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Abstract

Background Prolonged wound drainage after TKA is as-
sociated with increased risk of infection. To decrease
wound drainage, tissue adhesive has been suggested as an
adjunct to wound closure after TKA; however, no studies
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of which we are aware have investigated the effect of tissue
adhesive in a modern fast-track TKA setting.
Questions/purposes The purpose of this study was to
evaluate the effect of wound closure using a high-viscosity
tissue adhesive in simultaneous bilateral TK A with respect
to (1) postoperative wound drainage, measured as number
of dressing changes in the first 72 hours postoperatively;
and (2) wound healing assessed using the ASEPSIS score.
Methods Thirty patients undergoing simultaneous bi-
lateral TKA were included in the study. The left knee was
randomized to receive either standard three-layer closure
with staples or the same closure supplemented with tissue
adhesive with the opposite treatment used on the contra-
lateral knee. One patient underwent a constrained TKA and
underwent revision 2 days after the index procedure and
was therefore excluded leaving 29 patients (58 knees) for
analysis. Sixty-two percent (n = 18) were female. Mean age
was 64 years (range, 42-78 years). Mean body mass index
was 28 kg/m? (range, 21-38 kg/m?). Postoperative wound
drainage was evaluated as drainage resulting in a dressing
change. The wound dressing was changed if it was soaked
to the borders of the absorbable dressing at any point. The
nurses changing the dressing were blinded to treatment
allocation up to the first dressing change. The number of
dressing changes during the first 72 hours postoperatively
was recorded. The secondary study endpoint was the
ASEPSIS score, which is a clinical score assessing wound
healing. ASEPSIS score, measured by a nurse not involved
in the treatment, was compared between the groups at
3 weeks followup.

Results Knees with tissue adhesive underwent fewer
dressing changes (median, 0; interquartile range [IQR],
0-1) compared with the contralateral knee (IQR, 1-2;
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difference of medians, one dressing change; p =0.001). A
total of 59% of knees in the intervention group did not
undergo any dressing changes before discharge, whereas
24% of knees in the control group did not undergo any
dressing changes before discharge (p = 0.02). The knees in
the intervention group and the control group did not differ
with respect to ASEPSIS score at 3 weeks.

Conclusions Tissue adhesive as an adjunct to standard
wound closure after primary TKA reduced the number of
dressing changes after surgery, but did not change the ap-
pearance or healing of the wound at 3 weeks based on the
ASEPSIS scores. Whether the small differences observed
here in terms of the number of dressing changes performed
will justify the additional costs associated with using this
product or whether there are other differences associated
with the use of tissue adhesive that may prove important
such as patient preferences or longer term differences in
wound healing or infection should be studied in the future.
Level of Evidence Level 1, therapeutic study.

Introduction

Prolonged wound drainage after total joint arthroplasty has
been shown to be a predictor of periprosthetic joint in-
fection (PJI) [21-23] with up to 28% of the patients with
persistent wound drainage (48 hours) undergoing further
surgery [12]. Although the correct time to débride a draining
wound is debated, the recent Proceedings of the International
Consensus on Periprosthetic Joint Infection recommended
revising a surgical wound that had been persistently draining
for > 5 to 7 days [19]. Wound drainage may be associated
with prosthetic joint infections [21-23], which represent a
challenging complication potentially leading to poorer out-
come scores and an increased risk of death [18, 27].

In light of the concern that prolonged drainage may lead
to PJI [21-23], it seems sensible that steps that could de-
crease drainage may reduce the risk of infection, and so
such steps might be worth exploring. In recent years, tissue
adhesives for wound closure have been introduced as a
replacement or a supplement to conventional closure
techniques. However, few studies have investigated the
effect of tissue adhesive on wound drainage after TKA and
no studies to our knowledge have investigated the effect of
tissue adhesive in a modern fast-track TKA protocol with
early mobilization without use of drains or a tourniquet and
with short thromboembolic chemoprophylaxis, all factors
that potentially affect wound drainage [7, 14].

