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Abstract

Objective: To compare the effectiveness of a modified surface gelatin sponge
to a plain collagen sponge for hemostasis of parenchymal hepatic bleeding.
Study design: Prospective, randomized trial of two hemostatic agents.
Animals: A total of 45 dogs undergoing elective liver surgery were randomly
allocated into two groups: 22 in the adhesive gelatin (AG) group and 23 in the
plain collagen (PC) group. A total of 20 patients per group underwent liver
biopsy to create a uniformly sized bleeding surface, with the remaining
patients (AG = 2, PC = 3) undergoing liver lobectomy.

Methods: Evaluation of hemostatic effectiveness and tissue adhesion of each
sponge type was performed by the operating surgeon using structured scoring
systems. Hemostatic parameters were primarily evaluated at the liver biopsy
site to maintain homogeneity of bleeding surface size.

Results: For the liver biopsy group (n = 40), 5 min after hemostatic sponge
application, 10/20 dogs were bleeding in the PC group, compared to 2/20 in
AG group (p =.0138). The PC bleeding was significantly higher than AG
across the 3 to 6 min evaluation period (p < .001). When surgeons tested the
adhesion of the sponge across the whole cohort (n = 45), AG scored 2 (of 3)
against 1 for PC (p <.001). In group PC, 5/23 sponges dislodged during
abdominal lavage and preparations for closure and had to be replaced due to
recurrence of bleeding, compared with no AG sponges dislodging (p = .042).
There were no further complications related to the use of either sponge.
Conclusion: In the dogs with hepatic parenchymal incision, use of an adhe-
sive gelatin sponge improved intraoperative attachment and haemostatic effec-
tiveness, compared to a collagen sponge.

Clinical significance: Based on our clinical experience in these cases, adhe-
sive gelatin sponges could be considered an effective option when selecting a
hemostatic agent for liver surgery in dogs.
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1 | INTRODUCTION

Mechanical hemostatic agents such as gelatins, collagens,
and cellulose are commonly utilized in canine hepatic
surgery.' Due to the friable nature of liver parenchyma,
traditional methods of hemostasis such as ligatures and
vascular clips are less likely to be efficacious." Mechani-
cal hemostatic sponges work by providing a matrix for
platelet aggregation and activation, clot formation and
stabilization, which then provides a barrier or tamponade
to prevent ongoing hemorrhage.'™

In the authors' practice, a bovine-derived collagen
sponge (Lyostypt, B. Braun, Germany) is the hemostatic
sponge of choice for canine hepatic surgery. In our
experience, this collagen matrix provides sufficient
hemostasis while held in place. However, we have noted
inconsistent adhesion of the collagen sponge, resulting in
sponge dislodgement and subsequent bleeding from the
cut surface of the liver. The human market has moved in
the direction of the adoption of adhesive hemostatic
sponges to reduce the risk of dislodgement associated
postoperative bleeding.””® Most adhesive sponges con-
tain human blood-derived products, for example Tachosil
(Corza Medical, USA) is a human market leader contain-
ing human thrombin and fibrinogen.®®° These agents
are costly, can be challenging to store, and may lead
to adverse reactions both in humans and veterinary
patien'[s.9 Therefore, there is interest in the human mar-
ket into adhesive hemostatic sponges which do not con-
tain human-derived blood products. The adhesive and
tissue sealant market is expected to register the largest
growth in the future, due to increased adoption of
advanced surgical procedures that require efficient tissue
sealing solutions. The human market size is already in
excess of 2 billion US dollars.”°

Traditional gelatin sponges are inexpensive to
manufacture, contain no blood-derived products and are
rapidly absorbed, minimizing the risk of foreign body reac-
tions.” However, they are poorly adhesive to the bleeding
tissue, as demonstrated in an in vivo leporine model.’
TenaTac (Selentus Science, UK) is a traditional porcine-
gelatin sponge modified to increase surface adhesion. This
sponge has modifications on one surface, consisting of over
1000 partial thickness columns, increasing the surface
area of the sponge by a factor of 10. These columns are
designed to conform to and interact with the variations
in tissue surface topography to increase sponge-tissue con-
tact and adhesion, and to resist shear forces that may dis-
lodge the sponge in the perioperative period. An in vivo
leporine-based study performed by the manufacturers of
TenaTac revealed a significant, six-fold increased tissue
adhesion relative to plain gelatin sponge.’ Figure 1 demon-
strates how the “fingers” of gelatin are designed to interact
with variations in surface topography of the bleeding sur-
face and increase tissue adhesion. The adhesive qualities of
this product have been proven in an in vivo rabbit model
with the improved adhesion linked with the surface modi-
fications of the product, albeit in this laboratory setting, no
difference in hemorrhage control was noted between the
modified and unmodified gelatin sponges.’

