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Abstract. Introduction. Complications of diabetes mellitus are one of the most common life-threatening
conditions in pediatric practice. The aim of the study was to analyze modern principles of intensive therapy of
diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic coma (HHC) in children. Results. The peculiarities of
volemic load and insulin therapy were demonstrated, special attention was paid to prevention and correction of
intracranial hypertension, treatment of cerebral edema. The necessity of prevention of sharp fluctuations of blood
plasma osmolarity, timely and step-by-step correction of water-electrolyte disorders was noted. Conclusion. The
basis of successful treatment of diabetes mellitus complications in children is early diagnosis and correction of
systemic hypoperfusion, prevention of cerebral ischemia and intracranial hypertension.
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Pestome. BgedeHue. OCoXXHeHNs caxapHoro }J,I/Ia6ETa ABNAKTCA OOHMWU U3 Hanbonee PacnpoCTpaHEHHbIX XN3-
HeyrpoxarLmnx COCTOAAHUI B nenmanquCKon npakTnke. Lleno uccie0o8aHUs — aHanu3 COBpPEeMEHHbIX MPUH-
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LIMOB MHTEHCMBHOWN Tepanuu anabeTryeckoro ketoaungosa (JKA) u runepocmMonsapHON FrMneprinkeMmnyecKkom
kombl (ITK) y petein. Pesyiemamel. MpoaeMoHCTPUPOBaHbl 0COOEHHOCTY BOSIEMUYECKON Harpy3Ku 1 MHCYNHO-
Tepanuu, ocoboe BHMaHUe yaeneHo NPOGUNaKkTUKe U KOPPEKLMN BHYTPUUYEPEMHON TMNEePTEH3UN, IEYEHWIO OT-
€Ka rofloBHOro mo3ra. OtmeyeHa HEO6XOANMOCTb MPEAOTBPALLEHNA PE3KKX KONlebaHUn OCMOAAPHOCTY Ma3mbl
KPOBM, CBOEBPEMEHHOW 1 MO3TAaNHOW KOPPEKLUM BOAHO-3/IEKTPOJSIUTHBIX HapylueHun. 3aknoyeHue. OCHOBOW
YCMELIHOTO JIeYeHNA OCJIOKHEHUI CaxapHOro AnabeTta y AeTel ABNAETCA PaHHAS AMArHOCTMKA U KOPPEKUMA CU-
CTeMHOW runonepoy3nu, NpefoTBpaLLeHE LiepebpaibHO NWEMI 1 BHYTPUUYEPEMHOWN MMNepTeH3NN.

KnioueBble cnoBa: caxapHeili ouabem 1-20 muna; oc/ioxHeHUs; 0emu; duabemuydeckuti Kemoayuoo3; UHMeHCUs-

Has mepanus.

INTRODUCTION

Diabetes mellitus (DM) is one of the most
severe systemic diseases of childhood with ex-
tremely high risk of developing life-threatening
conditions. The diabetic ketoacidosis, hyperos-
molar hyperglycemic nonketotic coma, and hy-
poglycemia are the most dangerous of these
disorders, because all of them can lead to severe
neurological deficits [1, 2].

The incidence of diabetic ketoacidosis (DKA) is
1-10% per year in children with type 1 diabetes
mellitus in developed countries with adequate
health care resources, and it is the first manifes-
tation of diabetes mellitus in approximately 30%
of patients [3]. The risk of DKA is the highest in
children of first two years of life and in adoles-
cent girls, especially from socially disadvantaged
families [4]. The high probability of diabetic ke-
toacidosis in early-age patients is possible due to
an insufficient caution and late diagnosis of dia-
betes. At the same time, the main cause of dia-
betes decompensation in adolescents is a low
adherence to treatment [4, 5].

The diabetic ketoacidosis (DKA) is the most
common cause of death in children with DM,
its incidence is 2-5%. An irreversible damage of
central nervous system (CNS) in children with
DKA is a consequence of cerebral edema. The risk
of the condition is about 1-1.2%, and mortality
rates with refractory intracranial hypertension
are 20-25% [6]. A severe neurologic deficit is ob-
served in more than 35% of surviving patients.

The most common reason for the onset of cer-
ebral edema is severe metabolic disorder, which
has a damage effect to the main metabolic path-
ways. At the same time, in some cases the pro-
gression of intracranial hypertension has a clear
relationship with the peculiarities of the therapy,
which can be quite aggressive and after a while
become the cause of patient deterioration [1, 2,
4-6].

The rarest complications of DKA include acute
respiratory distress syndrome, rhabdomyolysis,
and acute renal failure.

