
Frontiers in Veterinary Science 01 frontiersin.org

Retrospective analysis of 
postoperative complications 
following surgical treatment of 
ileal impaction in horses managed 
with manual decompression 
compared to jejunal enterotomy
Jennifer Ruff 1, Sandra Zetterstrom 2, Lindsey Boone 2, 
Erik Hofmeister 2, Caitlin Smith 3,4, Kira Epstein 4, 
Anthony Blikslager 1, Callie Fogle 1 and Megan Burke 1*
1 Department of Clinical Sciences, North Carolina State University, Raleigh, NC, United States, 
2 Department of Clinical Sciences, Auburn University, Auburn, AL, United States, 3 Department of Clinical 
Sciences, New Bolton Center, University of Pennsylvania, Philadelphia, PA, United States, 4 Department 
of Clinical Sciences, University of Georgia, Athens, GA, United States

Objective: The objective of this study was to compare the occurrence of post-
operative complications and survival to discharge in horses with ileal impactions 
resolved by manual decompression compared with jejunal enterotomy.

Animals: A total of 121 client-owned horses undergoing surgical correction of an 
ileal impaction at three teaching hospitals.

Materials and methods: Data from the medical records of horses undergoing 
surgical correction of an ileal impaction was retrospectively collected. Post-
operative complications, survival to discharge, or post-operative reflux present 
were evaluated as dependent variables and pre-operative PCV, surgery duration, 
pre-operative reflux, and type of surgery were evaluated as independent variables. 
Type of surgery was divided into manual decompression (n = 88) and jejunal 
enterotomy (n = 33).

Results: There were no significant differences in development of minor 
complications, development of major complications, presence of post-operative 
reflux, amount of post-operative reflux, and survival to discharge between horses 
that were treated with manual decompression and those treated with distal jejunal 
enterotomy. Pre-operative PCV and surgery duration were significant predictors 
of survival to discharge.

Conclusions and clinical relevance: This study showed that there are no 
significant differences in post-operative complications and survival to discharge 
in horses undergoing distal jejunal enterotomy versus manual decompression for 
correction of ileal impaction. Pre-operative PCV and duration of surgery were 
found to be the only predictive factors of survival to discharge. Based on these 
findings, distal jejunal enterotomy should be  considered earlier in horses with 
moderate to severe ileal impactions identified at surgery.
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Introduction

Ileal impaction is the most common cause of non-strangulating 
obstruction of the equine small intestine, accounting for 2.2–23% of 
all small intestinal colic cases (1). Ileal impactions are often 
successfully resolved with medical treatment. However, horses with 
persistent abdominal pain, peritoneal fluid abnormalities, and gastric 
reflux may require surgical intervention (2). A commonly described 
surgical method is manual decompression by extraluminal massage 
of the impaction and passage of ingesta into the cecum. Intraluminal 
infusion of saline, or dioctyl sodium sulfosuccinate (DSS), as well as 
hydration of the impaction with fluid from the proximal bowel, have 
all been described to aid surgical resolution (3). Despite widespread 
use of manual decompression, the amount of tissue handling necessary 
and potential for increased surgery time may predispose horses to 
complications such as adhesion formation and post-operative ileus 
due to increased inflammation in the intestinal wall (4–9) (Figure 1).

Enterotomy of the small intestine is rarely performed, due to 
concern for contamination of the surgical field, the potential for 
prolonging the return of peristalsis, adhesion formation, and a risk of 
stricture at the enterotomy site (10). Performing a jejunal enterotomy 
may decrease tissue trauma as a previous study showed that 
performing a jejunal enterotomy created a less severe inflammatory 
reaction than other types of small intestinal manipulation (11). This 
may be especially beneficial in more severe cases requiring excessive 
manipulation, or in young horses more prone to adhesions. A recent 
case report describes a good outcome following jejunal enterotomy for 
resolution of an ileal impaction in a 4 month old Arabian filly (12). 
Previous retrospective studies have included a small number of cases 
where distal jejunal enterotomies were performed to aid in reduction 
of ileal impactions (2, 10, 13–16). However, no studies have specifically 
investigated the use of jejunal enterotomy to treat ileal impaction. 
Furthermore, no study has compared the rate of complications or 
survival outcomes for horses undergoing surgical correction of ileal 
impaction using manual reduction versus jejunal enterotomy.

