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Abstract

Background: Castration of the stallion is one of the most frequently performed surgical procedures in the horse.
Recently barbed suture materials for surgical wound closure were introduced to the market with manufacturers
claiming that these sutures enhance speed and security as they eliminate the need to tie knots. Recently, it has
been suggested that this type of suture may increase postoperative complications. This study aimed at
investigating and comparing a bidirectional absorbable knotless barbed suture (KBS) to a conventional smooth
suture (SS) for wound closure of inguinal castrations in the horse. This was done by evaluating short-term and post-
discharge complications and by comparing the time spent on suturing the surgical wounds after bilateral inguinal
castration, which was performed on 45 horses undergoing castration at The Large Animal Teaching Hospital at
University of Copenhagen from September 2017 to May 2019.

Results: Short-term complications were few; at 24 h minor swelling occurred in 29 and 33% of horses sutured with
KBS and SS respectively and cutaneous dehiscence during recovery occurred in two horses of each group. Post-
discharge follow-up revealed that three horses needed veterinary attention for treatment of complications (scrotal
swelling (n =1, KBS); wound exudation (n =1, SS) and wound dehiscence after return to pasture (n=1, SS)). Wound
closure was achieved 6 min faster with KBS than with SS (P < 0.0001).

Conclusions: Use of the KBS suture did not result in increased occurrence of postoperative complications. Wound
closure was faster with KBS than with SS in equine bilateral inguinal castration. Our results show that KBS can safely
be used in the horse following bilateral inguinal castrations without adverse effects and with a reduction in
suturing time.
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Background

In equine practice, castration of the stallion is a routine
surgical procedure. A variety of different approaches exist
and castration can be performed in both the standing and
recumbent horse. In the recumbent horse, castration is
performed by either a scrotal or an inguinal approach, and
when castration is performed under general anaesthesia in
hospital conditions and using strict surgical asepsis,
wounds are sutured for primary healing [1, 2].

Recommended suture material for closure of the inci-
sion following castration is a size 2-0 monofilament ab-
sorbable suture [3]. Monofilament suture is generally
recommended for skin closure in horses [4]. In more re-
cent years, barbed suture materials has been introduced
in both human and veterinary medicine for closure of a
variety of different surgical wounds [5-11]. Manufac-
turer claims that this type of suture enhances speed and
security as it eliminates the need to tie knots." Nonethe-
less, this has not been investigated in the horse for skin
closure in elective procedures such as castrations.

It has been suggested that the design of barbed sutures
make them prone to postoperative infection [12]. In par-
ticular, accumulation of bacteria on the increased sur-
face area under the barbs [12] and the ability of the
barbs to trap fibres from towels or gauze [12, 13], have
been suggested to increase postoperative wound infec-
tion. However, this has not yet been assessed in horses.

The primary objective of the study was to evaluate
postoperative complications of wounds sutured with
KBS and SS with special emphasis on surgical site infec-
tions (SSIs) and suture-holding capacity. The secondary
objective was to investigate suturing time for closure of
surgical wounds after bilateral inguinal castrations using
either a bidirectional absorbable knotless barbed suture
(KBS) or a conventional smooth suture (SS).

We hypothesized that the incidence of adverse effects
would be similarly low in wounds sutured with two
types of suture material and that closure of the surgical
wounds would be achieved faster with KBS than with SS.

Results

Horses

A total of 45 horses underwent bilateral inguinal castra-
tion. Twenty-four were sutured with SS and 21 with
KBS. Breeds included Icelandic horse (n=14), Warm-
blood (n = 14), Friesian horse (n = 2), Pura Raza Espaiola
(n=2), Welch Cob (n = 3), Holsteiner (# =1), Irish Cob
(n=1), Oldenburg (n = 1), ox Arabian Horse (n = 1), Pal-
omino (n=1), Thoroughbred (n=1), Shetland Pony
(n=1), Irish Sport Horse (n=1), Pinto (n=1), mixed
breed (n =1). The mean age of the SS group was 3 years

Isee: https://www.surgicalspecialties.com/suture-wound-closure-
brands/quill-barbed-sutures/ (Link tested 8 November2019)

Page 2 of 8

and 10 months (range, 2 months—7 years). The mean age
of the KBS group was 4 years and 7 months (range, 1
year 3 months—12 years). The mean weight of the SS
group was 381 kg (range, 128-545 kg). The mean weight
of the KBS group was 429 kg (range, 267-590 kg). There
were no differences in weight or age (P > 0.05) between
the two groups. Twelve of 45 horses were uni- (n =11)
or bilaterally (# =1) inguinal cryptorchid. Eight of those
were sutured with SS and four were sutured with KBS.