This study was designed to compare the modified
adhesive gelatin sponge (TenaTac, Selentus Science,
Grantham, UK) to the bovine-collagen hemostatic sponge
(Lyostypt, B. Braun, Melsungen, Germany) currently in
general use in our hospital. Our aim was to determine
whether the modified adhesive gelatin sponge is an effec-
tive hemostatic agent in canine liver surgery, and to com-
pare its effectiveness to the bovine-collagen sponge. The
authors hypothesized that the modified gelatin sponge
would have greater adhesion and be at less risk of

FIGURE 1
the right is a study image demonstrating the adhesive finger-like projections attaching to the bleeding liver surface.’ A video of the

The image on the left represents an animation of the fingerlike projections of the adhesive gelatin (AG) group. The image on

procedures can be found here: https://www.youtube.com/watch?v=mpymvGLqL1g. Permission to use this figure has been granted by the
copyright holders, Selentus Science Ltd. It was originally published in Dong et al.?
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dislodgement than the bovine-collagen hemostatic
sponge, but with no overall difference in bleeding scores
between the two sponges.

2 | MATERIALS AND METHODS

2.1 | Subjects

The Institutional Committee for Animal Research and
Ethics (Nottingham, UK) approved this study (no. 3330
210215) and informed, written client consent was
obtained for each dog enrolled. Inclusion criteria were
dogs undergoing open liver surgery or liver biopsy for
naturally occurring disease, warranting surgical interven-
tion. For case inclusion, the primary surgeon had to
identify sufficient parenchymal ooze intraoperatively to
warrant placement of hemostatic sponge as defined by
hemostatic scoring. Exclusion criteria were as follows:
hemodynamic instability preventing safe instigation or
completion of the study period; suspected or confirmed
coagulopathy; uremia (defined as azotemia with a creati-
nine level of at least twice the reference interval in a nor-
mally hydrated patient and a urine specific gravity of
<1.012); administration of anticoagulant medications
with the exception of non-steroidal anti-inflammatory
medications; known or suspected hypersensitivity to
collagen or gelatin; presence of a severe comorbidity
(American Society of Anesthesiologists physical status
grading score >/= 4), administration of immunosuppres-
sive therapy or chemotherapy within the 4 weeks preced-
ing surgery and/or a recorded intraoperative core body
temperature of <33°C.

2.2 | Treatment

Dogs were assigned to either the plain collagen (PC) or
the adhesive gelatin (AG) group. The PC group received a
sponge manufactured from bovine collagen (Lyostypt,
B. Braun), whilst the AG group received a sponge manu-
factured from porcine gelatin and containing column
shaped, surface modifications (TenaTac, Selentus Sci-
ence). The largest available AG was 8 x 5 cm and the
largest PC was 10 x 12 cm. Dogsrwererassignedrutilizing
an online stratified block randomization via a text (SMS)
messaging service (https://www.sealedenvelope.com/
simple-randomiser/v1/lists [Accessed 14 Dec 2020] Seed:
35670988343243, block sizes: 2,4) which was undertaken
by arregisterediveterinarymnurseratithe time of hemostatic
sponge selection. Anesthesia protocols were determined
by an anesthetist on an individual basis. Each dog was
aseptically prepared for surgery in a standard fashion and

20 mg/kg cefuroxime administered IV approximately
30 min prior to surgery, and then every 90 min until
abdominal closure. Routine ventral midline celiotomy
was performed in all dogs, and the primary surgical pro-
cedure undertaken prior to hemostatic sponge testing.
Surgery and hemostatic assessment was performed by
five Diplomates of the European College of Veterinary
Surgeons. Prior to performing clinical cases, all surgeons
were introduced to the methodologies and scoring sys-
tems during a short training session and group discus-
sion. Furthermore, all surgeons were highly familiar with
the PC sponges, and had used the AG sponge on at least
three clinical cases prior to study commencement, in
order to become familiar with the product.

Hemostatic sponge testing was performed on a
peripheral liver biopsy site or the cut parenchymal sur-
face following liver lobectomy. For liver biopsy, a 15 mm
length of liver lobe edge was isolated and two curved
mosquito hemostats placed in an overlapping crushing
fashion to isolate the segment of liver. The isolated seg-
ment was sharply excised with a no. 11 scalpel blade and
the mosquito hemostats immediately released. The pri-
mary surgeon assessed the cut surface to ensure that a
degree of hemorrhage consistent with parenchymal ooze
was present. Where liver lobectomy was performed the
liver was skeletonized, and a two-row thoracoabdominal
stapler (staple open height 3.5mm, closed height
1.5 mm) was fired across the larger vessels and bile ducts.
The assigned hemostatic sponge for the patient was
selected and its size was ensured to achieve 10 mm of
coverage beyond the bleeding surface and held in situ
with a moist 5 x 5 cm surgical swab for 3 min. Surgeons
took care to apply the modified side of the sponge in the
AG group against the bleeding parenchymal surface and
where necessary the sponge was compressed using gentle
digital pressure and/or lightly moistened with sterile
saline prior to use to allow the sponge to become more
pliable, and accurately conform to the liver edge. This
was not required for the sponge in the PC group which
was already highly pliable.

