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Introduction

In addition to meticulous surgical technique, at least one

Abstract

Background: Use of tranexamic acid (TXA) is a pharmacological intervention
to achieve hemostasis during total knee arthroplasty (TKA). Transcollation®
using Aquamantys® (radiofrequency bipolar hemostatic sealing device) is a
physiological hemostatic sealing method to achieve hemostasis during TKA.
The local and systemic postoperative effects of these two interventions were
never compared in the total knee arthroplasty literature.

Methods: This is a retrospective cohort study. Two groups of patients
who underwent unilateral TKAs were identified: the TXA group and the
Aguamantys® group. There were 96 patients in the TXA group and 95 patients
in the Aquamantys® group. The proportion of cases in the TXA group and
Aquamantys® group that developed each individual clinically significant local
and systemic effect postoperatively was calculated and the odds ratio of such
an outcome among these two groups was analyzed.

Results: There was a clinically meaningful trend towards decreased odds
of developing superficial surgical site infection requiring antibiotic therapy
in the TXA group compared to Aquamantys® group. We also found that on
postoperative day 1, the odds of developing fever >101°F is low in TXA group
compared to Aquamantys® group.

Conclusions: This study provides preliminary clinical evidence that is
suggestive of beneficiary effect of TXA on wound healing after TKA, specifically,
the prevention of superficial surgical site infection.

Level of Evidence: Therapeutic Level Ill. See Instructions for Authors for a
complete description of levels of evidence.

Keywords: Total Knee Arthroplasty; Tranexamic Acid; Transcollation®;
Aqguamantys®; Surgical Site Infection (SSI); Wound Healing

Two, the local effects of either TXA or Aquamantys” in TKA was not
studied, specifically, in terms of their effect on wound healing. Three,
the systemic effects of using TXA and Aquamantys’ in TKA were also

pharmacological and one physical intervention is available clinically
to reduce perioperative blood loss in patients undergoing a total
knee arthroplasty (TKA). The pharmacological intervention to
decrease the blood loss during TKA is the use of tranexamic acid
(TXA), a synthetic anti-fibrinolytic agent that reversibly blocks the
lysine-binding sites of plasminogen and inhibits fibrinolysis [1]. The
physical intervention to decrease the blood loss during TKA is the
use of Transcollation” using Aquamantys, a radiofrequency bipolar
hemostatic sealing device that heats saline to just less than 100°C and
causes coagulation and sealing of superficial tissues [2].

TXA is an effective method to reduce blood loss and transfusions
in patients undergoing TKA [3,4]. The beneficial effect of
Transcollation” using Aquamantys’ or similar devices in reducing the
perioperative blood loss has been well studied in orthopedic literature
including spine surgery [5,6] and hip arthroplasty [7-10].

There are at least three reasons why this study was conducted.
One, we did not come across any published literature on the effect
of Transcollation” using Aquamantys or similar devices in TKA.

not studied beyond their effect on blood loss.
Methods

This is a retrospective, therapeutic, cohort study. The time period
during which the clinical data was collected is from Feb 2012 to Mar
2013. The study was conducted at two tertiary level care hospitals
belonging to the same health care system where the senior author
(FDC) had operating privileges. All the surgeries were performed
by the senior author (FDC). All of the patients at one tertiary level
care hospital received TXA during surgery during the study period
were considered for inclusion in the “TXA group’. All of the patients
at another tertiary level care hospital received Transcollation” using
Aquamantys” during the surgery during the same study period were
considered for inclusion in the ‘Aquamantys’ group’.

We preliminarily identified a total of 97 patients who received
TXA while performing TKA (Figure 1). Among these 97 patients,
all except one patient had a follow up record for at least one year
postoperatively. Excluding that one patient with a follow up for less
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Figure 1: Flow diagram showing the steps of study design analyzing the local
and systemic effects of tranexamic acid (TXA) and Transcollation® in total
knee arthroplasty.

than one year, the remaining 96 patients were included in the cohort
“TXA group’.

We preliminarily identified a total of 96 patients who underwent
Transcollation using Aquamantys’ while performing TKA (Figure 1).
Among these 96 patients, all except one patient had a follow up record
for at least one year postoperatively. Excluding that one patient with
a follow up for less than one year, the remaining 95 patients were
included in the cohort ‘Aquamantys’ group’.

All of the surgeries were performed with inflation of tourniquet
before surgery and deflation after complete wound closure and
application of sterile dressing and elastic compression bandage.
The Legion/Genesis II posterior stabilized implant system (Smith &
Nephew, Andover, MA) was used. All patients received the standard
antibiotic prophylaxis as per the clinical practice guidelines developed
jointly by the American Society of Health-System Pharmacists
(ASHP), the Infectious Diseases Society of America (IDSA), the
Surgical Infection Society (SIS), and the Society for Healthcare
Epidemiology of America (SHEA) [11].

