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surgery: a systematic review and meta-analysis
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Abstract
Purpose To investigate whether epinephrine in irrigation fluid improves visual clarity in arthroscopic shoulder surgery.
Methods We performed a systematic review andmeta-analysis of randomized controlled trials (RCTs) that compared the surgical
outcomes of patients who did and did not receive epinephrine during arthroscopic shoulder surgery. We searched the Cochrane
Central Register of Controlled Trials, MEDLINE, and Embase for relevant RCTs. We used the Cochrane Collaboration’s tool to
assess the risk of bias and adopted random-effects model meta-analysis to combine data. We used the Grades of
Recommendation, Assessment, Development, and Evaluation (GRADE) methodology to evaluate the overall quality of the
body of the retrieved evidence. The primary outcome was visual clarity. The secondary outcomes were operative time, amount of
irrigation fluid, the need for increased pump pressure, and adverse cardiovascular events.
Results This study included three RCTs with a total of 238 participants (124 in the epinephrine group and 114 in the non-
epinephrine group). The use of epinephrine in irrigation fluid for shoulder arthroscopy achieved better visual clarity (standardized
mean difference, 1.01; 95% confidence interval [CI] 0.63 to 1.39; p < 0.0001) and less need for increased pump pressure (risk
ratio, 0.40; 95% CI 0.25 to 0.64; p = 0.0001) compared to the non-epinephrine group. No significant differences were noted in
operative time (mean difference − 5.08; 95% CI − 14.46 to 4.31; p = 0.29) and amount of irrigation fluid (mean difference − 1.04;
95% CI − 2.38 to 0.39; p = 0.12) between the two groups. No adverse events were recorded in any of the included trials.
Conclusions The current evidence shows that the use of epinephrine in arthroscopic shoulder surgery may improve visualization
and does not appear to have any major disadvantages.
Level of evidence Level I
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Introduction

With improvements in instruments and surgical techniques, ar-
throscopic treatments of various shoulder diseases have gained

popularity. Adequate visual clarity is one of the most important
factors for safe and efficient arthroscopic shoulder surgery.
Uncontrolled haemorrhage during arthroscopic procedures is
one the most common influencing factors on visualization. To
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improve visualization of shoulder arthroscopy, several methods
including thermal coagulation, hypotensive anesthesia, and
pump irrigation systems have been developed [1–3].

Epinephrine is another common method used to enhance
surgical visualization, although its use during arthroscopic
surgery is still under debate. Several studies have reported that
the addition of epinephrine to irrigation solution could reduce
bleeding and improve visual clarity during arthroscopic pro-
cedures [4–6]. However, adverse cardiopulmonary events re-
lated to the use of epinephrine, although rare, have also been
reported, including ventricular tachycardia, arrhythmias, and
even cardiopulmonary arrest [7–9].With regard to arthroscop-
ic shoulder surgery, at least two trials have reported favourable
outcomes following the use of epinephrine [10, 11]. And there
is also no consensus on the use epinephrine during arthroscop-
ic shoulder surgery.

To the best of our knowledge, no published systematic
reviews have investigated this issue. Therefore, in this study,
we systematically evaluated the evidence on the effects of the
use of epinephrine during arthroscopic shoulder surgery. The
hypothesis of this study was that use of epinephrine in irriga-
tion fluid would increase visual clarity in shoulder arthroscopy
than non-use of epinephrine.

Methods

Search strategy

We conducted this systematic review according to the
Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) guidelines [12]. Studies that included
patients who underwent arthroscopic shoulder surgery and
compared patients who did and did not receive epinephrine
were eligible for inclusion. We searched for relevant RCTs
from the Cochrane Central Register of Controlled Trials
(CENTRAL), PubMed, and EMBASE from inception to
December 27, 2017 using the keywords Bepinephrine^ and
Barthroscopic shoulder surgery.^ We retrieved both MeSH
terms and free text and then used Boolean operators to com-
bine them. The search strategy is detailed in the Supplement
(Supp. 1). We also searched any ongoing investigations on
this topic from the U.S. National Institutes of Health trials
register (http://clinicaltrials.gov). In addition, we contacted
specialists in this field for potential ongoing trials or
unpublished data on this issue. We also checked the
references of the potential studies for potentially eligible
trials. We applied no language restriction on trial eligibility.

