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ABSTRAK

Latar belakang: Resusitasi cairan menggunakan normal 
saline (NS) dapat menimbulkan efek samping asidosis 
metabolik hiperkloremik. Cairan balanced electrolyte solution 
(BES) yang komposisinya lebih mendekati plasma darah 
dengan konsentrasi klorida lebih rendah menjadi alternatif 
cairan resusitasi. Studi ini menilai efek asidosis hiperkloremik 
pada pasien ketoasidosis diabetikum (KAD) yang diresusitasi 
dengan menggunakan normal saline dan balanced electrolyte 
solution (BES).

Metode: Sebuah uji klinis acak tertutup tunggal dilakukan di 
Instalasi Gawat Darurat (IGD) RSUPN Cipto Mangunkusumo. 
30 subjek dengan GDS >250 mg/dl, pH arteri <7,35 mg/dl, dan 
keton darah positif dirandomisasi menjadi kelompok kontrol 
(normal saline/NS) dan kelompok perlakuan menggunakan 
BES. Analisa data dilakukan dengan program SPSS dengan uji 
T dan uji Mann-Whitney untuk membandingkan rerata nilai 
aktual dan delta standard base excess (SBE) dan strong ion 
difference (SID) antara kedua kelompok pasien KAD tersebut. 
Parameter lain yang dianalisis pada jangka waktu spesifik 
adalah pemeriksaan kesadaran, gula darah sewaktu, tanda 
vital, analisa gas darah, laktat, elektrolit, dan keton darah.

Hasil: Rerata SID kelompok BES lebih tinggi secara signifikan 
daripada kelompok NS (p<0,05) pada setiap jam. Rerata SBE 
kelompok BES lebih tinggi secara signifikan daripada kelompok 
NS mulai 18 jam (-4,88±5,69 vs -9,68±5,64; p=0,009), 24 jam 
(-3,99±4,27 vs -8,7± 5,35; p=0,023), dan 48 jam (-4,06±4,11 vs 
-7,01±5,46; p=0,009). Selisih nilai BES dan SID tiap pengukuran 
dengan nilai awal jam 0 (delta BES dan delta SID) lebih tinggi 
pada kelompok BES, tetapi tidak signifikan.

Kesimpulan: Penelitian ini menunjukkan bahwa balanced 
electrolyte solution (BES) sebagai cairan alternatif untuk 
resusitasi pasien KAD dapat mengurangi efek asidosis 
hiperkloremik dengan rerata aktual dan delta SID dan SBE 
yang lebih tinggi, tetapi tidak secara signifikan lebih superior 
dibandingkan dengan normal saline.

ABSTRACT

Background: In resuscitation, normal saline could cause 
hyperchloremic metabolic acidosis, while balanced 
electrolyte solution is a crystalloid fluid resembling blood 
plasma with lower chloride content. This study compared 
the effect of normal saline and balanced electrolyte solution 
Ringerfundin (BES) as the resuscitation fluid in diabetic 
ketoacidosis (DKA) patients. Parameters applied in this 
study were standard base excess (SBE) as resuscitation’s 
result indicator and strong ion difference (SID) to measure 
chloride’s influence in developing hyperchloremic acidosis.

Methods: A prospective, randomized, single blind controlled 
trial was conducted at the Emergency Department of Cipto 
Mangunkusumo Hospital. Thirty subjects with blood sugar 
>250 mg/dl, arterial pH <7.35 mg/dl, and positive blood 
ketone were randomly allocated to receive either normal 
saline (NS) or RingerfundinÒ (BES) as the standardized 
resuscitation protocol. Data analysis was performed using 
the unpaired T-test and the Mann Whitney test to compare 
the SBE and the SID means between both groups. Additional 
parameters were the level of consciousness, blood sugar 
level, vital signs, blood gas analysis, lactate, electrolyte, and 
blood ketone.

