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Abstract. Background. The well-defined program of the insulin therapy is a guarantee of efficient treatment
of a patient with the diabetic ketoacidosis. The approaches to the treatment varied depending on the gained ex-
perience, however, the experts’ opinions about the dose and methods of the insulin therapy are still ambiguous.
The evaluation of the insulin therapy efficacy via continuous infusion by means of a syringe pump with the initial
dose 0.1 unit’kg/h under the control of the glycemia without the usage of a bolus insulin dose IV and the determina-
tion of the necessary daily insulin dose on the first day of the diabetic ketoacidosis treatment. The purpose of the
study — the evaluation of the insulin therapy efficacy for the diabetic ketoacidosis with syringe pump by means
of the continuous infusion with the initial dose 0.1 unit/kg/h under the control of the glycemia as the principal compo-
nent of the pathogenetic treatment and the determination of the necessary daily insulin dose on the first day of the
diabetic ketoacidosis treatment in parallel with the rehydration start by means of physiological solution. Materials
and methods. 55 patients with diabetic ketoacidosis aged from 9 to 65 years were examined. The average age
of the patients was 31.58 + 17.18 years. The specific weight of the female patients was 56 %, and male patients —
44 %. 80 % of patients had the type 1 diabetes mellitus. The determination of the glucose level was carried out
in the capillary blood by means of the automatic glucose analyzer. For all the patients the glycemia was controlled
in an hour after the injection of 0.1 unit/kg/h of insulin and then the dose was corrected in case of necessity with the
control of the glucose level. For the treatment the fast-acting insulin was used and analogues of ultra fast-acting
insulins, their total dose was calculated during the first day of treatment. Results. The glycemia level during the
hospitalization fluctuated from 6.7 mmol/l to 62.2 mmol/l, at average it was 23.37 + 10.16 mmol/l. 13 % of the pa-
tients had the glycemia of 13 mmol/l. 29 % of patients had the glycemia to 20 mmol/l, and 58 % of patients had the
hyperglycemia of more than 20 mmol/l. 63,6 % of patients had the desirable dynamics of glycemia level in an hour
after the injection of the calculated insulin dose, the glycemia decrease within an hour was 0.5-5.3 mmol/l, but it
was noted the individual sensitivity to the injected insulin dose. The daily insulin dose fluctuated from 0.5 unit/kg
daily to 5.83 unit/kg a day. The median of the daily insulin dose amidst the patients was 1.36 unit/kg and more often
it was 0.92—1.88 unit’kg a day (25 %, 75 %). Conclusions. The insulin dose calculated as 0.1 unit’kg/h is efficient
in most cases but due to the individual sensitivity to the injected insulin and the significant factor of the treatment
efficiency is the glycemia control hourly for the opportune correction of the insulin dose.
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Infroduction

Diabetes mellitus (DM) refers to the most wide-
spread chronical diseases of the mankind. The history
of diabetology can be divided nominally into pre-insu-
linic and post-insulinic period. Actually the insulin dis-
covery was a revolutionary breakthrough in the treat-
ment of DM and in the changes of the possibilities and
everyday life of the patients with DM [1, 2]. The insulin

improving at a quick rate, the insulin therapy technique
and modes have been advancing. Thus, the life quality
of patients has been improving and mortality due to the
acute diabetes decompensation — diabetic ketoacido-
sis — has been decreasing. At the present phase of the
diabetology development the gene engineering human
insulins, the insulin analogues, insulin biosimilars are
used. The insulin is administered by insulin syringe,

preparations and insulin introduction means have been

pen injection device, insulin pump or syringe pump.
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Since the insulin deficiency is a releaser of all following
metabolic changes in the patient’s organism with dia-
betic ketoacidosis (DKA), so the exact program of the
insulin therapy is a guarantee of the effective treatment
of the patient’s critical condition. The approaches to
the DKA treatment have been changing together with
the experience gained. It was time when in the insu-
lin therapy the large insulin doses subcutanecously were
used and it was used the sodium bicarbonate in the
pathogenetic therapy. Now the approaches to the insu-
lin therapy of the DKA were revised [3—6] and they can
vary in case of the rare syndromes with the expressed
insulin resistance manifestations [3].