2.3 | Hemostatic scoring

Bleeding scores were obtained from all cases but a group
consisting of liver biopsies only is reported independent
of the lobectomy cases, as the size of bleeding surface
and procedures to obtain the bleeding surface was not
homogenous with the liver biopsy cases. For hemostatic
testing, following removal of the damp swab, a bleeding
score was recorded at time points 3, 4, 5 and 6 min
according to a 0-5 ordinal visual bleeding scale where
score O represented no bleeding, scores 1-5 represented
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ooze through or peripheral to the hemostatic agent where
1 was minimal, 2 was very mild, 3 was mild, 4 was mod-
erate and 5 was severe (Figure S1). If there was “strike
through bleeding” from the hemostatic sponge prior to
abdominal closure, a second sponge was applied and held
in situ for 1 min and this event was recorded. At the time
of hemostatic scoring, blood pressure was recorded from
direct arterial pressure monitoring via peripheral arterial
cannulation.

2.4 | Adhesion scoring

Once all bleeding scores were obtained, a 2 x 2 mm full
thickness segment at the corner of the hemostatic sponge
was grasped with DeBakey thumb forceps and slowly
lifted from the liver surface to apply tension to the outer
10 mm of the sponge directly perpendicular to the long
axis of the sponge, and the following adhesion scores
were assessed: 0-no adhesion; 1-some adhesion, but the
sponge quickly lifts away; 2-stronger adhesion but some
sponge-tissue separation occurs and 3-strongly adherent
such that the sponge tears when lifted or the organ lifts.

2.5 | Handling scoring
Surgeons were instructed to grade the handling charac-
teristics of the sponge as:

1. Poor (sponge was stiff and poorly conformed to the tis-
sue, sponge was challenging to apply, sponge adhered
to gloves during handling resulting in sponge tearing,
sponge was challenging to trim to desired dimensions
if required).

2. Satisfactory (sponge was relatively pliable and con-
formed adequately to tissue, application was straight-
forward, minor adhesion of sponge to gloves during
handling that did not tear the sponge, sponge was able
to be trimmed to the required dimensions).

3. Good (sponge pliable and highly conforming to tissue,
no adhesion of sponge to gloves during handling, easy
to trim to required dimensions).

Following bleeding, adherence and handling scores,
the abdomen was lavaged once by filling the abdominal
cavity with sterile saline stored in a warming cabinet set
to 38°C. Care was taken to ensure that the saline was
poured into the mid-to-caudal abdomen and not directly
onto the liver or sponge. Prior to closure, any further sur-
gical procedures such as active suction drain or gastro-
stomy tube placement was performed. The sponge was
closely monitored for dislodgement before and during

linea alba closure, and if noted, sponge dislodgement
from the site of bleeding was recorded.

2.6 | Postoperative management
and follow-up

Postoperative recovery occurred in an intensive care unit
staffed by nurses under the direct supervision of a Diplo-
mate of the American College of Veterinary Emergency
and Critical Care. As a minimum, the following parame-
ters were measured by the nursing team every 30 min for
the first 3 h, hourly for the next 3 h, and then at 9- and
12-h post-procedure: pulse rate, pulse character, mucous
membrane color, capillary refill time, respiratory rate,
heart rate and rectal temperature, in order to monitor for
both postoperative hemorrhage and allergic reaction to
the hemostatic sponge, respectively. If significant alter-
ation in assessed parameters was identified, then this was
reported to the duty criticalist. If hemorrhage was sus-
pected, then abdominal point-of-care ultrasound and
packed cell volume assessment was performed in addi-
tion to further testing at the discretion of the duty critic-
alist and the primary surgeon. Dogs were subsequently
monitored based on the primary surgical procedure and
discharged from the hospital once it was deemed appro-
priate by the attending surgeon. Comprehensive written
discharge instructions were provided instructing each
owner to contact our institution in the event of any
adverse events.

Recheck evaluation of the dogs by the primary
surgeon was recommended 10-14 days postoperatively.
Re-examination consisted of an updated owner history,
general physical examination and examination of the sur-
gical incision. Complications were recorded on practice
management software, reported to the principal investi-
gator (TA), and addressed as deemed appropriate.

2.7 | Statistical analysis

Descriptive statistics focused on the median and range
for continuous and ordinal data and percentages for cate-
gorical data. Hemostatic parameters are reported as
mean. These are summarized for the entire sample, and
separately for the two treatments. Responses (adhesion,
dislodgement, bleeding score) were compared between
the two treatment groups using Fisher's exact tests for
binary data, and Mann Whitney U tests, adjusted for ties,
for ordinal data. The ordinal bleeding score for biopsy
cases was recorded at 3, 4, 5 and 6 min. Bleeding score
was analyzed in an ordinal logistic mixed model with
time and group as fixed effects and case number as a
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random effect. At each time point cases were assigned as
“bleeding” or “not bleeding” and evaluated with a chi-
squared test. The gradient of each linear trendline was
calculated and used to calculate the timepoint at which
50% of cases had stopped bleeding. The model was fitted
in the cumulative link mixed model (clmm) routine, and
the significance of the group effect was assessed using a
likelihood ratio test in the analysis of variance (ANOVA)
clmm routine, both in R 4.2.2.

Post hoc power analysis was performed to assess
study size and statistical power. Analysis was undertaken
by a professional statistician (TS) in Minitab 19 and R
4.2.2. Statistical significance was taken as p < .05.

