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Background. Congenital adrenal hyperplasia (CAH) is a group of autosomal recessive disorders. About 90% of all
children with CAH have 21-hydroxylase deficiency which is required for the synthesis of glucocorticoids and miner-
alocorticodes. The salt-wasting form of CAH develops with a deficiency of both types of hormones. This form of CAH
results in infant death if not treated, therefore early disease detection and start of treatment are very important.
Aim of research is to study the clinical features of the course of the disease and evaluate the treatment efficacy of children
with salt-wasting form of CAH in the Perm region.

Materials and methods. We conducted an analysis of the clinical features of the salt-wasting form of CAH in 40 children
of the Perm region. To evaluate the treatment efficacy following symptoms were analyzed: salty food craving, hyperpig-
mentation of skin, hirsutism, delayed or accelerated growth, etc. and parameters of water-electrolytic balance, the level of
17-hydroxyprogesterone, adrenocorticotropic hormone, renin.

Results and discussion. Despite the modern possibilities of diagnosing and treating CAH, the complete control of the disease
can't be achieved in all children. Almost all the children examined had either symptoms of replacement therapy failure or
overdose symptoms. Hormonal imbalance disorders were performed by a few children without any symptoms of the disease.

Conclusion. During our research we concluded that young children often have issues with an overdose of hormonal drugs
and frequent occurrence of salt-wasting crises against the background of associated diseases, while for teenagers, problems
associated with an insufficient dose of glucocorticoid drugs are relevant. Also, significant difficulties in the treatment of
children with CAH are associated with the short action of hydrocortisone. One way to solve these problems is to organize
a school for parents of children with CAH. Creating motivation, explaining the principles of treatment and importance of
regular taking of drugs, as well as algorithm in medical emergency is an important step in achieving control for the disease.
Keywords: salt-wasting form of congenital adrenal hyperplasia; hyperandrogenism; main clinical manifestations; electrolyte
imbalance; reasons of decompensation.
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Beepenune. BpoxaeHHas aucdyHkums Kopbl HagnoyeyHukoB (BJKH) — 3To rpynna ayTocoMHo-peLeccuBHbIX 3abone-
BaHuit. Okono 90 % Bcex peteit ¢ BAAKH mMetoT HepocTaTouHOCTh pepMeHTa 21-ruapokcmnasbl, KOTOpbI Heobxoanm
LNS CMHTE3a [I0KOKOPTUKOMAO0B M MMHepanokopTukonpaos. Conbrepsiowas dopma BIOKH dopmupyetca npu aeduuute
U TNIOKOKOPTUKOMAOB, U MUHEpanokopTukonaos. OTCyTCTBME neyeHMs Npu faHHOW GopMe NpuMBOAMT K rmbenn pebeHka
yXe B MIafeH4YecTBe, a MOTOMY paHHEe BbISBIEHUE U HAYasio IeYEHUS YPEe3BbI4aNHO BaXHO.

Lenb uccnepoBaHus: M3yunTb KAMHMYECKME OCODEHHOCTM TeyeHus 3aboneBaHMs U OLEHWUTb 3DdEKTUBHOCTb NleyeHus
petei c conetepstowen dopmon BAKH B lNepmckom kpae.

Martepuansl u MeToabl. [1poBefeH aHaNM3 KIMHUYECKMX 0COBeHHOCTelN TeueHns 3aboneanna y 40 neten C conbrepsitoLLen
dopmon BAKH, npoxueatowmx B MepMckoM Kpae. g OueHKM afleKBAaTHOCTM NofobpaHHOM Tepanuu 6binn npoaHanmsu-
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POBaHbl KJIMHWYECKME MPOABIEHNS: TATA K COJIEHOM MULLE, TMMEPMNUTMEHTALMS KOXKHBIX MOKPOBOB, TMPCYTU3M, HAapYLUEHME
pocTa M Apyr1e CUMMTOMbI, @ TaKXKe MoKasaTenu 31eKTPONMTHOro 6anaHca, ypoBeHb 17-rMapoKCMnporecTepoHa, agpeHo-
KOPTUKOTPOMHOTO FOPMOHA, peHMHa.

