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ABSTRACT 

Introduction: Co-administration of albumin and furosemide has 
shown better response than furosemide alone in managing anasarca 
among children with nephrotic syndrome. There are different 
concentrations of albumin available. The aim of this study was to 
compare diuretic response to co-administration of either 5% or 
20% albumin with furosemide in these children.  

Methods: It was a crossover randomised trial conducted on 
children with nephrotic syndrome with moderate to severe oedema 
at a tertiary care centre. They were  randomised to two groups; 
Group A (n = 14) received 5% albumin along with furosemide in 
midway followed by 20% albumin after washout period of 48 hrs 
and group B (n = 10) received albumin vice versa. Baseline and 
post therapy vitals, fluid intake, urine output and biochemistry were 
noted. Primary outcomes were increase in urine output and 
reduction in weight following co-administration of albumin with 
furosemide. For analysis of primary outcomes, two interventional 
arms were formed; group I (5% Albumin co-administered with 
furosemide) and group II (20% Albumin co-administered with 
furosemide).  

Results: Total children were 24 in each arm i.e. group I and II. 
Eighteen (75%) were males. Mean (range) age at enrolment and 
duration of illness were 55.3 (15 - 144) and 18.6 (1 - 120) months 
respectively. Mean difference (SD) in urine output were 1.52 (1.11) 
and 1.66 (0.95) ml/kg/hr (p = 0.12) and mean percentage weight 
loss were 2.25% (2.12) and 3.68% (3.84) in group I and II 
respectively (p = 0.64). On further comparing, urine output was 
significantly better when 5% albumin was co-administered with 
furosemide during first period than in second period.  
Conclusions: Co-administration of either 5% or 20% albumin with 
furosemide is equally safe and effective in increasing urine output 
in children with anasarca.  
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INTRODUCTION 
There are different theories behind the pathogenesis 
of oedema in nephrotic syndrome.1 As per under 
filling theory, nephrotic syndrome is a state of 
intravascular volume depletion.2 It activates renin 
angiotensin aldosterone pathway and causes 
increase sodium and water reabsorption at distal 
tubules to cause oedema.3-4 Other theory is overfill 
theory as per which primary defect lies in the 
kidney, which causes an increase in absorption  of 
sodium and water and hence causes oedema in 
nephrotic syndrome.5 Since treatment with 
corticosteroids usually leads to diuresis within five 
to 10 days, diuretic is avoided unless oedema is 
significant.6-7  

Diuretic is the standard therapy for treating 
moderate to severe oedema in children with 
nephrotic syndrome. Disadvantage of prolonged 
use of diuretic is that it can lead to electrolytes 
disturbance, aggravate the hypovolemic state and 
causes resistance to its diuretic effect.8 Infusion of 
albumin increases the plasma oncotic pressure and 
plasma volume which in turn increases the 
glomerular filtration rate. Improved GFR results in 
reduction of sodium and water re-absorption at 
proximal tubules and increases delivery of both to 
the distal nephrons which restores the capacity to 
respond to diuretics.9,10 Albumin also increases the 
bioavailability of furosemide by improving serum 
albumin level.11-15  

Human albumin is available in different 
concentrations like 5%, 20% and 25%. 5% human 
albumin is isotonic to plasma whereas 20% and 
25% albumin solutions are hypertonic. Few studies 
have shown better diuretic response to co-
administration of albumin along with furosemide 
than furosemide alone. These studies have used 
hypertonic albumin solution in children with 
hypoalbuminemic state. As nephrotic syndrome is 
usually a state of volume contraction and hypotonic 
state, theoretically an infusion of 5% albumin at 
same dose as other forms of albumin in larger 
volume will not only improve serum albumin and 
plasma oncotic pressure but will also improve 
intravascular volume immediately. On the other 
hand, hypertonic albumin colloid improves plasma 
oncotic pressure better than 5% albumin. Use of 

any albumin to improve diuretic response is an 
expensive therapy. Hence it is to be used 
judiciously. We designed randomised cross-over 
trial to compare the diuretic effect of co-
administration of 5% (isotonic) or 20% 
(hypertonic) albumin along with furosemide in 
children with nephrotic syndrome with moderate to 
severe oedema.  