Prevalence of complications and statistical analysis

The difference in proportions of complications between
the six surgeons was not statistically different (P = 0.87).
Therefore, the data for complications were pooled for
further analysis. For the pooled analysis, there was no
statistically significant difference in short-term or post-
discharge complications between horses sutured with
KBS and with SS (P > 0.05).

Short-term complications

All (n=45) horses were hospitalized for 24h post-
surgery. Thirteen horses were discharged after 24 h, leav-
ing 32 horses (18 sutured with SS and 14 sutured with
KBS) to be monitored for 48 h after surgery. After 48 h,
an additional 19 horses were discharged, leaving 13
horses to be monitored for 72h post-surgery (eight
horses sutured with SS and five sutured with KBS).

At 24 h post-surgery, 6/21 (29%) horses sutured with
KBS had a minor swelling in relation to the surgical
wound uni- or bilaterally and 8/24 (33%) horses sutured
with SS had a similar minor swelling uni- or bilaterally
(Figs. 1 and 2). Two horses sutured with SS and two su-
tured with KBS had minor or moderate cutaneous dehis-
cence, which developed during recovery. It was the same
surgeon (surgeon E), who performed the two castrations,
where dehiscence occurred in the SS group and the
same surgeon (surgeon D), who performed the two

Fig. 1 Surgical wound with no swelling
.
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Fig. 2 Surgical wound with minor swelling
A

castrations, where dehiscence occurred in the KBS
group. At 48 h post-surgery 7/14 (50%) horses in the
KBS group and 6/18 (33%) in the SS group had a minor
swelling uni- or bilaterally in relation to the surgical
wound. At 72h post-surgery, 4/5 (80%) horses in the
KBS group and 3/8 (38%) in the SS group had a minor
uni- or bilateral swelling in relation to their surgical
wounds. Exudation was not observed in any horse.

Post-discharge complications

Telephone interviews with owners were performed at a
median (range) of 5months (1.5-11 months) after cas-
tration. Despite efforts of repeated contact, 2/45 owners
were still unreachable at 11 months post-surgery, and
were not contacted further. Two owners contacted the
hospital by themselves for unrelated matters 1.5 months
post-surgery and were interviewed at that time point.

The owners of 1/24 horses sutured with SS reported
that their horse had a minor swelling related to one of
the surgical wounds 2 days after discharge, which re-
solved without intervention after a few days.

Three horses needed veterinary attention after dis-
charge due to wound-related complications. One horse
sutured with SS developed exudation from one of the
surgical wounds 5 days post-surgery (which was 4 days
after discharge from the hospital), but showed no other
signs of infection. This was a 2-months old foal, with no
previous signs of wound complication. A local veterinar-
ian instituted treatment with sulfadiazine/trimethoprim
for 8 days, during which exudation ceased. The second
horse that needed veterinary attention was sutured with
SS and had no complications within the first 3 weeks
after surgery. However, after being turned out into pas-
ture, it developed slight dehiscence in one wound ac-
companied by a swelling around the surgical area and
fever. A local veterinarian instituted penicillin treatment
for 5days after which signs of infection ceased. The
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third horse, who needed veterinary attention after dis-
charge was one (from the KBS group) of the four horses
(two from each group) that developed cutaneous dehis-
cence during recovery. The horse needed veterinary at-
tention after discharge due to swelling of the scrotum.
Penicillin treatment for 5days was initiated by the at-
tending veterinarian, who also opened up the wounds,
which at this time point had closed. This treatment was
repeated after 5days. The remainder three horses with
post recovery cutaneous dehiscence developed minor ex-
udation from the wounds postoperatively and scrotal
swelling, which resolved without further treatment.

Suturing time

Total suturing time was 15.1 min (SD =4.0 min) for SS
and 9.1 min (SD =2.2 min) for KBS. Overall individual
skin incisions ranged in length from 3.0-8.8 cm with no
difference (P> 0.05) in length between wounds sutured
with SS and KBS (average total incision size of KBS =
10.8 (SD=2.6) and SS=11.0 (SD=2.0) respectively).
Wound closure was achieved faster with KBS than with
SS (P < 0.0001). Wound closure with KBS was 6 min fas-
ter than with SS, which corresponds to a 40% reduction
in suturing time; all surgeons closed wounds faster with
KBS than SS (Table 1).

