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Despite the common recommendation of preoperative food 
and water restriction (PFWR), evidence regarding the need for 
(and efficacy of) this practice (including the removal of edible 
bedding) before surgery in pigs is limited. Although intestinal 
transit times in pigs are rapid, with stomach emptying requir-
ing only a few hours,46 minimal recommended periods of food 
restriction begin at 6 h.11,18 Authorities justify PFWR on the 
grounds that it prevents emesis and reduces the accumulation of 
gastrointestinal gas.16,17. Reduced gas accumulation is desirable 
because it optimizes the functional residual capacity of the lung 
and pulmonary ventilation17,18,49 and facilitates gastrointestinal 
tissue handling and surgery.17,49 Furthermore, one authority 
stated that “gastrointestinal distension interferes with venous 
return and by causing capillary stasis, edema of the gut wall 
and blood pooling in the mesenteric veins predisposes to acute 
cardiovascular failure. Handling of gas-distended bowel and 
‘packing off’ from the operative field increases the risk of apnea 
and shock due to tension on the mesenteric root.”17 However, 
the incidence of these problems is unknown and controversial: 
one study18 states that vomiting at induction of or recovery 
from anesthesia is rare in pigs. This opinion contrasts with the 
assertion that “swine readily vomit under anesthesia if food is 
present in the stomach.”17

The UK Animals (Scientific Procedures) Act (1986)22 catego-
rizes the withholding of food or water as a category A procedure 
because excessive periods are likely to cause suffering, distress 
and/or lasting harm for which there is considerable evidence. 
The Guide for the Care and Use of Agricultural Animals in Research 

and Teaching14 states that “animals must be provided with feed 
and water on a regular schedule …Where exceptions are re-
quired by an experimental or instructional protocol, these must 
be justified in the protocol and may require approval by the 
Institutional Animal Care and Use Committee.” Food and water 
restriction in pigs causes multiple adverse effects, including 
behavioral,6,10,33,48 biochemical,2,4,15,32,36 endocrine,2,6-8,15,32,39,42 
hematologic,8 microbiologic,20,31 temperature2,25 and gastric 
ulcerative1,40 changes. Fasting in pigs also leads to signs of 
increased hunger when food subsequently is offered.38 This 
characteristic is important because different periods of preopera-
tive starvation may result in varying degrees of postoperative 
hunger and consequently appetite, which is a recognized indi-
cator of postoperative wellbeing in pigs 19, 30, 46. Consequently, 
indiscriminate periods of preoperative starvation may obfuscate 
the assessment of convalescence. In this respect, breed may be 
important, given that the hormonal control of appetite differs 
between commercial and minipigs.29

The Guide for the Care and Use of Laboratory Animals26 states 
that “animals should have access to potable, uncontaminated 
drinking water according to their particular requirements. Other 
authors18 advocate preoperative water restriction “to ensure an 
empty stomach.” However, water restriction alone in pigs has 
been shown to lead to decreased circulating blood volume and 
to decreased packed cell volume when food was withdrawn as 
well.23 Severe water restriction can lead to hypovolemia, which 
will aggravate the adverse cardiovascular effects of anesthetics 
and surgery.

The adverse effects of resource restriction are probably age-
dependent because the food and water requirements of pigs 
change with age.41 In children, the metabolic response to food 
restriction is different and more severe than is the pattern in 
adults.27 In pigs, the adverse effects of PFWR are likely to be 
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Details pertaining to liquid diet or bowel preparation were 
recorded also.

After initial data extraction, operations were categorized as 
being either ‘intraabdominal or gastrointestinal surgeries or 
not, and the extent of preoperative resource restriction was 
compared statistically. For the comparison of intraabdominal 
or extraabdominal procedures, we excluded endoscopic stud-
ies from the dataset (based on screening of the Materials and 
Methods section). This was done to prevent data skewing, as 
an empty gut facilitates endoscopic examination.

Information on the pigs’ age and breed were recorded, 
along with any reported adverse effects that could conceiv-
ably be linked with PFWR (specifically emesis, regurgitation, 
hypoglycemia, postoperative pica, and behavioral anomalies). 
Data were entered onto am Excel (Microsoft, Redmond, WA)  
spreadsheet.

No attempt was made to contact the authors of articles that re-
ported no information, because the aim was to examine reported 
methods rather than those actually used. The subscription of 
selected articles to the ARRIVE guidelines (2010) was estab-
lished by consulting the NC3R’s website (https://www.nc3rs.
org.uk/arrive-animal-research-reporting-vivo-experiments).

