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Introduction

Burn injuries are among the most devastating of all injuries
and a major global public health crisis.1,2 They are the fourth
most common type of trauma worldwide.3 Burn is a trauma
linked to poverty; approximately 90 percent of burns occur in

Low and Middle Income Countries (LMICs), and in the poor
areas of High Income Countries (HICs).4

All formulas used for burn resuscitation worldwide are
through intra-venous (IV) routes: they differ in volume, sodium
and colloid content. The disadvantages of IV resuscitation are
chemical and mechanical irritation, circulatory overload lead-
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ing to fluid creep, as well as cannula site infection causing
thrombophlebitis/phlebitis, sepsis and even septic shock. More-
over, it is not convenient in mass casualties and disasters.5

Enteral resuscitation has been evaluated in a few articles.6
Although old and with several limitations, these studies appear
to have established, to variable degree, the effectiveness and
value of enteral resuscitation.

One of the most important references for oral resuscitation
is Sørensen.7 In 1966, he sought a simple and fast means to
treat mass casualties due to thermal nuclear warfare, namely
drinking any beverage with 5gm salt tablets per liter of fluid
drunk. Sørensen calculated the amount according to body
weight (not including TBSA) and days since burn. Eighty per-
cent of his patients with burns as large as 45% TBSA required
no IV support. 

WHO Oral Rehydration Solution (WHO-ORS), known to
be highly effective in the treatment of dehydration in epidemics
of cholera, was effective in treating moderate burn shock in the
only study done using it.8

Based on previous studies, it seems that WHO-ORS with
salt supplement could be a convenient alternative for burn re-
suscitation; particularly where IV resuscitation is not available,
not feasible or not possible.

Study objective

The objective was to assess efficacy and safety, as well as
limitations and complications of oral resuscitation using WHO-
ORS and 5gm salt tablets compared to intravenous Parkland for-
mula in the acute phase, i.e. the first 72 hours after burn injury,
in adult patients with burns covering more than 15% TBSA. 

Patients and methods

Type of study: Randomized controlled clinical trial.
Study Place: Burn Unit of Suez Canal University Hospital,

Ismailia, Egypt.
Study Population: Adult patients with fresh burn, more

than 15% TBSA.
Sample size: All eligible patients attending the Burn Unit

in a 12-month period (from 1st February 2014 to 1st February
2015).

Inclusion criteria:
• Age: 13 years and older (adults according to Lund and

Browder chart).
• Both genders.
• Fresh burn: presenting within 6 hours after the acci-

dent.
• Physical burns (flame and scald burn).

Exclusion criteria: 
• Patients with co-morbidities (diabetes mellitus, hyper-

tension, renal failure, ischemic heart disease & chronic
liver disease).

• Inhalation injury.
• Associated injuries (multiple trauma, internal hemor-

rhage ... etc.).
• Pregnancy and lactation.

Study methods:
After obtaining approval from the Local Ethics Commit-

tee, patients were randomly allocated to one of two equal
groups on an alternate basis. 

Patients were subjected to routine assessments and care in-
cluding:

• history-taking, including mechanism of burn;
• clinical examination, including burn wound assess-

ment;
• weighing the patient and insertion of silicone urinary

catheter;
• laboratory investigations: complete blood picture,

sodium, potassium, blood urea and serum creatinine.
According to the group the patients were allocated to, the

treatment was as follows:

1. Control (IV) group: Resuscitated according to the
Parkland formula.
- First 24 hours: 4 ml/kg/% burn using Ringer lactate

solution.
- Second 48 hours:
• Crystalloid: 1ml/Kg/% burn Ringer’s lactate solu-

tion.
• Colloid: 10 – 30ml/Kg/day Dextran 70.
• Glucose 5%: 2500 ml/day

2. Study (oral) group: Resuscitated according to Sørensen’s
formula.
- First 24 hours: 150-200 ml /kg.
- Second 24 hours: 100-150 ml /kg.
Five sachets of WHO-ORS (commercial name in

Egypt is Rehydran-n) were added to one liter of water and
given, through a nasogastric tube, with a 5gm salt tablet hourly.

Composition of Rehydran – n6:
• Glucose anhydrous........................4.00 g.
• Tri-sodium citrate anhydrous.........0.51 g.
• Sodium chloride.............................0.70 g.
• Potassium chloride.........................0.30 g.

