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ABSTRACT… Almost all the Pediatric surgeons and most of pediatric anesthetists are adhered 
to traditional paed’s solution against recommendations due to fear of hypoglycaemia and not 
being aware of hyponatremia. Objective: To compare the effects of balanced salt solution 
with1% dextrose and Pead’s solution on blood glucose and sodium levels in pediatric surgical 
patients intra operatively. Study Design: Interventional quasi experimental study. Setting: 
Department of Anesthesia, Intensive care and pain medicine in Sheikh Zayed Medical College/
Hospital Rahim Yar Khan (Pakistan). Period: December 2014 to February 2015. Methodology: 
60 patients were enrolled and divided into equal groups named after their respective iv fluids 
i.e.‘Pead’s Solution’ & ‘RLD1’. Patients aged between 1 month and 08 years, without gender 
discrimination, with ASA 1,2 , fasted according to ASA guidelines undergoing elective surgical 
procedure general anesthesia were included in this study. Blood sampling for levels of serum 
sodium and glucose was done pre-operatively and 01 hour post-operatively. Results: In 
immediate post-operative period incidence of hyperglycemia was statistically higher in ‘Pead’s 
Solution’ group (93.3%;28/30) vs ‘RLD1’ group(10%;3/30) p=0.000. Relative risk was 9.3 in 
‘Pead’s Solution’ compared with ‘RLD1’ solution. Hyponatremia was statistically higher in 
‘Pead’s Solution’ group (56.6%; 17/30) than in‘RLD1’ group (16.6%;5/30) p=0.001. Relative risk 
was 3.4 in ‘Pead’s Solution’ compared with ‘RLD1’ solution. Hypoglycemia and hypernatremia 
were not found in any patient in either group. Conclusion: Our results reflected that ‘RLD1’is 
a better option than ‘Pead’s Solution’ as it is less likely to cause hyponatremia and doesnot 
cause hypoglycemia. However a large number of clinical trials in almost every teaching hospital 
are required to convince pediatric surgeons and anesthetists to use evidence based solutions.
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INTRODUCTION
Intraoperative fluid management and electrolyte 
balance in pediatric surgical patients is of 
considerable importance and yet debatable.1 
It is aimed at adequate hydration, maintaining 
basal metabolic requirements & normoglycemia 
as well as correcting any electrolyte imbalance if 
present to compensate for fasting periods and to 
replace any ongoing losses per-operatively.1,2,3,4 

Intra-operative fluid management is the prime 
responsibility of anaesthesiologists thus imposing 
a greater challenge upon them.5

It’s more than five decades when Holiday & Segar 
proposed volume and composition of parenteral 
fluids for hospitalised children.6 Other researchers 

also suggested addition of dextrose to the 
parenteral fluids for pediatric surgical patients, in 
the fear of assumed hypoglycemia due to fasting 
periods observed by children before surgery.7,8,9 

These parenteral fluids were hypotonic in their 
composition i.e. 1/5th to ½ Saline with 4.3-5% 
dextrose.7,8 The recent prescribing practice of 
many anesthesiologists for parenteral fluids in 
pediatric surgical patients is based on these 
studies. Unfortunately, these hypotonic dextrose 
containing i/v fluids render the pediatric surgical 
patients at risk of developing hyperglycemia and 
hyponatremia, thus increasing peri-operative 
morbidity and mortality.10,14

In UK a survey is done to determine the 
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current prescribing practise of peri-operative 
parenteral fluids in pediatric surgical patients 
by anesthesiologists, and it is found that >67% 
did not have local departmental policy for fluid 
prescription. 60.1% anesthesiologists are used 
to administer hypotonic dextrose I/V fluids to 
pediatric patients intra-operatively and 75% did 
so in post-operative period.15

In recent past much work is done in this regard 
and use of such hypotonic dextrose containing i/v 
fluids in pediatric surgical patients, is challenged 
by some researchers and thus administration 
of balanced salt solution with low glucose 
concentrations is proposed by them in European 
countries. But unfortunately such an ideal 
parenteral fluid is unavailable in market and as a 
result pediatric anesthetists have to prescribe and 
use suboptimal i/v fluids, that may lead to serious 
morbidity and mortality.16

