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BACKGROUND: Transient hyperammonemia in newborns (THAN) is a dangerous condition of the neonatal period that
does not have a specific clinical picture, which often makes timely diagnosis difficult. Insufficient coverage of the prob-
lem of THAN in the literature, as well as the need to assess the neuropsychiatric development (NPD) of patients in the
follow-up, served as the basis for this study.

AIM: To evaluate clinical and laboratory manifestations of THAN and its influence on the neuropsychological develop-
ment during the first year of life.

MATERIALS AND METHODS: During the study, 22 preterm newborn patients were divided into 2 groups depending on
the presence or absence of THAN: study group (n=11) and comparison group (n=11). All patients were assessed for
risk factors, features of clinical manifestation of THAN, and neurological outcomes using the CAT/CLAMS scale at 3, 6,
9, and 12 months of age.

RESULTS: Analysis of the obtained data showed that the depression syndrome was the leading one in the clinical picture
of THAN (81.8%). Laboratory changes are characterized by the respiratory failure (p = 0.039), anemia (p = 0.023), hypopro-
teinemia (p = 0.049), hypoalbuminemia (p = 0.048), lower blood sodium levels (p =0.019). In the constructed prognostic
model for determining the probability of having THAN, the critical cutoff p level was 20% (p = 0.012). Assessment of the
neuropsychiatric development showed that 41.6% of children who had THAN maintained a moderate neuropsychiatric
development delay in the first year of life with predominant impairment of motor skill formation.

CONCLUSIONS: Allocation of a risk group for THAN formation, timely prescription of a low-protein diet, correction of
syndromic therapy, and monitoring of patients in the first year of life will help to avoid severe neurological disorders
and reduce the need for rehabilitative measures.
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TPAH3UTOPHAA TMNEPAMMOHUEMUA HOBOPOXAEHHbIX: KTUHNYECKUE
NPOABNEHUA U BAUAHUE HA HEPBHO-MCUXUYECKOE PA3BUTUE DETEN
HA NEPBOM roay Xu3Hu

© A.H. KonumHa, O.B. Xaneukas, B.H. bopucosa
[pUBOMKCKMI UCCNEL0BATENbCKUIA MEAULMHCKMIA YHUBEpCuTeT, HmkHuin Hosropog, Poccus

Ana yumuposaHusa: KonunHa A.H., Xaneukaa O.B., bopucosa B.H. TpaH3uMTOpHAA rvnepamMOHMEMMUA HOBOPOMKAEHHbLIX: KAMHUYECKMne
NPOABNEHMA U BAIMAHWE Ha HEPBHO-NCUXMYECKOE Pa3BUTUE AeTell Ha NepBoM roay sKusHu // Meamatp. — 2022. — T. 13. — Ne 5. — C. 61-70.
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AKTyanbHOCTb. TpaH3UTOPHAA rMNnepaMMoHMeMuns HOBOPOXAEHHbIX (TTAH) — onacHoe cocTosiHMe HeoHaTaNlbHOro Nepunoaa,
He uMetolwee cneundUYecKon KAMHUYECKOM KapTUHBbI, YTO Y4acTo 3aTpyLHAeT CBOEBPEMEHHY AMArHOCTUKY. HepocTaTou-
Has OCBELEeHHOCTb B nnTepatype npobnembl TFTAH, a Takxe Heo6X0AMMOCTb OLLEHKM HEPBHO-MCUXMYECKOrO Pa3BUTUS
(HMP) naumeHTOB B KaTaMHe3e MOCNYXUAW OCHOBOW ANS NPOBEeAEHUs AAHHOr0 UCCNef0BaHuMS.

Llenb paboTbl — oueHWUTb KNMHMKO-nabopaTopHble npossnenns TFTAH 1 ee BAMsHME Ha HEpBHO-MCUXMYECKOE pa3BuTHE
B TeYEHWe NepBoro rofa Xu3Hu pebeHka.