Results: The mean SID in the BES group was significantly 
greater than the NS group of all measurements (p<0.05). The 
BES group had significantly higher mean SBE compared to the 
NS group at 18 hours (-4.88±5.69 vs -9.68±5.64; p=0.009), 
24 hours (-3.99±4.27 vs -8.7±5.35; p=0.023), and 48 hours 
(-4.06±4.11 vs -7.01±5.46; p=0.009). BES resulted in non-
significant higher delta SBE and SID than NS. Additional 
parameters were not different between both groups.

Conclusion: This study showed that fluid resuscitation of 
DKA patients with BES resulted in slightly but not significantly 
higher mean actual SBE and SID than NS. suggesting that BES 
as an alternative fluid resuscitation to prevent hyperchloremic 
acidosis in diabetic ketoacidosis patients was not superior to 
NS.
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Diabetic ketoacidosis (DKA) remains as one of 
the major complications of diabetes mellitus. This 
condition is associated with significant metabolic 
changes and a high mortality rate. Diabetic 
ketoacidosis is defined as an accumulation of 
ketone bodies in the circulation of patients due 
to uncontrolled diabetes mellitus with insulin 
resistance. It was accompanied by severe fluid 
depletion and electrolyte imbalance, which are 
associated with metabolic acidosis. Common 
etiologies of diabetic ketoacidosis include 
infection, discontinued insulin therapy, and new 
onset diabetes.1,2 Diabetic ketoacidosis is a life-
threatening condition as the mortality rate of DKA 
is relatively high, which is between 15–51%. The 
major causes of death include unresolved severe 
metabolic acidosis, septic shock, and circulatory 
failure.2

The practice of large volume of fluid administration 
is found during perioperative condition and 
fluid resuscitation in DKA. Scheingraber et al3 
conducted a research on two groups consisted 
of 12 subjects undergoing gynecology surgical 
procedure. The control group received normal 
saline perioperatively, while the other group 
received ringer lactate fluid. Both received 
similar volume of fluid, which was 30 mL/kg/
hour. This study showed that the hyperchloremic 
metabolic acidosis and higher post-operative 
complications were observed in the normal 
saline group.3 Based on the American Diabetes 
Association (ADA), the highest priority of diabetic 
ketoacidosis management is the replacement of 
the fluid deficit with isotonic crystalloid solution, 
such as normal saline. Normal saline is widely 
used as it contains high chloride concentration, 
pH of 5.5 incomparable with physiological pH. 
Moreover, as fluid resuscitation, it is associated 
with hyperchloremia.1,2 Hyperchloremic acidosis 
is a form of metabolic acidosis, associated with an 
increase in plasma chloride concentration. This 
may occur in aggressive resuscitation with high 
chloride concentration fluid, or due to impair 
chloride excretion in the kidneys. Hyperchloremia 
will worsen the condition of metabolic acidosis, 
increase inflammatory cytokines, and impair renal 
function. The balanced electrolyte solution (BES) 
is known to have electrolyte contents similar to 
physiological condition, and is suggested to be 
used during management of diabetic ketoacidosis 
patients. Mahler et al4 mentioned that patients 
with diabetic ketoacidosis receiving normal 

saline solution had higher chloride concentration 
in comparison with patients receiving BES.
Van Zyl et al5 presented the normalization of 
pH was non-significantly faster in DKA patients 
resuscitated with ringer’s lactate instead of 
normal saline. The pH or chloride level is poor 
reflections of resolution of DKA. The severity of 
metabolic acidosis was calculated by the standard 
base excess (SBE), and the improvement of SBE 
was associated with better outcome in critically 
ill patients.6 The strong ion difference (SID) was 
calculated to show the influence of chloride level 
on hyperchloremic metabolic acidosis. The aim 
of this present study was to compare balanced 
electrolyte solution (BES) Ringerfundin® to 
normal saline in inducing of hyperchloremic 
metabolic acidosis in DKA, based on mean SID 
and SBE as primary endpoints. 