In the above scenario of developed countries, the 
current prescribing practise by anesthesiologists 
working in under-developed or developing 
countries is held questionable. It has been more 
than 3 decades, when few researchers conducted 
studies on the effects of low glucose concentration 
administration as a part of parenteral fluid in 
pediatric surgical patients in peri-operative 
period. But then there was a long pause up till 
now, and high glucose concentrations are still 
being used all over the world as well as in our 
region. We conduct this study in our hospital to 
demarcate the hazardous effects of different i/v 
fluids on blood glucose and serum sodium levels 
in pediatric surgical patients intra operatively. 
This study may become helpful in reducing the 
potential complications in pediatric surgical 
patients in immediate post-operative period due 
to administration of wrongly chosen i/v fluids per-
operatively and it may change the prescribing 
practice of IV fluids by pediatric anesthetists in 
our region.

Methodology
This Qausi-experimental study was conducted 
at Department of Anesthesia, Intensive care 
and pain medicine in Sheikh Zayed Medical 

College/Hospital Rahim Yar Khan (Pakistan), from 
December 2014 to February 2015. Sample size 
was calculated with WHO sample size calculator 
(details ahead). After approval from hospital 
ethical committee, we enrolled 60 patients and 
divided them in two equal groups.

Parents of the patients were informed about 
study and written consent was obtained. Patients 
aged between 1 month and 08 years, without 
gender discrimination, with ASA 1, 2 (Table-a), 
fasted according to ASA guidelines (Table-b) 
undergoing elective surgical procedure requiring 
anesthesia were included in this study. Children 
of diabetic mothers, critically ill, premature or 
small for gestational age neonates and children 
requiring emergency surgery were not included 
in the study.

ASA
Class Definition

I Normal healthy patient

II Patient with mild systemic illness 
(no functional limitations)

Table-a

Ingested Material Minimum Fast
Clear Liquids 2 hours
Breast Milk 4 hours

Light Meal, Infant Formula 6 hours
Table-b

Our primary hypothesis was that Pead’s Solution 
(fluid with high glucose i.e. 4.3% and low sodium 
concentrations 0.18%) causes hyper glycemia 
in pediatric surgical patients when used intra-
operatively. Secondary hypothesis was that 
Pead’s Solution causes hyponatremia in pediatric 
surgical patients when used intra-operatively. 
Our tertiary hypothesis was that Ringer Lactate 
(balanced salt solution) with 1% dextrose does 
not cause hypo-glycemia when use in fasted 
pediatric surgical patients.

Two groups were named after their respective 
i/v fluid i.e. ‘Pead’s Solution’ Group and ‘RLD1’ 
group. Patients were randomized equally in both 
groups by lottery method i.e. 30 patients in each 
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group. IV fluid was calculated according to body 
weight and the original formula proposed by 
Holiday and Segar i.e. 4ml/kg/hr for 0-10 kgs, 
40ml + 2ml/kg/hr for 10-20kgs and 60ml + 1ml/
kg/hr above 20 kg.

The 30 patients in ‘Pead’s Solution’ group received 
i/v fluid commercially available containing 4.3% 
dextrose and 0.18% NaCl(1/5thsaline)with total 
osmolarity 300 mOsm/L (238 mOsm/l of dextrose 
+ 62 mOsm/l of NaCl). While 30 patients in ‘RLD1’ 
group received the solution, which  was prepared 
in operation theatre by adding 20 ml 5% Dextrose 

water  in 80 ml of Ringer lactate solution  in 100 
ml burette with total osmolarity 275 mOsm/l (55 
mOsm/l of 1% Glucose + 220 mOsm/l of Ringer 
Lactate) for pediatric surgical patients (Table-c). 
Blood sampling for levels of sodium and glucose 
was done pre-operatively and 01 hour post-
operatively. Hyponatremia was defined as serum 
Sodium <135mEq/L, Hypernatremia as serum 
Sodium >150 mEq/L, Hypoglycemia as blood 
Glucose<100mg/dl and hyperglycemia as blood 
Glucose >180mg/dl.