Patients were encouraged to drink any amount of any type
of fluid they wanted per os, in addition to the mentioned basic
supply.

We started with the minimum: 150 and 100 for the first
and second days respectively. We decided to increase the
amount by 10ml/Kg/day if the amount was insufficient. Pa-
tients were given their basic hourly requirements as a bolus
dose of 1/6 of the amount every 10 minutes. The stomach was
aspirated hourly to detect any residuals.

All the patients had been drinking supplementary fluids;
therefore we did not increase the amount. Unfortunately, we did
not collect any data concerning the nature or amount of supple-
mentary fluids drunk by the patients. Similarly, as our focus was
only on safety and effectiveness, no parameters other than basic
monitoring were assessed, including patient weight or stool vol-
ume output. Due to limited resources, Central Venous Pressure
(CVP), arterial blood gases, blood electrolytes and urinary/serum
sodium were not measured unless there was a persistent bed-side
monitoring anomaly for more than 2 consecutive hours. Invasive
monitoring equipment is not available in our unit.

Patient monitoring
Both groups were similarly monitored to assure that each

patient’s condition was stable and that resuscitation was suffi-
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cient and effective. The monitoring scheme followed in the
burn unit, with the critical value for each parameter, is:

• Heart rate: less than 100 beats/minute.
• Blood pressure: systolic blood pressure more than 100
mmHg.

• Urine output: 0.5 - 1 ml/kg/hr.
• Level of consciousness: clear (using the AVPU scale).
• Respiratory rate: 12 – 20 breaths/minute.

To assure the safety of the study group, patients were mon-
itored hourly for vomiting, distention and gastric residual vol-
ume. In addition, an end point for the study was determined:
this was persistence of one of the following parameters for
more than three consecutive hours, or two of them for more
than two consecutive hours. These three parameters were:

• pulse rate more than 100/min;
• systolic blood pressure less than 100mmHg;
• urine output less than 0.3ml/Kg/h.
None of these parameters was persistent, or even detected

after the second hour of starting treatment. 

Results

The control group comprised 20 patients versus 10 patients
in the study group. This discrepancy was due to a high rate of
patients refusing to be allocated to the study group.

Table I shows that patients of both groups were compara-
ble with no significant difference in age, gender or weight.
Similarly, Table II demonstrates that both groups were compa-
rable in burn injury parameters regarding percentage, etiology
and degree. Regarding degree, all the patients had mixed burns;
they were classified either second or third degree according to
the prevalent degree.

For the study parameters, in an attempt to overcome the
relatively small sample size, we used Mann Whitney U value
for significance as it is non-parametric and has more statistical

power than the classic student t-test. It was also more appro-
priate as it ignores any empty or non-numeric cells and allows
comparison without making the assumption that values are nor-
mally distributed - which might be the case in our study.

Tables III, IV and V compare mean systolic blood pressure
(SBP) in both groups throughout the study period (72 hours
after starting treatment). In Table III, significant lower values
were evident in the study group in the 1st, 7th and 19th hour.
The first hour was the only period when SBP passed the critical
limit of below 100mmHg. On the second and third day, al-
though there was a significantly lower value of mean SBP in
one reading each in the study group, the value did not fall
below the critical limit.

Characteristics Study Group Control Group P-value
n=10 n=20

Age mean ± SD 30±10 29±11 0.781
range 17-44 15-55

Gender frequency percent frequency percent
males 7 70% 14 70% 0.66
females 3 30% 6 30%

Weight mean ± SD 83±14 79±17 0.525
range 60-100 30-105

Table I - Characteristics of the patients of both groups

Study Control
Item Category Group Group P-value

(n=10) (n=20)
15-24 2 10

Percentage 25-34 4 3 0.291
35-44 3 5
45-55 1 2

Degree third degree 5 14 0.250
second degree 5 6

Etiology flame 7 13 0.560
scald 3 7

Fisher test

Table II - Comparison of burn details between study and control group

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 98±8 104±11 103±7 108±9 109±10 109±7
Control 108±12 109±10 109±8 112±9 112±11 111±8
P-value 0.04* 0.28 0.07 0.29 0.54 0.57

7 to 12 hours
7 8 9 10 11 12

Study 104±14 109±10 114±14 111±9 120±10 114±10
Control 116±8 114±9 114±10 116±8 116±8 115±8
P-value 0.02* 0.28 0.92 0.2 0.26 0.96

