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Abstract 14 

Background: There are few guidelines for the appropriate  mode of fluid administration during and 15 

after colic surgery, and is challenging to to reach the right balance while avoiding overhydration. 16 

This study aimed to compare goal-directed fluid therapy (GDFT) and ‘liberal’ (LFR) fluid regimens 17 

in horses undergoing small intestinal surgery. 18 

Methods: Eighteen horses subjected to small intestinal surgery were matched according to the 19 

surgical lesion, type of anastomosis, length of resection, and duration of clinical signs. Horses in the 20 

LFR group were administered intravenous (IV) fluids for at least 24 h. In the GDFT group, IV 21 

fluids were administered only when considered necessary based on clinical parameters. 22 

Postoperative reflux (POR), packed cell volume, total protein, heart rate, venous lactate level, 23 

complications, and long-term survival rates were compared. 24 

Results: Three horses in the LFR and one in the GDFT group developed POR. Horses in the GDFT 25 

group had a shorter time interval to first oral water intake and shorter hospitalisation time. 26 

Postoperative complication rates and survival were not different between groups. 27 

Conclusion: Further studies are necessary to set guidelines for the evaluation of hydration status 28 

and to plan postoperative fluid administration; however, GDFT may be a valid alternative to liberal 29 

fluid therapy after colic surgery. 30 

Keywords: colic, fluid therapy, postoperative complications 31 

  32 
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Introduction 33 

Intravenous fluid administration (IFA) in the postoperative period is an important component of 34 

postoperative care following intestinal surgery in human and veterinary patients; however, both 35 

delivery volumes and rates selected in veterinary medicine tend to be arbitrary, with most published 36 

guidelines lacking scientific support.1 The conventional postoperative IFA scheme for horses 37 

recovering from colic surgery is based on a ‘maintenance rate’, which is calculated based on the 38 

patient’s weight and then integrated with fluid losses.  39 

Maintenance rates have been determined in fed horses—a condition completely different from 40 

horses recovering from colic surgery. Recently Freeman et al.2 demonstrated that healthy horses on 41 

a restrictive diet had water needs far below those recommended for horses on normal feed, 42 

highlighting the need for modulating IFA in the postoperative period. Although postoperative IFA 43 

is not based on the maintenance rate alone, one should consider that the ‘maintenance rate’, as used 44 

so far and added to replacement rates, may lead to overhydration.  45 

IFA volumes far exceeding the patient's actual needs appear to be common practice in the 46 

postoperative management of colic in horses; moreover, some evidence suggests that overhydration 47 

could reduce colloid osmotic pressure to levels related to decreased survival;3 moreover, a low 48 

intraoperative packed cell volume (PCV) was predictive of anaesthesia recovery failure and the 49 

need for gastric decompression after surgery.4 In humans, an inappropriate fluid balance can 50 

aggravate tissue inflammation, compromise wound healing, promote anastomotic leakage, and 51 

increase the incidence of ileus.5,6,7 52 

Both Freeman2,8 and Merritt and Blikslager9 advocated the need to re-think IFA in horses after colic 53 

surgery—especially in cases with a high risk of developing postoperative reflux (POR). In a recent 54 

study, Hoaglund et al.10 tried to correlate the presence of POR with the volume of IFA in a large 55 

and heterogeneous population of colic cases, and they concluded that IFA should be modulated 56 

based on the horses’ need based on biochemical data. 57 
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Further, fluid costs are high and can substantially add to costs of treatment—which may reduce 58 

options for owners where finances are limited.  59 

The current challenge in equine colic surgery now is to determine the right volume of fluid to be 60 

given to avoid both fluid overload and hypovolemia/hypoperfusion. 61 

In humans, to address these challenges, goal-directed fluid therapy (GDFT) has been proposed as an 62 

approach to tailor IFA according to the individual needs of patients undergoing major surgery.11 63 

Several studies in people suggest that GDFT is useful to improve postoperative outcomes and to 64 

decrease postoperative morbidity and both the duration and cost of hospitalisation.12-14 65 

We hypothesised that GDFT could be effective in the postoperative management of equine colic 66 

cases. This study aimed to: (I) evaluate the differences between two fluid protocols in terms of 67 

short- and long-term complications and follow-up, and (II) evaluate the validity of commonly used 68 

haematological and clinical parameters used to assess hydration status in colic horses. 69 