MaTepuanbl u Metoabl. B xone nccnenosaHms 22 LOHOLWEHHbIX HOBOPOXAEHHbIX ObliM paspefieHbl Ha 2 rpynnbl B 3a-
BMCUMOCTM OT Hanmums uau otcytcteua TFAH: ocHoBHyt rpynny (n=11) u rpynny cpaBHeHus (n=11). Bcem naumeHTam
6bina npoBefeHa oueHka GakTOpoB pucka, 0CoOeHHOCTEN KAMHMYecKon MaHuudectauun TFTAH u HeBponormyeckmx umc-
X0A0B C ucnonb3oBaHueM wwkanbl KAT/KJTAMC (peueBble dyHKkuUun KAT, nutennektyansHbiii ypoBeHb KJTAMC, MoTopuka)
B Bo3pacTe 3, 6, 9 u 12 mec.

Pe3synbratbl. AHAaNW3 NOAYYEHHbIX OaHHbIX MOKasan, YTO CUHAPOM YrHeTEeHUs — BeAyLWMI NMOPOK B KJAMHUYECKOW KapTu-
He TIFAH (81,8 %). JTabopaTopHble M3MEHEHUS XapaKTepu3yTCsa pa3BUTMEM AblXaTeNbHOM HepocTaTtouHocTH (p = 0,039),
anemueint (p=0,023), runonpotenHemunenn (p = 0,049), runoansbymmnHemueii (p = 0,048), bonee HU3KMMU YPOBHAMU HATPUA
B kKpoBu (p=0,019). B nocTpoeHHOM NPOrHOCTUYECKON MOAENU onpepeneHus BeposTHOCTM Hanuuus TFTAH kputuyeckui
ypoBeHb oTceueHus p coctasun 20 % (p =0,012). OueHka HEPBHO-NCUXMYECKOrO Pa3BMTUA Mokasana, uyto 41,6 % neten,
umeBwux TFAH, cOXpaHAT YyMEpPeHHYI 3a4epXKy pa3BUTUS Ha MEPBOM FOAY XMU3HM C MPEUMYLLECTBEHHbIM HapylleHWeM
(hOpPMMPOBaHNS MOTOPHbIX HABbLIKOB.

3akntoueHue. BoigeneHnue rpynnel pucka no ¢opmupoBaHuio TTAH, cBoeBpeMeHHOe Ha3HauyeHWe HU3KOOesnKoBOW AueTbl,
KOppeKLuu1s MOCMHAPOMHOM TepanuM U KOHTPO/b 33 NaUMEHTaMM Ha MepBOM FOAY XM3HM MO3BOAMUT U3BEXaTb TSXKeNbIX
HEBPONOrMYECKUX HApYLIEHUI U COKPATUTb HEOBXOAMMOCTb B PeabMANTALMOHHBIX MEPOMpPUATUSIX.

KnioueBble cnoBa: rinepaMMoHMEMUS; HOBOPOXKAEHHbIE; METABOIMYECKMI KPU3; HACNeACTBEHHbIe 60e3HM 06MEHa BELLECTB;
HM3K06enKoBas AMETa; TPAH3UTOPHAs TMNEPAMMOHUEMMUS; UCXOLbl; HEBPOIOTUYECKMIA AeDULMT.

Moctynuna: 24.08.2022 Opobpena: 21.09.2022 MpuusTta k nevatu: 28.10.2022

@ Tlegmarp. 2022.7. 13. Boin. 5 / Pediatrician (St. Petersburg). 2022;13(5) ISSN 2079-7850



ORIGINAL STUDIES / OPUTUHANBHBIE CTATbU

63

BACKGROUND

Hyperammonemia (HA) syndrome is charac-
terized by an increase in plasma ammonia levels
above 100 pmol/L in newborns and 50 pmol/L in
older patients. High ammonia levels generally cause
severe damage to the central nervous system (CNS)
[1] due to the penetration of ammonia through the
blood—brain barrier, which is manifested by nonspe-
cific syndromes such as convulsive syndrome, sup-
pression syndrome of varying severities, and vomit-
ing syndrome [7, 10]. Currently, the prevalence of
HA syndrome is described only for inborn errors
of metabolism (IEM) and affects approximately
1:30,000 newborns (depending on the individual
nosology) [6].

IEM-associated HA syndrome 1is primarily
caused by disorders of the urea formation cycle,
organic aciduria, disorders of fatty acid b-oxidation,
and several mitochondrial diseases [3, 6, 7]. These
diseases are described sufficiently in recent studies
and have clear algorithms for treatment and diag-
nostics [1, 5, 6, 10, 11]. Neurological outcomes are
also covered, and their severity generally depends
on various factors, such as adherence to a low-
protein diet (LPD) and its necessity; number, in-
cidence, and severity of metabolic crises; and HA
levels throughout life [9, 13].