Discussion

Wound closure with the KBS did not result in short-
term or post-discharge complications exceeding those
found after wound closure using SS (P > 0.05). The KBS
resulted in faster wound closure than with the conven-
tional SS material (P < 0.0001) for all surgeons (Table 1).
In equine surgery, KBS has been used experimentally for
laparoscopic cystorrhaphy [14, 15], jejunal end-to-end
anastomoses [16], caecal and pelvic flexure enterotomies
[17, 18] and for ablation of the nephrosplenic space [8].
Three previous studies have reported the use of barbed
suture in equine clinical cases for ablation of the
nephrosplenic space in eight horses [19], for uteropexy
in three mares [9], and for closure of the vaginal rings in
a horse [6]. In all three clinical studies, the surgical pro-
cedures were performed laparoscopically, and authors
found that the barbed sutures facilitated the procedures
by obviating need for intracorporeal knot tying.

While many studies have investigated use of barbed
sutures for laparoscopic procedures [6, 9, 19], suturing
viscus [5, 7, 11, 16-21] or the deep layers in arthrotomy
[12, 22, 23], fewer have assessed KBS in dermal, subcuta-
neous, and subcuticular closure. Some studies on knee
and hip arthroplasty in humans found increased compli-
cation rates (infection, dehiscence) when KBS was used
to close superficial tissue layers [12, 23, 24]. A recent
metaanalysis including data from nine studies in humans
did, however, conclude that closure of arthrotomies and
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Table 1 Suturing time in seconds/cm for six surgeons performing wound closure after inguinal castration using knotless barbed

(KBS) or smooth (SS) suture material

Surgeon n n Wound closure time in sec/cm (+ SD)
KBS 55 KBS SS Difference (SS-KBS)

A 9 9 4760 (12.65) 89.91 (24.31) 4231

B 4 3 68.15 (18.30) 85.83 (20.24) 17.38

C 2 5 35.66 (3.25) 62.62 (4.80) 26.96

D 4 4 4940 (5.85) 77.08 (6.38) 2768

E 1 2 71.62 119.86 (17.75) 48.24

F 1 1 50.00 63.16 13.16

Total 21 24

subcutaneous and subcuticular tissues with KBS ap-
peared to decrease the total complication rate in knee
arthroplasty compared to suturing with traditional knot-
ted sutures [25].

None of the horses in our study developed SSIs during
hospitalisation (up to 72 h). Absence of SSIs in the im-
mediate postoperative period are in line with previous
studies reporting complications after castration using
the inguinal approach [1, 26]. No horse developed fever
in the immediate postoperative period in our study. This
is in contrast to previous studies reporting fever in 2.5
21.4% (4/159 and 51/238) of horses [1, 26]. The reason
for this difference is not entirely clear, but it may be re-
lated to differences in pre-, intra- and postoperative
treatments between studies. A limitation to our study is
the fairy low number of horses included, which might
result in non-detection of very rare complications.

In our study, short-term complications after suturing
with both KBS and SS were mild in all horses. Swelling
of the suture line was absent or minor in all horses, and
none of the horses had exudation from their wounds.
These similar findings after suturing with KBS and SS
are comparable to previous studies in man [11, 27]
where use of KBS in laparoscopic myomectomies [11]
and non-emergent caesarean section [27] resulted in
wound healing similar to that found after suturing with
SS. Short-term complications observed in the present
study were for all cases deemed to be within normal
limits, and no additional treatments were instituted nor
was discharge of horses delayed. Four horses (two SS
and two KBS) developed unilateral wound dehiscence
during recovery. Wound dehiscence after castrations
with primary closure have previously been reported [1].
While such complications could be related to the sutur-
ing and materials used, we feel that they are most likely
associated with either the stress put on the wounds from
recovery or from individual surgeons’ technique, as it
was the same surgeon (surgeon E), who performed the
two castrations, where dehiscence occurred in the SS
group and the same surgeon (surgeon D), who

performed the two castrations, where dehiscence oc-
curred in the KBS group.

The frequency of observed short-term complications
were generally comparable to those observed in previous
studies [1, 26]. Our most frequent short-term complica-
tion was minor swelling at the suture line. These find-
ings are comparable to findings by Kummer et al. [1],
who described short-term complications after bilateral
inguinal castrations using a similar SS suture. Kummer
et al. [1] reported mild swelling at the surgery site to
occur in 37.4% of cases compared with 28 and 33% in
the 2 groups of horses in our study. Kummer et al. [1]
also reported occurrences of moderate swelling (5%) and
severe swelling (0.4%), which we did not observe in our
study. Scoring of swelling was performed subjectively,
which hampers direct comparison between studies.

