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Blood Gas Analysis (Astrup) in Children suffering 
from Gastroenteritis dehydration with Acidosis.

I. treated singly wiith half strength Darrow’s solution in 2.5% glucose.

II. treated with initially 3 A  followed by Darrow —  Glucose (1 : 2) solution
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Abstract

Blood gas analysis and blood pH examinations have been carried 
out on 20 children suffering from severe gastroenteritis and dehydrati­
on. Ten patients were treated singly with half strength Darrow’s solu­
tion in 2.5% glucose containing potassium 17 mEq/L and lactate 26 mEq/ 
L  i«s base corrector. The other 10 patients were given 3A solution ( without 
potassium), containing lactate as base corrector \as much as 53 mEq/L in 
the first 8 hours, followed by Darrow-Glucose { 1 : 2 )  solution (with 
potassium).
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Conclusion of this comparative study is \as follows:

1. On admission the majority of the patients revealed a metabolic aci­
dosis condition 'uncompensated by the respiratory mechanism.

2. A fter the ¡administration of half strength Darrow’s solution in 2.5% 
glucose as well as 3A +  DG (1 : 2) solution, the hlood pH  returned to 
normal values, despite of persistent slight compensated metabolic 
acidosis. Blood acidity returned to normal in both groups and sho­
wed no statistically significant difference (p  >  0.5).

However a better increase in pC02 returning to normal was seep, in 
patients treated with 3A  +  DG (1 : 2) solution. The difference was 
statistically significant (p  <  0.05). This means that half strength Dar­
row’s solution in 2.5% glucose forces the body to exert more intensive 
compensation by respiratory mechanism.

This difference cam, be ascribed to the composition of half strength 
Darrow’s solution in 2.5% glucose containing less base corrector than 
3A solution. In case of dealing with severe metabolic acidosis, sodium 
bicarbonate as iadditional base corrector must be supplemented into 
the half strength Darrow’s solution in 2.5% glucose.

3 No complications were clinically noted during early administration 
of potassium. Half strength Darrow’s solution in 2.5% Glucose might 
be safely used ¡as a routine regime in treating not too severe gas­
troenteritis with dehydration iand acidosis aand might be of more 
convenience to peripheral areas, where a single solution is of more 
practical use.
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Introduction

Up to now, gastroenteritis in chil­
dhood is still a major disease of 
which ithe frequency ranks ¡second 
in Indonesia (Suitedjo eft al., 1968) 
with a high mortality rate of admit­
ted severe cases. Previous ito 1959, 
the mortality rate was 62.2% (Kwa- 
ri Satjadibrata and Sudjomo D. 
Poesponegoro, 1959). A fter the in­
troduction of a modified treatment of 
3A  solutliion (containing 1/3 of 0.9% 
N a d  +  1/3 of 5% glucose +  1/3 
of 1/6 Mol. Na Lactate) followed 
by D.G. solution (containing 1/3 of 
Darrow solution +  2/3 of 5% Glu­
cose, see Table 1), the mortality rate 
dropped to 20.2% (Siltedjo et al., 
1961). There was no considerable 
improvement with the same method 
in the following years. Tasllilm et al., 
(1967), Ono Dewanoto et al., (1968) 
and Suharjono et al., (1970) repor­
ted mortality rates of 26%, 21.2% 
and 18.5% respectively.

That the mortality rate seemed 
to be unable to be decreased within 
the last ten years was probably due 
to various factors, i.e. (1) the dela­
yed admittance to the hospital, (2) 
the unsatisfactory nursing and (3) 
the use of inadequate solution, par­
ticularly for the delayed cases. This 
latter might be obvious jb-y the hig­
hest mortality rate ait the first hours 
of admission.

Since the first factor is beyond our 
capabilities, and the second1 needs

time for improvement, it might be
that only the third factor should be 
considered for correct réévaluation.

Complications i occurring in gas­
troenteritis and dehydration are ma­
inly acidosis, shock, hypoglycemia 
and potassium deficiency. The use 
of 3A solution with fast flow  infu­
sion in the first hours of admission 
could overcome complications, but, 
might not improve possible severe 
potassium deficiency.

A t the time 3A +  DG solution 
was initiated in 1961, the application 
of Darrow 'Solution containing po- 
tasslifum as early as possible was not 
encouraged due to the fear of the 
development of hyperkalemia based 
on oliguria or anuria in the first 
stage of severe dehydration. A t  that 
time blood gas analysis equipment 
was not yet available.