Pesynbtatbl M 06Cy)XAeHHe. HecMOTpS Ha COBpEMEHHbIE BO3SMOXHOCTU AMArHOCTUKKU U neveHus npu BAKH, nonHoi kom-
neHcaumm 3abonesaHus ynaetca 4obUTbCS faneko He BO BCcex cay4vasx. [outn y Bcex 06CcnenoBaHHbIX AeTel BCTpevannch
IM60 CUMNTOMbl HELOCTATOYHOCTU 3aMECTUTE/IbHOIM Tepanuu, TMH0 NpU3HaKK Nepefo3upoBKU. Y paaa AeTei, He UMerLUX
KMHUYECKMX NPOsBAEHUI 3aboneBaHus, 6bian BbiBNEHbl OTKIOHEHUS B TOPMOHANbHOM npodune.

BbiBoabl. B xoae Hawero uccnenoBaHWs YCTAaHOBMEHO, YTO ANS AeTel MNajllero BO3pacTa XapakTepHbl CUMMTOMbI
nepefo3vMpoBKU OKO- UAM MUHEPANOKOPTUKOMAAMM, @ TAKXKE YAaCTOe BO3HUKHOBEHWE CONMbTEPSIOLWMX KPU30B Ha (oHe
NpUCcoefMHEHUS MHTEPKYPPEHTHbIX 3aboneBaHui, TOraa Kak AN AeTeil NoApOCTKOBOro BO3pacTa aKTyalbHbl Npobaemsl,
CBSI3aHHbIe C HEJ0CTATOYHOM A030M MMIOKOKOPTUKOUAHBIX npenapatoB. CylecTBeHHbIE TPYAHOCTU Tepanuu aetei ¢ BAKH
TaKXe CBS3aHbl C KOPOTKMM peicTBueM ruppokoptusoHa (Kopteda®). OomH m3 cnocoboB peleHus 3Tux npobnem —
opraHusaumsa Wwkonbl ana poautenen petei, 6onbHbix BOKH. Co3paHve mMoTuBaumu, 0O6bSCHEHME MPUHULMMOB NEYEHUS
M BAXHOCTU PErynsapHoOro npuemMa npenapaTtoB, a TakXe 0ObACHEHME anropuTMa LEeUCTBMI NPU HEOTNOXHbIX COCTOSAHM-
X — BaXHbIM LWAar B JOCTUXEHUU KOMMEeHcauun 3abonesaHus.

KnwoueBble cnosa: conbTEpAOWan (bopMa BpO)K,D,EHHOVI ,EI,MC(DyHKLI,l/IVI KOpbl HaAmnmoO4Ye4YHMKOB; OCHOBHblIE KNWHUYECKUE

npoaBneHunda; runepaHaporeHnsa; 3NeKTpoaInTHble HapyLleHUaA; NpUYnUHbI AeKOMMNEeHCaUnUn.

INTRODUCTION

Congenital adrenal hyperplasia (CAH) is a group
of diseases with an autosomal recessive inheritance
mechanism that is caused by a congenital disor-
der of steroidogenesis due to enzymatic system
deficiency.

Approximately, 90% of all pediatric patients with
CAH have a deficiency of the enzyme 21-hydroxylase
(a mutation in the CYP21 gene), and <10% have a de-
ficiency of 11B-hydroxylase (a defect in the CYP11BI
gene). The rest of the forms are extremely rare [5, 9].
Insufficient 21-hydroxylase causes glucocorticoste-
roid (GCS) and mineralocorticoid deficiency, and
less often glucocorticoid deficiency. Compensatory
adrenal cortex hyperstimulation with adrenocortico-
trophic hormone (ACTH) leads to excess androgens
and cortisol synthesis precursors, 17-hydroxypro-
gesterone (17-OH-progesterone) [1, 3, 7, 10]. Based
on the decreased severity in 21-hydroxylase activity,
3 disease forms are distinguished, which are simple
or virile, salt-wasting, and obliterated or non-classical
[6, 4, 10]. In the salt-wasting form, the decisive role
in the clinical presentation of the disease is played
by aldosterone deficiency and the salt-wasting crises
arising in this situation, which is lethal in infancy
if left untreated. With virile form, the clinical pre-
sentation is due to androgen hyperproduction with
low cortisol levels. In the non-classical form, the
enzyme deficiency is not pronounced, thus the clini-
cal presentation is obliterated. The salt-wasting and
virile forms of CAH are characterized by an impaired
external genital organ (EGO) formation in girls,
as manifested by virilization of varying severity.
In boys, macrogenitosomia is registered at birth but
is usually disregarded.

In Russia, the incidence of CAH among children
is 1:9500 [1, 5, 6]. By the end of 2019, 122 child-
ren were registered with the diagnosis of CAH in
the Perm Region.