In HA syndrome not associated with IEM, neu-
rological outcomes primarily depend on the causes
of HA syndrome. Thus, in the case of HA syndrome
accompanying genetically determined epileptic en-
cephalopathies, newly diagnosed convulsive syn-
drome, or severe perinatal hypoxic lesions of the
CNS, outcomes are determined by both the underly-
ing disease severity and the consequence of CNS
damage with high ammonia levels [12].

The outcomes of children with transient HA of
the newborn (THAN) are the least studied. THAN
occurs in the neonatal period and is characterized
by ammonia levels of >100 pmol/L in the blood
plasma of newborns. According to literature data,
THAN is caused by the functional immaturity of
liver enzymatic systems, hypoxia during child-
birth, tendency of newborns to hypercatabolism,
and physiological deficiency of carnitine in the
first days of life [1-3]. In THAN, ammonia can
reach high levels, comparable to HA syndrome in
IEM, which is a risk factor of CNS damage and
development of neurological deficit in the follow-
up period [12]. Timely detection and correction of
THAN can prevent irreversible changes in the CNS.

The insufficient number of publications and con-
flicting data on the course and outcomes of THAN
necessitated this study [9].

The study aimed to evaluate the clinical and
laboratory manifestations of THAN and its effect
on neuropsychic development during the first year
of a child’s life.

MATERIALS AND METHODS

The study was conducted in accordance with the
Declaration of Helsinki (2013) and was approved
by the Ethics Committee of the Volga Research
Medical University (Protocol No. 4 dated March
18, 2020). Informed consent was obtained from the
parents of the patients in accordance with Federal
Law No. 323 on November 21, 2011.

The study was performed at the Children’s City
Clinical Hospital No. 1 of Nizhny Novgorod be-
tween 2017 and 2022. Patients with THAN syn-
drome were monitored in the resuscitation and
intensive care units, department of pathology of
newborns and premature babies, neurological de-
partment, and department of young children.

HA was assessed by plasma ammonia lev-
els. For newborns, the upper limit of normal is
100 umol/L [6, 8]. The severity of HA syndrome
was assessed in accordance with federal clinical
guidelines [6] (mild, 100-150 pmol/L; moderate,
150-250 pmol/L; severe, >250 umol/L).

Study design. The study was conducted follow-
ing a prospective cohort, single-center, quasi-ran-
domized controlled case—control design.

Inclusion criteria. Presence of HA syndrome
(ammonia level > 100 umol/L), absence of changes
according to tandem mass spectrometry and urine
tests for organic acids, newborns, gestational age at
birth of >37 weeks, and parental informed consent
for participation in the study.

Exclusion criteria. prematurity; confirmed di-
agnosis of IEM (using molecular genetic research
methods); generalized bacterial and viral infections,
infectious, and non-infectious hepatitis, malfor-
mations, oncological diseases, terminal stage of
chronic disease, hepatic cirrhosis, acute respira-
tory viral infection, and exacerbations of chronic
diseases during the study; and absence of informed
consent of the parents for the patient’s participa-
tion in the study.

The patient enrollment algorithm is presented
in Fig. 1. The reason for the initial examination
for HA syndrome was CNS depression of varying
severity, convulsions, regurgitation, and vomiting
syndrome without apparent cause. To confirm or ex-
clude the diagnosis of IEM, patients with identified
HA syndrome underwent tandem mass spectrometry
and urine analysis for organic acids. Subsequently,
in the presence of deviations, a molecular genetic
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Total number of examined

newborns / Obuiee Konuue-

CTBO 00C/1€A0BaHHbIX HOBO-
POXAEHHbIX

!

Ammonia level >100 umol/L /
YposeHb ammuaka >100 MkMonb/n

v

YES / DA NO / HET
(n=23) (n=27)
v

v

Compliance with inclusion/non-inclusion criteria /
COOTBETCTBME KPUTEPUAM BKIHOUEHUS/HEBKITIOUEHNS

YES / OA
(n=11)

NO (n=12) (confirmed diagnosis of IEM, n=7; diagnosed sepsis, n=1;
terminal state, n=1; lack of consent to participate in the study, n=3) /
HET (n=12) (noatBepxaeHHbIM anarHo3 HBO, n = 7; aMarHoCTMpOBaHHbI
cencuc, n=1; TepMUHanbHOE COCTOsHME, N = 1; OTCYTCTBME Cornacus
Ha y4yacTve B WUCCIeLoBaHUM, N =3)

Fig. 1. Algorithm for selecting patients for participation in the study. IEM — inborn errors of metabolism
Puc. 1. AnropuTtm ot60pa naumeHTOB Ans yyactua B uccnesosaHuu. HbO — HacneacTBeHHaa 6onesHb o6MeHa

study was performed (whole-genome sequencing
or clinical-exome sequencing by next-generation
sequencing).