K. Lah Tomuli¢ et al (2022) had evaluated the
epidemiology of DKA in patients of intensive care
unit (ICU) over the last 10 years and demonstra-
ted that ketoacidosis as the first manifestation of
type 1 DM was in 24.7% of children. A moderate
and severe dehydration was noted in 76% on
admission, 5.2% of patients developed cerebral
edema, one child died [7].

All these facts show the relevance and clini-
cal significance of the problem, because time-
ly diagnosis and adequate intensive therapy of
complications of DM in children will significantly
improve results of treatment and outcome of the
disease.

The diabetic ketoacidosis is an acute dia-
betic decompensation of metabolism, manifes-
ted by a sharp increase in the concentration of
glucose and ketone bodies in the blood, their
appearance in the urine and development of a
metabolic acidosis. It can be leaded with vary-
ing states of impaired consciousness or without
them, which requires emergency hospitalization
of the patient [4].

Due to international and domestic clini-
cal guidelines, the criteria for the diagnosis of
DKA in children are blood glucose concentra-
tion>11 mmol/L, blood pH below 7.30, bicarbo-
nate (HCO3) concentration less than 15 mmol/L,
increased anion gap, and ketosis (blood B-hy-
droxybutyrate concentration >3 mmol/L) or ke-
tonuria (moderate or severe). The symptoms of
clinical manifestation of DKA are a weakness,
nausea, vomiting, abdominal pain, polydipsia,
polyuria, polyphagia, depression of conscious-
ness, Kussmaul's breathing, and acetone odor
from the mouth. Three stages are distinguished,
depending on the severity of the clinical picture
of DKA (Table 1).
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Table 1. Degrees of severity of diabetic ketoacidosis
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Ta6bnuua 1. CteneHn TAXKecTn AnabeTnyeckoro Ketoauunaosa

KnuHnyeckune pekomergaumm Poccuiickon ®egepaunn / Clinical Recommendations of the Russian Federation

CreneHb TaxecTn / pH HCO,, mmonb/n / HCO;, mmol/I

Degree of severity

Nerkas / Mild <73 <15

CpegnHsna / Moderate <72 <10

Taxkenasn / Severe <71 <5

Meduampus no HenbcoHy / Nelson Textbook of Pediatrics

CreneHb Taxectn / pH pCO,, make/n / KnuHuueckmne npusHaku / Clinical signs

Degree of severity pCO,, mEq/I

Nerkan / Mild 7,25-7,35 16-20 MaureHT opreHTUPOBaH, MOXeT BbiTb BO36YX-
neHHbIM unuv Banbim / Orient, alert but fatigued

CpepnHasa / Moderate 715-7,25 10-15 [bixaHre Kyccmaynsa, naumeHT COHNMB, HO Npu-
XOAWT B ACHOE CO3HaHWe npu ctumynAuum / Kuss-
maul respiration, oriented but sleepy, arousable

Taxenan / Severe <715 <10 [ObixaHue Kyccmaynsa unm 6pagnnHos, yrHeteHune
CO3HaHWA BNIOTb 0 Kombl / Kussmaul or depres-
sion respirations, sleepy to depressed sensorium
to coma

Table 2. Differential diagnosis of diabetic ketoacidosis and hyperosmolar hyperglycemic coma

Ta6nuua 2. nddepeHumanbHan AnarHOCTUKa AMabeTueckoro KeToauraosa v rnepoCcMosIAPHON rmnepriavkeMm-

YyecKo KoMbl

JlabopaTopHbie KpuTepum / [nabeTnyeckuin ketoaumnaos / [MnepocmonApHana Koma / Hyperos-
Laboratory criteria Diabetic ketoacidosis molar hyperglycemic coma
KoHueHTpauusa rnoKo3bl B KPOBM, MMONb/N / >13,9 33,3
Glucose, mmol/I
pH apTtepuanbHoi kposu / pH arterial blood <73 >7,3
Bukap6oHaT, Mmonb/n / Bicarbonate, mmol/I <15 >15
OcmonapHocTb, MOcm/Kr / Osmolarity, mOsm/kg <320 >330
KeToHypus / Ketonuria +++ +
AHNOHHbBIN rpagmeHT / Anion gap >12 <12

A differential diagnosis of DKA should be
done with hyperosmolar hyperglycemic nonke-
totic coma occurring in type 2 diabetes, although
it is extremely rare in children (Table 2).

