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The effects of balanced versus saline 

based colloid and crystalloid solutions on 

acid-base and electrolyte balance in 

gastrointestinal surgery

Background and Objectives: Large-volume administration of 0.9% saline are known to 

causes hyperchloremic metabolic acidosis (HMA) due to its high chloride load. Balanced 

or physiological fluids with inorganic ions are not associated with the same disturbance. 

The purpose of this study was to see whether balanced crystalloid and colloid solutions 

cause less disturbances in postoperative acid base status than sodium chloride based 

solutions in patients undergoing elective open gastrointestinal surgery.

Methodology: Study subjects were patients aged between 30-60 years, ASA grades I 

and II, undergoing elective open gastrointestinal surgery, were selected as per proposed 

sampling design and were allotted into two groups,  by the help of simple randomization 

process. Patients in the Group B received Hartmann's solution and 6% hetastarch in 

balanced electrolyte and glucose solution and patients in the Group N received 0.9% 

sodium chloride solution and 6% hetastarch in 0.9% sodium chloride solution. Arterial 

blood samples were taken from both the groups of patients just prior to and 30 min after 

surgery. Baseline and final acid base status, heart rate, mean blood pressure, peripheral 

temperature, as well as urine output before, during and after surgery were recorded up to 

48 hours. Prevalence of development of HMA was determined by appropriate statistical 

technique.

Results: The mean chloride level of normal saline group postoperatively was 118.66 ± 

5.75 mmol/L (Normal range: 98-106 mmol/L) whereas in balanced saline group it was 

103.27 ± 2.29 mmol/L, arterial pH was 7.31 ± 0.29 and 7.4 ± 0.02 respectively. Hence the 

changes in chloride level as well as arterial pH were significant in normal saline group 

versus balanced fluid group. 

Conclusion: Normal saline based fluids cause significant alteration in arterial chloride 

and pH levels against the use of balanced fluids in gastrointestinal surgery. 

Key words: Balanced crystalloid; Colloids; Hyperchloremic acidosis; Electrolytes; 

Gastrointestinal Surgery

 

ABSTRACT

1 2  Subir Kumar Brahma, MD , Maitreyee Mukherjee, MD ,
3 4

Debalpana Chandra, MD , Dipasri Bhattacharya, MD , 
5 6Santi Bhattacharya , Goutam Chowdhury, MD

ANAESTHESIA, PAIN & INTENSIVE CARE; VOL 21(2) APR-JUN 2017 159

Citation: Brahma SK, Mukherjee M, Chandra D, Bhattacharya D, Bhattacharya S, 

Chowdhury G. The effects of balanced versus saline based colloid and crystalloid 

solutions on acid-base and electrolyte balance in gastrointestinal surgery. Anaesth 

Pain & Intensive Care 2017;21(2):159-165

CLINICAL INVESTIGATION



Operative Care Unit (POCU) and surgery ward from INTRODUCTION
February 2013 to August 2014 on all patients 

The aim of fluid therapy during intra-operative period undergoing open elective G.I. surgery under G.A. in 
is to replace loss and maintain fluid and electrolyte Surgery OT during the period of data collection.
balance in the body, thus allowing normal cell and 

1,2  Patients of ASA status I and II, aged 30 years to 60 organ function.  Crystalloid solution is most 
years were included in this prospective, randomized preferred fluid intra-operatively and it compensates 
double blind comparative study. The patients and the third space and insensible losses during open surgical 
data collector were unaware of the group allocation.procedures. Sodium chloride 0.9% solution is often 

administered because it is isotonic with plasma and is  Patients with hypersensitivity to hydroxyethyl starch 
init ia l ly  distr ibuted in the extracel lular  or with history of renal dysfunction were excluded 

3compartment. from the study. Patients with pre-existing bleeding 
diathesis, pregnant and nursing females, ASA III and  Colloid solutions maintain the circulating blood 
IV patients and patients with anticipated difficult volume and stays in the intravascular compartment 
airway were also excluded from the study.for longer duration. Large-volume administration of 

0.9% saline is associated with the development of Considering the proportion of patients developing the 
hyperchloremic metabolic acidosis due to the high postoperative HMA as the outcome of interest, the 
chloride load. The intravenous (IV) administration of sample of the present study will be calculated by the 
sodium chloride solution may also produce formula:
gastrointestinal (GI) dysfunction and postoperative 

N (for one arm)nausea-vomiting along with hyperchloremic 
4,5metabolic acidosis.