Selection criteria

We included studies that met the following criteria: (1) RCT
design and (2) compared outcomes of patients who did and

did not receive epinephrine during arthroscopic shoulder sur-
gery. The exclusion criteria were (1) non-human studies, (2)
single arm RCT without control group, and (3) inability to
extract data. Two authors independently identified the cita-
tions from the searches against the inclusion criteria. We
checked the titles and abstracts first and then identified the
potentially relevant records by reviewing the full text of the
articles. We resolved disagreements by discussion and
consulted the third review author for judgment if needed.

Data extraction

Two authors independently extracted pre-specified data from
the included studies using a standardized data collection form,
including first author, year of publication, study design (pa-
tient selection and concealment), details of participants (num-
ber, age, sex, etc.), use of epinephrine (concentration and vol-
ume), and outcome data including visual clarity, operative
time, and adverse cardiovascular events. A third author arbi-
trated when the two authors disagreed.

The primary outcome was visual clarity. Secondary out-
comes included operative time, amount of irrigation fluid,
the need for increased pump pressure, and adverse cardiovas-
cular events.

Quality assessment

Two authors independently assessed the risk of bias of the
included RCTs using the Cochrane Collaboration’s tool [13,
14]. A third author arbitrated when the two authors disagreed.
We evaluated bias of the trials in the following seven domains:
random sequence generation, allocation concealment, blinding
of patients and personnel (performance bias), blinding of out-
come assessment (detection bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias), and other
types of bias [14]. For each domain, each trial was rated as
having a high risk of bias, low risk of bias, or unclear risk of
bias according to the quality of the trial [13].

The same two authors independently assessed the quality
of the body of the combined evidence using the Grades of
Recommendation, Assessment, Development, and
Evaluation (GRADE) approach. We evaluated five domains
and rated the strength of evidence for each outcome
(GRADEpro, Version 20, McMaster University, 2014).

Data synthesis and analysis

We used a random-effects meta-analysis for all outcomes as
inherent clinical heterogeneity was expected across the includ-
ed RCTs [15]. Data were expressed as mean difference (MD)
or standardized mean difference (SMD) with a 95% confi-
dence interval (CI) for continuous data and risk ratio (RR)
for dichotomous data. A p value of < 0.05 was considered to
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be statistically significant. We used X2 and I2 statistics to eval-
uate statistical heterogeneity with a level of significance set at
p < 0.10. I2 values of 0–24.9, 25–49.9, 50–74, and 75–100%
were considered to indicate no, low, moderate, and high het-
erogeneity, respectively [16, 17]. Subgroup analysis was per-
formed if significant heterogeneity was noted. We also esti-
mated between-study variance using the tau-square (τ2) statis-
tic [14]. If the standard deviation of continuous data was not
reported, we estimated the mean and variance from the report-
ed median, range, and sample size [18]. When the standard
deviation and range were not available, variance was estimat-
ed from the p value in the t test. When only graphs were
available without raw data for analysis, software was used to
extract the details [19]. We used forest plots to report the
summary of results. Review Manager 5.3 (The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014) was
used for the meta-analysis.

Subgroup analysis

If data were available, we performed subgroup analysis
including:

1. Different types of surgery
2. Different positions: beach-chair versus lateral decubitus
3. With or without nerve block

Results

Included studies

We identified 108 published RCTs after searching PubMed,
Embase, and CENTRAL databases (Fig. 1). No additional re-
cords were identified from the reference lists of the included
RCTs, and no ongoing trials were identified after searching the
trial register and consulting specialists. We removed 24 dupli-
cates, leaving 84 records. Two independent authors excluded
records after checking the titles and abstracts of these 84 re-
cords. The same two authors assessed the full text of the re-
maining six records. One record was excluded due to a non-
RCT design, and two were excluded due to a lack of a control
group.We finally included three RCTs in this study: Avery et al.
[10], Jensen et al. [11], and van Montfoort et al. [20] (Fig. 1).

Study characteristics

A total of three studies with a total of 238 participants (124 in
the epinephrine group and 114 in the non-epinephrine group)
were included in the qualitative systematic review (Table 1).
The included RCTs were published between 2001 and 2016,
and the enrolled sample sizes ranged from 54 to 101.

Epinephrine dose

All of the included studies reported how they added epinephrine
to the irrigation solution (Table 2). The epinephrine concentra-
tion (1:3,000,000 g/L) was identical across all of the included
studies. Two studies used saline for the irrigation solution [11,
20], and the other study used lactated Ringer solution [10].