Materials and methods 70 

This was a retrospective, single-centre, study comparing two different groups of horses that 71 

received different fluid therapy regimens, conducted between 2015 and 2019 as a ‘before-and-after 72 

treatment’ evaluation. 73 

Animals 74 

Medical records of horses admitted to our university between January 2015 and May 2019 that 75 

recovered from colic surgery, had a definitive diagnosis of strangulating small intestinal disease, 76 

and survived to discharge were retrieved. Foals younger than 1 year and miniature horses were 77 

excluded. For each case admitted between January 2015 and December 2016, a matched case 78 

admitted between January 2017 and April 2019 was selected. Matching was accomplished based on 79 

the surgical pathology, type of anastomosis, length of resection, and duration of clinical signs. 80 

Surgical pathology was determined by the definitive diagnosis made at surgery. The same 81 

assumption was considered both for determining the type of anastomosis and the length of 82 

resection.  83 
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The parameter ‘duration of clinical signs’ was defined as the interval between hospital admission 84 

and the ‘last time seen normal’ by the owner/stable keeper. Since exact matching according to 85 

clinical sign duration was impossible— because clinical signs were variable, and the measurements 86 

were not accurate to the hour—we introduced classes for their duration (<6 h, 6–12 h, 12–18 h, 18–87 

24 h, >24 ) and followed the same approach for the length of resection (=0, ≤2 m, >2 m). 88 

Selected horses were assigned either to the liberal (LFR) or GDFT regimen group. Between January 89 

2015 and December 2016, nine horses were enrolled in the liberal fluid regimen group, while 90 

between January 2017 and May 2019, nine matched horses were assigned to the GDFT group. All 91 

horses were operated on by the same surgeon (MG). 92 

Fluid regimens 93 

Either before or during anaesthesia, both groups received ‘resuscitation’ fluid regimens of 20–80 94 

mL/kg of crystalloids (lactated Ringer’s solution starting at 20 mL/kg, which was then adjusted 95 

after reassessment) and eventually hypertonic saline and starch-based colloids at the discretion of 96 

the anaesthetist and as determined by cardiovascular and clinical status, PCV, total protein (TP) 97 

level, and venous or arterial lactate level. After surgery, the LFR group were administered 98 

intravenous (IV) fluids at a maintenance rate of 2 mL/kg/h (plus fluid losses) for at least 24 h post-99 

recovery from anaesthesia. Patients in the GDFT group were not routinely administered any IV 100 

fluid after recovery from anaesthesia. Fluid therapy was either terminated, adjusted (both groups), 101 

or initiated (GDFT group) based on clinical status, an increase in heart rate (HR), PCV, TP levels, 102 

and venous lactate levels, or the presence of POR. These parameters—and the total administered IV 103 

fluid and water intake—were measured upon arrival, immediately after surgery, and every 4 h. 104 

Venous lactate level was excluded because it was measured initially every 2 h.  105 

Jejunojejunal anastomoses were performed in an end-to-end fashion with a continuous appositional  106 

pattern. Jejunocaecal anastomoses were mostly performed in a handsewn double-layer fashion, 107 

while in two cases (one per group), they were performed with an 80-mm gastrointestinal 108 

anastomosis (GIA) stapler.a The fluid content of the whole small intestine was emptied into a 109 
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bucket before resection; then, a pelvic flexure enterotomy was performed in all cases, emptying the 110 

large colon's contents. The abdominal wall was sutured with a simple continuous pattern with two 111 

strands of USP 2 Lactomer 9-1 loop (Polysorb). b The skin was closed with a simple continuous 112 

pattern with USP 1 nylon (Monosof). c 113 

In both groups, oral fluid intake was encouraged as much as possible in the postoperative period by 114 

providing water soon after surgery; similarly, early feeding within 8 h after recovery was also 115 

established because it is part of our hospital's Fast Track Recovery Pathway program. Other 116 

treatments were limited to preoperative gentamicin sulphate (Aagentd, 6.6 mg/kg IV), 117 

benzylpenicillin procaine (Prontocille, 12.000 IU/kg intramuscular), both pre- and postoperative 118 