In Ukraine the management protocols of patients
with the DKA are represented in several documents,
separately for patients with type 2 DM and type 1 DM.
The first document approved by the Order of Health
Ministry on December 21, 2012 No 1118 «Unified
clinical protocol of the primary and secondary (spe-
cialized) medical assistance for type 2 diabetes mel-
litus» indicates the pre-hospital care in a volume of
fast-acting insulin of 20 unit intramuscular; 0.9 % so-
lution of sodium chloride intravenous (IV) by drop in-
fusion at a speed of 1 1/h. At hospitals the mentioned
document recommends to provide insulin therapy with
small doses of fast-acting insulin (SEI) intravenous bo-
lus injection, and then IV by drop infusion, taking into
consideration the blood glucose level: with glycemia of
17—39 and higher — 0.1 unit/kg/h; with glycemia of 11
to 17 — 0,05 unit/kg/h; with glycemia less than 11 —
4—6 unit subcutaneously every 3—4 hours together with
5 % glucose solution. The insulin solution preparation:
50 unit of fast-acting insulin + 2 ml 20 % albumin solu-
tion (to avoid the adsorption of insulin molecules) for
every 100 ml dilute to 500 ml1 0.9 % sodium chloride, and
we obtain the concentration of insulin solution 1 unit in
10 ml. The speed of glycemia decrease is not more than
4 mmol/l/h. In case of the absence of the decrease du-
ring first 2—3 hours, the next dose of fast-acting insulin
must be doubled (to 0.2 unit/kg/h), the hydration va-
lidity must be checked. In case of the decrease at about
4 mmol/1 for an hour, the next dose of fast-acting insulin
must be decreased twice (0.05 unit/kg/h).

The other document approved by the Order of Health
Ministry Ne 254 of 27.04.2006 in Kyiv «About ratification
of protocols of the medical assistance for children» indi-
cates in the chapter about insulin therapy that «It must
be done only after a successful getting out of shock and
the beginning of the rehydration and administration of
solutions containing potassium (because the penetra-
tion of potassium from blood plasma to cells can cause
the cardiac arrhythmia). Insulin (only of short effect) is
administrated with small doses continuously by drops or
dissolved in 0.9% NacCl (1 unit/ml) by means of insulin
pump. Before the insulin administration of 50 units it is
dissolved in 50 ml of 0.9% NaCl, and 1 ml of this solu-
tion contains 1 unit of insulin. It is recommended the
initial dose of 0.1 unit/kg/h (the youngest patients can
receive 0.05 unit/kg/h). In case of the absence of posi-
tive dynamics of glycemia indices during first 2—3 hours
the insulin dose should be doubled. The rate of glycemia

decrease must be slow — not faster than 4—5 mmol/I per
1 hour. During the first day of the treatment the glyce-
mia should not be reduced less than 13 mmol/I because
the fast glycemia reduction can cause the cerebral ede-
ma. During the treatment the glycemia must be retained
within 8—12 mmol/l. After the glycemia decreases to
14 mmol/l and in case of the normal indices of acid-base
balance it is possible to proceed to insulin administration
subcutaneously. The insulin therapy must not be stopped
or reduced to the dose less than 0.05 unit/kg/h because
it is necessary to ketogenesis inhibition and elimination
of acidosis. That’s why the first subcutaneous injection is
done 30 min. before the interruption of the IV adminis-
tration. During the treatment the glycemia may decrease
due to the improvement of renal perfusion and loss of the
glucose with the urine, as well as the improvement of tis-
sue perfusion with the improvement of inulin sensitivity».
In the protocol developed but not approved by Health
Ministry of Ukraine for the children with DKA of 2013 it
was emphasized again the regime of small doses IV, ex-
plaining that insulin must be administered in 1-2 hours
after the rehydration beginning, i.e. after the patient’s
administration of the initial volume of the liquid. The
dose like in the previous document is 0.1 unit/kg/h. But
then it is pointed out that it is not recommended to ad-
ministrate the fast-acting insulin via bolus injection be-
cause of the risk of cerebral edema. Then it is not recom-
mended to leave the dose on the level of 0.1 unit/kg/h
till the patient’s exit from DKA (pH > 7.3, bicarbona-
tes > 15 mmol/l and/or the normalization of the anion
gap). If a patient has the hypersensitivity to insulin it is
possible to decrease a dose to 0.05 unit/kg/h or less pro-
viding that the metabolic acidosis continues decreasing.
That time the appropriate rate of glycemia decrease af-
ter the beginning of insulin therapy was considered to be
2—5 mmol/I/h depending on the injection schedule and
the amount of the glucose injected. In order to prevent
the hypoglycemia it was recommended to add 5% glucose
or 10% glucose with the further insulin infusion for the
correction of metabolic acidosis. Also it was noticed that
in case of the fast glycemia reduction (> 5 mmol/l/h) it
was relevant to add the glucose to infusion solutions even
before its concentration decreases to 17 mmol/l. This
document studied the possible alternative way of insulin
administration, in particular subcutaneous or intramus-
cular administration of analogues of the fast-acting insu-
lin (lispro or aspart) every hour or every 2 hours at a dose
subcutaneously: 0.3 unit/kg, in an hour and then every
hour — insulin lispro or aspart calculated as 0.1 unit/kg
or 0,15—0,20 unit/kg every 2 hours. If the concentration
of the blood glucose falls < 14 mmol/I in order to pre-
vent DKA (pH < 7.3) it is necessary to add 5% glucose
and continue the insulin therapy as mentioned above.
When the diabetic ketoacidosis signs decrease, glycemia
is < 14 mmol/1, the dose of insulin lispro or aspart insulin
should be reduced to 0.05 unit/kg/h in order to retain the
blood glucose on the level of ~11 mmol/1 till the com-
plete elimination of the DKA.

