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SUMMARY 
Postoperative abdominal fluid changes were compared 

in 2 groups of horses; those undergoing double small-co- 
lon resection and anastomosis (n = 10) and those 
undergoing exploratory celiotomy alone (n = 5). Perito- 
neal fluid was collected before surgery and on postoper- 
ative days 1,3,5,  and 7. Total and differential nucleated 
cell counts, RBC numbers, and total protein and fibrino- 
gen concentrations were evaluated. In both groups, all 
values were significantly higher than normal on the first 
postoperative day (after small-colon resection and anas- 
tomoses, WBC = 130,350 + 23,310 cells/pl, RBC = 
7,389,000 r 6,234,000 cellslpl, total protein = 3.63 + 
0.16 g/dl; after exploratory celiotomy alone, W B ~  = 166,620 
2 34,340 cell~/pl, RBC = 295,000 + 86,070 cell~/pl, total 
protein 4.38 ? 0.54 gldl). The number of total peritoneal 
nucleated cells and RBC significantly decreased after the 
first postoperative day, whereas total protein and fibrin- 
ogen concentrations, percent neutrophils, and percent 
mononuclear cells remained unchanged. None of the val- 
ues had returned to normal by postoperative day 7 (after 
small-colon resection and anastomoses, WBC = 45,600 + 
8,765 cellslpl, RBC = 95,390 + 53,380 cellslpl, total pro- 
tein = 4.39 + 0.23 gldl; after exploratory celiotomy alone, 
WBC = 43,340 + 7,746 cells/pl, RBC = 12,860 + 11,790 
cellsl~l, total protein = 3.92 + 2.20 g/dl.) The resection 
and anastomosis group had a significantly lower total 
protein concentration on the first postoperative day and 
a significantly higher mean total RBC count over the en- 
tire 7-day postoperative evaluation than did horses that 
underwent celiotomy alone. Other values in the 2 groups 
of horses did not differ significantly. As a result, there 
was insufficient evidence to conclude that resection and 
anastomosis of the small colon in healthy horses causes 
a different inflammatory response than does manipula- 
tion of the intestine alone. 
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Abdominal paracentesis has become an important aid 
in the diagnosis of abdominal diseases in horses. Tech. 
niques for obtaining samples and the normal values are 
well described.14 Abnormal values have been reported 
with abdominal wall penetration, splenic abscess, para- 
site migration, systemic abscessation, neoplasia, gas- 
trointestinal rupture, cranial mesenteric thrombosis, 
surgical contamination, and idiopathic phenomena."I2 The 
primary use of abdominal paracentesis in horses, how. 
ever, has been in establishing a differential diagnosis for 
acute abdominal crisis. Various disease states have been 
correlated with trends in color, turbidity, WBC count, RBC 
count, plasma protein concentration, enzyme changes, and 
shifts in the cytologic distribution of peritoneal fluid. These 
changes have been used as an aid to determine the need 
for surgery and to provide a prognosis for life.13-l6 How- 
ever, interpretation of abdominal fluid findings have not 
always been as diagnostically or prognostically consistent 
and accurate as reported.17,18 

Serial fluid evaluation is a useful indicator ; 
for assessing the response of peritonitis and abdominal 
trauma to medical treatment.6.10J1.19 Early identification 
of postoperative complications decreases the morbidity and 
mortality of these animals. However, unless obvious cy- 
tologic abnormalities exist, interpretation of peritoneal 
fluid values following extensive abdominal surgery has 
not been adequately defined. 

In experimental work, it has been shown that a notable 
postoperative inflammatory response occurs in the peri- 
toneal fluid following simple manipulation of the abdom- 
inal viscera and this response is greater than that following 
opening and closing of the abdomen without manipula- 
tion of the vi~cera.~O.~l However, it is not known how ma- 
jor intestine resection at the time of exploratory celiotomy 
affects peritoneal fluid constituents. 

