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ABSTRACT

Background Dengue hemorrhagic fever (DHF) infection causes
hepatocelullar impairment. In management of DHF, World Health
Organization (WHO) recommends the crystalloids Ringer’s acetate
(RA) or Ringer’s lactate (RL), which are similar in composition to
plasma. Acetate in RA is not metabolized in the liver, hence not
burdening the liver, whereas lactate in RL is metabolized mostly in
the liver, thus placing a burden on the liver.
Objective To compare aminotransferase changes as markers of
hepatocellular impairment subsequent to the use of RA and RL in
the management of DHF with and without shock.
Methods This study was a double-blind randomized controlled
trial on DHF patients aged 1-18 years in Cipto Mangunkusumo
Hospital who had not received prior treatment with crystalloids or
colloids. Subjects were randomly assigned to receive either RA or
RL intravenously. Aminotransferase levels were examined on the
first, second and third weeks from the onset of fever.
Results Ninety-two patients who fulfilled inclusion criteria were
enrolled in this study, consisting of those without and with shock.
Mean transaminase levels of patients without shock in the  RA and
RL groups did not differ significantly. Mean transaminase levels of
patients with shock in the RA group were lower than those in the
RL group, but this difference was not significant statistically. Mean
alteration of transaminase levels in patients with and without shock
were not significantly different.

Conclusion In DHF without shock, there is no significant differ-
ence between aminotransferase level changes of patients receiv-
ing RA and RL solutions. In DHF with shock, aminotransferase
levels of patients receiving RA tend to be lower than those receiv-
ing RL, but this difference is insignificant [Paediatr Indones
2005;45:81-86].
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D
engue hemorrhagic fever (DHF), is an acute,

self-limited illness characterized by fever,

bleeding, and sometimes shock.1-3  In a

patient with DHF, capillary permeability increases;

even more so in dengue shock syndrome (DSS). The

capillary permeability of a healthy child is higher than

that of a healthy adult, rendering children more

vulnerable to shock.4

The liver is one of the target organs of dengue infec-

tion and the clinical manifestations of hepatocelullar im-

pairment are shown by increased aminotransferase levels.

In the dengue-infected liver, pathological findings show

centrilobular necrosis, fatty changes, Kuppfer cell hyper-

plasia, and acidophilic and monocytic infiltration from the

portal tract. Aminotransferase levels usually increase,

reaching maximum levels 9 days after the onset of fever,

and decrease gradually to normal levels by the 14th day.5

The principle of DHF management is support-

ive treatment by replacing the volume of plasma

lost through increased capillary permeability and

bleeding.6 Massive bleeding may occur if hemostatic

impairment such as vasculopathy, thrombocytope-
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nia and coagulopathy persist.7,8  Specific fluid

therapy is needed for children with DHF because

the water composition and requirement in children

differ from adults.9,10 WHO has recommended crys-

talloid solutions such as Ringer’s lactate (RL),

Ringer’s acetate (RA), and normal saline for the

management of DHF. RA and RL are similar in com-

position to the intravascular plasma.11,12  RA has a

potential advantage over RL, since acetate can be

metabolized in almost all muscles and does not bur-

den the liver, while most lactate must be metabo-

lized by the liver. RA, as an alternative to RL, should

be considered in DHF patients with severe liver

impairment, in whom the liver’s ability to elimi-

nate lactate is decreased.13 Until the present time,

RL is widely used in the Department of Child

Health, Cipto Mangunkusumo Hospital, while no

study comparing the use of RA and RL in DHF

patients has been done. This study aims to com-

pare aminotransferase changes subsequent to the

use of RA and RL in the management of DHF pa-

tients with and without shock.

Methods

This study was a double-blind randomized controlled trial

conducted on DHF patients in the Department of Child

Health, Cipto Mangunkusumo Hospital, during a dengue

epidemic from May 2003 until March 2004. The diagnostic

criteria of DHF were based on WHO’s Technical Guide

for Diagnosis, Treatment, Prevention and C ontrol of

DHF.7 Severity of the disease was graded according to the

1997 WHO criteria,7 in which grade I DHF was defined

as fever accompanied by non-specific constitutional

symptoms, with a positive tourniquet test as the only

hemorrhagic manifestation; grade II as spontaneous

bleeding in addition to grade I manifestations; grade III as

circulatory failure manifested by rapid and weak pulse,

narrowing of pulse pressure or hypertension, with the

presence of cold, clammy skin and restlessness; and grade

IV as profound shock with undetectable blood pressure.

