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The effect of tranexamic acid for visualization on ™
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Background: Tranexamic acid (TXA) has been used surgically to decrease blood loss. The ability of TXA to improve arthroscopic visu-
alization and allow for reduction in pump pressure is unknown. The purpose of this study was to determine the effect of intravenous (IV)
TXA on change in pump pressure and visualization during arthroscopic rotator cuff repair.

Methods: This was a single-center, prospective, randomized, double-anonymized controlled trial. Patients with full-thickness rotator
cuff tears undergoing operative repair were enrolled. Patients were randomized to receive 1 g of IV TXA preoperatively or no TXA
(control group). All patients underwent arthroscopy using saline irrigation fluid with 3 mL epinephrine injected into the first 1000-
mL saline bag. Total operative time, final pump pressure, number of increases in pump pressure, total amount of irrigation fluid
used, blood pressure and anesthesia medical interventions for blood pressure were recorded. Visualization was measured by a visual
analog scale (VAS) completed by the surgeon at the end of the case. Postoperative VAS pain scores were obtained 24 hours after surgery.
The primary aim of this study was to investigate the effect that [V TXA has on change in pump pressure (AP) during shoulder arthros-
copy, with a AP of 15 mm Hg set as a threshold for clinical significance.

Results: There were 50 patients randomized to the TXA group and 50 patients in the no TXA group. No significant differences
were found between the TXA group and the control group regarding any measure of pump pressure, including the final arthro-
scopic fluid pump pressure (44.5 & 8.1 mm Hg vs. 42.0 £ 8.08 mm Hg, P =.127), the mean AP (20.9 £ 10.5 mm Hg vs.
21.8 + 8.5 mm Hg, P = .845), or the number of times a change in pump pressure was required (1.7 = 0.9 vs. 1.7 £ 0.8,
P = .915). Overall arthroscopic visualization was not significantly different between the TXA group and the control group
(7.2 £ 1.8 vs. 7.4 = 1.6, P = .464). No significant difference existed between the TXA and control groups regarding postoperative
pain scores assessed by VAS pain scale (4.1 & 2.0 vs. 4.3 £ 1.9, P =.519) at 24 hours after surgery.

Conclusion: The use of IV TXA demonstrated no measurable improvement in surgeon ability to maintain a lower pump pressure
during arthroscopic rotator cuff repair. Additionally, there was no measurable improvement in arthroscopic visualization or early
pain scores.
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Arthroscopic visualization is contingent on several fac-
tors including arthroscopic pump pressure, hemostasis, and
mean arterial pressure (MAP)."''*” Increases to pump
pressure can effectively decrease bleeding but come with a
risk of greater soft tissue swelling. Decreasing MAP can
also decrease bleeding, but risks cerebral
hypoperfusion.™'*'*!321-23 Ag a result, methods to reduce
bleeding while maintaining appropriate pump pressure and
MAP can have value. For example, several studies have
found that the use of dilute epinephrine saline irrigation
improves surgeon visualization,””'** decreases operative
time, and reduces the total amount of irrigation fluid used.”?

Tranexamic acid (TXA) is a synthetic lysine analog
antifibrinolytic that competitively inhibits the conversion of
plasminogen to plasmin, resulting in its antifibrinolytic
activity.”*'>'" It is commonly used to reduce blood loss in
surgery and is an inexpensive medication that is now
widely used in orthopedic surgeries.'>'”"'” One study has
shown decreased intraoperative bleeding and improved vi-
sual clarity with use of intravenous (IV) TXA in arthro-
scopic rotator cuff surgery.”'® The aim of this study was to
determine the effect of IV TXA on change in pump pres-
sure (AP) and visualization during shoulder arthroscopy.
We hypothesized that patients in the IV TXA group would
have lower AP and better visualization scores.

Methods

This was a prospective, randomized, double-anonymized
controlled trial, undertaken by 3 shoulder and elbow-trained
subspecialty attending surgeons between June 2019 and
November 2020.

Inclusion criteria included patients aged 18-80 years old with
an American Society of Anesthesiologists (ASA) score between 1
and 3 and with a surgical indication of full-thickness small to
massive rotator cuff tear. Exclusion criteria consisted of patients
with an allergy to TXA, active thromboembolic disease, seizure
disorder, prior cerebrovascular accident, cardiac stents or a history
of thromboembolic disease, full-thickness subscapularis tear
(>50%), or irreparable rotator cuff tears.

Enrolled patients were randomized into 2 groups via a random
number generator. The control group underwent rotator cuff repair
without TXA, and the intervention group was given 1000 mg of
IV TXA in the preoperative holding area, approximately 30 mi-
nutes prior to induction of anesthesia. The operating surgeon
remained anonymized to treatment. The anesthesia team was non-
anonymized and administered TXA to the intervention group. All
patients underwent a preoperative interscalene brachial plexus
nerve block.

Both groups used the same intraoperative pump fluid. Normal
saline with 3 mL epinephrine was injected into the first 1000-mL
saline bag, and all subsequent saline irrigation was without
epinephrine.

