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Abstract
A 4-year-old Welsh pony mare presented with anorexia and colic of several days’ dura-
tion. The mare showed gastric reflux for several days with clinicopathological evi-
dence of inflammation and markedly increased hepatic parameters. Treatment con-
sisted of supportive care and broad-spectrum antimicrobials. Ultrasound revealed hep-
atopathy and liver biopsy was consistent with bacterial hepatitis. Two weeks later, mul-
tiple abscesses could be imaged and the largest abscess was drained percutaneously,
under ultrasound guidance. Bacterial culture of the aspirated purulent material yielded
Escherichia coli and antimicrobial therapy was switched to oral enrofloxacin for another
2 weeks. The pony made a full clinical recovery and ultrasound revealed improvement
in hepatic structure. Two years after discharge from the hospital the pony was reported
to be healthy and performing at the expected level.
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BACKGROUND

Hepatopathy is not all that common in horses and signs are
often non-specific. In cases with clinicopathological evidence
of liver disease, especially in combination with evidence of
chronic, systemic inflammation, hepatic abscess(es) may be
present and ultrasound of the liver should be performed. It
may identify hepatic abscesses which, dependent on their
localisation, may be amenable to percutaneous drainage.

CASE PRESENTATION

A 4-year-old Welsh pony mare, weighing 143 kg, was pre-
sented to Utrecht University’s equine clinic with a history of
anorexia and colic of 3 days’ duration. The pony had been
losing muscle mass for several weeks and suffered intermit-
tent upward patella fixation. On admission, she was dull,
with a respiratory rate of 20 breaths per minute, a heart
rate of 48 beats per minute, and a rectal temperature of
38.3◦C. Mucous membranes were dark pink and tacky, bor-
borygmi were reduced and approximately 10 L of reflux were
obtained after passing a nasogastric tube. No abnormalities
were detected on rectal palpation. Clinicopathological param-
eters are shown in Table 1, along with the normal refer-
ence ranges and the progression of several parameters over
time. The most striking results on admission were leukopenia
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(2.3 × 109/L), hyperlactatemia (4.6 mmol/L), hypochloremia
(65 mmol/L), hypokalemia (2.3 mmol/L), hyperfibrinogene-
mia (4.8 g/L), increased concentrations of aspartate amino-
transferase (AST, 1066 U/L), gamma-glutamyltransferase
(GGT, 110 U/L), bile acids (76 µmol/L), lactate dehydrogenase
(LDH, 1465 U/L), total bilirubin (103.3 µmol/L) and ammonia
(53 µmol/L).

INVESTIGATIONS

Ultrasonographic examination of the abdomen on the day
after admission revealed rounded edges of the liver, very
irregular and heterogeneous hepatic parenchyma, with areas,
both well and poorly delineated, of increased and decreased
echogenicity (Figure 1). The duodenum and stomach con-
tained fluid and showed normal wall thickness (approximately
5mm). Following clipping and aseptic preparation of the skin,
and desensitization of the skin and intercostal muscles using
mepivacaine, three biopsies were obtained from the right 14th
intercostal space, under ultrasonographic guidance, using an
automatic biopsy instrument (Pro-Mag).
Histological examination of the liver biopsy revealed sub-

acute, severe, hepatitis with large areas of centrilobular, colli-
quation and coagulation necrosis and low numbers of lym-
phocytes and neutrophils. The result of the biopsy was con-
sidered to be consistent with bacterial hepatitis/sepsis.
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On day 7 after admission, ultrasound of the liver was
repeated and the hepatic parenchyma was persistently het-
erogeneous in echogenicity, with several ill-defined, hypoe-
choic areas of variable size. In the right lateral liver lobe,
there was an irregular hypoechoic area of approximately
6 cm in diameter, with multiple hyperechoic structures, some
of them with reverberation (typical of gas) and some with
distal acoustic shadowing, suggestive of an abscess (Fig-
ures 1b,c). Ultrasound-guided drainage of the previously
described hepatic abscess was performed using a 12-gauge
catheter (Intraflon), after sedation with (0.01 mg/kg) detomi-
dine intravenously. Approximately 100 ml of yellow-pinkish
fluid (exudate) was obtained. An iodine solution was admin-
istered into the abscess before the removal of the catheter. No
complications were observed during or immediately after the
procedure (Figure 2).
Oneweek later, the previously described heterogeneous and