Characteristic of surgical details

The Jensen trial [11] included patients who received therapeu-
tic and diagnostic shoulder arthroscopy, and the other two
trials reported a variety of procedures mainly including rotator
cuff repair and intra-articular procedures such as Bankart
labral repair [10, 20]. General anesthesia was used in all of
the studies, and additional interscalene nerve block was ap-
plied in two of the included studies [10, 20]. The initial setting
of the pressure-control pump ranged from 30 to 55 mmHg.
The details of surgery are shown in Table 2.

Study quality

The Jensen trial [11] did not describe details about the ran-
domization process. Blinding of the patients and surgeons
(performance bias) in all trials was generally rated as low risk.
Blinding of outcome assessment (detection bias) was general-
ly rated as high risk, since multiple outcome assessors evalu-
ated the outcome subjectively in two of the trials [11, 20]. In
addition, two trials did not mention details of the participants
with comorbidities or medications that may have increased
bleeding tendency, which was rated as an unclear to high risk
of bias [11, 20]. The summary of the risk of bias for all of the
included trials is shown in Fig. 2a, b.

Visual clarity

All three studies reported on visual clarity using either a visual
analogue scale (VAS) or numeric rating scale (NRS).
However, the von Montfoort trial [20] only published grading
data but not raw data. We could not obtain the full data despite
correspondence via email, and thus we could only include two
studies in the quantitative meta-analysis. The epinephrine
group had better visual clarity compared to the non-
epinephrine group (SMD= 1.01; 95% CI 0.63 to 1.39; p <
0.0001) (Fig. 3 and Table 3).

Operative time

Two of the studies reported outcomes on operative time [10,
20]. There was no significant difference in operative time
between the epinephrine and the non-epinephrine groups
(MD = − 5.08, 95% CI − 14.46 to 4.31; p = 0.29) (Fig. 4a and
Table 3). There was no significant difference between the two
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groups in the number of patients receiving rotator cuff repair
only (p = 0.37, Fig. 4b and Table 3).

Amount of irrigation fluid

All three studies reported the total amount of irrigation fluid in
the epinephrine and non-epinephrine groups, and no signifi-
cant difference was found between the two groups (MD = −
1.04, 95%CI − 2.38 to 0.29; p = 0.12) (Fig. 5a and Table 3). In

addition, there was no significant difference in the amount of
irrigation fluid between the two groups in the patients receiv-
ing rotator cuff repair (p = 0.30, Fig. 5b and Table 3).

Need for increased pump pressure

Two of the studies reported findings on the need for increased
pump pressure [10, 20]. The Avery trial [10] used an initial pump
pressure of 30 mmHg, while the van Montfoort trial [20] set the

Fig. 1 Preferred Reporting Items
for Systematic Reviews and
Meta-Analyses (PRISMA) flow
diagram of the study

Table 1 Patient demographic characteristics of the included studies

Study Year Country Study
design, LOE

Sample
size (M/F)

Age
(years)a

Measures and outcomes

Jensen
et al. [11]

2001 Denmark RCT, I Epinephrine 28
Control 26

Epinephrine 37 (20–64)
Control 37 (21–60)

Visual clarity (VAS, 1–10), amount
of irrigation fluid, hemoglobin wash,
bleeding, epinephrine level, adverse events

Avery
et al. [10]

2015 USA RCT, I Epinephrine 44 (28/16)
Control 39 (23/16)

Epinephrine 53.34 ± 14.14
Control 50.18 ± 17.49

Visual clarity (VAS, 0–10), pump pressure
adjustment, amount of irrigation fluid,
MAP, operative time, adverse events

van Montfoort
et al. [20]

2016 Netherlands RCT, I Epinephrine 52 (27/25)
Control 49 (29/20)

Epinephrine 47.5
(19–72.5) Control
46.5 (18.4–78.8)

Visual clarity (NRS, 0–10), pump pressure
adjustment, amount of irrigation fluid,
mean absolute heart rate, operative time,
adverse events

LOE level of evidence, MAP mean arterial pressure, NRS numeric rating scale, RCT randomized controlled trial, VAS visual analogue scale
a Age is expressed as mean ± standard deviation or median (range)
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pressure at 50 mmHg. The meta-analysis showed that the use of
epinephrine decreased the need for increased pumppressure (RR=
0.40, 95%CI 0.25 to 0.64; p=0.0001) (Fig. 6 andTable 3). That is,
the use of epinephrine decreased the need for adjusting the pump
pressure by 252 (95% CI 151 to 315) per 1000 cases.