All cases were performed in the beach chair position. The
arthroscopic fluid pump was initially set to 20 mm Hg and was
increased at the discretion of the surgeon. Outcome variables
including total operative time, final pump pressure, number of
increases in pump pressure and reason for change in pump pres-
sure, total amount of irrigation fluid utilized, MAP, blood pressure
and anesthesia medical interventions for blood pressure were
recorded. Anterior-posterior dimension of the tear (AP tear),
medial-lateral dimension of the tear (ML tear), and presence or
absence of subscapularis involvement was recorded. Additionally,
satisfaction with visualization during the procedure was measured
using a 10-point visualization scale, with O categorized as ‘“poor”
and 10 categorized as “good.” This was completed by the oper-
ative surgeon at the end of the case. Patient postoperative visual
analog scale pain scores were obtained via telephone 24 hours
after surgery.

Chi-square tests with their respected P values were conducted
to test the independence between categorical variables. Fisher
exact tests with their respected P values were conducted to test the
independence between categorical variables with cell counts lower
than 5. Categorical variables are presented as cell count (per-
centage of total count). Independent ¢ tests were used to calculate
P values for continuous parametric data presented by mean
(standard deviation). Mann-Whitney test was used to calculate P
values for continuous nonparametric data but is presented as mean
(standard deviation). Significance was represented with a P value
of <.05, indicating that the null was rejected and that a difference
is very likely to exist. The primary aim of this study was to
investigate the effect that IV TXA has on AP during shoulder
arthroscopy, with a AP of 15 mm Hg set as a threshold for clinical
significance. With the expectation of TXA to have a substantial
effect, we wanted to be slightly conservative in the power/sample
size estimate, so we used an effect size just less than medium in
size. There were no prior studies in the literature that could be
used as a guide for the number of patients to enroll and as such our
power analysis provides numbers to detect small changes in the
pump pressures. We originally aimed at enrolling 100 cases per
group for a total of 200 cases (power of 0.8, with a beta of 0.2, and
an effect size of 0.4). At interim analysis, a neutral effect was
present and it became increasingly unlikely that a positive, clini-
cally relevant effect would be demonstrated by the end of the trial.
As a result, the study was terminated early.

Results

From June 2019 to November 2020, a total of 105 patients
were consented for study participation. Five patients were
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Figure 1

excluded from participation for not meeting inclusion
criteria [Fig. 1]. The final cohort consisted of 100 patients;
50 patients randomized to the control group (no TXA) and
50 patients in the TXA group. There was no significant
difference between the 2 study groups with regard to age,
gender, body mass index, or comorbidities (Table I). There
was no difference between the TXA group and the control
group with regard to AP tear (17 vs. 18 mm, P =.591), ML
tear (17 vs. 21 mm, P =.187), or subscapularis involvement
(10 vs. 14, P = .482) between groups.

There was no difference between the control group and
the TXA group with regard to the AP (20.9 4+ 10.5 mm Hg
vs. 21.8 + 8.50 mm Hg, P = .845) or the overall surgeon
visualization (7.2 + 1.8 vs. 74 4+ 1.6, P = .464),

A~

Group 2: Undergoes Arthroscopic
surgery as usual; n=50

Lost to follow up; n=0

Analyzed; n=50

N

respectively (Table II). There was also no significant dif-
ference between the TXA group and the control group in
the ending pump pressure (44.5 = 8.10 mm Hg vs.
42.0 £ 8.08 mm Hg, P = .127). There was no difference
between the control group and the TXA group in other
factors such as the number of times the pump pressure was
adjusted during surgery (1.7 £ 0.9 vs. 1.7 &+ 0.8, P =.915),
total irrigation fluid wused throughout the surgery
(9577 £ 5166 vs. 10750 £ 6550, P = .572), and MAP
(80.9 £ 10.0 mm Hg vs. 82.1 £ 9.58 mm Hg, P = .549).
Pump pressure was increased to a maximum of 60 mm Hg
in 4 cases in the TXA group and to a maximum of 60 mm
Hg in 2 cases in the control group. In all cases, pump
pressure was increased for insufflation reasons. In 34 (68%)
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Table I  Patient demographics
Control group: No TXA (n = 50) TXA group (n = 50) P value
n Mean £ SD n Mean + SD
Age, yr 59.2 + 7.2 59.7 + 11.3 428
Sex
Male 29 39
Female 21 11
BMI 30.3 + 4.9 29.2 + 4.9 .292
ASA grade 1.2 1.2
BMI, body mass index; ASA, American Society of Anesthesiologists; TXA, tranexamic acid; SD, standard deviation.
Table II  Operative variables
Procedure: RCR Control group: No TXA TXA group P value
Operative time, min 93.0 £ 12.1 75.6 + 24.6 .966
Total irrigation fluid used, mL 10,750 + 6550 9577 + 5166 .572
Starting pump pressure 20.2 + 1.41 23.6 + 9.85 .027
Ending pump pressure 42.0 + 8.08 44.5 + 8.10 127
A Pump pressure 21.8 £ 8.50 20.9 £ 10.5 .845
Number of times pump pressure was adjusted 1.74 £+ 0.78 1.68 + 0.89 .915
MAP, mm Hg 82.1 £ 9.58 80.9 + 10.0 .549
Minimum MAP 66.7 + 8.85 69.1 + 9.40 .205
Maximum MAP 99.3 &+ 13.7 99.9 £+ 13.5 .824
Overall surgeon visual clarity rating (VAS) 7.42 + 1.57 7.19 + 1.84 464

RCR, rotator cuff repair; MAP, mean arterial pressure; VAS, visual analog scale; TXA, tranexamic acid.