PECULIARITIES OF INTENSIVE THERAPY
OF DIABETIC KETOACIDOSIS

The intensive therapy of diabetic ketoacidosis
includes mandatory components: elimination of
the phenomena of shock if it is presented, step-
by-step correction of dehydration and electro-
lyte disorders, management of ketoacidosis and
hyperglycemia, prevention and treatment of cer-
ebral edema. For this purpose, an infusion and in-
sulin therapy is used. The algorithm of intensive
therapy of DKA, taking into account the available

recommendations, is presented in figure 1. If a
heart rate and blood pressure are stable, the in-
fusion therapy should be started, including flu-
id supplementation (maintenance requirements
and compensation of the deficit taking into ac-
count current pathologic losses). The degree of
dehydration is based on the clinical and labora-
tory examination. Main characteristics are pre-
sented in Table 3.

The approximate fluid administration and
electrolyte requirements are demonstrated in
Table 4.

The first-line infusion is NaCl solution or any
balanced polyionic solution in the absence of
clinically significant hyperkalemia. The choice
of the concentration of the NaCl solution (0.9%
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Anamne3 / Clinical history
— Monnypus, nonuauncus / Polyuria, polydipsia.
—TowHorta, psota / Nausea, vomiting.
— TaxunHoa, WyMHOE [ibIXaHue /
Tachypnea, noisy breathing.
- Cnaboctb / Weakness.
— Moteps maccol Tena / Weight loss.
- bonu B xusoTe / Abdominal pain.
— YrHeTeHne co3HaHus / Confusion,
decrease level of consciousness

Knunnyeckue npusnakm / Clinical signs
— Hernpgparauuns / Dehydration.
- ny60Koe WymHoe fbixaHne (abixaHue Kycemayns) /
Deep sighing respiration (Kussmaul).
— 3anax auetoHa / Smell of ketones.
— Connusoctb / Drowsiness

Buoxumuyeckue npusnaku / Biochemical signs
— KetoHemus n/unu KeToHypus /
Blood / urine ketones elevated.
Tmneprnukemus / Hyperglycemia
(6onee 11 mmons/n / above 11 mmol/l).
— MeTabonuyeckuii aumnos / Metabolic acidosis
(pH <7,3; HHCO, <18 Mmonb/n /
pH <7.3; HCO, <18 mmol/l).
— ONeKTPONUTHbIE HapyLLeHus /
Electrolyte disturbances

Y

v

v

OVABETUYECKUIA KETOALMO03 / DIABETIC KETOACIDOSIS

v

v

v

Wok / Shock
Cnaboe HanomnHeHNe nynabca Ha NepugepuyecKmx
aptepuax / Reduced peripheral pulses
YrHeTeHue Co3HaHns /
Decrease level of consciousness
Koma / Coma

v

Peanumaums / Reanimation:
1. O6ecne4eHne NpoOXoANMOCTH
nbiIxaTenbHbIx nyTer / Open air way.

2. MocTaHOBKa Xenyao4Horo 3oHaa / NG tube.
3. fotaums 100% kucnopoaa / 100% oxygen.
4. NaCl 0.9% — 20 mn/kr /

0.9% saline 20 mi/kg bolus
until circulation restored

Aumnpos He perpeccupyet/ |

[lernaparaumns cpeaHeit unu TAXKeNoi cTenexu,
NPU3HAKN LLIOKA OTCYTCTBYHOT /
Moderate or greater dehydration, no shock.
Aunpos, peota/ Acidosis, vomiting

Jerngparaums <5% / Dehydration <5%.
lMaumeHT nbet Bogy cam / Patient drinking water

v

v

BHyTpuBenHas undpy3sus / IV therapy:
1. NaCl 0,9% — 10-20 mn/Kr B Te4eHune
20-30 MUHYT, BO3MOXHO NMOBTOPHOE BBEAEHME /
0.9% saline 10-20 mi/kg over 20-30 min, may repeat.
2. Pacyet o6bema nHdysum /
Calculate fluid requirements.
3. Koppekums nernaparauni B TeveHmne 48 vacos /
Correct fluid deficit over 24-48 hours.
4. NoTauwns 40 mmonb kanus Ha 1000 mn pacteopa /
Add potassium 40 mmol / 1000 ml fluid

v

MHeynuu, 0,05-0,1 EL/Kr/4ac, B/B, 04HOBPEMEHHO
C Ha4anom nHdyaum unn cnycts 1 vac / Continuous
IV insulin infusion at 0.05-0.1 IU/kg/hr simultaneously
with the start of infusion or after 1 hour

v

Tepanus / Therapy:
1. MoaKoXHOE BBEAGHNE UHCYNUHA /
Start with SC insulin.
2. OpanbHas germaparauus /
Continue oral hydration

v

Hert yny4wenus / No improvement

HabniogeHue U MOHUTOPUHT /
Observation and monitoring
1. KOHTPONb YPOBHS rMKEMUM KXbIA Yac /
Hourly blood glucose
2. OueHKa HeBpOMOTNYECKOro cTatyca He pexe 1 pasa

Acidosis does not regress

v

MosTopHas ouexka / Re-evaluate
- OueHka rngpo6anatca, Hy3noHHas Tepanns /
IV fluid calculations.