The next document approved by the Order of the
Health Ministry of Ukraine of December 29, 2014,
Ne 1021 (Unified clinical protocol of the primary,
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emergency, secondary (specialized) and tertiary medi-
cal assistance) also recommends small doses. But it
also indicates the bolus insulin IV injection at the be-
ginning of the insulin therapy. The doses of fast-acting
insulin are recommended to inject taking into conside-
ration the level of the blood glucose: having glycemia
17—39 mmol/l and more — 0.1 unit/kg/h; having gly-
cemia from 11 to 17 mmol/l — 0.05 unit/kg/h; having
glycemia less than 11 mmol/l — it is recommended to
proceed with 4-units subcutaneously every 3—4 hours
adding the infusion of 5% glucose solution. The prepa-
ration of the insulin solution is described above with
the addition of the albumin. The recommended rate of
the glycemia reduction is not more than 4 mmol/l/h.
Hereafter it was recommended to change the insulin
dose depending on the glycemia dynamics in an hour:
to increase the dose twice in case of the absence of the
glycemia decrease during 2—3 hours, and in case of the
glycemia decrease it must be controlled every hour.

Analyzing the documents and literature mentioned
above [6—11], some questions arise:

— Isit necessary to use the strictly determined intra-
muscular injection of insulin at a dose of 20 units for all
the patients with type 2 DM at the pre-hospital stage?

— Is it necessary the bolus insulin dose IV at the
beginning of the intensive therapy at hospitals [8—16]?

— What is the initial dose of the insulin for the con-
tinuous intravenous insulin infusion by means of sy-
ringe pump [8—16]?

— Are there any priorities for the usage of gene
engineering fast-acting insulin or analogue of super
fast-acting insulin in the intensive therapy of the DKA?

— Will the usage of insulin infusion without albu-
min addition be effective [16]?

— How fast must we begin the insulin solution infu-
sion — at once or in 1—2 hours after the rehydration?

— What is the expected rate of the glycemia reduc-
tion?

— What daily dose of insulin calculated for the body
mass will be effective on the first day of the intensive
treatment of the critical condition?

It is known that the main criteria of the laboratory
diagnostics and the determination of the severity of the
DKA in most countries are the glucose level, blood pH
and blood bicarbonates level. However, analyzing the
data of the literature for the recent years, the glycemia
level as the diagnostic criterion was revised and reduced
from 13.9 mmol/l to 11 mmol/l, and the recent scien-
tific publications claim about the high frequency of the
euglycemic ketoacidosis using new groups of sugar-
lowering preparations or restricting carbohydrates in-
take with meals [7]. But the pH level and blood bicar-
bonates are constant within decades as indices of the
severity of ketoacidosis [2—6]. Precisely the level of the
glycemia in dynamics is the evaluation of the insulin
therapy efficacy, however, only the figures of the glyce-
mia are not important without other clinical semiotics.

The purpose of the study — the evaluation of the in-
sulin therapy efficacy for the DKA with syringe pump
by means of the continuous infusion with the initial
dose 0.1 unit/kg/h under the control of the glycemia as

the principal component of the pathogenetic treatment
and the determination of the necessary daily insulin
dose on the first day of the DKA treatment in paral-
lel with the rehydration start by means of physiological
solution.

Materials and methods

The research group consisted of 55 patients with
DM who were hospitalized urgently in the condition of
the DKA into the department of the intensive therapy
and anesthesiology of Vinnytsia Regional Endocrino-
logical Centre during 2009—2014. The patients were
included into the research group intermittently at ran-
dom. There were information cards for every patient.
The cards reflect the detailed list of complaints (in case
of unconscious patient the complaints were written ac-
cording to relatives), the data of objective examination,
additional examination and treatment methods.

The criteria of admission of patients were the pre-
sence of clinical semiotics of the DKA and pH level of
venous blood (< 7.35 mmol/I) and blood bicarbonates
(< 15 mmol/1), ketonuria. The criteria of rejection were
the children with the weight less than 20 kg, the advanced
stage of the renal and hepatic failure. The acute com-
plications of DM at the stage of the ketoacidosis were
diagnosed according to the clinical symptoms accor-
ding to the protocol of the medical assistance, approved
by the Order of Health Ministry of Ukraine Ne 254 of
27.04.2006 and Unified clinical protocol of the primary
and secondary (specialized) medical assistance for the
type 2 diabetes mellitus approved by the Order of Health
Ministry of Ukraine Ne 1118 of 21.12.2012.

The age of the patients with DKA was from 9 to
65 years. The average age of the patients was 31.58 £
* 17.18 years. The specific weight of the female patients
was 56 %, and male patients — 44 %. 44 patients (80 %)
had type 1 DM, and 11 patients (20 %) had type 2 DM.
Analyzing the age structure of patients with DKA it was
revealed the biggest number of patients (67.27 %) at the
age of 19—40 years old and 41-60 years old that cor-
responds to the group of labour pool. The next frequent
category was children (21.83 %) among whom there
were more children of adolescence (18.18 %). But the
aged people were the least.