flunixin meglumine administration (Meglufenf 1.1 mg/kg IV bid), and calcium gluconate (CapHg at 119 

label dose). 120 

To assess the homogeneity of groups, age, weight at arrival, duration of clinical signs, definitive 121 

diagnosis, surgical time, and the length of intestine resected were reported and compared, in 122 

addition to the preoperative haematoclinical parameters (PCV, TP level, and HR), preoperative 123 

reflux quantity, and pre- and intraoperative fluid administration. Short-term complications were 124 

defined as the diagnosis of incisional infections (any wound discharge other than serosanguineous 125 

discharge), postoperative colic, or POR, which was defined as any net retrieval of fluids at 126 

nasogastric intubation, which was performed only if clinical signs (increased HR, pain, increase in 127 

PCV/TP) were present. To adjust for horse size, we expressed the litres of fluid retrieved in relation 128 

to horse weight (litres of reflux/100 kg body weight) after surgery. Further, we considered the 129 

duration of POR between the first nasogastric intubation with the retrieval of reflux and the last 130 

attempt in which fluid was retrieved. The duration of hospitalisation was counted to the 131 

postoperative day on which the horse was considered ready for discharge, thus avoiding biases 132 

introduced by the owners’ decisions to collect their horses after a formal discharge 133 

recommendation.  134 
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Details pertaining to the postoperative fluid regimen (both pre- and intraoperative fluids, 135 

postoperative fluid administration, days on IV fluids, and oral water intake) were recorded and 136 

compared between groups. To define effects and adjust fluid therapy, the postoperative values of 137 

haematological and clinical parameters (PCV, TP level, HR, and venous lactate level) were 138 

recorded and compared between groups. An analysis was performed on a blood sample, collected 139 

from an IV catheter, discarding at least 15 mL of blood drawn out of the catheter each time before 140 

collecting the sample for analysis.15 141 

Both long-term survival (>12 months) and the incidence of complications (postoperative colic, 142 

incisional infection, and laminitis) were determined by telephone follow-up with the owner. 143 

Statistical methods 144 

Both the study power and sample size were calculated with a custom-made excel calculator, setting 145 

the alpha level at 0.05 and 90% power using the mean IV fluid quantity in the first 24 h 146 

postoperatively; we assumed that horses in the GDFT group were administered half of the quantity 147 

of fluids (12 L/day) than a horse in the LFR group (24 L/day for a 500-kg horse). 148 

Data normality was assessed using the Shapiro-Wilk test. For normally distributed variables, an 149 

unpaired t-test with Welch correction was used to compare the data, reporting the results as means 150 

+/- standard deviations. For variables that did not show a normal distribution, the Mann-Whitney 151 

test was used, and the results were reported as medians (ranges). A Fischer’s exact test was used to 152 

highlight differences in long term survival between groups. Significance was considered for P 153 

values less than 0.05. Statistical analyses were performed using commercial software (Prism 8.0, 154 

GraphPad, San Diego, California, USA). 155 

Results 156 

Our sample size estimation suggested that eight subjects per group would be optimal. Data on 157 

signalment, history, and surgery are reported in Table 1; no intergroup differences were noted for 158 

any of these variables. Table 2 reports the results for preoperative haematological and clinical 159 

parameters; no intergroup differences were noted any of these parameters. Moreover, no intergroup 160 
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differences were noted in the administered amounts of pre- and intraoperative fluids, as described in 161 

Figure 1. The amounts of preoperative reflux are presented in Figure 2. 162 

Complications before discharge 163 

Regarding short-term postoperative complications, POR developed in one horse alone in the GDFT 164 

group and three in the LFR group. The quantity and duration of POR did not differ between groups, 165 

as shown in Figure 3. Incisional drainage was reported in one horse alone per group; postoperative 166 

colic was reported in one horse in the GDFT group. The groups showed a significant difference in 167 

the duration of hospitalisation because the GDFT group presented 20% reduced time, corresponding 168 

to approximately 2 days. (Table 1). 169 

Fluid administration  170 

Postoperative fluid administration data are presented in Figure 4. Both the number of IV fluids (Fig. 171 

