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Abstract 

Background  

Intravenous Fluids use during surgery is a common practice for many reasons. 

However recent evaluation of perioperative abdominal surgery patients have 

poised many issues. Mostly on the type of fluid and quantity of volume usage on 

major abdominal surgery. Many studies into this aspect of perioperative fluid us-

age have been done, and volume definition have been accrued either restrictive 

(Maintenance fluid of less than 1.75 Liters) or liberal or standard (Maintenance 

fluid between 1.75 Liters to 2.75 Liters) usage. The outcome was assessed to as-

certain the best patient recovery without complications from the two fluid regime. 

Result/Discussion  

After PRISMA exclusion criteria, there were eight randomized control studies 

assessed to provide a summary, comparing all the studies using either restrictive 

fluid or liberal fluids used in major abdominal surgery. Post operative complica-

tions and the length of hospital stay were assessed as the major outcomes end 

points and the cumulative result favored those with restrictive fluid usage. 

Conclusion  

Although the restrictive use of fluids in abdominal surgery is favored from the 

measured outcomes, there are inherent cofounders and heterogenicity in the eight 

studies that require more detail studies involving multiple study centers and popu-

lation. 

Introduction 

The development of Intravenous fluid initially was to replace intraluminal volume 

deficiency among the patients with cholera[1,2]. In current clinical practices, its 

use in the perioperative setting is a common practice among anesthetist and sur-
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geons. It is use for replacing the fluid deficit after fasting, or to fill up intravascular volume after vaso-

dilatational hypotension for spinal anesthesia or most commonly use in replacing blood loss during 

surgery[14, 59]. 

Thomas Latta and O’Shaughnessy administer large volume of Intravenous fluid (IVF) to patients             

affected by Cholera more than a century ago[3,5]. The composite was very basic with more fluid than 

electrolyte. It was aim to replace dehydration from diarrhea[3,4]. Addition of inorganic electrolytes was 

later developed by Sydney Ringer in 1880 now refers to as the Ringers solution[6,7]. Further success 

was done when Alexis Hartmann added sodium lactate to the Ringers solution to treat children with             

diarrhea8. Further research on Intravenous fluid development has seen solution containing sugar9 and 

even colloid solution were introduced into the clinical practice10. Modern practice on peri-operative 

intravenous prescription has seen more uses with different types of fluid in different clinical settings.  

During the last decade, several clinical studies have shown the necessity to administer appropriate             

intravenous fluid to support patients throughout the perioperative period. It was only after national  

enquiry in to perioperative deaths in London53 that has shown an association of IVF related morbidity 

and mortality. It prompted the debate regarding the ideal quantity of intravenous fluid and the type of 

the IVF to be administered to the surgical patients. 

Different randomized controlled trials (RCT) have been done looking at the effects of different fluid 

regimes on outcome of elective open abdominal surgery was published. These trials use different termi-

nology to describe both volume and content of IVF. Amount of fluids are either liberal (standard) and 

restrictive fluids. Type includes colloid and crystalloid and balanced and unbalanced solution for the 

crystalloid solution. According to textbook recommendation for intra-operative fluid administration in 

patient undergoing intra-abdominal operation, fluid range should be 10-15ml/kg/hr[54,55,56]. Further            

suggestions were made that fluid regime with a 12-15 ml/kg for the first hour and 6-10 ml/kg for the 

next 2 hours during surgery57. It is also noted that during major surgery, intra operative cardiovascular 

stability is better achieved with crystalloid at a rate of 10-15ml/kg/hr58.  

In 2009, Guidelines for Intravenous Fluid Therapy for Adult Surgical Patients (GIFTASUP) was                 

proposed to stratify and standardized the use of fluids and electrolytes in different centers in Europe11 

For a adult surgical patient, maintenance IVF would get a total volume of balance solution of 1.75L to 

2.75L per day, Sodium is 50 -100 mmol/L and Potassium is 40- 80mmol/L per day.  However, the                  

evidence level at which this fluid regime derived was level 5. Fluid received by patient within this 

range was defined as balance.  Less than 1.75 Liters was regarded as restricted fluid therapy and Liber-

al or overload if the amount was more than 2.75 Litres13. Even decades of careful clinical studies,                   

optimal fluid management still remains an individual judgment given the complexity of the patho-

physiology and wide ranges of surgical stress17. Therefore a definite universal formula cannot be estab-

lished for the use of IVF in surgery. Hence perioperative fluid management is still an ongoing debate. 