The surgical technique was the same in both TXA and the
Aquamantys’ groups. The standard TKA operative procedure was
followed. Exposure was achieved by either medial parapatellar or
midvastus approach [12]. Initially the operation included tibial
preparation (resection of proximal surface), femoral preparation (distal
surface resection, sizing of the femoral component, anteroposterior
bone cuts and chamfer bone cuts) and removal of medial and lateral
menisci and posterior osteophytes on the medial and lateral femoral

condyle. Initial balancing was performed with spacer blocks and
appropriate soft tissue releases. These steps were followed by the
final preparation of the tibia (sizing of tibial component, reaming
and broaching of the proximal tibia to accommodate the actual tibial
component), femur (box cut for the posterior stabilized design) and
patella. Final balancing was performed with trial components and
appropriate soft tissue releases. Afterwards the tibial, femoral and
patellar components were implanted. Closure was performed in
4 layers. Starting at the center of the medial and lateral quadriceps
flaps, the arthrotomy was closed continuously by knotless suturing
with PDO size ‘0’ bidirectional Quill™ device (Wyomissing, PA).
Similarly, starting at the center of the medial and lateral skin flaps, the
deep tissues were closed in one layer continuously by knotless suturing
with PDO size 2-0" bidirectional Quill™ device. The subcuticular
suturing was done with Monoderm™ size ‘3-0’ bidirectional Quill™.
Secure skin closure was obtained using Dermabond™ (Ethicon,
Somerville, NJ). Sterile compression dressing was then applied and
the tourniquet was deflated.

The two cohorts ie., TXA group and the Aquamantys group
differed in only the intervention. The TXA group received 1000mg
loading dose of intravenous TXA after the induction of anesthesia
but prior to the skin incision. A second dose of TXA (1000mg) was
also given intravenously during immediate postoperative period.
The Aquamantys’ group did not receive TXA. However, hemostatic
sealing was obtained using Aquamantys diligently at all the
appropriate potential areas of bleeding from deep to superficial: the
posterior capsule, the medial and lateral meniscal rims, the synovial
folds adjacent to the resected femoral condyles and the suprapatellar
synovial folds, the medial and lateral flaps of the quadriceps and the
subcutaneous tissue.

All of the patients remained in-hospital care for 3 nights
postoperatively. Antithrombotic protocol was the same in the two
study groups (enoxaparin sodium 30mg subcutaneously every 12
hours). Postoperative pain management protocol was the same in
both groups and decided by the pain management team. All patients
were infused with acetaminophen 1gm intravenously every 8 hours
for the first 24 hours (scheduled). All patients received Pregabalin
25mg orally three times a day (Scheduled). For a moderate pain of
4-6 on a scale of 0-10, Oxycodone 5-10mg immediate release tablet
was given orally every 4 hours (PRN). For a severe pain of 7-10 on
a scale of 0-10, Morphine 2-4mg was given intravenously every
3 hours (PRN). Patients who were medically indicated received
Aspirin. Continuous passive motion devices were part of the standard
postoperative nursing protocol.

Table 1: Shows the list of local and systemic effect studied postoperatively in the tranexamic acid (TXA) group and Aquamantys® group after total knee arthroplasty.

Local effects

° Superficial surgical site infections (SSlIs) requiring antibiotic treatment

° Deep SSiIs requiring incision and drainage

° Organ/space SSis requiring arthrotomy for debridement (with or without component revision)
° Postoperative stiffness requiring manipulation under anaesthesia

Systemic effects

Postoperative fever > 101°F
Deep venous thrombosis (DVT)
Pulmonary vascular

Pulmonary parenchymal
Cardiac

Neurologic (stroke)

Sepsis
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Table 2: Shows the clinical comparability of patients in TXA and Aquamantys® groups.

. ) TXA _ Statistical
Patient variables group (n=96) Aguamantys® group(n=95) test p value
Age 63 68 t-test >0.05
Sex (M/F) 33/63 36/59 Z-test >0.05
BMI 34 36 t-test >0.05
Medical baseline
i Diabetes mellitus 19 23 t-test >0.05
® COPD 3 4 t-test >0.05
° CAD/CHF 8 9 t-test >0.05
Table 3: Shows analysis of local effects noted postoperatively in the tranexamic acid (TXA) group and Aquamantys® group after total knee arthroplasty.
TXA group vs. Risk ratio (odds ratio) | 95% CI Z statistic | Level of significance (p value)
Aquamantys® group
Superficial SSIs requiring oral antibiotics 1/22);& 0.16 0.01t01.39 1.65 0.09
. 0/96 vs.
Deep SSis requiring surgery 0/95 - - - -
L 3/96 vs.
Organ or space SSls requiring surgery 2195 1.48 0.24 10 9.08 0.42 0.66
Postoperative stiffness treated with manipulation 7/1%39\;5 0.69 0.25t0 1.89 0.71 0.47