3 | RESULTS

3.1 | Subjects

A total of 45 dogs met the inclusion criteria and were ran-
domized to their study group, of which 23 were assigned
to the PC group and 22 were in the AG group. No dogs
were excluded prior to surgery. One dog randomized to
the AG group was diagnosed with metastatic thyroid neo-
plasia and was subsequently excluded.

3.2 | Surgery

Surgeries performed in addition to liver biopsy in these
cases were cholecystectomy (PC = 9; AG = 8), liver lobec-
tomy (PC = 3; AG = 2), liver lobectomy and cholecystec-
tomy (PC =0; AG = 1), splenectomy (PC = 3; AG = 2),
single extra-hepatic portosystemic shunt attenuation
(PC=1; AG =5), gastrointestinal biopsies (PC=1;
AG =0), partial pancreatectomy (PC=1; AG=1)
resection of an omental mass (PC =2; AG =0), and
resection of a renal mass (PC = 0; AG = 1). The pathologi-
cal diagnoses of these cases are recorded in Table SI.
For the cases undergoing only liver lobectomy (PC = 3;
AG = 2), no concurrent liver biopsy was performed and the
site of testing was the lobectomy site.

No case was hypotensive (MAP < 50 mmHg) at the
time of biopsy, with group PC having a median mean
arterial pressure of 78 mmHg (range: 60-125), and group
AG a median mean arterial pressure of 84 mmHg (range:
60-120) (p = .872).

3.3 | Adhesion and handling scores

Sponge adhesion and handling was assessed in all cases
(n =45). Median sponge adhesion was significantly
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FIGURE 2 The level of adherence to the liver was graded out

of three by the primary surgeon. The adhesive gelatin (AG) group
sponges (n = 23) were significantly more adhesive than the plain
collagen (PC) group (n = 22) (p < .001).

greater in the AG group (2 [1-3]) than the PC group
(1 [0-2]) (p<.001*) (Figure 2). None of the AG
group scored zero in the adhesion assessment (0/22),
compared to 6/23 in the PC group (p = .022). Conversely,
when the highest half of the adhesion scores were mea-
sured (2 or 3), 17/22 AG cases fell into this category, as
opposed to 3/23 for the PC group (p < .0001). No differ-
ence was reported in the handling scores of the two
sponges (PC = 2 (1-3); AG = 2 (1-3); p = .496).

Post hoc powering for a Mann Whitney U test of the
adhesion score of an effect size of 1.0, a pooled standard
deviation of 0.684, and a significance level of 0.05 was
based on powering for a two-sample t-test with a 15%
uplift in sample size. This generated a post hoc powering
for the liver biopsy (20 AG, 20 PC) of 0.98, and for the full
dataset (22 AG, 23 PC) of 0.99.

3.4 | Hemostasis

The ordinal logistic mixed model performed on the cases
from which bleeding scores were obtained from the biopsy
site (n = 40), revealed significantly lower bleeding scores in
the AG group (chi-square [x*] = 6.11, p = .013*) (Figure 3).
The severity of the mean bleeding scores were generally low
throughout for both groups beyond 4 min, yet significantly
higher for the PC group at 5 min (p = .027) relative to the
AG cohort (Table 1). The biopsy plus lobectomy cases
(n = 45) are also shown in Table 1, with the severity of the
bleeding scores significantly higher for the PC group at
5 (p = .005) and 6 min (p = .034) relative to the AG cohort.
Post hoc powering of the bleeding scores at each time point,
using the observed differences and standard deviations, fol-
lowing the approach used for adhesion powering above, gen-
erated power values ranging from 0.45 to 0.78 (mean, 0.68).
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FIGURE 3 The bleeding severity scores were assessed by the
primary surgeon against a visual scoring chart. The mean values
(+SD) are shown with the adhesive gelatin (AG) group exhibiting
significantly lower levels of bleeding when evaluated across the
four time points (p = .013 in an ordinal logistic mixed model). Use
of mean rather than median values is used in this figure to
highlight differences between the groups; however, it should be
noted that the data is not normally distributed.

TABLE 1
at each time point for the biopsy cases alone and then all cases.

Mean bleeding scores, range and interquartile range

Biopsy only 3 min 4 min 5 min 6 min
AG mean (n = 20) 0.9 0.5 0.1 0.1
AG range 0-3 0-3 0-1 0-1
AGIQR 0-2 0-1 0-0 0-0
PC mean (n = 20) 1.8 1.2 0.9 0.6
PC range 0-4 0-4 0-4 0-3
PCIQR 0-3.5 0-2.5 0-2 0-1
AGvs.PC(p=) .0596 .0895 .0272 .0735
All cases 3 min 4 min 5 min 6 min
AG mean (n = 22) 1.0 0.5 0.1 01
AG range 0-3 0-3 0-1 0-1
AG IQR 0-2 0-1 0-0 0-0
PC mean (n = 23) 1.9 1.4 1.0 0.7
PC range 0-4 0-4 0-4 0-3
PCIQR 0-3.5 0-3 0-2 0-1
AGvs. PC(p =) .0550 .0516 .0048 .0335

Abbreviations: AG, adhesive gelatin; IQR, interquartile range; PC, plain
collagen.