The main group consisted of 11 newborns with
THAN who met the inclusion criteria. A compari-
son group was formed to compare clinical and labo-
ratory parameters and neurological outcomes. The
comparison group was enrolled by copy-pair meth-
od (n=11), with comparable clinical symptoms,
anamnesis, and course of the perinatal period, and
differed from the main group in one sign (absence
of HA syndrome). The main group and comparison
group underwent hereditary history assessment, as-
sessment of the course of the perinatal and neo-
natal periods, assessment of the child’s condition
before the clinical manifestation of symptoms, and
clinical, and laboratory characteristics during the
disease course.

Diagnostics of HA syndrome. The ammonia level
was determined on a portable ammoniameter Pock-
etChem BA, with indicator strips Ammonia Test
Kit II. To clarify the level >283 mmol/L (analyzer
limit), venous blood was examined using a bio-
chemical analyzer from the Konelab 2400 Randox
Laboratories Ltd., according to the manufacturer’s
protocol.

Neurological outcomes of the main group and
comparison group were assessed using the clinical
adaptive test/clinical linguistic and auditory mile-

stone scale (CAT/CLAMS) at the age of 3, 6, 9,
and 12 months. Speech functions (CLAMS), intel-
lectual level (problem solving, CAT), and motor
skills in a point equivalent were taken into ac-
count. The results were evaluated in relation to
the development coefficient (DC): DC > 75 corre-
sponds to normal development, <75 corresponds
to retardation, and the differences in CAT/CLAMS
and motor skill indicators suggest developmental
dissociation [4].

Methods of statistical analysis and determina-
tion of the sample size. Statistical data processing
was performed using SPSS Statistics. The required
number of study patients was determined using
Lehr’s formula for mean values (with 90% study
power) and the equation for calculating the sample
size when comparing two means (Bland’s method).
The validity of the sample size, given their small
number, was confirmed retrospectively. The mini-
mum sample size was calculated, which was nine
patients for each group.

The Shapiro-Wilk test was used to determine
the type of distribution. Owing to the non-normal
type or distribution, descriptive statistics are pre-
sented as Me and interquartile interval [Q —0Q.], and
data were processed using nonparametric methods.
The statistical significance of the differences be-
tween the two independent samples was determined
by the nonparametric Mann—Whitney U-test.
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To assess the influence of factors on the result-
ing variable, correlation analysis was used (Spear-
man’s correlation coefficient, p), and the correlation
strength was assessed using the Chaddock scale.

The predictive model for the probability of de-
veloping THAN was constructed using the binary
logistic regression method. For the “before—after”
studies, the Friedman test was used to assess the
neuropsychic development in patients. Differ-
ences were considered statistically significant at
p <0.005.

STUDY RESULTS

Characteristics of the perinatal period

No statistically significant differences in the
incidence of factors aggravating the course of the
perinatal period were found in the compared groups.
The factors analyzed are presented in Table 1.

The hereditary factor did not have any particular
influence in 100% of the cases. However, acute
fetal hypoxia was registered in both groups, and the
development of respiratory failure (RF) followed
by the use of artificial lung ventilation, not asso-
ciated with neonatal respiratory distress syndrome,
was statistically significantly more common in the
THAN group (p =0.039). No correlation was de-
tected between the degree of RF and the ammonia
level.