Percutaneous peritoneal lavage with saline solution or 
saline solution containing antibiotics induced a transient 
inflammatory response with little or no change in the 
peritoneal surfaces 96 hours later a t  postmortem exami- 
nation.22 Peritoneal lavage with povidone iodine solu- 
tions as dilute as 3%, however, caused severe inflammation 
of peritoneal surfaces, which was evident in peritoneal 

Extracellular bacteria and a severe degenerative 
inflammatory response within the peritoneal fluid was 
seen over a 72-hour period in ponies that underwent ex- 
perimental infarction of 2 feet of jejunum.2s Although some I 
neutrophils and eosinophils are phagocytosed by mono- 
cytelmacrophage cells in the peritoneal cavity, most of 
these cells migrate through diaphragmatic stoma to the 
mediastinal  lymphatic^.^^ 

The small colon was selected for resection and anasto- 
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mosis because the descending colon has a high intralum- 
hal bacteria count and high collagenase activity, compared 
with other intestinal segments.25 Because of these inher- 
ent properties, it should provide maximal stimulus for 

fluid changes. 
To our knowledge, serial evaluation of the peritoneal 

fluid following uncomplicated intestinal resection and 
in horses has not been described. The pur- 

pse of the study reported here was to document the cel- 
lular fluid and protein characteristics of peritoneal fluid 
in horses following noncomplicated, but extensive, intes- 
tinal resection and anastomosis and to compare these data 
with values in sham controls over a 7-day postoperative 
course. 

Materials and Methods 
Fifteen healthy horses of various breeds, ages (mean, 10 

4 2.3 years), weights (mean, 453 + 15.8 kg), and both 
genders were used in this study. All horses were evaluated 
by ~hysical examination and CBC prior to being included in 
this study. They were then vaccinated, dewormed, and al- 
lowed to acclimatize to the surrounding conditions for 2 
weeks prior to the study. The day preceding surgery, an 
abdominocentesis was performed, using a needle tech- 
n i q ~ e . ~  

After the initial centesis had been performed, 10 horses 
(group 1) were randomly selected for exploratory celi- 
otomy and double small-colon resection and anastomosis. 
An exploratory celiotomy with manual exploration of the 
viscera without resection and anastomosis was performed 
on the remaining 5 horses (group 2). The techniques for 
small-colon resection and anastomosis have been de- 
scribed e l~ewhere .~~ .~ '  

Manual exploration, including retrieval of the small 
colon from the abdomen was performed in all horses. Nor- 
mal physiologic Ringer's solution (22 mVkg) containing 1 
IU of sodium heparidml and 1,000 IU of potassium pen- 
icillin/ml was instilled into the abdominal cavity after 
completion of the double small-colon resection and anas- 
tomosis or manual exploration of the abdomen. As much 
of the instilled fluid as possible was retrieved via contin- 
uous intraoperative suction. A perforated polyvinyl ab- 
dominal draina (3.2 mm ID) was placed in the abdomen 
with a further unperforated 10-cm portion exteriorized 5 
cm rostral to the ventral midline skin incision. The drain 
was heparinized and capped until further abdominal fluid 
drainage after surgery. 

Rectal temperature, pulse, respiratory rate, and clini- 
cal observations were recorded every 2 hours during the 
initial 12-hour postoperative period and every 4 hours 
thereafter. Procaine penicillin G, gentamicin sulfate, so- 
dium heparin, and flunixin meglumine were adminis- 
tered for 72 hours after surgery (22,000 IUkg, IM, q 12 
h; 2.2 mgkg, IV, q 8 h; 40 IUlkg, IV, q 8 h, and 0.5 mg/ 
kg, IV, q 8 h, respectively). Twenty liters of lactated Ring- 
er's solution was given IV for 12 hours after surgery. Al- 
falfa hay was provided following the IV fluid therapy. The 
abdominal drain was opened when the horse stood after 
anesthesia and the drain was capped when no further 
drainage was evident. 

The abdominal catheter was cleared 4 times daily by 

allowing it to drain until all fibrinous and exudative ma- 
terial had been flushed from the tube. On days 1, 3, 5, 
and 7 following surgery, peritoneal fluid was collected 
after clearing of the catheter. Following sampling on day 
7, the catheter was withdrawn from the abdominal cav- 
ity. At the ,end of the experimental period, horses were 
euthanatized and necropsied. 