— Ecnun coxpansieTcs aumaos, MoxeT
noTpe60oBaThCA NOBTOPHbIA 60MIOC XMAKOCTI /
Need for additional fluid resuscitation.

— KoHTponb [03bl MHCYNuHA /

Insulin delivery system and dose.

— Wcknioumutb cencuc / Consider sepsis

Fig. 1.
Puc. 1.

B 4ac / Neurological status at least hourly.
3. KoHTponb rugpo6ananca Kaxablii yac /
Hourly fluid input and output.

4. KOHTPONb KOHLEHTpaLMN 3NeKTPONNTOB Yepes
2 4aca nocne Havana WHAGY3NHHON Tepanum /
Electrolytes 2 hourly after starting IV fluid therapy.
5. OueHka doyHKumn ceppua / Cardiac monitoring

YXyaweHue HEBPONOrMYEcKoro craryca /
Neurological deterioration
TpeBOXHbIE CUMNTOMbI:

— BbIpaXeHHas Ui ycunmBaroLLasca ronoBHas
60nb / Severe or progressive headache.

- bpanukapgams / Bradycardia.

Y

— PazgpaxutensHocTb / Irritability.
— VrHeTeHne co3Hauus /
Decrease level of consciousness.

— Hepep>xaHue Mo4u, HECOOTBETCTBYIHOLLEE
Boapacty / Age-inappropriate incontinence.
— MaTorHOMOHNYHbIE NPU3HAKN
BHYTPUYEPENHON runepTeH3nm /
Specific signs of intracranial pressure

Yposexb rnukemun mexee 14 mmonb/n /
Blood glucose < 14 mmol/I

v

BuyTpuBeHHas uudpy3us / IV Therapy:

1. Jo6aBnTb 5-12,5% pacTBOpbI [KOKO3bl B UHAY3MIO,
4T06bI M36€XaTh runornukemun / Add 5-12.5% glucose
to IV fluids to prevent hypoglycemia.

2. He cHwxatb 03y nHcynuHa mexee 0,05 Efl/kr/4ac /
Do not reduce insulin dose less than 0.05 IU/kg/h

v

Yny4wenue / Improved
- YnosnetsoputenbHoe camo4ysctsue / Clinically well.
— Xopowlo neet / Tolerating oral fluids.
— PerpeccupoBanne ketoaunaosa /
Ketoacidosis resolved

v

MoaKoXHOe BBEAEHME NHCYNNHA,
OTK/KYEHNE BHYTPUBEHHON NHCDY3NUN UHCYNNHA
yepe3 1 4ac nocne NepBOro NOAKOXHOrO BBEAEHNUS /
Start SC insulin, and then stop IV insulin
after 1 hour after the first SC injection

Algorithm of intensive care of diabetic ketoacidosis in children
ANTOpUTM MHTEHCUMBHOM Tepanuu anMabeTMyeckoro KeToaumaosa y neten

v

Wckniouutb runornukemuto! /
Rule out hypoglycemia
Otek ronosHoro mo3ra? / Brain oedema

v

Tepanus oTeka ronoBHOro mosra /
Intensive care of brain oedema
—2,7% NaCl, 5 Mn/Kr, BHyTPUBEHHO,
60m1t0CHO Unm maHHuTon 0,5-1,0 r/kr / 2.7% saline,
5 ml/kg, iv bolus, or mannitol 0.5-1.0 g/kg.

— YMeHbLUNTb CKOPOCTb MH(PY3MM 10 YPOBHS,
HE06X0AMMOr0 Ns NoAAepXKaHus
HopmanbHoro AL/

Adjust IV fluids to maintain normal BP.