There was no difference (P> 0.05) in post-discharge
complications between horses sutured with KBS and
those sutured with SS. These findings are in line with
long-term findings in recent human studies comparing
dermal closure with barbed and traditional sutures [28].
Previously, a study comparing smooth and barbed suture
for dermal closure in cosmetic surgeries (abdominoplas-
ties, mastopexies, and reduction mammoplasties) in man
also found comparable complication profiles for the two
suture types at 3-month follow-up [29]. Post-discharge,
three horses needed veterinary attention due to wound-
related complications and the attending veterinarians in-
stituted antibiotic treatment in those three horses. One
of the three horses treated with antibiotics post-
discharge was one of the four horses who had partial
wound dehiscence during recovery from surgery,
whereas the remainder two did not previously present
with any wound related complications.

Faster closure using KBS was previously demonstrated
in gynaecologic and urologic surgery in man [11, 20], in
jejunal anastomosis construction in horses (ex vivo) [16]
and in closure of jejunal enterotomies in dogs (in vivo)
[7]. In the present study, colour, material, and needles of
the two sutures were kept as similar as possible, and the
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longer closure time using SS may thus most likely be at-
tributed to the time spent on knot tying. However, other
factors related to the design of the KBS may have af-
fected closure time. In particular, the barbs of the suture
prevents the suture from loosening and backsliding dur-
ing closure, potentially reducing the time spent on tissue
approximation during suturing. The fact that the suture
was bidirectional rather than with a loop may have re-
duced suturing time even further, as this design elimi-
nates the time spent on anchoring the loop end at the
beginning of the suture line. The bidirectional design
further makes it suitable for closing two different tissue
layers (one end for the fascia/subcutis and one end for
the dermis). To investigate further if the time saved by
closure of wounds with KBS compared with SS was at-
tributed the knot tying procedure itself, measuring time
spent specifically on knot tying with SS could have been
interesting. Other suture-related factors (e.g. if the su-
ture is easier to handle or does not backslide) may add
to the faster suturing, but differentiating these potential
causes of faster suturing is not possible from our study.

Generally, the suture costs are higher for barbed su-
tures compared with conventional sutures. In the
present study, costs for the KBS were four times that of
the SS (13.6 € and 3.4 € excluding VAT, respectively).
Use of KBS reduced suturing time with approximately 6
min per case corresponding to a 40% reduction in sutur-
ing time. The added cost of the KBS suture must thus
be weighed against savings related to reduced operating
room time (personnel, anaesthesia etc.) and patient gains
from a reduced anaesthesia time. For elective surgical
procedures in healthy animals, the few minutes of anaes-
thesia is not likely to influence outcome significantly,
but a 40% decrease in suturing time may be crucial in
the critically ill patient or during closure of longer
wounds such as for instance closure of the subcutaneous
tissue in colic surgery.

Conclusions

In conclusion, our study demonstrated that closure of
surgical wounds after bilateral inguinal castrations in
horses with KBS did not increase occurrence of postop-
erative complications after castration. Our results thus
suggest that the bidirectional KBS can be used safely for
closure of subcutaneous and dermal tissues in inguinal
castrations in the horse. Further, use of KBS was faster
with the bidirectional KBS than with the SS counterpart.

Methods

Study design

Forty-five normal and inguinal cryptorchid stallions ad-
mitted for castration to The Large Animal Teaching
Hospital, University of Copenhagen from September
2017 to May 2019 were included in the study. Horses
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were included in the study if they had normal descended
testicles present in scrotum or if they were uni- or bilat-
eral inguinal cryptorchids. Stallions were excluded from
the study if they were abdominal cryptorchids or if they
were to have more surgical procedures performed during
the same anaesthetic period (e.g. arthroscopic fragment
removal).

All horses were castrated using the same technique
and the surgical wounds were sutured for primary clos-
ure. Horses were randomly assigned to be sutured with
either a size 2-0 smooth, synthetic, absorbable monofila-
ment suture of glycolide and e-caprolactone (Monocryl,
Ethicon, Somerville, NJ) (SS) or a size 0 (corresponding
to tensile strength 2—0)* bidirectional barbed, synthetic,
absorbable, monofilament suture of glycolide and e-
caprolactone (Quill, Surgical Specialties Corporation,
Westwood, MA) (KBS).