Higher bleeding scores indicate poorer hemostasis. 0 represented no
bleeding, scores 1-5 represented ooze through or peripheral to the
hemostatic agent where 1 was minimal, 2 was very mild, 3 was mild, 4 was
moderate and 5 was severe. Use of mean rather than median values is used
to highlight differences between the groups; however, it should be noted
that the data is not normally distributed.

As well as the severity of the bleeding, the number of
dogs obtaining full hemostasis was recorded (n = 45). At

Minutes after application

FIGURE 4 The proportion of dogs in each liver biopsy only
group (n = 40) where the bleeding had stopped completely at the
four time points assessed. The vertical blue and red dotted lines
indicate the time taken for 50% of the cases to reach hemostasis.

3 min, 15/23 patients in PC were still bleeding, compared
to 10/22 in AG (p = .465). At 5min the difference
between the groups was more pronounced with 10/23
still bleeding in the PC arm, compared to 2/22 in AG arm
(p = .009). Figure 4 displays the full data. The gradient of
each linear trendline was calculated and used to calculate
the timepoint at which 50% of cases had stopped bleed-
ing. The time for the AG group was 2 min 00 s compared
to 4 min 49 s for the PC group.

A second sponge was applied in seven of 45 cases
(PC = 6; AG = 1; p = .182). The sponge dislodged in six
cases (PC = 6; AG = 0; p = .022%), all of which occurred
during abdominal lavage and all of which led to mild sec-
ondary hemorrhage from the biopsy site and required
placement of a second sponge. In one AG case, the primary
surgeon elected to place a second sponge at 6 min post
biopsy for the management of strike through bleeding,
albeit this was visually graded only as a grade 1 (minimal).
Post hoc powering for a Fisher's exact test of the dislodge-
ment frequencies, based on the observed frequencies and a
significance level of 0.05 generated a power value of 0.58.

3.5 | Adverse events

No patient had a variation in monitored parameters
which was attributed to postoperative hemorrhage during
the immediate postoperative recovery period. No compli-
cation attributed to the use of a hemostatic sponge was
noted.

4 | DISCUSSION

This prospective, randomized study sought to determine the
effectiveness and adhesion of a modified porcine-derived
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gelatin (AG) hemostatic sponge and compare it to a bovine-
derived collagen (PC) sponge during canine liver surgery.
We partially accept our hypothesis since AG had signifi-
cantly greater adhesion and less dislodgement; however, it
was also associated with reduced bleeding score. Adhesion
is of benefit in many surgical applications, especially within
body cavities where poor adhesion and sponge dislodge-
ment could result in delayed hemorrhage.’ In the collagen
group, second sponges were used in six cases where sponge
dislodgement occurred. A second sponge was only required
once in the AG group due to bleeding through the hemo-
static sponge, and there were no dislodgements seen in this
cohort. The findings of this study are consistent with a
recent cohort analysis of the effectiveness of AG across
a wide range of human surgical procedures."’ That clinical
study of a variety of surgical cases reported that AG demon-
strated “excellent” or “very good” adhesion in 83% of cases
and the hemostasis was rated similarly in 92% of cases, by
human consultant surgeons.'

Collagen sponges are reported to be a superior hemo-
static agent, attributed to greater platelet activation and
clot formation than gelatin sponges in vitro,> although
when in vivo platelet activation was tested in a human
model, there were no differences noted between collagen
and gelatin."? Similar findings were noted in an experi-
mental study utilizing a rat liver bleeding model, in
which no difference in the hemostatic properties of gela-
tin or collagen sponges were identified.'® In our study we
found significantly decreased bleeding scores attributed
to the gelatin sponge (AG) compared to the collagen
sponge (PC) both in terms of the severity scores, as well
as the number of patients in whom complete hemostasis
was obtained. The reason for this outcome probably lies
with the increased adhesion to the bleeding surface and
increased sealant/tamponade effect, with the gelatin
sponge compared to the collagen sponge. Importantly,
overall hemostatic scores, especially at 5-6 min post-
sponge placement, were limited to mild or very mild in
both study groups.

In one study, the use of a bovine-gelatin and human-
thrombin matrix for hemostasis following canine hepatic
biopsy led to significantly reduced blood loss, and signifi-
cantly shorter time to hemostasis than a standard gelatin
sponge. The authors of this study attributed this to supe-
rior conforming and adherence of the matrix to the bleed-
ing surface, as well as the addition of human thrombin."*
Whilst thrombin containing hemostatic agents may
be superior, especially in patients with coagulopathies
where they do not require a fully intact coagulation cas-
cade to be efficacious, they are expensive, classified as
drugs making their handling more complex, and the
canine immunogenicity of human thrombin is unknown,
potentially increasing the risk of anaphylactic reactions."”

A previous retrospective study investigated the use of
porcine-gelatin hemostatic sponges in small animals,
with no hypersensitivity or postoperative complications
reported within the follow-up period of a median of
13 months.'® This current study supports their findings
regarding intraoperative safety, albeit due to the rela-
tively short follow-up time, and the primary focus on
effectiveness of the sponges at hemostasis, reporting
on the safety of either the gelatin or collagen sponge is
beyond the scope of this study.