Clinical and laboratory characteristics of pa-
tients with THAN

The median age at THAN onset in the main
group was 12 [8.0; 14.5] days. Depression was
the most common clinical presentation, and it was
diagnosed in 81.8% of the cases (n=9/11). Con-
vulsive syndrome was observed in 45.5% of cases

Table 1 / Tabnuya 1

Characteristics of risk factors in the perinatal period in patients of the compared groups
MaKTOpbIl, OTAroWAKoLWMe TeYeHWe NePUHATANbHOrO NepmMoaa y NaLMeHTOB CPaBHMBAEMbIX rpynn

Characteristic / Main group / Comparison group /
Xapaxrepucrika OCHOBHaj{ rpynna | Ipynma (ipaBHeHI/ISI p
n=11) n=11)
Mother’s age, years, Me [Q,~Q,] / Bospact matepw, set, Me [Q ~Q,] 30.0 [26.0-33.0] 29.0 [27.0-32.5] 0.799
Pregnancy, Me [Q ~Q,] / bepemennocts, Me [Q ~0,] 3.0 [2.0-4.0] 1.0 [1.0-3.0] 0.104
Childbirth, Me [Q ~Q,] / Poxst, Me [Q —Q,] 2.0 [2.0-3.0] 1.0 [1.0-2.0] 0.118
Complications of pregnancy, childbirth and extragenital pathology of mothers /
OcnoxHeHHust 6epPEMEHHOCTH, POJIOB U AKCTPAareHUTaJIbHAs MATOJOTHs MaTepei
Anemia / Aremus 4 (33.3%) 3 (25%) 0.438
Maternal hypothyroidism / 'mnotnpeos marepu 1 (8.3%) 1 (8.3%) 0.738
Vegetative dystonia / Beretococynucras ZUCTOHHUS 1 (8.3%) 4 (33.3%) 0.185
Acute respiratory viral infection / OcTpast pecmupaTopHO-BUPYCHast HH(EKIUS 3 (25%) 1 (8.3%) 0.256
Gestational diabetes mellitus / I'ecTanmonnsIit caxapHbIit 1HabeT 0 3 (25%) 0.124
Xﬁ;ﬁiﬁ: il:thle;g:iﬁ:izlt{izﬁ{tif;z;gi?: I/<p0BOTOKa 2 (16.6%) 2 (16.6%) 0.669
Meconium amniotic fluid / MekoHHaIbHbBIC OKOJOTIIOAHBIC BOIBI 2 (16.6%) 1 (8.3%) 0.462
Preeclampsia / IIpeskmammncus 0 1 (8.3%) 0.524
C-section / KecapeBo ceuenue 3 (25%) 2 (16.6%) 0.450
The state of the newborn in the early neonatal period /
CocTosiHEe HOBOPOXKAEGHHOTO B paHHEM HEOHATaJIbHOM IepHOIe
APGARI minute, Me [Q~0,] / AITAP 1-1 munyta, Me [Q-0,] 7.0 [6.0-8.0] 8.0 [7.0-8.0] 0.349
APGARS minutes, Me [Q —Q,] / ATITAP 5-1 munyta, Me [Q —~0.] 8.0 [8.0-9.0] 8.0 [8.0-9.0] 0.557
Acute fetal hypoxia / OcTpasi THIIOKCHS ILII0a 4 (33.3%) 4 (33.3%) 0.608
Respiratory failure III grade / [{pixatensHast HenoctaTouHocTh 111 crenenu 3 (25%) 0 0.039%*
Dysmorphias / Mansle aHoManuu pa3BUTHS 5 (41.6%) 2 (16.6%) 0.175

*Values are statistically significant. Note. APGAR — Newborn Birth Hall Score Scale for 1 and 5 minutes; Me — median;
[0,~0,] — interquartile interval. * 3nauenue cTaTucTHyecky 3HauMMOE. [Ipumeuanue. AIITAP — mikana oleHKH HOBOPOXKIEHHOTO
B POJIOBOM 3ajie Ha I-i u 5-i MunyTax; Me — menuana; [Q —0,] — MeXKBapTUILHBIA HHTEPBAI.
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(n=5/11), and regurgitation, and vomiting syn-
drome was registered in 9.1% (n=1/11).

In the evaluation of individual physiological pa-
rameters and laboratory parameters, newborns with
THAN tend to develop anemia (p = 0.023), hypo-
proteinemia (0.049), and hypoalbuminemia (0.048).
Electrolyte disorders were represented by statisti-
cally significant differences in the levels of sodium,
which were lower in the main group (p =0.019)
(Table 2).

An inverse, statistically significant correlation
was revealed between the levels of ammonia and
hemoglobin (p =-0.409; p =0.049), total protein
(p =-0.380; p=0.035), and albumin (p=-0.510;
p =0.026). No statistically significant correlations
were found between sodium levels and ammonia
levels in the main group (p = 0.288).