Since March 2006, neonatal screening has been
introduced in Russia, during which the blood le-
vel of 17-OH-progesterone is examined. This study
identified pediatric patients with CAH in the first
days of life, but it is considered ineffective in the
non-classical, and in some cases, in the virile forms
[2, 6, 9]. To date, the most informative method for
all CAH forms is molecular genetic research by an
allele-specific polymerase chain reaction to detect
point mutations in the CYP2I gene [9]. However,
this method is only available in large endocrinologi-
cal centers.

The only possible method to correct hormonal
disorders in CAH is hormone replacement therapy
with glucocorticoids and mineralocorticoids. Femi-
nizing plastic surgery is indicated for girls with signs
of EGO virilization, of which the timing is deter-
mined based on virilization degree [8]. In the future,
constant monitoring of the adequacy of the selected
therapy and changing the dose of hormonal drugs
based on the age and bodyweight of the child is
required. Additionally, the dosage should be adjusted
in the presence of intercurrent diseases.

This study aimed to analyze the clinical aspects
of the disease course and evaluate the efficiency
of treatment of children with a salt-wasting form of
CAH who live in the Perm Region.

MATERIALS AND METHODS
The case histories of 40 children aged 1-15 years
(6.6 £3.8 years) with a salt-wasting form of CAH,
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who were treated at the endocrinology department of
the Regional Children’s Clinical Hospital in 2017—
2019 were analyzed. Under follow-up were 23 girls
and 17 boys. CAH diagnosis was established based
on the neonatal screening results in 38 patients and
was suspected based on clinical manifestations of
a salt-wasting crisis in the first month of life in
2 boys born before the introduction of screening.
On urgent grounds, 7 children were hospitalized,
whereas the remaining 33 were admitted on a scheduled
basis. The molecular genetic examination was con-
ducted on 11 children in the laboratory of the genetics
of monogenic diseases, “National Medical Research
Center of Endocrinology” of the Ministry of Health
in Russia.

Clinical manifestations were analyzed, namely
craving for salty food, skin hyperpigmentation, hir-
sutism, impaired growth, and other symptoms, as
well as laboratory parameters, namely serum levels
of potassium and sodium and their ratio, the serum
levels of 17-OH-progesterone, ACTH, and renin, to
assess the adequacy of the selected therapy.

The average ages of patients, as well as the av-
erage doses of drugs, are presented as the arithme-
tic mean values and standard deviations (M +9).
The indicators that characterize the qualitative char-
acteristics were determined as a percentage. Micro-
soft Excel 2016 was used for the statistical data
analysis.

RESULTS AND DISCUSSION

All children from the first weeks of life received
hormonal therapy, which prevented the formation
of a salt-wasting crisis at the disease onset. Cortef™
(a tablet form of hydrocortisone) was prescribed at
5.7-19.23 mg/m? per day (12.41 +3.38 mg/m> per
day) to correct glucocorticoid deficiency. Mineralo-
corticoid deficiency was corrected with Cortineff
(fludrocortisone, a drug with mineralocorticoid ac-
tivity) at 25-150 pg/day (74.46 +33.10 pg/day).
According to the Federal Clinical Recommendations,
the recommended dose of Cortef is 10—-15 mg/m?* per
day, whereas that of Cortineff is 50—150 pg/day [5].
Excessive Cortef dosage was noted in 7 patients
(17.5%), whereas 10 received lower than prescribed
doses (25%). An insufficient dose of Cortineff
(<50 pg/day) was prescribed to 5 children (12.5%).

Due to the disease decompensation with acute re-
spiratory infections, 7 patients were hospitalized, of
whom 3 vomited 1-8 times a day, 5 had loose stools,
and most had signs of dehydration. All children have
severe electrolyte imbalance (hyperkalemia, hypona-
tremia, and potassium/sodium ratio of 1:29-1:20).
Two patients had an increased ACTH (215-294 pg/ml)

and 17-OH-progesterone (76.3—123 nmol/L) and
5 patients had increased renin (62.7-336 IU/L).
No distinct endocrine disorders were determined in
2 patients.

Before the arrival of the ambulance team, most
parents did not change the dose of hormonal drugs;
Solu-Cortef® was injected in only 2 children due to
the rapid deterioration in their condition. In the hos-
pital, Solu-Cortef (an injectable form of hydrocorti-
sone) was prescribed to 6 children, with an average
age of 3.7+ 1.9 years.

On a scheduled basis, 33 children were admit-
ted, of whom 7 had complete compensation without
significant clinical and laboratory manifestations.
In 5 children, laboratory abnormalities were revealed
as increased ACTH, 17-OH-progesterone, and renin,
although they did not present any complaints.