Complications

All three studies reported outcomes on complications or ad-
verse cardiopulmonary events. No events were recorded in
any of the studies.

Fig. 2 a Risk of bias within the
included studies. b Risk of bias
across the included studies. The
risk of bias was unclear for most
of the studies

Table 2 Surgical characteristics of the included studies

Study Year Surgery Position Anaesthesia Initial pump
pressure

Epinephrine Control

Jensen et al. [11] 2001 54 therapeutic and
diagnostic procedures

Lateral
decubitus

GA 55 mmHg 1:3,000,000
in saline

Saline

Avery et al. [10] 2015 54 rotator cuff repair
19 labral repair
10 others

Lateral
decubitus

GA plus interscalene
nerve block

30 mmHg 1:3,000,000
in LR

LR

van Montfoort
et al. [20]

2016 41 rotator cuff repair
32 subacromial procedures
28 intra-articular procedures

Lateral
decubitus

GA plus interscalene
nerve block

50 mmHg 1:3,000,000
in saline

Saline

GA general anesthesia, LR lactated Ringer
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GRADE

We used the GRADE methodology to rate the overall quality
of evidence. Overall, low to very low quality of evidence
showed that the use of epinephrine in arthroscopic shoulder
surgery may improve visual clarity and decrease the need for
increased pump pressure. The level of evidence was
downgraded due to a high risk of detection bias (lack of
blinding in outcome assessment), inconsistency, and impreci-
sion (details of judgment are shown in Table S1).

Discussion

The major finding of this study is that the use of epinephrine
during arthroscopic shoulder surgerymay significantly improve
visual clarity and decrease the need for increased pump pres-
sure. There were no significant differences in operative time
and the amount of irrigation fluid between the patients who
did and did not receive epinephrine, and no adverse events were
reported with the use of epinephrine. That is, the use of epi-
nephrine during arthroscopic shoulder surgery could enhance
surgical visualization without increasing the risk of adverse
events and overall expenditure.

The finding of improved visualization in this study is consis-
tent with previous studies that reported the use of epinephrine in
other procedures [5, 6, 21]. Adding epinephrine to irrigation fluid
can cause contraction of the local smooth muscle lining of arte-
rioles [21], which can decrease bleeding and thereby improve

visual clarity. In clinical studies, Olszewski et al. [6] reported a
significant decrease in the use of tourniquets in patients receiving
epinephrine (1mg/L), whileKuo et al. [5] reported that the use of
epinephrine without a tourniquet could replace the routine use of
a tourniquet in arthroscopic knee surgery. No adverse events
were noted in either of these studies [5, 6].

Controlling blood pressure plays a vital role in increasing
visualization and minimizing bleeding during arthroscopic
shoulder surgery. Unlike other types of surgery of the extrem-
ities, tourniquets cannot be used in this anatomical area.
Hypotensive anaesthesia is a common method used to control
bleeding in arthroscopic shoulder surgery, and regional nerve
block can aid in stabilizing haemodynamic changes by
blocking pain stimulation due to surgical manipulation during
shoulder procedures [22, 23]. The use of pressure/flow control
pump irrigation can provide two benefits, including increasing
the working space and compression haemostasis [24]. The
present study showed that the use of epinephrine could offer
better visualization during arthroscopic shoulder surgery even
with the combined use of all of the aforementioned factors,
although the improved visualization did not translate into
higher efficacy as measured by operative time or volume of
irrigation fluid. Nevertheless, this benefit is crucial for opera-
tors who work with anaesthesiologists who are less familiar
with regional block and shoulder arthroscopy or who perform
a lower volume of arthroscopic shoulder interventions.

