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The controversy over peri-operative fluid management

Peri-operative fluid management continues to be a daily challenge in anaesthetic practice [1, 2]. Recent studies that investigated
the effects of different amounts of peri-operative fluids on outcome reported conflicting results depending on the patient population,
the type of surgery and the regimen. Studies in minor or ambulatory surgery suggest that high-dose fluid regimens may improve early
recovery measures such as dizziness, drowsiness, nausea and thirst, improve pulmonary function and exercise capacity and shorten
hospital stay [3-7]. The results of these studies, however, cannot be extrapolated to major surgical procedures in which substantially
larger third space loss, larger stress response and altered capillary permeability occur.

The widespread use of a ‘dry’ fluid regimen in pulmonary surgery with a resulting decrease in morbidity of pulmonary complications
supports the safety of this regimen in high-risk patients undergoing major surgical procedures [8-10]. Nevertheless, at present, no
widely accepted recommendations are available for the optimal peri-operative fluid regimen to be used in major non-thoracic surgery.

Fluid management in major intra-abdominal surgery

Abdominal surgical procedures, in particular, are associated with dehydration from pre-operative fasting, bowel preparation, under-
lying iliness as well as intra-and postoperative fluid and electrolyte loss. The exact quantity of this fluid loss is difficult to ascertain and
estimates for replacement with balanced salt solutions range from 0 to 67 ml.kg.hr of surgery [11]. According to textbook recommen-
dations, intra-operative fluid administration in patients undergoing intra-abdominal procedures should be in the range of 10-15 ml.kg.
hr [12]. This regimen, however, is not evidence-based and was recently challenged. Three studies in patients undergoing colectomy
or colorectal resection or a variety of intra-abdominal operations found that restricted postoperative [13], peri-operative [14] or intra-
operative [15] fluid administration resulted in reduced weight gain postoperatively, higher albumin concentrations, reduced hospital
stays, faster return of gastrointestinal function, and reduced postoperative complications with no adverse effect on renal function.
Recently, an association between positive fluid balance and adverse surgical outcomes has also been shown for oesophageal cancer
and oesophagogastric junction cancer operations [16].

In liver transplantation, fluid overload has been shown to be a predictor of poor graft function and increased postoperative morbid-
ity [17]. In liver resection it has been shown repeatedly that keeping the CVP low results in reduced blood loss and blood transfusion
requirements [18-22].

Goal-directed fluid administration

Others workers have criticised the use of fixed volume regimens approach’ and suggested that goal-directed fluid administration,
in which cardiac output and stroke volume are monitored with an oesophageal Doppler monitor and optimised with colloid administra-
tion, is preferable. For example, Gan et al found that goal-directed fluid administration reduced the risk of nausea and vomiting, sped
return of bowel function, and shortened hospitalisation without affecting the postoperative complication rate in patients undergoing
major surgery with anticipated blood loss exceeding 500 ml [23]. Others have confirmed these results in patients undergoing colec-
tomy [24-26]. In all these studies, however, patients received significantly more colloids in the Doppler/goal-directed group compared
with the control group, suggesting that the differences between the groups in outcome could be attributed to the differences in the
type of fluids administered and not to approach used. Indeed later studies by Gan et al [27] showed that intra-operative colloid admin-
istration reduced postoperative nausea and vomiting and improved postoperative outcomes compared with crystalloid administration.
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In other types of operations Mythen et al [28] and Sinclair et al [29] found that Doppler-directed colloid administration improved gut
mucosal perfusion (as determined by gastric tonometry), reduced the risk of complications, and shortened hospitalisation in cardiac
surgery patients, and improved recovery characteristics and shortened hospitalisation in patients undergoing hip fracture repair.

