
Introduction 
Diabetic ketoacidosis (DKA) is a serious com-

plication of uncontrolled diabetes mellitus (DM) 
that requires urgent medical intervention.  

The total number of patients with diabetes 
mellitus in the Russian Federation as of January 1, 
2019 was 4,584,575 (3.12% of the Russian popula-
tion), including 5.6% (256,200) of type 1 diabetes, 
92.4% (4.24 million) of type 2 diabetes, and 2% of 
other types of diabetes. Worldwide, 3–4% of the 
adult population has diabetes mellitus, 95% of 
them type 2 DM. It is predicted that its prevalence 
could reach 552 million people by 2030. The preva-

lence of DKA is 46 cases per year per 10,000 people 
with diabetes. The predominant age of onset is 
less than 30 years [1]. The differences in the risk of 
DKA in different types of diabetes can be seen in 
the prevalence of ketoacidotic coma in Russia, 
which is 1.25% in type 1 DM, while in type 2 
diabetes it is 0.05% [2].  

DKA is characterized by a clinical and laboratory 
triad of hyperglycemia, ketonemia, and metabolic 
acidosis with increased anion gap [3]. Ketones are 
formed from β-hydroxylated fatty acids during 
fasting or insulin deficiency. They include acetate, 
acetoacetic acid, and beta-hydroxybutyrate, which 
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Summary 
The most common agent used for infusion therapy in patients with diabetic ketoacidosis (DKA) is isotonic 

0.9% sodium chloride solution. However, infusion of required volumes can result in development of iatrogenic 
complications — i. e., worsening of metabolic hyperchloremic acidosis in DKA patients with already altered 
acid-base balance. Balanced crystalloid solutions can be used as alternative to saline. 

Objective. To evaluate the feasibility of using meglumine sodium succinate (MSS) balanced crystalloid so-
lution in DKA. 

Material and methods. We examined 2 groups of patients, 30 subjects each, with moderate and severe di-
abetic ketoacidosis admitted to anesthesiology and intensive care unit. Patients from both groups were ad-
ministered with insulin and an infusion therapy was employed according to current clinical guidelines for the 
management of patients with complications of diabetes mellitus. In the comparison group, infusion therapy 
included 0.9% sodium chloride, 4% potassium chloride, and 5% dextrose. In the study group MSS intravenous 
drip infusions 10 ml/kg/daily were added to the infusion protocol. Volumes and infusion rates were comparable 
in both groups. The following indicators were evaluated: time to resolution and DKA resolution rates during 
thorough monitoring (first 48 hours of therapy), the time (in hours) before discontinuation of insulin infusion; 
the time to complete consciousness recovery (15 items on the Glasgow Coma scale); the duration (in hours) of 
stay in the intensive care unit (ICU), dynamics of blood electrolytes; parameters of acid-base balance; levels 
of glycemia and lactatemia. 

Results. All patients improved and were transferred from ICU, the mortality rate was 0%. Infusion of MSS 
shortened the time to DKA resolution (30.0 h [24.0 h; 36.0 h] in the study group, vs 44.5 h [36.5 h; 51.5 h] in 
the comparison group (P=0.001)); DKA resolution rates during 48 hours from initiation of therapy achieved 
90.0% (27) in the study group, vs 66.7% (20) in the comparison group (P=0.060)); duration of intravenous 
insulin infusion was 32.0 h [24.5 h; 40.0 h] in the study group vs 48.0 h [40.0 h; 55.5 h] in the comparison 
group (P=0.001)); duration of ICU stay was 41.0 h [30.0 h; 48.0 h] in the study group, vs 56.0 h [50.0 h; 66.3 h] 
in the comparison group (P=0.001). 

Conclusion. Infusion of a balanced succinate-containing crystalloid solution improves the results of DKA 
treatment, as compared to traditional infusion of 0.9% sodium chloride. 

Keywords: meglumine sodium succinate; diabetic ketoacidosis; diabetes mellitus; infusion therapy; aci-
dosis; crystalloid solution; Reamberin 

Conflict of interest. The authors declare that there is no conflict of interest. LLC «NTFF «POLISAN» was 
not the initiator of the study and had no influence on study design, analysis of obtained data, interpretation 
of the results and writing of this paper.



13w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 3 ,  1 9 ;  3

act as strong ions. In patients with DKA, acidosis is 
caused by increased ketones and lactate due to 
tissue hypoperfusion. Due to hyperglycemia-induced 
increased urine output, dehydration is common in 
DKA patients [4]. 

In this context, the primary therapeutic inter-
vention, which precedes the correction of insulin 
deficiency, is fluid therapy. Its strategy is still under 
discussion. The use of isotonic crystalloid solutions 
for the treatment of DKA is a generally accepted 
principle. Current recommendations for fluid therapy 
in DKA include isotonic 0.9% sodium chloride with 
possible addition of potassium chloride [1, 5–7]. 

However, the use of unbalanced solutions can 
lead to hyperchloremia and aggravate the pre-
existing acidosis, promoting disorders of coagulation, 
cardiac, immune and renal function (due to renal 
arteriolar narrowing), provoking oliguria and delayed 
control of acidosis [4, 7–9, 11]. Preference should 
be given to balanced polyionic solutions [12]. 