— KT/ MPT TonbKo nocne crabunusauum
coctosHus naunenta / CE or MRI only after patient
stabilized

OB30OPbI
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or 0.45%) depends on the concentration of so-
dium in the plasma. In case of the normonatre-
mia, 0.9% solution is used, and in hypernatremia
(Na+ > 150 mmol/L) — 0.45% solution. Although,
the use of its appointment is not recognized by all
authors. In case of the hyponatremia, the plasma
sodium concentration should be calculated due
to the level of glycemia:

[blood glucose] - 5,6
[Na*] = [Na*] + -16.
5,6

The use of hypertonic solutions for hypon-
atremia in patients with DKA is categorically
contraindicated! The drug of choice in this situ-
ation is 0.9% NaCl solution.

When glucose concentration decreases by
1 mmol/L, the plasma sodium concentration
should be increased by 1.6 mmol. The decrease
sodium concentration in dynamics against
hyperglycemia is a sign of progression of ce-
rebral edemal!

A fluid deficiency should be compensated for at
least 24-36 hours, and if there is a high risk of cer-
ebral edema — 48 hours. The faster elimination of
dehydration can cause a sharp decrease in plasma
osmolarity and progression of an intracranial hy-
pertension. The rate of decrease in plasma osmo-
larity should not exceed 1.5-2.0 mOsm/hour.

A necessary component of the infusion pro-
gram is the donation of potassium in order to
eliminate its deficiency and prevent the deve-
lopment of cardiac arrhythmias (Table 4).

The potassium treatment is prescribed only
after elimination of pronounced manifestations

ISSN 2221-2582

of a hypovolemia, in the presence of adequate
diuresis and serum K+ concentration less than
5.0 mmol/L [9]. It should be noted that in DKA
the need for potassium is at least 150% of the
age requirement: 1.5-3.0 mEq/kg per day.

In case of normokalemia (4-6 mmol/L) the po-
tassium is administered at the rate of 40 mEq in
1L of infusion solution, and in hypokalemia —
60 mEq/L.

In case of severe hypokalemia (blood potas-
sium concentration less than 3.0 mmol/L), po-
tassium solutions are administered in dose of
0.5 mmol/kg per hour for one hour with subse-
guent assessment of potassium levels in blood.

When the blood glucose concentration drops to
14-17 mmol/L, a 5 or 10% glucose solutions should
be added to the infusion on the background of in-
sulin therapy, and it is better to use the concept of
"two packets". So, each of these bags contains the
same amount of electrolytes, but only one of them
is added glucose. The technique allows faster, more
economical and accurate correction of the dose of
administered glucose, which is titrated due to its
concentration in the blood. This approach can pre-

Table 3. Assessing the severity of dehydration in
children with diabetic ketoacidosis

Tabnuua 3. OueHKa CTeneHn TSHXKeCTU gernaparauumn
y fAeTel ¢ frabeTnyeckum Ketoawmpo3om

CreneHb TAXecTn /
Degree of severity

CreneHb gerngpatayum /
Degree of dehydration

5% oT maccbl Tena /
5% of body weight

Jlerkas, cpepHns cTeneHb /
Mild, moderate

10% oT maccbl Tena /
10% of body weight

Tsixkenas / Severe

Table 4. Fluid and electrolyte requirements in diabetic ketoacidosis [5]

Ta6nunua 4. NMoTpe6HOCTb B XXNAKOCTU 1 SNEKTPONUTAX Npu ArabeTnyeckomM KeToauugose [5]

KomnoHeHT / Com-
ponent

Motepu npun AKA, EQ/Kr / Aver-
age (range) losses per kg

Bo3spacTHasa cyTouHasa noTpebHOCTb /
24-hour maintenance requirements

Bopa / Water 70 (30-100) mn/ml

<10 kr / kg

100 mn/kr / 100 ml/kg

11-20 kr / kg

1000 mn + 50 mA/Kr Ha Kaxkabin Kr nocne 10 Kr
Beca/ 1000 ml + 50 ml/kg/24 h for each kg from
11 to 20

>20 kr / kg

1500 mn + 20 Mn/Kr Ha Kaxabl Kr nocne 20 Kr
Beca/ 1500 ml + 20 ml/kg/24 h for each kg >20

Hatpwuii / Sodium 6 (5-13) mmonb / mmol

2-4 mmonb / mmol

Kanwuin / Potassium 5 (3-6) mmosnb / mmol

2-3 mmonb / mmol

Xnop / Chloride 4 (3 -9) mmonb / mmol

2-3 mmorb / mmol

®ocdop / Phosphate | 0,5-2,5 mmonb / mmol

1-2 mmonb / mmol

REVIEWS
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vent the hypoglycemia despite the constant need
for insulin [10].

Both insufficient and excessive fluid admin-
istration can cause a significant increase or de-
crease in blood plasma osmolarity and progres-
sion of intracranial hypertension [4, 5, 11].

