortisone and echo data of patients.




& ist of Frigures.es

List of Figures

Figure Title Page
Pathways of steroid biosynthesis. 6
Gene map of two homologs. 10
Negative feedback regulation of | 15

3 hypothalamic neurosecretory cells and
anterior pituitary corticotrophs.

4 Simplified flowchart for initial evaluation | 24
of ambiguous genitalia.

Normal and abnormal differentiation of the | 25
> external genitalia.
Normal and abnormal differentiation of the | 26

° urogenital sinus and external genitalia.

Severe virilization in a female patient with | 26

2 a the 46,XX Kkaryotype with congenital
adrenal hyperplasia secondary to 21-
hydroxylase deficiency.

A female patient with the 46,XX karyotype | 26

- with mild virilization due to congenital
virilizing adrenal hyperplasia secondary to
21-hydroxylase deficiency.

Algorithm for antenatal diagnosis and | 27
treatment  previously used for 21-

8 . : :
hydroxylase deficiency will be applied to
11-hydroxylase deficiency.

9 CYP21 gene structure. 31

Vi




& ist of Frigures.es

Figure Title Page
Mutations causing steroid 21-hydroxylase | 32
10 | deficiency. A: Diagram of a CYP21P gene.
Exons are numbered.
Flowchart for decisions pertaining to| 39
11 | prenatal diagnosis of 21-hydroxylase
deficiency.
12 | Complications in patients with CAH. 41
M-mode: Left ventricle. A schematic shows | 56
13 | the four principal M-mode views of the
heart.
A&B: Tissue Doppler imaging tracing| 62
obtained at the septal annulus showing S’
14 | (systolic) wave, E’ (early diastolic) wave,
and A’ (late diastolic related to atrial
contraction) wave.
15 | Myocardial performance index. 64
16 Schematic drawings of male and female | 70
tanner stages of puberty.
Illustration showing the sites where the | 79
17 | measurements of the diastolic diameter of
the right ventricle/RVDd.
18 | The Mitral Inflow Velocity Profile. 80
19 | Tissue Doppler imaging, CIMT. 83
20 Comparison between BMI SDS of patients| 96

versus controls.

Vil




& ist of Frigures.es

Figure Title Page
21 Comparison  between diastolic  blood| 98
pressure SD between patients and controls.
2 Comparison between M mode parameters| 101
between patients and controls.

23 Comparison  between  tissue  doppler| 103
parameters in patients and controls.

2 Comparison of myocardial performance| 105

index betwe208en patients and controls.

Vil




& Introduction

Introduction

Congenital adrenal hyperplasia (CAH) encompasses a
group of inherited autosomal recessive diseases affecting

adrenal steroid synthesis (White and Speiser, 2000).

The impaired cortisol secretion causes ACTH levels to
rise and stimulate adrenocortical hormone secretion,
resulting in adrenal hyperplasia, and increased production
of androgens and steroid precursors before the enzymatic
defect (Forest et al., 2005).

The most frequent CAH variant, accounting for 95%
of all affected patients, is 21- hydroxylase deficiency and
caused by inactivating mutations in the 21- hydroxylase
gene (P450c21) which is designated (CYP21) (White and
Speiser, 2000). Deficiency in P450c21 activity prevents the
conversion  of  17-hydroxyprogesterone to  11-
deoxycorticosterone (Hsien-Hsiung Lee et al., 1996). Most
patients are compound heterozygotes having different
mutations of the CYP21 gene on each allele (Hsien-Hsiung
Lee et al., 1996).

Two distinct phenotypes are recognized in CAH due
to 21-OHD: Classical CAH, the most severe form

comprises both salt- wasting (SW) and simple virilizing
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(SV) forms, with a worldwide incidence of 1:15000 live
births, and the Non-classical (NC) form which may be
asymptomatic or associated with signs of postnatal or even

adult onset androgen excess (Forest et al., 2005).

Treatment of CAH consists of glucocorticoids (GCs)
and, when necessary, mineralocorticoids to prevent adrenal
crisis and to suppress the abnormal secretion of androgens
and steroid precursors from the adrenal cortex (Oglivie et
al., 2006). Lifelong glucocorticoid replacement therapy is
often required in CAH patients to reduce adrenal androgen

excess (King et al., 2006).

The therapeutic spectrum of glucocorticoids is narrow
and supra-physiological doses, are often needed to control
the hyperandrogenism (Arlt et al., 2010). It has been
suggested that patients with CAH develop unfavourable
cardiovascular risk profile either because of the
hyperandrogenism in untreated or undertreated patients or
because of the supraphysiological doses of GCs used
(Mooij et al., 2010).

Steroids contribute to elevated cardiovascular diseases
partly by changing the levels of lipoproteins that carry
cholesterol in blood by increasing levels of LDL and

decreasing levels of HDL which may lead to heart attack or
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stroke (Mooij et al., 2010), also can cause alteration in
cardiac structure such as enlargement and thickening of the
left wventricle which impairs normal contraction and
relaxation of it (cardiomyopathy) all these may lead to
hypertension, cardiac arrhythmias, congestive heart failure,
heart attack and sudden cardiac arrest (Depiccoli et al.,
1999).
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Aim of the Work

This study aims to evaluate echo-cardiographic
functions in children with congenital adrenal hyperplasia

receiving corticosteroid therapy for more than six years.