All the data collected was entered on a proforma. 

Fluid Sodium
(mEq/L)

Chloride
mEq/L

Potassium
mEq/L

Calcium
mEq/L

Lactate
mEq/L

Dextrose
Gm/100 ml

Osmolarity
mOsm/L

Pead’s 31 31 - - - 4.3 300
RLD1 104 87.2 3.2 2.4 22.4 1.0 275

Table-c

Statistical Analysis
Sample size was calculated with WHO sample 
size calculator. It was estimated from our 
findings in 10 pilot patients. Our pilot study 
had demonstrated that patients given ‘Pead’s 
Solution’ developed hyperglycemia. Based on 
α=0.1 % (0.001), Power =99%, mean glucose 
level 282+69 vs 153.2+46 in ‘Pead’s Solution’ 
group vs ‘RLD1’ group respectively, the sample 
size of 14 patients per group was estimated. 
After approval from hospital ethical committee, 
we enrolled 60 patients and divided them in two 
equal groups.

Statistical analysis was done by using SPSS 
version 17. Quantitative variables were presented 
as Mean and Standard Deviation and qualitative 
variables as percentages. T-test was applied to 
compare the Means of variables while qualitative 
variables were compared by using chi-square 
test, where p-value<0.05 was taken significant. 
Relative Risk was calculated manually from the 
frequency table.

RESULTS 
Analysis of demographic data is tabulated ahead. 
(Table-I) shows percentage number of male, 
female patients in both groups.

GENDER

GROUPS
TOTAL
N=60 
(%)

PEAD’S 
SOLUTION
n=30 (%)

RLD1
n=30 (%)

MALE
FEMALE

18 (60)
12 (40)

15 (50)
15 (50)

33 (55)
27 (45)

Table-I
 
Mean And standard deviation of weight, age and 
Hb in both groups is in Table-II. 

Groups Age
(years)

Weight
(Kgs)

Hb
(g/dl)

Pead's 
Solution    

Mean
2.5833+1.69 10.3500+6.13 10.2400+1.90

RLD1 
Mean 4.5167+2.67 16.6333+6.87 9.9400+1.59

Table-II

Pre-operative findings were same in both groups. 
In immediate post-operative period incidence 
of hyperglycemia was statistically significant in 
‘Pead’s Solution’ group (93.3%; 28/30) vs ‘RLD1’ 
group (10%;3/30) p=0.000. Relative risk was 
9.3 in ‘Pead’s Solution’ compared with ‘RLD1’ 
solution. Hyponatremia was statistically significant 
in ‘Pead’s Solution’ group (56.6%; 17/30) than with 
‘RLD1’ group (16.6%;5/30) p=0.001. Relative risk 
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was 3.4 in ‘Pead’s Solution’ compared with ‘RLD1’ 
solution. Hypoglycemia and hypernatremia were 

not found in any patient in either group (TABLE-III). 

Variables
Groups

Relative Risk P-Value
Pead’s Solution n(%) Ringer Lactate D1 n(%)

Hyperglycemia    > 180 mg/dl 28/30 (93.3) 3/30 (10) 9.3 0.000
Hyponatremia   <135 mEq/l 17/30 (56.6) 5/30 (16.6) 3.4 0.001
Hypoglycemia   <100mg/dl 0/30 (0) 0/30 (0) - -
Hypernatremia   >150 mEq/l 0/30 (0) 0/30 (0) - -

Table-III

Graphical presentation of hyperglycemia and 
hyponatremia in both groups, clearly indicating 
the risk ratio in both the groups.

DISCUSSION
The results of this study revealed that our all three 
hypothesis are correct.