4A) and the duration (Fig. 4B) of IV fluid administration were significantly different between 172 

groups when considering the whole sample. The time between surgery and first-time interval to 173 

voluntary water consumption (42.7±19 h for the GDFT group and 57.4±37.5 h for the LFR group, 174 

p=0.0457; Fig. 5A) and the quantity of water consumed in the first 24 h (20.5±16.6 ml/kg/day for 175 

the GDFT group and 7±6.2 ml/kg/day for the LFR group, p=0.031, Fig. 5B), were significantly 176 

different between groups. Subsequently, the intergroup differences were not significant and 177 

apparently normalised between days 4 and 6 postoperatively (Fig. 5B). 178 

Clinical parameters 179 

Figure 6A presents the data for PCV, before and after surgery, in the liberal and GDFT groups. The 180 

trend of the lines is similar, and the statistical analyses did not highlight any intergroup differences. 181 

The variations in the TP level in horses, before and after surgery, are represented in Figure 6B. Both 182 

groups showed similar trends with no statistically significant differences. For HR, some differences 183 

were highlighted in the postoperative period; the results are shown in Figure 6C. Measurements of 184 

lactate level in the venous blood were performed until 72 h after surgery. Both groups showed an 185 

initial increase in the lactate level during surgery, followed by a rapid decrease. The behaviour of 186 
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the groups was similar (Figure 6D), with significant differences being noted only in the immediate 187 

postoperative period.  188 

Long-term follow-up data for a minimum of 12 months (range, 12–60 months) were obtained for all 189 

enrolled horses. Overall long-term survival (>12 months) was 83.3% with no intergroup difference 190 

(88.9 % in the GDFT group; 77.8% in the liberal group; p=1). In the GDFT group, one horse was 191 

euthanised due to a colic episode at 13 months. No other episodes were reported for this horse in the 192 

intervening period. In the LFR group, one horse was euthanised at 3 postoperative weeks due to a 193 

colic episode. Another horse was euthanised due to a colic episode at 8 postoperative months. All 194 

other horses showed no reported complications that could be related to the first colic surgery. 195 

Discussion 196 

This study demonstrated that GDFT implementation was possible and did not result in more 197 

complications than a standard fluid therapy approach in horses that underwent small intestinal 198 

surgery for treatment of strangulating lesions at our institution.  199 

According to Archer16 and Freeman,17 equine surgeons should strive to reduce the cost of colic 200 

surgery through a more selective approach to drug usage and a greater emphasis on preventing 201 

complications8 to allow more horses to have the chance of undergoing life-saving emergency 202 

surgery. This approach could be modelled on the concept of ‘fast-track surgery’, or ‘enhanced 203 

recovery after surgery’, applied to human gastrointestinal patients.8 This study also used other 204 

enhanced recovery protocol components, such as early access to water, early enteral feeding, 205 

routine emptying of the large colon via pelvic flexure enterotomy, exclusion of routine nasogastric 206 

intubation, use of short incisions (when indicated or possible), early ambulation, and strict 207 

adherence to the selected fluid regimen.18-20 Together with reduced IFA, all these procedures may 208 

ultimately lead to a reduction in costs for colic surgery, that may, therefore, allow more owners to 209 

afford it. 210 

To the best of our knowledge,  only one study  has attempted to relate IV fluid administration to 211 

POR; Hoaglund et al.10 reported no differences in fluid administration in two groups of horses that 212 
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underwent colic surgery and developed (cases) or did not developed (controls) POR. However, it is 213 

difficult to compare our findings with the findings of that study, due to differences in study design, 214 

populations (all colic cases vs small intestinal strangulation cases), and postoperative management. 215 

Moreover, they reported that a large proportion of the cases that developed POR involved large 216 

intestinal pathologies, which was uncommon in other studies and may indicate other factors related 217 

to the horse population or hospital management. The cumulative incidence of POR in our study is 218 

similar to those reported in other studies21, although the percentage in the GDFT group is lower 219 

than that in the LFR group. While one could speculate that this difference was attributable to the IV 220 

fluid regimen, it also could be due to a ‘learning effect’ developed during the years covered by the 221 

study. In fact, Freeman21 proposed that technical errors in the anastomotic technique or mechanical 222 

causes of anastomotic obstruction were likely causes in most cases of POR, and our results 223 

probably support this statement. The duration of POR in these horses was limited to a single 224 

