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Summary: The acute phase protein serum amyloid A (SAA) has become widely used as a diagnostic aid for the early detection of inflamma-
tion. SAA increases by more than 25% in 24 to 38 hours after tissue damage caused by trauma or infection. To determine the increase in se-
rum amyloid A (SAA) following colic surgery and to compare it to changes in leukocyte count, client owned horses > 2 years of age, presented
for colic with emergency laparotomy were used. Whole blood SAA concentration and leukocyte count were determined before surgery and at
48, 72, and 96 hours post-surgery. Lesions were classified as non-inflammatory or inflammatory during surgery. 61 horses underwent emer-
gency laparotomy; 44 horses were excluded. Of the remaining 17 horses, 12 had non-inflammatory, 5 inflammatory lesions. Before surgery
SAA concentrations in horses classified as non-inflammatory ranged from 0 to 217 ug/mL (median 14 ug/mL, range 10-18) and from 0 to
987 ug/mL (median 162 ug/mL, range 162) in inflammatory cases. In all horses SAA concentrations increased significantly 48 hours post-sur-
gery (p=0.002), horses with inflammatory lesions had significantly higher SAA concentrations (median 2750 ug/mlL, range 1916-2835)
compared to non-inflammatory lesions (median 624 ug/mlL, range 471-740) at 48 (p=0.0004), 72 (p =0.0009), and 96 (p =0.0007)
hours post-surgery. Maximum SAA concentration was observed 4872 hours post-surgery in all cases. White blood cell count (WBC) revealed
a mild decrease post-surgically in some cases. At discharge all horses had SAA concentrations < 200 ug/mL. Differences in SAA concentrations
between inflammatory and non-inflammatory cases can be expected. The knowledge of normal postoperative SAA concentrations is essential
if SAA is used for monitoring occurrence of postoperative infections.
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Introduction

Over the last few years, serum amyloid A (SAA) has become
widely used as a diagnostic aid for the early detection of in-
flammation. SAA is a major acute phase protein that increas-
es by more than 25% in 24 to 38 hours after tissue damage
caused by trauma or infection. Increases in whole blood SAA
concentrations are considered a useful diagnostic indicator
for post-surgical inflammation. Surgical incisions also result
in an increase in whole blood SAA concentration (Pepys et al.
1989, Hultén et al. 1999, Jacobsen et al. 2005, Jacobsen
et al. 2009). Alterations in leukocyte count also occur with
infections but the sensitivity of leukopenia or leukocytosis may
be lower than that of SAA (Jacobsen et al. 2009). Previous
studies also reported that SAA concentrations are higher in
horses with inflammatory causes of gastrointestinal tract dis-
ease compared with non-inflammatory causes of colic (Van-
denplas et al. 2005, Pihl et al. 2015). Currently, only limited
information is available on the magnitude of the SAA increase
after laparotomy in colic horses, making the use of SAA to
distinguish between physiological response and post-surgical
inflammation caused by infection or exaggerated inflamma-
tory response difficult.

The aims of this study were to determine the increase in whole
blood SAA following colic surgery, evaluate potential dif-
ferences in whole blood SAA in colics of inflammatory and
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non-inflammatory etfiologies and non-survivors, o compare
changes in SAA to changes in white blood cell count (WBC),
and fo establish the diagnostic value of SAA in horses post
emergency laparotomy.