Based on the data obtained using the binary lo-
gistic regression method, a predictive model was
constructed to determine the probability of THAN
development:

p=1/(1+¢e?-100%,
z=113.089-0.001 - X,-0.834 - X -0.003 - X +
+21.98 - X,
where p is the probability of THAN develop-
ment, %, X, is the hemoglobin level, g/l; X, is
the sodium level, mmol/l; X, is the level of total

protein, g/l; and X, indicates the presence of RF re-
quiring artificial lung ventilation (0, was not used;
1, was used).

Based on the regression coefficients obtained,
the probability of THAN development increased
with a decrease in the levels of hemoglobin, total
protein, sodium, and albumin, and development of
RF requiring artificial lung ventilation. The sepa-
rating value of the logistic function (critical cutoff
level) p was 20%. At p >20%, a high probability
of THAN development was predicted, whereas with
p <20%, its development had a low probability.

The levels of hemoglobin, total protein, and its
fractions may decrease because of hypercatabolism
in the neonatal period, which also causes HA syn-
drome. Lower blood levels of sodium in patients
with THAN may be associated with hypoxia and
consequently the development of the syndrome of
inappropriate antidiuretic hormone secretion, he-
patic dysfunction associated with immaturity, or
hypoxic liver damage [9].

The resulting model was statistically significant
(»=0.012). In accordance with Nigelkirk’s coeffi-
cient of determination R? the resulting prognostic
model took into account 68.1% of the factors that
influence the probability of THAN development.
The sensitivity, specificity, and Youden’s index of
the model were 77.8%, 77.8%, and 0.56, respectively.

Table 2 / Tabnuya 2

Characteristics of selected physiological parameters and laboratory parameters in patients of the compared groups, Me [Q,-Q,]
XapaKkTepuCTUKM OTAENbHbIX GU3MON0rMYECKMX NApaMeTPOB M TabopaTOpHbIX NOKa3aTesei y NaLuMeHTOB CPaBHMBAEMbIX Fpynr,

Me [Q,-0Q.]
Characteristic / Main group / Comparison group /
Xapaxreprcruia OCHOBHEL}I rpymnma I'pymma ipaBHﬁHI/IH P
(n=11) (n=11)

Birth weight, g / Macca Tena npu poxXJAeHHH, T 3020 [2715-3230] 3400 [3025-3490] 0.512
Weight loss, % / Yobns Maccel Tena, % 7.0 [5.0-8.1] 7.0 [4.7-7.1] 0.590
Hemoglobin, g/l / T'emorno6us, r/n 185.5 [144.0-192.0] 192.0 [180.0-196.0] 0.023*
Platelets, 10°/1 / TpomGouuTst, 10%/1 297.0 [253.0-306.0] 236.0 [211.5-311.0] 0.151
pH 7.39 [7.34-7.5] 7.40 [7.37-7.42] 0.436
Anion gap / lehuuut ocHOBaHUI -2.25 [-5.9... =0.7)] -3.0[-4.7... 2.4) 0.079
Lactate, mmol/l / Jlakrar, MMOJIB/I 2.1 [1.1-5.1] 2.5[2.0-3.2] 0.503
Glucose, mmol/l / Tnroko3a, MMOJIB/JI 3.6 [2.9-4.2] 4.2 [3.6-4.6] 0.566
Sodium, mmol/1 / Hatpuii, MMoib/n 135.5 [133.0-136.0] 137.0 [136.5-140.5] 0.019*
Potassium, mmol/l / Kanuit, Mmosb/n 3.9 [3.7-4.3] 3.7 [3.3-4.6] 0.423
Calcium, mmol/l / Kanbiuit, MMoJb/a 0.56 [0.53—0.94] 0.54 [0.47-0.67] 0.382
Chlorine, mmol/l / Xmnop, MMonb/1 110.5 [101.5-113.0] 105.0 [102.5-109.5] 0.730
Total protein, g/l / O6muii 6enok, /1 48.2 [43.0-49.0] 55.0 [52.1-56.0] 0.049%*
Albumin, g/l / AnsOymMuH, /1 31.7 [25.8-34.2] 36.5 [35.4-38.2] 0.048*
Creatinine, mmol/l / KpeaTunuH, MMOJb/1T 48.0 [40.1-58.0] 59.0 [45.0-77.0] 0.180
Urea, mmol/l / MoueBuHa, MMOJIB/IT 4.4 [2.0-4.7] 3.3 [2.7-4.5] 0.381

* Values are statistically significant. / * 3HaueHUs CTAaTUCTUYECKU 3HAYUMEIE.