Since meglumine sodium succinate (Ream-
berin®) has an electrolyte composition close to 
plasma electrolyte composition and contains suc-
cinate as an alkaline reserve, the inclusion of Ream-
berin® in the treatment is thought to lead to a 
more rapid resolution of DKA due to the correction 
of hypoxia associated with most urgent conditions 
[7, 9, 13]. However, the use of balanced crystalloids 
in the treatment of DKA is associated with the risk 
of alkalosis and hyperkalemia, which requires a 
detailed study of this problem. 

The aim of our study was to provide a rationale 
for the use of a balanced crystalloid solution con-
taining meglumine sodium succinate (Reamberin®) 
in DKA. 

Materials and Methods 
A noninterventional prospective study was 

performed. A total of 60 patients (32 male, 28 
female), aged 18 to 75 years, admitted to the emer-
gency department of the Russian Railway Clinical 
Hospital (Barnaul, Russia) with DM complicated 
by DKA were enrolled. Diabetes mellitus type 1 was 
diagnosed in 34 patients and diabetes mellitus type 
2 in 26 patients. On admission, 32 patients had 
moderate DKA, while 28 patients were diagnosed 
with severe DKA according to the classification of 
Dedov et al. (2021) [5]. 

Depending on the type of fluid therapy, pa-
tients were divided into 2 groups of 30 patients 
each. Randomization was performed using the 
envelope method. Subdivision of patients into 
subgroups according to the type of DM was con-
sidered inappropriate because of the small number 
of patients. Patients in group 1 received fluid 
therapy according to the algorithm described in 
the clinical guidelines [5]. Sodium chloride 0.9% 
with potassium chloride added if necessary was 
used. In the second group, the basic fluid therapy 
was partially replaced by Reamberin® balanced 
solution 10 ml/kg per day until the ketoacidosis 
was resolved. When the plasma glucose concen-
tration reached 14 mmol/l (usually by the end of 
the second day), rehydration was continued with 
oral fluids and 150–200 ml of 5% dextrose, de-
pending on the actual need [1, 5, 6].  

The time of initiation of fluid therapy, its rate 
and daily volume were comparable in both groups 
(Table 1). 

Fluid therapy was started immediately after 
the patient was admitted to the ICU. After 2 hours, 
insulin was administered as follows: an initial dose 
of rapid-acting insulin 0.1 IU/kg real body weight 
by bolus injection through an infusion device after 
the initial infusion load. The rate of intravenous in-
sulin administration was adjusted according to the 
rate of reduction of hyperglycemia and averaged 3 
mmol/l/h (no more than 4 mmol/l/h) [1, 5]. 

Inclusion criteria were age 18 to 75 years in-
clusive; documented diabetes mellitus; diagnostic 
criteria for ketoacidosis such as plasma glucose 
level �13 mmol/L, hyperketonemia (�5 mmol/L), 
ketonuria (�++), metabolic acidosis (pH �7.3); clin-
ical, functional and laboratory signs of dehydration.  

Exclusion criteria were hypersensitivity to com-
ponents of Reamberin; conditions requiring ad-
ministration of sodium bicarbonate solution; absence 
of clinical and laboratory criteria for DKA; urgent 
diseases of other organs and systems requiring spe-
cific drug therapy or surgical intervention. 

The clinical assessment of the patient's status 
and the need for rehydration was based on the vol-
ume status according to the results of the PLR test. 
A 15% increase in the cardiac index (CI) when the 
patient's legs were elevated, registered by hemody-
namic monitoring, and its return to the baseline 
level when the legs were lowered, indicated «re-
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Stages                                                                      Total volume (composition) of infusion in groups. mL                                                          P 
                                                                                    Control                                                                                Reamberin                                                        
During the first 2 hours                         1413.78±179.18                                                                  1500.8±191.4                                             0.094 
                                                                   (KCl 4%; NaCl 0.9%)                                          (Reamberin; KCl 4%; NaCl 0.9%)                                
Day 1                                                             4523.7±313.64                                                                4802.56±321.31                                           0.056 
                                                                   (KCl 4%; NaCl 0.9%)                                          (Reamberin; KCl 4%; NaCl 0.9%)                                
Day 2                                                            2544.48±199.96                                                               2701.44±213.88                                           0.062  
                                                     (KCl 4%; NaCl 0.9%; Dextrose 5%)             (Reamberin; KCl 4%; NaCl 0.9%; Декстроза 5%)

Table 1. The characteristics of the fluid therapy (М±SE).
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sponder» status (all participants were found to have 
this), which provided a rationale for planned rehy-
dration therapy. 

To assess central hemodynamics, including 
the PLR test, tetrapolar rheovasography was per-
formed with the KM-AR-01 DIAMANT cardio-res-
piratory and tissue hydration monitor. The following 
parameters were measured: 

— heart rate (HR) 
— cardiac index (CI) 
— peripheral vascular resistance index (PVRI) 
— stroke index (SI) 
— extracellular fluid volume (EFV) 
— intracellular fluid volume (IFV). 
20 healthy subjects were studied as a control 

group while central hemodynamic parameters were 
assessed.  