METHODS

This was a single blind randomized controlled 
trial conducted at the Emergency Department 
of Cipto Mangunkusumo Hospital, Jakarta, 
Indonesia, on May to October 2013. The protocol 
of this study has been approved by Medical Ethics 
Committee of Universitas Indonesia (No. 315/
H2.F1/ETIK/2013). The management of diabetic 
ketoacidosis in this study was in accordance with 
the guideline from the Division of Endocrinology, 
Department of Internal Medicine, Faculty 
of Medicine, Universitas Indonesia, Cipto 
Mangunkusumo Hospital, Jakarta.

Inclusion criteria were patients with diabetic 
ketoacidosis aged 18–65 years old, agreed to 
participate in the study, had blood sugar level during 
hospital admission >250 mg/dL, had positive ketone 
bodies in the blood, and had arterial blood pH less 
than 7.35. Exclusion criteria were subjects with 
respiratory failure requiring mechanical ventilation, 
end-stage renal disease on hemodialysis, congestive 
heart failure, corrected sodium >158 or <120 mg/
dL, myocardial infarction with signs of heart failure, 
traumatic brain injury with cerebral edema signs, 
and liver failure. The CONSORT flow diagram of this 
study is shown in Figure 1.

Subjects following inclusion and exclusion criteria 
were randomly allocated to the groups. The 
intervention given from the pharmacy for each 
subject was concealed. Subjects received peripheral 
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Figure 1. CONSORT flow diagram

and central intravenous access, nasogastric tube, 
and urinary catheter. Vital signs, blood pressure, 
heart rate, respiratory rate, level of consciousness, 
central venous pressure (CVP), diuresis, and 
hydration status were monitored hourly. Random 

blood glucose level was monitored hourly for the 
first six hours, then 12 hours, 24 hours, 36 hours, 
and 48 hours. Arterial blood gas analysis, lactate, 
and electrolyte were measured every two hours 
for the first six hours, then 12 hours, 24 hours, 36 
hours, and 48 hours. Blood ketone was evaluated 
every six hours for the first 48 hours. Blood 
urea nitrogen (BUN) and creatinine level were 
measured every 24 hours for the first 48 hours. 
Corrected sodium was measured by formula:6

Corrected sodium = measured sodium + (random 
blood glucose - 100) x 0.016

Subjects received adequate antibiotics if there were 
signs of infection, oxygen supplementation if pO2<80 
mmHg, and heparin if there was disseminated 
intravascular coagulation (DIC) or severe 
hyperosmolarity (>380 mOsm/L). Management of 
the patients included fluid resuscitation, insulin, 
potassium, and bicarbonate correction, as showed 
in Figure 2. Subjects were followed up until 28 days 
to measure the renal functions.

Data collected in this study were baseline 
characteristics, consciousness level, mean arterial 
pressure (MAP), CVP, blood glucose level, arterial 
pH, ketone bodies, BUN, creatinine, mortality 
rate, and SBE. Corrected sodium, potassium, 
chloride, calcium, magnesium, were measured to 
be calculated as the SID by formula: 

SID = [Na+] (mEq/L) + [K+] (mEq/L) +[Ca++] 
(mEq/L) + [Mg++] (mEq/L) - [Cl-] (mEq/L)

SBE and SID between the two groups were 
compared, while other parameters were reported 
descriptively.

An intention-to-treat analysis was performed on 
subjects receiving at least six hours of fluid study. 
Data was analyzed using the Statistical Program 
for Social Sciences (SPSS) version 16.0. The data 
normality was tested using the Saphiro-Wilk 
test. The unpaired t-test was used for normal 
distribution data and the Mann Whitney test was 
used for non-normal distribution data.