Peritoneal fluid was evaluated for color, turbidity, nu- 
cleated cell count, RBC count, and fibrinogen and plasma 
protein c~ncentration.~ Samples were stained (Wright- 
Giemsa) for evaluatio-n of morphologic features (percent- 
age of neutrophils, percentage of monocytes, percentage 
of small mononuclear cells, cell toxicity, and bacteria). 
Cell counts in the peritoneal fluid were performed with 
an electronic cell counter." 

Statistical analysis was performed by use of a repeated- 
measures analysis of variance on each of the 7 objective 
response measures (total peritoneal nucleated cell counts, 
RBC numbers, total protein, fibrinogen, percentage of . 

neutrophils, large mononuclear cells, and small mono- 
nuclear cells). Peritoneal fluid total nucleated cell counts, 
and RBC counts were transformed by use of the natural 
log transformation to stabilize the subgroup variance. 
Measurements were taken before surgery and on post- 
operative days 1,3, 5, and 7. Treatment and time factors 
were crossed and the horses were nested within treat- 
ment. Significant treatment with time interactions were 
further evaluated with post-hoc tests as described by.Wi- 
ner.28 If no significant interaction existed, any significant 
main effect of treatment or time was further evaluated 
by use of similar post-hoc tests.28 Statistical significance 
was considered if P I 0.05. 

Results 
Clinical response-All horses in both experimental 

groups had no signs of abdominal discomfort requiring 
further analgesic treatment after the 72-hour postoper- 
ative period. Because the resection and anastomosis is a 
more complicated surgery than' exploratory celiotomy, 
group-1 horses were not returned to full feed (3 flakes of 
hay 2 timesld) until 48 hours after surgery, whereas group- 
2 horses were on full feed 24 hours after surgery. 

Peritoneal fluid-The abdominal catheter provided 71 
of 75 samples (95%). Forceable manual restraint or se- 
dation was not necessary to collect the peritoneal fluid 
(Tables 1 and 2). Other more painful methods of abdom- 
inocentesis (ie, needle or teat cannulas) were not neces- , 
sary in any of the horses. Enterocentesis was not a 1 
complicating factor. 

Nucleated cells-Evaluation of the natural log of the 
peritoneal fluid total nucleated cell count (Table 1) re- 
vealed no significant difference between group 1, com- 
pared with control group 2 over the postoperative course 
of the evaluation. A significant increase in the total nu- 
cleated cell count was evident for both groups the first 
day following surgery. By postoperative day 3, the total 
nucleated cell count for both groups had decreased sig- 
nificantly, although the count for both groups was still 
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Table 1 -Peritoneal fluid values in horses undergoing small colon resection and anastomosis (n = 10) and manual exploration (n 
= 5) 

Preoperative Po~itqerative days 
day 0 1 3 5 7 

White blood cella Up11 
Group 1 1,4641381t91 

(500 to 4,200) 
Group 2 1,4202229 

(600 to 2,000) 

% Neutrophils 
Group 1 462 6.38161 

(25 to 65) 
Group 2 51.252 18.37[41 

(16 to 90) 

% Large mononuclear cells 
Group 1 47.67 '6.28[61 

I33 to 70) 
Gmup 2 46.26 + 17.33141 

(10 to 76) 

% Small mononuclear cella 
Group 1 4.83 2 2.6[61 

(0 to 17) 
Grou~ 2 2.25 *2.25[41 . . 

(0 to 9) (0 to 3) (3 to 10) (0 to 6) (1 to 10) 
Sigdicantly different (P s 0.05) than preoperative valuea. t SignXcantly different (P s 0.06) from the preceding period data. 

Group 1-Smallalon reeection and anastomosis. Group 2-Manual exploration. Data are expressed as mean 2 SEM (range). Valuea in 
brackets indicate N = value when less than indicated. 