Non-invasive blood pressure (NIBP), electro-
cardiogram, SpO₂, respiratory rate (RR), body tem-
perature, urine output rate were monitored in the 
intensive care unit, fluid balance was controlled by 
assessment of administered and excreted fluid. 

DKA severity, acid-base status, plasma ion 
levels, and laboratory criteria for organ and system 
function were determined at the following intervals  

Rapid glycemic test: hourly until plasma glucose 
(PG) dropped to 13 mmol/L, then, if stable, every 3 
hours. Material was capillary blood tested on Biosen 
C-Line Clinic/GP+.  

Urine or plasma analysis for ketone bodies: 
twice daily for the first 2 days, then once daily on 
the URILIT-150 device. 

Plasma Na+ and K+: baseline, then at least twice 
daily. Venous blood was tested on the EasyLite Cal-
cium Na/K/Ka/pH meter. 

Clinical chemistry (urea, creatinine, lactate): 
baseline, then once daily. Venous blood was tested 
on Thermo Scientific Indiko Plus. 

Blood gases and pH (venous blood): once every 
6 hours until resolution of DKA, then once or twice 
daily until ABB normalized. Mixed venous blood 
was collected from the central venous catheter near 
the right atrium and tested using the Abbott i-Stat 
CG4+Cartridge test system. 

The following efficacy endpoints were assessed: 
A. Primary efficacy endpoints included: 
1) Rate of resolution of DKA during follow-up 

(within the first 48 hours of therapy). 
2) Time (in hours) from initiation of therapy 

to resolution of DKA. DKA resolution criteria included 
plasma glucose �11.1 mmol/L and two of the fol-
lowing: plasma bicarbonate �18 mmol/L, venous 
blood pH�7.3, or strong ion gap �12 mmol/L. 

3) Time (in hours) to discontinuation of insulin 
infusion. 

4) Time to full recovery of consciousness  
(15 points on the GCS). 

5) Length of stay in the ICU (in hours). 
6) Mortality in the ICU. 

B. Secondary efficacy endpoints were: 
1) Changes in blood electrolytes 
2) Changes in acid-base parameters 
3) Changes in blood glucose and lactate. 
Various statistical methods were employed de-

pending on the distribution type of variables and 
the aim of the study [14, 15].  

We used skewness and kurtosis parameters, 
which characterized the shape of the distribution 
curve, to estimate the distribution type of variables. 
Continuous variables with normal distribution were 
reported as M±SE, where M is the sample mean 
and SE is the standard error of the mean. For 
variables with non-normal distribution, medians 
with first and third quartiles were reported. The 
qualitative variables were reported as observed fre-
quencies and percentages. 

In cases of normal distribution and equality 
of variance, Student's t-test was used to compare 
means. Equality of variance was assessed using 
Fisher's F criterion. In the case of non-normal dis-
tribution and inequality of dispersion, the 
Mann–Whitney non-parametric U-criterion was 
used. 

Pearson's χ2 criterion for four-way contingency 
tables was used to compare qualitative variables. 
For small frequencies (5 to 10), Yates' correction for 
continuity was used. For frequencies less than 5, 
Fisher's exact method for four-way contingency ta-
bles was used. 

Differences were considered significant at 
P�0.05, where p is the probability of first-order 
error in testing the null hypothesis. In all cases, 
two-tailed versions of the criteria were used.  

Data were processed and visualized using Sta-
tistica 12.0 (StatSoft) and Microsoft Office Excel 2017. 

Results 
The baseline characteristics of the patients in 

the study groups are shown in Table 2. 
The baseline status of the patients in the two 

groups was not comparable in several parameters 
(age, body mass index (BMI)), baseline glycated 
hemoglobin, glucose and urea levels, which was 
related to the variability of the clinical course of 
DM and a relatively small sample of patients. How-
ever, it is noteworthy that blood glucose, glycated 
hemoglobin, and urea levels were higher in patients 
in the Reamberin group than in the control group. 

Central hemodynamic and fluid compartment 
parameters were identical between participants 
and healthy controls. CBV and extracellular fluid 
compartment were significantly lower by 18.9% 
(P=0.001) in the patients than in the control group 
on admission. Intracellular fluid compartment was 
also lower by 1.9% (P=0.001) and SI was lower by 
40.5% (P=0.001). CI values in the patient and healthy 
control samples did not differ (Table 3), and their 
maintenance within normal limits in the presence 
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of reduced stroke volume was achieved by significant 
tachycardia. 

The above results (Table 4) demonstrate the 
reversal of hemodynamic disturbances caused by 
fluid therapy.  

The treatment efficiency outcomes are shown 
in Table 5. The data show that the duration of DKA, 
insulin infusion and ICU treatment was significantly 
shorter in the Reamberin group than in the control 
group (P=0.001). 