However, the ideal goal for perioperative fluid therapy is to restore and maintain normal physiology, 

blood volume and organ function[14,15]  whilst maintaining a zero fluid balance and minimal weight 

gain[16,17]. 

Until now, we don’t know what maintenance fluid regime (type and volume) is best administer during 

major abdominal surgery to achieve best post operative recovery with less complication and shorter 

hospital stay. So the aim of this systematic review was to perform a meta-analysis of RCT on perioper-

ative intravenous fluid use on patient undergoing major elective abdominal surgery, and to know either 

restrictive or liberal (standard) use of fluid shows better perioperative outcomes.  

http://www.openaccesspub.org/
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Methods 

Definitions 

Intravenous fluid therapy for surgical patients should be optimal. The required optimal range is howev-

er narrow and by giving too much or too little fluid can result in adverse outcome[16,17,18]. An adult 

surgical patient without any ongoing losses or deficits should have a daily maintenance fluid require-

ment between 1.75 to 2.75 Liters[11,19,20]. In a recent study, perioperative maintenance fluid was giv-

en 3 liters of water and 154 mmol of sodium and it was considered a ‘standard’ fluid regimen21 alt-

hough it is well over the required daily maintenance. Some studies have use ‘restricted’ fluid regimen 

and have provided to the patients the appropriate fluid requirement[21,22]. While others have use in 

true sense of restrictive fluid by giving less than the daily requirement[14,23]. However, the exact 

amount that is prescribed may not necessary be the amount that is given. There can be a slight variation 

to actual practice.  

Criteria for considering studies for the Systematic Review: 

The criteria for the inclusion for this study are based on adult population who are more than 18 years of 

age, who underwent elective major abdominal operation. Both open and laparoscopic abdominal sur-

gery, exclude gynecological surgery and transplant surgery. The reviews involved looking at periopera-

tive fluids described as ‘restrictive’, ‘liberal’ and or ‘standard’ depend on the amount of volume of flu-

id that is design to administer. In some studies words, like interventions, goal directed fluid and study 

fluid is used to denote less amount of fluid comparably to the other and therefore is carefully interpret-

ed as restrictive. 

Consideration is also given to the time in which particular fluid regime is administered and hence will 

define perioperative fluid. Fluid that is administered within any hospital environment on a patient a day 

before surgery, continue through the operation and involves 24hrs after surgery. Although one study in 

this analysis involves during the first 8 hours post-surgery. 

The type of fluid use is considered in this study and is accepted for both colloids and crystalloids. 

Blood and bloods products were used by some studies within this review but were used in intention-to-

treat and not included in individual study protocol.  During the procedure when there is a need for 

blood it is overly substituted ml for ml with colloids or a higher amount of crystalloid is given depend-

ed on the protocol. Analysis of result for the study is done accordingly. 

All studies of this review satisfy the criteria for inclusion if and when final outcome is assessed. Prima-

ry outcome comprises one or two endpoint and any other outcomes are measured as secondary as de-

fined in the review.  

Outcome measure 

Primary outcome measures on all studies included here is on the length of hospital stay (LOS) after the 

surgery. Some studies prefer to use terms like surgical readiness for discharge (RfD) as a strict guide-

line to ascertain their objective of study. This was done in order to avoid reasons of hospital prolong 

stay due to social and economic reasons about the patient. One study21 although was not clear on the 

LOS, uses complications as major and minor as its primary and secondary endpoints respectively. All 

of these studies use complications and death as their secondary outcome and analysis was done                 

accordingly. 