All examined patients were divided into 3 groups
according to the indices of the acid base balance (Wolf-
sdorfJ.I.,2009): the patients with the minor ketoacido-
sis of the I stage, the patients with the moderate DKA
of the II stage and the patients with severe DKA of the
I11 stage. Simultaneously the patients were divided ac-
cording to the severity by the clinical symptoms.

The patients’ examinations were executed using the
clinical, biochemical and instrumental methods of the
research. The general clinical examination was per-
formed according to the common methods. Clinical
and laboratory trials were executed in compliance of
all ethic norms after the informed consent for exami-
nation and treatment.

The biochemical blood indicators were determined
by the biochemical semiautomatic photometer-analy-
zer Microlab 300 (manufactured by “Vital Sciontific”,
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Netherlands, 2005). Glycated hemoglobin (HbAlc) was
determined from the venous blood by the chromato-
graphic method on the analyzer D-10 manufactured by
“Bio-Rad” (France, 2005). Electrolytic composition
of the venous blood, in particular the concentration of
potassium, sodium, calcium was determined by means
of the automatic analyzer Easy lite (USA, 2005). The
level of urine ketones was determined by the qualitative
method by means of test-strips “Ketofen” LACHEMA.
All the patients did the blood analysis to determine the
gas composition and indices of acid-base balance by the
device “Easy Blood Gas” (USA, 2008). The glucose
level determination on the principle of electrochemi-
cal measurement was carried out by the biosensor in the
fresh capillary blood by means of the automatic glucose
and lactate analyser Super GL ambulance, No 0381,
Ne 0380 (the manufacturer is the company “Dr. Miiller
Geritebau GmbH”, Germany, 2006, 2008). The func-
tion study included the electrocardiograms monitoring,
the plan radiography of thoracic organs, ultrasound
examination of internal organs.

The findings were processed statistically using the
Russian language program Statistica 6.1 StatSoft,
1995. Taking into consideration that during the analy-
sis of the initial data in most cases the distribution was
not normal, the distribution-free statistical methods
were applied. The median, minimum value, maximum
value, interquartile range from 25 % to 75 % was de-
termined. The certainty of values difference between
independent qualitative values in paired samples was
determined by means of Mann-Whitney U-test. It was
calculated Spearman’s correlation coefficient between
the necessary insulin dose and the ketoacidosis depth.
The critical level of significance was the level 0.05.

Results

From the clinical point of view among the patients
with ketoacidosis three sequential stages of DKA were
distinguished: I — moderate ketoacidosis, II — preco-
ma or uncompensated ketoacidosis, III — coma stage
[3, 12]. Considering clinical symptoms (according to
the clinical picture above described) during the hos-
pitalization in the anesthesiology department it was
revealed that 8 persons had the DKA of the I stage,
41 persons — the II stage, 6 persons — the III stage.
Taking into consideration that the discriminate crite-
rion was the blood pH level, the patients’ distribution
took place in other way. 23 persons had the DKA of

I stage revealed according to the venous blood pH level,
12 — with I stage, 20 persons with I1I stage. According
to the blood pH level the patients were hospitalized
with the same frequency in the condition of the minor
or severe ketoacidosis, but the moderate ketoacidosis
was almost twice more rarely. On the contrary, con-
sidering the clinical picture of the ketoacidosis indis-
putable majority of patients with DKA (74.55 %) were
the patients with moderate severity and the frequency
of ketoacidosis coma (10.90 %) was the least. The main
indices obtained of the venous blood of the patients
with DKA are given in the table 1.

The values of the acid-base balance (blood pH and
bicarbonates) differed statistically during different se-
verity grades of DKA (p < 0,001). On the contrary the
glycemia level differed statistically differed statistically
only between the patients of minor and severe ketoaci-
dosis.

The classical picture of DKA is characterized with
hyperglycemia more than 13 mmol/l, but there is so
called euglycemical ketoacidosis providing the re-
striction of carbohydrates intake with meals or usage
of glyflasides [7]. Only 13 % of our patients had the
glycemia of 13 mmol/l. 29 % of patients had the gly-
cemia of 13—20 mmol/l, and 58 % of patients had the
hyperglycemia of more than 20 mmol/I. The glycemia
level among the patients fluctuated from 6.7 mmol/l
to 62.2 mmol/l. The histogram of the glycemia level
distribution among the patients with DKA during the
hospitalization with the pace in 9.4 mmol/I is given in
the Figure 1.