Parameter                                                                                                                                       Values in groups                                                        Р 
                                                                                                                                        Control, N=30                Reamberin, N=30                              
Age, years                                                                                                               36.67±3.29                          49.37±3.09                              0.007 
BMI, kg/m2                                                                                                            24.27±0.90                          28.30±1.25                              0.011 
Diabetes mellitus (percentage of type 1 DM)                                           70.0% (21)                           43.3% (13)                               0.068 
HbA1c, %                                                                                                         9.70 [8.27; 10.70]            11.18 [10.16; 12.24]                      0.025 
DM manifestation as the cause of DKA                                                         6.7% (2)                              10.0% (3)                                0.999 
Disease/surgery/trauma as the cause of DKA                                          43.3% (13)                           46.7% (14)                               0.795 
Patient non-compliance as the cause of DKA                                          50.0% (15)                           43.3% (13)                               0.605 
DKA severity                                                                                                                    

Glucose, mmol/L                                                                                21.74 [19.11; 26.90]          28.82 [21.36; 32.69]                      0.028 
рН                                                                                                                      7.21±0.02                            7.22±0.02                                0.755 
Bicarbonate, mmol/L                                                                                11.99±1.37                          12.88±1.19                              0.623 
Anion gap, mEq/L                                                                                       21.70±1.41                          21.84±1.33                              0.945 
Glasgow scale, points                                                                        15.00 [15.00; 15.00]          15.00 [13.25; 15.00]                      0.844 
Severe DKA (percentage)                                                                          53.3% (16)                           40.0% (12)                               0.301 

Other parameters prior to treatment initiation                                                  
Na, mmol/L                                                                                                  132.61±0.95                        132.56±1.36                             0.976 
Cl, mmol/L                                                                                                    98.96±0.92                          97.83±0.98                              0.406 
К, mmol/L                                                                                                      4.17±0.17                            3.98±0.22                                0.489 
Lactate, mmol/L                                                                                     2.86 [2.00; 3.94]                 3.01 [2.06; 4.56]                          0.291 
Urea, mmol/L                                                                                                9.93±0.89                           13.95±1.47                              0.024 
Creatinine, μmol/L                                                                              112.5 [95.4; 128.5]            116.7 [86.4; 138.3]                       0.247 

Table 2. Baseline patient characteristics (М±SE, Ме [Q1; Q3] or % (N)).

Parameter                                                                                                                                      Values in samples                                                      P 
                                                                                                                                       Patients, N=60         Healthy controls, N=20                        
Heart rate, bpm                                                                                                     113.9±1.9                               67±4.1                                   0.001 
Stroke index, mL/m2                                                                                            22.5±1.5                               37.8±3.3                                 0.001 
Cardiac index, L/min/m2                                                                                     2.6±0.2                                 2.5±0.3                                   0.07 
Systemic vascular resistance index, dyn×s×cm-5/m2                           2332.6±196.8                     3000.2±403.4                            0.001 
Urine output rate, mL/kg/h                                                                             0.32±0.09                            1.04±0.13                                 0.04 
Extracellular fluid, %                                                                                            81.1±2.6                              100.2±0.6                               0.001 
Intracellular fluid, %                                                                                            98.1±1.0                               100±0.1                                 0.001 
Circulating blood volume, %                                                                            81.1±2.6                              100.2±0.6                               0.001 

Table 3. Baseline hemodynamic parameters in the studied patients and healthy controls, M±SE.

Parameter                                                                                                                  Values during fluid therapy                                                    P 
                                                                                                                   Prior to initiation                    Two hours after initiation                     
Heart rate, bpm                                                                                     113.9±1.9                                             91.4±8.3                                0.001 
Stroke index, mL/m2                                                                             22.5±1.5                                               31.7±3.6                                0.001 
Cardiac index, L/min/m2                                                                     2.6±0.2                                                 2.8±0.3                                   0.22 
Systemic vascular resistance index, dyn×s×cm-5/m2           2332.6±196.8                                     2539.6±473.1                            0.491 
Urine output rate, mL/kg/h                                                              0.32±0.09                                            0.71±0.18                                0.05 

Table 4. Changes in central hemodynamic parameters in the general patient population during treatment (N=60, 
M±SE).

Parameters of severity and outcome                                                                               Values in groups                                                        P 
                                                                                                                                        Control, N=30                Reamberin, N=30                              
Duration of DKA, hours                                                                               44.5 [36.5; 51.5]                 30.0 [24.0; 36.0]                         0.001 
Resolution of DKA within 48 hours, percentage                                      66.7% (20)                           90.0% (27)                               0.060 
Duration of insulin infusion, h                                                                  48.0 [40.0; 55.5]                 32.0 [24.5; 40.0]                         0.001 
Time to complete recovery of consciousness, h                                     0.0 [0.0; 0.0]                        0.0 [0.0; 4.0]                             0.627 
ICU treatment time, h                                                                                  56.0 [50.0; 66.3]                 41.0 [30.0; 48.0]                         0.001 
Mortality rate in the ICU, %                                                                                      0                                             0                                           — 

Table 5. Treatment outcomes by study group (Me [Q1; Q3] or % (N)).
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The changes in blood acid-base status in the 
groups of patients studied are shown in Table 6. 

The addition of Reamberin to the infusion 
therapy protocol improved the basic parameters of 
acid-base balance intrinsic to ketoacidosis. 

The changes in plasma electrolytes in two 
groups of patients are summarized in Table 7. 

The urea level on day 1 and 2 was higher in 
the Reamberin group than in the controls. No sig-
nificant differences between the two groups of pa-
tients in plasma electrolytes were found. 

