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Abstract

Objective: To evaluate the feasibility of thoracoscopic placement of three vas-

cular attenuation devices by using the azygos vein as a model for portoazygos

(PA) shunts and to describe the approach for thoracoscopic placement of these

attenuation devices in small breed dogs.

Study design: Randomized, prospective, cadaveric study.

Animals: Cadavers of 10 adult small breed dogs.

Methods: Cadavers were placed in sternal recumbency with left dorsolateral

obliquity, and three thoracoscopic ports were established in the right

hemithorax at the mid-10th intercostal space and dorsal third of the ninth and

11th intercostal spaces. The caudal azygos vein was thoracoscopically isolated

along three adjacent segments bordered by four intercostal arteries, beginning

just cranial to the first intercostal artery visualized cranial to the diaphragm.

Three attenuation devices including coated cellophane, uncoated cellophane,

and a 5-mm ameroid constrictor were thoracoscopically placed around one

segment in each dog. Minor port access modifications were required to

improve working space and triangulation in three dogs. Ability to successfully

place the device, time required for placement, endoscopic clip configuration,

and complications associated with placement were recorded.

Results: Median dog weight was 7.7 kg (range, 1.8-11). All attenuation devices

were successfully placed thoracoscopically in all cadavers. No difference was

detected in time required for placement between the ameroid constrictor and

coated and uncoated cellophane (range, 2.3-33.8 minutes, P = .8).

Conclusion: Ameroid constrictors and thin film bands were consistently

placed via thoracoscopy around the caudal azygos vein of small breed dogs.

Clinical significance: These results justify further investigation of

thoracoscopic PA shunt attenuation in affected dogs.

1 | INTRODUCTION

Congenital extrahepatic portosystemic shunts (CEPSS)
are common in small breed dogs and allow blood from

the gastrointestinal viscera to bypass the liver and
directly enter systemic circulation.1-3 Standard of care
consists of gradual attenuation of the shunting vessel,
most commonly with ameroid constrictors or thin film
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banding (eg, cellophane).4,5 While both devices are asso-
ciated with similar rates of postoperative complications
(approximately 25%) and mortality (approximately 2%),
thin film banding techniques may allow slower attenua-
tion over ameroid constrictors, thereby minimizing the
risks of portal hypertension and acquired shunting.2,4,5

Revision surgery for persistent shunting, however, is
more common after thin film banding techniques than
after placement of ameroid constrictors.6,7 The lack of
consensus in the literature prompts surgeons to select the
device for CEPSS attenuation based on their preference.

The majority of CEPSS (eg, portocaval) terminate
within the peritoneal cavity, and, as a result, attenuation
devices have been investigated primarily for their use in
the abdomen.8 However, approximately 25% of CEPSS
terminate on the azygos vein within the thoracic cav-
ity.2,3,7,9 While attenuation of CEPSS is recommended as
close to the termination as possible to prevent persistent
shunting through distal tributaries, portoazygos (PA)
shunts are traditionally attenuated intra-abdominally.7

Continued postoperative shunting is a concern if the
attenuating device is placed distant from the shunt's ter-
mination because PA shunts may also have tributaries
from gastric veins prior to crossing the diaphragm.9 In
addition, dissection of the PA shunt from the muscle
fibers and fascia of the dorsal diaphragm can be techni-
cally challenging and risks inadvertent tearing of the
shunt and iatrogenic pneumothorax.7 Intrathoracic atten-
uation of this subset of CEPSS ensures that attenuation
occurs downstream of all contributing tributaries and
provides improved visualization of the distal shunt com-
pared with an intra-abdominal approach.7 To the best of
the authors' knowledge, only two reports have described
the use of ameroid constrictors or thin film banding for
intrathoracic PA shunt attenuation, either through an
open intercostal or a transdiaphragmatic approach.7,10

Although laparoscopic CEPSS attenuation is
described in a report of two cases, thoracoscopic shunt
attenuation has not been reported.11 Thoracoscopic
attenuation of PA shunts may provide the advantages of
a minimally invasive approach while simultaneously
harnessing the previously discussed advantages of an
intrathoracic approach to PA shunt attenuation.12-14 The
objective of this study, therefore, was to evaluate the fea-
sibility of thoracoscopic placement of three attenuation
devices by using the azygos vein as a model for PA
shunts and describe the approach for thoracoscopic
placement of attenuation devices in small breed dogs.
We hypothesized that thoracoscopic placement of both
ameroid constrictors and cellophane bands on the caudal
azygos vein via a novel thoracoscopic approach would be
feasible.