Statistics. The proportions of identified elements in the 
spreadsheet were calculated and expressed as percentages. A χ2 
or Yates χ2 test was used to examine the relationships between 
the number of articles describing abdominal or gastrointestinal 
tract surgery and preoperative fasting.

Results
Overall. The frequency of reporting food, bedding and water 

restriction varied considerably. Food withdrawal was described 
in 73 of the 233 (31%) publications, bedding withdrawal in 5 
(2%), and water restriction in 13 (6%). The total number of pigs 
involved in the articles reviewed was 3907. Experimental ap-
proval was recorded in 198 of the 233 (85%) papers assessed, 
and adherence to guidelines on animal welfare was indicated 
in 14 articles (6%). No mention was made of study approval or 
compliance with welfare guidelines in 21 papers (9%).

Food restriction. The median (range) duration of food with-
drawal was 12 (4 to 48) h (Figure 1). Justification for fasting was 
provided in only 2 publications. One paper stated, “overnight 
fasting for 12 hours ...to avoid complications such as vomiting 
during the introduction of anesthesia and resuscitation and 
gastric distension.”28 The authors of the other article justified 
feed restriction “to decrease bowel residue.”5

Bedding withdrawal. Removal of consumable bedding (includ-
ing wood chips) for 48 h was described in 2 papers and for 72 
h in another 3 publications. The papers that described bedding 
withdrawal for 3 d involved endoscopic surgical procedures and 
laparotomy; the others described laparotomy and laparoscopy 
procedures. None of the authors of these articles provided 
justification for the withdrawal of bedding.

Water restriction. The median (range) duration of water 
restriction was 12 (2 to 12) h (Figure 2). Water restriction was de-
scribed in papers reporting endoscopy or abdominal surgery (10 
papers), orthopedic surgery (2 publications), and thoracotomy 
(1 article). In addition, another 24 papers noted the provision 
of water until the induction of anesthesia. In contrast, 7 articles 
of the 13 articles described water restriction for 12 h without 
explicit justification for the practice.

Provision of a liquid diet. The provision of a liquid diet for 48 h 
was noted in 5 papers and for 72 h in 4 articles among a total 
of 11 reports involving gastrointestinal tract surgery. The dura-
tion was not reported in the remaining 2 papers, one of which 

greater in juvenile animals because food and water requirements 
per unit body mass are greater. Several publications16,18,46 do 
not discriminate between different ages of animals, whereas 
others11,49 discuss only fasting in adult animals.

A standardized approach to PFWR is desirable because the 
different physiologic effects of varying restriction periods may 
introduce ‘noise’ into physiologic data and consequently reduce 
study power. Contemporary medical anesthetic practice in the 
United Kingdom allows the provision of a light meal 6 h before 
anesthesia and clear fluids until 2 h before surgery in adults 
and children older than 6 mo.45 There is increasing interest 
in human medicine in the use of preoperative carbohydrate-
dense drinks to provide rapidly available glucose without 
increasing the risk of emesis.45 Given that pigs are omnivorous 
and monogastric and are commonly used to model humans, 
developing a standardized approach similar to that used in 
contemporary medical practice deserves consideration. Stand-
ardizing restriction regimens with the goal of achieving a similar 
perioperative metabolic state could optimize the translational 
power of studies.

The ARRIVE (Animal Research: Reporting in Vivo Experi-
ments) guidelines mandate reporting of “husbandry conditions” 
in articles describing animal experiments, including the type 
of food available, and the animals’ access to food and water. 
Prompted by this mandate and the disagreement extant in con-
temporary textbooks, the proposed review aimed to establish 
reported practices for PFWR in laboratory pigs and to record 
reported justifications, advantages, and disadvantages as a 
preliminary step to establishing the rationale for and possible 
standardization of PFWR in pigs.

Materials and Methods
Article selection. A literature review was conducted between  

3 January 2014 and 12 March 2014 by using the search terms 
‘pig’ OR ‘pigs’ OR ‘minipig’ OR ‘minipigs’ OR ‘swine’ AND 
‘surgery’ OR ‘surgical’ and NOT ‘guinea’ in the search engines 
MEDLINE (1950 to 2014), Web of Knowledge (1956 to 2014), 
and Google Scholar, to identify peer-reviewed articles written 
in English and published between 2012 and 2014. Articles that 
described nonrecovery surgical procedures were not reviewed 
because we assumed that inappropriate PFWR would be less 
consequential in nonrecovery compared with recovery ex-
periments. Only journals available in electronic format from the 
University of Edinburgh library (approximately 25,000) were  
examined.