METHODS 
This prospective, single centre, randomised 
crossover trial was conducted in a tertiary care 
hospital in India from Jan 2008 to Jan 2010 to 
compare the diuretic effect of co-administration of 
either 5% or 20% albumin along with furosemide 
in children with nephrotic syndrome with moderate 
to severe oedema. The study was approved by the 
Institutional Research Review and Ethics 
Committee. Written parental consent was obtained. 
Children more than one year of age with nephrotic 
syndrome presenting with moderate to severe 
oedema defined by anasarca, pulmonary effusion, 
ascites, scrotal or vulvar oedema were included in 
the study. Children with mild oedema or 
spontaneously resolving oedema, nephrotic 
syndrome secondary to SLE, viral hepatitis, 
haemolytic uremic syndrome, infectious disease, 
congenital nephrotic syndrome, sepsis, renal failure 
or insufficiency and on diuretics or steroid during 
study period were excluded.  

After enrolment, children were randomised as per 
computer generated randomisation in two groups; 
Group A (n = 14) received 5% albumin along with 
furosemide in midway in first period and 20 % 
albumin in second period with wash out period of 
48 hrs and vice versa in group B (n = 10). 
Demographic, clinical profile, baseline urine output 
and fluid intake, weight, serum urea, creatinine, 
albumin, sodium, potassium and urinary creatinine, 
sodium and potassium were computed as per 
protocol. Albumin was infused at a dose of 1 g/kg 
over four hours, furosemide was administered at a 
dose of 2 mg/kg intravenously midway. Post co-
administration of albumin and furosemide, serum 
albumin, urea, creatinine, sodium, potassium and 
urinary creatinine, sodium and potassium were 
sent. Fluid intake, urine output over 24 hours and 
weight were re-measured after 24 hours. After 
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washout period of 48 hours, again baseline 
parameters were repeated and other form of 
albumin was co-administered with furosemide as 
described. Finally, each subject received both 5% 
and 20% albumin along with furosemide. For 
analysis of primary outcomes, two interventional 
arms were formed; group I and group II receiving 
5% and 20% albumin respectively. Primary 
outcomes studied were weight loss and increase in 
urine output and secondary outcomes studied were 
FeNa and urinary potassium index. The outcomes 
were calculated and recorded for both groups I and 
II. Complications related to albumin infusion like 
hypertension, pulmonary oedema, need for dialysis 
or ventilation was also recorded during the study 
period.  

Based on our pilot study (n = 10), we found mean 
(SD) urine output 2.9 (0.8) ml/kg/hr and 2.2 (1.0) 
ml/kg/hr post 5% and 20% albumin respectively. 
Taking power of 80% and α error of 0.05, and 
allocation of 1:1, we estimated sample size of 27 

children in each arm. Patient, data recorder and 
statistician were blinded to concentration of 
albumin used. Analysis was done by intention to 
treat. Data were presented as number (%) or mean 
(SD), median (CI) or range as appropriate. Results 
were analysed using IBM SPSS statistics 17. 
Quantitative data with normal distribution were 
compared using student t-test and those with 
skewed distribution were analysed using Mann 
Whitney U test and Wilcoxon signed rank test for 
related sample. Categorical data was compared 
using Chi square or Fisher exact test as 
applicable. The p value < 0.05 was taken as 
statistically significant.         

RESULTS 
During the study period, 35 children with nephrotic 
syndrome with moderate to severe oedema were 
eligible but 10 children were excluded before 
randomisation and one was excluded after 
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Figure 1. Flow of participants through each stage 
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randomisation due to various reasons as shown in 
figure 1. Eighteen (75%) patients enrolled were 
males. Mean (range) age at enrolment and duration 
of illness were 55.3 (15 - 144) months and 18.6 (1 - 
120) months respectively. Clinical profile of 
children with nephrotic syndrome at enrolment has 
been depicted in Table 1. As each child received 
both forms of albumin, total children were 24 in 
each arm i.e. group I (5% albumin) and II (20% 
albumin). In group I, 14 children received 5% 
albumin in the first period and 10 children in the 
second period. In group II, 10 children received 
20% albumin in the first period and 14 children in 
the second period. Baseline parameters like weight, 
urine output, fluid intake, serum albumin, FeNa and 
urinary potassium index in both groups I and II 
were comparable (Table 2). Post albumin 
transfusion, serum albumin and fluid intake in both 
groups I and II were also comparable. There was a 
significant increase in urine output, sodium 
excretion and decrease in urinary potassium index 
post therapy, as compared to baseline in both the 
groups (Table 2). But there was no significant mean 
difference in weight loss or urine output between 
group I (5% albumin) and group II (20% albumin). 
Mean difference (SD) in urine output was 1.52 
(1.11) and 1.66 (0.95) ml/kg/hr (p = 0.12) and mean 
percentage weight loss was 2.25 (2.12) and 3.68 
(3.84) % in groups I and II respectively (p = 0.64). 
Mean difference in albumin, FeNa and potassium 
excretion index in both groups were also 
comparable (Table 3). 