The bolus insulin dose was not administrated at the
beginning of the treatment [4, 12—14] because the insu-
lin circulates in the blood after the administration only
during 7 minutes although some literature data justify
its application [8, 16, 17]. The initial dose was admini-
strated calculated as 0.1 unit/kg/h. The recommended
dose for young children calculated as 0.05 unit/kg was
also applied in the practice but with young children of
the weight less than 20 kg not included into the trial.
The calculated dose was administrated in parallel with
the physiological solution infusion via continuous in-
travenous administration by syringe pump. However
the expected dynamics of glycemia level in an hour was
not the same.

Never once we added albumin to insulin solution to
prevent the absorption of the biological preparation by
the system. In 30—60 min. after the consequent insulin

Table 1. The main laboratory values of severity with diabetic ketoacidosis (Me; 25 %; 75 %)

16.5 17.5 23.4

Blood glucose, mmol/l (12.3;19.2) (14.5; 20.7) (15.3; 28.4) 0.785 0.354 0.007
7.31 7.14 6.98

Blood pH (7.24:7.33) (7.12:7.16) (6.91: 7.03) < 0.001 | <0.001 | < 0.001
. 14.9 10.05 6.2

Blood bicar-bonates, mmol/l (12.3; 18.5) (7.5, 10.9) (5. 7.1) < 0.001 | <0.001 | <0.001

Notes: p, — probability of difference between DKA of | and Il stages; p, — probability of difference between DKA
of Il and lll stages; p, — probability of difference between DKA of | and Ill stages.
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[16.1;25.5] [25.5;34.9] [34.9;443] [44.3;53.7] [53.7;63.1]

Glicemia, mmol/I

25

Number of observations, n

0
[-7.7;-5.3] [-5.3;-2.9] [-2.9;-0.5] [-0.5;1.9]

[1.9;43] [43;6.7]

Dinamics glicemia in an hour after, mmol/I

Figure 1. Glycemia level during the hospitalization
with diabetic ketoacidosis, mmol/l

injection via syringe pump we obtained the insulin ac-
tion without using the expensive protein preparation.
So we also consider unreasonable to use albumin.

The obtained data are given in the Figure 2.

In the trial for the treatment of the DKA there were
used both gene engineering insulins of different manu-
facturers and the analogues of super fast-acting insu-
lins. The priorities for certain types of the insulin were
not determined. We always were aimed to the insulin
type which the patient received before the critical de-
compensation. Taking into account its usual daily dose
it was possible to forecast the sensitivity to the initial
dose injected. During the first indication gene engi-
neering fast-acting insulins available at the hospital
were used. Insulins used in the trial were the following:
Humulin R, Humodar R, Humalog, Farmasulin N,
Actrapid NM, Novorapid, Insuman Rapid.

As the figure 2 shows the dynamics of the glycemia
level after the calculated insulin dose is not the same.
In an hour the sugar changed considerably: it both de-
creased by 7.7 mmol/l and increased by 6.7 mmol/I.
But totally in most cases it was reduced at a desirable
level — 0.5—5.3 mmol/I. The usage of intravenous insu-
lin without initial bolus dose calculated as 0.1 unit/kg/h
allowed in 63.6 % to achieve the desirable reduction of
glycemia already in an hour. However not all the pa-
tients had the expected biological effect with the men-
tioned dose. 7.3 % of cases noted more critical glycemia
reduction but with the appropriate correction of the
dose this ”insulin super effect”, or rather, the individual
sensitivity to insulin did not worsen the treatment ef-
ficacy. 7.3 % of patients had the glycemia level risen at
1,9—6,7 mmol/I after the initial dose injection. 21.8 %
of patients had the glycemia level within £ 1 mmol/l in
an hours after the beginning of the insulin therapy. Of
course, the sharper decrease was noted in case of the
higher original glycemia level. In case of the sharp re-
duction of the blood glucose the dose was reduced twice
and then it was corrected constantly under the glycemia
control every 30—60 min. till the achievement of the
stable glycemia dynamics and positive clinical dyna-
mics. If the blood glucose increased, the initial dose was

Figure 2. Dynamics of glycemia level in an hour after
the injection of the initial insulin dose, mmol/

increased 50—100 %. Such tactics gave the possibility to
achieve the desirable glycemia level.

The daily insulin dose (the sum of the injected
insulin by the syringe pump daily) fluctuated from
0.5 unit/kg daily to 5.83 unit/kg a day. The medi-
an of the daily insulin dose amidst the patients was
1.36 unit/kg a day, more often it was 0.92—1.88 unit/kg
a day (25 %; 75 %). Evaluating the daily insulin dose
with different clinical courses of the DKA, different
doses were obtained but they did not differ very much
statistically. The highest doses were during the en-
cephalopathic (the median 1.59 unit/kg a day) and ne-
phrotic (2.55 unit/kg a day) courses combined with the
changes of the blood potassium level and correspon-
dingly in the tissues. The patients with gastroentero-
logical course of DKA (the median 1.30 unit/kg a day)
had the lowest daily insulin dose.