Discussion 
According to current critical care guidelines 

for diabetic acidosis, the primary goal is to correct 
water and electrolyte disturbances. Dehydration is 
controlled by increasing the volume of extracellular 
fluid through intravenous infusion of crystalloid 
solutions. CBV replenishment helps stabilize the 
cardiovascular system, increases tissue sensitivity 
to insulin by reducing plasma osmolality, improving 
tissue perfusion, as well as decreasing the production 
of insulin antagonists [6, 16], which explains the 
feasibility of administering crystalloid solutions 
first, followed by insulin. This is accompanied by a 
more manageable fall in a blood glucose level in 

response to insulin administration compared to its 
use in severe dehydration. 

CBV is replenished in patients who respond 
to infusion therapy, as determined by the PLR test. 
A good response, indicated by a 15% increase in 
cardiac index after leg elevation and its return to 
baseline after leg lowering, suggests dehydration 
and a likely positive response to fluid therapy. 

The fluid deficit in patients with diabetic ke-
toacidosis is 50–100 ml/kg real body weight and de-
pends on the severity of DKA. In this case, a large 
volume of fluid must be replenished within 24–48 
hours. The recommended solution for infusion ther-
apy is 0.9% sodium chloride or 0.45% sodium chloride 
for sodium levels above 145 mmol/L [5, 17]. 

Currently, more clinicians are inclined to a re-
strictive strategy of fluid therapy, including control 
of hemodynamic parameters and body fluid com-
partments. Restrictive fluid therapy in our study 
implied replenishment of circulating blood volume 
in case of actual hypovolemia, as well as its contin-
uation in volumes not involving dangerous excessive 
fluid infusion. 

The rate of replenishment of hypovolemia in 
the first 2 hours was about 10 ml/kg/h and did 
not depend on the type of fluid. The rate of further 

Parameter and time point                                                                Values in the groups                                                                                      P 
                                                                                  N                       Control                                         N                   Reamberin                                     
Venous blood pH                                            
Within the first 24 hours                              

1–6 h                                                          30                    7.21±0.02                                    30                   7.22±0.02                                 0.703 
7–12 h                                                       29                    7.27±0.02                                    30                   7.30±0.02                                 0.187 
13–18 h                                                     25                    7.30±0.01                                    30                   7.34±0.01                                 0.037 
19–24 h                                                     27                    7.33±0.01                                    30                   7.38±0.01                                 0.003 

25–48 hours later                                             
25–30 h                                                     15                    7.32±0.01                                    18                   7.38±0.01                                 0.003 
31–36 h                                                     25                    7.36±0.01                                    14                   7.40±0.01                                 0.029 
37–42 h                                                     11                    7.35±0.01                                     6                    7.42±0.01                                 0.010 
43–48 h                                                     20                    7.38±0.01                                     7                    7.43±0.01                                 0.010 

Bicarbonate, mmol/L 
Within the first 24 hours                              

1–6 h                                                          30                  11.99±1.37                                   30                  12.88±1.19                                0.623 
7–12 h                                                       29                  14.05±1.12                                   30                  16.88±0.90                                0.053 
13–18 h                                                     25                  16.83±1.23                                   30                  19.81±0.75                               0.045 
19–24 h                                                     27                  17.79±0.99                                   30                  22.38±0.62                              �0.001 

25–48 hours later                                             
25–30 h                                                     15                  17.60±1.34                                   18                  23.04±0.84                               0.001 
31–36 h                                                     25                  20.42±0.80                                   14                  24.05±0.71                               0.004 
37–42 h                                                     11                  19.39±1.07                                    6                   24.60±0.81                               0.005 
43–48 h                                                     20                  22.65±0.55                                    7                   24.61±0.91                                0.078 

Anion gap, mEq/L                                           
Within the first 24 hours                              

1–6 h                                                          30                  21.60±1.40                                   30                  21.67±1.36                                0.970 
7–12 h                                                       29                  21.06±1.18                                   30                  17.91±1.09                                0.054 
13–18 h                                                     25                  18.04±1.27                                   30                  15.37±0.94                                0.092 
19–24 h                                                     27          16.40 [13.00; 18.95]                          30          12.24 [10.43; 15.44]                       0.038 

25–48 hours later                                             
25–30 h                                                     15                  17.36±1.74                                   18                  13.24±0.94                               0.049 
31–36 h                                                     25           14.20 [9.90; 17.79]                            14           10.30 [9.53; 11.54]                         0.107 
37–42 h                                                     11                  15.32±1.26                                    6                   11.92±1.11                                0.093 
43–48 h                                                     20                  11.86±1.01                                    7                    9.65±1.26                                 0.250 

Table 6. Changes in acid-base status in the study groups (M±SE or Me [Q1; Q3]).

Note. N — number of measurements. 
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rehydration was determined by central hemody-
namic parameters and urine output rate. It aver-
aged 2–3 ml/kg/hour during the first day. With 
positive clinical trends, improved ABB, stabilization 
of glucose levels, the rate of fluid therapy did not 
exceed 1–3 ml/kg/hour during the second day. 
This approach helped to avoid iatrogenic compli-
cations such as cerebral or pulmonary edema. 