Values are mean =+ standard deviation.

cases in the TXA group and 32 (64%) cases in the control
group, pump pressure was increased for bleeding
(P = .833).

There was no significant difference in total operative
time between the TXA group and control group
(75.6 = 24.6 vs. 93.0 £ 12.1 minutes, P =.966). There was
also no significant difference in patients’ postoperative day
1 pain visual analog scale score between the TXA and
control groups (4.1 £ 2.0 vs. 4.3 £ 1.9, P = .519). Blood
pressure required adjustment in 12 of 50 (24%) of the TXA
patients and 8 of 50 (16%) of the control group patients
(P = .439). There was a weak positive correlation between
tear size and operative time (AP tear, r = 0.399; ML tear,
r = 0.465) but not between tear size and visualization score
(AP tear, r = 0.020; ML tear, r = —0.034).

Discussion

In this randomized controlled trial, we sought to investigate
the effect of TXA on change in pump pressure and

arthroscopic visualization during rotator cuff repair surgery.
Use of IV TXA demonstrated no measurable improvement
in surgeon ability to maintain a lower pump pressure during
arthroscopic rotator cuff repair. Additionally, there was no
measurable improvement in arthroscopic visualization.
Increasing pump pressure during arthroscopic rotator
cuff repair can improve insufflation of the joint and
decrease bleeding.®”'*?*?° We demonstrated no differ-
ence in AP, number of times the pump pressure was
changed, end pump pressure, or total volume of fluid
utilized. Liu et al'® also performed a randomized
controlled trial IV administration of TXA utilization
before arthroscopic rotator cuff repair. They used the same
TXA dosage and administration protocol as our study.
Dissimilar to our study, cases were performed in the
lateral decubitus position, did not use any epinephrine in
the irrigation, and started the pump pressure at 60 mm Hg.
They did not specifically evaluate the AP but noted no
difference in the number of times the pump pressure was
increased. Although using somewhat different irrigation
and pump pressure protocols, neither study appears to
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demonstrate an advantage to use of IV TXA for reducing
pump pressure parameters.

With regard to visual clarity, we did not observe any
difference between the control group and the TXA group.
This is dissimilar to the findings of Liu et al,18 who showed
that visual clarity was significantly better in the TXA group.
The authors used a 3-point numeric rating scale where grade
1 clarity showed active bleeding leading to poor visibility,
grade 2 clarity showed a moderate amount of blood mixed
with the irrigation fluid, and grade 3 clarity showed little or
no bleeding. They reported a greater percentage of grade 3
vision clarity (53.7% =+ 189% vs. 40.5% =+ 22.1%,
P = .036) in the TXA group and a better average visual
clarity score in the TSA group (2.5 £ 0.2 vs. 2.3 £ 0.3,
P = .048). These differences may be explained by the
variability in the 2 studies with regard to use of epinephrine
in the irrigation, the starting pump pressure, and/or the scale
used to assess visibility. Additionally, the differences noted
by Liu et al,'® although statistically significant, are small and
may lack clinical significance and be prone to data fragility
given the small sample size and nearly nonsignificant P
values.”” The use of epinephrine in the first bag of irrigation
may have masked the impact of TXA on bleeding; however,
given the standard use of epinephrine at our institution, we
did not eliminate it during the study period. Further study is
necessary by multiple investigators in order to resolve the
discrepancies seen between our study and that of Liu et al.'®
Our study is limited in that it was a single-institution study
with 3 surgeons judging visual clarity and deciding on
changes in pump pressure. We did not validate the visuali-
zation scale, and a better approach may have been to have
surgeons review arthroscopic videos from their colleagues to
determine interobserver and intraobserver reliability of the
visualization scale. This limits the study’s generalizability to
other centers and underscores the benefit of multicenter
investigation. Additionally, we did not determine whether
the administration of IV TXA decreased postoperative
opioid consumption. Our assessment of visual grading was
both subjective and used a visual analog scale that has not
been previously validated. Notably, the dosage of TXA was
not adjusted based on body weight. Finally, based on an
interim analysis of our data, we chose to stop the study
without reaching the goal of 100 cases per group. This was
decided because it became increasingly unlikely that a
positive, clinically relevant effect would be demonstrated by
the end of the trial. Because of this, negative statistical re-
sults may be a result of lack of power.

Conclusions

Intravenous administration of TXA prior to arthroscopic
rotator cuff repair did not influence pump pressure pa-
rameters or improve arthroscopic visual clarity in this
randomized controlled trial. Further study with a greater

number of surgeons and institutions is needed to confirm
these findings.
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