2 | MATERIALS AND METHODS

Prior to the study, medical records of dogs with PA
shunts were retrospectively reviewed. Preliminary com-
puted tomography (CT) measurements were performed
by the authors to evaluate the diameters of the caudal
thoracic azygos vein and PA shunts in five clinical dogs.
In addition, three adult canine cadavers were obtained
after humane euthanasia from a local animal shelter;
these pilot dogs were used to confirm initial port configu-
ration and feasibility of azygos vein dissection and atten-
uation device placement. Ten adult canine cadavers
(<11 kg each) were then obtained after humane euthana-
sia from a local animal shelter (n = 7) and another termi-
nal study at our institution (n = 3; institutional animal
care and use committee approval No. 19-066-O).
Approval from the shelter was obtained for all cadaver
inclusion in the study. Dogs were free of clinically
apparent thoracic disease. All procedures were per-
formed by a single board-certified surgeon (V.F.S.) expe-
rienced in thoracoscopic surgery assisted by a surgical
resident or intern.

Cadavers were placed in sternal recumbency with left
dorsolateral obliquity, and the right thorax and paracostal
region was clipped. Three ports were established on
the right thorax. Specifically, a 5.5-mm cannula
(Thoracoport; Medtronic, Minneapolis, Minnesota)
was inserted at the middle of the 10th intercostal
space. A 5-mm, 30� rigid endoscope (HopkinsII 5-mm
laparoscope; Karl Storz Veterinary Endoscopy, Goleta,
California) was introduced through this portal. Two
additional cannulas (Thoracoport; Medtronic) were
inserted in the dorsal third of the 11th intercostal space
(5.5-mm cannula) and the dorsal third of the ninth inter-
costal space (11.5-mm cannula; Figure 1). Thoracoscopic
Metzenbaum scissors, right-angle forceps, and Kelly
dissecting forceps (Karl Storz Veterinary Endoscopy)
were used to thoracoscopically isolate the azygos vein
along three adjacent segments bordered by four inter-
costal arteries, beginning immediately cranial to the
caudal-most intercostal artery visualized cranial to the
diaphragm.

Three different attenuation devices were assessed dur-
ing this study including coated cellophane (polymer
coated cellophane; CelloVet, Fremantle, Western
Australia, Australia), uncoated cellophane (original
uncoated cellophane; CelloVet), and a 5-mm ameroid
ring constrictor (Jorgensen Laboratories, Loveland, Colo-
rado). For each cadaver, one device was placed around
the azygos vein at the midpoint of the cranial, middle, or
caudal segment. A randomized block design was used to
determine the device placed on each segment in a given
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cadaver to minimize the effect of segment location and
order of device placement on variables assessed. Vari-
ables evaluated for each device were duration of place-
ment, number of attempts to pass the device around the
azygos vein, number and configuration of endoscopic
clips on cellophane, cellophane band alignment, cello-
phane tearing, and any complications encountered in
placing the device. Duration of placement was defined as
the time from device insertion into the thorax to either
last endoscopic clip application for cellophane or success-
ful (flush) insertion of key for ameroid placement. Cello-
phane alignment was defined as the completeness of
overlap of the distal ends of the cellophane band, with
>70% overlap classified as “good,” 50% to 70% overlap
classified as “fair,” and < 50% overlap classified
as “poor.”

For cellophane placement, cellophane bands (both
coated and uncoated) were cut into 60- × 12-mm strips
which were then folded longitudinally twice to create a
4-mm-wide triple-layer band.15 For smaller cadavers, the
60-mm length was shortened to 45 mm to improve
maneuverability within the thorax. After they had been
introduced through the cranial port by using Kelly dis-
secting forceps, 5-mm right-angle forceps were inserted
through the caudal port and passed along the medial
aspect of the azygos vein segment from ventral to dorsal.
The right-angle forceps were used to apply slight lateral
traction to the azygos vein and then grasp the cellophane
band from the Kelly forceps, pulling the band around the
medial aspect of the vein from dorsal to ventral. The
right-angle and Kelly forceps were then used to appose
the ends of the cellophane band. While they were held in
apposition with the right-angle forceps, the Kelly forceps
were removed and a 12-mm endoscopic hemostatic clip

applicator (LIGACLIP endoscopic rotating multiple clip
applier, medium/large; Ethicon, Somerville, New Jersey)
was introduced through the cranial port. Each cellophane
band was then secured via endoscopic clip placement as
previously described.15,16 Briefly, the surgeon attempted
to place four 11.5-mm clips in alternating fashion from
both sides of the cellophane construct such that the inner
diameter of the resulting cellophane band approximated
the predissection diameter of the azygos vein segment
around which it was placed. In addition, the surgeon
attempted to place all clips at a 90� angle to the long edge
of the band while maintaining apposition and alignment
of both ends of the cellophane band (Figure 2).15,16