retrieval of reflux, further excluding other causes of POR, such as POI, and supporting the 225 

statement that surgical factors may contribute to POR more than other factors.8,21 Excluding the two 226 

horses for which a possible explanation of POR has been provided above, the incidence of true POI 227 

in our study was 10%, in accordance with the findings reported by Freeman et al.22 All horses that 228 

developed POR in our study had some degree of gastric impaction, revealed by direct palpation at 229 

surgery, as reported by others concurrently to other forms of colic.23 Thus, in addition to the 230 

anastomotic technique and intestinal oedema, gastric contents could move from the stomach and 231 

contribute to anastomotic impaction in the postoperative period. 232 

Nevertheless food intake should be encouraged in the postoperative period to stimulate gut motility 233 

and, in selected cases, to prevent hypertriglyceridemia, eliminate the need for parenteral nutrition.24-234 

25 and to promote water intake. In fact, Freeman et al.2 observed that unfed horses drink 235 

significantly less than fed horses. This is in accordance with our findings and, in our opinion, 236 

contraindicated waiting for the horse to drink water before allowing food intake, as reported by 237 

some authors. Actually, the opposite approach may be preferable. In our study, horses that were not 238 

ha formattato: Non Evidenziato

ha formattato: Non Evidenziato
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administered postoperative IV fluids were able to maintain the hydration status achieved by 239 

intraoperative fluid therapy for days until sufficient quantities of forage had been ingested. These 240 

horses ate before drinking, supporting the statement made by Freeman et al2 on healthy horses, and 241 

suggesting that horses recovering from colic surgery may be overhydrated. 242 

In our study, there was some evidence of overhydration, as demonstrated by the initial decrease of 243 

the TP level in both groups, both in the intraoperative and immediate postoperative period followed 244 

by a rise in the following days (Fig. 6B). Although an increase in TP level in the postoperative 245 

period can also be due to an increase in immunoglobulin or fibrinogen, this finding highlights the 246 

importance of modulating pre- and intra-operative fluid administration. We used PCV, TP levels, 247 

HR, and lactate levels to guide pre-, intra-, and postoperative fluid administration and to evaluate 248 

pre- and postoperative hydration status. High PCV, TP levels, and HR at admission have also been 249 

considered as negative prognostic indicators.8 These parameters widely vary both between and 250 

within the horses at different time points, thus inaccurately reflecting hydration status; however, 251 

their trend can serve as a rough indicator. The analysis of a larger population of colic cases in our 252 

hospital showed that these four values' ratio, both at admission and the end of the surgery, was more 253 

likely to be an indicator of outcome than the values at admission alone (Gandini M, unpublished 254 

data); further investigations in this area are needed to confirm this.  255 

Lactate levels measured serially over the first several days of hospitalisation appear to provide 256 

prognostic information in human critical care medicine and may have a use in equine patients.26 In 257 

line with the findings reported by Edner,27 we found an increase in the venous blood lactate level 258 

after fluid resuscitation, potentially due to a wash-out effect from the tissues. Truly, we found an 259 

increase in blood lactate levels during surgery and a decrease uncorrelated to the fluid therapy 260 

regimen in the following hours in both groups. Venous blood lactate levels are a useful indicator of 261 

perfusion at the tissue level; however, our study's results were not useful to guide the modulation of 262 

IFA, possibly because colicky horses usually presented evidence of muscle pathology (from 263 
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struggling, transportation, recumbent position, and recovery from anaesthesia) that can initially 264 

contribute to increased venous blood lactate levels.  265 

Our study showed that PCV and, even more so, TP level, appear to work fairly well in determining 266 

the need for fluid therapy according to our results; however, more specific tools are needed. 267 

Therefore, in our opinion, both equine surgeons and anaesthetists should strive to identify better 268 

means of measuring hydration status in the colic patient. Many horses with colic might benefit from 269 

GDFT for volume support, although fluid responsiveness should always be taken into 270 

consideration; this is an important concept in human medicine and distinguishes patients who would 271 

benefit from fluid resuscitation.28 Our findings underscore the need for measuring variables that 272 

appropriately guide GDFT, although such measurements could be difficult for the horse.29 273 

