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Background: The addition of epinephrine to arthroscopic irrigation fluid has been shown to improve surgeon-rated visual clarity
during shoulder arthroscopic surgery. Subacromial injections of epinephrine are also used for this purpose.

Purpose/Hypothesis: To assess the influence of a preoperative subacromial epinephrine injection on surgeon visualization dur-
ing subacromial shoulder arthroscopic surgery. It was hypothesized that the epinephrine injection would improve surgeon-rated
visual clarity.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: A double-blind randomized controlled trial including adult patients undergoing shoulder arthroscopic surgery in the
beach-chair position requiring visualization of the subacromial space was performed. Patients in the epinephrine group (n =
30) received a preoperative subacromial injection of bupivacaine and epinephrine, and those in the control group (n = 30) received
a preoperative subacromial injection of bupivacaine. Epinephrine was added to the first 10 L of arthroscopic irrigation fluid in all
patients. The primary outcome was surgeon-rated visual clarity throughout the procedure that was recorded at the end of the
procedure using a visual analog scale (VAS) scored from 0 (worst) to 10 (best). Secondary outcomes included an increase in
pump pressure during the procedure, total operative time, and the intraoperative use of blood pressure–modulating medications.

Results: Rotator cuff repair was performed in 88.3% of patients (25/30 epinephrine; 28/30 control), with multiple procedures per-
formed in 85.0% of patients (23/30 epinephrine; 27/30 control). The VAS score for visual clarity was slightly better in the epineph-
rine group compared with the control group, although the difference was neither statistically nor clinically significant (8.3 6 1.4 vs
7.5 6 1.8, respectively; P = .09). There was no difference between the epinephrine and control groups in the need for an increase
in pump pressure to improve visualization (8/30 [26.7%] vs 7/30 [23.3%], respectively; P . .99), total operative time (62.0 6 19.4
vs 64.0 6 30.1 minutes, respectively; P = .90), or the intraoperative use of blood pressure–modulating medications (20/30 [66.7%]
vs 17/30 [56.7%], respectively; P = .60). There were no perioperative adverse events in either group.

Conclusion: The addition of a subacromial epinephrine injection before shoulder arthroscopic surgery resulted in a small
improvement in visual clarity that was neither statistically nor clinically significant, with no adverse effects reported in this study.

Registration: NCT05244525 (ClinicalTrials.gov)
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Shoulder arthroscopic surgery is a technique used to treat
an increasingly wide array of pathological conditions of the
shoulder. These include abnormalities within the gleno-
humeral joint as well as in the subacromial space. Ade-
quate visual clarity is imperative for the safety and
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efficacy of this procedure.2,14,18,26 During the procedure,
arthroscopic irrigation fluid is pumped into the shoulder
to improve the visualization of surrounding structures.
However, too much irrigation will cause fluid to extrava-
sate into surrounding soft tissue, thus creating difficulties
with surgical exposure as well as intraoperative and post-
operative swelling. The addition of epinephrine to arthro-
scopic irrigation fluid has minimal costs and has been
shown to improve visual clarity and decrease operative
time.14,26 However, it has the potential for rare but serious
cardiovascular adverse events.1,8,12,15,24

An injection of diluted epinephrine into the subacromial
space before the initiation of shoulder arthroscopic surgery
has been used clinically to improve surgical visualization.
The vasoconstrictive effect of this pharmacological agent
is thought to decrease bleeding from local structures and
thus decrease barriers to visualization.10,11,13 The time to
the maximal vasoconstrictive effect, and therefore maxi-
mal visualization, varies in the literature, with historical
reports stating 7 to 10 minutes and newer studies report-
ing up to 25.9 minutes.17,19 The plasma half-life of epineph-
rine is approximately 1 minute; however, the local
vasoconstrictive effect and visualization benefit are dose
dependent, with most concentrations allowing for blood
flow to return to baseline between 60 and 120 minutes.6,21

Further potential benefits of this preoperative application
include limiting the cost of surgery, decreasing operative
time, and limiting the use of blood pressure–modulating
agents during the procedure.24 Furthermore, this tech-
nique provides an alternative to the visualization benefits
of controlled hypotension, which poses the risk of other
serious adverse events including cerebral desaturation.25

The principle of controlled hypotension is of particular
importance with patients undergoing surgery in the
beach-chair (upright) position, as this increases the risk
for cerebral hypoperfusion.9

Given the proven benefits of epinephrine within arthro-
scopic irrigation fluid, we aimed to assess the influence of
a preoperative subacromial epinephrine injection on sur-
geon visualization during shoulder arthroscopic surgery.
We also aimed to determine the effect of the epinephrine
injection on total operative time and on the use of blood
pressure–modulating agents intraoperatively. We hypoth-
esized that the addition of a preoperative subacromial epi-
nephrine injection would improve surgeon-rated visual
clarity.

