
































CHAPTER 1: INTRODUCTION

1.1: Basic Anatomy and physiology:

Adrenal gland is an endocrine organ that plays an important role in producing
adrenocortical hormones. It is located at superior pole of both kidneys and composed of
an outer cortex and inner medulla surrounded by outer capsule (Fig 1.1). The cortex has
three histologically distinct zones namely zona glomerulosa, zona fasciculata and zona
reticularis. Adrenal steroids are synthesized in the cortex from cholesterol in series of
enzymatic steps. Three main hormones are produced in the three different zones in the

adrenal cortex serving different types of function and give different types of effect. (1)

Figure 1.1: Location of adrenal glands; adapted from Up to Date



Figure 1.2: Layers of adrenal glands; adapted from Up to Date

Minerolocorticoid (aldosterone) is synthesized in zona glomerulosa. Its main role
is to retain sodium and excrete potassium at kidney level in response to hypovolemia, or

hypotension to help to increase systemic blood pressure.

Glucocorticoids (Cortisol) is synthesized in zona fasciculata. It is released in
response to stress, hypoglycaemia (low blood sugar), hypotension and in any emergency
situation. It helps to improve/increase blood glucose level through gluconeogenesis,
catabolic metabolism, and has function in fat and protein metabolism. It has anti-
inflammatory action and some effect on salt retention.

Androgen namely testosterone is synthesized in zona reticularis. Testosterone is

important for sex hormones production; and through aromatisation produces oestrogen.

(Fig 1.2)
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Throughout the fetal period, its adrenal cortex comprised of two distinct zones:
the outer definitive zone and large inner fetal zone (Fig.1.4). The transitional zone
comprises the outer edge of fetal zone and forms a functionally distinct compartment in
between. Fetal adrenal cortical growth involves several cellular processes: hypertrophy,
hyperplasia, apoptosis, and migration. Subsequently by late gestation, the fetal adrenal
cortex resembles a rudimentary form of the adult adrenal cortex. Soon after birth, the
primate adrenal cortex dramatically remodels during the first 6 weeks of postnatal life
(apoptosis) resulting to atrophy of fetal zone and development of the zone glomerulosa

and fasciculata. A final layer, the zona reticularis forms after birth at about 3 years age.(2,

3)
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Figurel.4: Fetal adrenal development anatomy; adapted from Barwick, 2005












1.3.3 Regulation of Adrenal Androgens.

Adrenal androgens namely DHEA, DHEAS and androstenedione are secreted by
the zona reticularis at adrenal cortex. These andrenal androgens will be converted at
peripheral to testosterone. Large amounts of DHEA and DHEAS are secreted from fetal
adrenal. However, as the fetal zone involutes after birth the concentration fall rapidly until
the onset of adrenarche, usually around age 7-8 years. ACTH plays role in stimulating
production of adrenal androgens. Other factor implicated in stimulation of androgens

include decrease in expression of 3p-hydroxysteroid dehydrogenase in zona glomerularis.

(1)
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Fig 1.6: Hypothalamus- Pituitary- Adrenal Axis













2.2  Spectrum of Congenital Adrenal Hyperplasia
Congenital adrenal hyperplasia is a rare disorders with spectrum of phenotype
depending on the enzyme deficiency involves. It includes either 21- Hydroxylase

deficiency (21-OH), 3p- Hydroxysteroid dehydrogenase (3p-OH), 11p- Hydroxylase

(11B-OH), 17a- hydroxylase deficiency or rarely lipoid hyperplasia (Fig.2-1).
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Fig 2.1 —Step involves in Adrenal Steroidogenesis
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Figure 5.1: FLOW CHART OUTCOME STUDY
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5.1.2 Prevalence of CAH by enzyme diagnosis

Due to minimal funds availability, most children with CAH seen in UMMC did
not have genetic testing done. Diagnosis was made mostly from clinical presentation and
hormonal investigation. Majority of them n= 35 (92 %) were suspected to have 21-

hydroxylase deficiency. Two siblings (5.3%) presented with salt wasting and ambiguous

genitalia (undervirilized male) and had low serum 17-OHP and serum testosterone. They
were suspected to have 3-p Hydroxylase deficiency. Fortunately for these two. we were
able to send for genetic enzyme testing and was confirmed to have 3-p Hydroxylase
deficiency. One patient presented with virilization and persistent hypertension. This
patient was suspected to have 11-$ Hydroxylase Deficiency. However, no genetic

enzymatic testing was sent due to financial restrictions (Figure 5.3).

