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Abstract

Background: New surgical techniques are developed to enable a quicker, easier and safer surgery with reduced
risk of complications and shortened time needed for recovery. A resorbable device, a self-locking loop, was designed
for surgical ligation. The objective of this pilot study was to investigate the feasibility of ligating the spermatic cord with
the device, its biocompatibility and long-term resorption in dogs.

Results: The device was made of a block co-polymer (glycolide and trimethylene carbonate), manufactured by
injection moulding and consisted of a flexible band running through a case with a locking mechanism. Ten devices
were tested for ligation of the spermatic cords in five dogs admitted for routine neutering. The dogs were monitored
by physical examination and ultrasonography of the site of ligation, area of spermatic cord and medial iliac lymph
nodes regularly until no hyperechoic remnants of the device or acoustic shadowing or local tissue reactions were
observed. Haemostasis of the spermatic cords was achieved with the devices. On ultrasonography the devices were
seen as hyperechoic structures for 2 months after neutering causing acoustic shadowing for 1 month. The dogs were
monitored for 3 – 5 months after surgery. Gradual decrease in echogenicity and final disappearance of the hyperechoic
structures suggested resorption. Macroscopic and histological post mortem examinations were performed in one dog
at 3 months after surgery. Post mortem examination showed a tissue reaction of a suture granuloma that was restricted
in extent at site of the device.

Conclusions: The results of this pilot study suggest biocompatibility and indicate that ligation of the spermatic cord is
feasible with the device.

Keywords: Resorbable medical device, Bioabsorbable, Glycolide, Trimethylene carbonate, Block co-polymer, Castration,
Ultrasonography, Replacement, Reduction, Refinement
Background
Maintaining haemostasis during and after surgery is
important. Several different methods exist to prevent
bleeding such as energy based methods, metal or poly-
mer clips and ligatures where a traditional suture is tied
around the vessel. The use of cable ties (tie-raps) enables
a quicker and easier ligation procedure [1-5]. However,
they should not be left in situ as the non-resorbable
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material of traditional cable ties may cause pathological
reactions such as chronic granulomas and fistulas [6-8].
For the same reasons non-resorbable materials should
be avoided for tissue ligation [9-13].
To maintain the surgical advantages of traditional

cable ties and avoid the problems associated to the non-
resorbable material, a new resorbable self-locking device
was developed to ligate blood vessels. Initially the device
was made of polydioxanone [14,15]. However, a need for
further development was addressed concerning pliability
of the device and consistency of manufacturing results
[16]. Attention focussed on the potential use of a block
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co-polymer of glycolide and trimethylene carbonate (GA
and TMC), equivalent to a commonly used suture [17].
The material’s degradation is described [18,19] and is
clinically proven [20]. The mechanical performance of
the new device and its degradation over time were tested
in vitro alongside initial short-term tests in vivo in pigs.
The results suggested that sufficient strength is retained
during healing time of the blood vessels [21]. The
possible use of the device for neutering of male dogs was
suggested, where the appropriate ligation of the spermatic
cord is important to prevent haemorrhage [22].
Biocompatibility [23,24] of a surgical implant is important

to investigate. To be of clinical use, the beneficial effects
must be greater than the inflammatory response to the
material. All resorbable materials trigger a tissue reaction
[20,23-26]. An inflammatory response may be associated
with lymph node enlargement. Few studies have described
morphological changes in the regional lymph nodes after
implantation of resorbable implants [27,28].
The objective of this pilot study was to investigate the

feasibility of ligating the spermatic cord with the device,
its biocompatibility and long-term resorption in dogs.

Methods
Animals
In a prospective clinical trial five healthy male dogs admit-
ted for routine neutering were included in the study. Dog
number 1 was a research dog kept by the Department of
Clinical Sciences at the Swedish University of Agricultural
Sciences (SLU), Uppsala, Sweden. At time of surgery the
dog was geriatric but his health status was considered
acceptable for inclusion in the study. The other four dogs
were privately owned, aged <1 to 9 years old (Table 1). An
informed consent was obtained from the owners before
inclusion of their dog in the study. The Uppsala Animal
Ethics Committee, Sweden and Swedish Board of Agricul-
ture approved the study (C 70/12).