Normally, a fluid deficit of 10 —  
15% on admission (average 12.5%, 
Sutedjo et al., 1961) was found in the 
severe enteritis patients. A t that 
stage loss o f potassium was estimated 
os to be approximately 10.4 mEq/L 
(Pierce, 1971). Considering ¡those 
facts, a 'trial on treatment by giving 
potassium as early as possible waa 
conducted. For this purpose, we 
used half strength Darrow’s soluti­
on in 2.5% glucose with the follo­
wing composition: Na 61 mEq/L, K
17.5 mEq/L, Cl 52 mEq/L, lactate
26.5 mEq/L and glucose 25 gm/L 
(see table 1). By this method, vari-
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ous authors found a mortality rate 
of lésas than 1% (Lawson and Curtis, 
1967; Pierce, 1971 and Biddulph, 
1971). Naturally, nursing factors 
and condition of the patient on ad­
mission play a relevant role in influ­
encing the mortality rate. Another 
advantage of that method is its sim­
ple nature as only one kind of solu­
tion is used which, is most convenient 
to peripheral areas.

In recent years a new concept of 
acid-base metabolism, in the form 
of the ’’Asltruip approach” (1969) 
and the Siggaard-Andersen normo- 
gram has been introduced. Distur­
bances in the acid-base metabolism 
have been classified according to the 
relation between blood values for 
pH, pC02 and index of non-respi- 
ratory disturbances. This index sho­
uld be either bicarbonate concentra­
tion measured under standard condi­
tion as ’’standard bicarbonate” or 
the surplus amount, a ’ ’base excess” 
of fixed -acid or base in mEq per 
litre blood.

The purpose of this clinical trial 
is to see the results of treatment of 
severe gastroenteritis and dehydrati­
on with half strength Darrow’s solu­
tion in 2.5% glucose in comparison 
with standard. 3A +  DG (1 : 2) so­
lution from the point of view of acid- 
faase correction.

Material and method

Twenty children aged 1 month to 
2 years suffering from severe gas­

troenteritis admitted before noon to 
the Department of Child Health, Me­
dical School, University of Indonesia, 
Dr. Tjiipto Mangunkusiumo General 
Hospital, Jakarta, between January 
1973 and April 1973 belonged to this 
Study.

Ten patients were treated by the 
single solution i.e. half strength 
Darrow’s solution in 2.5% glucose 
with the following rate of infusion: 
for the first four hours 15 ml. per 
kg body weight per hour or 6 x 
body weight (in kg) in drops per 
minute. Thereafter, approximately
7.5 ml. solution per kg body weight 
per hour or 3 x body weight (in 
kg) in drops per minute were given 
as maintenance dose.

In the same period, the remaining 
10 patients used as control were tre­
ated by standard therapy with 3A 
solution in the first 8 hours followed 
by D.G. (1 : 2) solution for the next, 
16 hours. The amount and the rate 
of infusion were similar to the first 
group. Prior to treatment, examina­
tion on blood ureum, electrolytes 
(Na, K  and Cl) and blood gas ana­
lysis (by Astrup method) were per­
formed. A fter rehydration, these 
examinations were repeated. Sugar 
intolerance test and culture of the 
faeces were performed on indication.

Evaluation was mainly aimed at 
comparing blood gas analysis (As­
trup) results of the 2 groups. For 
this purpose blood from femoral ar­
tery was drawn and determinations
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Were carried ouit using Blood Micro 
Equipment type BME-31 made by 
Radiometer A/S Copenhagen.

This equipment consists of Acid 
Base Cart type ABC - 1, Gas mixing 
Apparatus type GMA I/O, Blood 
Micro System type BMS - 3 and Acid 
Base analysis type PHM 71.

Results and Discussion
The results of blood gas analysis 

(Astrup) and pH before and after 
treatment are shown in table 3.

The first group comprises pati­
ents treated by half strength Dar- 
row’a solution in 2.5% glucose. The 
second group by 3A followed by 
D.G. (1:2) solution.
Age of group I  ranges from 3 
to 22 months with the average 
of 10.1 months, body weight on 
admission from 3.5 to 9 kg with 
the average of 6.5 kg. Age of 
group I I  ranges from 3 to 22 
months with the average of 11.3 
months, body weight on admission 
ranges from 4.7 to 8.6 kg with the 
average of 6.8 kg. The duration of 
fluid administration in group I  vari­
es from 20 to 26 hours with the ave­
rage of 24.4 hours. On admission, 
fever accompanied all of the pati­
ents. One patient of group I (case 
No. 2) with accompanying convulsi­
ons and hyperpyrexia died during the 
first 12 hours of fluid administrati­
on, so that laboratory examinations 
could not be repeated. In group II, 
1 patient died (case no. 10) from 
bronchopneumonia and convulsions.