Discussion

Since the patients were delivered to the tertiary level
of the medical care by the ambulance crew the primary
medical assistance was assessed always. All the patients
with type 2 DM were not injected 20 units of fast-acting
insulin intramuscularly. During the following course of
DKA with the right tactics of the management of the
patient with type 2 DM the absence of this dose did not
influence, because in our opinion without the differen-
tiation for the body mass and insulin sensitivity, without
the consideration of the different insulin absorption rate
this injection way and injection dose is not reasonable.
No recommendation to inject intramuscularly 20 units
at the pre-hospital stage was found in the foreign lite-
rature [3—6, 11—16], except the recommendations of
the medical specialized assistance in the Russian Fede-
ration [16] which still remain unchanged in 2017 [17].
For the determination of the initial dose it was calcu-
lated according to the method described above. In the
literature randomized studies of the efficient dose for
the treatment of DKA are rather scanty because the
object of the study is the critical condition developing
acutely. Nevertheless in general the initial dose with or
without bolus dose is estimated, the calculation is done
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in general in the dose of 0.1 unit/kg/h, 0.14 unit/kg/h
or 0.3 unit/kg/h in case of subcutaneous administration
[5, 8, 11]. We chose the only way of insulin administra-
tion during the treatment of DKA, it’s intravenous way,
because we thank that under the conditions of the de-
fected microcirculation its absorption of subcutaneous
tissue is worsened although some experts unite intrave-
nous and subcutaneous ways of administration in spite
of stating the renewal of ketoacidosis after the crossover
to the subcutaneous insulin administration [3, 11, 12].
The initial insulin dose of 0.1 unit/kg/h gave the desi-
rable effect of glycemia reduction in 63.8 % of cases, in
21.8 % — slow glycemia reduction, in other cases it was
necessary to make correction: to decrease the dose in
7.3 %, to increase it in 7.3 %.

The average daily insulin dose for the treat-
ment of DKA according to the literature data is
0.6—2 unit/kg (calculated for the body weight 100—
300 units) [2, 8—10, 12], however there are rare cases
of the insulin receptors pathology when the daily dose
can reach 50000 units [3]. Most experts tend to small
doses methods and to the calculation of the initial dose
of 0.1 unit/kg/h, but they also claim about the possible
considerable increase the calculated dose due to the in-
dividual insulin resistance. It is interesting to note that
all the patients mentioned in the rare cases before the
DKA received insulin contained in 1 ml 500 units which
is not used yet in Ukraine, also before the acute decom-
pensation of DM their daily dose was high. The majority
of our patients had type 1 DM, the daily insulin dose
was 0.9—2 unit/kg. All the patients received gene engi-
neering insulin or analogue of insulin (1 ml = 100 units).
Determining the correlation relationship of the daily in-
sulin dose with blood pH it was established significant
statistically (p < 0.05) negative dependence between the
blood pH level and the insulin dose (Spearman’s cor-
relation coefficient r,= —0.38) so with the increase of
the DKA the daily insulin dose increased.

In general the insulin therapy together with the right
chosen infusive therapy allows to decrease the clinical
evidence of ketoacidosis during 8-12 hours of the treat-
ment what was confirmed by laboratory data.

Conclusions

1. The administration of insulin intravenously via
s syringe pump without the initial bolus dose calcula-
ted as 0.1 unit/kg/h is efficient in most cases, however
there is an individual sensitivity to the injected insulin
and it provides both the glycemia increment and its fast
reduction. Only providing hourly glycemia control for
the opportune correction of the insulin dose this tactics
permits to correct steadily and constantly the insulin
deficit for the patients with the diabetic ketoacidosis.

2. The dominating majority of our examined pa-
tients had type 1 diabetes mellitus, the daily insulin
dose was 0.9—2 unit/kg on the first day of treatment
although its limits were wider.

3. Without albumin administration the injected
insulin IV via syringe pump infusion acted already in
an hour in spite of its possible absorption by polyvinyl-
chloride fittings.

4. The usage of both fast-acting insulin and ana-
logues of ultra fast-acting allows to compensate the key
factor of the diabetic ketoacidosis — the progressing
insulin deficiency — when properly chosen the insu-
lin therapy method together with other components of
the pathogenetic treatment of the critical condition of
a patient.
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BiHHLIbKI HQLLIOHQABH MEANYHI YHIBEpCUTET iM. M1, [nporosa, m. BiHHWLS, YkpaiHO