Ameroid constrictors were similarly introduced
through the cranial port by using 10-mm right-angle for-
ceps (Karl Storz Veterinary Endoscopy). The ameroid

FIGURE 2 Thoracoscopic placement of cellophane around

the caudal azygos vein. Right-angle forceps were used to appose the

ends of the cellophane band prior to endoscopic clip placement (A).

Final configuration of four 11.5-mm clips placed in alternating

fashion to secure the cellophane band around the azygos vein (B)

FIGURE 1 Location of three right-sided ports for

thoracoscopic placement of attenuation devices on the caudal

azygos vein. Lines illustrate the ninth through 12th intercostal

spaces, with an “X” marking the location of each port
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constrictor was introduced such that the opening in the
ring faced caudally, and 5-mm right-angle forceps intro-
duced through the caudal port were used to gently
manipulate the azygos vein to facilitate ameroid constric-
tor placement. The ameroid constrictor was placed by
laying the flat side either dorsal or ventral to the azygos
with the opening facing caudally and rotating the con-
strictor 90� to place the azygos vein within the ameroid
constrictor. Alternatively, the ameroid constrictor was
positioned vertically with the opening facing laterally or
ventrally, and the 5-mm right-angle forceps were used to
gently retract the azygos vein ventrolaterally to allow
placement of the constrictor from dorsally or medially.
After the ameroid constrictor had been placed around the
azygos vein, the constrictor was gently rotated by using
the right-angle forceps until the opening faced laterally
in preparation for key placement. The caudal port was
then removed, and the ameroid key was placed with
approximately one-third of the key within the tips of
Rochester-Carmalt forceps. The forceps and key were
then introduced through the 11th intercostal port site,
and the key was inserted approximately 10% to 20% into
the opening on the ameroid constrictor. The key was
then released by the Rochester-Carmalt forceps, and a
10-mm or 5-mm right-angle forceps was used to grip the
ameroid constrictor along both sides to advance the key
such that it was flush with the edge of the constrictor
(Figure 3).

Each cellophane construct was removed thoraco-
scopically after placement to avoid interference with
placement of subsequent devices. Ameroid constrictors
were removed via a ninth intercostal thoracotomy after
all devices were placed.

Cadaveric and procedural variables were evaluated for
normality via assessment of histogram conformation.
Nonnormally distributed data are expressed as medians
and the associated range. Duration of placement for
each device was compared by using a nonparametric
(Friedman) test. All analyses were performed in GraphPad
Prism 8 (GraphPad Software, San Diego, California), and
P < .05 was considered statistically significant.

3 | RESULTS

Prior to study initiation, five clinical cases of dogs that
presented to our institution with PA shunts were
reviewed; median body weight was 4.7 kg (range,
3.6-19.6). Review of CT images from these cases provided
evidence that the diameter of PA shunts at the termina-
tion on the azygos vein was similar to the diameter of the
caudal thoracic azygos vein. Port configuration for access
to the caudal thoracic azygos vein was then confirmed

through thoracoscopic dissection of the azygos vein and
placement of attenuation devices in three pilot cadavers.

After collection of pilot data, cadavers were obtained
from three beagles and one each of shih tzu, Chihuahua,
Jack Russel terrier, Maltese, toy poodle, French bulldog,
and mixed breed dogs. Seven dogs were female (six intact
and one spayed) and three were male (one intact
and two neutered). Median body weight was 7.7 kg
(range, 1.8-11).