The patient died 38 hours after the 
start of the infusion (see table 2).

On admission most of the pati­
ents of group I  (8 out of 10) were 
¡n an uncompensated metabolic aci­
dosis state. Case no. 1 had a blood 
pH of 7.44 (alkalenuia) i.e. the me­
tabolic acidosis was overcompensa­
ted by the respiratory mechanism 
due to high, fever. Case no. 2 was in 
a metabolic acidosis state compensa­
ted by the respiratory mechanism 
(normal blood pH). In group II, 7 
out of 10 patents were in an uncom­
pensated metabolic acidosis state. 
Case no. 1 had a blood pH of 7.58, 
as in case no. 7 of group I, there was 
a metabolic acidosis with overcom- 
pensation by respiratory mechanism.

Case no. 2 was in compensated 
(by respiratory mechanism) meta­
bolic acidosis with a normal blood 
pH. Case no. 5 had a blood pH of 
7.49, because he vomited far more 
frequently than his diarrhoea cau­
sing a metabolic alkalosis condition 
(bicarbonate concentration was 27 
mEq/L). In cases no. 2 and 8 of 
group I  and case no. 5 of group n, 
venous blood was mistakenly drawn.

Before the treatment the average 
of blood pH was 7.24 i,n group I  and 
7.29 in group H.

The average of pC02 in groups I 
and I I  was 16.1 mm Hg and 16.5 mm 
Hg respectively (see table 4). The 
bicarbonate concentration was mea­
sured With the normogram of S’-g- 
gaard-Andersen. The result was 6.4 
mEq/L for group I  and 7.8 mEq/L
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for group n. Statistically there was 
no significant difference between the 
two groups for the averages of blood 
pH (,p >  0.1) and pC02 (p >  0.5).

Clinically, ‘improvement appeared 
after treatment with the sole half 
strength Darrow’s solution in 2.5% 
glucose as well as with 3A followed 
by D.G. (1:2) solution. Gas blood 
analysis almost iin all patients reve­
aled compensated metabolic acidosis. 
In group I I  case no. 1 showed nearly 
normal blood pH but still alkalemia. 
Case no. 5 in group I I  had a metabo­
lic alkalosis, since the fluid for the­
rapy contained base corrector, the 
blood pH became higher. Case no. 6 
appeared to have respiratory alkalosis 
with the increase1 of blood pH due to 
the respiratory mechanism and the­
rapy factor.

Case no. 10 remained in a severe 
metabolic acidosis and the condition 
worsened by respiratory acidoses 
due to bronchopneumonia (blood pH 
decreased). This patient died 36 
hours after admission. Venous blood 
was drawn in case no. 7 of group I 
and case no. 6, 7 and' 9 of group II. 
A fter the -treatment, average of 
blood pH in group I  was 7.4 and in 
group I I  7.38. Average of pC02 in 
group I  and group I I  was 20.2 mm 
Hg and 28.7 mm Hg respectively. 
The average of bicarbonate concen­
tration in group I  was 12.5 mEq/L 
and group I I  16.8 mEq/L (see table 
4) . A fter the treatment, in both gro­

ups improvement occurred and aci­
dosis became compensated (normal 
blood pH).

To evaluate the condition of the 
patients' before and after treatment 
more easily, the averages of blood 
pH, pC02 and bicarbonate concen­
trations of both groups were plotted 
on Davenport diagram (see figure 1).

A fter treatment both groups sho­
wed still metabolic acidosis which 
was compensated by the therapy a.nrf 
respiratory factor as well. Statisti­
cally, the averages of blood pH of 
both groups revealed no significant 
difference (p >  0.5), but the increase 
of pC02 in group I I  was higher than 
,in group I  ¡and the difference is statis­
tically significant (pH <  0.05). This 
means that in group I, the patients 
needed a stronger compensation by 
the respiratory mechanism. This dif­
ference can be ascribed to the com­
position of half strength Darrow’s 
solution in 2.5% glucose which con­
sists of less base corrector than 3A 
solution. In case a patient was -ad­
mitted with a severe metabolic aci­
dosis, then sodium bicarbonate must 
be given as additional base corrector 
into the half strength Darrow’s so­
lution in 2.5% glucose.

Clinically, the administration of 
potassium in early treatment of se­
vere gastroenteritis dehydration as 
present in half strength Darrow’s 
solution in 2.5% glucose, did not 
cause hyperkalemia.
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TABLE 1 : Fluid composition used in groups I  and II.