4.1 | Limitations

Although this study represents the first randomized study
of hemostatic agents within the veterinary literature, it
inevitably had some limitations. It did not have a nega-
tive control group and it is therefore possible that hemo-
stasis would have been achieved without the use of a
hemostatic agent by allowing the surface to bleed and
clot, or the application of digital pressure only. We did
not test a plain gelatin sponge comparative group, as pre-
vious laboratory experiments have demonstrated this
modified gelatin sponge exhibits greater adhesion than a
plain gelatin sponge in a leporine liver model.® Whilst
assessing hemorrhage for a modified versus unmodified
gelatin sponge would have been interesting, the primary
clinical problem of interest was sponge dislodgement,
and we sought to evaluate the product which was most
likely to reduce this concern. Furthermore, a previous
study comparing a plain gelatin sponge to a plain colla-
gen sponge in dogs undergoing craniotomy found the gel-
atin sponge to be less effective at hemostasis, attributing
this to poor adhesion to the underlying bleeding tissue,
albeit this study is not directly comparable to the use of
the sponge in hepatic surgery, as in our study.'” Our
methodology applied the hemostatic sponge to the sur-
face of the liver, covering the bleeding surface and relying
on adhesion between the liver surface and sponge to pre-
vent sponge dislodgement. Use of the punch biopsy tech-
nique for liver biopsy, where a small piece of hemostatic
sponge can be rolled and placed into the punch hole,
may remove the benefit of adhesive hemostatic agents
during liver biopsy, as hemostatic sponge placement is
more secure. This technique was not performed in
our study, and further studies would be warranted to
assess the potential benefit of an adhesive sponge for this
application.

A further limitation of this study was the heteroge-
nous population of dogs and indication for surgery. The
use and strict adherence to stratified block randomization
was designed to limit confounding variables to some
degree. We did not ultrasound the site of testing in the
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postoperative period so low volume hemorrhage insuffi-
cient to result in systemic signs may have been overlooked.
Our study included five extrahepatic portosystemic shunt
(EHPSS) cases in group AG compared to one in group
PC. Patients with EHPSS have previously been reported to
have coagulation abnormalities including lower platelet
counts, lower activity of factors II, V, VII, and X, increased
factor VIII and prolonged activated prolonged partial
thromboplastin time prior to shunt attenuation, and
decreased platelet counts and activity of factors I, II, V, VII,
IX, X, and XI and a prolonged prothrombin time following
attenuation.'®'® Despite these biochemical changes, in the
study by Niles et al. '° there was no increased bleeding ten-
dency identified. Whilst it is a limitation that there are not
equal number of EHPSS in both groups, shunts likely rep-
resent on average prolonged coagulation with no clinical
bleeding tendency identified, and these cases were more
prevalent in the adhesive gelatin group, rather than the
plain collagen. All patients received a single lavage to fill
the abdominal cavity prior to closure; however, we did not
standardize lavage volume, or time from biopsy to comple-
tion of abdominal closure. The effect of variations in these
parameters outside of the direct study measurements
should be limited by strict adherence to randomization.
We also included patients which had undergone stapled
liver lobectomy and, like cases reported previously, these
cases had undergone skeletonization and application of a
thoracoabdominal stapler but had ongoing diffuse hemor-
rhage.”**! Whilst we have been careful to calculate a bleed-
ing score excluding these more heterogenous cases, we
believe they represent a relevant and real-world application
of hemostatic sponge use.

We did not use a validated bleeding scale for this
study. Whilst a study protocol for human hepatic intrao-
perative bleeding scale validation has been published and
began recruiting cases in September 2023, it is yet to be
published.** It may be possible to adapt this scale for dogs
ensuring that a validated scale exists for future studies
involving canine hepatic hemorrhage. A further limita-
tion of this study was that it was not blinded, and this
allows the potential for individual bias as surgeons may
prefer one hemostatic agent over another. There were
five individual surgeons performing surgeries and collect-
ing data. This may allow interobserver variability reduc-
ing the precision of scoring; however, the use of multiple
surgeons may also mitigate any individual bias. In addi-
tion, whilst knowledge of coagulopathy was an exclusion
criterion, we did not require advanced coagulation testing
prior to inclusion in the study. Thromboelastographic
analysis would be considered the gold standard test to
exclude coagulopathy but would be unlikely to be used in
the general referral setting for this population of patients
and therefore was not required for study inclusion.** This

raises the possibility that the differences observed in
bleeding score may be due to differences in coagulation;
however, the use of block stratified randomization should
ensure that a potential baseline confounding variable is
distributed between the two groups. We acknowledge
that whilst we performed power calculations, the rela-
tively small sample size may have led to statistical errors.

5 | CONCLUSION

In these clinical cases of mild or very mild intraoperative
hepatic parenchymal oozing, a novel adhesive gelatin
sponge created less dislodgement and improved hemosta-
sis compared to plain collagen.