Minor port access modifications were required to
improve working space and triangulation in three dogs.
In the 1.8-kg dog, the cranial and caudal instrument can-
nulas were removed to facilitate placement of the attenu-
ation devices without interference from the cannulas
because of decreased working room within the thorax.
Thoracoscopic instruments were reinserted through the

FIGURE 3 Thoracoscopic images of an ameroid constrictor

placed around the caudal azygos vein. After initial placement, the

ameroid constrictor was rotated around the azygos vein such that

the constrictor faced laterally in preparation for key placement with

right-angle forceps (A). The key has been successfully placed flush

with the edge of the ameroid constrictor (B)
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port sites without the cannulas, and attenuation device
placement proceeded without complication. In the 11-kg
dog, the 11.5-mm cranial cannula was removed to facili-
tate manipulation of the 12-mm endoscopic clip applica-
tor because of interference from the rigidity of the
surrounding ribs. In the third dog (4.8 kg), an additional
11.5-mm port was placed in the dorsal fourth intercostal
space to introduce the 10-mm right-angle forceps to
improve triangulation for placement of the ameroid key.
After these modifications, placement of the attenuation
devices proceeded as previously described.

Median device placement times were 5.5 minutes
(range, 5-5.3) for uncoated cellophane, 5.9 minutes
(range, 2.3-8) for coated cellophane, and 8 minutes
(range, 2.8-33.8) for ameroid constrictors. No difference
was detected between placement times for the different
attenuation devices (P = .830). Each cellophane band
(both coated and uncoated) was passed around the azy-
gos vein with only one attempt. In contrast, the median
number of attempts required for passing the ameroid
constrictor was 1.5 (range, 1-6). The ameroid constrictor
was dropped once in one dog, and the key was dropped
once, twice, and six times in three additional dogs. Both
the ameroid constrictor and the key were successfully
retrieved thoracoscopically without conversion. In the
1.8-kg dog, the 5-mm right-angle forceps rather than
the 10-mm right-angle forceps was used to place the
ameroid key.

No observable tearing of the cellophane was noted in
any of the constructs during placement. Four (median;
range, 4-6) hemostatic clips were placed to secure both
the coated and uncoated cellophane bands. Median esti-
mated hemoclip angulation was 90� (range, 45�-90�), and
appropriate clip alternation was achieved in 60% of place-
ments for both coated and uncoated cellophane. Appro-
priate clip alternation was achieved in 100% of cranial
segments, 63% of middle segments, and 29% of caudal
segments. Coated cellophane alignment was described as
good in eight of the 10 dogs, fair in one dog, and poor in
one dog. Alignment for the uncoated cellophane was
described as good in six of 10 dogs, fair in three dogs, and
poor in one dog. No cellophane bands were dropped dur-
ing placement.

4 | DISCUSSION

Cellophane bands and ameroid constrictors were consis-
tently placed via thoracoscopy around the canine azygos
vein in 10 small dog cadavers. The caudal azygos vein
was chosen as a model for PA shunts because of similar-
ity in the right-sided caudodorsal thoracic location of this
vessel compared with the most frequently described

termination of PA shunts on the azygos vein.3,17 In addi-
tion, the diameter of PA shunts in clinical dogs that
underwent CT was similar to the diameter of the caudal
thoracic azygos vein in dogs of equivalent body weight.
Although the size and location of the azygos vein support
its use as a model for PA shunts in dogs, the characteris-
tic “L” shape of terminal PA shunts differs from the
straight, sagitally oriented azygos vein.3,18 While the
unique shape of terminal PA shunts could affect the abil-
ity to thoracoscopically dissect and place a vascular atten-
uation device compared with placement on the azygos
vein, the authors believe that this “L” shape may actually
facilitate the placement of vascular attenuation devices
on PA shunts. With segments of the terminal shunt ori-
ented both dorsoventrally and craniocaudally as part of
the “L,” the surgeon has two orthogonal options for
orienting the attenuation device during placement, which
may improve access and reduce placement time.3,18

Ports were established in the right caudal thorax to
facilitate triangulation around the caudal thoracic azygos
vein. Port location was derived from previous descrip-
tions of thoracoscopic thoracic duct ligation because of
the similarity in location.19,20 Because of the right-
handed dominance of the surgeon, the ninth rather
than the 11th intercostal space was selected for
placement of the 11.5-mm cannula to facilitate insertion
of the ameroid constrictor and endoscopic clips by using
10-mm and 12-mm instruments, respectively, with the
dominant hand.