Methods

Horses presented with colic to the Tierklinik Lische from
February 2016 to May 2017 requiring laparotomy (within
24 hours of admission) were included in the study. Prior to
surgery, horses underwent a diagnostic evaluation including
a physical examination, rectal palpation, nasogastric infu-
bation, transabdominal ultrasonography, abdominocentesis,
and fecal analysis for the presence of sand or parasite eggs.
Laboratory blood testing upon admission included hematol-
ogy and blood and (when possible) peritoneal fluid lactate
concentration. Surgery indications included intractable pain
or findings on examination that supported suspicion of a
surgical gastrointestinal lesion. A final diagnosis was made
during laparotomy; colic causes were classified as inflammato-
ry with findings such as enteritis, local hyperemia and edema,
ischemic lesions (with expected reperfusion injury) or severe
strictures and scarring, while horses with simple large intestinal
displacements (right dorsal displacement, left dorsal displace-
ment or colonic torsions < 360°) or large intestinal impactions
(pelvic flexure impaction) were categorized as non-inflam-
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matory. Horses were excluded if they were <2 years old, if
they were pregnant > 7 months, or if an inflammatory disease
unrelated to the abdomen was identified during the clinical
examination (examples: respiratory infections, hoof abscess-
es, lacerations) as these might influence SAA concentrations.
Horses were also excluded if repeat laparotomy was required.
Blood was collected into EDTA tubes by venipuncture from a
jugular vein or through the intravenous catheter immediately
before and 48, 72, and 96 hours after surgery, and then at
individual time points as determined by the attending clinician
after this time. Owner informed consent was obtained prior to
study enrollment for all horses.

Laboratory Analyses

Whole blood SAA concentration was measured using a hand-
held lateral flow assay (StableLab®, Epona, Sligo, Ireland)
validated for equine use (Schwartz 2016), white blood cell
count was determined with an automated hematology analyz-
er (ldexx Procyte Dx®, Idexx Laboratories, Ludwigsburg, Ger-
many). Reference range for this analyzer is 0—-15ug/mL.

Statistical Analysis

Statistical analysis was performed using a computer software
program (Microsoft Excel, Redmont, WA, USA). Data distribu-
tion was checked for normality. As data was not normally dis-
tributed, median and interquartile range were reported. Sta-
tistical comparisons were performed using Kruskal-Wallis test
to assess the effect of group on the SAA and WBC concentra-
tion. Sensitivity and specificity, positive and negative predictive
values were calculated. Significance was set at p < 0.05.

Results

During the study period 61 horses that presented for colic
underwent emergency laparotomy. 44 horses were excluded
(31 were euthanatized intraoperatively or within 5 days post-
operatively due to poor prognosis or recurring colic, three
were foals, one horse had a caesarian section, one horse un-
derwent repeat laparotomy 48 hours after the initial surgery,
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8 horses had incomplete records or missing samples). The 17
remaining horses had a median age of 12 years (range 9-16
years). 5 geldings and 12 mares were included. Thirteen hors-
es were Warmbloods, 2 Icelandic horses, 1 draft horse and
1 pony. Of the 17 horses, 12 had non-inflammatory lesions
such as simple displacements of the large intestine and/or im-
pactions (3 horses were diagnosed with right dorsal displace-
ment of the colon and impaction of the pelvic flexure, 1 horse
with left dorsal displacement and impaction of the pelvic flex-
ure, 7 horses were diagnosed with colon torsions < 360°), 5
horses had lesions considered to be of inflammatory origin
with potentially infectious causes of unknown etiology (such
as anterior enteritis, colitis).

Before surgery, the median SAA concentration was 5ug/mL
(range 0-162), 14ug/mL (range 10-18) in the non-inflam-
matory and 162ug/mL (range 0-162) in the inflammatory
group. Horses euthanatized in surgery or in the first 96 hours
post-surgery (pre-surgery sample available for n=16) had a
median SAA concentration of 67 ug/mL (range 8-319). There
was no significant difference in SAA concentration between
survivors and non-survivors (p =0.6703). (Figure 1, 2)

SAA concentration increased in all cases over the following
sampling time points: at 48 hours post-surgery, the median
SAA concentration was 739ug/mL (range 0-162), 624 ug/
mL (range 471-740) in the non-inflammatory and 2750ug/
mL (range 1916-2835) in the inflammatory group. 72 hours
post-surgery, the median SAA concentration was 666ug/
mL (range 421-1124), 591 ug/mL (range 253-697) in the
non-inflammatory and 2772ug/mL (range 1911-3000) in
the inflammatory group. 96 hours post-surgery, the medi-
an SAA concentration was 498ug/mL (range 255-1147),
447 ug/mL (range174-512) in the non-inflammatory and
1817 ug/mL (range 1657-2056) in the inflammatory group.
SAA concentrations were not significantly different between
the two groups before surgery (p =0.37) but differed signifi-
cantly at 48 hours (p=0.001), at 72 hours (p =0.001), and
at 96 hours (p=0.001) post-surgery. At the time of discharge
(day 7 to 12 post-surgery) all horses had SAA concentra-
tions < 200ug/mL.