ill-defined areas in the right hepatic lobe were visible as two
well-defined, irregularlymarginated heterogeneous areas with
multiple hyperechoic foci with associated reverberation arte-
facts. An ill-defined cavitary lesion (roughly 15× 7 cm) involv-
ing a considerable area of the parietal surface of the liver
was also observed. It contained mainly echogenic material
and multiple hyperechoic foci with reverberations and was
thought to be an abscess. There were several small, ill-defined
areas in the rest of the hepatic parenchyma that were heteroge-
neously hypoechoic with hyperechoic foci with reverberation
artefacts.
Twelve days after percutaneous drainage of the abscess

ultrasonography of the liver was repeated and revealed that
the previously described hepatic abscess had an organised
appearance, combining a well-defined hypoechoic capsule
and slightly more echogenic contents with some hyperechoic
lines and speckles with associated reverberations (Figure 1d).
The structure had minimally decreased in size. Persistent
images of two well-defined irregularly marginated heteroge-
neous areas in the right hepatic lobes were noted but with-
out themultiple hyperechoic foci with reverberations. The rest
of the hepatic parenchyma showed a normal homogeneous
echotexture and echogenicity.

DIFFERENTIAL DIAGNOSIS

Increased serum concentrations of hepatic enzymes sug-
gested damage to hepatocytes and bile duct epithelium, while
increased functional parameters (bile acids, bilirubin and
ammonia) were consistent with loss of hepatic function. As
such, some kind of hepatopathy was suspected. Given that
the biopsy was obtained on the day after admission, acute
hepatitis was more likely, also because no signs of fibrosis
were observed. Chronic liver disease may also present with
acute symptoms and hepatic fibrosis, pyrrolizidine alkaloid
toxicosis, iron toxicity, choleliths and hepatic neoplasia were
included as differential diagnoses, although these were less
compatible with the clinical course in this case. Ultrasound
and biopsy of the liver were performed to aid in the iden-
tification of the cause of liver failure. Given the clinical evi-
dence of systemic inflammation (leukopenia and hyperfib-
rinogenaemia), bacterial hepatitis, with or without absces-
sation, and/or sepsis could have been present. Numerous

LEARNING POINTS/TAKE-HOMEMESSAGES

∙ Hepatic abscesses are uncommon in equids.
∙ Ultrasonography is the diagnostic tool of choice for
identifying hepatic abscesses thatmay be amenable
to percutaneous drainage.

∙ Liver biopsy can aid further characterisation of
hepatopathy.

∙ Culture and sensitivity testing can help guide
antimicrobial therapy.

∙ Percutaneous drainage, combined with long-term
antimicrobial treatment, may result in the resolu-
tion of hepatic abscesses in horses.

viruses are also known to cause hepatitis in horses, including
an equine parvovirus and non-primate hepacivirus.1–3 Mild
colic, lethargy, inflammation and copious gastric reflux, espe-
cially considering the size of the pony, were compatible with
proximal enteritis,4,5 and compromised intestinal wall may
have led to the presence of toxins and/or inflammatory medi-
ators in the (portal) circulation, causing activation of Kupffer
cells in the liver.6

TREATMENT

The pony was treated with intravenous fluids (Ringer’s solu-
tion, starting at approximately 5 ml/kg/h), broad-spectrum
antimicrobials (ampicillin, 15 mg/kg intravenous TID; gen-
tamicin, 6.6 mg/kg intravenous SID; and metronidazole,
15 mg/kg intravenous BID which later changed to 25 mg/kg
per os BID), non-steroidal anti-inflammatory drugs (flunixin
meglumine, 1.1 mg/kg intravenous SID) and lidocaine (load-
ing dose, 1.3 mg/kg over 5 minutes followed by 0.05 mg/kg/h
continuous rate infusion). The day after admission glucose
was added to the intravenous fluids and insulin was admin-
istered. Also, because of the concern that the pony would
develop gastric ulceration, pantoprazole (1.5 mg/kg intra-
venous SID) was added. A nasogastric tube was passed every
6 hours, to check for gastric reflux. By the time the pony
stopped producing reflux, omeprazole (4 mg/kg SID) was
given per os, instead of pantoprazole.
After diagnosing hepatitis, dexamethasone (0.05 mg/kg