Hyperglycemia: In our study presence of 
hyperglycemia in post-operative period is 93.3% 
vs 10% in ‘Pead’s Solution’ group vs ‘RLD1’ 
groups respectively and this was statistically 
significant (p=0.000). The risk of developing 
hyperglycemia is 9.3 times more with ‘Pead’s 
Solution’ which contained higher concentration 
of glucose (4.3%) than with ‘RLD1’ solution which 
contained only 1% glucose. Previous data favours 
our results.5,17,18

Literature suggests that hyperglycemia is 
associated with increase morbidity and 
mortality in pediatric surgical patients in peri-
operative period.22 It leads to osmotic diuresis 
and consequently dehydration and electrolyte 
imbalance.3 It also has hazardous effects on brain. 
Under hypoxic conditions, excessive glucose 

can cause increase levels of Lactate, decreases 
intracellular pH and consequently cellular 
death.23,24 So it is clear from our results as well as 
previous data that high concentrations of glucose 
in the intra operative period are not required in 
pediatric surgical patients and 1% glucose we 
used in ‘RLD1’ group is a better option.

Hyponatremia
In immediate post-operative period 56.6% 
vs 16.6% patients developed hyponatremia 
in ‘Pead’s Solution’ group vs ‘RLD1’ group 
respectively and this difference was statistically 
significant (p=0.001). Relative risk indicates that 
risk of developing hyponatremia is 3.4 times 
more with ‘Pead’s Solution’ which contained low 
concentrations of Sodium i.e. 31 mEq/l than with 
‘RLD1’ solution (sodium=104 mEq/l). Previous 
data favours our results.19

Literature reveals that under surgical and 
anesthetic stress, ADH is released in the body 
which causes water retention leading to tissue 
edema and decreased urine output.21 In such 
conditions of fluid over load, if hypotonici/v fluids 
are administered it may lead to further aggravation 
and worsening of edema as well as decrease 
urine out. This risk of hyponatremia along with 
oliguria can be decreased if parenteral fluids with 
balanced salt used for volume replacement per-
operatively.

‘Pead’s Solution’ is a routinely used iv fluid in 
pediatric surgical patients per-operatively as well 
as post-operatively. It contains only 31 mEq/l 
sodium, 31 mEq/l chloride and 4.3% glucose. 
This solution is isotonic before infusion. After 
infusion, glucose get metabolised by liver 

Figure-I. Comparison of hyperglycemia and 
hyponatremia between 2 groups.
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and the remaining fluid has now only 62mOs/l 
osmolarity which is extremely hypotonic. It 
may lead to severe morbidity and mortality.
In ‘RLD1’ group we prepared a solution with 
275 mOsm/l osmolarity and sodium 104 mEq/L 
(seeTable-c). After infusion, when 1% glucose 
get metabolised, the remaining solution has now 
220 mOsm/l osmolarity. With this solution less 
patients developed hyponatremia. The patients 
who developed hyponatremia in this group were 
found to be having infusions of ‘Pead’s solution’ 
as maintenance fluid in pre-operative period in 
pediatric surgical ward, which justifies this finding.

Hypoglycemia 
In our study not a single patient developed 
hypoglycemia in either group. In past there were 
arguments for and against the peri-operative use 
of glucose containing iv fluids. Some researchers 
suggested higher concentrations of glucose 
(4.3%-5%) as a part of parenteral maintenance 
fluid in fear of developing hypoglycemia in 
children due to periods of fasting before surgery. 
Current practise of administration of iv fluids with 
higher glucose concentrations is based on that 
hypothesis. But some other researchers reported 
that hypoglycemia is not a finding in fasting 
children even when low glucose concentrations 
were used as a part of parenteral fluids and this 
favours our results.1,19,20

We know that surgical and anesthetic stress 
increases blood glucose levels by suppression 
of Insulin release in the body. On the other hand 
under anesthesia, basal metabolic rate decreases 
and thus demand also decreases2,3. This 
clearly shows that extra amounts of exogenous 
glucose are not required per-operatively. So, low 
concentrations of glucose i.e. 1% as a part of 
maintenance iv fluid are sufficient to fulfil children’s 
energy requirement. We used 1% glucose in one 
group and it proved to be enough not to cause 
hypoglycemia in pediatric surgical patients.