WBC obtained simultaneously with SAA concentrations re-
vealed a decrease 48 hours post-surgery in 14/16 cases.

Fig. 1 Blood SAA-concentrations (ug/
ml) taken from 17 horses undergoing
emergency laparotomy for colic signs,
before and 48h, 72h, and 96 h post-sur-
gery. Median SAA concentration for each
time point is shown for: all 17 horses (blue
circle), the 12/17 horses classified with a
non-inflammatory surgical lesion during
surgery (green friangle), and the 5/17
horses classified with an inflammatory sur-
gical lesion (red square). A significant in-
crease in blood SAA concentration in the
inflammatory surgical lesion colic horse
group compared to the non-inflamma-
tory surgical lesion group is notable. |
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SAA-Konzentration (ul/ml) von 17 Pferden mit Koliksymptomatik, bevor und 48h, 72h und 96h nach Laparotomie. Markiert ist die mittlere
SAA-Konzentration fir die verschiedenen Zeitpunkte bei allen 17 Pferden (blaver Kreis), 12/17 Pferden mit nichtentzindlichen Léasionen (grines
Dreieck) und 5/17 Pferden mit entzindlichen Lasionen. Ein signifikanter Anstieg in SAA ist in der Gruppe mit entzindlichen Lasionen erkennbar

(verglichen mit nicht-entzindlichen Lésionen).
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Seven horses (1 from the inflammatory, 6 from the non-in-
flammatory group) decreased to values below the reference
range, but the decrease in WBC was not statistically significant
(p=0.14) in any group at any fime point. Prior o discharge
the WBC was within laboratory reference ranges in all cases.

WBC in horses euthanatized in surgery or in the first 96 hours
post-surgery (pre-surgery sample available for n=16) was
not significantly different from WBC in survivors (p = 0.6102).
Sensitivity and specificity were calculated for different SAA
concentrations. On a receiver-operating-characteristics (ROC)
curve, a cut off value of 700ug/mL was identified to have a
sensitivity of 100% and a specificity of 92.3% for an inflam-
matory lesion. The positive predictive value for an inflammato-
ry lesion was 83.3, the negative predictive value 100 with an
accuracy of 94.4%.

Compared to a population of colic horses that were eu-
thanatized intraoperatively (n =7) or within the first 48 hours
post-surgery (n = 3), SAA values were not significantly different
before surgery (p=0.543) or at any time point after surgery.

Discussion

The main goal of this study was to obtain information about
the magnitude of the whole blood SAA response following
emergency laparotomy. Expectedly, SAA increased signifi-
cantly following emergency laparotomy with the maximum
response occurring around 48 fo 72 hours post-surgery. The
increase in whole blood SAA was attributed mainly to surgical
trauma. Surgical incisions (Jacobsen et al. 2009) and hand-
ling and manipulation of the intestines (Schwarz et al. 2004,
Hopster-lversen et al. 2011) are known to be associated with
inflammation. The values obtained are higher compared to
values reported for horses undergoing laparotomy for ova-
riectomy (Jacobsen et al. 2009) but lower than in horses un-
dergoing emergency abdominal surgery (Daniel et al. 2016).
The different magnitude of the SAA response is likely attribut-
ed fo concurrent gastrointestinal inflammation occurring in
the colic cases and seems to be also related to the extent of
inflamed tissue as the underlying disease process (e.g. small
intestinal versus large intestinal disease) likely determines
magnitude of the acute phase response. Surgical technique
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may also play an important role. As equine SAA has a half-life
of 30-120 minutes (Tape et al. 1990), the delay of maximum
SAA concentration until 48 to 72 hours post-surgery suggests
continuous inflammation even after the primary surgical in-
sult has occurred. Reperfusion injury following large colon
ischemia has been shown to result in systemic inflammation
(Grosche et al. 2013, Daggett et al. 2017), the increased
SAA concentrations may also be influenced by this.