The variables that were studied in each of the two study groups
were broadly based on the American College of Surgeons National
Surgical Quality Improvement Program (ACS NSQIP) database
reporting guidelines [13]. We arranged these variables in to two
subgroups: local effects and systemic effects (Table 1). Four individual
local effects were identified (Table 1). For each of those 4 individual
local effects identified, the odds of developing such an outcome
was calculated and statistically compared between the TXA and
Aquamantys’ groups using Z-test. Similarly, 7 individual systemic
effects were identified (Table 1). For each of those 7 individual
systemic effects identified, the odds of developing such an outcome
was calculated and statistically compared between the TXA and
Aquamantys’ groups using Z-test.

Several possible biases that could have affected the results were
carefully considered while constructing this study.

One, the clinical comparability of patients in the TXA and
Aquamantys” groups with each other was tested for all the possible
confounding variables such as age, body mass index (BMI) and
the baseline medical issues. There were no statistically significant
differences in the tested clinical parameters between the TXA and
Aquamantys’ groups (Table 2).

Two, the difference in the instrumentation system was also
carefully considered while evaluating the results. In the TXA group,
the Visionaire™ instrumentation (Smith & Nephew, Andover,
MA) was used in 35 patients and the standard instrumentation was
used in 61 patients. In the Aquamantys™ group, the Visionaire™
instrumentation system was used in 36 patients and the standard
instrumentation system was used in 59 patients. Because the ratio
of patients in each group using either of the two instrumentation
systems was nearly identical, we did not consider it a significant bias
that could affect the results of the study.

Three, operating time can affect the clinical results after TKA.
Although we did not calculate the mean duration of surgery in the
TXA and the Aquamantys’ groups, it was unlikely that the duration
of surgery would differ significantly between the TXA and the
Aquamantys’ groups, because the surgeries were performed by the

same surgeon (FDC), with a similar assisting team comprising of
an adult reconstruction fellow, physician assistant and orthopedic
trained surgical technologist.

Results

The analysis of local effects of the TXA and Aquamantys’
is represented in Table 3. We found no statistically significant
difference in any of the 4 local effects compared between the TXA and
Aquamantys’ groups. However, we noted a clinically significant trend
towards decreased odds of superficial wound infections requiring
antibiotic therapy in the TXA group compared to Aquamantys’ group
(1/96 vs. 6/95). Though this difference has not reached a conventional
statistically significant level of p < 0.05, it was close (0.07), and we
considered it a clinically meaningful difference.

The analysis of systemic effects of the TXA and Aquamantys’
is represented in Table 4. On postoperative day (POD) 1, the odds
of developing postoperative fever >101°F is statistically low in TXA
group compared to Aquamantys group. Otherwise there was no
difference in the odds of developing postoperative fever >101°F
between the TXA and the Aquamantys’ groups on POD2 or 3.
Similarly, we did not find any statistically significant difference in the
incidence of other studied systemic effects between the TXA and the
Aquamantys’ groups.

Discussion

In addition to the desired effect on hemostasis, it is important
to understand the local and systemic effects of using TXA and
Aquamantys” during TKA. This is the first study to show that TXA
decreases the odds of developing superficial wound infections
requiring antibiotic therapy in patients undergoing TKA. This study
finding on the effect of TXA on wound healing corroborates with the
other available clinical research [14-16].

One important limitation of this study is the sample size. Though
we could show a clinically meaningful trend towards decreased odds
of developing superficial SSI requiring antibiotic therapy in the TXA
group compared to the Aquamantys™ group (1/96 vs. 6/95), we failed
to prove that it is also statistically significant because of the limited
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sample size (type II error).

We systematically reviewed the basic/animal research to postulate
the possible mechanism of action of TXA by which it facilitates wound
healing. The effect of TXA on wound healing does not appear to be
based on its antifibrinolytic effect, because any other antifibrinolytic
agent does not have the same facilitative effect on wound healing [17].

The principle effect by which TXA facilitates wound healing
is probably prevention of leakage of albumin from the exposed
capillaries at the healing edges of the wound thus preventing
interstitial tissue edema. There are at least two described mechanisms
by which TXA prevents albumin leakage from the exposed capillaries:
up regulation of occlude in expression [18] and down regulation of
kinin expression [19]. Tensile forces caused due to edema are known
to affect the behavior of cells within the healing epithelia by altering
the material properties of extracellular matrices, such as substrate
stiffness leading to altered morphology, proliferation, differentiation
and migration of many different cell types [20].

Conclusion

This study provides preliminary clinical evidence that is suggestive
of beneficiary effect of TXA on wound healing after TKA, specifically,
the prevention of superficial SSI. Future studies are needed to confirm
and substantiate the findings of this study that TXA has beneficial
effect on wound healing.
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