
674

Original Paper	 Veterinarni Medicina, 62, 2017 (12): 674–680

doi: 10.17221/73/2017-VETMED

Contrast-enhanced computed tomography of the liver, 
gall bladder and urogenital tract in female red-eared 
terrapins (Trachemys scripta elegans)

V. Sochorcova1*, P. Proks2, E. Cermakova1, Z. Knotek1

1Avian and Exotic Animal Clinic, Faculty of Veterinary Medicine, University of Veterinary 
and Pharmaceutical Sciences Brno, Brno, Czech Republic

2Small Animal Clinic, Faculty of Veterinary Medicine, University of Veterinary 
and Pharmaceutical Sciences Brno, Brno, Czech Republic

*Corresponding author: sochorcova.veronika@seznam.cz

ABSTRACT: The aim of the present study was to evaluate the feasibility of contrast-enhanced computed tomog-
raphy for organ morphology and perfusion in five captive terrapins. Native scans were performed and afterwards 
an iodinated non-ionic contrast media was manually administered through the jugular vein catheter. Post-contrast 
CT scans were taken 20 (T20), 60 (T60) and 180 (T180) seconds after the contrast medium administration. Maximum 
contrast enhancement of the kidneys and the liver was detected at T20 and T60, respectively. The gall bladder con-
tent, the urinary bladder content and ovarian follicles were all without contrast enhancement in all five terrapins. 
Gall bladder wall thickness was 0.9 mm in all terrapins. Enhancement of the gall bladder wall in post-contrast 
studies was considered excellent, good or poor in two terrapins, two terrapins and one terrapin, respectively, 
with a mean score of 1.8 ± 0.84 over all contrast studies. Enhancement of the ureters in post-contrast studies was 
considered excellent in all terrapins in all contrast studies. Peak aortic enhancement was reached 20 seconds after 
contrast medium administration with the peak enhancement of 213.5 ± 41 HU in four terrapins and 560 HU in one 
terrapin. Peak hepatic vein enhancement after contrast medium administration was recorded 20 and 60 seconds 
in two and three terrapins, respectively. In conclusion, contrast-enhanced computed tomography proved to be a 
valuable method for clinical examination of the liver, gall bladder, kidneys, ureters, urinary bladder and ovarian 
follicles in red-eared terrapins.
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Lesions of different parenchymal organs in chelo-
nian patients vary in severity and it is challenging 
for veterinarians to precisely evaluate the extent 
of tissue damage, and to provide an effective treat-
ment. Physical examination is the standard step in 
clinical examination of reptile patients, but it has 
only limited value for making the exact diagnosis of 
organ disease. Haematology and plasma chemistry 
are feasible tools, but they are used for indirect con-

trol of organ function (Knotek et al. 2008; Campbell 
2014). Studies using different methods of diag-
nostic imaging for diagnosis of organ function in 
chelonians have been published (Rubel and Kuoni 
1991; DeShaw et al. 1996; Hernandez-Divers and 
Hernandez-Divers 2001; Hernandez-Divers and 
Lafortune 2004; Wilkinson et al. 2004; Silverman 
2006; Gumpenberger 2011). Computed tomogra-
phy (CT) is broadly applied as a diagnostic imag-
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ing method and is valuable in the characterisation 
of several diseases in chelonians (Gumpenberger 
and Henninger 2001; Gumpenberger 2002; 
Gumpenberger and Filip 2007; Marchiori et al. 
2015; Spadola et al. 2016). The quantitative assess-
ment of tissue density is expressed in Hounsfield 
units (HU, Kiefer and Pees 2011; Wyneken 2014; 
Marchiori et al. 2015). The slow respiratory rate 
in chelonians limits any possible artefacts caused 
by movement of lungs to minimum, but sedation 
or short-acting anaesthesia is necessary to pre-
vent the risk of movement artefacts (Mans et al. 
2013). Contrast-enhanced computed tomography 
(CECT) represents an advanced, powerful diagnos-
tic tool to evaluate organ morphology and perfu-
sion in captive reptiles. However, only a few studies 
have so far evaluated the use of CECT in reptiles 
(Gumpenberger and Filip 2007; Gumpenberger 
2011; Nardini et al. 2014). The aim of the present 
study was to evaluate the feasibility of CECT in 
captive red-eared terrapins.