Some studies have reported life-threatening adverse events
with arthroscopic shoulder surgery. Although rare, most of
these adverse effects were related to the beach-chair position

Table 3 Summary of meta-
analyses of variables Outcome Number

of studies
Participants MD/SMD/RR

(95% CI)
p values

All patients

Visual clarity 2 126 1.01 (0.63 to 1.39) < 0.0001

Operative time (min) 2 184 − 5.08 (− 14.46 to 4.31) 0.29

Amount of irrigation (L) 3 238 − 1.04 (− 2.38 to 0.39) 0.12

Need of increased pump pressure 2 184 0.40 (0.25 to 0.64) 0.0001

Rotator cuff repair

Operative time (min) 2 95 − 5.05 (− 16.10 to 6.01) 0.37

Amount of irrigation (L) 2 95 − 1.13 (− 3.28 to 1.01) 0.30

CI confidence interval, MD mean difference, RR relative risk, SMD standardized mean difference

Fig. 3 Forest plot for visual clarity (in VAS) (CI, confidence interval; VAS, visual analogue scale)
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[7, 8, 23]. None of our included studies reported any serious
complications such as tachycardia, arrhythmia, or cardiopul-
monary arrest associated with the use of epinephrine. This
may be due to two factors: first, all of the included trials use
the lateral decubitus position and, second, the relatively small
number of patients in each study, all of which lacked adequate
power to detect these rare complications (i.e., type II error).
The debate as to whether the use of epinephrine in arthroscop-
ic shoulder surgery is safe without any risk remains unclear
based on the current limited evidence.

Two studies combined general anaesthesia with interscalene
nerve block for anesthesia [10, 20]. Some authors hypothesized
that these two techniques may lead to hypotension and put the
patient at risk, especially in the sitting position. However, a
recent prospective RCT found no significant differences in av-
erage systolic blood pressure, incidence of mean arterial pres-
sure lower than 60 mmHg, or a decrease in systolic pressure
more than 20% from baseline [25]. That is, the combined use
of general anaesthesia and interscalene block appeared to be a
safe procedure in arthroscopic shoulder surgery in the sitting
position. In addition, the use of epinephrine has been reported
to efficiently reduce the incidence of unexpected bradycardia

and hypotension, which may affect brain perfusion [23, 26]. In
short, the use of epinephrine may also minimize the risk of
arthroscopic shoulder surgery.

Significant statistical heterogeneity was noted in the two re-
lated outcomes of operative time and amount of irrigation fluid.
Nevertheless, complex procedures resulted in a longer operative
time compared to simple procedures, and the longer the opera-
tive time, the larger the amount of irrigation fluid. The main
source of heterogeneity of this outcome was due to the van
Montfoort study [20], in which the epinephrine group had a
shorter operative time than the non-epinephrine group. The di-
versity of the type of surgery may also have contributed to
heterogeneity. As expected, intra-articular arthroscopic shoulder
surgery resulted in less bleeding than extra-articular surgery,
including rotator cuff repair and subacromial procedures. We
then tried to assess the heterogeneity by performing subgroup
analysis with limited data. The I2 statistics were decreased in the
subgroup focusing on the patients receiving arthroscopic rotator
cuff repair (Figs. 4b and 5b). Other factors such as a surgeon
effect (two different surgeons), concomitant procedures, and
underlying comorbidities with bleeding tendency may also have
caused the heterogeneity to some extent.

Fig. 5 Forest plot for the amount of irrigation fluid (in (CI, confidence interval). a All included studies. b Rotator cuff repair only

Fig. 4 Forest plot for operative time (in minutes) (CI, confidence interval). a All included studies. b Rotator cuff repair only
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Strengths and limitations

This study has several strengths. First, it is the first systematic
review and meta-analysis of RCTs to explore the effects of the
use of epinephrine during arthroscopic shoulder surgery. Second,
we comprehensively searched the three largest and most com-
prehensive databases for relevant RCTs. Third, all of the included
RCTs were assessed using the Cochrane Collaboration’s tool for
the risk of bias. Fourth, the GRADE approach was used to eval-
uate the strength of evidence for each outcome.

Our meta-analysis also has some limitations. First, of the three
included studies, one was published in 2001 and the other two
were published in the past three years. Due to improvements in
surgical instruments and techniques over this time period, inevi-
table bias cannot be avoided. Second, all three of the included
studies evaluated outcomes in patients receiving surgery in the
lateral decubitus position, which may limit the application of our
findings to patients receiving surgery in the sitting position. Third,
due to the limited studies available, wewere unable to perform all
of the planned subgroup analyses. Further studies are needed to
evaluate the effects of potential confounding factors including
type of surgery, positioning, and nerve block. Fourth, none of
the included studies in this review reported long-term outcomes,
which makes it impossible to draw any conclusions on the poten-
tially toxic effects of epinephrine on chondrocytes [27].

Conclusions

The current evidence shows that the use of epinephrine in arthro-
scopic shoulder surgery may improve visual clarity and decrease
the load of medical staff without increasing adverse events.
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