intramuscular SID) was given for 3 days, followed by meloxi-
cam (0.6 mg/kg per os SID), and antimicrobial therapy (with
ampicillin, gentamicin, and metronidazole) was continued.
The purulent material drained from the abscess con-

tained large numbers of leukocytes, moderate numbers of
Gram-positive rods, and several Gram-negative rods. Cul-
ture yielded Escherichia coli, sensitive to the 3rd- and 4th-
generation cephalosporins, fluoroquinolones, and gentam-
icin, and a mixed growth of two other types of bacteria, which
could not be identified and were considered to represent con-
tamination. Based on the sensitivity pattern, the lack of clinical
and ultrasonographic improvement and the desire to switch to
oral antimicrobials, enrofloxacin (7.5 mg/kg per os SID) was
started and other antimicrobials (which the pony had received
for 20 days) were discontinued.
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TABLE  Haematology and serum biochemistry results

Variable Unit Ref. range D D D D D D D

Hematocrit L/L 0.30–0.43 0.39 . 0.35 0.33 0.34 .

Leukocytes x109 4.7–10.0 . . . . . . 

pH 7.35–7.45 . 7.44 7.35 7.42 7.36 7.42

Lactate mmol/L 0.7–1.2 . . . . . 0.9

Bicarbonate mmol/L 20–28 . . . . 25.4 20.9

Urea mmol/L <8 . 6.8 3.1

Creatinine µmol/L 106–168 148 

Sodium mmol/L 135–150   137 147 137 

Potassium mmol/L 3.0–5.9 . . . . . 3.8

Chloride mmol/L 96–107    100 101 101

Glucose mmol/L 3.9–5.6 . 4.6 . . . .

APTT Sec 8

PTT Sec 16.2

Fibrinogen g/L 1.3–1.9 .

AST U/L 224–492  

Bile acids µmol/L <12  8

GGT U/L <34  

CK U/L <280 

LDH U/L 197–550  

Bilirubin total µmol/L <35 . .

Bilirubin dir. µmol/L . 15.4

Bilirubin ind. µmol/L . 39.7

Ammonia µmol/L <30   12

Total protein g/L 52–79 71

Albumin g/L 26–37 36

APTT, activated partial thromboplastin time; AST, aspartate transaminase; CK, creatinine kinase; D0–8, days 0–8; GGT, gamma-glutamyltransferase; LDH, lactate dehydrogenase;
PTT, partial thromboplastin time. Bold numbers refer to values that are outside the reference range.

OUTCOME AND FOLLOW-UP

The pony continued to produce gastric reflux, approximately
21 L during the first 24 hours of hospitalisation, followed by
roughly 4.5 L per 24 hours for 2 days, after which reflux ceased.
On the 4th day of hospitalisation, the pony collapsed, which
may have been related to an (inadvertent) bolus of lidocaine.
Since the ponywas no longer refluxing, lidocaine constant rate
infusion was discontinued, and the patient did not collapse
anymore.
Once reflux had stopped, the pony’s attitude gradually

improved, as did her appetite, and shewas eating a ration com-
patible with her size by about one week in the hospital. Her
body weight gradually increased, from 143 kg on admission
to 178 kg at the time of discharge, 34 days later. The mare’s
rectal temperature fluctuated throughout her time in the hos-
pital, varying between 37.4◦C and 39.0◦C, and on the day of
discharge, it was 37.9◦C, but it had been 38.7◦C 2 and 4 days
prior. There was no obvious relationship between the temper-
ature and clinical findings or appetite.
After discharge, treatment with enrofloxacin was contin-

ued for another 2 weeks. Owners were advised to feed ad lib
roughage, plus 0.5-0.75 kg (high protein) concentrate feed and
a ration balancer per day and to contact the clinic if the pony
developed fever, anorexia, lethargy or diarrhoea. Follow-up,

26 months later, revealed that the pony was still alive, healthy
and being used for ridden exercise.