Therefore, the aim of this prospective randomized
controlled trial (RCT) was to evaluate the effect of sup-
plemental wound closure using a high-viscosity tissue
adhesive (Leukosan®™; BSN Medical, Hamburg, Germany)
in simultaneous bilateral primary TKA with respect to (1)
postoperative wound drainage, measured as number of

dressing changes in the first 72 hours postoperatively; and
(2) wound healing assessed using the ASEPSIS score.

Patients and Methods

This randomized study was conducted in accordance with
the CONSORT guidelines. The study was approved by the
local ethics committee (Ethics Committee of the Capital
Region of Denmark; # H-15009317) and registered at
Clinicaltrials.gov (NCT03289247).

Patients scheduled for bilateral simultaneous TKA by
the senior author (HH) were screened for participation.
Inclusion criteria were patients > 18 years old who were
suitable for primary simultaneous bilateral TKA based on
physical examination and medical history with clinically
and radiographically verified osteoarthritis [9]. Patients
receiving potent anticoagulants before surgery (such as
new oral anticoagulants or vitamin K antagonists), with
previous open knee surgery on either knee, with previous
major trauma to either knee resulting in deformity or
scarring or with allergies to skin adhesives were excluded.

Sample size analysis was based on the primary outcome,
which was the number of dressing changes during the first
72 hours after surgery. The minimum difference we con-
sidered important, based on consensus from all coauthors
of this article, was a 50% decrease from previous experi-
ence showing an average of three dressing changes. Based
on this, we calculated 24 knees should be included in each
group in light of a sample size calculation that set power at
0.9 and o = 0.05. Thus, 30 patients were included in the
study, allowing for 25% dropout.

A total of 30 patients were included in the study. One
patient received increased constraint of the TKA and un-
derwent revision 2 days postoperatively and was therefore
excluded leaving 29 patients (58 knees) for analysis (Fig. 1).
Sixty-two percent (n = 18) were women. Mean age was 64
years (range, 42-78 years). Mean body mass index (BMI) was
28 kg/m® (range, 21-38 kg/m?). Intervention and control
knees did not differ regarding preoperative ROM, intra-
operative blood loss, or surgery time (Table 1).

The study followed the CONSORT statement (Fig. 1).
Opaque envelopes were used for the computer-generated
randomization process, and envelopes were opened

Not Fitting the Inclusion
Criteria (n = 2)

- 1 Patient Declined Participation

-1 Patient Had Previous Open Surgery
on One Knee

Assessed for Eligibility (n = 32) ‘
| —

Randomized (n = 30)

Excluded
———) | Revised Early With
Increased Constraint (n = 1)

Vlﬂc\uded in Aﬁa\ysls (n=29)

Fig. 1 Thirty-two patients were screened for eligibility, 30
patients were included and randomized, and 29 patients were
included in the final analysis.
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Table 1. Pre- and intraoperative characteristics of knees in the intervention and control groups

Median difference

Characteristics Intervention knee Control knee (intervention - control) (IQR) p value
Preoperative ROM (°; median [IQR]) 100 (20) 100 (15) 0(2) 03
Preoperative extension (°; median 0(2) 0 (5) 0 (0) 0.2
[IQR])

Preoperative flexion (°; median [IQR]) 100 (10) 100 (5) 2(12) 0.8
Surgery time (minutes; median [IQR]) 57 (17) 53(17) -2 (16) 0.9
Blood loss (mL; median [IQR]) 150 (100) 150 (95) 0 (100) 0.9

IQR = interquartile range.

intraoperatively before skin closure of the first knee, which
always was the left side. The left knee was thus randomized
to receive either (1) a standard three-layer closure method
with skin staples; or (2) a three-layer closure method with
skin staples supplemented with tissue adhesive (Leukosan)
with the opposite treatment on the contralateral knee. All
patients were operated on between January 11, 2015, and
January 9, 2017, in a well-described fast-track setup [10]
with a cruciate-retaining TKA (AGC® or Persona® ;
Zimmer Biomet, Warsaw, IN, USA).