. RESULTS

Subjects’ characteristics along with several 
measured parameters are shown in Table 1. There 
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Figure 2. Management protocol of diabetic ketoacidosis at 
Cipto Mangunkusumo Hospital (Adapted from American 
Diabetes Association. Diabetes Care. 2006;29;2743)1

IV=intravenous; SC=subcutaneus; PO=per orally
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were significant differences of mean SBE (Figure 
3) and mean SID (Figure 4) between both groups 
were observed. The BES group had significantly 
higher SBE compared to the NS group at 24 hours 
(-3.99±4.27 vs -8.7±5.35; p=0.023), and at 48 hours 
(-4.06±4.11 vs -7.01±5.46; p=0.009), while mean 
SID in the BES group was significantly greater than 
the NS group at all measurements (p<0.05).

NS group
(n=15)

BES group 
(n=15)

Sex
Male 5 (33.33%) 6 (40%)
Female 10 (66.67%) 9 (60%)

DM type 1 2 (13.33%) 1 (6.67%)
DM type 2 12 (80%) 13 (86.66%)
Other type 1 (6.67%) 1 (6.67%)
DKA etiology

Infection 11 (73.33%) 9 (60%)
New onset DM 1 (6.67%) 1 (6.67%)
Discontinued 
therapy

1 (6.67%) 2 (13.33%)

Others 2 (13.33%) 3 (20%)
Age (years)* 56 (25, 65) 57 (23, 65)
Mean arterial pressure 
(mmHg)*

83.3 (70,100) 80 (45, 107)

Central vein pressure 
(mmHg)*

8.73 (3, 12) 9.17 (4, 12)

Random blood glucose 
(g/dL)*

508 (271, 842) 467 (325, 1043)

Keton bodies (mmol/L)* 3.1 (0.7, 6.8) 3.8 (0.7, 5.7)

pH* 7.34 (7.23, 7.39) 7.31 (7.02, 7.44)
Lactate (mmol/L)* 2.2 (1.1, 20) 1.95 (1.2, 14.6)
Albumin (mg/dL)* 2.97 (2.15, 4.47) 2.87 (1.77, 4.96)
SGOT (g/dL)* 24.5 (06, 325) 23 (11, 124)
BUN (mg/dL)* 25.4 (15.7, 163) 54.8 (20.8, 270)
Creatinine (mg/dL)* 0.75 (0.55, 1.72) 1.1 (0.5, 4.1)

SGPT (g/dl)* 17.5 (6, 44) 22 (10, 225)
Total fluid resuscitation 
(liter)*

6.23 (4.3, 8.2) 6.23 (4.1, 8.4)

Table 1. Subjects’ characteristics of both groups during in-
terventions

NS= normal saline group; BES= balanced electrolyte solu-
tion group; DKA= diabetic ketoacidosis; SGOT= serum glu-
tamic oxaloacetic transaminase; BUN= blood urea nitrogen; 
SGPT=serum glutamic-pyruvic transaminase. Categorical 
data was presented in frequencies (percentage). 
* Numerical data was presented in median (min, max), test-
ed by Mann-Whitney-U test

 

 Figure 3. Mean actual values of SBE of the NS group and the 
BES group. Data was presented in mean±SD, tested by un-
paired t-test, *p<0.05 was significant. SBE= standard base 
excess; NS= normal saline group; BES= balanced electrolyte 
solution group; SD= standard deviation

 

 

Figure 4. Mean actual values of SID of the NS group and the 
BES group. Data was presented in mean±SD, tested by un-
paired t-test, *p<0.05 was significant. SBE=standard base 
excess; NS=normal saline group; BES=balanced electrolyte 
solution group; SD=standard deviation

Since the baseline of SID was significantly higher 
in the BES group, the mean increase (delta) 
between the actual values SID and SBE at the 
every timepoints measurement to baseline values 
at hour 0 was calculated. The delta value of SID 
and SBE (Table 2) were not significantly higher in 
the BES group at all measurements. 