On further comparing group A (n = 14) and group 
B (n = 10), urine output  was significantly better 
when 5% albumin was co-administered with 
furosemide during 1st period in group A than in 
second period in group B. There was no statistically 
significant difference in urine output in both 
periods in case of 20 % albumin. But mean increase 
in urine output was better for 20% albumin in both 
periods (2.38 and 1.4 ml/kg/hr) than 5% albumin 
(2.07 and 1.12 ml/kg/hr), although difference was 
not statistically significant (p = 0.5 and 0.4 
respectively) (Table 4).         
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Table 1. Demographic and clinical profile at 
presentation (n = 24) 

Table 2. Comparisons of parameters before and after therapy in group I (5% albumin co-administered with 
furosemide) and group II (20% albumin co-administered with furosemide) 

Parameters

 Age at enrolment* 55.3 (15 - 144)

Age at onset* 36.7 (12 - 98)

Duration of illness* 18.6 (01 - 120)

Gender distribution (M : F) 3 : 1

Course of illness

      First 10 (41.7%)

      Infrequent relapse 07 (29.2%)

      Frequent relapse 04 (16.7%)

      Steroid dependent 02 (8.3%)

      Steroid resistant 01 (4.2%)

*Data are expressed in months (Mean, range) 

Parameters Group I (n = 24) p value Group II (n = 24) P value

Baseline Post-
transfusion 

Baseline Post-
transfusion 

Weight (Kg) 18.6 (7.9) 18.2 (8.01) 0.8 18.7 (8.1) 18.0 (8.03) 0.7

Urine output (ml/kg/hr) 1.1 (0.72) 2.63 (1.32) < 0.01 1.17 (1.0) 2.84 (1.3) < 0.01

Fluid intake (ml/kg/day) 34.3 (16.8) 42.7 (27.3) 0.2 33.3 (22.0) 45.2 (31.1) 0.13

Serum albumin (g/dl) 2.0 (0.24) 3.98 (0.49) < 0.01 2.1 (0.26) 3.9 (0.46) < 0.01

FeNa (%) 0.77 (0.65) 1.91 (1.71) < 0.01 0.73 (0.74) 1.73 (2.2) 0.04

Urinary K+/K++Na+   0.52 (0.10 0.42 (1.3) < 0.01 0.51 (0.11) 0.41 (0.09) < 0.01

Data are expressed as mean (SD); p value < 0.05 is taken as significant; FeNa (Fractional excretion of sodium), Urinary K+/K+

+Na+:urinary potassium index. P Value for baseline parameter were < 0.05 
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There were no complications related to plasma 
volume overload like hypertension, pulmonary 
oedema, need for dialysis or ventilation following 
administration of either 5% or 20 % albumin during 
the study period.   

DISCUSSION 
In 1974 Davison AM et al.16 studied human 
albumin in the management of nephrotic syndrome 
and concluded that 15% albumin in conjugation 
with frusemide are of value in treating patients with 
nephrotic syndrome. Similarly, in 2001 K Young et 
al.17 used 20% albumin with frusemide, which was 
also effective in increasing urine output. Weiss et 

al.18 and Bircan et al.19 demonstrated weight 
reduction with use of combination therapy. 
However, this beneficial effect was transient. These 
authors had used hypertonic albumin (15, 20, 25%) 
rather than isotonic albumin (5%). To compare the 
diuretic effect of isotonic and hypertonic albumin 
we used 5% and 20% albumin respectively which 
was administered along with furosemide among 
children with nephrotic syndrome with moderate to 
severe oedema and found that there was significant 
increase in ur ine output fo l lowing co-
administration of furosemide and either form of 
albumin. On comparing the mean difference in 
urine output and weight loss from baseline in each 
arm, there was no statistical difference in both 
forms of therapy.  