Against the background of circulating blood
volume recovery and stabilization of hemodynam-
ic parameters, insulin therapy at a starting dose of
0.05-0.1 U/kg per hour until regression of ketoac-
idosis is mandatory [5, 12, 13]. The insulin is pre-
scribed immediately after administration of a fluid
bolus or at the same time with the start of infusion
therapy. In patients with DKA, only short-acting in-
sulin preparations (Novorapid, Actrapid NM, etc.)
should be used. The pharmacokinetics of short-ac-
ting insulins is presented in Table 5.

Until a ketoacidosis regression, an insulin
dose of less than 0.05 units/kg per hour should
not be used. The optimal blood glucose level
should be maintained by infusion of 5 or 10%
glucose solutions.

The main objective in the treatment of patients
with DKA is not to eliminate hyperglycemia, but
to eliminate the signs of ketoacidosis [11].

An intravenous and subcutaneous bolus in-
jection of insulin is absolutely contraindicated
in DKA. The dose of insulin and the rate of infu-
sion of solutions for infusion therapy are selec-
ted so that the rate of decline of blood glucose
does not exceed 5.0 mmol/L per hour, although
the optimal rate of decline is 2 mmol/L per hour.
If there is no effect of insulin therapy within
two hours, the insulin dose can be increased to
0.15 1U/kg per hour, but this is a last resort way
that can only be used as an exception to the rule.

After a complete elimination of ketoacidosis
signs, a child should be examined by an endo-
crinologist to decide a possibility to change IV in-
fusion of insulin to subcutaneous injections.

During infusion and insulin therapy, sharp
spikes in blood glucose levels and a hypoglyce-
mia should be avoided, because both a signifi-
cant decrease and increase in blood plasma os-
molarity can cause progression of intracranial
hypertension [4, 5, 11].

Against the background of fluid and insulin
administration, a significant decrease in blood
plasma osmolarity can be observed with its si-
multaneous increase within the cellular struc-
tures of the CNS. This is the one of the factors
that can lead to or aggravate an already existing
cerebral edema [11].
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Table 5. Pharmacokinetics of short-acting insulins

Tabnuua 5. DapMaKkoKMHETVKa MHCYNIMHOB KOPOTKOro
nencrema

XapakTepuctuka / Char-

o Onuncanue / Description
acterization

Hauano pgencteua /
Start of action

Yepes 20-30 MUHYT OT
Hauana nHoysun / After
20-30 minutes from the
beginning of infusion

Makcnmym gencreua /
Maximum action

Yepes 2,5-3,5vaca/
After 2.5-3.5 hours

MpogomKknTenbHOCTb 6-8 yacos / 6-8 hours
pewncteua / Duration of

action

A rapid decrease in plasma glucose concen-
tration may also contribute to the development
of cerebral edema in patients with DKA. In par-
ticular, it may cause a decrease in plasma osmo-
larity and fluid movement into the CNS struc-
tures; therefore, glucose levels of plasma should
be kept in the range of 8-12 mmol/L [4, 5, 11].

The most controversial issue of intensive the-
rapy of diabetic ketoacidosis is the use of sodium
bicarbonate solution to correct metabolic acido-
sis [4-6].

According to many authors, the use of a so-
dium bicarbonate is the main risk factor for the
cerebral edema in DKA. They think, that against
the background of infusion of sodium bicarbo-
nate solution, secondary hypoxemia of CNS neu-
rons develops due to the shift of oxyhemoglobin
dissociation curve [6].

Both in acidosis and alkalosis there is a shift
of the oxyhemoglobin dissociation graph. There
is a shift to the left in alkalosis characterized by
an increase in the affinity of hemoglobin to oxy-
gen. The hemoglobin is quickly saturated with
oxygen in the lungs and very slow gives it to
tissues. It is always an unfavorable sign and in-
dication a marked disturbance of oxygenation.
Even an increase in blood oxygen content does
not improve tissue oxygenation, which should
be noticed when there are a cerebral edema and
performing artificial respiration. Several studies
demonstrate that the use of sodium bicarbonate
is accompanied by paradoxical acidosis of cere-
brospinal fluid, which was the basis for the nega-
tive attitude of different researchers to the use of
sodium bicarbonate in patients with DKA [6]. The
sodium bicarbonate is extremely harmful in pa-
tients with diabetic ketoacidosis and can be used
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only if there is a high probability of myocardial
depression on the background of metabolic aci-
dosis [2,6, 11, 14, 15].