Material and Methods

Animals. The study was performed on five adult 
captive female red-eared terrapins (Trachemys 
scripta elegans) aged 12–15 years, with average body 
weight of 1.16 ± 0.25 kg. Terrapins were housed at 
the Avian and Exotic Animal Clinic and handled 
with the agreement of the Branch Commission for 
Animal Welfare of the Ministry of Agriculture of 
the Czech Republic (accreditation No. 45620/2008-
17210, 45620/10001). The terrapins were kept in 
standard husbandry conditions in aquaria (74 cm × 
67 cm × 88 cm) with a 12-hour day/12-hour night 
cycle provided by 100 W incandescent bulbs, and 
basking provided by UV/infrared lamps (D3 Basking 
Lamp 160 W, Arcadia, UK). Temperature in aquaria 
ranged from 25 °C to 30 °C, with water temperature 
ranging from 24 °C to 27 °C, and air humidity from 
70 to 85%. All animals were fasted for 24 hours prior 
to the experiment. Complete physical examination 
of terrapins was performed before the procedure 
and the body weight of each terrapin was measured. 
Clinical examination and complete blood count 
showed no alterations and the terrapins were con-
sidered healthy. During the study, terrapins were 
housed individually in plastic containers placed on 
an electric heating pad (Bosch PFP 1031; Bosch, 
Czech Republic) at a temperature of 37.5 °C.

Analgesia and anaesthesia. Terrapins under-
went CT imaging under inhalation anaesthesia 
with isoflurane. For analgesia, meloxicam (1 mg/kg, 
Metacam 5 mg/ml, Boehringer Ingelheim Vetmedica 
GmbH, Germany, Divers et al. 2010) and tramadol 
(10 mg/kg, Tramal 50 mg/ml, Fort Dodge Veterinaria 
S.A., Spain, Norton et al. 2013) were administered 
intramuscularly into the muscles of the left and 
right front legs. The anaesthesia was initiated with 
alfaxalone (5 mg/kg, Alfaxan 10 mg/ml, Vetoquinol, 
France) administered as a bolus intravenously to 
the subcarapacial sinus (Knotek 2014). A tracheal 
tube (14-gauge intravenous plastic catheter, Vasofix 
Safety, B. Braun Melsungen AG, Germany) was in-
serted and terrapins were kept under inhalation 
anaesthesia with a combination of 2–3% isoflurane 
(Aerrane, Baxter S.A., Lessines, Belgium) and oxy-
gen (1 l/min) delivered by a small animal ventilator 
(SAV 03 Vetronic, UK) in a non-rebreathing circuit.

Jugular vein catheter. After disinfection with 
chlorhexidine spray (SkinMed, Cymedica Czech 
Republic), a small skin incision on the left or right 
side of the neck was made to visualise the jugular 
vein (vena jugularis externa). The intravenous cath-
eter (22-gauge, Vasofix Safety, B. Braun Melsungen 
AG, Germany) was gently inserted into the jugu-
lar vein and secured to the skin with a suture (4-0 
Caprolon, Resorba, Germany). Catheter insertion 
was performed by the same person (ZK) in all the 
animals. The ease of catheterisation of the jugular 
vein was graded subjectively on a scale from 1 to 
5 (1 = excellent, catheter insertion was easily per-
formed; 2 = good, catheter insertion was performed 
with small complications; 3 = satisfactory, catheter 
insertion had to be performed twice; 4 = difficult, 
catheter insertion had to be performed from the 
right side; 5 = impossible).

Computed tomography. CT of the terrapins was 
performed using a multidetector 16 slice scanner 
(LightSpeed, GE HealthCare, Milwaukee, USA). 
Transversal scans were obtained in a helical mode 
in a medium frequency algorithm (proprietary 
name standard), using 100 kV and automatic mA, 
with a range of 107–417. Slice thickness was set to 
1.25 mm and spiral pitch factor was 0.9375. The ter-
rapins were positioned in ventral recumbency with 
head and neck extended from the shell. Plain (pre-
contrast) CT scans were performed and afterwards 
a dose of 2 ml/kg (800 mg I/kg) of an iodinated 
non-ionic contrast media (Iomeron 300, Bracco, 
Konstanz, Germany) was manually administered 
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connects the right aorta to form a single dorsal 
aorta and attenuation values were determined. In 
the right hepatic vein, one ROI was selected (area 
of the vein diameter) at the position where the right 
hepatic vein drains into the sinus venosus.