Table 2-Peritoneal fluid values in horses underaoina small-colon resection and anastomosis In = 10) and sham In = 51 suraew 

ReoFerative 
day 0 

Red blood cells UpI)  
Group 1 3,0002 1.646[fl 

(200 to 1,730,000) 
Group 2 1,700 2462 

(1,000 to 3,300) 

Total pmte'm @/dl) 
Gmup 1 < 2.5191 

Group 2 < 2.5 

Fibrinogen (mgldl) 
Group 1 Of91 193.80 -c 27.45[811-t 266.70 *28.87[91* 212.50 + 22.66181. 158.3=41.67[83* 

(100 to 300) (100 to 400) (100 to 300) (0 to 300) 
Group 2 0 200.00 t 40.82[4l*pt 180.0137.42* 200*31.62* 130 + 20.0. 

(100 to 300) (100 to 300) (100 to 300) (100 to 200) 
Sigdkantly different (P s 0.05) than preoperative valuea. t Significantly different (P S 0.05) from the previm period data $ Signif- 

icantly different IP s 0.05) mean cell count between group 1 and group 2 over the 7day postoperative course. 5 S i c a n t l y  different (P s 
0.05) between gmup 1 and group 2. 

Group 1 - Small colon resection and anastomosis. Group 2 - Manual exploration. Data are e x p d  as mean + SEM (range.). Values 
in brackets indicate N = value when less than indicated. 

significantly higher than normal values on postoperative 
day 7. 

had an increased concentration of 4.4 ddl, which was sig- 
nificantly higher than the average value of 3.7 gldl in 
group 1 (Table 2). Total protein values for both groups 
did not decrease significantly aft& the increase on the 
first postoperative day, but were no longer significantly 
different from each other by postoperative day 3, and re- 
mained high over the course of the evaluation. 

Red blood cells-A difference was not deteded in RBC 
count between group 1 and group 2 at each time period 
over the postoperative course of the evaluation (Table 2). 
For both groups, the RBC count increased the first post- 
operative day, decreased significantly at  day 3, but was 
still significantly higher on postoperative day 7, com- 
pared with preoperative values. However, statistical 
evaluation of the mean RBC count over the entire 7-day 
postoperative course revealed a significant increase of RBC 
within group 1 (208,000 cellslpl), compared with group 2 
(52,000 cellslpl). 

Fibrinogen-A difference in fibrinogen concentration 
was not detected between the 2 groups (Table 2). Fibrin- 
ogen concentrations were significantly higher than nor- 
mal on postoperative day 1 and did not decrease 
significantly over the course of the 7-day evaluation. 

Color and clarity-For both groups, peritoneal fluid was 
red and turbid the first 3 postoperative days. A transition 
period or change in color and opacity was evident on day 
4, with a similar clearing of the fluid for both groups over 
the last 3 days (Fig 1). 

Total protein-There was a significant time-by-group 
interaction, implying that the average total protein con- 
centrations followed different patterns over time in the 2 
groups (Table 2). On postoperative day 1, group-2 horses 
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Small mononuclear cells-Numbers of small mononu- 
clear cells did not change signScantly on postoperative 
day 1 or over the entire course of the evaluation for both 
groups (Table 1). 

Cellular morphologic fecstures-For both groups, the 
nondegenerate neutrophil was the predominant cell in 
the postoperative response. Rare karyolysis of the neu- 
trophil was evident in 2 horses from both groups a t  day 

~ E ~ O - A Y S  I 2 cir5 x -- . horse on day 1 and in another horse on postoperative day 
1. In group 1, rare intracellular baderia were seen in 1 

Peritoneal cavity-Gross morphologic reactions did not 
develop within the peritoneal cavity by the presence of 

A the abdominal drain. Isolation of the drain by walling off 

I 
an area through adhesions and fibroplasia of the ventral 
body wall and large colon into a separate effusion pool 
did not occur in any of the horses evaluated. 

I PRE-OP #.a-3 ) D A Y S  

Figure 1 -Color and darity trends of abdominal fluid before and after sur- 
gety. 
A-Fluid from a horse that underwent small-don resection and anasto- 
mosis. 
B-Fluid from a horse that underwent manual exploration of the abdomen 
alone. 