Prevalence of CAH : Clinical Suspicion of Enzyme
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Figure 5.3: Prevalence of CAH by enzymes deficiency
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Majority 60.5% were female (n=23) and 39.5% were male (n=15), 78.9% of them

presented within the first 6 months of life (female; n=17 and male; n=13). Two of them

presented later at 6.5 years old and 4.1 years old (Figure 5.5).
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Figure 5.5: Distribution of age at presentation among CAH phenotypes
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5.2.2 CAH by Gender Distribution

Female children comprise majority 60.5% (n=23) of total CAH patient compared
to male (n=15, 39.5%). Among the female children, 47.8% were diagnosed as salt wasting
(n=11), 34.8% with simple virilizing (n=8) and 17.4% most probably had transient CAH
(n=4). See Figure 5.6.

Among the males; 12 from 15 of them were diagnosed with salt wasting (80%)

compares to 13.3% who had simple virilizing (n=2) and 6.7% had transient CAH (n=1).

Figure 5.7.
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Figure 5.7: Types of CAH by gender
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5.2.3 Ethnicity

= Malay ® Chinese ® Indian = Other

Fig 5.8; Distribution of Ethnicity

Majority 39.5% of the patients were among Malay and Chinese for each (n=15),

Indian race was 18.4% (n=7) and other’s race was only 1 (Figure 5.8).
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Figure 5.9: CAH Diagnosis by Ethnicity

Salt wasting CAH is the most common type of CAH observed in all ethnicity.
alt W

Total of 12 patients were Malay followed by 8 Chinese patients and 1 Indian patient in
otal o pat1 >

: .. of the Malays presented as salt wasting CAH whereas the
salt wasting CAH. Majority ©

Chinese were predominant in simple virilizing CAH (Figure 5.9).
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5.2.4 Family History

There were 3 cases product of consanguineous marriage. Eight (21.05%) cases

had family history of congenital adrenal hyperplasia in which 3 pairs were siblings. All

patients had karyotyping for gender assessment (Figure 5.10).

Family History of Congenital Adrenal Hyperplasia

Wyes
B nNo

Figure 5.10: Family History of CAH
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3.2.5 Current Follow Up Status

Currently total of 21 patients (55.3%) are still under our paediatric endocrinology
outpatient follow up. The remaining 17 patients were either transferred 1o adult care
(n=13, 76.4%), transferred to another hospital (=2, 11.8%), 1 of them defaulted and |

has been discharged- 5.8%. No mortality was reported among our cohort of patients

(Figure 5.11).

Current Follow Up Status in Paediatric Endocrinology PPUM

Wvyes
Bno

Figure 5.11: Current Follow Up Status in UMMC
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5.3.2 Biochemical Parameters at Presentation

At presentation, majority of our patient had raised Se 17- hydroxyprogesterone
level of more than 60.6 nmol/L with median 201.95 nmol/L (n=22, IQR 578) and Se
testosterone 7.9 nmol/L with IQR 24.38 (n=22). 60% developed hyponatremia with
median of serum sodium of 126.5 mmoVl/L (n=18, IQRI8) and hyperkalemia among 24

(82.4%) of them with median potassium at presentation was 6. 1lmmol/L (IQR 1.7). Table

5.12 and 5.13.

Se 17-0OHP at Presentation
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Fig 5.12: Serum 17-OHP at presentation
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Fig 5.13: Electrolytes abnormality at presentation
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S.3.4 Surgical intervention

Total of 19 from 38 patients (50%) had undergone genitalia corrective surgery
with mean age of surgery was at 2.7 + 2.3 years. Types of corrective surgery done includes
Clitoroplasty (n=13), Feminizing Genitoplasty (n=3) and Orchidopexy followed by

hypospadias surgery (n=2). Figure 5.14

Genitalia Corrective Surgery

= Clitoroplasty = Feminizing genitoplasty & Orchidopexy &Hypospadias

Figure 5.14: Genitalia corrective surgery
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For the male children (n=8), their mean height was 84.16 +6.5 cm compared to
female at 82.75 +2.8 cm (n=9). Their mean height SDS was at -0.55 £1.7 ¢m for male
and -0.73 + 0.8 em for female which was within normal compares to standard population
and mid parental height SDS was at -0.06 £1.5 cm and -0.60 £ 0.7 cm for each male and

female. Figure 5.15 and 5.16

Mean Height SDS at 2 years

1
ik,

W Male

aind
4]

B Female

Mean Height 5DS
r

1
b
wun

i
(9% ]

Gender

Figure 5.15: Mean Height SDS at 2 years
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Figure 5.16: Mean MPH SDS at 2 years
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In regards of weight, the male weights were 11.21 £1.9 kg with weight SDS of -
0.61 +1.8 compared to female 10.71 & 1.0kg (Figure 5.17). The mean BMI for both

gender was within normal BMI SDS with BMI SDS for male was -0.71 +1.3 and -0.88 +