AUTHOR CONTRIBUTIONS

Anderson TS, BVSc, PGCert, DipECVS, MRCVS:
Contributed to the design of the study, oversaw data collec-
tion, provided interpreted data and provided scientific,
in-line editing of the manuscript. Hattersley RD, BVetMed
(Hons), CertSAS, DipECVS, MRCVS: Contributed to case
acquisition and the surgical management of cases, and
provided scientific, in-line editing of the manuscript.
Demetriou JL, BVetMed, CertSAS, DipECVS, FRCVS:
Contributed to the design of the study, was responsible for
the surgical management of cases, and provided scientific,
in-line editing of the manuscript. All authors provided a
critical review of the manuscript and endorse the final ver-
sion. All authors are aware of their respective contributions
and have confidence in the integrity of all contributions.

ACKNOWLEDGMENTS
We wish to acknowledge T H Sparks for the statistical
analysis of data.

CONFLICT OF INTEREST STATEMENT

None of the authors had any conflict of interest to
declare. The adhesive gelatin sponges (TenaTac) were
donated by Selentus Science Ltd.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

ORCID
Thomas S. Anderson
5516

https://orcid.org/0000-0002-5234-

REFERENCES

1. Anderson D. In: Johnston S, ed. Surgical Hemostasis in
Veterinary Surgery Small Animal Expert Consult. Vol 1. 2nd ed.
Elsevier. Chapter 18; 2017.

85U017 SUOWILIOD BAIIaID) 8|qedtdde ay) Aq pausenob ae sspie YO ‘88N J0 Sejni 1oy Ariqi8UlIUQ A3|IA UO (SUORIPUOD-PUE-SWB)W0D A8 | IMAeIq 1 U1 UO//:SANY) SUOIIPUOD pue WIS | 8U188S *[5202/50/£2] Uo Ariqiauljuo A3|IM ‘soueld 8ueIyooD Aq 09THT NSA/TTTT OT/I0P/L00 A8 | Arelqijeuljuo//Sdny Wwouy papeojumod ‘Z ‘SZ0Z ‘X0S62EST


https://orcid.org/0000-0002-5234-5516
https://orcid.org/0000-0002-5234-5516
https://orcid.org/0000-0002-5234-5516

ANDERSON ET AL.

WILEY_L

10.

11.

12.

13.

14.

. Nepal A, Tran HDN, Nguyen NT, Ta HT. Advances in haemo-

static sponges: characteristics and the underlying mechanisms
for rapid haemostasis. Bioact Mater. 2023;27:231-256.

. Wagner WR, Pachence JM, Ristich J, Johnson PC. Comparative

in vitro analysis of topical hemostatic agents. J Surg Res. 1996;
66(2):100-108. doi:10.1006/jsre.1996.0379

. Abbott WM, Austen WG. The effectiveness and mechanism of

collagen-induced hemostasis. Surgery. 1975;78:723-729.

. Dong R, Zhang H, Guo B. Emerging hemostatic materials for

non-compressible hemorrhage control. Natl Sci Rev. 2022;9(11):
nwacl62. doi:10.1093/nsr/nwacl62

. Rickenbacher A, Breitenstein S, Lesurtel M, Frilling A. Efficacy

of TachoSil a fibrin-based haemostat in different fields of
surgery—a systematic review. Expert Opin Biol Ther. 2009;9(7):
897-907.

. Colombo GL, Bettoni D, Di Matteo S, et al. Economic and out-

comes consequences of TachoSil®: a systematic review. Vasc
Health Risk Manag. 2014;10:569-575.

. Ollinger R, Mihaljevic AL, Schuhmacher C, et al. A multicen-

tre, randomized clinical trial comparing the Veriset™ haemo-
static patch with fibrin sealant for the management of bleeding
during hepatic surgery. HPB. 2013;15(7):548-558. do0i:10.1111/
hpb.12009

. Nichols B, Zbozien R, Nichols A, Hunter J, Hayes PD. Physical

modification of a gelatin sponge creates a very adhesive, rap-
idly absorbable, blood free hemostat. World J Surg Surgical Res.
2023;6:1500.

Grand View Research. Hemostasis & Tissue Sealing Agents
Market Size, Share & Trends Analysis Report By Product
(Topical Hemostat, Adhesive & Tissue Sealant), By Material,
By Application, By End-use, By Region, And Segment
Forecasts, 2024-2030. Accessed 28 June 2024. Available at:
https://www.grandviewresearch.com/industry-analysis/hemost
asis-tissue-sealing-agents-market

Grosheva M, Liese M, Menovsky T, et al. Assessment of the
efficacy of a novel adhesive haemostat using real world, case
series data collection. Int J Surg Open. 2023;60:100690.
Broekema FI, van Oeveren W, Selten MH, Meijer RJ, de
Wolf JT, Bos RR. In vivo hemostatic effectiveness of polyure-
thane foam compared to collagen and gelatin. Clin Oral Inves-
tig. 2013;17(4):1273-1278. d0i:10.1007/s00784-012-0809-y
Fontes CER, Mardegam MJ, Prado-Filho OR, Ferreira MV.
Comparative analysis of surgical hemostatic sponges in liver
injury: study in rats. Arq Bras Cir Dig. 2018;31(1):e1342. doi:10.
1590/0102-672020180001e1342

Polidoro DP, Kass PH. Evaluation of a gelatin matrix as a topi-
cal hemostatic agent for hepatic bleeding in the dog. J Am
Anim Hosp Assoc. 2013;49(5):308-317. doi:10.5326/JAAHA-MS-
5927

15.