All cadavers in this study weighed less than 11 kg.
However, the median body weight of cadavers in this
study (7.7 kg; range, 1.8-11) remained higher than that of
dogs that have presented to our institution with PA
shunts over the past 4 years (4.7 kg; range, 3.6-19.6).
Thus, surgeons may experience more challenges related
to the small body size of dogs with PA shunts compared
with those encountered in this cadaveric study. Nonethe-
less, the median body weight of cadavers in this study
(7.7 kg) was similar to the median body weights reported
in other studies of dogs with CEPSS (range,
4.5-6.5 kg).7,21-23 In our study, the only modifications
required to faclititate device placement in smaller
cadavers consisted of removing the cannulas and using
the 5-mm right-angle forceps to place the ameroid key.
With the exception of the 10-mm right-angle forceps and
the 12-mm endoscopic clip applicator, 5-mm instruments
were used to isolate the azygos vein and place the attenu-
ation devices. For smaller dogs, the use of pediatric
instruments with smaller diameters (thereby requiring
smaller cannulas) may facilitate dissection and placement
of the device.

Cellophane bands were secured with medium-large
(11.5-mm) endoscopic clips in this study because, in a
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previous study, these clips resisted higher yield loads
compared with smaller 9-mm endoscopic clips.15 In the
same study, four 11.5-mm clips placed in alternating
fashion achieved maximum security in securing cello-
phane bands.15 The clinical importance of the clip size
and orientation for securing thin film bands around
CEPSS, however, has not been established.16 Thus, the
use of smaller clips in a nonalternating fashion may bet-
ter facilitate thoracoscopic thin film band placement
without jeopardizing the security of the band. While
11.5-mm endoscopic clips are available only in a 12-mm
diameter applicator, 9-mm clips are available in both
5-mm and 10-mm diameter applicators, which would
decrease the port size required for their introduction in
very small dogs. Appropriate clip alternation was
achieved for 100% of the cranial azygos segments but for
only 63% and 29% of the middle and caudal segments,
respectively, providing evidence that clip alternation was
more feasible with increasing distance from the dia-
phragm. From CT observations and clinical experience
with an intercostal approach to PA shunts, the authors
believe that the termination of PA shunts are commonly
located at the equivalent of the cranial or middle azygos
vein segments used in this study. Thus, surgeons should
be aware that a more caudal termination of PA shunt
closer to the diaphragm in a clinical dog may make clip
alternation more challenging.

The two most commonly used vascular attenuation
devices were evaluated for feasibility of thoracoscopic
placement in this study. Although no difference between
the placement times for the attenuation devices was
observed in this study, a trend toward longer placement
times of the ameroid constrictor may have reached signif-
icance were it tested in a larger sample. In addition,
while all cellophane bands were successfully passed
around the azygos vein on the first attempt, passing of
the ameroid constrictor around the azygos vein required
more than one attempt in five dogs. These attempts may
have important clinical implications because handling of
PA shunts may increase the risk of shunt tearing during
dissection. Conversely, the authors felt that more traction
and torsion were applied to the azygos vein when we
attempted to rotate the cellophane band to place endo-
scopic clips in alternating fashion, which could also pre-
dispose the PA shunt to tearing during cellophane
placement. While no tears of the azygos vein were
observed during dissection and placement of the attenua-
tion devices during this study, we cannot rule out a small
tear which would have important clinical implications in
a live dog. Because of the risk of portal hypertension from
ligating a torn shunt acutely, rapid conversion to an
intercostal thoracotomy would likely be required to
repair a tear of the PA shunt in a clinical dog. Another

potential risk of this approach is damage to the thoracic
duct during dissection of the shunt. In the authors' expe-
rience with an intercostal approach to PA shunts, the
shunting vessel is usually relatively lateral compared
with the thoracic duct and minimally associated with the
surrounding connective tissue through which the tho-
racic duct courses, minimizing risk of iatrogenic damage
to the thoracic duct. Iatrogenic thoracic duct damage has
been reported in two dogs that underwent surgical cor-
rection of persistent right aortic arch; these cases resolved
without further intervention, providing evidence that
chylothorax resulting from damage to the thoracic duct
via the approach described here may also be transient
and self-limiting.24