The resorbable device
The new device (LigaTie®) was designed for surgery with
details enabling complete haemostasis (zero loop diameter)
Table 1 Characteristics of the five dogs and number of days a
or acoustic shadowing or local tissue reactions were observed

Dog number Breed Age (years) Bodyweight (k

1 Beagle 13 16

2e Alaskan Husky 0.7 17

3 Border Collie 9 23

4e Australian Shepherd 1 24

5 Airedale Terrier 4 30

Mean ± standard deviation 5.5 ± 5.3 22 ± 5.7

Data in right column is number of days between surgery and each follow-up exam
2e and 4e were examined 13 and 3 days before surgery, respectively.
and an enhanced tissue grip (Figure 1). Glycolide (GA)
(from BI, CAS 502-97-6) and trimethylene carbonate
(TMC) (from BI, CAS 2453-03-4) were polymerized into a
block co-polymer. The resorbable polymer was melted and
injected into a mould using an in-house built injection
moulding machine in a research and development (R&D)
laboratory. The devices were placed in aluminium pouches,
which were flushed with dry nitrogen gas, and the pouches
were sealed. Each pouch contained two devices. Annealing
was performed at 65° Celsius for 12 hours. Because a risk of
contamination existed during the manufacturing process,
the devices were disinfected by soaking them in ethanol
70% for 30 seconds immediately before use.

Surgery
The surgeries were performed at the University Animal
Hospital at SLU. All surgeries were performed by the
same surgeon (OVH). The dogs were pre-medicated
with sedative and analgesics (acepromazine at 0.3 mg/
10 kg i.m., methadone hydrochloride at 2 mg/10 kg s.c.
and carprofen at 40 mg/10 kg s.c.). Anaesthesia was
induced by i.v. infusion of propofol. Anaesthesia was
maintained by inhalation of 2% isoflurane mixed in air.
The surgical field was aseptically prepared before
surgery, the dogs were placed in dorsal recumbency and
the table was tilted with head slightly lower than main
body (the Trendelenburg position). An elliptical incision
was made at the base of the scrotum. Haemorrhage was
controlled by electrocoagulation. The parietal vaginal
tunic was incised to expose the testicles (open castration).
The spermatic cord (vascular cord and ductus deferens)
was identified and the flexible band of the device was
placed around the spermatic cord. The end of the flexible
band was introduced through the locking case, a loop was
formed around the spermatic cord and the loop was
manually tightened (Figure 1). One device was used for
ligation of each spermatic cord. The spermatic cord was
transected and inspected for haemorrhage. Excess band at
the locking case of the device was removed. The part of
the perforated band protruding from the locking case was
one perforation in length and the cut-off end was rounded
fter surgery when no hyperechoic remnants of the device
on ultrasound examination, performed monthly

g) Time (days) Ultrasound examinations (days after surgery)

93 10, 30, 72 , 93

92 23, 55, 92

86 30, 57, 86

100 25, 58, 100

147 36, 68, 147

104 ± 25

ination.



Figure 1 The design of the device (left) and the device placed around the transected spermatic cord (right). The width (W) and height
(H) of the device indicated in the picture are 4 and 0.65 mm, respectively.
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with scissors. The perforation in the protruding band
was used to anchor (3–0, poliglecaprone 25, Monocryl,
Ethicon) the implant to the subcutaneous tissues at
close proximity to the entrance of the inguinal canal, i.e.
at close proximity to the superficial inguinal ring, without
additional encircling of the spermatic cord. The incised
fascias and subcutaneous tissues were apposed with
resorbable sutures (3–0, poliglecaprone 25, Monocryl,
Ethicon). The skin was opposed with an interrupted
suture pattern with non-resorbable sutures (nylon,
Monosof, Syneture).

Post surgery and clinical follow-up
Post surgery, the dogs received a collar and stayed for
post-operative care and supervision with an additional
injection of methadone until they were dismissed later
the same day. All dogs were treated with a pain-relieving
drug orally (carprofen) at 2 mg/kg twice daily for 7 days.
All dogs were later monitored with clinical examination
of the surgical area in conjunction with the ultrasound
examinations. All dog owners were instructed to monitor
their dogs carefully during the study period and contact
the surgeon in case of complications.