16.

17.

18.

19.

20.

21.

22.

23.

Achneck HE, Sileshi B, Jamiolkowski RM, Albala DM,
Shapiro ML, Lawson JH. A comprehensive review of topical
hemostatic agents efficacy and recommendations for use. Ann
Surg. 2010;251(2):217-228.

Charlesworth TM, Agthe P, Moores A, Anderson DM. The use
of haemostatic gelatin sponges in veterinary surgery. J Small
Anim  Pract. 2012;53(1):51-56. do0i:10.1111/j.1748-5827.2011.
01162.x

Rybock JD, Long DM. Use of microfibrillar collagen as a topi-
cal hemostatic agent in brain tissue. J Neurosurg. 1977;46(4):
501-505. d0i:10.3171/jns.1977.46.4.0501

Kummeling A, Teske E, Rothuizen J, Van Sluijs FJ. Coagula-
tion profiles in dogs with congenital portosystemic shunts
before and after surgical attenuation. J Vet Intern Med. 2006;
20(6):1319-1326. doi:10.1892/0891-6640(2006)20[1319:cpidwc]2.
0.co;2

Niles JD, Williams JM, Cripps PJ. Hemostatic profiles in 39 dogs
with congenital portosystemic shunts. Vet Surg. 2001;30(1):97-
104. doi:10.1053/jvet.2001.17853

Lewis DD, Ellison GW, Bellah JR. Partial hepatectomy using
stapling instruments. J Am Anim Hosp Assoc. 1987;23:597-602.
Risselada M, Ellison GW, Bacon NJ, et al. Comparison of
5 surgical techniques for partial liver lobectomy in the dog for
intraoperative blood loss and surgical time. Vet Surg. 2010;
39(7):856-862.

Aparicio-Lopez D, Asencio-Pascual JM, Blanco-Ferndndez G,
et al. Evaluation of the validated intraoperative bleeding scale
in liver surgery: study protocol for a multicenter prospective
study. Front Surg. 2023;10:1223225.

Kelley D, Lester C, Shaw S, de Laforcade A, Webster CR.
Thromboelastographic evaluation of dogs with acute liver dis-
ease. J Vet Intern Med. 2015;29(4):1053-1062. doi:10.1111/jvim.
13441

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Anderson TS,
Hattersley RD, Demetriou JL. A randomized
comparison of an adhesive gelatin sponge and a
plain collagen sponge for hemostatic control
during canine liver surgery. Veterinary Surgery.
2025;54(2):345-353. doi:10.1111/vsu.14160

85U017 SUOWILIOD BAIIaID) 8|qedtdde ay) Aq pausenob ae sspie YO ‘88N J0 Sejni 1oy Ariqi8UlIUQ A3|IA UO (SUORIPUOD-PUE-SWB)W0D A8 | IMAeIq 1 U1 UO//:SANY) SUOIIPUOD pue WIS | 8U188S *[5202/50/£2] Uo Ariqiauljuo A3|IM ‘soueld 8ueIyooD Aq 09THT NSA/TTTT OT/I0P/L00 A8 | Arelqijeuljuo//Sdny Wwouy papeojumod ‘Z ‘SZ0Z ‘X0S62EST


info:doi/10.1006/jsre.1996.0379
info:doi/10.1093/nsr/nwac162
info:doi/10.1111/hpb.12009
info:doi/10.1111/hpb.12009
https://www.grandviewresearch.com/industry-analysis/hemostasis-tissue-sealing-agents-market
https://www.grandviewresearch.com/industry-analysis/hemostasis-tissue-sealing-agents-market
info:doi/10.1007/s00784-012-0809-y
info:doi/10.1590/0102-672020180001e1342
info:doi/10.1590/0102-672020180001e1342
info:doi/10.5326/JAAHA-MS-5927
info:doi/10.5326/JAAHA-MS-5927
info:doi/10.1111/j.1748-5827.2011.01162.x
info:doi/10.1111/j.1748-5827.2011.01162.x
info:doi/10.3171/jns.1977.46.4.0501
info:doi/10.1892/0891-6640(2006)20[1319:cpidwc]2.0.co;2
info:doi/10.1892/0891-6640(2006)20[1319:cpidwc]2.0.co;2
info:doi/10.1053/jvet.2001.17853
info:doi/10.1111/jvim.13441
info:doi/10.1111/jvim.13441
info:doi/10.1111/vsu.14160

	A randomized comparison of an adhesive gelatin sponge and a plain collagen sponge for hemostatic control during canine live...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Subjects
	2.2  Treatment
	2.3  Hemostatic scoring
	2.4  Adhesion scoring
	2.5  Handling scoring
	2.6  Postoperative management and follow‐up
	2.7  Statistical analysis

	3  RESULTS
	3.1  Subjects
	3.2  Surgery
	3.3  Adhesion and handling scores
	3.4  Hemostasis
	3.5  Adverse events

	4  DISCUSSION
	4.1  Limitations

	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