METHODS

This prospective, double-blind randomized controlled trial
(RCT) took place at 2 hospitals and 2 surgical centers
and included 6 sports medicine fellowship–trained ortho-
paedic surgeons at a single academic institution. The study
was conducted using the Consolidated Standards of
Reporting Trials (CONSORT) guidelines,23 and the proto-
col for the study received institutional review board
approval and was registered on ClinicalTrials.gov
(NCT05244525).

Patient Enrollment

Patients undergoing shoulder arthroscopic surgery in the
beach-chair position requiring visualization of the subacro-
mial space were eligible for study enrollment, which
occurred between March 14, 2022, and August 31, 2022.
Included procedures were rotator cuff debridement or
repair, subacromial decompression, subacromial bursec-
tomy or bursal debridement, lysis of adhesions, synovec-
tomy, and distal clavicle resection. The inclusion criteria
were adult patients (age .18 years) who were able to pro-
vide informed consent. Patients who were not able to pro-
vide informed consent, were non-English speakers, had
a documented history of adverse medication reactions to
epinephrine, or underwent shoulder arthroscopic surgery
in the lateral position or a procedure that did not require
visualization within the subacromial space were excluded
from the trial. Non-English speakers were excluded from
the study because limited resources were available to pro-
vide an informed consent form in any language other than
English. Patients were permitted to be withdrawn from the
trial upon request, and no patient follow-up was necessary
for this study. No patients withdrew from the study, and
no changes to the study design were made after trial
commencement.

Participants were randomized into 1 of 2 groups: those
who received a preoperative subacromial epinephrine
injection (epinephrine group) and a control group. A power
analysis was performed before the initiation of the study to
ensure proper power at 80% with an alpha of .5. We calcu-
lated that a minimum of 26 patients would be needed in
each study group. A total of 30 patients in each study
arm were set as the enrollment goal to ensure that statis-
tical power was properly attained.
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There were 78 patients screened for the study. Of these
patients, 7 failed screening, and 11 patients refused con-
sent, leaving 60 patients to be enrolled in the trial. Overall,
30 patients were enrolled in the epinephrine group, and 30
patients were enrolled in the control group in a parallel
fashion. Screening and enrollment were performed by
research staff, and the 6 involved surgeons remained
blinded to the assignment of each patient for the duration
of the trial. Enrollment ceased when the trial met its sam-
ple size goal. The CONSORT flow diagram of patient
enrollment is shown in Figure 1.

Injection Procedure

Patients randomized to the epinephrine group received an
injection of 20 mL of a mixture of 0.3 mg epinephrine in 30
mL of 0.5% bupivacaine at a dilution of 1:100. Patients ran-
domized to the control group received an injection of 20 mL
of 0.5% bupivacaine. To ensure proper methodology for the
double-blinded study, an operating room circulating nurse
prepared the injection according to a randomization card
within a sealed envelope, and the injection was not labeled.
The injections were performed by a surgeon or orthopaedic
sports medicine fellow (S.F., J.M.G., R.K.F., S.E.F., P.G.S.,
B.P.G.) with an 18-gauge needle using the posterior
approach to the subacromial space after the patient was
placed in the beach-chair position and before skin prepara-
tion and surgical draping. The procedure began no later
than 10 minutes after the injection, allowing the epineph-
rine enough time to exert its effect of vasoconstriction.
With reports in the literature suggesting that the time to
the maximal effect of local vasoconstriction is between 7
and 25.9 minutes,17,19 the timing of this procedure was
deemed optimal.

Arthroscopic irrigation fluid was prepared by adding 1
mL of 5 mg/mL epinephrine for every 1 L of irrigation fluid,
up to 10 L of fluid, at a dilution of 1:1000. If the procedure
required .10 L of irrigation fluid, the fluid after this
threshold did not contain epinephrine. The irrigation
pump pressure was set at 35 mm Hg at the beginning of
the procedure and was increased only at the request of
the surgeon.