Clinical signs of an increased level of androgens
in various combinations were registered in 11 child-
ren, namely hyperpigmentation in 9 (27.3%), hirsut-
ism in 3 (9.1%), acne in 2 (6%), and signs of false
precocious sexual development (PSD) in 1 (3%).
Advancement of bone age by >2 years and a slight
acceleration of growth rates for the first years of
life, followed by a slowdown toward puberty, was
registered in 8 (24.2%) patients.

Hyperandrogenism was confirmed by increased
blood levels of 17-OH-progesterone in all chil-
dren (46.6-202.5 nmol/L), ACTH in 9 patients
(104-845 pg/ml), and testosterone in 2 girls (10.4—
11.5 nmol/ml). These disorders were found main-
ly in children of puberty, with an average age of
10.7+2.8 years due to the untimely adjustment
of hormonal drug doses as the children grow older.

Cravings for salty foods were noted in 6 (18%)
children. One girl was diagnosed with hyponatremia
with normal potassium and electrolyte ratios. Im-
paired K* and Na" ratios were registered in 5 children
(1:27-1:23). All pediatric patients showed increased
renin from 50.0 to 313.8 mIU/L, which was a sign
of insufficient mineralocorticoid replacement therapy.
The dose of Cortineff in these children was 25-100 ug.
The average age of this group of children was
6.1 +2.8 years.

Symptoms of an overdose with GCS drugs were
noted in 9 patients (27%). Seven children had a slow-
down in growth rates, 1 girl was overweight, 4 were
obese with degrees 1-3, and 3 children had striae
in the lower abdomen, inner surface of the shoul-
ders, and thighs. Increased blood pressure was re-
corded in 3 children (Fig. 1). Clinical manifestations
were confirmed by laboratory data, thus 6 pediatric
patients showed a decreased ACTH (<8.7 pg/ml).
In the same children, 17-OH-progesterone was at the
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Symptom /
CumnTom

Prevalence /
PacnpocTpaHeHHOCTD

Arterial hypertension /
ApTepuanbHasi runepTeHsus

Stretch marks /
Crpum

Obesity, overweight /
OxmpeHue, 130bITOYHAS Macca Tena

Slowdown in growth rates /
3aMefLneHve TeMnoB pocTa

Fig. 1. The main clinical manifestations of glucocorticoid drugs
overdose in 33 patients with Congenital adrenal hy-
perplasia hospitalized on a planned basis

OCHOBHble K/IMHMYECKUE MPOSIBNEHUS Nepeno3MpoBKU
IIIOKOKOPTUKOCTEPOUAOB Y 33 MaUMEHTOB C cobTe-
patowein hopmMoin AUCPYHKLMM KOPbl HAAMOYEUYHUKOB,
rocn1TasM3MpoBaHHbIX B NJIAHOBOM Mnopsake

Puc. 1.

lower normal limit (the target 17-OH-progesterone
level was the upper normal limit or slightly higher).

Sharp renin suppression was noted in 3 children.
One girl aged 3 years 9 months was diagnosed with
hypokalemia, which might be a sign of mineralocor-
ticoid overdose.

Before a hospitalization, pediatric patients re-
ceived Cortef at 10.7-19.23 mg/m* per day and
Cortineff at 37.5-50.0 pg/day. Symptoms of drug
overdose were detected mainly in preschool children
(mean age 4.5 £ 1.2 years).

Figure 2 illustrates the main causes of disease
decompensation and the distribution of these causes
by age groups.

No signs of virilization /
be3 npuaHakos BUpMAM3aLIMK

| type / | creneHb

IV type /

IV creneHb Il type / Il cTeneHb

Il type / Il cTeneHb

Fig. 3. Virilization of the external genitals in 23 girls partici-
pating in this study (percentage of different degrees
of virilization)

Bupunuszauma HapyXHbIX reHuTanui y 23 peBouek,
y4YacTBOBaBLIMX B AAHHOM MUCCNEeA0BaHUM (MPOLEHTHOE
COOTHOLUEHME Pas/IUYHbIX CTeNeHel BUPUIN3aLLUM)

Puc. 3.