1.1 among female (Figure 5.18).
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Figure 5.17: Mean Weight SDS at 2 years
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Figure 5.18: Mean BMI SDS at 2 years
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Comparing between those who were treated with cortisone and hydrocortisone,

the mean height SDS was -0.32 cm + 1.5 and -0.83 cm + 1.3 for each group. Total of six

patients received cortisone acetate and another 11 patients were on hydrocortisone. No

significant differences between mean height SDS among those with cortisone and

hydrocortisone with p-value of 0.466. Figure 5.19

Mean Height SDS at 2 years between Cortisone and
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Figure 5.19: Mean Height SDS at 2 years between cortisone and HCT
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There is an increment of mean height observed from 2 years to 5 years old. At 5,

the males were 112.11 + 6.6 cm and the females were 111.83 £ 5.8 cm. The mean height
SDS has improved at this point, with mean height SDS of 0.87 + 1.1 in males and 0.83 +
.1 in females (Figure 5.20). The mean mid-parental height SDS was 1.64 +1.4 c¢m in

males and 1.93 + 0.9 cm in females (Figure 5.21).
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Figure 5.20: Mean Height SDS at 2 and 5 years
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Figure 5.21: Mean MPH SDS at 2 and 5 years
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No difference observed in regards of mean weight among males and females with
21.1% 5.1kg and 20.2 + 3.3 kg for cach group. The mean weight SDS was 0.77 + 1.8 in
males and 0.52 + in females (Figure 5.22). The BMI was within normal with mean BMI
of 166 +2.8 kg/m2 in males and 16.1 £ 2.2 kg/m2 in females. The mean BMI SDS for

males and females were 0.5 +1.8 and 0.24 + 1.3 respectively (Figure 5.23).
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Figure 5.22: Mean Weight SDS at 2 years and 5 years
Mean BMI SDS at 2 years and 5 years
0.6 0.5
04 0.24
Uy
% 9
s 5years
:'-Ei -0.2
]
-0.4
s
-0.6
-0.8
J, -0.88

HVale ®Female

Figure 5.23: Mean BMI SDS at 2 years and 5 years
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Between the group of children that was treated with cortisone (n=6) and

hydrocortisone (n=19), there were no significant association seen [p-value of 0.757]. The

mean height SDS was 0.98 + 1.2 cm in those with cortisone and 0.81 + 1.1 cm in

hydrocortisone (Figure 5.24).
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Figure 5.24: Mean Height SDS among Cortisone and Hydrocortisone at 5 years old
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3.44  Growth of Children at 10 years old

A total of 24 patients were reviewed for growth analysis at 10 years old time-
point. There were 10 males and 14 female patients. Mean height for each gender was 146

*6.4 cm for males and 141.9 + 6.1 cm for females. Height SDS showed further increment
at this age with height SDS in male was 1.41 £0.9 cm and 0.96 + 1.0 cm in female (Figure

5.25 and 5.26).
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Figure 5.25: Mean Height SDS at 2, 5 and 10 years.
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Figure 5.26: Mean MPH SDS at 2, 5 and 10 years
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Mean weight was 39.2 + 5.9 kg among males and 37.5 * 4.9 kg in females. The
Mmean weight SDS was 1.10 +0.7 in males and 0.71 + 0.6 kg in females (Figure 5.27). The
mean BMI was still within the normal range; 18.3 + 2.1 kg/m” in males and 18.5 + 1.9

kg/m? in females. The mean BMI SDS for males and females was 0.79 =+ 0.9 kg/m® and

0.59 + 0.7 kg/m’® (Figure 5.28).
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Figure 5.27: Mean Weight SDS at 2, 5 and 10 years
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Figure 5.28: Mean BMI SDS at 2, 5 and 10 years
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5.4.5 Growth of Children at 15 years old

Total of 20 patients were reviewed for the time point at 15 years age. Eight from
20 patients were males and 12 were females. Mean height was 159.9 + 7.3 em for males
and 152.3 + 8.9 cm for females. Height SDS for males were -0.55 + 7.3 cm and females

were -1.37 £ 1.5 cm (Figure 5.30). Mid-parental height SDS was -0.02 £ 0.6 cm and -

0.75 +1.6 cm for males and females respectively (Figure 5.31).
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Figure 5.30: Mean Height SDS at 2, 5,10 and 15 years
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Figure 5.31: Mean MPH SDS at 2, 5, 10 and 15 years
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The mean height for male was 161.6 £ 10 cm and female was 1522 + 8.6 cm.
Mean height SDS for both gender was lower in both gender. Male mean height SDS was
-1.63 + 1.7 cm lower than standard population. The mean height SDS for female was -
1.29 £ 1.5 cm (Figure 5.35). Mcan mid-parental height was -0.82 + 1.4 cm in male and -

