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Abstract. In this study, diameter and length of cervical vessels in minipigs of different ages were examined with respect to
either prone or supine positioning. In addition, age related changes were established, since scanning of vessels was carried
out at different stages of growth. Due to their early maturity, minipigs are used frequently as animal models for surgery or
vascular interventions. To gain open access to cervical vessels the animals have to be in supine position. Since this does
not correspond to a physiological position, changes in vessel length and inner diameter were measured. The results were
compared to vessel length and diameter in the prone position, which represents the physiological position.

Contrast enhanced computed tomography (CT) was used for examination, which allowed for describing these changes in
vivo without compromising the physiological pressure and condition. Significant changes could not be observed in the arterial
system. However, the venous system showed significant changes (p < 0.05) in both vessel diameter and length. Moreover,
results showed that development of the cervical vascular system is completed, when the minipigs are 17 months old.
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1. Introduction

Pigs are established animal models for experimental studies due to their cardiovascular anatomy and
physiology [1–5], which shows a broad range of similarities to the cardiovascular system of humans [6].
For in vivo-studies, minipigs are frequently used since animal handling, housing and care are uncom-
plicated. Moreover, their limited growth rate compares to that of common farm pigs [7–9].

In biomedical research, minipigs are established animal models for vascular surgery and interventions
[2, 10–13]. However, only few systematic data on characteristics of the morphology of blood vessels
are available, which would allow study planning and refinement according to the 3R principles of
Russel and Burch [14]. Whereas corresponding blood vessels for living donor lung transplantation are
established [15], a systematic approach to describe morphological characteristics of cervical arterial
and venous vessels in minipigs are not available yet. In addition, existing data are mostly based on
macroscopic ex-vivo necropsy studies and do not represent an in-vivo situation.

A major problem of all surgical procedures is the surgical approach, in which the vital parame-
ters of the pigs have to be considered, especially the hemodynamic situation. Moreover, a fast, safe,
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and efficient intervention has to be accomplished. For open interventions of cervical vessels, minipigs
have to be placed in supine position [16], while the physiological position of minipigs would be either
standing, prone or flank recumbency. Usually, possible changes in vascular anatomy, which might be
caused by non-physiological prone intraoperative placement, are not considered.

Thus, objective of this study was to evaluate in vivo-changes in length and diameter of the cervical
vessels with regard to the positioning of the pig. These parameters were put into separate data groups
in order to examine possible effects of age and/or body weight.

2. Materials and methods

2.1. Study design

18 minipigs were included in the study and stratified in three different groups (Table 1): Group one
included 6 pigs, which were scanned before reaching maturity with a median age of 12 months and a
median body weight of 29 kg. Animals in group two and three were scanned twice. First, at the age of
17 months with a median body weight of 28 kg (group 2, n = 12), and again at the age of 21 months
with a median body weight of 35 kg (group 3, n = 12). All minipigs were examined by CT scanning
first in supine followed by prone position.

2.2. Animals and handling

In vivo experiments were approved by the regional office for health and social welfare (LaGeSo)
of Berlin and performed at the animal facility of the Charité University Clinic, Campus Virchow
(Berlin, Germany), Department of Experimental Medicine (certified by ISO 9001:2008), on female
pigs from the breed Göttingen™ Minipig (Ellegaard, Denmark). The principles of laboratory animal
care according to the guidelines of the European societies of laboratory animal sciences were followed.
Animals were housed in groups of 6 animals in an environmentally controlled room (12/12 light/dark-
rhythm, 19–23◦C, 55 ± 10% relative humidity).

2.3. Anesthesia

General anesthesia was performed prior CT-imaging. Food was withdrawn the night before
anesthesia, but the animals had free access to water. The minipigs were premedicated by intramus-
cular (i.m.) injection with 0.5 ml atropine (Atropinum sulfuricum, 1 mg/ml, Eifelfango, Germany).
General anesthesia was accomplished by by i.m. injection with ketamine (i.m., 27 mg/kg, UrsotaminTM,
100 mg/ml, Serumwerk Bernburg, Germany), xylazine (i.m., 3.5 mg/kg, RompunTM TS, 20 mg/ml,
Bayer Vital, Germany), and 3 ml azaperone (i.m., Stresnil™, 40 mg/ml, Janssen Animal Health,
Germany). In addition, an intravenous (i.v.) infusion with electrolyte solution (Ionosteril™, Fresenius,
Germany, 1000 ml) was a) administered throughout the procedure.