Primary Outcome

The primary outcome for this study was surgeon-rated
visual clarity of the subacromial space throughout the pro-
cedure. Visual clarity was assessed at the completion of the
procedure and was intended to be a representation of the
surgeon’s assessment of clarity throughout the procedure.
The surgeon assessed visual clarity using a visual analog
scale (VAS) scored from 0 to 10. In this scale, a value of
10 represented the best visual clarity possible, and a value
of 0 represented the worst clarity possible. The VAS
is a validated and reliable instrument that has been used
to quantify inherently subjective factors including pain,
visualization, and other patient-reported clinical symp-
toms.2,7,14,16,26 The mean VAS score was determined for
each study group and used for comparison.

Secondary Outcomes

The secondary outcomes measured included operative
time, the change in irrigation pump pressure, the use of
blood pressure–modulating medications, and the incidence
of intraoperative adverse events, with a special interest
in cardiovascular events. These data were collected pro-
spectively throughout the case and confirmed with the
anesthesiologist at case completion. Additionally, patient
characteristics, procedure type, preoperative use of antico-
agulants, and intraoperative mean arterial pressure were
collected intraoperatively. No changes to trial outcomes
were made after the commencement of the trial.

Statistical Analysis

Continuous variables were reported as the mean 6 stan-
dard deviation, and categorical variables were expressed
as frequencies and percentages. The Mann-Whitney
U test was used to compare continuous variables between
the epinephrine and control groups, and the Fisher exact
test was used to compare categorical variables between
the groups. In addition, we assessed the clinical signifi-
cance of the VAS scores. The minimal clinically important
difference for the VAS has been previously shown to be 2
points, or 20%.2 All analyses were performed with an alpha
level of .05, indicating statistical significance as P \ .05, in
STATA (Version 17; StataCorp).

RESULTS

When comparing the characteristics of the epinephrine
and control groups, there was no difference in age, sex,

Figure 1. Flow diagram of participant enrollment in the
study.
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and body mass index between groups. These data, as well
as the procedures performed within each group, are shown
in Table 1. Rotator cuff repair was the most common proce-
dure, performed in 88.3% of patients (83.3% of epinephrine
group vs 93.3% of control group), followed by debridement
and then subacromial decompression/bursectomy. Acro-
mioplasty was not routinely performed with rotator cuff
repair and depended on individual surgeon preference.
Multiple procedures were performed in 85.0% of all
patients, with 76.7% of patients in the epinephrine group
undergoing multiple procedures versus 90.0% of patients
in the control group. There was no significant difference
in the procedures between the 2 groups (P = .60).

The study outcomes are shown in Table 2. The mean
VAS score for surgeon-rated visual clarity was 8.3 6 1.4
in the epinephrine group and 7.5 6 1.8 in the control
group; this difference was neither statistically significant
(P = .09) nor clinically significant. The mean total opera-
tive time was 62.0 6 19.4 minutes in the epinephrine
group versus 64.0 6 30.1 minutes in the control group
(P = .90). The intraoperative use of blood pressure medica-
tions to improve visualization in the subacromial space
was necessary in 66.7% of the epinephrine group versus
56.7% of the control group (P = .60). The mean irrigation
pump pressure was 40.0 6 7.9 mm Hg in the epinephrine

group versus 38.7 6 5.8 mm Hg in the control group. The
intraoperative mean arterial pressure among all partici-
pants was 70.9 mm Hg. In the epinephrine group, the
mean arterial pressure was 70.5 6 12.7 versus 71.3 6 7.3

TABLE 1
Patient Characteristics and Surgical Proceduresa

Epinephrine (n = 30) Control (n = 30) P

Age, y 57.3 6 9.9 54.7 6 13.7 .66
Sex .44

Male 18 (60.0) 14 (46.7)
Female 12 (40.0) 16 (53.3)

Body mass index, kg/m2 30.2 6 5.5 27.5 6 4.3 .05
Mean No. of procedures per patient 2.2 2.5 .90
No. of procedures .60

1 7 (23.3) 3 (10.0)
2 10 (33.3) 13 (43.3)
3 12 (40.0) 11 (36.7)
4 1 (3.3) 2 (6.7)
5 0 (0.0) 1 (3.3)

Type of procedure, n .60
Rotator cuff repair 25 28
Extensive debridement 16 15
Subacromial decompression/bursectomy 6 11
Other 18 21

Distal clavicle resection 0 1
Lysis of adhesions 1 1
Synovectomy 4 2
Bankart repair 0 1
Chondroplasty of humeral head 1 0
Distal clavicle excision 1 0
Open biceps tenodesis 9 13
Patch augmentation 0 1
Revision rotator cuff repair 1 0
SLAP repair 0 1
Subscapularis repair 1 0
Superior capsular reconstruction 0 1

aData are presented as mean 6 SD or n (%) unless otherwise indicated. SLAP, superior labral anterior to posterior.