The titles and abstracts of all articles obtained were screened 
to differentiate nonrecovery from recovery experiments; the 
body text was examined when this differentiation was in doubt. 
Subsequent analysis was only conducted on articles describ-
ing recovery surgery when 4 or more pigs were involved and 
postoperative recovery was at least 24 h.

Article analysis. The selected articles (233) were examined 
for information regarding experimental approval; feed, bed-
ding, and water withdrawal; and the procedure performed. 
We categorized the experimental approval as present (that is, 
an explicit statement relating to approval or review of the spe-
cific experiment), or adhering to guidelines (a statement that 
the procedure complied with, for example, NIH guidelines), 
or not present.

The Adobe ‘Find’ tool (Adobe Systems, San Jose, CA) was 
used to search selected articles for ‘food’ or ‘water’ or ‘straw’ 
or ‘withdraw-’ or ‘withh-’ or ‘starv-’ or ‘fast-’—if none of these 
was found, an author (GB) scanned the Materials and Methods 
section for mention of food, water, or bedding withdrawal. 
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in 19 publications, and commercial breeds were noted in 54 
papers; breed information was explicitly described in 49 papers. 
Feed restriction times did not differ between minipigs and com-
mercial pigs (H = 1.17 (1,n = 73); P > 0.05, Kruskal–Wallis test).

Discussion
Preoperative restriction of food, bedding, or water in pigs was 

described in 73, 5, and 11 papers respectively, and all papers that 
described the restriction of water or bedding also included food 
deprivation. Consequently, 160 of the 233 (69%) publications 
evaluated did not describe a fasting practice, indicating that ei-
ther the resources were not withdrawn or that the resources were 
withdrawn but the restriction was not reported. The current 
study identified 12 articles published by ARRIVE-subscribing 
journals: only 3 of these articles described preoperative fasting.

The variation in reported food restriction practices en-
countered in this review mirrored the considerable variation 
encountered in published recommendations. The duration of 
feed withdrawal ranged from 4 to 48 h. This variation is concern-
ing because various periods might affect biochemical variables 
differently and differentially influence study results. Food 
restriction lasting 12 to 18 h in pigs going to slaughter6 causes 
near-complete depletion of liver glycogen stores; alterations in 
leptin, ghrelin, and cortisol levels occur after 24 h of restriction 
in 18-d-old pigs.42 Furthermore, adult pigs demonstrated in-
creased aggression when fasted for 18 h, an outcome that might 
affect postoperative management.6 By increasing variation in 
recorded data, varying periods of PFWR might reduce study 
power and thus require greater numbers of animals achieve 
adequate statistical power.

Postoperative food consumption was used as a measure of 
pain in 12 of the selected papers; 9 of these described preop-
erative food restriction. Preoperative fasting might increase an 
animal’s postoperative hunger, thus potentially masking signs 
of discomfort. Feed restriction in pigs frequently results in a 
subsequent compensatory increase in feed intake.38

The one study that reported postoperative emesis involved 
gastrectomy, and thus emesis was unlikely to be associated 
with the fasting practice used (12 h of food restriction). Some 
veterinary anesthesia textbooks2,17 cite emesis as the principle 
reason for preoperative food restriction in pigs, although this 
view is not unanimous. For example, another author16 acknowl-
edges that “pigs are usually fasted for 12 h prior to induction 

described the use of an ‘electrolyte-rich liquid.’ The other article 
did not specify the nature of the liquid diet offered.

Procedures and resource restriction. There was a significant (P 
= 2.03× 10−9, χ2 test) difference in preoperative fasting practices 
between articles that described surgery involving the abdomen 
or gastrointestinal tract and those that did not (Figure 3). All 12 
articles describing gastrointestinal natural-orifice transluminal 
endoscopy prescribed preoperative food withdrawal. When 
these publications were excluded, the result remained statisti-
cally significant (P = 8.49× 10−7, χ2 test; Figure 2). Mechanical 
bowel preparation was described in one paper13: “Starting 
48 h prior to surgery, each pig was given a mechanical bowel 
preparation with 1.5 gal of NuLYTELY (Braintree Laboratories, 
Braintree, MA) daily.”