Follow-up . After the CT examination was 
done, the jugular catheter was withdrawn and the 
small skin incision was closed with a suture (4-0 
Caprolon, Resorba, Germany) in an interrupted 
pattern. After recovery from anaesthesia, terrapins 
were kept overnight in terraria without water. All 
terrapins were released back into their aquaria on 
the day after the CT study.

Statistical analysis. All statistical tests were 
performed in the PC-based MedCalc software for 
Windows, version 14 (MedCalc Software, Ostend, 
Belgium). Descriptive statistics (mean ± SD, mini-
mum, maximum) were used for analysis of data. 
The Friedman test with a subsequent Conover 
post-hoc test was used to assess the differences in 
attenuation values. A significance (α) level of 0.05 
was used in this study.

RESULTS

The ease of intravenous catheter insertion was 
considered good with a mean score of 2.4 ± 0.89. In 
four terrapins, catheter insertion into the jugular 
vein was considered good, while in one terrapin 
(terrapin number 3) catheter insertion into the left 
jugular vein failed and the catheter had to be in-
serted into the right jugular vein.

Native density and density 20, 60 and 180 sec-
onds after the start of intravenous administration 
of the contrast medium for the liver, gall bladder, 
the kidneys, the urinary bladder and ovarian folli-
cles are summarised in Table 1. Maximum contrast 

through the jugular catheter. Post-contrast CT 
scans were taken after the start of contrast medium 
administration in the following time intervals: 20 
(T20), 60 (T60) and 180 (T180) seconds. After trans-
versal CT images were taken and stored, a multi-
planar reconstruction was performed (proprietary 
GE Workstation v 4.4, GE HealthCare, Milwaukee, 
USA) for better visualisation. In each hepatic lobe, 
two regions of interest (ROI) were selected, total-
ling four ROIs per terrapin. Each selected ROI had 
an area of 25 ± 1 mm2 to better exclude big vas-
cular structures. Liver attenuation values in pre-
contrast and post-contrast studies were determined. 
Attenuation values of the gall bladder were deter-
mined by the use of one ROI (area 25 ± 1 mm2), 
gall bladder wall thickness was determined and gall 
bladder wall enhancement in post-contrast stud-
ies was subjectively estimated using a three-point 
scale (1–3). The global quality of enhancement was 
determined as excellent, good or poor by consensus 
when the gall bladder wall was clearly visualised (1), 
not clearly visualised (2) or when the gall bladder 
wall was without contrast enhancement (3), respec-
tively. In each kidney parenchyma, one ROI (area 
25 ± 1 mm2) was selected in the central area and 
kidney attenuation values in pre-contrast and post-
contrast studies were determined. Enhancement of 
the ureters was subjectively estimated using a three-
point scale in post-contrast studies (as above), and 
attenuation values of the urinary bladder content 
were determined by the use of four ROIs (area 25 ± 
1 mm2) in pre-contrast and post-contrast studies. 
Attenuation values of the ovarian follicles were de-
termined by using four ROIs (area 25 ± 1 mm2) per 
terrapin in pre-contrast and post-contrast studies. 
For each follicle, a single size-adjusted ROI was 
used. In aorta one, ROI was selected (area of the 
aorta diameter) at the position where the left aorta 

Table 1. Organ density (in Hounsfield units) after contrast medium administration in five red-eared terrapins. Values 
are presented as mean ± SD (min.–max.)