It is our clinical impression that performing a jejunal enterotomy 
decreases surgical time and tissue handling, which may decrease 

postoperative complications and improve long term outcomes. The 
objective of the present study was to compare the occurrence of post-
operative complications and survival to discharge in horses with ileal 
impactions resolved by manual decompression with those resolved 
using jejunal enterotomy. Our first hypothesis was that horses treated 
with distal jejunal enterotomy would have fewer postoperative 
complications than horses treated with manual decompression. 
We  further hypothesized that horses undergoing distal jejunal 
enterotomy would have increased survival to discharge than horses 
treated with manual decompression.

Materials and methods

Inclusion criteria

Horses that had surgical correction for an ileal impaction at three 
equine teaching hospitals between January 1, 2008 and May 1, 2021 
were included in the study. Horses were excluded if the ileal impaction 
was not the primary lesion identified at surgery or if the horse was 
euthanized intraoperatively.

Pre-operative information

Pre-operative information obtained from the medical record 
included admission date, age, sex, breed, surgery date, duration of 
colic episode, admission physical exam (heart rate, respiratory rate, 
temperature, mucous membrane color, capillary refill time, 
borborygmi), admission bloodwork (packed cell volume, total protein, 
lactate, white blood cell count), abdominal palpation per rectum 
findings, abdominocentesis (gross appearance, lactate, protein, white 
blood cell count), abdominal ultrasound findings, and presence/
absence of reflux (defined as >2  L obtained at any point before 
surgical intervention).

Intra-operative information

Intra-operative information gathered from the medical record 
included anesthesia and surgery time and manual decompression vs. 
jejunal enterotomy.

Post-operative information

Post-operative information obtained included presence/absence 
of post-operative reflux (POR) (defined as >2  L of reflux at any 
intubation following surgery), post-operative colic, repeat laparotomy, 
systemic inflammatory response (SIRS), defined as having 3 or more 
of the following: heart rate > 70 beats per minute, packed cell 
volume > 45%, temperature > 101.5*F within 48 h post-operatively, 
white blood cell count of >12,500 cells/μL or < 4,500 cells/μL, and a 
respiratory rate of >30 breaths per minute, incisional infection, and 
post-operative euthanasia.

Complications other than post-operative reflux were categorized 
as either minor or major. Minor complications included postoperative 
colic that resolved without surgery and SIRS. Major complications 

FIGURE 1

Serosal and mesenteric inflammation of the ileum and distal jejunum 
after manual decompression to resolve an ileal impaction.
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included the need for a second laparotomy and development of 
incisional infection.

Statistics

Logistic regression models with backwards conditional 
elimination using minor complications, major complications, survival 
to discharge, or post-operative reflux present as dependent variables 
and pre-operative PCV, surgery duration, pre-operative reflux, and 
type of surgery as independent variables were built (four different 
models). A linear regression model with backwards elimination using 
post-op reflux amount as the dependent variable and pre-operative 
PCV, surgery duration, pre-operative reflux, and type of surgery as 
independent variables was built. Independent variables were chosen 
by the authors as being those believed to be most relevant to the 
patient outcome. A ROC curve for pre-operative PCV and surgery 
duration was built to distinguish patients who survived vs. those who 
did not. The Youden’s Index was calculated to determine the break 
point value which best predicted patient survival. Cases were then 
divided into being above or below this break point (i.e., “long” surgery 
duration or “not long” surgery duration) and a new logistic regression 
model was built with survival as the dependent variable and 
pre-operative PCV (“high” or “not high”), surgery duration (“long” or 
“not long”), pre-operative reflux, and type of surgery as independent 
variables. Significance was set at alpha = 0.05.

