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Abstract

Portosystemic shunts (PSS), congenital or acquired, occur uncommonly in the feline population. The diagnostic
approach is similar to one in dogs suspected of a PSS based on the clinical signs and haematological and
biochemical changes. Diagnostic imaging, however, is key for the confirmation of a PSS. Although abdominal
ultrasound is the first-choice diagnostic imaging modality, the results are not always unequivocal. Transsplenic
portal scintigraphy (TSPS) using %mTc-pertechnetate is a well-established technique in canine medicine, providing
relatively fast and easy confirmation of the presence or absence of a PSS. As the prevalence of PSS is much lower
in the feline population, this technique has not been widely used in cats. This retrospective study of 12 cases gives
an overview of the potential of TSPS in the diagnostic work-up of PSS in cats (2005-2012).
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Congenital or acquired portosystemic shunts (hereafter
referred to both types as PSSs) are not frequently diag-
nosed in cats.'* Some cat breeds are reportedly more
prone to PSSs (eg, Himalayan or Persian cats) although
the majority are domestic shorthairs.>® Male cats are
reported to be at slightly increased risk.’-'! The majority
of cats are <1 year old at the time of diagnosis, but PSSs
should not be excluded from the differential diagnosis in
older cats.!%1213 A striking feature may be copper-
coloured irises.®7/10

Initial clinical signs related to the circulatory bypass
of the liver and subsequent persistence of nutrients and
toxic metabolites in the systemic circulation are often an
early indication for a PSS. These signs can be relatively
mild (eg, retarded growth compared with littermates) or
severe neurological/hepatoencephalopathic signs (eg,
seizures, blindness, dullness, ptyalism).56%101213 A small
proportion of cats with PSSs have gastrointestinal prob-
lems (eg, vomiting, anorexia) or urinary problems (eg,
urolithiasis). They are, however, outnumbered by cats
with mainly neurological signs.>¢10

The next step in the diagnostic procedure comprises a
blood examination. Specific attention needs to be given

to ammonia and the pre- and postprandial bile acid
levels, as they increase when hepatic functionality is
impaired®!4+18 Urinalysis can reveal ammonium (bi)
urate cristalluria, possibly accompanied by secondary
urinary tract infection.61219

Confirmation of the presence of a PSS requires diag-
nostic imaging. Conventional radiography is of little
help for the detection of the shunt itself.5612
Portography reveals more information, but is invasive,
time-consuming and requires prolonged anesthe-
sia.131417.20 Ultrasound (US) remains the first imaging
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modality in the initial work-up to the patient, but
experience is a key factor for visualisation of an abnor-
mal vessel.”11.1417.20-23 Where US examination is incon-
clusive, scintigraphy can be an option.!”?* It is a fast
and minimally invasive aid in diagnosing PSSs, with a
high sensitivity and specificity, although anatomical
detail is rather poor.?427 Per-rectal portal scintigraphy
(PRPS) using pertechnetate (**™TcO,") is a widely used
method for PSS imaging in dogs and cats.?>27-32 After
deposition of pertechnetate in the rectum or the distal
descending colon, the tract of the reabsorbed activity
indicates the presence or absence of a PSS. Instigated
by the inherent disadvantages of this method (rela-
tively high radiation burden and susceptibility to arte-
facts),?>2030 an adaptation to this technique was made
where the tracer is injected under US guidance directly
into the splenic parenchyma [transsplenic portal scin-
tigraphy (TSPS)]. The advantages of TSPS lie in the
smaller amount of radioactivity necessary, a shorter
scanning procedure than with PRPS, and the obtained
images possibly render more information on shunt
conformation.?® The TSPS technique is well-established
in dogs, where the prevalence of PSSs is much higher
than in the feline population.!

This retrospective study (2005-2012) describes the
application and feasibility of the TSPS method in cats.

Case description

Patients

All animals (n = 12) were privately owned cats presented
at the Small Animal Clinic of the Faculty of Veterinary
Medicine, Ghent University between 2005 and 2012, and
suspected of having a PSS based on the history, the clini-
cal examination, the clinical signs, results of a blood
analysis and/or abdominal US findings. Most cats were
referred to the Veterinary Nuclear Medicine Division
(Faculty of Veterinary Medicine, Ghent University) to
confirm presence or absence of a PSS after an inconclu-
sive US examination combined with other diagnostic
results that indicated the presence of a PSS. Two cats had
a postsurgical TSPS examination to evaluate the result of
surgical PSS attenuation; one of them also had a presur-
gical TSPS scan.