A potential disadvantage of using ameroid constric-
tors for thoracoscopic PA shunt attenuation is the pro-
pensity for the ameroid ring or key to be dropped during
placement. While both the key and the ring were success-
fully retrieved thoracoscopically, retrieving the ameroid
constrictor or key may prove more challenging in clinical
dogs, in which lung excursion may displace a dropped
device and impair visualization during retrieval. To over-
come this potential issue and to maintain control of the
device, a long piece of absorbable suture could be tied to
the ameroid constrictor or the key prior to introduction
into the thorax; this would facilitate retrieval of the
device and key, and the suture anchor could be trimmed
short after successful placement. Conversely, the cello-
phane was comparatively easy to grasp and was not
dropped in any cadavers. Ameroid constrictors may also
cause kinking of the azygos vein due to the weight of the
device, especially when an animal is in sternal recum-
bency. While this could theoretically cause acute occlu-
sion of the shunt leading to portal hypertension, a
previous article in which intrathoracic shunt attenuation
with ameroid constrictors was described did not report
any findings suggestive of premature occlusion due to the
weight of the ameroid constrictors.7

Two variations of cellophane bands were evaluated in
this study to represent the variety of thin film bands used
clinically and to evaluate whether differences in handling
characteristics affected the ability to place them
thoracoscopically. Subjectively, the uncoated cellophane
had a “stickier” feel, which made it easier to hold
together during placement but also made it more difficult
to keep the ends of the strand smoothly aligned while for-
ming the band. As a result, the ends of coated cellophane
bands tended to be more aligned compared with those of
uncoated cellophane; we therefore recommend coated
cellophane for thoracoscopic attenuation of CEPSS.

Complete but gradual attenuation of the shunt is indi-
cated to improve the outcome of dogs with CEPSS.4,5

Thin film banding has been suggested to be less effective
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at attenuating shunts in the thorax compared with in the
abdomen, which may be attributed to a reduced inflam-
matory and fibroblastic reaction compared with that in
the abdomen.7,25 However, the duration of follow-up was
limited to 3 months in a study in which incomplete atten-
uation of PA shunts with thin film banding in the thorax
was reported.7 Longer follow-up may have allowed com-
plete attenuation, which was suggested in a case report of
intrathoracic attenuation of a PA shunt with a thin film
band through an intercostal approach.10 The ability of
thin film banding to achieve complete vascular attenua-
tion within the thorax and the time required for attenua-
tion require additional investigation.

The thoracoscopic approach described here provides a
direct approach to the terminal PA shunt with minimal
soft tissue dissection while potentially harnessing the ben-
efits of minimally invasive surgery.12,26 Nonetheless, there
are potential limitations of this approach. Thoracoscopic
PA shunt attenuation does not allow the surgeon to
retrieve a liver biopsy without a separate approach to the
abdomen. Hepatic biopsy during surgical CEPSS attenua-
tion has historically been recommended to assess hepatic
morphology and diagnose concurrent portal vein hypopla-
sia.27,28 However, no association was detected between
histopathology and prognosis in a recent study;
intraoperative biopsy sample results were, threrefore, not
predictive of long-term outcome in dogs with CEPSS.29

An intra-abdominal approach also allows for
intraoperative assessment of potential portal hyperten-
sion, both through direct measurement of portal pressures
and through observation of changes in the viscera during
shunt dissection and attenuation.28 Direct portal pressure
measurements, however, are rarely indicated with the use
of gradual attenuation devices such as thin film bands
and ameroid constrictors compared with older suture liga-
tion techniques.5,28 Rather, sustained portal hypertension
during shunt manipulation is uncommon and may be
assessed noninvasively via evaluation of cardiovascular
variables including heart rate and systemic blood
pressure.30

The main limitation of the study was the use of a
cadaveric model to simulate clinical dogs with PA shunts.
In addition to anatomical variations between PA shunts
and the azygos vein, lung ventilation to simulate the res-
piration of the anesthetized dog was not performed.
Because one-lung ventilation is not used during
thoracoscopic thoracic duct ligation, we believe that that
pulmonary excursion from ventilation is unlikely to
interfere with the caudodorsal thoracoscopic approach
for PA shunt attenuation.19,20 Nonetheless, if the right
caudal lung lobe interferes with shunt visualization,
selective ventilation of the left lung may be considered
for thoracoscopic PA shunt attenuation.

In conclusion, this study provides evidence to support
the feasibility of thoracoscopic placement of attenuation
devices by using the azygos vein as a model for PA
shunts. To the best of the authors' knowledge, this report
is the first to describe an approach for thoracoscopic
attenuation of PA shunts in dogs. Additional prospective
study is warranted to evaluate the feasibility and safety of
thoracoscopic PA shunt attenuation in affected dogs and
to evaluate the efficacy of thin film bands for intratho-
racic vascular attenuation.