Neutrophils-A sharp and similar increase in the per- 
centage of neutrophils was evident on postoperative day 
1 for both groups (Table 1). A signif~cant decrease was 
not evident during the postoperative course of the eval- 
uation. 

Large mononuclear cells-Before surgery, typical large 
mononuclear cells were reactive mesothelial cells char- 
acterized by deep blue cytoplasm with multiple round to 
oval nuclei (Table 1). A sharp and similar decrease in the 
percentage of these cells was evident on postoperative day 
1 for both groups (Table 1). The macrophage, with a lesser 
distribution of reactive mesothelial cells, was the predom- 
inant mononuclear cell type after surgery through day 7 
for both groups. These large cells had vacuolated cyto- 
plasm, contained various size granules, and only a few 
had evidence of phagocytosis. A trend toward increasing 
percentage of these large mononuclear cells for both groups 
was suggested following the first postoperative day; how- 
ever, these changes were not ~ i ~ c a n t .  The percentage 
of large mononuclear cells remained decreased at post- 
operative day 7, compared with preoperative values. 

Discussion 
Peritoneal fluid refleds the pathophysiologic state of 

the parietal and visceral mesothelial surfaces. Our find- 
ings indicate that additional manipulation of the perito- 
neum associated with resection and anastomosis of 2 
isolated segments of intestine may be of little conse- 
quence, compared with the trauma induced during a sim- 
ple exploratory celiotomy. Group-1 (resection and 
anastomosis) horses had a postoperative peritoneal fluid 
inflammatory response that was similar to group4 (man- 
ual exploration control) horses during the 7-day course of 
the evaluation. All values (except the percentage of small 
mononuclear cells) were significantly changed the day 
following surgery. The total peritoneal nucleated and RBC 
counts significantly decreased after the first postopera- 
tive day, whereas the total protein and fibrinogen con- 
centrations, and percentage of neutrophils and large 
mononuclear cells remained unchanged. Values had not 
returned to normal limits by postoperative day 7. 

These findings support those of other studies that in- 
dicate surgical manipulation creates a signXcant and rapid 
postoperative peritoneal inflammatory r e a c t i ~ n ~ @ ~ l  The 
critical mediator of this reaction seemed to be manipu- 
lation of the abdominal viscera and damage to other me- 
sothelial surfaces (ie, celiotomy). A significant difference 
was noticed in the total peritoneal nucleated cell counts 
and total protein values for horses undergoing explora- 
tory celi0tomy,2~.~l compared with horses undergoing la- 
paroscopy or celiotomy without exploratory surgery.a0-* 
This supports the suggestion that the size of the celiotomy 
wound as well as the extent of manipulation of viscera 
strongly effect the postoperative inflammatory response. 

Horses in this study had a similar postoperative total 
peritoneal nucleated cell response, compared with those 
reported previ~usly .~~*~l  The magnitude of inflammation 
and relative trends for the cell count to decrease over a 
7-day postoperative course were also similar to those in 
other studies.s22 However, total peritoneal nucleated cell 
values in this and other studies remained significantly 
higher than preoperative values.ma2 Nonetheless, a sig- 
nifhnt downward trend in total nucleated peritoneal cell 
count was not evident until postoperative day 5 in 2 
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s t u d i e ~ , ~ ~ . ~ ~  whereas the cell count in this study and an- 
other report decreased after the first postoperative day.22 