13 to 18 hours
13 14 15 16 17 18

Study 114±7 109±9 113±8 114±13 113±9 111±11
Control 115±8 115±9 117±7 117±7 113±6 114±9
P-value 0.99 0.15 0.29 0.58 1 0.7

19 to 24 hours
19 20 21 22 23 24

Study 105±8 112±19 111±9 118±6 110±7 116±7
Control 116±8 114±7 113±6 116±10 115±7 115±8
P-value 0.002* 0.54 0.66 0.57 0.1 0.72
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table III - Mean systolic blood pressure in both groups on the first day

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 111±7 115±5 113±9 115±11 110±11 109±10
Control 118±8 119±10 115±9 116±9 113±9 116±7
P-value 0.05 0.35 0.56 0.69 0.62 0.02*

7 to 12 hours
7 8 9 10 11 12

Study 114±10 113±5 114±8 111±6 113±8 115±5
Control 115±9 116±7 114±8 116±10 115±8 115±7
P-value 0.97 0.3 0.88 0.16 0.76 0.84

13 to 18 hours
13 14 15 16 17 18

Study 119±9 116±5 119±6 119±6 114±8 112±8
Control 118±10 115±8 115±8 115±8 118±6 117±9
P-value 0.74 0.75 0.18 0.18 0.25 0.15

19 to 24 hours
19 20 21 22 23 24

Study 111±7 116±7 114±10 118±13 121±7 116±7
Control 114±8 116±9 115±8 118±9 118±8 113±6
P-value 0.3 0.86 0.86 0.54 0.31 0.14
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table IV - Mean systolic blood pressure in both groups on the second day
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Similarly, Tables VI, VII and VIII show only a few spo-
radic significant lower values for mean pulse in the study
group. On the contrary, no value exceeded the critical value
of 100/min.

Urine output (Tables IX, X and XI) was significantly lower
in the study group on the first day in 2 readings only (3rd and
9th hour), with values above the critical value. On the second
day, the study group showed 3 significantly higher and 2 signif-
icantly lower values than the control group (Table X); both lower
values in both groups were above the critical value. On the third
day, the study group showed significantly higher values on 10
occasions, with control group values above the critical value.

Respiratory rate (Tables XII, XIII and XIV) followed the
same rule: although it was significantly higher on some spo-
radic occasions in the study group, it did not exceed the limit
of 20/min (the maximum was 18/min, and this occurred in the
first 12 hours only).

All patients were alert in both groups (all A).

Discussion

Burn and trauma patients in underdeveloped countries
often have delayed, limited, or even no access to IV fluid ther-
apy. Even in HICs, access to delivery of IV fluids might be

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 113±5 115±10 119±9 121±11 111±9 116±7
Control 116±7 116±8 116±8 117±6 115±9 115±9
P-value 0.3 0.97 0.42 0.13 0.31 0.46

7 to 12 hours
7 8 9 10 11 12

Study 113±8 113±8 114±8 113±8 113±5 116±7
Control 118±8 116±9 115±8 112±6 113±10 113±10
P-value 0.19 0.33 0.99 0.5 1 0.37

13 to 18 hours
13 14 15 16 17 18

Study 111±6 117±5 120±11 115±9 117±8 109±6
Control 116±8 116±8 114±9 116±8 116±11 118±8
P-value 0.08 0.63 0.1 1 0.9 0.005*

19 to 24 hours
19 20 21 22 23 24

Study 119±3 113±7 120±5 113±7 117±5 122±6
Control 117±7 117±10 114±8 117±9 117±10 120±10
P-value 0.29 0.17 0.03* 0.18 0.85 0.68
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table V - Mean systolic blood pressure in both groups on the third day

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 89±12 91±9 87±7 82±10 80±10 82±7
Control 88±11 87±8 87±6 83±7 83±7 83±9
P-value 0.82 0.18 1 0.63 0.36 0.79

7 to 12 hours
7 8 9 10 11 12

Study 85±9 85±7 85±7 83±4 86±2 81±4
Control 84±5 85±5 85±6 83±5 84±7 82±7
P-value 0.94 0.5 0.72 0.85 0.18 0.58

13 to 18 hours
13 14 15 16 17 18

Study 81±4 76±11 78±6 80±11 78±4 82±11
Control 80±7 82±7 82±7 81±8 82±8 81±8
P-value 1 0.11 0.17 0.89 0.31 0.94