0.72 £ 1.6 cm in female (Figure 5.36).
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Figure 5.35: Mean Height SDS at 2,5 .10, 15 years and Final Height
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Figure 5.36: Mean MPH SDS at 2, 5, 10, 15 years and Final Height
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Among these 21 patients at final height, 9 patients were treated with cortisone

acetate and another 12 patients were treated with hydrocortisone. Mean height SDS was
much lower in cortisone group with mean height SDS was -1.82 + 1.3 cm compared to

hydrocortisone group of patients -1.13 + 1.6 cm. However, it was not proven statistically

with p-value of 0.312 (Figure 5.39).
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Figure 5.39: Mean Height SDS at 2, 5, 10, 15 years and at Final Height between
cortisone and Hydrocortisone
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55 COMPLICATION
§.5.1 Precocious Puberty

Amongst the cohort of our patients (n=32), 46.5% (n=15) developed precocious
puberty. 80% (12 out of 15) developed central precocious puberty. 58.3% were males
(0=7) and 41.7% were females (n=5). 20% developed peripheral precocious puberty
(male =1, female=2). Mean age of patient presented with precocious puberty was 7.4 +
2.0 years old with a mean duration of disease 74 + 34.6 months. Males (n=9) developed

precocious puberty relatively earlier than females. The mean age was 7.78 + 2.5 years in

males as compared to 7.03 + 1.2 years in females. Figure 5.40
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Figure 5.40: Distribution of precocious puberty across gender
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5.5.2 Adrenal Rest Tumour
Only | case developed testicular adrenal rest tumour (TART) out of 32 patients
giving prevalence of only 3 % amongst CAH patients seen in paediatric endocrinology.
This patient developed TART at age of 11.8 years old and had issues with compliance
and poor control. He was on hydrocortisone dose ranging from 15-17 mg/m’/day. TART
was confirmed through imaging of testes (ultrasonography and MRI) and bilateral
testicular venous sampling following synacthen stimulation test.

No case of ovarian adrenal rest tumour observed among our female patients.



5.5.3 Obesity

Majority of our patients fall within normal BMI at all time point. Obesity is
defined as BMI SDS more than +2SDS. It was observed that 4 out of 17 of them were
obese at age 2 years old, 3 out of 20 patients at 15 years old time point and 4 out of 21
patients at final height (Figure 5.41). It can be multifactorial including nutrition which we

did not analyzed. The prevalence of obesity upon completion of final height was 14.2 %,
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Figure 5.41: Obesity in relation to Hydrocortisone dose
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We have observed that the mean height SDS was lower in those with poorer
control at age 10, 15 and final height for both gender (Table 5.12). The mean height SDS
at final height for both gender was lower in poor control disease group. The mean height
SDS was higher at age 5 years old despite having poor disease control among males. See
Figure 5.42. However, there were no significant difference were seen in mean height SDS

between control and poorly control disease group (Figure 5.43 and 5.44)
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Figure 5.43: Mean Height SDS among males: Good Control Vs Poor Control
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6.3  Complications
6.3.1 Precocious Puberty

50% of our patient developed precocious puberty (15 out of 32 patients). It means
1 in every 3 children developed central precocious puberty and every 1 in 10 children
with CAH developed peripheral precocious puberty. Boys develop puberty earlier as
compared to girls. All of our children who developed precocious puberty had poorer
disease control prior to development of PP. Adequate glucocorticoid replacement is
important to inhibit androgen hypersecretion and to prevent development of central

precocious puberty.
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6.3.2 Testicular Adrenal Rest Tumour

Compared with other studies done previously, we report only one out of 32
patients who developed TART giving a prevalence of 3 % in our study population. This
rate is much lower compared to other studies worldwide. We may miss cases of TART
as we do not have routine ultrasonography screening amongst our patient for surveillance.
Screening for TART was proposed to be done at early childhood and annually in

peripubertal period in which should be implemented into our center.









CHAPTER 7: CONCLUSION

This retrospective review of patients with congenital adrenal hyperplasia
describes demographic as well as types of CAH amongst out patient. Older children with

virilization need to be investigated for simple virilizing CAH and non- classical CAH.

Further investigations for central precocious puberty and peripheral precocious
puberty need to be done when these children presented with sudden growth spurt as early

as 5 years old.

Screening to look for testicular adrenal rest tumour may need to be done routinely
and earlier prior to pubertal onset. Following guidelines, ultrasound of the testes should

be done yearly to detect abnormalities.

Our study unable to demonstrate higher glucocorticoids dose lead to obesity in

children with CAH.

A multicenter study to look for the outcomes and associated complications should
be done in furure involving other paediatric endocrinology unit under Ministry of Health

Hospital would be better. It will also give prevalence of CAH in Malaysia.
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