Of 30 subjects, 25 subjects survived up to 28 days 
after admission, four subjects (two subjects in 
each group) died within 28 days, and one subject 
died within 48 hours. Furthermore, one subject 
suffered from cardiopulmonary arrest and had a 
return of spontaneous circulation within the first 
48 hours. There was no difference of mortality 
between groups, and the benefit of BES over 
mortality was not analyzed because of the study 
design and small number of samples.



138 Med J Indones, Vol. 26, No. 2
June 2017

DISCUSSION

Stewart et al7 mentioned that two variables 
influencing acid-base balance can be grouped 
into independent and dependent variables. The 
independent variables were carbon dioxide 
pressure (pCO2), SID, and non-volatile weak 
acid (albumin effect). The dependent variables 
were [H+], [OH-], [HA], [A-], [HCO3

-], and [CO3
2-] 

ions. Therefore, pH, as the negative logarithm 
of hydrogen ion [H+], was a function of three 
variables, which were pCO2, SID, albumin effect. 
SID or sodium-chloride effect was described as the 
difference between total strong cation (sodium, 
potassium, magnesium, calcium) and total strong 
anion (chloride). Potassium, magnesium, and 
calcium were usually neglected due to its small 
value.7 The cause of acid-base disturbance could 
be measured quantitatively by using the Stewart-
Fencl formula. This formula utilized SBE, SID effect, 
albumin effect, and unmeasured anion effect. The 
first step was to identify the SBE based on blood 
gas analysis, followed by determining the sodium-
chloride or SID effect. Albumin acts as a weak 
acid; therefore, the level of albumin effect might 
cause acid-base imbalance. The unmeasured anion 
(UA) effect is the concentration of lactate, ketone, 
phosphate and other unidentified ions. It can be 
derived as the difference of SBE with SID and the 
albumin effect.6 

Metabolic acidosis was characterized by the 
decreasing pH and bicarbonate level, which 
was caused by decreased SID or increased weak 

acids concentration. Mean SID in the BES group 
had more superior values significantly than in 
the NS group at every hour. Mean hourly SBE in 
the BES group were mostly higher than in the NS 
group, and the significant difference occurred at 
18, 24, and 48 hours (illustrated in Figure 3 and 
Figure 4). 

In terms of fluid management for diabetic 
ketoacidosis, the effect of large fluid resuscitation 
administered for the patients would influence 
the SID calculation. Normal saline administered 
for the patients had SID=0 because of the same 
numbers of strong positive and negative ions. The 
result of fluid resuscitation with SID=0 was that 
the physiological ions would suffer from volume 
dilution as well as the addition of sodium and 
chloride ions at the same time. For example, in 
the plasma, there was 140 mEq/L sodium ions, 
100 mEg/L chloride ions; therefore, the SID 
plasma = 140 mEq/L – 100 mEq/L = 40 mEq/L. 
If 1 L of normal saline given to the patient with 
3 L blood volume, then there would be a dilution 
with (140x3 mEq/L+154 mEq/L)/(3+1) = 143 
mEq/L sodium ions, and (100x3 mEq/L + 154 
mEq/L)/(3+1) = 113.5 mEq/L. Therefore, the 
present SID was 143 mEq/L – 113.5mEq/L = 29.5 
mEq/L, while the normal SID was 38-44 mEq/L.8,9 
Decreased SID causes the plasma to be acidotic; 
defined as a dilutional metabolic acidosis due 
to normal saline or hyperchloremic metabolic 
acidosis. Even though SBE showed a significant 
difference only at 18 hours, 24 hours, and 48 
hours, the mean SBE among the BES group was 
always higher than the NS group. 