19 to 24 hours
19 20 21 22 23 24

Study 83±7 81±2 84±3 83±4 85±5 82±6
Control 81±7 81±7 83±6 85±8 82±6 82±6
P-value 0.34 0.21 0.43 0.4 0.19 0.67
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table VI - Mean pulse in both groups on the first day

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 85±8 81±5 77±13 78±13 84±5 75±7
Control 81±5 81±5 81±7 83±6 83±4 83±6
P-value 0.38 1 1 0.64 0.39 0.01*

7 to 12 hours
7 8 9 10 11 12

Study 76±7 78±5 82±5 80±7 83±4 85±5
Control 83±5 84±6 82±6 83±5 83±7 83±7
P-value 0.02* 0.03* 0.62 0.35 0.92 0.4

13 to 18 hours
13 14 15 16 17 18

Study 88±3 80±7 83±6 82±7 80±8 78±6
Control 83±6 84±6 84±5 84±6 82±7 82±5
P-value 0.03* 0.21 0.42 0.62 0.91 0.06

19 to 24 hours
19 20 21 22 23 24

Study 81±5 79±5 80±8 81±7 83±6 79±8
Control 83±6 82±6 82±5 83±7 82±7 84±5
P-value 0.21 0.25 0.43 0.62 0.75 0.05
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table VII - Mean pulse in both groups on the second day

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 82±8 79±7 82±5 82±5 80±4 79±6
Control 82±8 81±6 82±7 82±7 81±6 82±6
P-value 0.66 0.34 0.85 0.87 0.74 0.18

7 to 12 hours
7 8 9 10 11 12

Study 77±6 78±6 78±6 81±7 80±5 80±5
Control 82±8 83±6 82±6 83±7 83±7 83±6
P-value 0.06 0.06 0.24 0.56 0.3 0.19

13 to 18 hours
13 14 15 16 17 18

Study 78±5 82±7 84±5 82±4 81±9 82±4
Control 83±6 83±7 83±7 82±8 82±7 82±8
P-value 0.05 0.66 0.48 0.69 0.63 0.66

19 to 24 hours
19 20 21 22 23 24

Study 78±4 80±5 80±5 82±3 80±6 77±5
Control 82±8 83±6 82±8 81±7 83±8 81±8
P-value 0.36 0.25 0.58 0.79 0.33 0.14
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table VIII - Mean pulse in both groups on the third day



Annals of Burns and Fire Disasters - vol. XXIX - n. 1 - March 2016

51

limited in large fire disasters.9
The aim of the present work was to create a new philoso-

phy through reviving and merging two old abandoned philoso-
phies to produce a synergy. Sørensen’s formula7 was effective
in most but not all cases. Monafo10 found that adding high salt
supplements to IV resuscitation formula significantly and dra-
matically reduced the amount of fluid needed and increased its
effectiveness. Therefore we believed that replacing water by
WHO-ORS and adding supplementary salt to Sørensen’s for-
mula would largely increase its effectiveness.
WHO-ORS (containing a considerable amount of salt) was

chosen instead of water, as mentioned by Sørensen, as it has

proved to be effective, even alone, in treating moderate dehy-
dration and burns.8
Our study was conceived to compare two groups: patients

receiving intravenous resuscitation using the Parkland formula
(control group) and those given oral resuscitations using Oral
Rehydration Solution and 5gm salt tablets according to
Sørensen’s formula (study group). There was no significant dif-
ference in all the demographic data or burn percentage, depth
as well as etiology, between the two groups.
There was great concern about the safety of this study. Ac-

cording to Kramer et al.6, the few studies encouraging enteral
resuscitation on humans are old and/or with several limitations.

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 0.5±0.1 0.5±0.1 0.5±0.03 0.6±0.2 0.6±0.2 0.7±0.3
Control 0.5±0.1 0.6±0.1 0.6±0.2 0.7±0.2 0.6±0.2 0.7±0.2
P-value 0.33 0.12 0.03* 0.54 0.32 0.46

7 to 12 hours
7 8 9 10 11 12

Study 0.6±0.2 0.6±0.1 0.6±0.2 0.5±0.1 0.8±0.3 1±1
Control 0.6±0.2 0.6±0.2 0.6±0.1 0.7±0.2 0.7±0.2 0.6±0.2
P-value 0.9 0.7 0.9 0.003* 0.63 0.12