Organs Native T20* T60** T180***

Liver 55.78 ± 11.66 (41–74) 94.12 ± 45.58 (42–165) 99.34 ± 18.36 (73–120) 88.56 ± 11.86 (73–104)
Gall bladder 35.08 ± 6.67 (29–46) 36.75 ± 4.48 (33–44) 37.19 ± 2.37 (35–40) 35.50 ± 3.81 (31–40)
Kidneys 39.50 ± 2.67 (35–44) 217.70 ± 35.78 (181–292) 168.5 ± 22.34 (143–208) 136.0 ± 6.76 (128–146)
Urinary bladder 1.98 ± 3.09 (–2–7) 0.97 ± 3.06 (–2–5) 0.78 ± 3.20 (–3–6) 0.60 ± 3.71 (–5–6)
Ovarian follicles 70.69 ± 6.79 (64–81) 71.81 ± 5.46 (67–81) 71.36 ± 6.74 (64–82) 70.48 ± 6.90 (66–82)

*T20 = 20 minutes after contrast medium administration; **T60 = 60 minutes after contrast medium administration; ***T180 = 
180 minutes after contrast medium administration



677

Veterinarni Medicina, 62, 2017 (12): 674–680	 Original Paper

doi: 10.17221/73/2017-VETMED

enhancement of the kidneys was detected 20 seconds 
after the contrast medium administration, while max-
imum contrast enhancement of the liver was detected 
60 seconds after the contrast medium administration 
(Figure 1). Enhancement of the liver and kidney pa-
renchyma was homogenous in all cases. There were 
statistically significant differences between each con-
trast study in liver and kidney parenchyma.

The gall bladder content, the urinary bladder 
content and ovarian follicles were all without con-
trast enhancement in all five terrapins. There were 
no statistically significant differences between any 
of the different contrast studies. It was not possible 
to differentiate the salpinx in any of the studies.

Gall bladder wall thickness was 0.9 mm in all 
terrapins. Enhancement of the gall bladder wall in 

Figure 1. (A) Dorsal pre-contrast CT image (WW 400, WL 50) of the ventral half of the body at the level of the liver. 
(B) Dorsal post-contrast CT image (WW 400, WL 50) of the ventral half of the body. The large vessels within the liver 
parenchyma show strong enhancement
F = follicle, Li = liver

(A) (B)

Figure 2. (A) Sagittal pre-
contrast CT image (WW 
400, WL 50). The kidneys (K) 
are poorly differentiable. (B) 
Sagittal early post-contrast 
images (WW 400, WL 50). 
The kidneys show excellent 
enhancement. The ureter (U) 
is visible in the kidney paren-
chyma. The large heart vessels 
show strong enhancement
Ao = aorta, H = heart, J = jugu-
lar vein, L = lung

(A)

(B)
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post-contrast studies was considered excellent, good 
or poor in two terrapins, two terrapins and one ter-
rapin, respectively, with a mean score of 1.8 ± 0.84 
for all contrast studies. Enhancement of the ureters 
in post-contrast studies was considered excellent in 
all terrapins (Figures 2 and 3), whereas enhancement 
of the gall bladder wall in post-contrast studies was 
considered excellent in two terrapins only.

Peak aortic enhancement was reached 20 seconds 
after contrast medium administration with a peak 
enhancement of 213.5 ± 41 HU in four terrapins 
and 560 HU in one terrapin. Peak hepatic vein en-
hancement after contrast medium administration 
was recorded 20 and 60 seconds in two and three 
terrapins, respectively.

DISCUSSION

The jugular vein has been recommended for in-
travenous administration of contrast medium in 
chelonians (Gumpenberger 2011). In the present 
study, the ease of catheter insertion into the left 
jugular vein was considered good in four terrapins, 
while in one terrapin the catheter had to be re-
placed into the right jugular vein.

Chronic liver disease taking the form of stea-
tosis to fibrosis, necrosis or neoplasia (Jacobson 
2007), is a common problem in captive chelonians 

(McArthur 2004; McArthur et al. 2004; Campbell 
2014; Marchiori et al. 2015). Some authors report 
that fatty liver disease decreases the organ density 
from 50–70 HU to –10––40 HU (Wilkinson et al. 
2004; Kiefer and Pees 2011). Gumpenberger (2011) 
defined a fatty liver in the Hermann’s tortoise as 
one with a density of lower than 20 HU. Marchiori 
et al. (2015) performed CT in 10 male red-footed 
tortoises. Mean radiographic attenuation values for 
the hepatic parenchyma were 11.2 ± 3.0 HU and 
seven male tortoises had values lower than 20 HU, 
which was considered compatible with hepatic lipi-
dosis. From the practical point of view, it is impor-
tant to know that the X-ray attenuation of the liver 
could be influenced by the age and species of che-
lonians involved in the study (Bonelli et al. 2013). 
The native density of the liver parenchyma in five 
female red-eared terrapins involved in the present 
study (55.78 ± 11.66 HU, 41–74 HU) was similar 
to that reported for healthy Hermann’s tortoises 
(50–70 HU, Gumpenberger 2011) and young green 
sea turtles (60.09 ± 5.3 HU, Bonelli et al. 2013).