Extrapolation of data from other species should be conducted with caution due to risk of 274 

overlooking unique physiological horse features, such as cardiac capacity for compensation of 275 

hypovolemia, the role of other compartments, including the hind gut's capability to act as a 276 

reservoir for fluids, and the peculiar characteristics of fibre digestion, which is responsible for most 277 

of the use of water in the equine body.2 278 

Our study had some limitations. Given its ‘before-and-after’ nature, we cannot claim causality 279 

between GDFT intervention and observed changes in postoperative outcome. We assigned cases to 280 

the GDFT group if one matched case was present in the LFR group. Although randomisation would 281 

have been more accurate, it would have required a much larger number of cases. We tried to limit 282 

the negative effects of this approach by selecting cases involving the same surgeon, same hospital, 283 

and a relatively short time frame. The small number of horses in each group, although sufficient for 284 

study power, was a limitation in assessing the validity of our protocols. We chose to match the 285 

cases very closely because it is probably of little significance to generally include ‘colic cases’ 286 

when evaluating medical and surgical treatments that are applied to diseases that occur in different 287 

anatomical sites, have different aetiologies, and show different clinical features. Thus, this 288 
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limitation may also be regarded as a strength because we tried to examine the effects of therapy on 289 

a group of pathologies presenting very similar features and problems.  290 

Because many metabolic changes and the resultant necessity for intensive therapy are caused by the 291 

duration of the obstruction and progression of the pathology, matching for the duration of clinical 292 

signs allowed us to compare horses that were as similar in metabolic (hence fluid) derangements as 293 

possible. Nevertheless, a greater emphasis on the location of the diseases (proximal/distal jejunum, 294 

ileum) than on the pathology could have yielded a more accurate comparison. In fact, horses with 295 

the same pathology (e.g. strangulating lipoma) and similar duration of clinical signs, but with 296 

different obstruction sites (distal/proximal jejunum) may show very different pathologic and 297 

metabolic features.  298 

The parameters used to modulate IV fluid administration, although widely used in clinical practice, 299 

were incomplete. Urine output monitoring, serial measures of creatinine and urine-specific weight 300 

were not available in a sufficient number of cases selected for the study; adding them to our 301 

analysis may have yielded different results. 302 

 The long-term survival of our cases was in accordance with the findings of other studies,29 and 303 

although the survival was higher in the GDFT group, the small number of horses in the study 304 

prevented us from conclusively stating that GDFT was more effective than the liberal regimen.  305 

In conclusion, implementing an intraoperative GDFT protocol was feasible in our tertiary medical 306 

centre. Although our results did not allow us to detect a statistically significant positive effect of 307 

GDFT compared with our past practice, the individualisation of fluid therapy did comply with the 308 

fluid needs of horses recovering from colic surgery and could help minimise cost due to the reduced 309 

amount of fluid administered and the shorter hospital stay. Further studies are needed to understand 310 

the correct hydration strategy, define when hydration balance is achieved, and determine if other 311 

parameters could be used to better evaluate fluid administration at admission, during anaesthesia, 312 

and after colic surgery. 313 

 314 
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  Case # Age Breed Sex 
Weight 

(kg) 

Hours 
since 
last 

seen 
normal 

Diagnosis at 
surgery 

Type of 
anastomosis 

Length of 
resection 

(m) 

Duration 
of 

surgery 
(min) 

Length of 
hospitalisation 

(days) 

GDFT 

1a 8 SB M 430 6–12 Inguinal hernia JJ-ETE 0.5 140 10 

2a 10 Sella italiano F 418 12–18 
Ileo-caecal 

intussusception JCE-STS 1.5 145 7 

3a 20 
Quarter 
horse G 438 12–18 

Pedunculated 
lipoma JJ-ETE 1.5 135 8 

4a 12 Selle 
francaise 

G 568 6–12 Pedunculated 
lipoma 

JJ-ETE 1.5 130 8 

5a 13 Sella italiano G 512 12–18 
Epiploic foramen 

entrapment JCE-STS 2.5 125 8 

6a 8 Sella italiano F 430 18–24 Jejunal volvulus - 0 100 7 

7a 8 Paint G 410 6–12 
Epiploic foramen 

entrapment JJ-ETE 4 130 11 

8a 2 TB M 412 12–18 Epiploic foramen 
entrapment 

JCE-STS 3.5 195 8 

9a 13 Sella italiano F 490 6–12 
Pedunculated 

lipoma 
JJ-ETE 2 120 9 

Mean+/-
SD 

10.44+/-4.9  
1.7+/-
1.36 

135.6+/- 
25.8 

8.4+/- 1.3 * 

Median 
(range) 