13 to 18 hours
13 14 15 16 17 18

Study 0.7±0.2 0.6±0.2 0.6±0.1 0.6±0.1 0.7±0.2 0.5±0.1
Control 0.7±0.3 0.6±0.1 0.6±0.2 0.6±0.2 0.6±0.2 0.6±0.2
P-value 0.95 0.43 0.16 0.19 0.5 0.12

19 to 24 hours
19 20 21 22 23 24

Study 0.6±0.1 0.6±0.1 0.6±0.1 0.6±0.1 0.7±0.2 0.7±0.2
Control 0.6±0.2 0.7±0.3 0.6±0.1 0.7±0.2 0.6±0.2 0.6±0.2
P-value 0.6 0.28 0.28 0.44 0.66 0.58
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table IX - Mean urine output in both groups on the first day

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 0.7±0.2 0.6±0.1 0.7±0.1 0.8±0.2 0.7±0.2 0.6±0.1
Control 0.6±0.2 0.7±0.3 0.6±0.1 0.6±0.1 0.7±0.2 0.6±0.1
P-value 0.33 0.77 0.05 0.02* 0.62 0.78

7 to 12 hours
7 8 9 10 11 12

Study 0.7±0.04 0.5±0.1 0.6±0.04 0.5±0.1 0.6±0.2 0.6±0.2
Control 0.6±0.1 0.6±0.1 0.6±0.2 0.7±0.2 0.6±0.2 0.7±0.3
P-value 0.04* 0.004* 0.22 0.02* 0.09 0.53

13 to 18 hours
13 14 15 16 17 18

Study 0.6±0.1 0.6±0.1 0.7±0.1 0.6±0.1 0.7±0.1 0.6±0.1
Control 0.7±0.3 0.7±0.2 0.6±0.2 0.6±0.2 0.6±0.2 0.6±0.1
P-value 0.77 0.89 0.08 0.37 0.06 0.71

19 to 24 hours
19 20 21 22 23 24

Study 0.6±0.1 0.6±0.2 0.7±0.2 0.6±0.2 0.6±0.1 0.6±0.1
Control 0.6±0.1 0.6±0.2 0.6±0.1 0.6±0.2 0.6±0.2 0.5±0.2
P-value 0.7 0.42 0.07 0.86 0.21 0.0001*
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table X - Mean urine output in both groups on the second day

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 0.6±0.1 0.6±0.1 0.8±0.2 0.7±0.1 0.7±0.1 0.7±0.1
Control 0.6±0.2 0.6±0.2 0.6±0.2 0.5±0.1 0.6±0.2 0.6±0.2
P-value 0.43 0.24 0.006* 0.002* 0.02* 0.08

7 to 12 hours
7 8 9 10 11 12

Study 0.7±0.1 0.6±0.1 0.6±0.1 0.6±0.1 0.6±0.1 0.6±0.1
Control 0.6±0.1 0.6±0.2 0.6±0.1 0.6±0.1 0.6±0.1 0.6±0.2
P-value 0.002* 0.42 0.68 0.55 0.8 0.08

13 to 18 hours
13 14 15 16 17 18

Study 0.7±0.2 0.8±0.2 0.7±0.1 0.7±0.1 0.7±0.1 0.7±0.1
Control 0.6±0.2 0.5±0.1 0.6±0.1 0.6±0.2 0.7±0.2 0.6±0.1
P-value 0.07 0.003* 0.04* 0.03* 0.1 0.01*

19 to 24 hours
19 20 21 22 23 24

Study 0.6±0.1 0.6±0.1 0.6±0.1 0.7±0.1 0.7±0.1 0.7±0.2
Control 0.6±0.2 0.6±0.2 0.7±0.2 0.6±0.1 0.7±0.2 0.6±0.1
P-value 0.14 0.87 0.12 0.003* 0.2 0.01*
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table XI - Mean urine output in both groups on the third day

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 18±2 17±2 17±1 16±2 16±2 17±0.9
Control 17±3 17±2 16±2 16±2 17±1 17±1
P-value 0.3 0.6 0.3 0.3 0.08 1

7 to 12 hours
7 8 9 10 11 12

Study 18±2 17±1 16±1 17±1 17±3 15±1
Control 16±1 16±1 15±1 15±2 15±2 16±2
P-value 0.004* 0.04* 0.06 0.05 0.08 0.6