Contrary to previous reports (Pihl et al. 2016), we did not
observe higher presurgical SAA concentrations in horses di-
agnosed with inflammatory lesions intraoperatively compared
to horses with non-inflammatory lesions such as large colon
displacements. Definitions for inflammatory lesions used by
Pihl et al. were similar to the ones used in the present study but
also included strangulating lesions with expected reperfusion
injury causing inflammation. Westermann et al. described dif-
ferences between horses with either medically managed or
surgically corrected colic but did not further differentiate sur-
gical findings. One reason for the different result between the
present study and results from Pihl et al. may be that samples
were taken in very early stages of the disease when SAA had
not yet increased. 48 hours after surgery a highly significant
difference in SAA between the two groups was observed. The
exact reason for this difference is unknown but may be caused
by additive effects on the SAA response by surgical frauma
and — in horses in the inflammatory group — the underlying
inflammatory pathology. The magnitude of the SAA response
is probably directly related to the amount and extent of in-
flamed tissue so that inflammation of the gastrointestinal tract,
which is observed in cases of enteritis or colitis (Belgrave et al.
2013, Nemoto et al. 2014), results in higher SAA concentra-
tions. The correlation between SAA concentration and severity
of colitis has been shown in mice (De Villiers et al 2000).
Additionally, the difference between non-inflammatory and in-
flammatory may not always be obvious and misclassifications
may have occurred. To the authors’ knowledge, there is no
published data evaluating SAA concentrations in specifically
strangulating small intestinal lesions or inflammatory lesions
such as colitis or enteritis. Due to the low numbers of horses
included in this study, further differentiation was not possible.
Further research on the magnitude of the SAA response in
relation to the degree of inflammation is needed to better
understand the inflammatory response.

Fig. 2 WBC (cells/uL) from 17 hors-
es undergoing emergency laparotomy for
colic signs, before and 48h, 72h, and
96h post-surgery. Median WBC for each
time point is shown for: all 17 horses (blue
circle), the 12/17 horses classified with a
non-inflammatory surgical lesion (green
triangle), and the 5/17 horses classified
with an inflammatory surgical lesion (red
square). An increase in WBC in the in-
flammatory lesion colic horse group (com-
pared to the non-inflammatory surgical
lesion group) is notable. | WBC (cells/
ul) von 17 Pferden mit Koliksymptomatik,
bevor und 48h, 72h und 96h nach Lao-
parotomie. Markiert ist der mittlere WBC-
Wert fir die verschiedenen Zeitpunkte bei

—o—All
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allen 17 Pferden (blauer Kreis), 12/17 Pferden mit nichtentzindlichen Lésionen (grines Dreieck) und 5/17 Pferden mit entziindlichen Lésionen.
Ein Anstieg in SAA ist in der Gruppe mit entzindlichen Lésionen erkennbar (verglichen mit nicht-entziindlichen Lasionen).
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We expected a difference in the magnitude of SAA response
between horses with uncomplicated post-surgical recovery
and horses with complications such as post-operative ileus
or incisional infection. SAA decreased in all but one case af-
ter 72 hours and decreased to values of <200ug/mL over
the following days, consistent with clinical improvement. One
horse had severely increased SAA concentrations before sur-
gery, which continued to increase past the SAA reader’s max-
imum detection limit of 3000 ug/ml post-surgically. Intraoper-
atively, this horse was diagnosed with multiple inflammatory
stenotic lesions and hyperemic lesions in the aboral half of
the jejunum. SAA concentrations decreased rapidly following
a change in antibiotic regime. Unfortunately, the owners de-
clined jejunal biopsies and histopathological examination at
the time of surgery and the underlying cause could not be
identified. Two horses in the non-inflammatory group had a
repeated increase in SAA after 72 hours and 96 hours re-
spectively. These horses were diagnosed with mild incisional
infections. SAA decreased with resolution of this infection after
local lavage therapy was initiated. Post-operative ileus was
observed in one horse, which had SAA levels of >2000ug/
mL until the ileus resolved. Interestingly, WBC remained within
reference ranges throughout this period. This emphasizes the
superiority of SAA to detect acute inflammation (Belgrave et
al. 2013, Pollock et al. 2005) but also the benefit of SAA
monitoring in the post-operative phase fo assist in the de-
tection of non-resolving or new inflammatory foci, especially
with repeated sampling. It is important to remember that an
increase in SAA does not necessarily have to result directly
from the surgical insult but may reflect secondary complica-
tions such as thrombophlebitis, POI, or incisional infections
or even unrelated concurring disease processes such as infec-
tious respiratory disease (Viner et al. 2016).