HroaHcu iHCYAIHOTEepanii NPy AiKyBOHHI Ai06€TUYHOro KeToaumAo3y

Pestome. Axmyaavnicms. Yitka mporpama iHcyaiHOTeparii
€ 3aI0pyKOoI0 e(PeKTUBHOIO JIIKyBaHHSI MAalLliEHTa B CTaHi Jia-
oetuuHoro keroauunosy (AKA). [linxonu 1o nikyBaHHS 3Mi-
HIOBAJINCH Pa3oM i3 HAKOMWYEHHSIM JIOCBiLy, TIpOTe i 3apa3
JIIyMKU (DaxiBLiB CTOCOBHO J03M Ta METOIMKHU ITPOBEACHHS
iHCyJliHOTeparnii HeoaHO3HauHi. Mema 0OocaidycenHa: OLiH-
Ka e(pEeKTUBHOCTI BUKOPUCTAHHS IHCYJiHOTEparii LIISXOM
MOCTiiiHOI iH(Y3ii MMPULIEBUM HACOCOM B CTapTOBill M03i
0,1 OJl/kr/roa mim KOHTpoJeM IiKeMii 6e3 BUKOPUCTaHHS
BHYTPillIHBOBEHHOI OOJIIOCHOT 103U iHCYJIiHY Ta BU3HAYEHHSI
HeoOXiHO1 A000BOI J03U iHCYJiHY B Meplly A00Y JIiKyBaH-
Hs1 KA. Mamepiaau ma memodu. O6cTexeHi 55 xBopux i3
J KA BikoM Bin 9 1o 65 pokiB. CepeHiii Bik XBOPUX CTAHOBUB
31,58 £ 17,18 poky, yacTKa naiieHTiB )KiHOYOi CTaTi cepes 10-
CIIKyBaHUX cTaHOBWIIA 56 %, yonosiuoi — 44 %. [NauieHntn
3 LIYKPOBUM JiabeToM 1-ro tuny craHoBmiu 80 %. BusHnaueH-
HSI piBHS TJIIOKO3U MPOBOAWIOCH Y CBiXil KamiJsipHiii KpoBi
aBTOMATUIHUM aHaJIi3aTOPOM TJIIOKO3U, BCIM KOHTPOJIOBATN
rIikeMito 4epe3 romuHy micas BeeaeHHsa 0,1 O/kr/ron iH-
CyJIiHYy Ta B MOJNAJbLIOMY MPOBOAWINA KOPEKIIilo 103U 3a TOo-
TpeOOoIO MiJ KOHTPOJEM piBHS ToKo3u. [1pu JikyBaHHI BU-

HexxuHckasi-AcrtaneHko 3.11., BaaceHko M.B.

KOPHMCTOBYBaJIM iHCYJIIHM KOPOTKOI [Iii Ta aHaJIOTX iHCYJIiHiB
YJIBTPAKOPOTKOI Ail, MigpaxoByBaau X CyMapHYy 103y 3a Mep-
wy 100y JikyBaHHs. Pe3yabmamu. PiBeHb Ti1iKeMmii npu roc-
mitaizarii nepedyBaB B Mexax Bin 6,7 10 62,2 MMOJIb/1, y ce-
penaboMy — 23,37 + 10,16 mmonb/a. Cepen DOCTiIKyBaHUX
rikeMmist 1o 13 MMoutb/J1 Tparuisiiacsa y 13 % xBopux. Inikemist
Bim 13 no 20 mmosb/n Gyna 'y 29 % XBopuX, a TilepriikeMist
noHana 20 Mmoub/1 — y 58 %. [luHamika piBHS TTiKeMil yepe3
TOJVHY TiCJIS BBEICHHS BUPaxXyBaHOI J03M iHCYJiHY y 63,6 %
XBOpHUX Oys1a 0aXaHOO, 3HUKEHHS TJIiKeMil 32 TOAMHY CTaHO-
Bwio 0,5—5,3 MMoJb/1, TIpOTe Bim3Havaysacsl iHOWBigyaIbHa
YYTJIUBICTh 10 BBEACHOI 103U iHCYJiHY. JloOoBa 103a iHCYi-
Hy ctaHoBwma Bin 0,5 mo 5,83 OJl/xr. Meniana 1060BOi 1031
iHCYJIiHY cepeln MoCiKyBaHUX ctaHoBuIa 1,36 OJI/Kr, Haii-
vacrime — 0,92—1,88 OJ1/kr 3a 106y [25 %; 75 %]. Bucnosxu.
Jlo3a iHcyniny B po3paxyHky 0,1 OJl/kr/ron € Ai€eBoo, MpoTe
yepe3 BCTAHOBJICHY iHIMBiNyalbHY YYTJIUBICTb OO iHCYJiHY
BaroMUM YWHHUKOM e(EeKTUBHOCTI JIIKyBaHHS € KOHTPOJb
[JIiKeMil IIIOTOAMHM U151 CBOEYACHOT KOPEKIIil 03U iHCYJIiHY.
KimouoBi cioBa: 1ykposwuii miaber; KeToamnmos; iHCYIiHO-
Teparist