Where Zα = 1.96 at 95% confidence limit (one tail);Balanced or physiological fluids contain all the 
inorganic ions (calcium, potassium, or magnesium) or Zβ = 0.84 at 80% power;
buffer components, such as bicarbonate or lactate, and 
have a smaller chloride concentration. These are not 
associated with the disturbance of acid-base 

3 physiology. When used in a plasma-adapted volume 
(where P = average prevalence, p1 = prevalence of replacement strategy (balanced crystalloid plus 
HMA in control as taken and, p2 = prevalence of balanced HES) it had better effects with regard to 
HMA in experimental group in the present study)electrolyte concentration and base excess (BE) 

compared with a non-balanced solution ( normal d=minimum reduction (that is called effect size) is 
6,7,8 saline and a non-balanced HES). required to achieve measureable clinical benefit.

The trial was designed to determine whether 
physiological or balanced crystalloid and colloid 
solutions can results in a superior metabolic 
environment and improved indices of organ perfusion 
in comparison to saline based fluids in 30-60 years old 

=38.5patients undergoing open elective GI surgery with 
ASA grade I and II.

We aimed to measure plasma chloride level before and 
after the surgery in patients belonging to both groups 
and assess the magnitude of hyperchloremic 
metabolic acidosis (HMA) by arterial blood gas 
analysis as the primary objective of the study. A 
secondary objective was to estimate postoperative 
health related events. 

= 41.251METHODOLOGY

82 (41 study cases and 41 controls) patients were Study was conducted in Surgical Operating Rooms 
selected by systemic random sampling. Control group and postoperative follow up was done at Post 
chosen after proper matching (to eliminate bias) 
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received intravenous normal saline peri-operatively. Initial fluid loading was followed by a crystalloid 
(Group B - balanced crystalloid and Group N - NS) 

After approval from the institutional ethics 
infusion of 7 ml/kg/hour during surgery. Further IV 

committee this prospective, randomized, double blind 
fluids were given assessing the blood loss and 

controlled clinical trial was started. Study subjects 
hemodynamics of the patient. If patient was clinically 

were selected as per proposed sampling design and 
underfilled (Mean BP < 20% of baseline or SBP < 90 

allotted in two groups by the help of simple 
mmHg or urine output  < 0.5 ml/kg/hr ) 250 ml of 

randomization process. 
colloid infused over 10 min before considering 

All patients were premedicated with injection inotrope support. Blood loss was assessed and replaced 
glycopyrrolate (.005 mg/kg), midazolam (.01-0.1 accordingly with crystalloid. Warm IV fluids were 
mg/kg), and ondansetron (0.1 mg/kg). Initially both infused during the intra operative period. During the 
study groups were given a 500 ml bolus of colloid operative period, the patient's temperature was kept 
(Group B balanced colloid and Group N saline based nearly constant.
colloid) at their induction of general anesthesia. 

Arterial blood samples taken from both groups of 
General anesthesia was induced with intravenous 

patients just before and after surgery to determine 
propofol (2-3 mg/kg), fentanyl (2µg/kg). Intravenous 

baseline and final acid base status. Blood samples were 
lignocaine (1.5 mg/kg) was used for laryngoscopic 

also taken postoperatively to compare with pre-
surge prevention. Atracurium (0.3-0.6 mg/kg) was 

operative serum lactate level. HR, MBP, peripheral 
used for endotracheal intubation. After tracheal 

temperature, urine output were recorded before, 
intubation, anesthesia was maintained with isoflurane 