Results

One hundred and thirty horses underwent surgical correction 
of an ileal impaction at one of the three equine referral centers 
between January 1, 2008 and May 1, 2021. Ten horses were 
euthanized intraoperatively and therefore excluded. One hundred 
and five cases had all of the necessary data for multivariate analysis. 
Breeds included 35 Quarter Horses, 17 Thoroughbreds, 9 
Warmbloods, 7 Arabians, 6 Paints, 4 Irish Sport Horses, 4 Morgans, 
4 Saddlebreds, 3 Friesians, 3 Gypsy Vanners, 3 Hanoverians, 3 
Oldenburgs, 3 Percherons, 3 Paso Finos, 2 Holsteiners, 2 Missouri 
Fox Trotters, 2 Mixed Breed horses, 2 Ponies, 2 Welsh Ponies, 1 
American Saddle Horse, 1 Andalusian, 1 Belgian, 1 Dutch 
Warmblood, 1 Mecklenberg, 1 Standardbred, and 1 unknown breed. 
Median age was 10 years (range, 0.42–28 years).

No preoperative variables were significantly different when 
compared between horses treated with manual decompression vs. 
jejunal enterotomy (Table  1). No preoperative variables were 
associated with the development of minor or major complications, or 
with the presence or volume of post-operative reflux. There were no 
significant differences in development of minor complications, 
development of major complications, presence of post-operative 
reflux, amount of post-operative reflux, and survival to discharge 
between horses that were treated with manual decompression and 
those treated with distal jejunal enterotomy (Table 2).

Pre-operative PCV (p = 0.002) and surgery duration (p = 0.025) 
were significant predictors of survival to discharge. The ROC curve 
indicated a cut off to discriminate surviving and non-surviving horses 
for PCV at >51% and for surgery duration at >118.5 min. Horses with 
a high PCV were 13.7 times less likely (95% CI: 3.1–60.9) to survive 

(p = 0.001) and horses with a long surgery duration were 6.2 times less 
likely (95% CI: 1.5–25.5) to survive (p = 0.012).

Discussion

This study compared survival to discharge, development of 
postoperative reflux, and the number and severity of postoperative 
complications in horses undergoing surgical correction of an ileal 
impaction with manual decompression versus jejunal enterotomy. 
There was no difference between groups in the development of reflux, 
or in the total volume of reflux produced. Similarly, there was no 
difference in the development of major or minor complications 
between groups.

Retrospective studies of horses with ileal impaction from the 
1980s (10, 14), reported decreased survival for horses undergoing 
small intestinal enterotomy, compared to horses where no enterotomy 
was performed. However, a recent case report (12) showed good 
short-and long-term outcomes in a filly with an ileal impaction treated 
by jejunal enterotomy. In light of advances in veterinary medicine in 
the last 30 years, our aim was to reassess the safety and efficacy of 
jejunal enterotomy in a group of horses undergoing surgical correction 
of ileal impaction. Our results showed that for this group of horses, 
survival to discharge was not better for manual decompression 
compared with jejunal enterotomy.

Similar to previous studies (17–21), increased pre-operative PCV 
was found to be a negative predictor of survival to discharge. In our 
population, every 1% increase in PCV decreased the likelihood of 
survival to discharge by ~12%. Increased pre-operative PCV is often 
correlated with more severe hemodynamic compromise, due to either 
the duration of colic, or the severity of the lesion (21). Both of these 
factors make horses poorer anesthetic candidates and increased 
pre-operative PCV likely reflects the degree of systemic inflammatory 
response that may develop post-operatively (22). These horses are 
more likely to develop post-operative complications, increasing their 
morbidity and mortality rates.