Some of the horses included had moderately increased SAA
concentrations prior to surgery. This may have been caused
by undetected previous inflammatory disease or the ongoing
colic episode. Pihl (2015) reported that higher SAA concen-
trations at admission correlate with longer pre-admission du-
ration of colic. The exact duration of colic was not known in
most cases in the present study, but a correlation may have
been present.

Unfortunately, the number of horses with inflammatory lesions
was small and may not be representative, but the significant
difference between the two groups indicates the presence of
additional inflammation even in emergency laparotomies of
non-inflammatory colic patients compared to elective proce-
dures. Anesthesia alone has been shown to cause increases
in SAA concentration.

Previous studies reported a decrease in WBC following
colic surgery (Salciccia et al. 2013) and also observed a
relationship between the magnitude of leukopenia and
survival. A decrease was also observed in our population,
eight horses developed leukopenia. Interestingly, at 48 and
72 hours following surgery in horses in the inflammatory
group a mild increase in WBC was observed rather than
a decrease. This was strongly influenced by one horse that
developed severe leukocytosis after surgery and after ex-
cluding this horse, no obvious difference between the two
groups was appreciable.
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The point-of-care SAA reader used in this study has the ad-
vantage of delivering reliable results within ten minutes with-
out the need for any advanced laboratory equipment. This
allows for rapid decision-making and may instigate further
diagnostic evaluation to identify new or non-resolving inflam-
matory foci.

This study had several limitations. The small number of horses
in this study may have limited our ability to detect further dif-
ferences between inflammatory and non-inflammatory types
of colics. Unfortunately, many data sets were incomplete and
resulted in exclusion. Furthermore, the number of horses eu-
thanatized intraoperatively is large. In many cases, owners
elected exploratory laparotomy despite a poor prognosis for
survival or because of insurance regulations. We also ob-
served only a small number of complications (i.e. incisional
infections, postoperative ileus) making it difficult to draw con-
clusions about the impact of these pathologies on the SAA
concentration.

Diagnoses were made upon gross examination and surgical
findings only, so it is possible that horses may have been un-
intentionally classified into the wrong category. Further histo-
pathologic evaluation of tissues could have improved correct
classification.

In retrospect, more frequent sampling, especially in the first
hours after surgery, might have been beneficial to allow for
better characterization of the SAA profile over time.

Given the findings of this study, SAA measurement before sur-
gery and then every 48 hours is recommended to confirm de-
creasing concentrations. A persistently increased concentration
or an increase in SAA are indicative of an ongoing inflamma-
tory lesion and should result in further evaluation of the patient.

In conclusion, this study shows that SAA concentration increas-
es post emergency laparotomy, the magnitude of the SAA re-
sponse is likely related to the extent of tissue inflammation
and the cause of the colic. Monitoring SAA concentrations
post-surgery may help guide further diagnostic evaluation and
patient management. SAA concentrations increase early in the
inflammatory process and allow for adaptation of therapy, us-
ing a portable analyzer results are available immediately.
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