Morbidity that may be associated with liberal fluid administration

Liberal fluid administration in the peri-operative period is associated with increases in body weight in the range of 3-10 kg which re-
flects a positive fluid balance. The increase in weight has been reported to be associated with greater postoperative morbidity, longer
length of ICU stay and greater mortality [30]. In healthy volunteers, infusion of 40ml.kg of Ringer’s lactate solution over 3 h caused
significant increases in body weight and reductions in pulmonary function compared with infusions of 5ml.kg [31]. Arieff presented
13 fatal cases of postoperative pulmonary oedema in healthy individuals in whom the oedema was secondary to excessive fluid ad-
ministration [32]. The hypothesis that liberal use of fluid should significantly increase tissue oxygenation and, therefore, decrease the
incidence of postoperative wound infection was recently disproved in a group of patients undergoing elective colonic resection [33].
Others have shown that massive fluid resuscitation during extensive surgery resulted in median nerve injury [34]. Positive postopera-
tive fluid balance can also result in gut oedema, which may contribute to intestinal dysfunction [35, 36]. In the 1930’s, Mecray et al
[37] found that modest positive salt and water balance caused weight gain after elective colectomy and was associated with delayed
recovery of gastrointestinal function (time to flatus and faeces passage), increased complication rate and extended hospital stays.
Similar findings were demonstrated recently [14-15]. Hypoproteinemia has also been associated with extended gastric emptying,
delayed small bowel transit and postoperative ileus [13, 37, 38]. Whether the effect is due to the hypoalbuminemia itself or the result
of a positive fluid balance is unknown, as it is difficult to separate these two conditions.

Potential benefits of ‘dry’ fluid regimens

Significant healthcare resources are used to provide care to patients with prolonged postoperative hospitalisation. Clinicians, hospi-
tals, and healthcare payers are increasingly focusing onreducing ‘unnecessary’ days of hospitalisation after surgery. Gastro-intestinal
dysfunction has a substantial effect on resource utilisation [39]. In two large studies [40, 41] that included patients undergoing major
non-cardiac surgery, Bennett-Guerrero et al demonstrated that gastro-intestinal dysfunction was the most common event that was
associated with prolongation of hospital stay. Intra-operative use of a ‘restrictive’ fluid regimen, as discussed above, shortens the
return of gastro-intestinal function and reduces the number of patients suffering from postoperative complications. Therefore, it is not
surprising that it has also been shown to shorten hospital stay.

Conclusions

In summary, it has been previously demonstrated that excessive fluid administration increases peri-operative morbidity and mortal-
ity in patients undergoing pneumonectomy. There are increasing reports of improved outcome in patients undergoing major elective
gastro-intestinal surgery who were managed with fluid restriction. Moreover, in a recent report [42] Tatara et al used a mathematical
model which was validated in 30 patients undergoing elective abdominal surgery to show that increasing overall fluid replacement
above 10 ml.kg.hr does not increase intra-vascular volume but instead increases only interstitial volume. Accordingly, replacement
of fluids in the peri-operative period should be undertaken cautiously. Fluid overload may affect both the injured (surgical) area (with
anastomotic leak, wound infection etc) and the non-operated organs (cardiopulmonary system, gastro-intestinal tract). Elimination
of preloading fluids (prior to administration of epidural anaesthesia) and replacement fluids for ‘third spacing’, is suggested, together
with monitoring of the patient’s body weight so as to avoid significant increases. With the ongoing changes in surgical practice such
as fast-track protocols that avoid pre-operative bowel preparation, early oral feeding and laparoscopic procedures, more studies are
needed to define the amount of fluid to be administered intra-operatively. For further reading the readers are referred to a comprehen-
sive review which was recently published that summarises the topic of peri-operative fluid management [43].
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Key Learning Points

» The goal of peri-operative fluid application is to keep an adequate blood flow in vital organs.

» In contrast to previous beliefs, the extracellular deficit after normal fasting is low, a classic third space does not exist,
and the insensible loss in major surgery is relatively small (~ 1 ml.kg.h).

» Excessive fluid administration increases peri-operative morbidity in patients undergoing pneumonectomy, liver
transplantation and liver resection. There are increasing reports of improved outcome in patients undergoing major
elective gastro-intestinal surgery and oesophagectomy who were managed with relative fluid restriction.

» Consequently, pre-operative volume loading in non-hypovolaemic patients and routine replacement of high insensible
and third space losses should be abolished in favor of demand-related fluid regimens.

References

1.

18.
19.

20.

21.

22.

23.

Spahn DR, Chassot PG. CON: Fluid restriction for cardiac patients during major noncardiac surgery should be replaced by
goal-directed intravascular fluid administration. Anesth Analg 2006; 102: 344-6.