Despite the paramount importance of normal 
saline in DKA, recent clinical guidelines [1,5] em-
phasize the risk of hyperchloremic metabolic acidosis 
due to its high chloride content (154 mmol/L). In-
creasing the plasma chloride level decreases the 
bicarbonate concentration, while diluting the blood 
with a large volume of buffer-free fluid results in 
dilutional acidosis. Therefore, the use of normal 
saline in DKA may actually worsen its course [18].  

This, together with the antioxidant, antihypoxic, 
and energy-protective properties of sodium meg-
lumine succinate [19–21], suggests that its use may 
improve the outcome of intensive care in patients 
with diabetic ketoacidosis. 

In our study, the addition of Reamberin to 
fluid therapy protocol resulted in a more rapid res-
olution of ketoacidosis than the use of normal saline 
alone. Increased bicarbonate buffering capacity 
due to succinate metabolism resulted in earlier pH 
normalization. The anion gap in the Reamberin 
group decreased over time, in contrast to the control 
group. This explained the faster resolution of DKA, 
allowing patients to be switched to subcutaneous 
insulin administration.  

Conclusion 
The addition of Reamberin (sodium meglumine 

succinate), a balanced crystalloid solution containing 
succinate, to fluid therapy protocol for DKA resulted 
in faster resolution of ketoacidosis, discontinuation 
of intravenous insulin, and transfer from the intensive 
care unit. These effects were achieved by increasing 
blood buffering capacity and earlier normalization 
of blood pH. 

Parameter. mmol/L                                                                                  Values in groups                                                                                          P 
                                                                                  N                       Control                                         N                   Reamberin                                     
Na+                                                                        

12 h                                                            30                 134.73±0.97                                 30                 135.16±1.15                               0.777 
24 h                                                            30       135.60 [133.20; 138.13]                       30      136.00 [133.63; 138.65]                    0.761 
36 h                                                            27                 136.63±0.70                                 20                 137.83±1.04                               0.324 
48                                                                25                 137.43±0.69                                 14                 137.69±1.03                               0.829 

Cl– 
12 h                                                            30                  99.73±0.85                                   30                 100.17±0.76                               0.705 
24 h                                                            30                 102.17±0.79                                 30                 100.63±0.69                               0.147 
36 h                                                            27                 102.11±0.79                                 20                 102.15±0.71                               0.972 
48 h                                                            25       103.00 [102.00; 105.00]                       15       102.00 [99.00; 105.00]                     0.275 

К+                                                                           
12 h                                                            30                    3.92±0.12                                    30                   3.87±0.12                                 0.764 
24 h                                                            30                    3.91±0.10                                    30                   4.01±0.08                                 0.402 
36 h                                                            27                    3.90±0.11                                    20                   3.94±0.10                                 0.818 
48 h                                                            25                    3.87±0.11                                    15                   3.82±0.09                                 0.785 

Lactate   
24 h                                                            29              1.93 [1.21; 2.31]                              30             1.29 [0.86; 2.01]                           0.576 
48 h                                                            24                    1.28±0.12                                    14                   1.31±0.19                                 0.914 

Urea 
24 h                                                            30                    6.86±0.52                                    30                   9.82±1.00                                 0.012 
48 h                                                            25                    6.03±0.54                                    14                   9.56±1.35                                 0.026 

Creatinine                                                          
24 h                                                            30          86.57 [76.75; 95.79]                          30         86.87 [72.83; 105.26]                      0.186 
48 h                                                            25                  79.33±3.38                                   14                 91.42±10.37                               0.284

Table 7. Changes in electrolytes and clinical chemistry parameters in the study groups (M±SE, Me [Q1; Q3]).

Note. N — number of measurements. 



18 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 3 ,  1 9 ;  3

Clinical  Studies

References 

1. Заболотских И.Б., Проценко Д.Н. Интенсивная 
терапия: национальное руководство. Т. 2. 2-е 
изд., перераб. и доп. М.: ГЭОТАР-Медиа; 2022: 
1056. [Zabolotskikh I. B., Protsenko D. N. Intensive 
care: national guidelines. Vol. 2. 2nd ed., rev. and 
exp. M.: GEOTAR-Media; 2022: 1056. (in Russ.)] DOI: 
10.33029/9704-5018-5. ISBN 978-5-9704-6259-1. 

2. Шестакова М.В., Викулова О.К., Железнякова А.В., 
Исаков М.А., Дедов И.И. Эпидемиология сахарного 
диабета в Российской Федерации: что измени-
лось за последнее десятилетие? Терапевтический 
архив. 2019; 91 (10): 4–13. [Shestakova M.V., Vikulova 
O.K., Zheleznyakova A.V., Isakov M.A., Dedov I.I. Di-
abetes epidemiology in Russia: what has changed 
over the decade? Ter. Arkh/Terapevticheskiy Arkhiv. 
2019; 91 (10): 4–13. (in Russ.)]. DOI: 10.26442/ 
00403660.2019.10.000364 