Search methods for identification of the studies 

Randomized Control Trials (RCT) compare the effects (outcome) of restrictive, standard, liberal, con-
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trol, or conservative fluids and either crystalloid and colloids during peri-operative period of major 

abdominal surgery was searched. Multi-data base system using Embase, Medline, Scopus were 

searched from 1992 to March 2022. Search terms including, ‘restrictive fluid’ ‘standard fluid’  ‘liberal’, 

peri-operative fluids, intravenous fluid, colonic resection, major abdominal surgery and or Gastro intes-

tinal surgery. Combination of Boolean operators AND, OR, and NOT were used. Individual articles 

were also search from Google scholar as few articles were difficult accessing from the main domain. 

Result from the primary search was then screened according to the inclusion criteria. Potential articles 

were hand –searched and related articles included in the reference or previously cited were sought. Ar-

ticles appear to have been reported from laboratory work and on animals were excluded. Only English 

language was predominantly included for the analysis in this review. 

Data collection and analysis 

The progressive characteristics of the studies were further assessed for uniformity on the data. All flu-

ids administer should define the perioperative period. Method of randomization use in allocating pa-

tients, concealment of study patient, and type of blinding individual or investigating team and any other 

circumstances like protocol violation during study were assessed comprehensively to determine the 

quality of the methods and also bias related contamination. The quality of the study was assessed using 

the Scottish Intercollegial Guidelines Network (SIGN).30The included studies are carefully screen for 

the time (pre, intra, post operative) when fluid is administered according to peri-operative course. It 

demonstrates the intervention of the study and accordingly assessed the outcome. The total amount of 

fluid administered is recorded for analysis. Other special intervention like fasting time before operation 

and bowel preparation, duration of operation, type of anesthesia and post operative analgesia are listed 

in table 1 to enhance our review for any heterogeneity and uniformity to the studies. 

Primary analysis includes all the RCT studies as identify above with measurable end point. The con-

sistent endpoints are the length of hospital stay (LOS) or Readiness for Discharge (RfD) and complica-

Figure 1. Preferred Reporting Items for Systemic and Meta-Analysis (PRISMA) state-

ment summary search for and selection of studies. RCT, randomised controlled trials, 

SIGN- Scottish Intercollegial Guidelines Network.  
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Studyl intervention/ 
year 

Operation Group study! No. of 
Age
(yrs) 

Preoperation 
Fastin 

Intraoper-
ative 

Fluid regime, type (mls) 

  
author termi-
nology 

patient 
Median 
IQR 

Time /Bowel 
prep 

monitor-
ing 

crystalloid/ colloid 

Brandstrup/ Intra Op/ Colorectal Hestrictive 69 
64(42-
90) 

Clear fluid, 
2hrs before 

GA/
Epidurall 
non- 

No preload, no third space 
replacement 

post surgeryl Blind 
2003 

    surgery 
invasive 
inotropes 

500mls/5% Glucose, 500ml, 
HAES 6% N/S 

  Standard 72 
69(41-
88) 

ASA 1-3, No 
bowel prep 

 
7mlsihr, 5ml/2nd ht. 3mls 
rest of hr. R Blood replace 

       
HAES 6%7ml. S, 1-1.5L 
NS/500 ml of loss, PO cont 

Mackay et all Intra 
Op 

Colorectal 
R <2L water, 
77mmol Na 

39 
73.2
(65.3-
78.0) 

Free fluid, 
high calorie 

GA/PCA, 
Oral 

 

Day 1PO/ Blind 2006  124hr   
4hrs before 
surgery 

Standard 
protocol 

R 4.5(4.0-5.62)L 229(131-
332) mmol, '4 days PO 

  
3L water, 
154mmol Na 

41 
72.6
(65.3-
82.9) 

No bowel 
prep. except 

  

  124hr   
L hemi-
colectomy 

 
8.75(8.0-9 8)L, 560(477-
667)mmol 

Lobo et all Post Op/ 
2002 

Colorectal 
HK 2Lwater/ 
" mmol 

10 
62.3
(52.5-
67.2) 

free fluid 4hrs 
before 

PCA/ 
mor-
phined 

H 0.5L 0.9% saline, 15L 
5% destrose or 2L 

  Nal24hr   Surgery 
no epi-
dural 

4.3% desirose 

  
S>3L water/ 
154mmol 

10 
59(55.3
-66.7) 