DISCUSSION

Liver abscesses are uncommon in horses, with (large)
abscesses causing weight loss, intermittent fever and
anorexia,6–8 aswell as inflammatory changes such as increased
serum concentrations of liver enzymes, bilirubin and bile
acids in the blood. In the present case, the initial bloodwork
revealed some changes that could indicate hepatopathy,
although interpretation was somewhat complicated by the
concurrent proximal enteritis. Some of the abnormalities,
such as leukopenia, hyperlactatemia and hyperfibrinogene-
mia, were probably related to proximal enteritis with systemic
inflammation, while hypochloremia and metabolic alkalo-
sis were a result of chloride loss through reflux. Increased
concentrations of gamma-glutamyltransferase, bile acids,
bilirubin and ammonia could have led to a suspicion of hep-
atopathy and decreased hepatic function, although bilirubin
and bile acid concentrations are also affected by fasting.
The rise in bilirubin was due mainly to indirect bilirubin
(86.9 µmol/L), while in the case of cholestasis elevated direct
bilirubin would have been expected.6 Fasting for more than
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F IGURE  (a) Initial image of the liver showing rounded margins and heterogeneous parenchyma. (b and c) Seven days after liver biopsy, an abscess was
observed as a cavitary lesion in the liver with hypoechoic contents and some hyperechoic material with reverberations (gas). (d) Image of the liver 12 days after
drainage of the abscess. A more organized, heterogeneously hypoechoic structure is observed in the liver

F IGURE  Pony after percutaneous abscess drainage

3 days can increase serum bile acid concentrations to more
than three times baseline values and concentrations greater
than 25 µmol/L are considered to be associated with a poor
prognosis in chronic, but not acute, liver disease.9,10

In adult equids, hepatic infection is thought to result from
an ascending intestinal infection via the bile duct or por-
tal circulation.7 Endotoxin absorbed from the gastrointestinal
tract, or Gram-negative sepsis, can lead to hepatic ischemia
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and impede the function of Kupffer cells, leading to necrosis
and making the liver susceptible to infection. Cholangiohep-
atitis in horses has also been reported to occur as a sequela
to proximal enteritis,11 and this may have been the case in
the pony of this case report, given the initial presentation,
with mild colic signs and large volumes of gastric reflux.5,12
One possible cause of proximal enteritis is toxins of Clostrid-
ium difficile4 – we did not culture C. difficile and did not test
for C. difficile toxins. Hepatic abscesses may also result from
hepatic lobe torsion and the associated tissue hypoxia and
necrosis.8 The (long-term) use of proton pump inhibitors has
been shown to decrease the diversity of the intestinal bacte-
rial flora in man13 and there are concerns that their use may
predispose to bacterial infection and sepsis, particularly in
patients with liver cirrhosis.14 Although findings suggestive of
bacterial sepsis were already seen in the biopsy obtained on
the day after admission, it cannot be completely ruled out that
the administration of proton pump inhibitors contributed to
the bacterial spread. To the authors’ knowledge, abscessation
due to liver biopsy has not yet been described as a compli-
cation in horses, but cannot be completely excluded. In the
present case, the biopsy was obtained after aseptic prepara-
tion of the skin and already showed histopathological signs
of bacterial hepatitis and/or sepsis, but the bacterial culture
was not performed at that time. Six days after the biopsy had
been obtained pus was drained from the liver abscess and cul-
ture revealed the presence of E.coli, compatible with bacterial
spread from the gastrointestinal tract.
Ultrasonography is a diagnostic tool that helps in the iden-

tification of focal or generalised changes in hepatic structure,
although only a relatively small portion of the liver can be
imaged in the horse.15 Ultrasound can also help to safely guide
a liver biopsy.15 Ultrasonography is the diagnostic technique
of choice in cats and dogs with liver abscesses.16,17 Computed
tomography ormagnetic resonance imaging are used, in addi-
tion to ultrasonography, to identify liver abscesses in people,
and dogs;18,19 but these modalities are only feasible in foals,
(small) ponies and miniature horses.
Serum biochemical parameters, ultrasound, and hep-