In the selection of the SS suture for comparison with
KBS, it was not possible to identify a complete match
concerning needle profile. As Surgical Specialties Cor-
poration specializes in knotless tissue closure devices,?
the company does not market smooth counterparts to
their knotless sutures, but lists Monocryl as a compar-
able suture.* Needles of both sutures were swaged,
curved, and reverse cutting. It was not possible to find a
2-0 Monocryl suture with a needle of exactly the same
length and curvature as the Quill suture, and the suture
with the closest needle match was therefore chosen: a
24 mm, 3/8, reverse cutting needle (Monocryl) compared
with a 26 mm, 1/2-circle, reverse cutting needle (Quill).
The selected sutures were of similar material (both co-
polymers of glycolide and caprolactone) and colour
(both undyed), but differed in size. The difference in su-
ture size was deliberate. Size of sutures is determined by
outer diameter of the suture. Barbs of KBS are created
by cutting into the core of the suture, which effectively
reduces the diameter of the suture [30]. While other
producers of unidirectional KBS (e.g. V-Loc, Medtronic,
Minneapolis, MN) [31], have taken this into account and
labeled their sutures accordingly (so that users of KBS
select a suture size analogous to the size that would be
selected if standard smooth suture material was used),
this is not the case for Quill sutures. We thus upsized
the KBS by one as recommended by the manufacturer”
to effectively have similar size KBS and SS.

%See: https://www.surgicalspecialties.com/wp-content/uploads/2019/
06/SSC-021-R8-Quill-CatalogFinal-low-res-1.pdf (Link tested 8
November 2019)

3See: http://www.quilldevice.com/about (Link tested 8 November
2019)

“See: http://www.quilldevice.com/material-guide-hp (Link tested 8
November 2019)

®See: https://www.surgicalspecialties.com/wp-content/uploads/2019/
06/SSC-021-R8-Quill-CatalogFinal-low-res-1.pdf(Link tested 8
November 2019)
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The barbed suture design eliminates the need to tie
knots and further improve tissue apposition by a more
even distribution of tension on the soft tissue [29, 30].
The barbs of the bidirectional suture is set in opposing
directions from either side of the suture midpoint,®
allowing the use of the suture in two directions. The bi-
directional suture therefore has a needle attached to
both ends of the suture. Unidirectional sutures, such as
for instance V-Loc (Medtronic), has a pre-constructed
loop end, which is used to anchor the suture in the tis-
sue at the beginning of a suture line. This structure al-
lows passage of the suture through tissue in a single
direction only. In our study the bidirectional KBS suture
was used to close the subcutaneous tissue with one end
of the suture, whereas the other end of the bidirectional
KBS was used to close the skin.

The study was approved by the Ethical and Adminis-
trative Committee of the Department of Veterinary Clin-
ical Sciences, University of Copenhagen (reference
number: 2017-002) and horse-owners of enrolled stal-
lions signed an informed consent form.

Anaesthesia and perioperative treatment
Horses were sedated with 0.01 mg/kg detomidine intra-
venously (IV) (Orion Pharma, Espoo, Finland), 0.03 mg/
kg acepromazine IV (Pharmaxim, Helsingborg, Sweden);
within 5 min, sedation was supplemented with 0.03 mg/
kg butorphanol IV (Merck, Kenilworth, NJ, USA). An-
aesthesia was induced with 1.5mg/kg zolazepam and
tiletamin IV (Virbac, Carros, France). Anaesthesia was
maintained with isoflurane (Virbac, Carros, France) in
oxygen using intermittent positive pressure ventilation.
Immediately prior to induction of anaesthesia, horses
received one dose of 22.000 IU/kg benzyl penicillin IV
(Panpharma S.A., Luitré, France) and a dose of 1.1 mg/
kg flunixin meglumine IV (Merck, Kenilworth, NJ,
USA). During hospitalization horses were treated IV
with 1.1 mg/kg flunixin meglumine 24 and 48h after
surgery and 1.1 mg/kg PO once after discharge at 48 h if
discharge occurred before 48 h after surgery. Horses
which were not vaccinated with tetanus routinely, were
administered tetanus antitoxin (Colorado Serum Com-
pany, Inc., Denver, USA) subcutaneously and anti-Clos-
tridium tetani toxoid (Pfizer, NY, USA) intramuscularly.
Horses were confined to a box stall for 24 h post-surgery
and then walked by hand two-three times daily for 15
min. Horses were discharged 24-72h post-surgery de-
pending on owners’ wishes. Owners were instructed to
keep horses stall rested and hand walk them until 8 days
post-surgery; hereafter horses were turned out in a small
paddock for two additional weeks after which there were
no restrictions in regard to turn out or ridden exercise.
Owners were further instructed to daily look underneath
their horse and monitor the surgical wounds and scrotal
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area for swelling, discharge from surgical wounds, and
call the hospital /a veterinarian in case of presence of
any of the above.