Ultrasonography
All dogs were monitored with repeated ultrasonography
of the area of the device, the inguinal region’s spermatic
cord and the medial iliac lymph nodes. Two dogs were
also examined one time each pre surgery. Post surgery
study protocol stipulated examinations once every 1 –
2 months until no hyperechoic remnants of the device
or acoustic shadowing or local tissue reactions were ob-
served. The surgical area was examined for remnants of
the device represented by a hyperechoic structure with
or without acoustic shadowing and changes suggestive
of a local tissue reaction such as anechoic or echogenic
fluid or surrounding hyperechoic tissues. The medial
iliac lymph nodes were evaluated for size (length, width
and height), shape, contour and echogenicity. The mean
(SD) length, width and height of examined lymph nodes
were compared between first and second examination
after surgery. Pre-surgical measurements were compared
to 1 and 2 months after surgery. The level of statistical
significance was defined as p <0.05 (Student’s t-test, two-
sided, paired). The lymph nodes were additionally exam-
ined with power Doppler for hilar, peripheral, or mixed
hilar and peripheral vascular patterns. The ultrasound
examinations were performed on un-sedated dogs with
two linear transducers (L9 and L8-18i, LOGIQ E9, GE
Healthcare, Milwaukee, Wisconsin 53201, USA) with
settings optimized for each patient. All ultrasound exam-
inations were performed by the same radiologist (JI).

Post mortem examination
Dog number one was euthanized at 3 months after surgery
due to geriatric symptoms with weight loss. A post mortem
examination was performed and samples from the tissue
with implant were fixed in 4% phosphate buffered
formaldehyde solution for 48 hours. The samples were
then further trimmed and multiple samples prepared
with 5-mm intervals. The samples were embedded in
paraffin, cut in sections (4–5 μm), mounted on glass
and stained with hematoxylin and eosin.

Results
Haemostasis was achieved of all ten ligated spermatic
cords and the five dogs were successfully castrated. The
dogs showed no signs of complications related to the
device during the follow-up period.

Ultrasound and long-term clinical follow-up
The five dogs were followed regularly for 3 – 5 months
post surgery until no hyperechoic remnants of the device
or acoustic shadowing or local tissue reactions were
observed. In total, 18 ultrasound examinations were
performed (Table 1).
Mean (min – max) number of days between surgery

and follow-up of all dogs was 29 (23 – 36) days and 62
(55 – 72) days at one and two months, respectively. The
third follow-up at three months after surgery was
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performed at 93 (86 – 100) days for dog number one,
two, three and four. The third examination of dog number
five was performed 147 days after surgery, which was
79 days after the second examination. Additionally, two
dogs (number two and four) were examined 13 and 3 days
before surgery and dog number one was examined 10 days
post surgery.
No signs of complications related to the devices were

found on ultrasound. On ultrasound, the devices were
initially hyperechoic and caused acoustic shadowing.
A thin distinctly outlined hypoechoic rim of tissue
surrounded the devices and was continuous in caudal
direction with a hypoechoic slightly heterogeneous
oval shaped tissue within each left and right side of
the scrotum, presumably representing the pedicles and
granulation tissue. The pedicles could not be distin-
guished from presumed granulation tissue. There was
a gradual loss and final disappearance of the echogeni-
city, distinction and acoustic shadowing of the devices
suggesting resorption. The hypoechoic tissues presumed to
represent pedicle and granulation tissues were mea-
sured in size at every examination and subjectively
gradually decreased in size. The spermatic cords cranial
to the devices were isoechoic with surrounding tissues
and could only faintly be distinguished. The devices
were visible for a mean of 2.1 (±0.3) months as hypere-
choic structures and caused acoustic shadowing for 1.0
(±0.0) month. The mean time until no hyperechoic
remnants of the device or acoustic shadowing or local
tissue reactions were observed was 3.6 (±0.9) months.
The lymph nodes were fusiform with clearly defined,

smooth margins. The echogenicity was hypo- or isoe-
choic to surrounding tissues and in 6 of 18 examinations
a hyperechoic linear hilus could be seen in one or both
lymph nodes.
The mean length, width and height of the lymph nodes

at one and two months were 19.5 (±3.7), 6.8 (±2.4) and
5.3 (±1.9) mm versus 21.1 (±4.1), 6.2 (±2.2) and 4.9
(±1.4) mm (p =0.13, 1.00 and 0.44, respectively). In 16
examinations power Doppler flow with a hilar vascular
pattern was detected in the medial iliac lymph nodes
on one or both sides and at 3 examinations vascular
flow was not detected in either lymph node.
Overall, the medial iliac lymph nodes were considered

normal in size, shape, contour, echogenicity and vascu-
larity at all examinations [29]. In the two dogs examined
before surgery there was an increased width of the
lymph nodes at one month follow-up, 5.5 (±1) versus 7.5
(±1) mm (p =0.04) and there was a tendency for
increased length of the lymph nodes at two months after
surgery, 19.2 (±3.6) versus 23.2 (±4.7) mm (p =0.07).
Dog number one had a small amount (rectangular