Hypernatremia 
In our study not a single patient developed 
hypernatremia in either group.
Literature shows that the kidneys of children are 

immature and cannot tolerate sodium loads. 
Moreover higher Concentration of chloride in 
normal saline (154mmol/L) as compared to 
plasma (95-105mmol/L) may result in hyper 
chloremic metabolic acidosis. So, keeping this 
in mind we did not use 0.9% saline (Na= 154 
mEq/l) in our study groups. Instead we prepared 
an iv fluid which contained sodium approximately 
104 mEq/l i.e. 0.6% saline (RL D1 group), which 
did not cause hypernatremia or hyperchloremic 
acidosis after intra-operative administration. 
Rather our results revealed that serum sodium 
levels in immediate post-operative period in 
‘RLD1’ group remained with in adequate range. 
So, it is clear, that 104mEq/l sodium (0.6% saline) 
will not expose the pediatric surgical patients to 
the danger of developing hypernatremia, thus 
making ‘RLD1’ solution a better option.

Limitations
This study is single-centred and sample size is 
small. We did not include neonates in our study.

CONCLUSION
On the basis of results of our study, we suggest 
that a balanced salt solution (1 % glucose 
in Ringer’s Lactate) should be used intra-
operatively in pediatric surgical patients to 
avoid serum electrolytes, acid base and blood 
glucose abnormalities. In France, this solution is 
commercially available as specific peri-operative 
paediatric i.v. solution (B66—1% glucose in 
Ringer’s lactate) which is available in the Paris 
public hospital system.25 We suggest that as 
this ideal solution is not commercially available 
in most parts of world, so pediatric anesthetists 
themselves can make such a parenteral solution for 
intra operative administration in pediatric surgical 
patients according to our composition. And the 
use of hypotonic IV fluids like ‘Pead’s Solution’ 
with higher glucose (4.3%) and low sodium (31 
mEq/l) concentrations should be avoided intra-
operatively in pediatric surgical patients. We also 
suggest to perform more studies to evaluate this 
further at different centres in our region along with 
the cooperation of Pediatric surgical ward.
Copyright© 07 May, 2015. 



Professional Med J 2015;22(7):931-937. www.theprofesional.com

PEDIATRIC SURGICAL PATIENTS

936

6

REFERENCES
1.	 Arya VK. Basics of fluid and blood transfusion therapy 

in pediatric surgical patients. Indian J Anaesth. 2012 
Sep-Oct; 56(5): 454-462.

2.	 Murat I, Dubios M-C. Perioperative fluid therapy in 
pediatrics. Pediatric Anesthesia. 2008 May; 18:363-
370.

3.	 Ahmad Z. Low Sodium; a high risk in perioperative 
pediatric patients. Anesth,Pain& Intensive care. 2011 
June;15(1).

4.	 Murat I, Dubios M. Perioperative fluid therapy in 
pediatrics. PediatrAnesth. 2008;18:363-70.

5.	 Bailey, Ann G, McNaull. Peggy P, et al. Perioperative 
Crystalooids and colloid Fluid Management in 
Children: Where are we and How did we get here?  
Paeditiric Anesthesiology 2010 Feburary; 110(2): 375-
390.

6.	 Holiday M, Segar W. The maintenance need for water 
in parenteral fluid therapy. Pediatrics 1957; 19: 823-
832.

7.	 Furman E, Roman DG, Lemmer LA, et al. Specific 
therapy in water, electrolyte and blood-volume 
replacement during pediatric surgery. Anesthesiology 
1975;42: 187-93.

8.	 Berry F. Practical aspects of fluid and electrolyte 
therapy. In: Berry F, ed. Anesthetic management of 
difficult and routine pediatric patients. New York: 
Churchill Livingstone. 1986: 107-135.

9.	 Burns CM, Rutherford MA, Boardman JP, et al. Pattern 
of cerebral injury and neurodevelopmental outcomes 
after symptomatic neonatal hypoglycemia. Pediatrics 
2008; 122: 65-74.