Bowel prep. L 
hemicolect 

 
S 1L0.9% saline & 2L5% 
destrose 

  Na/24hr   
tomy, 2 Sachet 
of Picolax 

  

Gonazalez et all Post 
Op/ 

Abdominal 
R 
1500mls/24hr
s 

20 
65.5
(62.1-
69) 

All patients 
got bowel 

GA/
Epidural 

R 1500mls (0.9% Saline) 
plus 40mmol K+/day 

Observer Blinded 
(Anesth 

Vascular    
prep. Phos-
phate enema 

Standard 
protocol 

 

Table 1. Showing the characteristics of the study. 
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etist & Inv. team 
Blinded/2009 

 
2500mls/24hr
s 

20 
62(56.7
-67.2) 

Fast 12hrs 
prior 

ASA 1-3 
1.5L(0.9% saline plus 1.0L 
(5% destrose) 

       40mmol K+/day 

McArdle et all 
Ublinded/ 

AAA re-
pair 

Restrictive 10 
74(58-
80) 

All patients 
lasted from 

GA/ Epi-
dural 

R No preload, 4mls/kg/hr 
HS 83ml/hr HS on PO, 

Intra & Post Op 2005     12 midnight  
1.9% saline * 1.5L 5% Day 
1-5 

  Standard 11 
75(64-
86) 

same  
S Preload 10mlsikg 0. 9% 
saline IO 12mlikg/hr HS 

       
PO 1HS. 1L 0.9% saline 
+2L 

Kabon et all Intra & 
Post 

Colonic 
R small vol-
ume 

124 
Mean 
535014 

Fasted Bhrs, 
all patients 

GA 
RIO 8-10ml/kg/hr RL & 
PO, D1PO: 2mlsikg/hr 

Operation 2005 Resection    
have bowel 
prep 

  

  
$ Large Vol-
ume 

129 
Mean 
62 

same  
S Preload: 10ml/kg RL, IO 
16-18ml/Kg/Hr then 

       PO 2mlsikg/hr until day 1. 

Nisanevich et all 
Intra Op 

Major 
Abdo- 

Restrictive 77 
Mean 
635013 

All patients 
have bowel 

GA/
Epidural 

R ID: 4ml/kg/hr RL, 250mls 
bolus, if BP. urine output 

Double Blind 2005 
men sur-
gery 

   
prep. tasted 
from 12 MN 

  

  Standard 75 
Mean 
595012 

same  
S. Initial bolus 10ml/kg/hr 
RL, IO: 12ml/Kg/Hr, & 

       250mls bolus FLBP, UO 

Vermuelen et all Post 
Op 

Gastric/
Bowel 

Restrictive 
15L/24hr 

30 
Mean 
55 SD 
15 

NR 
GA Epi-
dural 

R. 1.0L 0.9% NaCl & 
500mls 5% glucose. 

Extend Blinded 2009 
Rectum/
Bile/ 

      

 
Pancreas 
Exclude 

Standard 2. 
5L/24hrs 

32 
Mean 
545015 

Bowelprep x2 
enema 

 
S. 15L 9% NaCl& 1.0L of 
5% glucose 

 
Liver, 
esophagus 

      

*PO post operation, S standard, R restrictive, SD standard deviation, GA general anesthesia, NR no record, NS normal saline, HS 

hartmann saline, UO urinary output, 

http://www.openaccesspub.org/
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Figure 2. Forest plot of comparison: complication between Restrictive and Liberal IV Fluids groups. Pri-

mary analysis using eight studies. M-H, Mantal- Haenszel. 

Figure 3. Forest plot of comparison: Length of hospital stay (LOS) for Restrictive and Liberal (standard) 

groups. Primary analysis includes seven studies only. Data for one study 25 were mentioned as median 

(range) and therefore could not be included in to the forest plot. IV, inverse variance. 

Figure 4. Forest plot of comparison: complication during post abdominal surgery using Restrictive and    

Liberal (standard) IV Fluids. Only three (3) studies assessed the fluids use during the post surgery period. 