TABLE 2
Outcomesa

Epinephrine
(n = 30)

Control
(n = 30) P

VAS score for visual clarity 8.3 6 1.4 7.5 6 1.8 .09
Pump pressure ..99
�45 mm Hg 22 (73.3) 23 (76.7)
\45 mm Hg 8 (26.7) 7 (23.3)

Operative time, min 62.0 6 19.4 64.0 6 30.1 .90
Intraoperative use of blood

pressure medication
.60

Yes 20 (66.7) 17 (56.7)
No 10 (33.3) 13 (43.3)

Intraoperative arterial
pressure, mm Hg

70.5 6 12.7 71.3 6 7.3 .81

Pump pressure, mm Hg 40.0 6 7.9 38.7 6 5.8 .96

aData are presented as mean 6 SD or n (%). VAS, visual analog
scale.
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mm Hg in the control group (P = .81). Although there were
small group differences in secondary outcomes, none of
these differences were statistically significant. No cardio-
vascular adverse events were observed, nor were there
perioperative adverse events of any kind in the study
patients.

DISCUSSION

In the current RCT, although visual clarity was slightly
greater when epinephrine was preoperatively injected
into the subacromial space, the difference between groups
was not statistically significant. Furthermore, our second-
ary outcomes revealed no significant differences in total
operative time, irrigation pump pressure, or the use of
blood pressure–modulating agents. There were also no
hypertensive, tachycardic, or other adverse events as
a result of the subacromial epinephrine injection.

This is the first study to assess the influence that an epi-
nephrine injection has on surgeon visualization during sub-
acromial shoulder arthroscopic surgery. This study builds
on other RCTs that have demonstrated improvements in
visualization with the addition of epinephrine to arthro-
scopic irrigation fluid.2,14,26 One such study by van Mon-
tfoort et al26 demonstrated the significant visualization
benefits of the addition of epinephrine to arthroscopic irriga-
tion fluid and further showed a reduction in both operative
time and amount of irrigation fluid used during the proce-
dure. Their primary outcome was visualization using
a numerical rating scale (0-10) that was expressed as a per-
centage, with results showing that the group with epineph-
rine in irrigation fluid had 70.1% clarity compared with
51.2% clarity in the placebo group (P = .002). Another trial,
by Jensen et al,14 whose primary outcome was visualization
on a VAS (0-10), showed a significant reduction in intrao-
perative bleeding and an improvement in visualization in
the group using epinephrine in irrigation fluid. Intraopera-
tive bleeding was measured from the hemoglobin concentra-
tion of irrigation fluid collected postoperatively. An RCT
conducted by Avery et al2 demonstrated a significant
increase in surgical visualization. All 3 of these RCTs exam-
ining the effects of epinephrine on visualization used a 0- to
10-point rating scale, which led our group to use the same
scale to maximize comparability among studies. However,
unlike the previous studies, the current trial did not show
a significant reduction in operative time or amount of irriga-
tion fluid. None of the RCTs exploring the impact of epineph-
rine in arthroscopic irrigation fluid on surgeon visualization
reported adverse events, providing evidence that epinephrine
is safe to use in irrigation fluid.

There are some reports in the literature that
have described cardiovascular adverse events linked to
epinephrine use in arthroscopic irrigation fluid.1,8,12,15

Abdelrahman et al1 performed a review of all reported
complications associated with the use of epinephrine in
arthroscopic surgery and found 9 patients who experienced
cardiopulmonary complications. These complications
included tachycardia, hypertension, arrhythmia, and pul-
monary edema. One such case reported the death of

a patient after arthroscopic acromioclavicular resection
with labral debridement using epinephrine in irrigation
fluid; autopsy results suggested that cardiomyopathy was
attributed to catecholamine in arthroscopic fluid.12

Although rare, these cases represent the small risk that
epinephrine in arthroscopic fluid poses to patients and are
thought to be the result of the inadvertent systemic admin-
istration of epinephrine. This mechanism is clearly demon-
strated in the reported case of iatrogenic popliteal venotomy
during arthroscopic posterior cruciate ligament reconstruc-
tion in which a patient experienced intraoperative cardio-
pulmonary arrest and flash pulmonary edema, followed by
resuscitation.22 Other sources of errors include dosage and
mixture preparation errors.