Johnston WE. PRO: Fluid restriction in cardiac patients for noncardiac surgery is beneficial. Anesth Analg 2006; 102: 340-3.
Holte K, Klarskov B, Kehlet H, et al. Liberal versus restrictive fluid administration to improve recovery after laparoscopic chole-
cystectomy: a randomized, double-blind study. Ann Surg 2004; 240: 892-9.

Holte K, Kehlet H. Compensatory fluid administration for preoperative dehydration--does it improve outcome? Acta Anaesthe-
siol Scand 2002; 46: 1089-93.

Yogendran S, Asokumar B, Cheng DC, Chung F. A prospective randomized double-blinded study of the effect of intravenous
fluid therapy on adverse outcomes on outpatient surgery. Anesth Analg 1995; 80: 682-6.

Goodarzi M, Matar MM, Shafa M, Townsend JE, Gonzalez |. A prospective randomized blinded study of the effect of intrave-
nous fluid therapy on postoperative nausea and vomiting in children undergoing strabismus surgery. Paediatr Anaesth 2006;
16: 49-53.

Holte K, Kristensen BB, Valentiner L, et al. Liberal versus restrictive fluid management in knee arthroplasty: a randomized,
double-blind study. Anesth Analg 2007; 105: 465-74.

Holte K, Sharrock NE, Kehlet H. Pathophysiology and clinical implications of perioperative fluid excess. Br J Anaesth 2002; 89:

622-32.
Mgller AM, Pedersen T, Svendsen PE, Engquist A.Perioperative risk factors in elective pneumonectomy: the impact of excess
fluid balance. Eur J Anaesthesiol 2002; 19: 57-62.

. Parquin F, Marchal M, Mehiri S, Hervé P, Lescot B. Post-pneumonectomy pulmonary edema: analysis and risk factors. Eur J

Cardiothorac Surg 1996; 10: 929-32.

. Shires T, Williams J, Brown F.Acute change in extracellular fluids associated with major surgical procedures. Ann Surg 1961;

154:803-10.

. Anesthesia. Miller RD ed. 5th edn. Philadelphia, 2000: 1606-7.
. Lobo DN, Bostock KA, Neal KR, et al. Effect of salt and water balance on recovery of gastrointestinal function after elective

colonic resection: a randomised controlled trial. Lancet 2002; 359: 1812-8.

. Brandstrup B, Tegnnesen H, Pott F, et al. Danish Study Group on Perioperative Fluid Therapy. Effects of intravenous fluid

restriction on postoperative complications: comparison of two perioperative fluid regimens: a randomized assessor-blinded
multicenter trial. Ann Surg 2003; 238: 641-8.

. Nisanevich V, Felsenstein I, Aimogy G, et al. Effect of intraoperative fluid management on outcome after intraabdominal sur-

gery. Anesthesiology 2005; 103: 25-32.

. Shenhai W, Jintao T, Xiaoping S, Yan C. Association of perioperative fluid balance and adverse surgical outcomes in esopha-

geal cancer and esophagogastric junction cancer. Ann Thorac Surg 2008; 86: 266-72.

. Bennett-Guerrero E, Feierman DE, Winfree WJ, et al. Preoperative and intraoperative predictors of postoperative morbidity,

poor graft function, and early rejection in 190 patients undergoing liver transplantation. Arch Surg 2001; 136: 1177-83.

Furrer K, Deoliveira ML, Graf R, Clavien PA. Improving outcome in patients undergoing liver surgery. Liver Int 2007; 27: 26-39.
Vassilios S, Georgia K, Kassiani T, Dimitrios T, Contis JC. The role of central venous pressure and type of vascular control in
blood loss during major liver resections. Am J Surg 2004; 187: 398-402.

Jones R, Moulton CE, Hardy KJ. Central venous pressure and its effect on blood loss during liver resection. Br J Surg 1998;
85: 1058-60.

Melendez JA, Arslan V, Blumgart LH, et al. Perioperative outcomes of major hepatic resections under low central venous pres-
sure anesthesia: blood loss, blood transfusion, and the risk of postoperative renal dysfunction. Am Coll Surg 1998; 187: 620-5.
Wang WD, Liang LJ, Huang XQ, Yin XY. Low central venous pressure reduces blood loss in hepatectomy. World J Gastroen-
terol 2006; 12: 935-9.