3. Jahangir A., Jahangir A., Siddiqui F.S., Niazi M.R.K., 
Yousaf F., Muhammad M., Sahra S. et al. Normal 
saline versus low chloride solutions in treatment of 
diabetic ketoacidosis: a systematic review of clinical 
trials. Cureus 14 (1): e21324. DOI: 10.7759/ 
cureus.21324. PMID: 35186583 

4. Roizen M. F., Fleisher L. A. Периоперационное ве-
дение пациентов с сопутствующими заболева-
ниями. В кн.: «Анестезия» Рональда Миллера 
(ред.). в 4 т. СПб.: Человек; 2015 (2): 1139–1234. 
[Roizen M. F., Fleisher L. A. Perioperative management 
of patients with concomitant diseases. In the book: 
«Anesthesia» by Ronald Miller (ed.). in 4 vols. St. Pe-
tersburg: Man/Chelovek; 2015 (2): 1139–1234. (in 
Russ.)]  

5. Алгоритмы специализированной медицинской 
помощи больным сахарным диабетом. Под ре-
дакцией Дедова И.И., Шестаковой М.В., Майорова 
А.Ю. 10-й выпуск (дополненный). М.; 2021. [Stan-
dards of specialized diabetes care. Ed. by Dedov I.I., 
Shestakova M.V., Mayorov A.Yu. 10th ed. (revised). 
M.; 2021. (in Russ.)]. DOI: 10.14341/DM12802 

6. Коваленко А.Л., Ризаханов Д.М., Яковлев А.Ю., 
Симутис И.С., Парфенов С.А., Бобовник С.В., Со-
рокин с соавт. Предварительные результаты 
включения меглюмина натрия сукцината в лече-
ние пациентов с острым панкреатитом средней 
и тяжелой степени. Общая реаниматология. 
2021; 17 (1): 46–56. [Kovalenko A.L., Rizakhanov 
D.M., Yakovlev A.Yu., Simutis I.S., Parfenov S.A., 
Bobovnik S.V., Sorokin et al. Preliminary results of 
adding meglumine sodium succinate to the treatment 
of patients with moderate and severe acute pancre-
atitis. General Reanimatology/Obshchaya Reanima-
tologya. 2021; 17 (1): 46–56. (in Russ.)]. DOI: 10.15360/ 
1813-9779-2021-1-0-1 

7. Симутис И.С., Бояринов Г.А., Юрьев М.Ю., Пет-
ровский Д.С., Коваленко А.Л., Сапожников К.В. 
Новый взгляд на коррекцию COVID-19-опосре-
дованных нарушений лёгочного газообмена. Ка-
занский медицинский журнал. 2021; 102 (3): 362–
372. [Simutis I.S., Boyarinov G.A., Yuryev M.Yu., Petro-
vsky D.S., Kovalenko A.L., Sapozhnikov K.V. A new 
look at the correction of COVID-19-mediated pul-
monary gas exchange disorders. Kazan Medical Jour-
nal/Kazanskiy Meditsinkiy Zhurnal. 2021; 102 (3): 
362–372. (in Russ.)]. DOI: 10.17816/KMJ2021-362. 

8. Handy J.M., Soni N. Physiological effects of hyper-
chloraemia and acidosis. Br J Anaesth. 2008; 101 (2): 
141–150. DOI: 10.1093/bja/ aen148. PMID: 18534973 

9. Симутис И.С., Бояринов Г.А., Юрьев М.Ю., Пет-
ровский Д.С., Коваленко А.Л., Сапожников К.В. 
Первый опыт применения меглюмина натрия 
сукцината в коррекции COVID-19-ассоцииро-
ванной коагулопатии. Общая реаниматология. 
2021; 17 (3): 50–64. [Simutis I.S., Boyarinov G.A., 
Yuriev M.Yu., Petrovsky D.S., Kovalenko A.L., Sapozh-
nikov K.V. Meglumine sodium succinate to correct 
COVID-19-associated coagulopathy: the feasibility 
study. General Reanimatology/ Obshchaya Reani-
matologya. 2021; 17 (3): 50–64. (in Russ)]. DOI: 
10.15360/1813-9779-2021-3-50-64. 

10. Федерякин Д.В., Парфенов С.А., Веселов С.В., Кол-
гина Н.Ю., Майоров М.О., Сабитов Т.Ф., Гончарук 
А.В. и соавт. Гемодилюция меглюмина натрия 
сукцинатом при операциях на сердце в условиях 
искусственного кровообращения. Кардиология 
и сердечно-сосудистая хирургия. 2020; 13 (2): 114–
119. [Federyakin D.V., Parfenov S.A., Veselov S.V., 
Kolgina N.Yu., Mayorov M.O., Sabitov T.F., Goncharuk 
A.V. et al. Hemodilution with meglumine sodium 
succinate during heart surgery in on-pump cardiac 
surgery. Cardiology and cardiovascular surgery/ Kar-
diologiya i Serdechno-Sosudistaya Khirurgiya. 2020; 
13 (2): 114–119. (in Russ.)]. DOI: 10.17116/kar-
dio202013021114  

11. Carrillo A.R., Elwood K., Werth C., Mitchell J., 
Sarangarm P. Balanced crystalloid versus normal 
saline as resuscitative fluid in diabetic ketoacidosis. 
Ann Pharmacother. 2022; 56 (9): 998–1006. DOI: 
10.1177/10600280211063651. PMID: 34986659 

12. Self W.H., Evans C.S., Jenkins C.A., Brown R.M., Casey 
J.D., Collins S.P., Coston T.D. et al. Clinical effects of 
balanced crystalloids vs saline in adults with diabetic 
ketoacidosis: a subgroup analysis of cluster ran-
domized clinical trials. JAMA Netw Open. 2 020; 3 
(11): e2024596. DOI: 10.1001/jamanetworkopen. 
2020.24596. PMID: 33196806. 