Group I : DG (1:1) Gi'oup II : 3A -+■ DG (1:2)

DG (1:1) 3A DG (1:2)

Na 61 mEq/L 103 mEq/L 40.6 mEq/L
K 17.5 It — 11.6 , ,

Cl 52 ti 50 34.6
Lactate 26.5 it 53 „ 17.6 it
Glucose 150 mOsm/L 100 mOsm/L 200 mOsm/L

TABLE 2 : Comparison of the Ctmical dados of the two groups

Group I : 
D G (1 : 1)

Group II 
3A +  DG (1:2)

A g e 3-22 mos (10.0) 3-22 mos (11.3)
Body weight 3.5 - 9 kg (6.5) 4.7 - 8.6 kg (6.8)
Duration of
I.V.F.D. 20 . 26 Hrs (22.4) 20 - 36 Hrs (24.4)
F e v e r ( +  ) ( +  )
D e a t h 1 (case no. 2) 1 (case no. 10)



TABLE 3 : Results of blood gas analysis and pH in group I  and group I I

Normal value pH PCO, P °2 HCO„ B. E. Std. Bic. 02 Sat. Euf. Base
(Siggaard- 7.35 - 7.42 34 45 85 95 21 25 ± 2.3 21.3 24.8 85 95 48

Andersen 1966) (mm Hg) (mm Hg) (mEq/L) (mEq/L) (mEq/L) % (mEq/L)

Case no. A B A B A B A B A B A B A ! b A B

Group I :
DG (1:1) 1. 7.44 7.38 12 28 190 66 8 16 -14.5 - 7.5 13.5 18 93 38.3

2. 7.13 — 27 — 22 — 8.5 — -20 — 10.5 — 25 — 14.5 —
3. 7.34 7.48 15 20 98 98 8 19 -16 - 7.5 12 19 97 98 29.9 37.1
4. 7.01 7.41 24 28 67 79 8 18 -24 - 6 8 19 82 96 21.3 39.4
5. 7.28 7.45 8 15 105 120 8 10 -22.5 -22.5 9 15 92 98.5 22.3 33
6. 7.22 7.41 8 17 67 80 — 10.5 -24 -12.5 8 15 95 96 21.7 32.5
7. 7.14 7.37 10 19 93 36 3.5 11 -25 -13 7.5 14.5 95 69 20.7 31.7
8. 7.28 7.40 25 24 46 75 11 15 .14 - 9 14 Î7.5 77 95.5 31.2 36.4
9. 7.26 7.30 18 14 84 57 8 7 -18 -19 11.5 11 95 88 27.7 25.3

10. 7.30 7.41 14 17 94 80 7 10.5 -18 -12.5 11 15 97 96 28.6 32.5

Group II:
3A +  DG (1:2) 1. 7.58 7.51 14 22 103 55 13 17.5 - 8 - 4.5 18 20.5 98.5 92 38.3 40.4

2. 7.40 7.48 12 32 100 79 8 24 -16 +  1 13 25 98 96.5 29.5 46.8
3. 7.18 7.22 13 35 52 82 8 14 -23 -13 9 15 79 94 22.3 31.5
4. 6.97 7.43 27 28 86 65 8 18 -25 - 5 7 20 90 94 20.5 40.3
5. 7.49 7.50 36 36 32 68 27 28 -14 +  5 28 29 80 97 50 50.9
6. 7.34 7.53 12 14 90 45 6.5 12 -17.5 - 9.5 12 17 97 88 18.7 36
7. 7.25 7.38 10 24 93 34 4.5 14 -23 -10 8.5 17 96.5 65 22.1 35.2
8. 7.21 7.42 15 19 47 55 6 12 -21 -11 10 16 75 91 24.2 33.9
9. 7.26 7.35 16 35 50 40 7 19 -19 - 5.5 11 20 81 72 26.8 39.2

10. 7.24 7.03 10 42 185 68 4 10.5 -22 -19.5 9 10.5 97 91 24.2 25.2

Note: A  =  Result before treatment.
B =  Result after ti'eatment.
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TABLE 4 : Average of pH, pCOz and HCOs before and after treatment in group
I and group II.

Average
Before treatment After treatment

Group I 
DG (1:1)

Group n  
3A +  DG (1:2)

Group I 
DG (1:1)

Group II:
3A +  DG (1 : 2)

pH 7.24 7.29 7.4 7.38

pGC>2
(mm Hg) 16.1 16.5 20.2 28.7

h c o 3.
(mEq/L) 6.4 7.8 12.5 . 16.8

FIQ. 1: Average values of pH, pC02 and (HC03 -) before and after treatment
wi group I and II plotted in Davenport diagram.

Note :» Before treatment ------  Group I-: DG { 1 11)
*  After ------  « n : 3A ♦ DG ( 1 : 2)
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