Scans

The cats were fasted for a minimum of 12 h. Propofol
(Propovet, 10 mg/ml; Abbott Laboratories) was used (2—
4 mg/kg, bolus injection to effect) for anaesthesia. They
were placed in right lateral recumbency above the gamma
camera (Toshiba GCA401A) equipped with a low-energy,
high-resolution collimator. The spleen was ultrasono-
graphically localised (MyLab30Vet, Esaote Pie Medical,
7.5 MHz microconvex probe), and a 22-G needle was
carefully inserted into the splenic parenchyma as far cau-
dally and ventrally in the spleen as possible to avoid

deposition of the radioactivity too close to the liver, thus
possibly impeding correct scan processing and interpre-
tation. A bolus of ™TcO, in a shielded syringe (mean *
SD 86.2 + 34.78 MBq), diluted in 0.2-0.3 ml of 0.9% NaCl
solution was then injected under constant ultrasono-
graphical guidance. A few seconds prior to tracer injec-
tion a dynamic acquisition was started. Immediately
upon injection the needle and syringe were removed
from the spleen in a manner such that they did not pass
over the cranial abdomen or thorax to avoid interference
with the scan. The sequences were obtained at a rate of 4
frames per second over 60 s (240 frames in total). Images
were stored in a 128 x 128 x 16 matrix size.?6:3

The images were first reviewed in a dynamic film
mode for visual analysis. Appearance of the bolus of
activity in the liver before any activity arrives in the tho-
rax indicates the absence of a PSS. Conversely, arrival of
the bolus of activity in the heart first means the liver is
bypassed, which is diagnostic for a PSS, whether con-
genital or acquired. The different frames were then sum-
mated to obtain a single composite image. On this image,
regions of interest (ROIs) were manually placed: one
over the heart and one over the liver. A time-activity
curve (TAC) was calculated, portraying the appearance,
progression and intensity of the activity in the different
ROIs over time (Figures 1 and 2). A correction for back-
ground activity in the TAC calculation was made by an
additional ROI over ‘background tissue’, ie, a ROl in the
dorsal cervical area. The shunt fraction (SF) was calcu-
lated using the following equation: 262933

SF= (X heart counts) /(X heart counts+ X liver counts).

The heart and liver counts were registered for the first
7 s of the scan with T = 0 s being the first peak of activity
either in the liver (normal vasculature) or in the heart
(abnormal vasculature corresponding with PSS). Eight
seconds is the approximate time interval for the blood to
travel from the liver to the heart in normal animals.?® An
increased SF (>4.5%) is consistent with the presence of a
PSS.33

Results

Fifteen TSPS scans was performed in total. Table 1 lists
the signalment, clinical signs and most relevant diagnos-
tic test results.

Cat 1-7: positive TSPS

In six cats (Table 1, cats 1-6), TSPS clearly indicated the
presence of a PSS; the seventh cat (Table 1, cat 7) was
only referred for TSPS after surgical ligation of an extra-
hepatic portocaval shunt, previously diagnosed by
abdominal US. At the time of the diagnosis all cats had
abnormal behaviour (apathy/dullness), two were blind
and two had seizure episodes. Ptyalism was present in
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Figure 1 Positive transsplenic portal scintigraphy. (2) Summed image of all individual frames (head is towards the right,

Cr = cranial, Ca = caudal). A region of interest (ROI) is drawn over the heart (ROI 1), over the liver (ROl 2) and over cervical
soft tissue for background activity correction (ROI 3). (b) The time (x-axis) versus radioactivity (y-axis) curve (time—activity
curve) depicts the progression of radioactivity in the separate ROls. The radioactivity arrived in the heart (curve 1) before
arriving in the liver (curve 2). (c) Eight individual frames (2.0-5.5 s after injection) demonstrate the trajectory of the radioactivity
from the splenic injection site (black arrowhead) towards the heart first (white arrowhead). The hepatic area (black arrow)

remains relatively void of radioactivity

six cats; in three cats copper-coloured irises were noted,
and of the three cats it was known that they were smaller
than their littermates. Two cats were reported to have
diarrhoea. Bile acids were elevated in all six cats in which
this was determined. In three cats venous ammonia lev-
els were measured, and they were found to be elevated
in these three cats.