shaped areas up to 7 mm × 5 mm) of anechoic fluid
focally around the left spermatic cord in the inguinal
region at 1, 2.5 and 3 months post surgery and in the
right inguinal region at 2.5 months post surgery. In the
same dog a similar amount (triangular shaped area
5.5 mm × 6.5 mm× 7.5 mm) of fluid was detected at the
left implant at 3 months post surgery. In this dog a small
amount of fluid was detected within the caudal abdomen
(rectangular area 15 mm× 5 mm dorsal to the urinary
bladder) at ultrasound 3 months post surgery. Fluid was
not found in any of the other dogs.
An extra examination of dog number three and four,

outside stipulated study protocol, was performed 133 and
351 days after surgery, respectively, in conjunction with a
visit at the animal hospital for reasons not associated to
this study. No remnants of device or sutures were seen on
ultrasound and size of the lymph nodes was normal.

Post mortem examination
On histological examination of tissue at site of device
remnants of material were identified with macrophages,
lymphocytes, few multinucleated giant cells and connect-
ive tissue. The tissue reaction was restricted in extent.
The macrophages were at close proximity to remnants of
material and were covered by lymphocytes and fibroblasts,
surrounded by matured connective tissue, consistent with
a suture granuloma (Figure 2).
At macroscopic examination the lymph nodes were

normal with a non-reactive appearance on histological
examination. At microscopic examination a mild histio-
cytosis was observed where some histiocytes were loaded
with hemosiderin and others were loaded with different
content. At histological examination of the liver a chol-
angiocarcinoma was diagnosed.

Miscellaneous complications
Dog number two had loose stools three days after surgery,
the carprofen dosage was reduced to half and the problem
resolved. Dog number four removed its collar and conse-
quently its skin sutures 5 days after surgery. The skin of
the wound broke open, but the subcutaneous tissues
were intact. The dog was re-anaesthetized, the wound
was cleaned, re-sutured and antibiotics (amoxicillin)
were prescribed at 14 mg/kg twice daily for 8 days.

Discussion
In this study ligation and haemostasis of the spermatic
cord was achieved with the device in both medium sized
and large breed dogs. As expected, the material of the
device was resorbed [20]. The tissue response was in
agreement with the natural response after implantation
of a resorbable medical device, a foreign body reaction
of macrophages, lymphocytes and few multinucleated
giant cells, restricted in extent by connective tissue [25].
The results confirmed that sufficient strength of the
device was retained during healing time of the blood



Figure 2 Remnants of device at centre of images, indicated by arrows. Close-up of tissue reaction (both right) represented by macrophages
and lymphocytes covered by fibroblasts and connective tissue around remnants of device (arrow).
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vessels [21] and allowed adequate time for the inflam-
matory and proliferative phases of wound healing of the
ligated tissue [30]. The results of this pilot study sug-
gest biocompatibility [23,24], however further studies
are warranted.
There is no precise definition or accurate measurement

of biocompatibility [31]. Originally the term biocompati-
bility referred to the ability of a material to perform with
an appropriate host response in a specific application [23].
Selection criteria for biomaterials therefore evolved as a
list of events that had to be avoided. However, some
applications required the material to interact with the
tissue. Similarly, some applications required the material
to degrade over time [32]. The term was later redefined by
Williams as “Biocompatibility refers to the ability of a bio-
material to perform its desired function with respect to a
medical therapy, without eliciting any undesirable local
or systemic effects in the recipient or beneficiary of that
therapy, but generating the most appropriate beneficial
cellular or tissue response in that specific situation, and
optimising the clinically relevant performance of that
therapy.” Biocompatibility of an implantable medical device
can be defined in terms of the success of that device in
fulfilling its intended function [24].
Subjectively, the present material was more suitable

for injection moulding compared to the previously used
polydioxanone [16] because the surface of the product’s
flexible band was consistently smooth on macroscopic
examination and injection moulding cycles were short-
ened [21] compared to the previous study [16]. The raw
material was pure and the devices could be considered
sterile after exposure to high temperature at injection
moulding [33]. However, there was a risk of contamin-
ation in the later processing of the devices and sterility
could not be guaranteed in the used R&D setting. There-
fore, as a matter of precaution, the devices were disinfected
in ethanol immediately before use. As they were allowed to
dry before use, it was unlikely that the ethanol treatment
affected the tissue response.
On follow-up examinations after surgery no complica-