Subjects consisted of patients aged 1-18 years who

were diagnosed with DHF based on the above criteria

and had not received prior treatment with crystalloid

or colloid solutions, whose parents gave informed con-

sent. Patients were excluded from this study when they

had a history of liver disease and/or a family history of

chronic liver disease, myocarditis, or rhabdomyolysis,

had recurrent or prolonged shock, did not have com-

pleted transaminase examinations, or died. The study

was approved by the Committee of Medical Research

Ethics, Medical School, University of Indonesia.

Sample size for this study was determined by

using 95% confidence interval and power of 80%.

Statistical significance was set at P<0.05. Based on

this calculation, 92 subjects were required, consist-

ing of 46 subjects with shock (DHF/DSS grade III

and IV) and 46 without (DHF grade II). Subjects

were randomly allocated to receive infusions of ei-

ther RA or RL such, that there were an equal num-

ber of subjects in the RA with shock, RL with shock,

RA without shock, and RL without shock groups,

respectively. Fluid management was given accord-

ing to the 1997 WHO standard procedure.

Subjects were examined for complete blood

count and aminotransferase levels. Complete blood

count was performed every 6 hours for 48 hours since

the patient’s admission. Aminotransferase levels,

comprising aspartate transaminase (AST) and ala-

nine transaminase (ALT) levels were examined from

blood samples taken on the first week (S1), second

week (S2), and third week (S3) from the onset of

fever. The level considered normal was <40 U/l for

AST and <40 U/l ALT. The increase in aminotrans-

ferase levels was considered mild if <100 U/l, mod-

erate if 101-200 U/l, and severe if >201 U/l.

The collected data were processed using SPSS

10.5 for Windows. Statistical analyses were performed

using the chi-square test, the Kolmogorov-Smirnov

test, and the Mann-Whitney test, where appropriate.

Results

Between May 2003 and March 2004, 201 DHF patients

were admitted to Cipto Mangunkusumo Hospital.  One

hundred and twelve cases were included in this study

and followed. In the process, 20 patients dropped out

(12 had incomplete data, 6 died from prolonged shock,

encephalopathy, respiratory failure, and massive

gastrointestinal bleeding, and 2 had extreme

transaminase levels). Finally, only 92 DHF patients who

fulfilled the inclusion criteria could be further examined

and analyzed. These consisted of 46 subjects with shock

and 46 without. Among the subjects with shock, 23
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subjects each belonged to the RL and RA groups. A

similar subject distribution occurred among subjects

without shock. The final subject allocation can be seen

in Figure 1. The distribution of subjects according to

sex and age group are shown in Table 1. Sex distribution

was similar between patients with and without shock.

Most patients were aged between 5 to 14 years. More

children aged <5 years experienced shock compared to

those of older age. With adequate fluid management, all

subjects recovered completely.

Comparison between the mean AST and ALT

levels of the RA and RL groups is provided in Table 2.

In subjects without shock, the highest transami-

nase levels were recorded at S2 in both the RA and

RL groups. Analysis of the mean AST levels of the

RA and RL groups at S1, S2, and S3 did not yield

statistically significant difference. Similar analysis of

the mean ALT levels of the same groups did not re-

veal significant difference (Table 2).

In subjects with shock, transaminase levels in the

RA and RL groups had a comparable starting point. At

S2 and S3, transaminase levels in the RA group were

lower than RL group, but this difference was not statis-

tically significant. The difference between mean tran-

saminase levels of the RA and RL groups at S1, S2 and

S3 was not statisticaly significant, either (Table 2).

This study also compared the mean alteration of

transaminase levels in the RA and RL groups (Table 3).