Surgical approach

Horses were positioned in dorsal recumbency. The scro-
tal and inguinal area were aseptically prepared for sur-
gery and draped. Ten mL of 2% lidocaine (AstraZeneca,
Cambridge, UK) was injected in each testicle when pos-
sible, i.e. when the testicle was present in normal scrotal
position and/or when it was easily identified in the in-
guinal canal. Castration was performed by the inguinal
approach by exposing the superficial inguinal ring
through a skin incision centred over the superficial in-
guinal ring. Castration was performed by the closed
technique. After separation of the parietal tunic sur-
rounding the testis from the scrotal ligament and fascia
by digital dissection, the testis and parietal tunic were
separated from surrounding fascia using a gauze swap
while placing mild traction on the testicle and cord. A
Sand’s non-cutting emasculator was applied to the cord
for 10-30 s with the purpose of crushing it briefly at the
area of subsequent ligature placement. One transfixating,
circumferential ligature of size 2 polyfilament braided
lactomer (Medtronic, Minnesota, USA) was applied in
the crushing groove created by the Sand’s emasculator
and a second ligature was applied 2—3 cm proximally be-
fore the cord was severed distal to the ligatures. For se-
curity in case a ligature should slip we standardly double
ligate the cord during castration. The subcutaneous tis-
sue, fascia and skin were closed in two layers as recom-
mended [3] using either SS or KBS. The fascia beneath
the skin and the subcutaneous tissue were closed in one
layer and the skin was closed in another layer. Both su-
tures were applied in a simple continuous pattern in the
deep layer, while the skin was closed intradermally. For
the SS closure, 4 surgeon’s knots were used per incision
with a minimum of 4 throws per knot. For the KBS the
anchoring of the suture at the end of the suture line was
performed by adding two additional stitches to the sub-
cutaneous line and by backstitching in the dermal layer.
Six different surgeons carried out the castrations.

Intraoperative variables and assessment of complications

Recorded variables were: 1) Length of the incision in cm
as measured by a sterile ruler, 2) Closure time (seconds)
measured from initial needle insertion until suture ends
were cut off after dermal closure. Closure time was re-
corded for each side (right and left) and the average of
the total time (right + left) spent on suturing each horse
was used for statistical analyses. 3) Postoperative compli-
cations. Short-term complications were monitored daily
during hospitalization until discharge or 72h post-
surgery, whichever occurred first. Clinical parameters
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(swelling, exudation, and dehiscence) were graded sub-
jectively (none, minor, moderate or severe) based on
presence in relation to the suture line and the surround-
ings of the suture line.

Post-discharge complications were assessed based on
telephone interviews with the owners 2 months post-
surgery. Those owners not available for contact at 2
months post-surgery were called repeatedly until contact
or until 11 months after surgery, resulting in interviews
performed between 2 and 11 months post-surgery.
Owners were interviewed based on the discharge in-
structions (to daily look underneath their horse and
monitor the surgical wounds and the scrotal area for
swelling and/or discharge from the surgical wounds).
Specifically horse-owners were asked if their horse had
developed complications since discharge from the hos-
pital, and where complications were present, owners
were asked to describe them and report whether it had
been necessary to request veterinary assistance to treat
the complication(s).

The complications reported in the study are those re-
lated to SSIs and the suture line. Other short-term and
post-discharge complications are reported in an add-
itional file (see Additional file 1).

Statistical analyses

Differences in proportions of the categorical variables of
suture line complications between 1) SS and KBS and 2)
the six surgeons performing the castrations were com-
pared using chi-square or Fisher’s exact test, as appro-
priate. The quantitative variables of time, age, and
weight were compared between the two suture groups
using two-sided student’s t-test (after test for variance
equality). Significance threshold was set at P < 0.05. Data
was analysed using SAS/STAT® software. The quantita-
tive variables were all normally distributed, assessed by
the Shapiro-Wilk normality test.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512917-020-02449-6.