Our RCT, which administered epinephrine in the suba-
cromial space as well as added epinephrine to irrigation
fluid, did not experience any of these adverse events, nor
were they expected. The senior surgeon of this study
(J.M.G.) has performed these preoperative injections for
10 years and has observed no complications. It is important
to note that iatrogenic complications from the administra-
tion of epinephrine are unlikely to occur in the subacromial
space with proper techniques.27

Visualization in the subacromial space during shoulder
arthroscopic surgery is key to performing a successful pro-
cedure. Many factors play a role in contributing to the level
of visual clarity during a procedure including, but not lim-
ited to, patient positioning, the use of vasoactive medica-
tions during the procedure, the modulation of blood
pressure by anesthesia, and the pump pressure of irriga-
tion fluid. Hypotensive anesthesia can improve visualiza-
tion and limits the need for increased irrigation pump
pressure and fluid but carries the risk of adverse events
including hypotensive and bradycardic events.3,5,20 Con-
trolled hypotension is most often achieved in the beach-
chair position, which allows for greater monitoring of
both cerebral and systemic blood pressure. Both the use
of hypotensive anesthesia and epinephrine in arthroscopic
irrigation fluid carry risks, but both agents have been
shown to improve visualization in the subacromial space
where bleeding is common.4,27 Evaluating additional
ways to improve arthroscopic visualization of the subacro-
mial space is therefore clinically relevant, as it could poten-
tially decrease the need for hypotensive anesthesia.

Strengths and Limitations

The strengths of this study include the level 1 evidence of
a blinded RCT, the large percentage of procedures that
included rotator cuff repair, and the novelty of preopera-
tive epinephrine injections that has not yet been explored
in the literature. Including a large number of rotator cuff
tears in our study is of particular clinical relevance, as
these cases may be longer and involve more extensive bur-
sectomy, which leads to the greater importance of visual
clarity in the subacromial space.27 Although there have
been 3 RCTs exploring the relationship between epineph-
rine in arthroscopic irrigation fluid and visualization,2,14,26

no trial has yet elucidated the effect of preoperative
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epinephrine injections in the subacromial space on surgical
visualization. Lastly, this study addresses a major topic of
interest in determining strategies to make one of the most
common orthopaedic procedures safer and more effective,
and the design of the study, which is aligned with the prac-
tice of most arthroscopic surgeons, produced study results
that are generalizable to the population of interest .

There are several limitations to this study, such as the
subjective nature of the VAS for assessing visual clarity.
The inclusion of multiple surgeons in the trial could have
led to a bias, as VAS ratings could have represented differ-
ent levels of clarity among the surgeons. However, because
of the subjective nature of rating visualization in the sub-
acromial space, we found that the risk of bias from inter-
surgeon VAS ratings did not outweigh the benefit of
capturing clinically relevant visualization ratings from
multiple surgeons to improve the generalizability of this
trial. However, collecting VAS scores throughout the proce-
dure or at key points of visualization impairment could
have improved the generalizability of our results. Another
limitation was that epinephrine was included in irrigation
fluid in the first 10 L for all procedures, giving way to
a potential bias in overstating the extent to which the pre-
operative subacromial epinephrine injection contributed to
overall visual clarity. Although epinephrine was included
in the control group through the use of irrigation fluid,
we found that this method was the most relevant for inves-
tigation, as the addition of epinephrine in irrigation fluid is
the current standard of care and would therefore have the
greatest informative value for clinical practice. Lastly,
including a third arm in the study in which patients would
have received the epinephrine injection preoperatively, but
epinephrine would have been removed from irrigation
fluid, could have allowed us to better isolate the causative
effect of the epinephrine injection from the epinephrine
irrigation fluid used in all of our procedures. If a
subacromial epinephrine injection is as effective as adding
epinephrine to irrigation fluid, this could ease intraopera-
tive efforts for the circulating nurse.

CONCLUSION

The addition of a subacromial epinephrine injection before
shoulder arthroscopic surgery resulted in a small improve-
ment in surgeon-rated visual clarity that was neither sta-
tistically nor clinically significant. No adverse effects
were reported in any of the patients in this study.
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