Statistically significant difference was not found

between the RA and RL groups in patients both with

TABLE 1. DISTRIBUTION OF SUBJECTS ACCORDING TO SEX AND AGE GROUP

Sex
Male
Female
Age
1-4 years
5-9 years
10-14 years
15-18 years

n=23

10
13

3
7
12
1

%

(43.5)
(56.5)

(13.0)
(30.4)
(52.2)
(4.3)

n=23

11
12

4
11
8

%

(47.8)
(52.2)

(17.4)
(47.8)
(34.8)

n=23

11
12

7
9
7

%

(47.8)
(52.2)

(30.4)
(39.1)
(30.4)

n=23

7
16

6
11
6

%

(30.4)
(69.6)

(26.1)
(47.8)
(26.1)

RA RL
Without shock With shock

RA RL

FIGURE 1. AMINOTRANSFERASE CHANGES IN DHF PATIENTS RECIEVING RINGER’S ACETATE VERSUS RINGER’S LACTATE RECEIVING.

201 DHF cases

112 cases meeting inclusion criteria

57 without shock 55 with shock

28 RA 27 RL29 RL28 RA

23 RA 23 RL 23 RA 23 RL

18 drop-out cases

6 incomplete data4 incomplete data
1 died

1 incomplete data
3 died

1 incomplete data
2 died

1 extreme cases1 extreme cases

92 analyzed cases

2 outlier cases
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and without shock, although in subjects without shock

mean transaminase alterations were highest from S2

to S3 in both the RA and RL groups (Table 3). In

sum, it was shown that AST and ALT levels increased

on the second week after fever onset both in patients

with and without shock. After the second week and

into the third week, transaminase levels decreased.

In addition, the study indicated that AST levels tend

to be higher than ALT levels in all groups.

Discussion

Liver involvement in dengue infection has been

reported to be mild and manifested by the rise of liver

enzyme levels.5 However, reports have been made of

fulminant hepatitis with high mortality in patients with

dengue infection.14 Innis et al17 reviewed the clinical

course and liver histopathology of 19 fatal cases of

dengue infection. In his study, acute liver failure was

identified as a cause of death in DHF patients infected

by dengue virus types 1, 2 and 3. In Indonesia, the virus

type most frequently found in DHF patients is type 3,

which is associated with severe and fatal cases.17-20

Lin et al has proven in vitro that dengue virus

can infect diverse liver cells with differing replica-

tion efficiency, causing cytopathic effects (CPEs)

of diverse severity. Among the CPEs, the increased

AST levels was correlated with the clinical results

from 24 DHF patients, who showed increased AST

levels at the onset of fever.22

Complete liver function test should include ex-

aminations of albumin, prothrombin time, bilirubin,

transaminase, and gamma-glutamyl transpeptidase.

AST and ALT are very sensitive indicators to evaluate

liver impairment.23-28  This was the rationale for the

use of transaminase levels to evaluate hepatocellullar

impairment in this study.

In the beginning of this study, blood samples for

transaminase examinations were planned to be taken

TABLE 3. COMPARISON OF MEAN ALTERATION OF TRANSAMINASE LEVELS IN RA AND RL GROUPS

*) Mann-Whitney test
S1= first week from fever onset; S2=second week from fever onset; S3=third week from fever onset

Without shock With shockMean
transaminase
level alteration
(U/l)

AST
S1 to S2
S2 to S3
S1 to S3
ALT
S1 to S2
S2 to S3
S1 to S3

RA
(mean±SD)

2.52 + 142.91
69.26 + 119.16
66.73 + 136.51

11.73 + 95.33
33.60 + 91.33
21.86 + 48.82

RL
(mean±SD)

17.43 + 60.48
37.43 + 60.06
20.00 + 21.85

9.00 + 24.67
11.56 + 26.06
2.56 + 14.49

P

0.809*
0.097*
0.435*

0.605*
0.750*
0.286*

RA
(mean±SD)

2.34 + 62.92
42.30 + 44.98
64.65 + 81.88

0.47 + 24.87
17.95 + 26.64
17.47 + 37.65

RL
(mean±SD)

22.34 + 62.92
42.30 + 44.98
64.65 + 81.88

0.47 + 24.87
17.95 + 26.64
17.47 + 37.65

P

0.328*
0.684*
0.475*

0.605*
0.904*
0.302*

TABLE 2. COMPARISON BETWEEN MEAN TRANSAMINASE LEVELS OF RA AND RL GROUPS

*) Mann-Whitney test
S1= first week from fever onset; S2=second week from fever onset; S3=third week from fever onset