The ketoacidosis gradually regresses with ade-
quate infusion and insulin therapy in the majority
of clinical cases. But sometimes the decompen-
sated metabolic acidosis may persist and sodium
bicarbonate (0.5-1.0 mEq/kg for 30-60 minutes)
can be appropriate. Both we and other authors
believe that the use of sodium bicarbonate can
be justified only in the presence of decompensat-
ed metabolic acidosis (pH < 7.1) and a high risk of
acute myocardial depression [11, 14, 15]. There is
a small experience of correction of metabolic aci-
dosis and hyperglycemia in children with DKA us-
ing infusion solutions containing succinate [16].

In some cases, even while an adequate infu-
sion and insulin therapy, progression of intracra-
nial hypertension and clinical symptoms of cere-
bral edema are noted. Its diagnostic criteria are
presented in Table 6. The necessary components
of therapy are restriction of the volume of fluid,
using of osmotic diuretics, tracheal intubation
and transfer the patient to invasive mechani-
cal ventilation in case of progression of cerebral
edema in patients with DKA [4, 5, 11]. If the pa-
tient has depressed consciousness without ob-
vious clinical signs of progression of intracranial
hypertension and consciousness of the level of
coma, use of osmotic diuretics is categorically
contraindicated.
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An artificial ventilation should be used only
if it is a last way and there is a decompensated
respiratory failure and high risk of aspiration
syndrome. It is important to note that severe hy-
pocapnia is a risk factor for the progression of
cerebral edema, because low levels of carbon
dioxide tension in the blood lead to a cerebral
vasospasm, impaired autoregulation of cerebral
blood flow and ischemia in CNS [17].

In patients with DKA it is advisable to main-
tain the level of pCO, as it was before tracheal
intubation, avoiding excessive decrease and
increase of pCO,, because the hypocapnia is a
compensatory mechanism aimed at eliminating
ketoacidosis [11].

Drugs of choice for correction of intracrani-
al hypertension are mannitol and/or hypertonic
sodium chloride. The intravenous drip manni-
tol is administered at a dose of 0.5-1.0 g/kg for
20 minutes. If there is no effect, it can be done
again. While using mannitol, improvement of
cerebral blood flow and cerebral oxygenation is
noted.

A hypertonic sodium chloride (3%) is used
drip intravenously at a dose of 5-10 ml/kg for
30 minutes. The main advantage of hypertonic
sodium chloride compared with mannitol is the
prevention of hyponatremia and hypovolemia
while there is an osmotic diuresis [3]. It can be
used as a "second-line" drug in the absence of
effect from mannitol.

Table 6. Criteria for the diagnosis of cerebral edema in patients with diabetic ketoacidosis [11]

Tabnuua 6. Kputepunu AnarHocTnkm oteka Mo3ra y nauMeHToB ¢ AnabeTnyeckum Ketoaumpgosom [11]

AunarHoctnyeckme kKputepum /

Diagnostic criteria

«bonbwmne» Kputepun /
“Major” criteria

«Manble» kputepun /
“Minor” criteria

1. HeapekBaTHasA aBuratenbHas um
BepOasnbHas peakuns B OTBET Ha
6onesoli pa3gpaxuTesnb / Abnormal
motor or verbal response to pain.

2. lekopTuKaLMOHHasA nn
feuepebpaunoHHas purngHocCTb /
Decorticate or decerebrate posture.

3. Mapanny yepernHo-mo3rosbix
HepBoB (ocobeHHo llI, IV n VI) / Crani-
al nerve palsy (especially IIl, IV, VI).

4. Hannuve naTtonornyeckmx TMnos
AbIXaHUA (AbIXaHWe MO TUMY «racmny,
TaxMMHO3, AbixaHue YenHa-Crokca,
anHo3) / Abnormal neurogenic
respiratory pattern (eg, grunting,
tachypnea, Cheyne-Stokes, apneu-
stic)

. YrHeTeHne unu ynaynvpyollee

cosHaHue / Altered mentation or
fluctuating level of consciousness.

. YMeHbLUeHre 4acToThbl cepaeyHblx

coKpaLleHuin (bonee yem Ha 20

B MUHYTY), HE CBA3AHHOE CO CHOM
Unmn ctabunusaymen nokasartenem
remofvHamuku / Sustained heart
rate deceleration (decline more than
20 per minute) not attributable to
improved intravascular volume or
sleep state.

. HecooTsetcTBytoLiee Bo3pacTy

BO36yxaeHue / Age-inappropriate
incontinence

1. PBoTa / Vomiting.

2. TonosHas 6onb / Headache.

3. lnacTonnyeckoe aptepuanbHoe
fasneHue 6onee 90 Mm pT.CT. /
Diastolic blood pressure greater than
90 mm Hg.