The surgical technique a standard midline skin incision
with a medial parapatellar capsulotomy was used. Femur
and tibial surfaces were prepared using standard cutting
guides. The ACL was resected and the posterior cruciate
ligament retained. Ligament balancing was achieved
using a measured resection technique. Femoral and tibial
components were cemented. Resurfacing of the patella was
performed in all knees.

The joint capsule was closed using size 2 coated
VICRYL® Plus antibacterial suture (Ethicon, Somerville,
NIJ, USA), whereas subcutaneous tissue was closed using
size 2-0 coated VICRYL Plus antibacterial suture (Ethi-
con). The skin was closed with stainless steel staples
using a PROXIMATE® Fixed-Head stapler (Ethicon)
intended to be placed 5 mm apart. If the knee was ran-
domized to the intervention group, tissue adhesive (Leu-
kosan) was applied on top of the staples according to the
manufacturer’s instructions. One layer (one tube) of tissue
adhesive was applied after air-drying for 60 seconds fol-
lowed by placement of a second layer (one tube) and a
second air-drying period of 60 seconds. No drains or
tourniquets were used. A standard Mepilex Border Post-
op® wound dressing (Mdlnlycke, Gothenburg, Sweden)
was applied to the wound followed by an Acryelastic®
compression bandage (BSN Medical, Vibraye, France) [1].
All patients were allowed immediate postoperative mobi-
lization without restrictions. The compression bandage was
removed on the first postoperative day. The wound dress-
ing was changed if it was soaked to the borders of the
absorbable dressing at any point (Fig. 2). On discharge, the
patients were instructed to change the bandage if it was
soaked through. If the bandage was dry, the patients could
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remove it after 7 days. All bandages were continuously
assessed by the same nurse (SR) during the day. If the
bandage called for a change according to study parameters
outside her working hours, the shift nurse was instructed in
the criteria by the author (SR) and was asked to photo-
document the bandage. Postoperatively, participants re-
ceived standard pain treatment and rehabilitation until
discharge [11]. Patients received oral thromboembolic
prophylaxis given as 10-mg rivaroxaban tablets once daily
until discharge starting 6 to 8 hours postoperatively. No
extended thromboembolic prophylaxis was given to any
patients. All patient received 1 g intravenous (IV) tra-
nexamic acid (TXA) preoperatively and 1 g IV TXA 3
hours postoperatively. All patients were admitted for a
minimum of 72 hours, during which the number of dressing
changes for each knee was registered. Nurses changing the
dressing were blinded to treatment allocation up to the first
dressing change; no blinding was possible after the first
bandage change.

The primary outcome was the number of dressing
changes during the first 72 hours postoperatively. The
secondary outcome was the objective wound assessment
part of the ASEPSIS score [25] at 3 weeks and ROM at
3 weeks, both recorded by the nurses at the outpatient clinic
who were not involved in patient treatment. The ROM was
measured by the surgeon preoperatively and by the nurses
postoperatively using a goniometer. The ASEPSIS score
is a commonly used wound assessment score [26], which
has been proposed to be suitable for orthopaedic infection
surveillance [2]. The ASEPSIS score consists of an ob-
jective wound assessment part, a part about wound treat-
ment, and a part regarding consequences of the infection
(Table; Supplemental Digital Content, http://links.lww.com/
CORR/A132). Patient demographics were recorded as well as
preoperative ROM and adverse events 3 months after surgery.
Surgical parameters such as surgery time (first incision to and
including placement of the dressing) as well as intraoperative
blood loss were recorded. Intraoperative blood loss consisted
of suction production as well as additional weight of fluid in
the surgical sponges.

All outcome measures were numeric, skewed, and
nonnormal distributed. We computed median and
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Fig. 2 A-B Image of a wound presentation the day after surgery on the same patient. (A) This
wound did not require a dressing change, whereas (B) this wound required a dressing

change.

interquartile range. Comparison of the two groups was
performed using the Mann-Whitney test. For outcome
measures with a great number of ties, normal approxima-
tion of the Mann-Whitney test was applied. A p value <
0.05 was considered statistically significant. All analyses
were performed using R 3.2.3 (www.r-project.com).