during and after surgery upto 48 hours. Prevalence of 
0.5%, in an oxygen-nitrous oxide mixture of 1:2, and 

development of HMA was determined by Graphpad.
incremental doses of atracurium (0.1-0.2 mg/kg) as 
appropriate. Analgesia was provided with paracetamol Hyperchloremia is an electrolyte disturbance in 
and diclofenac slow IV infusion. Mechanical which there is an abnormally elevated level of the 
ventilation was performed. Intra-operative chloride ion in the blood. The normal serum range for 
monitoring included end-tidal CO , ECG, non- chloride is 97 to 107 mEq/L. 2

invasive blood pressure,  pulse  oximetry,  
Acidosis is defined as arterial blood pH below 7.35

nasopharyngeal temperature and urine output.
Metabolic acidosis - acidosis with a primary decrease 

Composition of study fluids are as follows (Table 1):
in serum HCO - (below22 mEq/L).3

=
67 + 10

2

 

(Zα + Zβ)2.2 X 38.5  X  (100 - P)

30 X 30
 

(1.96 + 0.84)2. 2  X  38.5  X  61.5

900  

37126.32

900
 

=

Variable

Crystalloid Plasma-Lyte
Sodium- 140
Potassium- 5
Chloride – 98
Calcium– 0
Magnesium – 1.5
Bicarbonate– 0
Lactate – 0
Acetate – 27
Gluconate – 23
Maleate - 0

0.9% NS
Sodium -154 mmol/L
Chloride- 154 mmol/L

Colloid Volulyte ( HES 6% ; 130/.40 )
Sodium- 137
Potassium- 4
Chloride – 110
Calcium – 0
Magnesium – 1.5
Bicarbonate – 0
Lactate – 0
Acetate – 34
Maleate – 0
Octanoate - 0

Voluven ( HES 6% ; 130/.40 )
Sodium- 154
Potassium- 0
Chloride – 154
Calcium – 0
Magnesium – 0
Bicarbonate – 0
Lactate – 0
Acetate – 0
Maleate – 0
Octanoate - 0

Table 1: Composition of study fluids

Balanced Fluid Group Saline Group
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quantitative variables, whereas qualitative variables normal saline group compared with the balanced fluid 
were described with frequency tables. All statistical group (Table 5).
tests were two-sided and performed at 5% significance 

33 patients in the normal saline group (80.48%) but 
level. Postoperative chloride levels were analyzed with 

none in the balanced fluid group developed 
an analysis of covariance technique. For comparison 

hyperchloremic metabolic acidosis. Demographical 
of means or means of differences of secondary 

characteristics of these 33 patients were comparable 
variables Student's t-test was applied.

with all other patients who participated in the study. 
Duration of surgery and type of surgery in this group 
were also comparable. 

Twenty four patients (58.53%) in the saline group 
experienced postoperative nausea vomiting compared 
with eight patients (19.5%) in the balanced fluid 
group. Rescue antiemetic were offered to all patients 
who experienced PONV. 

DISCUSSIONAverage mean arterial blood pressure (MAP) of each 
9phase of measurement of both the groups has been Hyperchloremic metabolic acidosis  is a form of 

depicted in the Figure 2. Mean arterial BP was found normal anion gap metabolic acidosis, with a decrease 
to be comparable. in plasma bicarbonate concentration, and an increase 

in plasma chloride concentration.The mean increase in chloride level in the 
postoperative period was significantly higher in the Three factors have increased recent interest in 

Table 2 shows that the study subjects of both the 
groups were statistically similar in respect of their age, 
height and weight, duration of operation. Total 
volume of fluid infused and urine output was 
comparable between two groups (Table 3). Group 
normal saline has significant acidosis as well as 
decrease in bicarbonate level compared to other group 
(Table 4).
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Figure 1: Time trend of mean heart rate of two groups during intra-operative period
From figure 1 it is revealed that mean heart rate was comparable in the two groups.