4.Bo3pacT MmeHee 5 net / Age <5 years
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XWAKOCTb / FLUD | | JNEKTPOJINTDbI / ELECTROLYTES | | WHCYJNH / INSULIN
ECnu KOHUEHTPALMM Kanusi B KPoBM TMNEprIMKeMHYEcKHii FHnepocMonApHbIi

0,9% pacTBop HaTpus xn0pnaa,
20 mMn/Kr, NOBTOPUTb A0 YNYYLIEHUS
nepdyaun / Normal saline, 20 ml/kg,

repeat until perfusion established

13 pacyerta 40 Mmornb/n

<5 Mmonb/n — [106aBUTb B PacTBOPbI
ANs MHGY3UK npenaparbl Kanus

00 ynyyLeHus nepdoysum /
If potassium blood level <5 mmol/l
¢ add in IV fluids potassium 40 mmol/l

rUNepocMonsApHbIA CUHAPOM /
hyperglycemic hyperosmolar
syndrome.
HasHa4nTb WHCYNMH, ecnu
KOHLEHTPaLys rOKO3bl
He CHUXaeTcs Ha oHe

nunabeTnyeckuit Ketoauupos /
hyperosmolar diabetic
ketoacidosis.
HazHaunTb UHCYNNH
nocne CTapToBoN

BOJIEMUYECKOW HArpy3Ku /

UHCDY3NOHHOV Tepanum / Start insulin infusion

JloTaumns Xuakocti B 06beme
BO3pacTHON noTpe6HoCTM /
Maintenance fluids
+ BOCNONHeHNe fgeduumta (12-15%
0T Beca Tena) B TeqeHune 24-48 4/
+ deficit (12-15% of body weight)

phosphate every 2 hours

MOHUTOPWHI KOHLEHTpaLuu
3NEKTPONUTOB, KanbLus, MarHus,
dhocchatoB kaxable 2 4/ Monitor
electrolytes, calcium, magnesium,

Start insulin infusion if blood
glucose level does not fall

for a long time with +

intravenous fluids alone

after initial IV fluids

MocToAHHAA UHY3Us
+ MPOCTOro MHCYNMHA

replacement over 24-48 hours;
MonunoHHble

KpUCTaNnoufHbIe pacTBopb! /

Polyionic crystalloid solutions

v

BoccTaHoBneHue
Temmna no4acosoro auypesa/
Replace urine output

Y \ 4

B no3e 0,05-0,1 E[/kr/4ac
B 3aBUCUMOCTY OT CTEMEHN
TSXKECTN MeTaboNN4ecKoro
auuposa/
Continuous IV infusion regular
insulin 0.05-0.1 1U/kg/h,
depending on degree
of acidosis

v v

TuTpOBaHNE A03bl MHCYNMHA C LIeNblo CHUXEHUS KOHLEHTPaLN
rMOKO3bl B KPOBM CO CKOPOCTbHO 4,0-5,5 MMonb/n/yac /
Titrate insulin dose to decrease blood glucose
by 4.0-5.5 mmol/|

v

MocTosHHasa UHAY3Ns
NPOCTOr0 MHCYNNHA B 03
0,025-0,05 E[l/kr/4ac /
Continuous IV infusion regular
insulin 0.025-0.05 IU/kg/h

lMeproamnyeckas oLeHKa BOSIEMUYECKOro CTaTyca, KOPPeKLms CKOPOCTI BBEAEHUS XMAKOCTM 1 3NEKTPONNTOB NPU HE06X0[UMOCTH /
Frequently assess circulatory status and fluid balance (intake / output)
Adjust rate and electrolytes compositions of fluids as needed

Fig. 2.
Fig. 2.

PECULIARITIES OF INTENSIVE CARE
OF HYPEROSMOLAR HYPERGLYCEMIC
NONKETOTIC COMA

The main distinguishing feature of treatment of
hyperosmolar hyperglycemic nonketonic coma is
the correction of water and electrolyte disorders. The
use of insulin preparations is justified if the blood
glucose level does not decrease while the patient is
giving an infusion therapy. The starting dose of insu-
lin should not exceed 0.05 U/kg per hour (Fig. 2).

CONCLUSION

At the end of the review of modern principles
of intensive care of complications in children
with diabetes mellitus, it should be noted that
any rash and routine intervention can bring both
benefit and harm. Thus, cautious and timely as-
sessment of the patient's condition and subse-
quent correction of therapy are necessary.
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