Table 1

Group composition of the 18 pigs included in this study

n status age [months] body weight [kg]

Group 1 6 juvenile 12 ± 1 29.4 ± 4.5
Group 2 12 pre-adult 17 ± 1 28.3 ± 3.0
Group 3 12 adult 21 ± 1 34.7 ± 4.5
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2.4. Computer tomography (CT)

To analyze the cervical vessels, contrast enhanced computed tomography (CT) of the pigs was
performed in prone and supine position. CT scans were performed using a 64-slice scanner (LightSpeed
64®; GE Medical Systems, Milwaukee, IL, USA).

The scan protocol used contrast-enhancement with automated intravenous injections of 120 ml non-
ionic iodinated contrast medium (XenetiX© 350, Guerbet GmbH, Germany) via the V. auricularis
caudalis. Xenetix was used because it does not negatively influence micro- or macrocirculation [18].

Scan parameters were standardized (voltage 120 kV, maximal 600 mA with automatic mA-
optimization at a noise index of 15, mean mA 490; collimated slice thickness: 64 × 0.625 mm; total
detector width: 55 mm; rotation speed: 0.4 s; table feed per rotation: 55 mm), resulting in a scan speed
of approximately 3 s for 30 cm scan length in the z-axis.

For volumetric assessment, 1.25 mm images were reconstructed without overlap and evaluated.
Basic image analysis was performed using Advantage Windows 4.2 (GE Medical Systems, Milwaukee,
IL, USA), Amira (FEI, 5350 NE Dawson Creek Drive, Hillsboro, Oregon 97124 USA), and Visage
7.0 (Visage Imaging GmbH, Berlin, Germany).

2.5. Evaluation procedures

To analyze the influence of the animal positioning (prone, supine) on blood vessel length and luminal
diameter, landmarks were defined for both parameters (see Table 2).

Table 2

Landmarks for the measurement of luminal diameter and length of biomedical relevant blood vessels

Localization of measurements

Blood vessel Luminal vessel diameter Vessel length

A. subclavia sinistra at the outlet from the arcus aortae between the outlet from the arcus aortae to the
crossing of the first rib

A. subclavia dextra at the outlet from the truncus
brachiocephalicus

between the outlet from the truncus
brachiocephalicus to the crossing of the first rib

Truncus bicaroticus just before the vessel splits up into the
Aa. carotides communes

between its outlet from the A. subclavia dextra and
the A. carotis communis

A. carotis communis at the middle of the vessel length between its outlet from the truncus bicaroticus and
the A. carotis interna/externa

A. carotis externa at the outlet from the A. carotis
communis

not measureable

A. carotis interna
V. brachiocaphalica at the inlet of the V. subclavia between the inlet of the V. subclavia and the V. cava

cranialis
Vv. subclaviae just before the inlet into the V.

brachiocephalica
between the crossing of the first rib and the inlet into

the V. brachiocephalica
Vv. jugularis externae at the middle of the vessel length between the point of confluence of the V. maxillaris,

the V. linguofacialis and the inlet of the V. subclavia
V. jugularis interna not measureable
V. cephalica just before the inlet into the V. jugularis

externa
not measureable



162 S.M. Niehues et al. / Positioning of minipigs and its bearing on cervical vessels

Length: 0.667 cm (6.835 plx)

Length: 0.885 cm (9.067 plx)

Fig. 1. Measurement of the diameter with two orthogonal lines in the vascular lumen.

Fig. 2. Multiplanar reformation of the V. jugularis externa in supine position with centered measurement.

The vessel diameter was measured with two orthogonal lines at defined landmarks (see Fig. 1).
The inner diameter was defined as the lumen filled with contrast media in the CT. Only the lumen
was measured and the lumen did not include the vessel wall. Points of measurement were chosen
perpendicular to the vessels axis.

For measuring the vessel length multiplanar reformations (MPR) were computed to ensure measuring
the center of each vessel in its complete dimension (see Fig. 2).

To optimize visualization, three-dimensional images were constructed in volume rendering technique
to display changes and dimensions of vascular filling.
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2.6. Statistics

All data were evaluated with Predictive Analytic Software (PASW Statistics18, SPSS, IBM). Stan-
dard analysis included minimum, maximum, median and standard deviation, and testing significance
and visualization with box-and-whisker-plots.

For comparison of group 2 and 3 a paired sample t-test was used since the animals in both
groups were identical. This test was also used to compare prone and supine position. For compar-
ison between group 1 and 2/3, a t-test for independent samples was used. Significance level was set at
p < 0.05.

3. Results

3.1. Vessel diameter

There were no significant changes in vessel length and diameter between groups 2 and 3, even
though weight of the animals had increased by 23 percent. Thus, groups 2 and 3 were pooled for
further comparisons, since the vascular system was presumed to be fully developed. All vascular
measurements in both resulting groups are shown in Tables 3-4.