Causes of decompensation /
MpuunHbl AekoMneHcaumum

Age (years) /
Bospacr (ner)

Electrolyte disturbances /
IneKTPONUTHbIE HapyLIEHNS

Mineralocorticoid overdose symptoms /
(MMNTOMBI Nepeso3vpoBKY
MUHEPaNoKopTHKOMAaMU

Glucocorticoid overdose symptoms /
CumnTOMbI Mepeso3npoBKM
TKOKOKOPTUKOMZAMA

Symptoms of hyperandrogenism /
CumMnTOMBI rUNepaHaporeHM

The emergence of a saline crisis against
the background of ARI /
Bo3HukHOBeHue conbTepsitolero kpusa Ha Goxe OPU

0 2 4 6 8 10 12
Fig. 2. The average age of children with various causes for
the decompensation of CAH, admitted in a planned and
emergency manner. ARl — acute respiratory infection
CpenHuii BO3pacT AeTei, UMEIOLMX pasauYHbie NpUYun-
Hbl AekoMneHcauun BAKH, noctynuBwmux B nnaHoBom
M 3KCTpeHHOM nopsiake. OPU — octpas pecnupaTtopHas
UHpeKumna

Puc. 2.

Impaired EGO structure was noted in 22 of
23 girls, of whom 5 had a degree I virilization (hy-
pertrophy of the clitoris without changing the vagi-
nal orifice or its slight narrowing), 2 had degree
Il (hypertrophy of the clitoris, underdevelopment
of the labia, their partial fusion, and funnel-shaped
narrowing of the vaginal orifice), 8§ had degree III
(hypertrophy of the clitoris with urogenital sinus),
and 7 had degree IV (urogenital sinus, opening at the
base of the clitoris, and partial fusion of the labia).
Degree V virilization (fusion of the labia with the
formation of a scrotal resemblance and opening of
the urethra at the apex of the hypertrophied clitoris)
was not recorded (Fig. 3).

Figure 3 shows that the virile syndrome was mani-
fested (degree II-IV virilization) in 74% of girls, thus
a careful genital examination in most cases enables
to suspect CAH in girls already in the first hours
of life.

Feminizing plastic surgery was performed in
19 girls (stage 1 was performed in 16 cases, 2 stages
of surgical treatment in 2 cases, and only clitoris
resection in 1 girl). Surgical treatment is planned for
2 patients. The parents of 1 girl (4 years old) refuse
to undergo feminizing plastic surgery.

Thus, at present, with the use of neonatal screen-
ing, the primary diagnostics of the salt-wasting form
of CAH is performed promptly; however, the subse-
quent correction of GCS doses, which is required as
the child grows up, often causes difficulties.

Severe disease decompensation that requires ur-
gent hospitalization is usually due to the addition
of respiratory infections with insufficient adjustment
hormonal drug doses and a deficiency of mineralo-
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corticoids. More often, a similar situation is noted
in children of early and preschool age.

The need for mineralocorticoids in children de-
creases with age, thus in older patients, especially in
adolescents, insufficient compensation, often without
clear clinical manifestations, is in most cases due to
an inadequate glucocorticoid dosage.

Our data revealed that less than a quarter of pa-
tients who are admitted to the hospital on a scheduled
basis did not have clinical manifestations.

The active growth of a child requires constant
correction and control of corticosteroids dosage,
which are not always promptly performed. Due to
inadequate replacement therapy, signs of overdose or
symptoms of hyperandrogenism occur with insuffi-
cient suppression of the androgen-producing function
of the adrenal glands.

The absence of prolonged forms of hormones
complicates the replacement therapy since the three-
time intake of Cortef provokes frequent misses of
the next dose. “Windows” occur when the body
does not have the proper level of glucocorticoids,
which leads to an increased release of ACTH, adre-
nal cortex stimulation, and active androgen synthesis.
Hyperandrogenism provokes the progression of bone
age, early closure of growth zones, and subsequent
short stature. With an increased dose and subsequent
regular intake of drugs, glucocorticoid overdosage
occurs, which also results in early growth zone
closures.

CONCLUSIONS

During periods of apparent well-being, a signifi-
cant proportion of patients have signs of insufficient
disease compensation due to inadequate corticoste-
roid dosages. Our study established that young child-
ren are characterized by symptoms of corticosteroid
overdosage, as well as the frequent occurrence of
salt-wasting crises with intercurrent diseases.

For adolescent patients, the most important cause
of decompensation is insufficient glucocorticoid drug
dosage and signs of androgen overproduction.

Significant difficulties in the treatment of pediat-
ric patients with CAH are associated with the short
action of hydrocortisone (Cortefa) and the need to
prescribe it in 3 doses. Insufficient family compli-
ance leads to missed regular hormone intake, which
complicates the selection of adequate doses.
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