Figure 2: Time trend of mean arterial blood pressure of two groups during intra-operative period

Table 2: Mean blood pressure (mmHg) at various intervals

Table 4: Pre- and postoperative acid-base indices

Table 5: Pre- and postoperative biochemistry measurements (mean ± SD)

Variable Balanced fluid group Normal saline group p value

Preop bicarbonate (mmol/L) 24.31 ± 1.26 23.78 ± 1.27
< 0.0001

Postop bicarbonate (mmol/L) 24.42 ± 1.30 19.93 ± 1.54

Preop pH 7.39 ± .026 7.38 ± .026
0.0001

Postop pH 7.40 ± .02 7.31 ± .029

Preop PCO2 40.50 ± 9 41 ± 9.75
.05486

Postop PCO2 37.50 ± 5.25 38.25 ± 6

Variable Balanced fluid group (mmol/L) Normal saline group (mmol/L) p value

Preop chloride 103 ± 2.53 103.27 ± 2.29 0.0001
(significant)Postop chloride 107.54 ± 4.58 118.66 ± 5.75

Preop sodium 139.44 ± 2.78 135.54 ± 3.41 .6923 (not 
significant)Postop sodium 139.61 ± 3 141.39 ± 3.33

Preop potassium 3.61 ± .19 3.50 ± .39 0.1376 (not 
significant)Postop potassium 3.58 ± .16 3.52 ± .2

Pre op lactate 1 ± .7 1 ± .4 .1161 (not 
significant)Post op lactate 1.2 ± .7 1 ± .4

Preop glucose 5.4 ± 1.02 5.5 ± .87 0.6270 (not 
significant)Postop glucose 6.9 ± 1.7 6.7 ± 2.0

Total volume of 

study fluid infused (ml)
1895.12 ± 490.36 1802.93 ± 582.65 0.7820 80 0.4365

Total urine output (ml) 198.29 ± 78.82 190.49 ± 33.69 0.5827 80 0.5618

Variable
Balanced fluid group

(n=41)
Normal saline 
group (n=41)

Independent t df p value

Age (y) 45.61 ± 7.27 44.46 ± 7.92 0.6849 80 0.4954

Variable
Balanced fluid group

(n=41)
Normal saline 
group (n=41)

Independent t df p value

Sex (male/female) 26/15 27/14

Body weight (kg) 56.05 ± 5.91 56.73 ± 6.77 0.4865 80 0.6280

Height (ft) 5.454 ± .362 5.400 ± .39 0.6521 78 0.5163

Duration of operation (min) 160.32 ± 57.91 163.27 ± 59.85 0.2308 80 0.8181

Table 3: Total volume of study fluid infused and total urine output

type and duration of surgical procedures. There were RESULTS
no significant differences in volumes of study fluids 

41 patients had been randomly allocated to the administered and postoperative hemodynamic 
balanced fluid group (Group B) and 41 to the Normal indices. All 82 patients were analyzed. Descriptive 
saline group (Group N). The groups were similar with statistics, such as the number of observations, mean, 
regard to demographic patient characteristics and SD, and 95% confidence intervals, were calculated for 
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hyperchloremic acidosis: the observation that normal widely available, but they are used less frequently than 
70.9% saline.saline causes hyperchloremic acidosis; the renewed 

interest in the Stewart hypothesis; and the advent of 
One of the important finding of this study is that the 

new balanced solutions. Normal saline is neither 
infusion of normal saline based solutions for short 

normal nor physiological, a fact that has been 
duration in ASA I and II patients did not produce 

acknowledged by physiologists for more than 100 
significant acid base and electrolyte abnormality. But 

years. Isolated tissues and cell cultures succumb 
it may occur in prolonged surgery with significant 

rapidly in saline. Unprotected cells and even organs 
tissue handling. Acidosis in these cases was not due to 3,4,9cannot function in that milieu.
hypoperfusion as serum lactate levels were normal in 

10,11,12 Saline induced hyperchloremic acidosis occurs all cases. Studies done by various researchers support 
3-5

due to dilution of bicarbonate ions by the isotonic these findings.
fluids and production of excess protons by   In our study no patient developed acidosis with pH
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