ACKNOWLEDGMENTS
Author Contributions: Carroll KA, BVetBiol/BVSc
(Hons 1): Concept generation and design, data collection,
data analysis, and manuscript composition; Dickson RE,
DVM: Data collection; Scharf VF, DVM, MS, DACVS:
Concept generation and design, data collection, data
analysis, and manuscript composition.

The authors thank Timothy Preston BVSc (Hons),
MVetSurg, MVetClinStud, DACVS-SA from CelloVet for
supply of cellophane products for use in this cadaveric
study.

CONFLICT OF INTEREST
The authors have no conflicts of interest to disclose
related to this report.

ORCID
Kenneth A. Carroll https://orcid.org/0000-0002-0977-
1261
Valery F. Scharf https://orcid.org/0000-0002-5011-9005

REFERENCES
1. Smith RR, Hunt GB, Garcia-Nolen TC, Stump S, Stover SM.

Spectroscopic and mechanical evaluation of thin film com-
monly used for banding congenital portosystemic shunts in
dogs. Vet Surg. 2013;42(4):478-487.

2. Nelson NC, Nelson LL. Imaging and clinical outcomes in
20 dogs treated with thin film banding for extrahepatic por-
tosystemic shunts. Vet Surg. 2016;45(6):736-745.

3. Or M, Ishigaki K, de Rooster H, Kutara K, Asano K. Determi-
nation of porto-azygos shunt anatomy in dogs by computed
tomography angiography. Vet Surg. 2016;45(8):1005-1012.

4. Traverson M, Lussier B, Huneault L, Gatineau M. Comparative
outcomes between ameroid ring constrictor and cellophane
banding for treatment of single congenital extrahepatic por-
tosystemic shunts in 49 dogs (1998-2012). Vet Surg. 2018;47(2):
179-187.

5. Hunt GB, Kummeling A, Tisdall PL, et al. Outcomes of cello-
phane banding for congenital portosystemic shunts in 106 dogs
and 5 cats. Vet Surg. 2004;33(1):25-31.

6. Matiasovic M, Chanoit GPA, Meakin LB, Tivers MS. Outcomes
of dogs treated for extrahepatic congenital portosystemic
shunts with thin film banding or ameroid ring constrictor. Vet
Surg. 2020;49(1):160-171.

CARROLL ET AL. 351

https://orcid.org/0000-0002-0977-1261
https://orcid.org/0000-0002-0977-1261
https://orcid.org/0000-0002-0977-1261
https://orcid.org/0000-0002-5011-9005
https://orcid.org/0000-0002-5011-9005


7. Or M, Kitshoff A, Devriendt N, De Ridder M, Quist-
Rybachuk G, de Rooster H. Transdiaphragmatic approach to
attenuate porto-azygos shunts inserting in the thorax. Vet Surg.
2016;45(8):1013-1018.

8. Serrano G, Charalambous M, Devriendt N, de Rooster H,
Mortier F, Paepe D. Treatment of congenital extrahepatic por-
tosystemic shunts in dogs: A systematic review and meta-analy-
sis. J Vet Intern Med. 2019;33(5):1865-1879.

9. Van den Bossche L, van Steenbeek FG, Favier RP,
Kummeling A, Leegwater PA, Rothuizen J. Distribution of
extrahepatic congenital portosystemic shunt morphology in
predisposed dog breeds. BMC Vet Res. 2012;8:112.

10. Harari J, Lincoln J, Alexander J, Miller J. Lateral thoracotomy
and cellophane handing of a congenital portoazygous shunt in
a dog. J Small Anim Pract. 1990;31(11):571-573.

11. Miller JM, Fowler JD. Laparoscopic portosystemic shunt
attenuation in two dogs. J Am Anim Hosp Assoc. 2006;42(2):
160-164.

12. Singh A, Scott J, Case JB, Mayhew PD, Runge JJ. Optimization
of surgical approach for thoracoscopic-assisted pulmonary sur-
gery in dogs. Vet Surg. 2019;48(S1):O99-O104.

13. Gower S, Mayhew P. Canine laparoscopic and laparoscopic-
assisted ovariohysterectomy and ovariectomy. Compend Contin
Educ Vet. 2008;30(8):430-440.

14. Fox-Alvarez WA, Scharf VF, Case JB. Comparison of laparo-
scopic and open cystopexy in a cadaveric canine model. Vet
Surg. 2015;44(S1):44-49.