Additional file 1. Other complications than suture line and SSI related
complications. This file describes short-term and post-discharge complica-
tions other than those related to SSls and the suture line experienced in
the present study.

Abbreviations
KBS: Knotless barbed sutures; SSIs: Surgical site infections; SS: Smooth suture

Acknowledgements

The authors wish to acknowledge all surgeons at the Large Animal Teaching
Hospital, University of Copenhagen for their kind participation in the study.
In particular, Mogens Christophersen, Julie Fjeldborg and Maj Halling
Thomsen. Moreover, the authors are grateful to all horse owners, who kindly
participated in the study.

Page 7 of 8

Authors’ contributions

DMTA and STJ are responsible for conception and design of the study and
the writing of this manuscript. All authors participated in the study. STO was
responsible for interviewing horse owners for post-discharge complications.
ELJ was responsible for the statistical analysis. All authors approved this
manuscript.

Funding
No funding was obtained for this study.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The Ethical and Administrative Committee of the Department of Veterinary
Clinical Sciences, University of Copenhagen approved the study (reference
number: 2017-002). Horse-owners of enrolled stallions signed an informed
consent form.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflicts of interests.

Author details

'Department of Veterinary Clinical Sciences, University of Copenhagen,
Taastrup, Denmark. “Department of Pharmacy, University of Copenhagen,
Copenhagen, Denmark.

Received: 14 November 2019 Accepted: 30 June 2020
Published online: 17 July 2020

References

1. Kummer M, Gygax D, Jackson M, Bettschart-Wolfensberger R, First A.
Results and complications of a novel technique for primary castration with
an inguinal approach in horses. Equine Vet J. 2009;41(6):547-51.

2. Mason B, Newton J, Payne R, Pilsworth R. Costs and complications of
equine castration: a UK practice-based study comparing ‘standing
nonsutured'and ‘recumbent sutured'techniques. Equine Vet J. 2005;37(5):
468-72.

3. Schumacher J. Testis. In: Auer JA, Stick JA, Kimmerle JM, Prange T, editors.
Equine Surgery. 5th ed. St. Louis: Elsevier; 2018. p. 994-1034.

4. Celeste C. Selection of suture materials, suture patterns, and drains for
wound closure. In: Theoret C, Schumacher J, editors. Equine wound
management. 3th ed. Hoboken: Wiley Blackwell; 2017. p. 173-99.

5. Greenberg JA, Einarsson JI. The use of bidirectional barbed suture in
laparoscopic myomectomy and total laparoscopic hysterectomy. J Minim
Invasive Gynecol. 2008;15(5):621-3.

6. Ragle CA, Yiannikouris S, Tibary AA, Fransson BA. Use of a barbed suture for
laparoscopic closure of the internal inguinal rings in a horse. J Am Vet Med
Assoc. 2013,242(2):249-53.

7. Ehrhart NP, Kaminskaya K, Miller JA, Zaruby JF. In vivo assessment of
absorbable knotless barbed suture for single layer gastrotomy and
enterotomy closure. Vet Surg. 2013;42(2):210-6.

8. Albanese V, Hanson RR, McMaster MA, Koehler JW, Caldwell FJ. Use of a
barbed knotless suture for laparoscopic ablation of the nephrosplenic space
in 8 horses. Vet Surg. 2016;45(6):824-30.

9. Corsalini J, Gialletti R, Lotto E, Nannarone S. Laparoscopic uteropexy
(Mesometrium imbrication) in three mares using a barbed suture. J Equine
Vet Sci. 2016;40:102-5.

10.  Kieves NR, Krebs Al. Comparison of leak pressures for single-layer simple
continuous suture pattern for cystotomy closure using barbed and
monofilament suture material in an ex vivo canine model. Vet Surg. 2017;
46(3):412-6.

11, Einarsson J, Chavan N, Suzuki Y, Jonsdottir G, Vellinga T, Greenberg J. Use of
bidirectional barbed suture in laparoscopic myomectomy: evaluation of
perioperative outcomes, safety, and efficacy. J Minim Invasive Gynecol. 2011;
18(1):92-5.


https://doi.org/10.1186/s12917-020-02449-6
https://doi.org/10.1186/s12917-020-02449-6

Adler et al. BMC Veterinary Research

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

(2020) 16:250

Chawla H, van der List JP, Fein NB, Henry MW, Pearle AD. Barbed suture is
associated with increased risk of wound infection after unicompartmental
knee arthroplasty. J Arthroplast. 2016;31(7):1561-7.