Mean
transaminase
levels (U/l)

AST
S1
S2
S3
ALT
S1
S2
S3

RA
(mean+SD)

97.91 + 148.36
100.43+122.03
31.17 + 17.94

48.39 + 73.09
60.13 +  96.51
26.52 + 29.87

RL
(mean+SD)

50.61 + 23.37
68.04 + 59.78
30.61 + 15.11

23.48 + 12.58
32.48 + 23.51
20.91 + 13.24

P

0.531*
0.119*
0.454*

0.226*
0.531*
0.461*

RA
(mean+SD)

102.70 + 86.34
80.35 + 55.35
38.04 + 26.62

41.26 + 41.63
41.74 + 29.08
23.78 + 18.35

RL
(mean+SD)

113.70 + 92.91
211.78 +352.20
89.00 + 135.52

47.61 + 50.66
104.48 +149.07
52.70 + 75.84

P

0.373*
0.350*
0.198*

0.482*
0.150*
0.066*

Without shock With shock
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on the first day of admission, on the 9th and 14th day

since the onset of fever. However, patient incompliance

made it difficult to obtain the blood samples on time. To

cope with this obstacle, the blood samples were taken

within the first, second and third weeks. Other studies

also encountered difficulties in obtaining blood samples

at a specific time. Mohan et al27 took blood samples on

the first, second, third, and fourth weeks. Nguyen et al26

undertook a similar study with the first blood samples

taken in the first week and second blood samples  be-

tween the 8th and 11th day since the first symptoms.

Kuo et al24 took the first blood sample on the first week

and the next samples between the 8th and 21st day. Lin

et al22 also took the first blood sample in the first week

and the second between the 10th and 14th day.

Most studies have focused on comparing RA and

RL solutions by measuring lactate levels and observ-

ing acid-base disturbances in patients with shock, liver

insufficiency, burns, diabetic ketoacidosis, and post-

hepatectomy patients. Presently, studies comparing

transaminase levels after the use of RA and RL in

DHF patients have not been found.

Initially, the AST levels were higher than ALT leves

both in patients with and without shock (Table 2). These

results are supported by the outcome of other studies

and the speculation that myocytes or monocytes may

contribute to the higher AST increase.22,25,29,30  This

phenomenon differs from that in hepatitis virus-infected

patients, in which the ALT level is higher than the AST

level. AST is more specific and sensitive to detect hepa-

tocellular impairment because its concentration is high-

est in the liver. In contrast, AST is produced by the liver,

heart and skeletal muscles, kidney, pancreas, and mono-

cytes.32,33  In the early phase of DHF infection, a sys-

temic impairment occurs which also affects myocytes and

monocytes. According to Lin et al, liver cells infected by

the dengue virus are another source of AST production.

Moreover, the half-life of ALT (32-43 hours) is longer

than that of AST (12,5-22 hours), which explains why

AST declined more rapidly to normal levels (10 to 14

days after fever onset) than did ALT.22

In this study, marked disturbance of liver func-

tion indicating hepatocellular involvement was ob-

served in all cases (Table 2). AST and ALT levels

increased during the first week and reached its peak

during the second week, then decreased to normal

levels in the third week. This result is supported by

that of Mohan,27 who found similar results.

The mean AST and ALT levels in the RA and

RL groups without shock were highest on the second

week and decreased in the third week, but this differ-

ence was not significant statistically. The mean AST

and ALT levels in patients with shock was lower in the

RA group than in the RL group, with again no signifi-

cantly statistical difference. This suggests that RA does

not burden the liver.

In conclusion, in DHF without shock, there is

no significant difference between aminotransferase

level changes of patients receiving RA dan RL solu-

tions. In DHF with shock, aminotransferase levels

of patients receiving RA tend to be lower than those

receiving RL, but this difference is insignificant.

From our findings, we infer that either RA or

RL can be used in the management of DHF patients

without shock. Further study is needed in patients

with shock, since the mean transaminase levels were

lower in the RA group compared to RL group clini-

cally, even though the differences were not signifi-

cant statistically.
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