15. McAlinden AB, Buckley CT, Kirby BM. Biomechanical evalua-
tion of different numbers, sizes and placement configurations
of ligaclips required to secure cellophane bands. Vet Surg. 2010;
39(1):59-64.

16. Joffe MR, Hall E, Tan C, Brunel L. Evaluation of different
methods of securing cellophane bands for portosystemic shunt
attenuation. Vet Surg. 2019;48(1):42-49.

17. Nelson NC, Nelson LL. Anatomy of extrahepatic portosystemic
shunts in dogs as determined by computed tomography angiog-
raphy. Vet Radiol Ultrasound. 2011;52(5):498-506.

18. De Rycke LM, Gielen IM, Polis I, Van Ryssen B, van Bree HJ,
Simoens PJ. Thoracoscopic anatomy of dogs positioned in lat-
eral recumbency. J Am Anim Hosp Assoc. 2001;37(6):543-548.

19. Radlinsky MG, Mason DE, Biller DS, Olsen D. Thoracoscopic
visualization and ligation of the thoracic duct in dogs. Vet Surg.
2002;31(2):138-146.

20. Allman DA, Radlinsky MG, Ralph AG, Rawlings CA.
Thoracoscopic thoracic duct ligation and thoracoscopic per-
icardectomy for treatment of chylothorax in dogs. Vet Surg.
2010;39(1):21-27.

21. Mullins RA, Sanchez VC, Selmic LE, et al. Prognostic factors
for short-term survival of dogs that experience postattenuation
seizures after surgical correction of single congenital extrahe-
patic portosystemic shunts: 93 cases (2005-2018). Vet Surg.
2020;49(5):958-970. https://doi.org/10.1111/vsu.13422.

22. Mullins RA, Sanchez Villamil C, de Rooster H, et al. Effect of
prophylactic treatment with levetiracetam on the incidence of
postattenuation seizures in dogs undergoing surgical manage-
ment of single congenital extrahepatic portosystemic shunts.
Vet Surg. 2019;48(2):164-172.

23. Otomo A, Singh A, Jeong J, et al. Long-term clinical outcomes
of dogs with single congenital extrahepatic portosystemic
shunts attenuated with thin film banding or ameroid ring con-
strictors. Vet Surg. 2020;49(3):436-444.

24. Barbur L, Millard HT, Baker S, Klocke E. Spontaneous resolu-
tion of postoperative chylothorax following surgery for persis-
tent right aortic arch in two dogs. J Am Anim Hosp Assoc. 2014;
50(3):209-215.

25. Sereda CW, Adin CA. Methods of gradual vascular occlusion
and their applications in treatment of congenital portosystemic
shunts in dogs: a review. Vet Surg. 2005;34(1):83-91.

26. Mayhew P. Developing minimally invasive surgery in compan-
ion animals. Vet Rec. 2011;169(7):177.

27. Baade S, Aupperle H, Grevel V, Schoon HA. Histopathological
and immunohistochemical investigations of hepatic lesions
associated with congenital portosystemic shunt in dogs.
J Comp Pathol. 2006;134(1):80-90.

28. Berent AC, Tobias KM. Portosystemic vascular anomalies. Vet
Clin North Am Small Anim Pract. 2009;39(3):513-541.

29. Parker JS, Monnet E, Powers BE, Twedt DC. Histologic exami-
nation of hepatic biopsy samples as a prognostic indicator in
dogs undergoing surgical correction of congenital por-
tosystemic shunts: 64 cases (1997–2005). J Am Vet Med Assoc.
2008;232(10):1511-1514.

30. Buob S, Johnston AN, Webster CRL. Portal hypertension: path-
ophysiology, diagnosis, and treatment. J Vet Intern Med. 2011;
25(2):169-186.

How to cite this article: Carroll KA, Dickson RE,
Scharf VF. Feasibility of thoracoscopic attenuation
of the azygos vein as a model for portoazygos
shunts: A canine cadaveric study. Veterinary
Surgery. 2021;50:345–352. https://doi.org/10.1111/
vsu.13532

352 CARROLL ET AL.

https://doi.org/10.1111/vsu.13422
https://doi.org/10.1111/vsu.13532
https://doi.org/10.1111/vsu.13532

	Feasibility of thoracoscopic attenuation of the azygos vein as a model for portoazygos shunts: A canine cadaveric study
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	3  RESULTS
	4  DISCUSSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	REFERENCES