Hammond DC. Barbed sutures in plastic surgery: a personal experience.
Aesthet Surg J. 2013;33(3_Supplement):325-95S.

Major DS, Duff AH, Cohen ND, Hardy J. Ex vivo comparison of single-layer
and double-layer laparoscopic closure of equine bladders with 2 types of
barbed sutures. Vet Surg. 2017;46(8):1145-53.

Ruzickova P, Burns P, Piat P, Frasch MG, Beauchamp G, Elce YA. Ex vivo
biomechanical comparison of 4 suture materials for laparoscopic bladder
closure in the horse. Vet Surg. 2016;45(3):374-49.

Nelson BB, Hassel DM. In vitro comparison of V-Loc™ versus Biosyn™ in a one-
layer end-to-end anastomosis of equine jejunum. Vet Surg. 2014;43(1):80-4.
Giusto G, Caramello V, Comino F, Gandini M. Ex vivo comparison of barbed
and unbarbed sutures for the closure of caecal and pelvic flexure
enterotomies in horses. Vet Ital. 2019;55(3):269-74.

Sinovich M, Archer DC, Meunier NV, Kelly PG. Ex vivo comparison of barbed
sutures for pelvic flexure enterotomy in horses. Vet Surg. 2020;49(3):487-95.
Gandini M, Nannarone S, Giusto G, et al. Laparoscopic nephrosplenic space
ablation with barbed suture in eight horses. J Am Vet Med Assoc. 2017;
250(4):431-6.

Moran ME, Marsh C, Perrotti M. Bidirectional-barbed sutured knotless
running anastomosis v classic Van Velthoven suturing in a model system. J
Endourol. 2007,21(10):1175-8.

Alvarez WA, Scharf VF, Case JB. Comparison of laparoscopic and open
cystopexy in a cadaveric canine model. Vet Surg. 2015;44(51):44-9.

Austin DC, Keeney BJ, Dempsey BE, Koenig KM. Are barbed sutures
associated with 90-day reoperation rates after primary TKA? Clin Orthop
Relat Res. 2017;475(11):2655-65.

Smith EL, DiSegna ST, Shukla PY, Matzkin EG. Barbed versus traditional
sutures: closure time, cost, and wound related outcomes in total joint
arthroplasty. J Arthroplast. 2014;29(2):283-7.

Campbell AL, Patrick DA Jr, Liabaud B, Geller JA. Superficial wound closure
complications with barbed sutures following knee arthroplasty. J
Arthroplast. 2014;29(5):966-9.

Zhang W, Xue D, Yin H, et al. Barbed versus traditional sutures for wound
closure in knee arthroplasty: a systematic review and meta-analysis. Sci Rep.
2016;6:19764.

Robert MP, Chapuis RJ, de Fourmestraux C, Geffroy OJ. Complications and
risk factors of castration with primary wound closure: retrospective study in
159 horses. Can Vet J. 2017,58(5):466.

Murtha AP, Kaplan AL, Paglia MJ, Mills BB, Feldstein ML, Ruff GL. Evaluation
of a novel technique for wound closure using a barbed suture. Plast
Reconstr Surg. 2006;117(6):1769-80.

Motosko CC, Zakhem GA, Saadeh PB, Hazen A. The implications of barbed
sutures on scar aesthetics: a systematic review. Plast Reconstr Surg. 2018;
142(2):337-43.

Rubin JP, Hunstad JP, Polynice A, et al. A multicenter randomized controlled
trial comparing absorbable barbed sutures versus conventional absorbable
sutures for dermal closure in open surgical procedures. Aesthet Surg J.
2014;34(2):272-83.

Zaruby J, Gingras K, Taylor J, Maul D. An in vivo comparison of barbed
suture devices and conventional monofilament sutures for cosmetic skin
closure biomechanical wound strength and histology. Aesthet Surg J. 2011;
31(2):232-40.

Duffy DJ, Duddy HR, Keating S, Gutierrez-Nibeyro SD. Influence of barbed
suture on leak pressures after double-layer inverting closure of cystotomy
sites in sheep. Vet Surg. 2018;47(7):902-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Horses
	Prevalence of complications and statistical analysis
	Short-term complications
	Post-discharge complications
	Suturing time

	Discussion
	Conclusions
	Methods
	Study design
	Anaesthesia and perioperative treatment
	Surgical approach
	Intraoperative variables and assessment of complications
	Statistical analyses

	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