Surgery time was also identified as a significant predictor of 
survival to discharge. Horses with surgery longer than 118.5 min were 
6.2 times less likely to survive to discharge than horses with surgery 
time less than 118.5 min. A previous study (23) found that duration of 
surgery is a variable with considerable prognostic value on long-term 
survival. Some causes of longer surgery time (e.g., amount of affected 
bowel, accessibility of affected segments) are unavoidable. Other 
factors, such as rapid identification of the lesion and surgical decision 
making, can shorten surgery, indirectly improving survival. In our 
clinical experience, performing a jejunal enterotomy in horses with 
long or very firm impactions results in faster resolution of the 
impaction compared to manual decompression. In this study although 
there was no significant difference in surgical time between manual 
decompression and jejunal enterotomy, mean surgical time for the 
enterotomy group was longer than for manual decompression. It is 
likely, especially for the earlier cases in this retrospective, that many 
surgeons attempted manual decompression prior to performing an 
enterotomy and only transitioned to jejunal enterotomy once manual 
decompression failed. It is our clinical impression that resolution of 
the impaction occurs rapidly once enterotomy is performed, whether 
it is done immediately or after a period of manual decompression. As 
this study shows no negative effects of enterotomy on short term 
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survival, we would suggest that transitioning to an enterotomy sooner 
in more severe cases may shorten surgery times or result in differences 
in outcome for horses undergoing manual decompression vs. 
enterotomy. However, a prospective study would be  required to 
confirm this assumption.

Manual decompression increases intestinal inflammation due to 
increased tissue handling, which may lead to development of post-
operative ileus. A previous study has evaluated different types of 
intestinal manipulation during surgery, including manual 
decompression and intestinal enterotomy. The results of that study 

TABLE 1  Results of univariable analysis of pre-operative variables between decompression and enterotomy groups.

Manual decompression (n = 88) Jejunal enterotomy (n = 33) p-value

Lactate (mmol/L) 2.7 ± 2.2 (2.2–3.2) 3.4 ± 3.3 (2.1–4.7) 0.54

Heart rate (bpm) 58 ± 20 (53–62) 59 ± 22 (51–67) 0.93

Peritoneal fluid lactate (mmol/L) 4.0 ± 2.8 (3.2–4.9) 4.6 ± 3.9 (2.3–6.9) 0.73

Peritoneal fluid protein (mmol/L) 2.5 ± 1.1 (2.2–2.9) 2.9 ± 1.3 (2.1–3.6) 0.34

Colic duration (hours) 2.4 ± 0.9 (2.2–2.6) 2.5 ± 0.9 (2.2–2.9) 0.49

Respiratory rate (brpm) 23 ± 8.7 (21–25) 29 ± 14 (21–31) 0.82

Temperature (°F) 99.5 ± 1.2 (99.2–99.7) 99.3 ± 1.8 (98.7–100.0) 0.77

Packed cell volume (%) 42 ± 8 (40–44) 42 ± 7 (39–45) 0.91

Total protein (g/dL) 7.5 ± 1.1 (7.3–7.7) 7.3 ± 0.9 (7.0–7.6) 0.4

White blood cell count (×103/μL) 9.3 ± 3.4 (8.6–10) 9.6 ± 3.5 (8.2–11) 0.7

Peritoneal fluid white blood cell count 

(×103/μL)
1,142 ± 3,406 (193–2090) 746 ± 2,130 (−389–1880) 0.66

Reflux (L) 6.9 ± 8.6 (4.5–9.2) 4.5 ± 7.9 (1.2–7.7) 0.22

CRT (seconds)

0.1  <2 s 40 (47%) 10 (29%)

  >2 s 46 (53%) 24 (71%)

Borborygmi

0.49
Normal 5 (6%) 4 (12%)

Decreased 55 (65%) 19 (58%)

Absent 25 (29%) 10 (30%)

Distended small intestine on rectal 

palpation
1

  Yes 76 (90%) 27 (93%)

  No 8 (10%) 2 (7%)

Ileal impaction palpable

0.72  Yes 7 (9%) 3 (11%)

  No 73 (91%) 25 (89%)

Grossly turbid peritoneal fluid

0.3  Yes 18 (23%) 4 (13%)

  No 61 (77%) 27 (87%)