13. Белкин А.А., Лейдерман И.Н., Коваленко А.Л., Ри-
заханова О.А., Парфенов С.А., Сапожников К.В. 
Цитофлавин как компонент реабилитационного 
лечения пациентов с ишемическим инсультом, 
осложненным ПИТ-синдромом. Журнал невро-
логии и психиатрии им. C.C. Корсакова. 2020; 
120 (10): 27–32. [Belkin A.A., Leiderman I.N., Kovalenko 
A.L., Ryazanova O.A., Parfenov S.A., Sapozhnikov 
K.V. Cytoflavin as a modulator of rehabilitation treat-
ment of patients with ischemic stroke complicated 
by post-intensive care syndrome. S.S. Korsakov 
Journal of Neurology and Psychiatry/ Zh. Nevrol.Psikhi-
atr. im. S.S. Korsakova. 2020; 120 (10): 27–32. (in 
Russ.)]. DOI: 10.17116/jnevro202012010127. 

14. Гланц С.A. Медико-биологическая статистика. 
Пер. с англ. М.: Практика; 1998: 459. [Glantz S.A. 
Medico-biological statistics. Translated from English 
M.: Praktika; 1998: 459] 

15. Боровиков В.П. STATISTICA: искусство анализа 
данных на компьютере для профессионалов. 
СПб.: Питер; 2001: 656. [Borovikov V.P. STATISTICA: 
the art of data analysis on a computer for profes-
sionals. St. Petersburg: Peter; 2001: 656. (in Russ.)] 

16. Eledrisi M.S., Elzouki A.-N. Management of diabetic 
ketoacidosis in adults: a narrative review. Saudi J 



19w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 3 ,  1 9 ;  3

Clinical  Studies

Med Med Sci. 2020; 8 (3): 165–173. DOI: 10.4103/ 
sjmms.sjmms_478_19. PMID: 32952507 

17. Besen B.A.M.P., Boer W., Honore P.M. Fluid manage-
ment in diabetic ketoacidosis: new tricks for old 
dogs? Intensive Care Med. 2021; 47 (11): 1312–1314. 
DOI: 10.1007/s00134-021-06527-7. PMID: 34608527 

18. Марино П.Л. Под ред. Ярошецкого А.И. Интен-
сивная терапия. Второе издание. Пер. с англ. M.: 
ГЭОТАР-Медиа; 2022: 1152. ISBN 978-5-9704-7041-
1. [Marino P.L. Ed. Yaroshevsky A.I. Intensive therapy. 
Second edition. Translated from English. M.: GEO-
TAR-Media; 2022: 1152. ISBN 978-5-9704-7041-1] 

19. Спичак И.И., Копытова Е.В. Применение поли-
ионного раствора реамберина в медицине и 
опыт его использования в детской онкологии. 
Онкология. Журнал им. П.А. Герцена. 2018; 7 (5): 
47–55. [Spichak I.I., Kopytova E.V. Application of 
polyionic reamberin solution in medicine and ex-
perience with its use in pediatric oncology. P.A. 
Herzen Journal of Oncology/ Oncologiya. Zhurnal 
im. P.A. Herzena. 2018; 7 (5): 47 55. (in Russ.)]. DOI; 
10.17116/ onkolog2018705147 

20. Тихонова Е.О., Ляпина Е.П., Шульдяков А.А., Са-

тарова С.А. Использование препаратов, содер-
жащих сукцинат, в клинике инфекционных бо-
лезней. Терапевтический архив. 2016; 88 (11): 
121–127. [Tikhonova E.O., Lyapina E.P., Shuldyakov 
A.A., Sattarova S.A. Use of succinate-containing 
agents in the treatment of infectious diseases. Ter. 
Arkh/Terapevticheskiy Arkhiv. 2016; 88 (11): 121–127. 
(in Russ.)]. DOI: 10.17116/terarkh20168811121-127 

21. Шах Б.Н., Лапшин В.Н., Кырнышев А.Г., Смирнов 
Д.Б., Кравченко-Бережная Н.Р. Метаболические 
эффекты субстратного антигипоксанта на основе 
янтарной кислоты. Общая реаниматология. 
2014; 10 (1): 33–42. [Shah B. N., Lapshin V.N., Kyrny-
shev A.G., Smirnov D.B., Kravchenko-Berezhnaya 
N.R. Metabolic effects of a succinic acid. General 
Reanimatology/Obshchaya Reanimatologya. 2014; 
10 (1): 33–42. (in Russ.)]. DOI: 10.15360/1813-9779-
2014-1-33-42 

Received 16.01.2023 
Accepted 28.04.2023