Results

Knees in the intervention group had fewer dressing
changes within 72 hours (median, 0; interquartile range
[IQR], 1 versus median, 1; IQR, 1; p = 0.001). A smaller
proportion of patients in the tissue adhesive group received
dressing changes than did those in the control group (45%
[13 of 29] versus 72% [21 of 29]; odds ratio, 1.6; 95%
confidence interval, 1.2-1.9; p = 0.020). No knees had
wound drainage > 7 days. No allergic reactions to the tissue
adhesive [6] were reported.

The knees in the intervention group and the control group
did not differ with respect to ASEPSIS scores at 3 weeks

(Table 2). In addition, there were no clinically important
differences in ROM between the study groups 3 months after
surgery (Table 2). One knee in the control group underwent
irrigation and débridement at 4 weeks as a result of infection.

Discussion

Prolonged wound drainage after total joint arthroplasty has
been shown to be a predictor of PJI. Therefore, tissue ad-
hesive has been suggested as a supplement to wound closure
after primary TKA to reduce wound drainage. However, no
studies have investigated the effect of tissue adhesive in a
modern fast-track TKA protocol.

In this randomized trial of patients undergoing simul-
taneous bilateral TKA, we found that use of high-viscosity
tissue adhesive (Leukosan) as a supplement to wound closure
resulted in patients undergoing fewer dressing changes in the
first 72 hours after surgery. However, wound appearance as
defined by ASEPSIS scores did not differ between in-
tervention and control knees at 3 weeks followup.
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Table 2. Postoperative characteristics of knees in the intervention and control groups at 3 months followup

Median difference

Characteristic Intervention knee Control knee (intervention - control) (IQR) p value
Postoperative ROM (°; median [IQRI]) 85 (100) 84 (11) 1(13) 03
Postoperative extension (°; median 5(2) 6 (4) -2 (4) 0.02
[IQR])

Postoperative flexion (°; median [IQR]) 90 (10) 90 (10) 2(13) 0.8
ASEPSIS score

Serous discharge (median [IQR]) 0; (0) 0; (0) 0(0) 1.0
Erythema (median [IQR]) 0; (0) 0; (0) 0 (0) 1.0
Purulent discharge (median [IQR]) 0; (0) 0; (0) 0(0) 1.0
Wound defect (median [IQR]) 0; (0) 0; (0) 0 (0) 0.09

IQR = interquartile range.

The main limitation of our study is the clinical relevance
of our primary outcome. Wound drainage could also be
measured as volume as described by El-Gazzar et al. [7] or
by weighing the bandage each day. However, this would
call for removing a bandage that might not need to be
changed, thus needlessly uncovering the surgical incision.
Also, measuring weight or volume would be associated
with substantial and potentially misleading inaccuracies
when comparing wounds that leaked outside the bandage
with wounds with less drainage. Thus, we believe that
measuring weight or volume with respect to wound
drainage would be associated with just as many, if not
more, limitations as our current method. Although we tried
to make the indications for bandage change as objective as
possible, the evaluation of whether the bandage is soaked
to the edge is associated with some subjectivity. Because
our study investigates dressing changes, it is not possible to
draw any direct conclusions on the clinical effect of tissue
adhesive on wound healing and infections, and the study
was neither powered nor designed to do so. The most
clinically relevant outcome for such study would be in-
fection. However, performing a RCT with infection as the
primary outcome is virtually impossible because several
thousand patients would need to be included to provide an
adequate sample size and power, especially in a simulta-
neous bilateral setup. Another limitation is that we only
measured wound drainage during the first 72 hours after
surgery. The reason for this is that the majority of patients
undergoing simultaneous bilateral TKA fulfill discharge
criteria within 3 days [9], and keeping patients in the
hospital for observation only was not considered ethical.
Although patient-reported wound drainage could have
been an option, we believe that this method is somewhat
inaccurate, and we therefore chose to focus on clinical
evaluation on wound discharge within 3 days after surgery.
External validity is also a limitation, because both wound
closure protocols and perioperative treatment affecting
wound discharge differ between departments and might
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affect findings presented in this study. Thromboembolic
prophylaxis is one such factor, because thromboembolic
prophylaxis has been shown to increase wound discharge
[13] and only short-duration thromboembolic prophylaxis
during the hospital stay is used in our department, which
might not be the case at other institutions. The ASEPSIS
score, which we used as a secondary outcome, has been
validated in several surgical procedures, but to our knowledge
not in arthroplasty [3, 24]. We only used the clinical part of the
ASEPSIS score, because we only wanted to evaluate the
clinical appearance of the wound. Also, information re-
garding débridement, antibiotics, and isolation of bacteria
might be misleading early after surgery (3 weeks followup).
We have not investigated the financial implications of using
tissue adhesive tubes to reduce the number of bandage
changes because the cost of both tissue adhesive and ban-
dages can vary greatly among departments, making com-
parisons difficult. Finally, blinding could not be maintained
after the first bandage change, perhaps introducing bias when
assessing outcome [4] after the first bandage change.