10.	 The Inquiry into Hyponatremia-Related Deaths. 
Available at: http:/ /www.ihrdni.org.

11.	 Arieff AI, Ayus JC, Faster CL. Hyponatremia and death 
or permanent brain damage in healthy children. BMJ 
1992; 304: 1218-1222.

12.	 Arieff AI. Postoperative hyponatremic encephalopathy. 
Am J Med 1997;102; 67-77.

13.	 DHSSPS. Published information: Hyponatremia 
Wall Chart. Available at: http://www.dhsspsni.gov.uk/
publications/2002/Hypo%20WallChart.pdf.

14.	 Choong K, Arora s, Cheng j, Farrokhyar F, et al. 

Hypotonic versus Isotonic Maintenance Fluids After 
surgery for Children: a Randomized Controlled Trial. 
Pediatrics 2011 July;128(5): 857-866

15.	 Way C, Dhamrait R, Walker I. Perioperative fluid 
therapy in children: a survey of current prescribing 
practice. British J of Anesth 2006 July; 97(3): 371-
379.

16.	 Sumplemann, Lonnqvist P, Robert, Beck, et al. European 
consensus statement for intraoperative fluid therapy 
in children. European J of Anesth 2011 September; 
28(9): 637-639.

17.	 Thomas DKM. Hypoglycemia in children before 
operation: its incidence and prevention. Br J anesth 
1974; 46: 66-68

18.	 Bevan Jc, Burn MC. Acid-base and blood glucose 
levels of pediatric cases at induction of anesthesia: 
the effects of preoperative starvation and feeding. Br 
J Anesth 1973; 45: 115-118.

19.	 Chappell D, Jacob M, Hofmann-Kiefer K, et al. A rational 
approach to perioperative fluid management. 
Anesthesiology 2008; 109: 723-740

20.	 ASA Task Force on preoperative fasting. Practice 
guidelines for preoperative fasting and the use 
of pharmachologic agents to reduce the risk of 
pulmonary aspiration: application to healthy patients 
undergoing elective procedures. Anesthesiology. 
1999; 90: 896-905

21.	 Lonnqvist P. Inappropriate perioperative fluid 
management in children: time for a solution? 
PediatrAnesth. 2007;17: 203-205.

22.	 Panday CK, Singh RB. Fluids and electrolyte 
disorders. Indian J Anesth. 2003; 47(5): 380-387.

23.	 Hirshbeg E, Larsen G, Van H. Alterations in glucose 
homeostasis in the pediatric intensive care 
unit: Hyperglycemia and glucose variability are 
associated with increased mortality and morbidity. 
PediatrCrit Care Med 2008; 9: 361-366.

24.	 Berry F. There is a solution for peri-operative fluid 
management in children. PediatrAnesth 2008; 18: 332.

25.	 G. Edjo Nkilly, D. Michelet, J. Hilly, T. Diallo.et 
al, Postoperative decrease in plasma sodium 
concentration after infusion of hypotonic intravenous  
solutions in neonatal surgery. BJA Advance Access 
published November 4, 2013 British Journal of 
Anaesthesia Page 1 of 6 {doi:10.1093/bja/aet374}



Professional Med J 2015;22(7):931-937. www.theprofesional.com

PEDIATRIC SURGICAL PATIENTS

937

7

AUTHORSHIP AND CONTRIBUTION DECLARATION

Sr. # Author-s Full Name Contribution to the paper Author=s Signature

1

2

Dr. Sairah Sadaf

Dr. Haq Dad Durrani

Prepared performa, conducted 
study, took samples for pre-op 
and post op glucose and sodium 
levels, born expenditure of lab tests, 
analyzed data, wrote manuscript 
including tables and graph

Idea to conduct study on topic, 
guided in developing performa, 
searched and helped to search 
literature related to article, analyzed 
data of first of pilot study of first 10 
patients, calculated sample size, 
guided in writing manuscript and 
suggested amendents in it. 

Donald Trump

“Sometimes by losing a battle 

you find a new way to win the war.”