3.2. Comparing group 1 vs. 2/3

There were significant changes in vessel diameters between group 1 and group 2/3 regarding the
Vv. brachiocephalicae, Vv. jugularis externae and internae (p < 0.05). Vv. brachiocephalicae and Vv.
jugularis internae showed an increase in size. As a specific characteristic, the Vv. jugularis externae
showed a significant decrease in size when the pigs were between 12th and 17/21st month old (from
median 10.8 to 9.1 mm, standard deviation 0.3 and 0.4 mm).

Changes in percentage of luminal decrease are shown in Table 5. Main differences between prone
and supine positioning are present in the pre-adult and adult group with diameter reduction between
7.9 and 33.7 percent.

Table 3

Vessel diameter (in mm) of group 1, prone versus supine position; ∗=p < 0.05

Prone Supine
Median Standard deviation Median Standard deviation

A. subclavia sinistra 6.9 0.7 7.0 0.8
A. subclavia dextra 6.3 0.8 6.1 0.8
Truncus bicaroticus 8.0 0.6 7.9 0.8
A. carotis communis 5.3 0.8 5.7 0.7
A. carotis externa 5.2 0.7 5.2 0.7
A. carotis interna 1.8 0.3 1.9 0.5
V. brachiocaphalica* 9.4 1.0 8.8 0.8
V. subclavia 7.2 0.9 5.5 0.5
V. jugularis externa* 10.6 1.4 8.0 1.5
V. jugularis interna* 4.4 0.5 3.9 1.0
V. cephalica 4.9 0.9 4.5 0.7
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Table 4

Vessel diameter (in mm) of group 2/3, prone versus supine position; ∗=p < 0.05

Prone Supine
Median Standard deviation Median Standard deviation

A. subclavia sinistra 7.6 1.0 7.7 1.3
A. subclavia dextra 6.6 0.8 6.5 0.9
Truncus bicaroticus 8.4 0.8 8.2 0.8
A. carotis communis 5.4 0.5 5.6 0.5
A. carotis externa 5.4 0.6 5.4 0.5
A. carotis interna 2.7 0.4 2.4 0.4
V. brachiocaphalica* 11.5 0.9 10.4 0.8
V. subclavia 6.7 0.5 5.2 0.7
V. jugularis externa* 8.8 1.2 5.9 1.5
V. jugularis interna* 4.9 0.6 3.3 1.0
V. cephalica 4.8 0.6 4.0 0.7

Table 5

Percentage of reduction of vessel diameter after changing the positioning to supine

Vessel Group 1 (month 12) Group 2/3 (month 17–21)

V. brachiocephalica 6.4% 9.2%
V. jugularis externa 17.6% 22.2%
V. jugularis externa (middle part) 24.9% 32.6%
V. jugularis interna 2.2% 7.9%
V. jugularis interna (middle part) 10.4% 33.7 %
V. cephalica 7.3% 15.8%
V. subclavia I 19.9% 27.2%
V. subclavia II 20.1% 26.1%

Table 6

Vessel length (in mm) measured in group 1 comparing prone and supine position, ∗=p < 0.05

Prone Supine
length prone vs. supine Median Standard deviation Median Standard deviation

A. subclavia sinistra 63.0 6.5 66.8 5.1
A. subclavia dextra 35.4 5.9 38.2 6.0
Truncus bicaroticus 11.8 2.8 12.9 3.6
A. carotis communis 113.5 10.8 116.0 10.0
V. brachiocaphalica 15.3 2.1 16.1 3.4
V. subclavia 15.3 1.2 17.6 1.8
V. jugularis externa* 90.0 8.3 94.9 7.6

3.3. Length

Measurements of vessel length between the two different groups in both prone and supine position
are shown in Tables 6 and 7:
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Table 7

Vessel length (in mm) measured in group 2/3 comparing prone and supine position, ∗=p < 0.05

Prone Supine
length prone vs. supine Median Standard deviation Median Standard deviation

A. subclavia sinistra 66.0 8.2 67.1 9.6
A. subclavia dextra 34.6 4.5 37.5 5.9
Truncus bicaroticus 11.9 2.6 11.9 3.3
A. carotis communis 115.7 8.3 119.8 9.4
V. brachiocaphalica 15.3 3.0 15.6 4.4
V. subclavia 15.3 2.8 15.7 3.6
V. jugularis externa* 87.5 7.5 94.9 11.4

Vessel length changes were found to be significant only in the external jugular vein with an increase
in supine position with a median increase in vessel length of 5 percent in group 1 and 10 percent in
group 2/3. All other veins also showed an increase in length when measured in supine position, but
values were not significant.