Abdominal US was undertaken in all cats. In 5/6 cats
for which TSPS was needed for diagnosis there was a
suspicion of PSS on US based on secondary signs, such
as microhepatia, renomegaly and the presence of urinary
stones/sediment, although the shunting vessel itself
could not be identified. The SF ranged from 67.3% to
96.2%. The cat (Table 1, cat 3) with the SF of 67.3% was
suspected of having an intrahepatic shunt, based on the
pattern of the TAC (very short interval between appear-
ance of activity in the liver and activity in the heart) and
the equivocal US results. In one cat (Table 1, cat 4a + b)
TSPS was performed twice, as the first scan was non-
diagnostic. Although the US image confirmed needle
placement in the splenic parenchyma, perforation of the
spleen at the moment of injection cannot be excluded.
The scan was then repeated immediately to avoid

a second anaesthesia and distribution of the injected
activity throughout the entire cat, possibly hampering
interpretation of the repeated scan. The second time a
higher amount of activity (first scan: 44.4 MBq, second
scan: 120,25 MBq) was injected, and this TSPS was posi-
tive. Only one of the six cats (cat 6) in which TSPS was
needed for diagnosis went to surgery. Two were eutha-
nased owing to their poor clinical condition and worsen-
ing neurological signs; three were controlled by medical
and nutritional treatment only.

Cat 7 was initially diagnosed with a PSS by US, but
was referred for TSPS when the bile acids and venous
ammonia level remained high 4 months after corrective
portosystemic shunt surgery. The cat underwent a celiot-
omy for ovariohysterectomy, during which multiple tor-
tuous shunting vessels were noticed at cranial pole of the
left kidney, although the initial shunting vessel was fully
occluded, as demonstrated by intraoperative mesenteric
portography. These collateral vessels indicate acquired
PSSs and can explain the high postoperative SF (92.2%),
and the persistent abnormal ammonia and bile acids lev-
els despite the improved clinical condition. Figure 1
depicts a positive diagnosis for PSS by means of TSPS.



1126

Journal of Feline Medicine and Surgery 15(12)

Figure 2 Negative transsplenic portal scintigraphy. (a) Summed image of all individual frames (head is towards the right,

Cr = cranial, Ca = caudal). A region of interest (ROI) in drawn over the heart (ROl 1), over the liver (ROl 2) and over cervical
soft tissue for background activity correction (ROl 3). (b) The time (x-axis) versus radioactivity (y-axis) curve (time-activity
curve) depicts the progression of radioactivity in the separate ROls. The radioactivity arrived in the liver (curve 2) before
arriving in the heart (curve 1). (c) Eight images of 2 frames per image (3.5-7 s after injection) demonstrate the trajectory of the
radioactivity from the splenic injection site (black arrowhead) towards the hepatic area (white arrowhead) first. The heart only

appears later and is not yet seen on these frames

Cat 8: equivocal TSPS

Cat 8 was a 9-month-old Birman and had episodes of
ptyalism, apathy and abnormal behavioural (circling),
with increased pre- and postprandial bile acids and
ammonia (Table 1, cat 8). The SF in this cat was 17.7%,
and the TAC showed that the liver and heart simultane-
ously received the tracer, although the liver clearly
received the majority of the radioactivity. A macroscopic
PSS was deemed unlikely based on trajectory of the
intrasplenic injected activity as seen on the TSPS scan
result and the lack of US signs of a macroscopic PSS.
Hepatic portovenous hypoplasia was suspected in this
patient. A macroscopic shunt was not found on surgical
abdominal exploration and liver biopsies were histo-
pathologically examined, confirming hepatic por-
tovenous hypoplasia.

Cats 9-11 and cat with repeated scan after

surgery: negative TSPS

Two cats (Table 1, cats 9 and 10) were referred for TSPS
based on increased bile acids, found in a complete blood
examination as part of a general check-up (cat 9) or as
part of a work-up for severe food allergy and failure to

gain weight on a newly installed diet (cat 10). In both
cases abdominal US could not identify a PSS nor were
their clinical signs compatible with a PSS. The TSPS scan
of cat 10 was repeated 24 h after the first scan (Table 1, cat
10a + b) owing to accidental intra-abdominal tracer injec-
tion causing a non-diagnostic scan. The repeated scan
confirmed absence of a PSS. The SF for cat 9 was 0.1%
and 3.2% for cat 10. Cat 11 was suspected of having a PSS
based on its history (relatively small, slow growth and
impaired balance) and a one-off abnormal ammonia
value. The increased ammonia was not confirmed in a
second blood examination, thus the cat was referred for
TSPS. This, however, was negative (SF 0.1%).