Delta values* of standard base excess Delta values* of strong ion difference
NS Group

(n=15)
BES Group

(n=15)
p

NS Group
(n=15)

BES Group
(n=15)

p

2-hour            -0.1 (-2.5, 3.7) 4.6 (-22.3, 11.3) 0.33 -2.05 (-12.3, 2.3) -0.87 (-12.5, 12.6) 0.18
4-hour 4.1 (-0.2, 6.6) 7 (-24.3, 11.2) 0.373 -3.35 (-15.4, 1.1) -2.15 (-11.5, 4.38) 0.488
6-hour 4.1 (-0.1, 7) 8 (-21.8, 8.8) 0.118 -1.75 (-15.4 , 0.6) -2.5 (-12.6, -0.3) 0.817
12-hour 5.5 (1.7, 10.7) 7.4 (-22.8, 12.7) 0.404 -2.3 (-14.5, 2.4) -0.97 (-13, 4.6) 0.695
18-hour 4.8 (-1.3, 11.7) 10.5 (-20.9, 21) 0.337 -2.05 (-13.6, 6.3) 0.81 (-11.5, 4.5) 0.179
24-hour 5.8 (-0.8, 11.3) 11.3 (-21.6,20.4) 0.564 -5.1 (-15.0, 3.0) -1 (-10.9, 4.4) 0.401
36-hour 7.3 (1.7, 12.8) 9.9 (-20.7, 20.4) 0.073 -1.9 (-40.9, 6.9) -1.2 (-10.4, 5.2) 0.122
48-hour 6.9 (2.4, 12.1) 12.1 (-22.4, 22.5) 0.492 -2.45 (-40.9, 6.6) -0.43 (-9.19, 6.6) 0.806

Table 2. Delta values of standard base excess and strong ion difference

NS= normal saline group; BES= balanced electrolyte solution group, *Delta value was the difference between the values at specific time-
points compared baseline values at 0-hour. Data was presented in median (min, max), tested using the Mann-Whitney-U test, p<0.05 was 
significant

http://mji.ui.ac.id
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Two types of metabolic acidosis are mineral 
(anorganic) and organic metabolic acidosis. 
Anorganic metabolic acidosis was caused 
by increased anions which could not be 
metabolized (e.g. hyperchloremic acidosis); 
while organic metabolic acidosis was caused by 
metabolism disorder (e.g. lactic acidosis, diabetic 
ketoacidosis). Each type of metabolic acidosis 
had different consequences and managements. 
Mineral acidosis managements included rapid 
elimination from the body (by diuretic or renal 
replacement therapy), or alkalinization (e.g. 
bicarbonate administration). For example, in 
hyperchloremic acidosis, inorganic acid has to 
be disposed through the kidney.10 SID can be 
influenced by renal excretion and electrolyte 
contents inside the body; therefore, subjects 
requiring hemodialysis were excluded. 
Creatinine and BUN level was highly varied 
between two groups, but they did not differ 
significantly. It showed that renal function and 
its direct influences in metabolic acidosis were 
comparable in this study.5,11 Albumin is an non-
volatile weak acid, controlled by the liver and 
dominated by the albumin. Thus, subjects with 
liver failure were excluded. Since both groups 
showed no significant difference of liver function 
test, which was also proven by similar albumin 
concentrations within a normal range, albumin 
level was not considered to affect the acidosis. 
There was no difference in the severity of liver 
and kidney dysfunction that could impact SID 
between both groups. 

As mentioned earlier, there was pCO2, albumin 
effect, and UA effect, in which each of them 
contributes to the SBE value. pCO2 was 
influenced by ventilation, but subjects requiring 
mechanical ventilation were excluded in this 
study. If albumin effect and UA effect were 
neglected, SBE value in the BES group would 
have more superior result than the NS group. 
This could be attributed to SID in the BES group 
was significantly higher than in the NS group. 
Nevertheless, even though SID in the BES group 
was significantly higher at all time points, this 
study found that SBE in the BES group was only 
significantly higher at 18, 24, and 48 hours than 
in the NS group. This might be due to the higher 
unmeasured anion factor in the BES group than 
in the NS group. Unmeasured anion as the one 
resulted from cell metabolisms, for instance 
lactate, ketone bodies, and phosphate, or 