BUHHMLIKU HOLMOHOABHbIVI MEANLIMHCKIM YHMBEPCUTET M. H.U. [nporosa, r. BuHHMLQ, YKpauHQ

HIOOHCEI MHCYAMHOTEPANUU NPU A@4EHUU ANABETUYECKOro KETOALMAO3M

Pesiome. Axmyaarvnocms. YeTkas mporpaMma MHCYJIMHOTE-
panuu sIBIIsIeTCs 3aJ10roM 3G (HEKTUBHOTO JIeUeHUs MallueHTa
B cocTosTHMU nuabetmyeckoro ketoannmosa (JIKA). [Tomxo-
JIbI K JICYEHUIO MEHSIIMCh BMECTE C HAKOTIJIEHUEM OIThITa, HO U
ceifuac MHEHUsI CIeLMaIuCTOB KacaTeIbHO A03bl U METOJIMKHU
MPOBEICHNSI MHCYIMHOTEepaniy HeoqHo3HauHbI. Ileab uccae-
dosanusi: o1icHKa 3(PHEKTUBHOCTU METOAUKHM ITPOBEACHMS MH-
cynuHoTepanuu 1 KA mmpuiieBBIM HACOCOM MyTeM MTOCTOSTH-
Ho# uH(}y3uu B crapToBoit no3e 0,1 EJl/Kr/4 rnoa KoHTpoJieM
IJINKEMUU 0e3 WCITOTh30BaHUS OOJIIOCHOM M03bI WHCYJIMHA
W OoIpelnesicHrue HEOOXOMMMOI CYTOYHOM MO3bI MHCYJIMHA
B TIEpBbIC CYTKU JieueHUs1. Mamepuaavt u memodot. O6CICI0-
BaHbI 55 60sbHBIX ¢ [IKA B Bo3pacTe ot 9 10 65 jet. CpenHuii
BO3pacT 00JbHBIX cocTaBui 31,58 £ 17,18 roaa, ynelbHbI Bec
MaIMeHTOB XEHCKOTO I0Jla CPeAr MCCIEAYEMBIX COCTaBWII
56 %, myxckoro — 44 %. IlauueHThI ¢ caXapHbIM A11a0EeTOM
1-to tuma coctaBuu 80 % Bcex ucciaenyeMbix. OnpeneaeHne
YPOBHSI TJTIOKO3BI TTPOBOJIWIIM B CBEXEW KaNMJUISIPHOM Kpo-
BU aBTOMATUYECKUM aHAJIM3aTOPOM, BCEM KOHTPOJUPOBAIU
rkemuto nocie BeeaeHus 0,1 EJl/Kr/4 uHCy/IMHA U B Jajib-
HeMIIeM TPOBOAMIIA KOPPEKIIUIO O3Bl 10 HEOOXOTUMOCTH
IO/ KOHTPOJIEM YPOBHSI TITIOKO3BI. [1pu JTeueHnn UCIonb30-

BaJIM MHCYJIMHBI KOPOTKOTO JIEMCTBUS U aHAJIOTM MHCYJIMHOB
YJIBTPAKOPOTKOTO JCUCTBUS, TOACYUTHIBAIN CYMMapHYIO
03y UHCYJMHA 3a IepBble CYTKM JicueHus. Pesyabmamot.
YpoBeHb IMIMKEMUU TIPU MOCTYIICHUH KoJjebaics ot 6,7 10
62,2 MmmoiTb/71, B cpenteMm — 23,37 + 10,16 mmonb/n. Cpenn
HCCIIeIyEMBIX TIIMKEMMS 10 13 MMouib/11 BeTpeyanach y 13 %
00JbHbIX, TIMKeMus 13—20 mmonb/n1 — y 29 %, a minke-
Mus cBbitie 20 Mmoiib/1 — y 58 %. luHaMuKa YpOBHSI [JIM-
KEeMUU TIOCJIe BBENEHMSI DPACCUYMTAHHON IO3bI WMHCYJIHMHA
B 63,6 % ciyyaeB Oblia XKeJIA€MOM, CHIDKEHUE TIIMKEMUM 3a
yac coctaBmwio 0,5—5,3 MMoJb/JI, OMIHAKO OTMEUYeHA MHAM-
BHyaJIbHasi YyBCTBUTEIBHOCTD K BBeIeHHOI 103e. CyTouHast
no3a WHCyJIMHa Konebamach ot 0,5 mo 5,83 EJl/xr. Memnmna-
Ha CyTOYHOM 03kl cocTaBisuia 1,36 ENI/kr, vame — 0,92—
1,88 EA/kr [25 %; 75 %]. Bvieodst. Pexomennyemasi mo3a
B pacuete 0,1 EJl/Kr/u sBisieTcsl AeHICTBEHHOI, OAHAKO W3-
3a BBISIBIIEHHOM MHAWBUAYaJIbHON YYBCTBUTEIBHOCTH K BBE-
JIEHHOMY MHCYJIMHY 3HAYMMbIM KpuTeprueM 3¢ (PeKTUBHOCTU
JIeYeHUsI CTAHOBUTCS €KEeYaCHbIA KOHTPOJIb [NIMKEMUM IJIsT
CBOEBPEMEHHOI KOPPEKIINY 103bI MHCYJIMHA.

KimoueBbie C10Ba: caxapHblii 11abeT; KETOALMI03; UHCYIIN-
HOTepanus
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