We observed that use of 5% albumin along with 
furosemide in first period had significantly better 
urine output compared to second period but there 
was no significant difference with 20% albumin. 
Simultaneously we also observed that mean 
increase in urine output was better for 20% albumin 
in both periods 1 and 2 (2.38 and 1.4 ml/kg 
respectively) than 5% albumin (2.07 and 1.12 ml/
kg/hr respectively) although these differences were 
not statistically significant (p = 0.5 and 0.4 
respectively). Hence, use of 5% albumin in first 
period was significantly higher than in second 
period but there was no significant mean difference 
in urine output between 5% and 20% albumin in 
both periods. 

Ghafari et al.20 in 2011 demonstrated that co-
administration of albumin and furosemide caused 
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Table 3. Comparisons of mean difference in 
parameters between pre and post treatment in group I 

(5% albumin) and group II (20% albumin) 

Table 4. Comparison of urine output and weight in group A and group B during period 1 and period 2 

Group I 
(n = 24)

Group II 
(n = 24)

p 
value

Serum albumin (g/dl) 0.91 
(0.37)

0.81 (0.46) 0.4

Urine output (ml/kg/
hr)

1.52 
(1.11)

1.66 (0.95) 0.6

Weight loss (%) 2.25 
(2.12)

3.68 (3.84) 0.1

FeNa (%) 1.14 
(1.47)

1.0 (1.97) 0.7

Urinary K+/K++Na+ 0.1 (0.19) 0.1 (0.12) 1

Data are expressed as mean difference (SD) between 
baseline and post co-administration of albumin and 
furosemide. 

5% albumin 20% albumin

Group A    
(n = 14) 
Period 1

Group B   
 (n = 10) 
Period 2

P value Group B    
(n = 10) 
Period 1

Group A  
(n = 14) 
Period 2

P value

Baseline urine output  
(ml/kg/hr) mean (SD)

0.86 (0.44) 1.45 (0.97) 0.1 0.88 (0.74) 1.49 (1.13) 0.1

Baseline weight  
(kg), mean ( SD)

18.75 (9.0) 18.3 (8.9) 0.9 19.4 (7.8) 18.2 (8.9) 0.7

*Urine output (ml/kg/hr) 2.07 (1.22) 1.12 (0.43) 0.01 2.38 (1.24) 1.4 (1.2) 0.06

Weight loss (%) mean (SD) 2.38 (2.1) 2.06 (2.2) 0.7 4.6 (4.1) 3.0 (3.5) 0.3
* Mean difference in urine output between baseline and post co-administration of albumin with furosemide
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an increase in urine volume and sodium excretion 
when compared to furosemide alone. In another 
study, Dharmaraj et al.21 evaluated 16 children with 
nephrotic syndrome and refractory oedema in a 
r andomised c ross -ove r t r i a l t o r ece ive 
either combination therapy or furosemide alone. 
The results from this study suggests a short-term 
positive effect of combination therapy on diuresis 
and natriuresis. We also found that post co-
administration of albumin and furosemide, there 
was an increase in FeNa and decrease in urinary 
potassium index. We know that the urinary 
potassium index (urinary K+/ K+ + Na+) and FeNa 
are satisfactory indices of activation of the renin 
angiotensin-aldosterone axis. Patients with 
nephrotic syndrome and hypovolemia typically 
show low FeNa (often below 0.2%) and high 
urinary K+/K+ + Na+ (ratio greater than 0.6).22,23 
Our study also shows the same, thereby 
highlighting that nephrotic syndrome is state of 
prerenal dehydration or hypovolemia which 
improves after albumin infusion. 

This was a prospective, cross-over,  randomised 
trial, where children with idiopathic nephrotic 
syndrome with oedema were enrolled after 
excluding possible secondary causes of nephrotic 
syndrome. Patient, data recorder and statistician 

were blinded. But there were also a few limitations 
in our study like treating clinician was not blinded, 
sample size was relatively small and it was a single 
centric study. For further analysis, whether the use 
of 5% albumin in 1st period or sequential use of 5% 
and 20% albumin is a better option than the use of 
either 5% or 20% albumin in moderate to severe 
oedema should be done after larger, multi-centric 
trials in the future.   

CONCLUSIONS 
Treatment of moderate to severe oedema due to 
nephrotic syndrome may require the use of albumin 
along with diuretic if diuretics alone do not yield 
adequate results. Both 5% or 20% albumin when 
co-administered with furosemide are equally safe 
and effective in improving urine output in children 
with moderate to severe oedema in nephrotic 
syndrome. 
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