Percentage of neutrophils increased sharply on day 1 
and stayed high in both groups. However, in both groups, 
percentage of neutrophils decreased nonsignificantly over 
the postoperative course, similar to that in other 
s tUd ie~ .~~*~ l  Neutrophils are the most common and im- 
portant cell type in peritoneal effusions. They are at- 
tracted to the peritoneal cavity by chemotactic stimuli, 
and act in the primary cellular defense mechanisms against 
invading microorganisms." Mononuclear cells are part 
of the normal surveillance cell population and are pro- 
portionally overrun in the idlammatory process." Trans- 
formation of the large mononuclear cells into a distribution 
of mostly macrophages with a lesser degree of reactive 
mesothelial cells after surgery is directly related to in- 
creased irritation within the abdominal cavity.30 Mesoth- 
elial cells in peritoneal fluid may be seen in various stages 
of a continuum from the recently sloughed cuboidal ser- 
osal lining cell to a mature, active macrophage. Along 
this progression, the cells assume a variety of sizes and 
transitional forms, which are termed reactive mesothelial 
cells.31 The cells may be alone or in clusters and generally 
have intense cytoplasmic basophilia and an eosinophilic 
brush border or pseudopods. Mitotic figures and binu- 
cleate cells are common. Reactive mesothelial cells and 
macrophages commonly increase in any peritoneal fluid 
transudate or exudate. The prevalence, distribution, or 
activity of these cells has not been a useful indicator, 
however, in predicting various types of acute abdominal 
disease.'" 

The use of intra-abdominal lavage did not mask a dif- 
ference in the idlammatory response between the 2 groups 
because postoperative peritoneal fluid changes were sim- 
ilar to those in other reports in which no postoperative 
lavage was u~ed.~O.~l Addition of penicillin to the lavage 
solution does not worsen the inflammatory response.22 

A perforated polyvinyl drain was used after surgery to 
collect peritoneal fluid samples. We chose this clinically 
proven method over the more traditional needle or teat 
cannula techniques becabse it consistently provided a 
sample of peritoneal fluid and was evidently painless to 
the horse for collection. Collection of peritoneal fluid with 
needles or cannulae is fi-equently unsuccessful in the early 
postoperative period. Enterocentesis also occurs with more 
traditional methods and this adversely affeds the data.22132 
The polyvinyl drain apparently did not affect peritoneal 
fluid data because our exploratory celiotomy controls had 
similar responses and trends to those in other studies in 
which needle and cannula centeses were Drain- 
related problems result in a decreased total nucleated cell 
count and increased total protein concentration as would 
be evident with a peritoneal effusion from a chemical or 
mechanical ~er i ton i t i s .~~  Reaction to, or an attempt to 
isolate the drain by serosal or abdominal wall adhesions 
were not seen in any of the horses at  necropsy. Placement 
of abdominal drains as a sole procedure was not possible 
in this experiment because the abdomen has to be opened 
to properly locate them in the abdominal cavity. 

An important finding between the 2 groups was the 
high mean peritoneal fluid RBC count for group 1, com- 
pared with that of group 2. There was a marked trend for 
increased RBC numbers in group 1, compared with group- 
2 horses at each time interval. However, this difference 

was only ~ i g ~ c a n t  when data from the 4 postoperative 
sampling times were pooled for each group and compared. 
Actual hemorrhage or hemorrhage as a result of thrombi 
along the resection or anastomotic lines was a potential 
source of RBc. The RBC count in peritoneal fluid decreased 
with time, indicating that hemorrhage has diminished or 
ceased. Sighifbntly lower peritoneal fluid total protein 
values on postoperative day 1 for the resection and anas- 
tomosis group may be a dilutional result of associated 
hemorrhage of this postoperative time period. 

Interpretation of peritoneal nucleated cell morphologic 
features (ie, karyolysis, intracellular bacteria) is an im- 
portant postoperative indication of the state of the ab- 
dominal cavity. The finding of karyolysis or rare 
intracellular bacteria within the first 24 to 72 hours of 
both groups after surgery created no special complica- 
tions in horses evaluated in this study. It was expected 
that increased karyolysis and intracellular bacterial 
numbers would be prominent features 1 day after intes- 
tine resection and anastomosis. Moderate increases in these 
values are important findings and suggest that in the 
normal postoperative response bacteria are cleared from 
the intra-abdominal environment sooner than 24 hours 
after surgery and leave little karyolytic change to suggest 
their earlier numbers. Furthermore, even on day 1, prom- 
inent karyolysis and several bacteria would suggest on- 
going peritoneal contamination or established peritonitis. 

Resection of intestine did not induce a significant change 
in the peritoneal fluid inflammatory response, compared 
with exploratory celiotomy alone. Further studies are 
needed to determine when the abdominal fluid values re- 
turn to normal. 
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