@ Tlegmarp. 2022.7. 13. Boin. 5 / Pediatrician (St. Petersburg). 2022;13(5)

ISSN 2079-7850




ORIGINAL STUDIES / OPUTUHANBHBIE CTATbU

67

LPD
severity

The approach of managing patients with THAN
primarily included syndromic therapy depending on
the condition severity and prevailing syndromes
and the use of LPD as the main method to reduce
ammonemia [3]. Patients with mild THAN received
only syndromic symptomatic therapy, which con-
sisted of infusion therapy, adequate respiratory sup-
port if necessary, treatment of convulsive syndrome,
and adequate enteral, and parenteral nutrition cor-
responding to physiological needs. LPD has been
used in patients with moderate-to-severe THAN.
In LPD, the level of consumed protein decreased
to 0.5-0.8 g/(kg - day) until the normalization of
the ammonia levels in the blood, followed by a
gradual increase under the control of ammonemia
level.

In patients with mild THAN (n=7; median
ammonia level of 107.85 [104.2—111.5] pmol/L),
a decrease in ammonemia level was noted during
symptomatic therapy by day 2.5 [2.0-3.0]; there-
fore, LPD was not necessary for these patients.
Ammonia levels reached normal values by day 10.5
[7-14] (89.4 [75.4-103.7] umol/L; p = 0.018).

Moderate (n = 2) and severe (n = 2) THAN (212.8
[175.3-247.9] umol/L) required LPD. Against the
decrease in protein in the diet of newborns, the am-

in patients with THAN of varying

monia level decreased by approximately two times
by day 6.0 [5.0-8.5] over time and normalized by
day 11.0 [12.5-14.5] (89.2 [77.1-103.9] umol/L,
p = 0.049).

Assessment of the neuropsychic development
in patients with THAN

When assessing the parameters of the neu-
ropsychic development of patients with THAN,
statistically significant disorders are more of-
ten recorded in the first 3 months of the child’s
life. Patients with THAN had low scores on the
CAT/CLAMS scale (speech function for CLAMS,
p =0.028; intellectual level for CAT, p=0.039;
motor development, p = 0.045). Moreover, a trend
toward lower rates of neuropsychic development
in children was noted during the first year of life,
mainly due to a delay in motor skill development
(Table 3).

When evaluating the neuropsychic development
in patients with THAN, depending on the sever-
ity of the HA syndrome, no statistically significant
differences were found; however, the tendency to-
ward lower values for all three indicators of the
scale for the neuropsychic development in patients
with severe HA syndrome is noteworthy. Moreover,
41.6% of pediatric patients with moderate or se-
vere HA syndrome maintained a moderate delay

Table 3 / Tabnuua 3

Indicators of neuropsychiatric development in patients of the main group and the comparison group at the age of 3, 6, 9
and 12 months of life according to the CAT/CLAMS scale, Me [Q,-Q,]
lMokaszaTenu HepBHO-MCUXMYECKOrO pa3BUTMS NALLMEHTOB OCHOBHOM pynmbl W FPynnbl CpaBHEHMS B Bo3pacTe 3, 6,9 n 12 mec.

XM3HM Mo AaHHbIM wkanbl KAT/KJTAMC, Me [Q,-0,]