Figure 5. Forest plot of comparison: Length of hospital stay (LOS) during post operation using experiment 

(Restrictive) and control (Liberal) IV fluid  

http://www.openaccesspub.org/
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tions. Therefore, the studies which identified these outcomes should constitute the secondary analysis. 

Two studies as mention before were not clear on their LOS, although measuring complications would 

ultimately lead to variation to the LOS measurement. Goal directed fluid therapy and Doppler studies 

were excluded. 

Statistics 

RevMan 5.0 software program (The Nordic Cochrane Center, The Cochrane Collaboration, Denmark) 

was used for the analysis of the outcome using the standard methods recommended by the Cochrane 

collaboration29. Pooled analysis was performed using the random-effects model with Mantel- Haenszel 

method. Effect sizes for dichotomous variables was calculated and is presented as risk ratio with 95 % 

CI and for the continuous outcome is given as weighted mean differences (WMD).  Heterogeneity of 

the included studies was assessed by considering the I2and Chi square (X2) P value. The threshold val-

ue for I2 are 25%, 50%, and above 50%, thereby representing low, moderate and high heterogeneity 

respectively. 

Result 

Characteristics of the studies 

The Preferred Reporting Items for Systematic Reviews and Meta- analysis (PRISMA) statement 

(Figure 1) illustrates the studies identified through our initial search. Fourteen (14) studies have defined 

our criteria were selected in the primary analysis. Goal directed fluid therapy (GDT) or use of Doppler 

to monitor the amount of fluids given was not part of this review[32, 33, 34, 35, 36, 37, 39, 40]  and 

therefore, five studies excluded. Only one was excluded as the study was not blinded and its conceal-

ment allocation was poor 31. The final eight (n 8) satisfied our search criteria and study quality accord-

ing to the SIGN methodology assessment. 

There were total of 769 patients included in the final eight [20,21,23,24,25,26,27,28]randomized clini-

cal trials. The characteristic of each study is summarized in table 1. Five studies [21,24,25,27,28]were 

double blinded and well concealed. Two studies [20, 23]were single blinded and one study 26 however 

did not specify either patient or investigator was blinded. Randomization was done by computer gener-

ating randomization in three studies [21,27,28] by sealed envelope method [20,24,25,26] and telephone 

randomization in one23. All studies were done in a single center except one.21 Most of the operation 

done for the study were for colorectal and only two included studies [26,27] were done for abdominal 

vascular aneurysm since it was an elective laparotomy satisfying the criteria. Bowel preparation for all 

studies involving the left sided colorectal procedures except for two studies [21,26]. Even bowel prepa-

ration was done for the abdominal vascular surgery in one study27. 

Outcome measure 

Although the eight studies have assessed the outcome as either Length of hospital stay (LOS) or range 

of complications. When primary and secondary outcomes were analyzed, four studies [21,24,25,26] use  

complications as their primary outcome and three studies[23,27,28] use length of hospital stay as their             

primary outcome. However the study by Lobo et al20 have used gastric emptying time to both solid and 

liquid as his primary outcome and length of hospital stay as his secondary outcome. Complication rang-

es from wound infection, delay organ function, organ failure and death. While, McArdle et al 23 have 

further classify their complication in to minor and major. The major complication then becomes the 

primary outcome measure. In the study by Nisanevich and his colleagues, they include death as a major 

complication and have used to assess their primary outcome25. However, none has died from their 

http://www.openaccesspub.org/
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study. Readiness for discharge (RFD) was used to denote patients who are medically fit and have been 

discharge by their attending surgical team but has remain in the hospital due to other social issues.              

Vermeulen et al 28 reported study violation due to severe complications experienced by 40 % of the 

patients undergoing restrictive fluid regime. Also significantly increase in the length of hospital stay in 

restricted group (12.3 vs 8.3 days) as compare to liberal fluid group. Three studies assessed fluid given 

in the post operative period only [20,27,28]. Otherwise the rest of the studies assessed fluids admin-

istration during pre, intra and post operative period. 