The use of simultaneous bilateral TKA for this RCT can
be considered a strength as well as a weakness. The patient
serves as his or her own control, thus eliminating all
patient-related confounding such as BMI, coagulopathy,
and individual wound-healing abilities. On the other hand,
patients undergoing simultaneous bilateral TKA ambulate
slower compared with patients undergoing unilateral TKA,
which might affect wound healing and wound discharge
immediately after surgery. In addition, patients undergoing
simultaneous bilateral TKA generally are healthier and
have fewer comorbidities compared with patients un-
dergoing unilateral TKA, which might affect wound
healing, thus making our results less generalizable to a
general TKA population. We therefore believe that a large
followup study on unilateral TKA is warranted to further
establish the role of tissue adhesive as a supplement for
wound closure after primary TKA, but with a focus on
wound healing problems within 3 months.
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We found that tissue adhesive as a supplement to wound
closure reduced the number of dressing changes in the first
72 hours after surgery. These findings are in accordance
with another RCT investigating the effect of tissue adhe-
sive on postoperative wound drainage after TKA [7].
El-Gazzar et al. [7] found that supplemental use of tissue
adhesive for wound closure after primary TKA reduced
postoperative wound drainage. However, the results of the
two studies are not directly comparable, because wound
discharge in the study by El-Gazzar et al. [ 7] was calculated
using estimated discharge volume in the dressings on Days
2 and 3, whereas we investigated the number of dressing
changes. Although the best method for evaluating wound
drainage can be debated, we believe that the duration of
drainage, rather than volume, is more clinically relevant,
because prolonged wound drainage has been correlated to
infection and revision after TKA [20-22]. To our knowl-
edge, only two other studies (one RCT on primary TKA
and one RCT on both TKA and THA) have investigated the
effect of tissue adhesive in primary TKA [7, 15], whereas
tissue adhesive is widely used in other types of surgical
procedures [5, 16, 17]. It is important to emphasize that this
study investigates use of tissue adhesive as an adjunct to
wound closure and not as a substitute for staples or sutures.
Studies have shown that sutures minimize dehiscence
compared with tissue adhesive and tissue adhesive alone
might not be sufficient in wounds with high tension such as
TKA [5]. This is highlighted by the findings by Khan et al.,
who reported increased wound drainage after TKA and
THA after 24 hours when only tissue adhesive was used for
skin closure [15].

We did not find any difference with respect to clinical
wound appearance at 3 weeks as measured by the clinical
component of the ASEPSIS score. This most likely was the
result of the low number of patients in our study, making
ASEPSIS score an imperfect measure for this purpose,
which is illustrated by a median score of 0 in both groups.
Because few patients, even in high-risk groups, experience
wound complications [8], a rather high number of patients
would be required to detect a difference in wound healing
between the two groups.

In conclusion, we found tissue adhesive as an adjunct to
standard wound closure after primary TKA reduced the
number of dressing changes after surgery. Future studies
should investigate the effect of tissue adhesive on wound
healing and PJI.
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