tions related to the devices were identified. The devices
or remnants of the devices were found in their expected
place on ultrasound examinations. Resorption of the
devices was suggested by the gradual decrease of echo-
genicity and acoustic shadowing. This was confirmed
post mortem in one dog where the tissue response was
restricted in extent on histology and represented that of a
suture granuloma. Resorption of the devices was expected
as the material was regarded as equivalent to the material
of a commonly used suture which was introduced in the
mid 1980s (Maxon™, Syneture, USA) [17].
In a study where polylactide intramedullary implants

were used in rabbits, a moderate histiocytosis was found
in efferent lymph nodes [27], compared to a mild
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histiocytosis in the present study. Swollen lymph nodes
and active sinus histiocytosis was found following trans-
cortical implantation of polylactide implants in a goat
model [28]. In addition to potential differences between
animal models, the results are likely affected by the differ-
ences in material between the present and previous study,
different processes, differences in relative bulk volume of
implanted biomaterial, differences in resorption time and
timing of post mortem examination.
Acoustic shadowing and hyperechogenicity occurred

due to expected differences in acoustic impedance
between introduced biomaterial and normal body tis-
sues. With time, as the implant degraded, the difference
in impedance between tissue and implant decreased. In
this study acoustic shadowing distal to the device was
seen at one month post surgery. In a previous study [16]
a device with an identical design, but of different poly-
mer material, caused acoustic shadowing for a mean of
2.9 months post surgery. In both the present and the
previous study [16] implants were seen as hyperechoic
structures for about 2 months. The structures examined
in this study were anatomically more superficial and
higher frequency transducers (up to 18 MHz) were used,
enabling better spatial resolution, which may explain the
difference in acoustic shadowing. The ultrasound machine
used in the previous study [16] did not have spatial com-
pounding technique, and there was a difference between
materials with an expected shorter resorption time with
the present material. We hypothesize that the main reason
for the shorter duration of acoustic shadowing in this
study was due to the difference in spatial compounding
technique between the ultrasound machines. Acoustic
shadowing is suppressed by use of spatial compounding
imaging technique [34]. Therefore, in evaluation of
resorption time of surgical implants by use of ultra-
sonography, comparison of acoustic shadowing should
be done cautiously if spatial compounding differs be-
tween different ultrasound machines. The results of this
and a previous study showed that it was possible, to a
reasonable extent, to follow the gradual resorption of a
resorbable implant with ultrasonography [16]. The use
of imaging may reduce the number of animals needed
in clinical tests of resorbable devises, which is important
for ethical reasons [35].
The increase of width of medial iliac lymph nodes at

one month compared to before surgery was transient
and the size of the lymph nodes was still within the
reference limits [29]. Comparisons to pre-surgical data
should be done cautiously because this was restricted to
two animals, which is a study limitation. However, refer-
ence material for iliac lymph nodes is available [29] and
in the present study they were considered normal in
size, shape and echogenicity at all examinations which
suggest biocompatibility. As the study involved privately
owned dogs, there was a variation in follow-up intervals
which is an additional study limitation. Another study
limitation was the small size of the test group. No con-
trols were used as this study was restricted to analysis of
feasibility (proof of concept) of ligating the spermatic
cord with the device, its biocompatibility and long-term
resorption. Further controlled randomised studies are
needed to evaluate potential clinical benefits of the
device compared to other surgical techniques. Additional
studies may add information regarding resorption of the
implant. However, the material used is well known and
clinically proven since decades [18-20]. Hemosiderin was
found on post mortem histological examination of lymph
nodes, probably as a consequence to minor haemorrhage
at surgery. Dog number one was euthanized due to weight
loss in combination with old age. The small amount of
fluid seen surrounding the spermatic cords in the inguinal
region of this dog may have been situated within the
cavum vaginale and therefore have originated from the
intra-abdominal fluid detected with ultrasound at 3 months
post surgery. Gradual loss of echogenicity of implant in
dog number one followed a similar pattern as in the
other dogs and histopathology showed a normal suture
granuloma. This implies the fluid was not caused by the
studied device but was instead most likely caused by
the liver pathology.

Conclusion
This pilot study indicates that ligation and effective
haemostasis of the canine spermatic cord is feasible with
the new resorbable device. The subcutaneous tissue can
resorb the quantity of resorbable polymers constituted by
the device, which suggests biocompatibility of the device.
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