Characteristic / Main group / Comparison group /
XapakTepucTuKa OcHoBHas rpyIma I'pynmna cpaBHEHUsI P
3 months / 3 mecsua
CLAMS / KITAMC 66.0 [33.0-83.0] 100.0 [66.0—100.0] 0.028*
CAT / KAT 65.5 [33.0-91.5] 100.0 [74.5-100.0] 0.039*
Motor skills / Motopuka 58.0 [24.5-74.5] 66.0 [66.0-100.0] 0.045*
6 months / 6 mecseB
CLAMS / KITAMC 76.0 [41.5-95.5] 83.0 [71.5-83.0] 0.443
CAT / KAT 70.5 [33.0-87.0] 83.0 [74.5-87.0] 0.242
Motor skills / Moropuka 70.5 [33.0-91.5] 71.5 [66.0-83.0] 0.443
9 months / 9 mecsuen
CLAMS / KITIAMC 88.0 [44.0-94.0] 85.5 [77.0-91.0] 0.755
CAT / KAT 82.5 [35.5-88.0] 88.0 [77.0-91.0] 0.347
Motor skills / Moropuka 71.5 [33.0-94.0] 77.0 [66.0—82.5] 0.590
12 months / 12 mecsies
CLAMS / KIIAMC 75.0 [45.5-89.0] 83.0 [83.0-91.0] 0.143
CAT / KAT 79.0 [37.0-91.0] 83.0 [83.0-91.0] 0.443
Motor skills / Moropuka 75.0 [33.0-89.0] 83.0 [70.5-87.0] 0.671

*Values are statistically significant / * 3Ha4eHHs CTATHCTUYECKH 3HAYUMBIC.
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Table 4 / Tabauuya 4
Indicators of the neuropsychiatric development of patients with transient hyperammonemia in newborns, depending on the
severity of the hyperammonemia syndrome, Me [Q,-0,]
NokasaTenu HepBHO-NCUXMYECKOTO Pa3BUTUS NALMEHTOB C TPAH3UTOPHOM rMNepaMMOHUMEMUEIN HOBOPOXAEHHbBIX B 3aBUCUMO-
CTW OT CTEMEHM THKECTM CUHAPOMA runepamMmoHuemuu, Me [Q -0, ]

The severity of hyperammonemia syndrome /
Scale characteristics / ' : CreneHu TSXKECTH CHHIPOMa le/IHCpaMMOHI/ICMI/II/I :
XapaKTepHCTHICH KA mild severity / moderate severity / severe severity / )4
JerKasi CTeNeHb TSIXKECTH | CPENHsS CTENeHb TSHKECTH | TsKeask CTENEHb TSIKECTH
(n=17) (n=2) (n=2)
CLAMS / KIIAMC

3 months / 3 Mecsna 74.5 [50.0-100.0] 66.5 [33.0-83.0] 33.0 [10.0-66.0] 0.498
6 months / 6 Mecsues 87.0 [50.0—100.0] 71.5 [49.5-88.5] 37.5 [10.5-75.0] 0.454
9 months / 9 mecsues 91.0 [55.0-100.0] 82.5 [55.0-88.0] 47.0 [10.5-94.0] 0.623
12 months / 12 mecsues 89.0 [77.0-100.0] 75.0 [45.5-75.0] 43.5 [10.0-87.0] 0.297

P 0.708 0.091 0.392 -

CAT / KAT

3 months / 3 mMecsna 74.5 [50.0-100.0] 66.5 [33.0-91.5] 32.5 [10.0-65.0] 0.477
6 months / 6 Mecsues 87.0 [50.0-100.0] 66.0 [41.0-74.5] 37.5 [10.0-75.0] 0.394
9 months / 9 MecsueB 88.0 [55.0-100.0] 71.5 [41.0-82.5] 44.0 [10.0-88.0] 0.556
12 months / 12 mecsues 91.0 [83.0-100.0] 70.5 [37.0-75.0] 45.5 [10.0-91.0] 0.228

P 0.599 0.337 0.392 -

Motor skills / MoTtopuka

3 months / 3 mecsua 74.5 [50.0-100.0] 41.5 [24.5-58.0] 33.0 [10.0-66.0] 0.342
6 months / 6 MecsinieB 91.5 [66.0-100.0] 58.0 [33.0-71.5] 37.5 [10.0-75.0] 0.324
9 months / 9 mMecsueB 91.0 [75.0-100.0] 60.5 [35.5-71.5] 37.5 [10.0-75.0] 0.528
12 months / 12 mecsues 89.0 [77.0-100.0] 66.5 [33.0-75.0] 43.5 [10.0-87.0] 0.268

P 0.904 0.419 0.392 -

in neuropsychic development in the first year of REFERENCES

life with a predominant impairment in motor skill
development (Table 4).

By the age of 1 year, patients with mild THAN
compensated for the neuropsychic development dis-
orders, and the CAT/CLAMS score exceeded 75
points. In patients with moderate and severe THAN,
developmental retardation persisted during the first
year of life, which required continuous rehabilita-
tion measures after the first year of life.
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