13 to 18 hours
13 14 15 16 17 18

Study 15±1 15±1 15±1 14±0.8 15±2 16±1
Control 15±2 16±2 16±2 15±1 14±3 15±1
P-value 1 0.2 0.6 0.2 0.8 0.03*

19 to 24 hours
19 20 21 22 23 24

Study 15±2 15±2 17±2 16±0.7 15±0.7 15±0.4
Control 16±1 16±1 15±1 16±2 15±1 15±1
P-value 0.3 0.6 0.03* 1 0.5 0.8
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table XII - Mean respiratory rate in both groups on the first day
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Nevertheless, these studies have established variable effective-
ness and value of enteral resuscitation. 

All available studies, except El Sonbaty,8 used solutions
that are not available in LMICs or in most non-specialized cen-
ters in HICs. Based on the results of the use of ORS and
Sørensen’s formula separately, we believed that combining the
two would not turn out to be inferior to IV resuscitation. As far
as we know, this combination has not been used before.

Our results showed that the mean values of all parameters
in both groups were comparable. Even where there was a sig-
nificant difference, in some sporadic instances, the values
never reached critical values throughout the whole study pe-

riod. The only exception was mean systolic blood pressure in
the study group after the first hour of resuscitation, which was
98 mmHg. These results show concordance with the results of
the studies that exclusively used oral, or even mixed, resusci-
tation. 

In 1941, Charles Fox successfully resuscitated 4 children
(TBSA 23%–80%) and 5 adults (19%–41%) with full thickness
burns using chilled isotonic sodium lactate at a rate of 100-150
mL/kg/24 hours to obtain 1–2 liters of urine per day. Nasogas-
tric tubes were used only when vomiting occurred.11

In 1949, Carl Moyer started oral resuscitation after initial
IV resuscitation with lactated Ringer’s or plasma until the pe-
ripheral collapse was corrected. He noted that citrated formula
led to a lot less acidosis, nausea and vomiting than oral lactated
Ringer’s solution.12

The first clinical trial comparing oral with IV resuscitation
was carried out in 1956 by Markley et al.13 This extensive NIH
sponsored trial (55 children and 56 adults), conducted in Peru,
compared oral isotonic bicarbonated saline and IV therapy
using plasma and saline (Evans formula) in the first 48 hours
for severe burns (from 30% to 40% TBSA). The volume of oral
saline was 110 ml/kg, regardless of TBSA, in the first 24 hours.
Although Markley reported similar mortality rates in both
groups, this amount seemed unable to fully resuscitate burns
>50% TBSA.

Davies made the same ‘mistake’ in 1964. He resuscitated
burn patients, 10-95% TBSA, with oral water and oral Moyer
solution administered at double the normal oral fluid input, re-
gardless of injury size. Clearly, this was inadequate for several
patients, making the study of very limited value.14

In 1960, Wilson and Stirman used blood to resuscitate the
IV group. Therefore, results of the oral group were much better
as far as mortality and morbidity were concerned. The only rel-
evant part we can rely upon in this study is that 81 of Wilson’s
patients were treated exclusively with oral intake of isotonic
saline, including some patients with 60% TBSA injury who
survived with no hemodynamic problems; although he men-
tioned using IV initially in patients with peripheral circulatory
collapse.15

In 1962, Sørensen similarly didn’t titrate the fluid intake
to burn size; his modification was only limited to using higher
volumes: 150 to 200 ml/kg and 100 to 150 ml/kg in the first
and second 24 hours. He didn’t use any ‘particular’ fluid; he
only insisted on introducing 5gm salt tablets per each liter of
fluid drunk. He succeeded in resuscitating 26 consecutive pa-
tients with burns up to 45% TBSA where 80% of them required
no IV support.7

In 1966, Jackson and Chen treated 162 burn cases (113
children and 49 adults) with 10% to 35% TBSA injuries with
enterally administered Meyer’s solution; 75% were exclusively
and successfully treated with oral resuscitation. Nevertheless,
mean urine output was reported to be less than normal within
the first 48 hours post-burn. Vomiting, although frequent, was
not necessarily a criterion to start IV therapy.16

Monafo created a mixed resuscitation formula in 1970. He
reported successful resuscitation of 4 burn adults (up to 95%
TBSA) and 3 children (up to 58% TBSA). Patients received
10-60% and 60-90% of their fluid needs in the first and second
24 hours respectively through oral route. Hypertonic lactated
saline was the IV solution used.10