The fourth cat with negative TSPS (cat 6) also had a
scintigraphical diagnosis of PSS before surgical treat-
ment (SF 93.6%) (Table 1, cat 6a). After surgery, the clini-
cal condition of the cat improved dramatically, and bile
acids and ammonia levels normalised. At 6 months after
surgery, however, the headshaking, abnormal behaviour
and disturbed balance recurred, but to a lesser extent
and only shortly after feeding. The repeated TSPS was
negative (SF 3.7%), which is in accordance with the nor-
mal results of the blood examination. However, this cat
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showed ultrasonographical signs of an acquired PSS
(tortuous vessels), which is compatible with the clinical
signs (Table 1, cat 6b). No further diagnostic procedures
were pursued. Figure 2 represents a negative TSPS scan.

Cat 12

Although already 6 years old at time of presentation,
this cat had chronic urinary problems for over 1 year
(haematuria, pollakiuria, dysuria). These signs were
accompanied by muscle weakness, lethargy, head trem-
ors and severe ptyalism. Abdominal US revealed uri-
nary sediment and bladder stones. Urinalysis confirmed
urate cristalluria, suggestive for ammonium urate uro-
lithiasis. After surgical removal of the stones, clinical
signs did not resolve and subsequent blood analysis
showed increased ammonia and increased pre- and
postprandial bile acids. An abdominal US was repeated
but hampered by a large amount of food and faeces in
the intestinal tract, and TSPS was performed. The
intrasplenic injection was unsuccessful owing to intra-
abdominal injection. The TSPS scan was not repeated.
The US examination, however, was redone when the
cat was properly fasted, clearly visualising an extrahe-
patic PSS. The aberrant vessel was surgically attenu-
ated (Table 1, cat 12).

Discussion

Portosystemic shunts, both congenital and acquired, are
rare in cats, with a much lower prevalence than in dogs.!
Signalment and clinical signs may raise the suspicion of
a PSS, but are often vague and non-specific, and further
work-up is necessary. The most commonly tested blood
parameters are venous ammonia and (pre- and post-
prandial) bile acids. Laboratory assays solely can be
inconclusive, however, as two of the cats with a negative
TSPS scan were initially referred for scintigraphical
examination based on increased bile acids (Table 1, cats 9
and 10); a third cat with a negative TSPS scan was
referred after a one-time increased ammonia level (Table
1, cat 11). Although repeat blood measurements can be
performed, only visualisation of the PSS grants a definite
diagnosis.

Conventional radiography cannot directly visualise
the shunting vessel. It can only reveal secondary, indirect
signs such as microhepatia, renomegaly, reduced serosal
detail and/or uroliths.5612 In contrast, portography pro-
vides highly detailed information on the hepatic/
abdominal vasculature, but remains invasive and
requires general anaesthesia.!%1417.20 More recently, com-
puted tomography (CT) angiography and magnetic res-
onance angiography allow shunt detection. These
procedures provide detailed anatomical information,
but they require prolonged anaesthesia and are rela-
tively expensive as a first screening method, especially if
the presence of a shunt is uncertain.?#343 Generally,

abdominal US is the first imaging technique to be per-
formed in the diagnostic work-up, providing informa-
tion on the size and shape of the liver, on the liver
parenchyma and its vasculature, and secondary changes,
such as renomegaly or urolithiasis. It is non-invasive
and, in the hands of an experienced operator and with
the use of Doppler technique, the abnormal vessel can
often be detected.”111417.202223 However, a negative result
on US does not exclude a shunt.

Nuclear medicine is a proven method for detecting
the presence of a PSS. Per-rectal portal scintigraphy with
pertechnetate is a frequently reported method used in
veterinary medicine, especially in dogs, but feline
patients with PSS have also been diagnosed using
PRPS.25-32 This method, however, entails several disad-
vantages. The amount of radioactivity to be placed in the
rectum or distal descending colon is relatively high to
obtain a qualitatively good study, as only +15% of the
pertechnetate is taken up from the gastrointestinal tract
into the blood stream.?®3 Low absorption results in a
low count rate study that makes interpretation more
challenging, whereas the radioactivity remaining at the
deposition site can create large artefacts.?#2033 Shielding
the caudal abdomen from the gamma camera with lead
can improve scan quality, but may also cover the activity
trajectory, especially in very small animals.