Gan TJ, Soppitt A, Glass PS, et al. Goal-directed intraoperative fluid administration reduces length of hospital stay after major
surgery. Anesthesiology 2002; 97: 820-6.

-3



European
Society of
Anaesthesiology

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.
40.

41.

42.
43.

McFall MR, Woods WG, Wakeling HG. The use of oesophageal Doppler cardiac output measurement to optimize fluid man-
agement during colorectal surgery. Eur J Anaesthesiol 2004; 21: 581-3.

Wakeling HG, McFall MR, Jenkins CS, et al. Intraoperative oesophageal Doppler guided fluid management shortens postop-
erative hospital stay after major bowel surgery. Br J Anaesth 2005; 95: 634-42.

Noblett SE, Snowden CP, Shenton BK, Horgan AF. Randomized clinical trial assessing the effect of Doppler-optimized fluid
management on outcome after elective colorectal resection. Br J Surg 2006; 93: 1069-76.

Moretti EW, Robertson KM, EI-Moalem H, Gan TJ. Intraoperative colloid administration reduces postoperative nausea and
vomiting and improves postoperative outcomes compared with crystalloid administration. Anesth. Analg 2003; 96: 611-7.
Mythen MG, Webb AR. Perioperative plasma volume expansion reduces the incidence of gut mucosal hypoperfusion during
cardiac surgery. Arch Surg 1995; 130: 423-9.

Sinclair S, James S, Singer M. Intraoperative intravascular volume optimisation and length of hospital stay after repair of proxi-
mal femoral fracture: randomised controlled trial. BMJ 1997; 315: 909-12.

Lowell JA, Schifferdecker C, Driscoll DF, Benotti PN, Bistrian BR. Postoperative fluid overload: Not a benign problem. Crit
Care Med 1990; 18: 728-33.

Holte K, Jensen P, Kehlet H. Physiologic effects of intravenous fluid administration in healthy volunteers. Anesth Analg 2003;
96: 1504-9.

Arieff Al. Fatal postoperative pulmonary edema: pathogenesis and literature review. Chest 1999; 115: 1371-7.

Kabon B, Akca O, Kurz A et al. Supplemental intravenous crystalloid administration does not reduce the risk of surgical wound
infection. Anesth Analg 2005; 101: 1546-53.

Jack C, Thangathurai D, Roffey P, et al. Median nerve injury following massive fluid resuscitation during prolonged surgery.
Can J Anaesth 2005; 52: 888-9.

Moretti EW, Robertson KM, EI-Moalem H, Gan TJ. Intraoperative colloid administration reduces postoperative nausea and
vomiting and improves postoperative outcomes compared with crystalloid administration. Anesth Analg 2003; 96: 611-7.
Holte K, Sharrock NE, Kehlet H. Pathophysiology and clinical implications of perioperative fluid excess. Br J Anaesth 2002; 89:
622-3.

Mecray PM, Barden RP, Ravdin IS. Nutritional edema: its effect on the gastric emptying time before and after gastric opera-
tions. Surgery 1937; 1: 53-64.

Woods MS, Kelley H. Oncotic pressure, albumin and ileus: the effect of albumin replacement on postoperative ileus. Am Surg
1993; 59: 758-63.

Mythen MG. Postoperative gastrointestinal tract dysfunction. Anesth Analg 2005; 100: 196-204.

Bennett-Guerrero E, Welsby |, Mythen MG, et al. The use of a postoperative morbidity survey to evaluate patients with pro-
longed hospitalization after routine, moderate-risk, elective surgery. Anesth Analg 1999; 89: 514-9.

Bennett-Guerrero E, Panah MH, Mythen MG, et al. Decreased endotoxin immunity is associated with greater mortality and/or
prolonged hospitalization after surgery. Anesthesiology 2001; 94: 992-8.

Tatara T, Tashiro C.Quantitative analysis of fluid balance during abdominal surgery. Anesth Analg 2007; 104: 347-54.
Chappell D, Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M. A rational approach to perioperative fluid management.
Anesthesiology 2008; 109: 723-40.

-4