In 1975, Ahnefeld reported on the use of Liquidsorb for
treating 68 burn patients with 12 to 34% TBSA. Liquidsorb

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 16±2 14±0.7 14±1 15±1 15±2 15±2
Control 15±2 15±2 15±2 15±2 16±2 16±2
P-value 0.3 0.02* 0.2 0.8 1 0.7

7 to 12 hours
7 8 9 10 11 12

Study 14±1 14±1 15±1 15±1 15±1 15±1
Control 15±2 15±2 14±3 15±2 15±2 15±1
P-value 0.2 0.1 0.9 1 1 0.2

13 to 18 hours
13 14 15 16 17 18

Study 16±1 14±2 15±1 15±1 16±1 16±1
Control 15±1 15±2 15±2 16±2 15±1 15±2
P-value 0.3 0.2 0.3 0.4 0.3 0.5

19 to 24 hours
19 20 21 22 23 24

Study 13±5 15±1 16±1 15±1 15±1 15±1
Control 16±1 16±2 15±2 16±1 15±2 15±1
P-value 0.02* 0.06 0.4 0.1 0.6 1
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table XIII - Mean respiratory rate in both groups on the second day

1 to 6 hours
1st 2nd 3rd 4th 5th 6th

Study 15±1 16±2 16±2 15±1 15±1 15±1
Control 15±1 15±2 15±1 15±1 15±2 15±2
P-value 0.2 0.04* 0.3 0.3 0.9 0.5

7 to 12 hours
7 8 9 10 11 12

Study 15±1 16±2 16±2 15±1 15±1 15±1
Control 15±2 15±2 15±1 15±2 15±2 15±2
P-value 0.4 0.1 0.1 0.5 0.5 0.5

13 to 18 hours
13 14 15 16 17 18

Study 16±1 17±2 16±1 15±1 15±0.4 16±2
Control 15±1 15±2 16±2 15±2 15±2 15±1
P-value 0.09 0.03* 0.2 0.8 0.6 0.005*

19 to 24 hours
19 20 21 22 23 24

Study 16±1 15±1 14±1 15±1 16±1 16±2
Control 15±2 15±2 15±2 15±2 15±2 15±1
P-value 0.002* 0.2 0.2 0.8 0.03* 0.03*
*Mann-Whitney statistically significant at 95% confidence interval.
*There was a statistically significant difference (p-value < 0.05)

Table XIV - Mean respiratory rate in both groups on the third day
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contained 4 g of glucose, 100 mg ascorbic acid, and 12 mg
nicotinamide per liter of bicarbonated saline. He demonstrated
the superiority of nasogastric infusion of this fluid, except for
patients with severe shock, evidenced by delayed capillary re-
fill.17

Maksimov reported that the use of oral alkaline solution
was sufficient for mild burn shocks only.18

The study conducted by El-Sonbaty, despite focusing ex-
clusively on children, reveals the value of WHO-ORS in treat-
ing moderate burns. He reported that oral and intravenous
resuscitations were similar; urine output was 0.8 to 2.5 ml/h
and 1 to 2.5 ml/h in the1st and 2nd groups in the first 24 h.8

Limitations of the study
• The limited number of patients in both groups was due
to the renovation work being carried out to expand our
burn unit. The smaller number in the study group was
due to patients’ refusal to be allocated to the study
group (10 patients) as they were skeptical, and we did
not have any good evidence to support this practice.

• Lack of laboratory investigations, as well as invasive
investigations, which would have allowed better com-

parison of biological parameters in both groups. 

Recommendations

• A multi-center study, which includes ultra-major burns,
should be performed to allow better evaluation of the
efficacy and limitation of this combination, with even-
tual modification of its use, composition and amount.

• Level of confidence in the trial should be increased by
conducting a non-inferiority study, and a higher power
level of statistical analysis.

• The electrolyte profile of burned patients treated with
both modalities should be measured, hourly if possible,
to give more sophisticated and detailed results on
safety and efficacy.

• Oral intake, through the formula and the supplement,
should be correlated to possible factors allowing better
calculation of requirements, such as sex, age, TBSA
burned, degree of burn and type of beverage.

• There should be long term follow-up for complica-
tions, as well as other physiological parameters such
as weight gain and stool volume output in both groups.
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