anions acquired from the environment, such as 
salicylate and methanol. In the BES group, there 
was one subject with creatinine level ≥4 mg/
dL, one subject with creatinine level 3–4 mL/
dL, and three subjects with creatinine level 2–3 
mg/dL. Meanwhile, in the NS group there were 
four subjects with creatinine level 2–3 mg/
dL. Therefore, subjects in the BES group were 
suspected to have signs of renal insufficiency. 
The result of this renal insufficiency was 
deposition of unmeasured anions, such as 
sulfate and phosphate, which created masking 
effect of SID to SBE. The other cause of 
insignificant SBE difference in the earlier hours 
was the degree of sepsis severity between 
two groups, which were not standardized in 
this study. Septic mediators as the primary 
cause of DKA also played a role in contributing 
unmeasured anions such as lactate to acidosis 
condition.11 This explained the non-significant 
mean pH difference between the two groups in 
our study. The pH is a weak endpoint of diabetic 
ketoacidosis resolution since it was influenced 
by respiratory alkalosis due to hyperventilation 
in sepsis condition, loss chloride due to 
vomiting or large gastric residual volume that 
common in diabetic gastroparesis.5

Both groups had nearly similar characteristics. 
Mean MAP between the two groups was 
relatively adequate (>65 mmHg) with no 
significant difference, except mean MAP at 24 
hours. No significant difference between the 
two types of fluid resuscitation was observed 
due to the isotonic crystalloid solution of both 
fluids. Additionally, there was no total volume 
difference between two groups. There was no 
significant mean CVP difference between the 
two groups, except at six hours. This occurred 
due to similar characteristics between two types 
of solution, which were isotonic to plasma and 
similar total volume given to the subjects.4,8 
The distribution of lactate level was varied 
although there was no significant difference 
between both groups. This might be attributable 
to the two types of solution; normal saline and 
BES, did not contain any lactate. Lactate and 
ketone bodies were monitored in this study. 
There was no significant differences of both 
anions in both groups. Lactate in both groups 
had wide variability: 1.1–20 mmol/L to 0.9–2 
mmol/L in the NS group, and 1.2–14.6 mmol/L 
to 0.8–6.9 mmol/L towards the end in the BES 
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group. These wide variabilities were due to 
tissue hypoperfusion, causing ineffective cell 
metabolism.9,11

There was no significant mean random blood 
glucose (RBG) and mean ketone bodies difference 
between both groups at every hour during 
interventions. Five subjects had recurring 
diabetic ketoacidosis after 48 hours (two 
subjects in each group died within 28 days and 
one subject died within 48 hours), caused by the 
discontinued insulin therapy (78%) as the most 
cause of DKA in this study, other than infection, 
and non-infection medical illness.12,13 All of them 
received sodium bicarbonate due to pH less than 
7.1 following diabetic ketoacidosis protocol 
in this study and died within 28 days. One 
subject suffered from cardiopulmonary arrest 
following sodium bicarbonate administration. 
This should be handled carefully because 
increased pH would shift the dissociation curve 
to the left, diminishing tissue oxygen delivery. 
Fluid overload (intrvascular volume expansion) 
due to hypernatremia, which might also cause 
mortality.10,13

A limitation of this study is the baseline of 
SID in the BES group is higher than in the NS 
group; therefore, the superiority of BES could 
not be concluded based on significant mean 
actual SID and SBE, delta SID and BES. Other 
limitations are the small number of subjects 
and a single institution. BES could be utilized as 
an alternative fluid resuscitation, but it should 
be reviewed further in a larger population and 
other hospitals or institutions with different 
protocol.

In conclusion, fluid resuscitation of DKA patients 
with BES results in a significantly higher SBE 
and SID means as compared to NS. However, the 
higher delta SBE and SID were not significant, 
suggested that BES as an alternative fluid was 
not superior to NS in preventing hyperchloremic 
acidosis in diabetic ketoacidosis patients. 
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