The attenuation values for the kidney parenchyma 
in five red-eared terrapins involved in the present 
study (39.50 ± 2.67 HU) were similar to findings pub-
lished for Hermann’s tortoises (Gumpenberger and 
Filip 2007; Gumpenberger 2011). The maximum en-
hancement of the kidney parenchyma was recorded 
20 seconds after contrast medium administration. 

Figure 3. (A) Transverse pre-
contrast CT image (WW 400, 
WL 50) at the level of the 
kidneys (K). (B) Transverse 
post-contrast CT image (WW 
400, WL 50) at the level of the 
kidneys. The kidneys (K) show 
excellent enhancement. The 
ureters (U) are visible in the 
kidney parenchyma

(A)

(B)



679

Veterinarni Medicina, 62, 2017 (12): 674–680	 Original Paper

doi: 10.17221/73/2017-VETMED

Similar findings were observed in adult Hermann’s 
tortoises (Gumpenberger and Filip 2007).

In the present study, the native density of the gall 
bladder and urinary bladder was 35.08 ± 6.67 HU 
and 1.98 ± 3.09 HU, respectively. The attenuation 
values for ovarian follicles were similar to the ovar-
ian follicle attenuation values for Hermann’s tor-
toises reported by Gumpenberger (2011). The gall 
bladder content, the urinary bladder content and 
ovarian follicles were all without contrast enhance-
ment after contrast medium administration in fe-
male red-eared terrapins. According to the authors’ 
knowledge such measurements had not yet been 
performed in red-eared terrapins.

The enhancement of the ureters and the gall blad-
der wall was subjectively evaluated because of the 
small area for ROI measurement. Enhancement of 
the ureters in post-contrast studies was considered 
excellent in all terrapins, while enhancement of the 
gall bladder wall in post-contrast studies was con-
sidered excellent in two terrapins only.

The first visualisation of the contrast medium 
in the aorta of eight green iguanas was recorded 
3.6 ± 0.5 seconds after contrast medium admin-
istration (Nardini et al. 2014). In red-eared ter-
rapins, the peak aortic enhancement and the peak 
hepatic vein enhancement were recorded 20 sec-
onds, and 20–60 seconds after contrast medium 
administration, respectively. Variations in density 
may be caused by differences in blood pressure, 
heart rate or hydration between individual tortoises 
or may result from different methods for contrast 
medium administration and the different reptile 
species that have been used. The main limitation 
of this study was that we did not use an automated 
bolus tracking method as in the study of Nardini 
et al. (2014). For intravenous contrast medium ad-
ministration, the jugular vein or the coccygeal vein 
were recommended as sites of administration in 
chelonians (Gumpenberger 2011). In our study, the 
jugular vein was used in contrast with the study 
from Nardini et al. (2014). Differences in attenua-
tion values may be expected when using different 
sites of administration due to the characteristic 
renal portal system in reptiles. To the best of the 
authors’ knowledge, similar measurements have 
not yet been reported in red-eared terrapins or any 
other chelonian species. The authors are aware that 
the reported statistical analysis has limited value 
because of the low number of animals used in this 
study.

In conclusion, our results demonstrate that con-
trast-enhanced computed tomography is a valu-
able method for clinical examination of the internal 
organs in red-eared terrapins. CECT provided 
information about the blood supply of different 
parenchymal organs. This would allow early diag-
nosis of organ changes and could suggest corrective 
measures regarding treatment protocols, feeding 
and husbandry for captive chelonian species. CECT 
might also enable early detection of pathology in 
parenchymal organs not seen on plain CT scans. 
More studies with terrapins suffering from diseases 
affecting specific organs are needed.
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