3.4. Comparison of prone vs. supine positioning

Arterial vessels of the neck showed no significant changes between prone and supine position in all
three groups. Slight differences were present, but did not reach levels of significance (p-values between
0.07 and 0.7).

In venous vessels, relevant changes in vessel diameter and especially in vessel length (Fig. 3)
were found: vessel diameter change was significant in external and internal jugular, brachiocephalic,
subclavian, and cephalic veins (p < 0.05) with vessel diameter decreasing in supine position.

4. Discussion

Even though a change of venous vessel diameter by positioning appears to be obvious, this fact can
lead to severe consequences in experimental studies. As Barka et al. stated, supine position is the normal
position to access cervical vessels during surgery [16]. In previous procedures involving anesthesia,
surgery, or post-operative treatment each individual pig was placed in this unphysiological position for
a certain period of time. During surgery, equipment is chosen according to the intraoperative situation,
i.e. catheter or cuff size and length will be selected according to the vessel size. After surgery, the
pig will recover from the intervention and will be housed for the study time according to its natural
behavior, i.e. primarily in prone (standing) or lateral position. Devices adapted to the diameter used
during surgery will reduce the vessel size (intentionally and unintentionally) and therefore potentially
reduce the centripetal blood flow (Fig. 4).

Since decreased blood flow and changes of the vessel wall (catheter tip injury or direct surgical
trauma, [17]) are two of the three general risk factors for thrombosis as postulated by Virchow (Virchow
trias) an increase of thrombembolic events can be assumed. If these changes are performed on both
sides venous stasis could result in serious tissue damage, bleedings, and obstruction.

Change in vessel diameter may be caused by the pressure within the vessel and in the pressure
of the surrounding tissue. In supine position, the cervical musculature (M. sternocleidomastoideus)
can produce traction on the venous vessels in prone position. As described in human medicine, the
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Fig. 3. Supine position (upper images) as VRT (left) and MPR (right) compared to prone position (lower images) displayed
as VRT and MPR focusing on the external jugular vein.

Length: 0.504 cm (7.172 pix)

Length: 1.031 cm (14.667 pix)

Fig. 4. Reduction of vessel size (48%) in prone position due to an external venous cuff (reduction intended to confirm cuff
mechanism stability).
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a

c

b

Fig. 5. a–c: Threedimensional rendering of a minipig a) scanned in prone position b) scanned in supine position c) showing
the vessels stretched (arrows) in supine position.

jugular vein does not usually collapse due to traction of the surrounding tissue and tension of the
musculature. In supine position, the musculature will produce pressure upon the vessels, which will,
if the intraluminal pressure is less than the external pressure, result in compression. This effect will
be augmented by the effects of sedation or even relaxation. The theory of tissue and vascular pressure
also describes why arterial diameters are not affected in the same manner.

Whereas the change in diameter can be considered as a result of intraluminal and extraluminal
pressure, vessel length should not be affected by this. Changes in vessel length can be explained by the
positioning of the pigs. In supine position the head is inclined towards the neck (Fig. 5) causing tension
along the z-axis consequently a stretched vessel. Due to this tension, the vessel diameter may be
reduced as well. Thus, we suggest to put cushions underneath the head in supine position to reduce this
effect.

Regarding vessel length, the arterial system is probably not affected by positioning due to its stiffness
and large content of musculature in the vessel wall comprising the Tunica muscularis in arteries.

For vascular surgery (i.e. bypass surgery, vessel transplantation) the vessel in question should meet
the criteria to fit in its new position, concerning both vessel length and size. Selecting the vessel
according to the situation during surgery, there might be a mismatch when compared to the physio-
logical condition. This error might result in significant changes in hemorheology, thrombosis, or even
complete obstruction of the vessel, endangering the project itself.

However, these changes can be used on purpose to produce a stress model with intended luminal
reduction or pressure on the vessel wall.
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5. Conclusion

Vessel diameter and length in minipigs change until the age of 17 months. After 17 months, the
vascular system can be considered as fully developed.

Changing the position of the pig affects the vascular system: While arterial vessels do not change in
vessel length and diameter with regard to the positioning of a minipig, the venous vascular anatomy
shows significant changes in vessel diameter and vessel length. These changes can be used as a
stress model for implanted material. However, they may also result in temporary obstruction or even
thrombosis due to stasis within the veins. These changes have to be considered when choosing an
adequate model for research and also adequate (surgical) treatment and material for projects focusing
on cervical vessels. Moreover, the data provided here offers a database for diameter and length of
cervical vessels in Göttingen minipigs in different stages of growth.
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