Similar to portography with intrasplenic injection of
contrast agent,’ the TSPS method was developed to
ameliorate scintigraphical investigation of animals
suspected of PSS.26333738 [t requires only a quarter of
the radioactivity needed for PRPS, reducing radiation
burden to the animal and the clinician.?6 The extraction
rate of tracer from the splenic parenchyma is much
higher compared with absorption through the intesti-
nal mucosa — about 52.5% on average — yielding
qualitatively better studies than those obtained with
PRPS.?6 From an anaesthetic point of view, there is
little difference between both scintigraphical proce-
dures. Anaesthesia is performed as described earlier,
using bolus injections of propofol, and, in our institute,
similarly for both TSPS and PRPS scans. Although the
scan duration is slightly longer for PRPS procedures,
this does not seem to necessitate a different anaesthetic
approach.2426:33

As demonstrated in this series of patients, the appli-
cation of the TSPS method is not limited to the canine
population, but felines also suspected of PSS can be suc-
cessfully examined with TSPS. The literature only
reports one cat diagnosed with a PSS using TSPS3,
whereas the PRPS method seems to be applied more fre-
quently.®142732 The main challenge of the TSPS technique
lies in the technical difficulty of injecting into the rela-
tively small feline spleen. Three initially non-diagnostic
studies in this case series were caused by faulty tracer
injection. In one cat (cat 4a + b) the investigation was
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repeated immediately, using a higher activity than with
the first injection, resulting in a diagnostic study. The
combined activity of these both studies was still lower
than the activity that would have been administered for
a PRPS study. In a second cat (cat 10a + b) the study was
repeated successfully 24 h later; for the third cat (cat 12)
the owners declined to repeat the investigation. The
activity that was deposited intra-abdominally did not
hamper interpretation of the repeated scans nor did it
seem to cause any intra-abdominal lesions as assessed
by US after termination of the TSPS scan.

A known shortcoming of scintigraphical PSS diagno-
sis is the lack of morphological detail. The distinction
between portocaval and porto-azygos shunts can be
made, as the radioactivity will approach the heart from
caudally in a portocaval shunt, or from a craniodorsal
direction in a porto-azygos shunt.?#2633 The shunt origin
and morphology, however, must be determined with
other diagnostic imaging modalities, such as portove-
nography or CT angiography. False -negative TSPS scans
are possible in case the shunting vessel originates caudal
from the spleen.?#2633 This is, however, an uncommon
situation. The majority of the portosystemic shunts are
reported to originate from the portal vein itself, from the
gastrosplenic veins or gastroduodenal veins, all located
cranial to the phrenicoabdominal veins.3?40 Visualisation
of hepatic portovenous hypoplasia is not possible with
TSPS although the shortened transit-time of activity
from the liver to the heart is considered indicative, war-
ranting further corroborative examinations.?'* The SF in
these cases may also be abnormal, even though visual
assessment of the scan may not indicate a macroscopic
PSS. One cat (cat 8) in this study with an equivocal TSPS
result (a mildly increased SF and a very short delay of
transit in the liver) had histopathologically-confirmed
hepatic portovenous hypoplasia.

Although all procedures were performed without any
complication, the absence of splenic laceration or bleed-
ing after injection should always be checked ultrasono-
graphically after termination of the TSPS scan.

Conclusions

This series of cats, although small in number, demon-
strates that TSPS can be applied successfully in feline
patients suspected of a PSS. The most important draw-
back of this patient series is that only in one cat was sur-
gery performed, thereby confirming the positive TSPS
result. None of the cats with a negative TSPS scan under-
went further diagnostic work-up as the presence of a PSS
was thought to be very unlikely after the repeated blood
examinations. The owners of the cat with a negative
TSPS scan after previous surgical intervention declined
further diagnostic imaging. The main disadvantage of
TSPS is the use of radioactive substances and related
regulatory issues. The technical challenges of this

investigation are similar to those reported in dogs, but
are not insurmountable, as proven by these cases, and
TSPS can have a place in the diagnostic work-up of PSSs
in cats.
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