  
430                

(410-
568) 

  
      

       

  Case # Age Breed Sex 
Weight 

(kg) 

Hours 
since 
last 

seen 
normal 

Diagnosis at 
surgery 

Type of 
anastomosis 

Length of 
resection 

(m) 

Duration 
of 

surgery 
(min) 

Length of 
hospitalisation 

(days) 

LFR 

1b 5 Sella italiano M 488 6–12 Inguinal hernia JJ-ETE 1 145 9 

2b 1 Arab M 210 12–18 Ileo-caecal 
intussusception 

JCE-STS 3 120 10 

3b 18 Arab F 450 12–18 Pedunculated 
lipoma 

JJ-ETE 2 140 8 

4b 14 Argentinian G 470 6–12 
Pedunculated 

lipoma JJ-ETE 1.5 140 11 

5b 4 Standardbred F 500 12–18 
Epiploic foramen 

entrapment JCE-STS 2 135 10 

6b 18 Show Pony G 395 18–24 Jejunal volvulus - 0 140 8 

7b 11 Sella italiano G 550 6–12 
Epiploic foramen 

entrapment JJ-ETE 3 125 14 

8b 18 Dutch 
warmblood 

G 597 12–18 Epiploic foramen 
entrapment 

JCE-STS 4 125 15 

9b 17 Show Pony G 350 6–12 
Pedunculated 

lipoma JJ-ETE 1.5 135 11 

Mean+/-
SD 

1.8+/-1.3 
133.9+/-

8.6 
10.5+/-2.6 * 
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median        
(range) 

  
470                 

(210-
597) 

  
      

 

 328 

Table 1. Data on signalment, history, and surgery of the two groups of horses. *, p=0,001. 329 

Type of anastomosis: JJ-ETE jejunojejunal end-to-end, JCE-STS jejunocaecal side-to-side, 330 

Technique: HS handsewn, ST stapled 331 

 332 

 333 

 PCV (%) 
TP level 
(g/dl) 

HR 
(bpm) 

Venous blood 
lactate level 
(mmol/l) 

Reflux 
(l/100kg) 

GDFT 37.33+/-6.9 6.66+/-0.84 66+/-18 13.93+/-5,45 0.79+/-1.19 
Liberal 42+/-6.24 6.73+/-0.94 70+/-17 13.54+/-4.57 0.61+7-0.66 
 334 

Table 2. Preoperative haematological and clinical parameters of the two groups of horses 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 
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List of figure legends  351 

Figure 1. Quantity of crystalloids administered pre-and intra-operatively to re-establish blood 352 

volume (unpaired t-test, p=0.74) 353 

Figure 2. Quantity of gastric reflux at admission per 100 kg BW in the two groups of horses 354 

(Mann-Whitney test, p=0.94). 355 

Figure 3. Quantity of POR per 100 kg BW in the two groups of horses (Mann-Whitney test, 356 

p=0.45). 357 

Figure 4. Postoperative intravenous fluid administration in the two groups of horses:  358 

A. Quantity of IV crystalloids (lactated Ringer’s solution) administered per kg BW (Mann-359 

Whitney test, p=0.0006) 360 

B. Days of IV crystalloids (lactated Ringer’s solution) administration (Mann-Whitney test, 361 

p=0.0002) 362 

Figure 5. Postoperative oral water intake in the two groups of horses: 363 

A. First time to voluntary oral water intake (Unpaired t-test, p=0.4) 364 

B. Quantity of spontaneous water intake per kg BW per day (t-test, * p=0.03) 365 

Figure 6. Clinical and haematological parameters in the two groups of horses pre-, intra- and 366 

postoperatively (t-test): 367 

A. PCV (%) 368 

B. Total protein level (g/dl) 369 

C. Heart rate (bpm. * p=0.02, ** p=0.03, # p=0.049, # p=0.049) 370 

D. Blood venous lactate level (mmol/l. * p=0.002) 371 

  372 
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