Emesis. One study reported vomiting in one pig on the first 
postoperative day; no other paper reported problems associ-
ated with either the provision or restriction of food or water. 
Assessment of food intake as a marker of postoperative pain 
or discomfort was described in 12 papers, 9 of which described 
preoperative food restriction.

Age and breed. The age of the pigs ranged from 2 d to 6 y; 
however pigs’ ages were not reported in enough papers or in 
sufficient detail to allow an association between PFWR practices 
and age to be determined. None of the articles screened explic-
itly stated that the animals’ age had influenced the period of 
resource restriction selected. The use of minipigs was described 

Figure 1. Histogram showing duration (h) of food withdrawal. Open 
arrows show recommendations from leading textbooks. Numbers 
associated with arrows are the citation numbers for the supporting  
references.

Figure 2. Histogram showing duration (h) of water restriction. Open 
arrows show recommendations from leading textbooks. Numbers as-
sociated with arrows indicate the citation numbers for the supporting 
references.

Figure 3. Preoperative fasting descriptions in publications describing 
intraabdominal surgery or extraabdominal surgery. The gray area de-
picts the number of papers that recorded that the pigs were fasted, 
and the white area depicts the number of papers in which the fasting 
of pigs was not recorded. The difference is statistically significant (P = 
2.03 × 10-9, χ2 test).
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in pigs. For example, one text recommended prior to surgery 
that “castor oil (2.5 mg/kg) be given orally via gavage tube, but 
care should be taken to avoid esophageal reflux.50 In another, a 
soapy enema was advised “where surgery or radiography of the 
descending colon is to be performed.”17 Despite these recom-
mendations, only one paper in the current review reported the 
use of mechanical bowel preparation (a mixture of polyethylene 
glycol, sodium chloride, sodium bicarbonate and potassium 
chloride) before laparotomy and rectal anastomosis.13 However, 
evidence from human surgical practice currently supports the 
notion that “mechanical bowel preparation does not decrease 
anastomotic leakage, abscessation, or wound sepsis.”43 In ad-
dition, a recently conducted randomized controlled trial for 
gynecologic laparoscopy found a small but statistically sig-
nificant improvement in surgical visualization in patients who 
received a liquid diet for 48 h in addition to mechanical bowel 
preparation preoperatively.51 However, those patients also 
demonstrated a statistically significant increase in postoperative 
morbidities, including headache, weakness, tiredness, and over-
all discomfort. The authors of that study concluded that “the 
adverse consequences of liquid diet provision and mechanical 
bowel preparation outweighed the benefits.”51

The ages of pigs studied did not seem to affect the degree of 
resource restriction imposed; however, the paucity of informa-
tion on animal age precluded its statistical investigation. Indeed, 
one article described the use of “10 healthy adult pigs (Large 
White) with a mean weight of 31.5 ± 2.5 kg (range, 27 to 35 kg),” 
indicating an unfamiliarity with porcine growth rates that may 
be widespread in the biomedical research community. Age is 
an important consideration because a given period of food 
restriction is likely to have a greater effect on lighter animals. 
One investigation of pigs at different weights (20, 40, 60, 80 kg) 
found that the lighter (usually younger) pigs ate more meals.24

Breed was identified in 49 of the 233 papers reviewed, but 
the number of breeds was not adequate for statistical analysis. 
However, interbreed variation may affect the response to food 
restriction substantially. At a body mass of 30 kg—a popular size 
of experimental pig—the Gottingen minipig’s growth rate has 
plateaued or is close to a plateau phase. This situation contrasts 
with pigs of commercial breeds, which are still actively growing 
at this body mass. Consequently, food restriction in 30-kg pigs 
is more likely to produce severe consequences in animals bred 
from commercial lines than in minipigs.

In conclusion, the current review reveals wide variation in 
restriction protocols and absence of supportive evidence, which 
precludes standardization. We believe that the cost:benefit ratio 
of PFWR in laboratory pigs needs to be evaluated formally. Until 
that time, the decision whether to withhold food and water 
preoperatively in pigs—and for how long—should involve 
consideration of the animals’ age, growth rate, breed, and preg-
nancy and disease status and the operation to be performed. 
The case for particularly aggressive measures may be more 
defensible in animals facing gastrointestinal surgery. However, 
in this specific subgroup, the provision of a carbohydrate-dense 
drink for 12 h or so preoperatively may mitigate the adverse 
effects of food and water restriction.
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