Grossly serosanguinous peritoneal fluid

0.76  Yes 12 (15%) 3 (10%)

  No 68 (85%) 27 (90%)

Distended small intestine on 

ultrasound examination
0.3

  Yes 82 (98%) 30 (94%)

  No 2 (2%) 2 (6%)

Reflux

0.3  Yes 32 (35%) 15 (45%)

  No 59 (65%) 18 (55%)

Values are expressed as mean (± standard deviation) for continuous variables.
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demonstrated that emptying the small intestine via manual 
decompression causes more severe neutrophilic infiltration of the 
jejunal serosa and circular muscle than emptying via jejunal 
enterotomy in horses without gastrointestinal disease (11). 
Furthermore, although enterotomy alone did lead to an inflammatory 
response, it was weaker than all other intestinal manipulations 
performed (11). This supports performing an enterotomy sooner in 
cases of moderate to severe ileal impaction because reducing the 
amount of inflammation caused by surgical manipulation may 
decrease the risk of post-operative ileus, and result in better outcomes. 
The information gained from those studies suggests that a distal 
jejunal enterotomy should be considered as the first line of treatment 
in horses with moderate to severe ileal impactions.

Our hypothesis that distal jejunal enterotomy would decrease post-
operative complications and result in greater survival to discharge 
compared to manual decompression was not supported. However, our 
results showed that jejunal enterotomy resulted in similar survival to 
discharge compared to manual decompression. Therefore, jejunal 
enterotomy is a valid alternative to manual decompression in horses 
requiring surgical resolution of ileal impactions.

One limitation of this study is the number of cases, particularly in 
the enterotomy group which may have resulted in Type 1 error. 
Analysis of a larger population of horses may have resulted in 
statistically significant differences in the post-operative complications 
and survival to discharge between the two groups. However, distal 
jejunal enterotomies have not been performed commonly until more 
recently, limiting the number of cases available. The retrospective 
nature of this study also limits data analysis to what is available in the 
medical record. Information on the length and severity of the ileal 

impactions was not routinely recorded, and would be useful in future 
studies to help determine if enterotomies are truly beneficial in more 
severe impactions. Prospective clinical studies with horses randomly 
assigned to receive manual decompression or jejunal enterotomy are 
also warranted to evaluate the effect of treatment on the development 
of postoperative complications and survival outcomes. These results 
also only consider the short-term outcome in these cases. Long-term 
follow up would allow for better evaluation of complications such as 
adhesion formation and long-term survival rates.

In conclusion, this study showed that there are no significant 
differences in post-operative complications and survival to discharge 
in horses undergoing distal jejunal enterotomy versus manual 
decompression for correction of ileal impaction. Pre-operative PCV 
and duration of surgery were found to be the only predictive factors 
of survival to discharge. Based on these findings, distal jejunal 
enterotomy should be considered earlier in horses with moderate to 
severe ileal impactions identified at surgery.
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TABLE 2  Dependent and independent variables evaluated for each 
surgical treatment group.

Manual 
decompression 

(n = 88)

Jejunal 
enterotomy 

(n = 33)

P-
value

Age (years) 9.46 (5.99) 12.98 (6.72) 0.62

Pre-operative 

PCV (%)

42.2 (8.45) 42.2 (7.10) 0.002

Pre-operative 

reflux

30/88 (34%) 14/33 (42.2%) 0.29

Surgery 

duration 

(minutes)

132.5 (44.11) 146.9 (39.72) 0.025

Post-operative 

reflux

46/88 (52.3%) 18/33 (54.5%) 0.30

Volume of 

post-operative 

reflux (L)

24.2 (57.44) 33.4 (56.76) 0.45

Minor 

complications

51/88 (58%) 18/33 (54.5%) 0.68

Major 

complications

19/88 (21.6%) 3/33 (9.1%) 0.12

Survival to 

discharge

69/88 (78.4%) 25/33 (75.8%) 0.45

Values are mean (± standard deviation). p < 0.05 indicates a significant effect on survival to 
discharge.
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