Discussion 

This meta-analysis have pooled data for restrictive versus liberal or standard fluids use for peri-

operative abdominal surgical patients. It has shown from the forest plot that both complication and 

length of hospital stay has shown to be favorable amongst restrictive fluid group. However, it cannot be 

firmly established that this is true. There are obvious differences in the study design and methodology 

used to assess the study. High test for heterogeneity have also suggested for further standardization in 

the overall design and methodology. 

The two measurable outcomes in this analysis were the common endpoints used for all studies in this 

meta-analysis. Assessing these variables as either primary or secondary was not consistent and uniform 

in the eight studies. However, restrictive fluids tend tohave better outcome with less complications and 

shorter hospital stay. A reduction of 2 days (Figure 2) seen in the restrictive study group then the liberal 

group. The use of either liberal or restrictive fluid in the post operative study have shown no effects on 

the outcome. It is unfortunate that this evidence is seen in three studies only. Therefore, a firm conclu-

sion from this result cannot be established. 

Balanced saline is normally used to replace intercellular deficit of electrolyte and water. Unbalanced 

saline (0.9% Saline) is mostly reserve for the gastric loses through vomiting or naso- gastric drainage. 

It is known that excessive salt and water causes hyperchloremia acidosis which affects the renal blood 

flow and glomerula filtration rate [41,42]. In a study by Drummer et al43 with infusion of saline 

amongst healthy volunteers have shown that it takes over 2 days to excrete an infusion of 2 litres of 

0.9% saline in 25 minutes. It is due partly to the slow and sustained suppression of rennin-angiotensin-

aldosterone axis and also the hyperchloremia acidosis causing poor renal perfusion. Most of the re-

tained fluid is station within the interstitial compartment and therefore, causing edema [44,45,46]. 

Splanchnic edema can result in increased intra-abdominal pressure, abdominal compartment 47 pressure 

and further reduces mesenteric blood flow with decrease gut perfusion and gut functional failure and 

may cause dehiscence to anastomosis48.  Hyperchloremia acidosis also causes reduce gastric blood flow 

and decrease gastric intramucosal pH in elderly patients49. Also, excess saline causes hyper polarization 

of neurotransmitter and impairment of mitochondria activity at the cellular level50. 

It is important to note that individual patients with different surgical pathology process demand judi-

cious use of fluid. Especially in abdominal surgery, the aim is to provide ideal fluid use with resulting 

zero fluid balance and less or no weight gain. Equally important is to note that excessive fluid restric-

tive can result in decrease venous return and poor cardiac output. Subsequently reduce tissue perfusion 

and hence oxygen delivery with hypoxia at the wound ultimately resulted in poor wound healing and 

infections. Also increase in the viscosity of pulmonary mucus resulting in mucus plug formation and 

ateletactasis51.  Balance fluid volume of 1.5L to 2.5Liters per day of maintenance fluid as proposed by 

Lobo et al9 have shown significant improvement in both length of hospital stay and less complications 

in their meta-analysis. Similarly, patients with ongoing loses from fistulae, stoma or other gastro intes-

http://www.openaccesspub.org/
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tinal loses needs to be replaced with appropriate fluids and electrolytes while maintaining their daily 

requirements. 

The limitation to this meta-analysis is on study methodology. Literature pertaining to restrictive and 

liberal fluids use during peri-operation on surgical patients with major abdominal surgery are incon-

sistent regarding their definition, methodology and outcome measurements. Therefore, it cannot be 

certain that a uniform volume of fluid can be applied to every abdominal operation. In future there is 

need for more multi center randomized studies on fluids for specific surgical procedure by using both 

fixed volume regimen and goal directed concept52. The approach is to combine both strategies because 

they replace extra vascular and intravascular compartment respectively. 

Conclusion 

Within the context of this study, appropriate fluid volume and electrolyte should be given to the patient 

to ensure good cardiac output and tissue perfusion and to make sure that patient has a zero fluid balance 

and less weight gain. However, the ideal fluid regime can be in the narrow range and therefore can eas-

ily cause fluid related complications which can be detrimental to the overall patient recovery. 
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