atic biopsy were all consistent with hepatitis, presumed to
be of bacterial origin. In such cases, long-term (at least
4–6 weeks) antimicrobial therapy is indicated and can be
directed by culture and sensitivity testing. The hepatic biopsy
that was obtained could also have been submitted for bac-
teriological culture, as well as for histology, which would
have provided earlier information regarding causative agents
and antimicrobial susceptibility. The pony was started on
a broad-spectrum antimicrobial combination (ampicillin,
gentamicin, and metronidazole), and the E. coli that was
later cultured was susceptible to gentamicin. Isolates from
bacterial hepatitis cases are most commonly enteric organ-
isms, such as Salmonella spp., E. coli, Citrobacter, Klebsiella,
Aeromonas, Clostridium and Acinetobacter spp.20,21 Recom-
mended antimicrobials include trimethoprim-sulfonamide
combinations, ceftiofur, ampicillin, or enrofloxacin in com-
bination with metronidazole, penicillin, and gentamicin, and
chloramphenicol.20,21 In the present case, E. coli was isolated
from pus aspirated from the liver and initial antimicrobial
therapy (before the bacterial culture and sensitivity testing
were performed) consisted of ampicillin, gentamicin and
metronidazole. Following culture and sensitivity testing, this

was changed to enrofloxacin, in part because of the desire
for oral treatment, which could be continued by the owner
following discharge of the pony from the hospital, but also
because of the lack of clinical and ultrasonographic improve-
ment. The E. coli cultured from the abscess was sensitive to
gentamicin but it is possible that the gentamicin was less
effective in the abscess because of the low oxygen tension,
which interferes with aminoglycoside antibacterial activity.22
Trimethoprim-sulfonamide was not an appropriate choice in
this case because the organism was resistant, but also because
it is not active in purulent or necrotic material.22 In total, the
pony received antimicrobials for 7 weeks.
In addition to antimicrobials, the treatment of hepatic

abscesses, as with other hepatic diseases, is mainly support-
ive to maintain the animal until enough hepatic tissue regen-
erates to provide an adequate function.6 Intravenous fluids
were administered to correct dehydration and address acid-
base and electrolyte imbalances. As blood glucose concentra-
tions may be decreased in cases of hepatic insufficiency, glu-
cose can be added to administered fluids. Hypokalaemia or
alkalosis can cause increased renal production of ammonia
and increased diffusion into the central nervous system and
thus treatment with potassium or acidifying fluids may also
be beneficial.23,24
The prognosis of hepatic abscesses in horses is consid-

ered to be guarded to poor with medical therapy alone, and
more invasive surgical intervention should be considered.7,25
Percutaneous drainage has become the treatment of choice
in humans with liver abscesses and is associated with a
favourable outcome, but should be combinedwith appropriate
systemic antimicrobial therapy.26–29 Percutaneous drainage
of hepatic abscesses has also been reported in the dog and
cat and can be combined with alcoholisation, which involves
injecting ethanol into the abscess after pus removal to reduce
the likelihood of complications and relapse after drainage.17,30
We injected iodine while removing the catheter, to pre-
vent bacterial contamination of the abdomen during with-
drawal of the biopsy needle. Cypher et al. described rib
resection and the removal of a necrotic portion of the liver
in an adult horse, which, together with appropriate medi-
cal management, resulted in a successful outcome, with the
horse returning to its previous level of performance.8 In
our case, the intervention was less invasive, and percuta-
neous drainage may be considered if the abscess is acces-
sible. Even if not all of the contents of the abscess(es) can
be removed, it seems likely that the removal of some of the
contents will increase the chances of resolution with antimi-
crobial treatment and/or decrease the necessary duration of
antimicrobial treatment. Serial ultrasonographic evaluation
and bloodwork can help monitor the resolution of hepatic
inflammation.8
In horses or ponies with increased liver enzymes and evi-

dence of inflammation, hepatic ultrasound should be per-
formed to evaluate the hepatic parenchyma and try to deter-
mine if hepatic abscesses are present. Supportive care and
broad-spectrum antimicrobial treatment must be initiated
and, if possible, as much as possible of the contents of an
abscess could be drained percutaneously, under ultrasound
guidance, and submitted for bacteriological culture and sen-
sitivity testing. The result of culture can guide further antimi-
crobial treatment. Percutaneous hepatic abscess drainage,
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together with long-term antimicrobial therapy, can result in
a favourable outcome.
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