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Background: Arthroscopic surgery of the shoulder joint has become increasingly more common given its advantages over open
surgery; however, one rare but potentially life-threatening complication is fluid extravasation into the surrounding tissues, causing
edema, respiratory compromise, abnormal results on laboratory blood tests, and possibly death. Currently, no systematic review
exists that summarizes the existing clinical research on this topic.

Purpose: To perform a systematic review on fluid extravasation as a complication of shoulder arthroscopic surgery, specifically
assessing clinical presentation, risk factors, management, and outcomes.

Study Design: Systematic review; Level of evidence, 4.

Methods: Two reviewers independently searched 3 databases (PubMed, Ovid [MEDLINE], and Embase) from database inception
until July 1, 2017. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist guided the
reporting and data abstraction. The methodological quality of these studies was assessed using the Methodological Index for Non-
Randomized Studies (MINORS) checklist. The results are presented in a narrative summary fashion using descriptive statistics
including ranges and agreement statistics.

Results: A total of 26 studies (20 case reports, 4 case series, and 2 prospective comparative studies) encompassing 205 patients
(mean age, 50.8 years [range, 15-83 years]) were included. The most common signs of fluid extravasation included chest wall
swelling (n = 86) and neck swelling (n = 116). In 32 patients, observation alone was sufficient. Other patients required airway
intubation (n = 16), diuretics (n = 7), steroids (n = 1), and percutaneous drainage of fluid (n = 1). Clinical edema resolved after 2 to
48 hours, and patients were discharged 1 to 20 days postoperatively. Serious complications included transfer to the intensive care
unit (n = 14), anterior interosseous nerve palsy (n = 4), rhabdomyolysis (n = 1), and death (n = 1).

Conclusion: Fluid extravasation has the potential to be a life-threatening complication of shoulder arthroscopic surgery; however,
it is most commonly managed nonoperatively, and symptoms typically resolve with no evidence of long-term complications. Intra-
operative surgical decisions, such as minimizing the surgical time and volume of irrigation fluid used, may limit fluid extravasation, while
careful intraoperative monitoring may facilitate prompt diagnosis and management to optimize patient outcomes.
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increasingly more common worldwide since the turn of the
millennium, with reports from the United States demonstrat-
ing a 250% increase in the number of patients undergoing
arthroscopic shoulder surgery from 1996 to 2006 as well as
data from the UK Hospital Episode Statistics suggesting a
7.5-fold increase in the frequency of shoulder arthroscopic
procedures, such as acromioplasty, from 2000 to 2010.°
Despite the increasing trend in the popularity of shoulder
arthroscopic surgery, there are complications associated
with the procedure.? One rare but potentially life-
threatening complication is fluid extravasation into the
surrounding tissues.'! Fluid extravasation during shoulder
arthroscopic surgery was first described in 1990, with
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subsequent reports of edema of the chest, neck, face, and
upper airway and respiratory compromise.>1%1%31 More-
over, systemic absorption of large amounts of fluid can pro-
duce laboratory abnormalities of electrolyte and complete
blood count panels and lead to dysfunction of remote organs,
including the central nervous system,'® and possibly even
death. Currently, there has been no systematic review of the
literature assessing the complication of fluid extravasation
in the context of shoulder arthroscopic surgery.

The purpose of this systematic review was to investigate
fluid extravasation as a complication of shoulder arthro-
scopic surgery; specifically, this review study assessed the
characterization of the clinical presentation, identification
of risk factors, delineation of the management approach,
and analysis of patient outcomes after this complication.

METHODS
Search Strategy

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement was used for the
reporting of study selection, as used in prior reviews.?"?® The
online databases PubMed, Embase, and Ovid (MEDLINE)
were utilized to search for literature addressing the compli-
cation of fluid extravasation in the setting of shoulder arthro-
scopic surgery from the time of database inception until July
1, 2017. The search terms “shoulder,” “arthroscopy,” “fluid,”
and “extravasation” were used (Appendix Table Al).

Study Screening

Two reviewers (M.M. and J.K.) independently screened the
titles, abstracts, and full-text articles. Any disagreements
were discussed between the reviewers and the senior
author (O.R.A.) to determine study inclusion when neces-
sary. The references of the eligible included studies were
then screened to include any additional articles that may
not have been captured by the initial search. The search
strategy is outlined in Appendix Table Al.

Assessment of Study Eligibility

The research questions and inclusion and exclusion criteria
were determined a priori. The inclusion criteria were English-
language studies, human studies, and studies investigating
fluid extravasation as a complication of shoulder arthroscopic
surgery. Studies of all levels of evidence that reported on clin-
ical presentation, management, and/or outcomes involving
fluid extravasation as a complication of shoulder arthroscopic
surgery were included. The exclusion criteria included cadav-
eric studies, conference papers, book chapters, review arti-
cles, and technical reports with no outcome data.

Data Abstraction

The 2 reviewers collected data in duplicate and recorded
them in an Excel spreadsheet (version 2007; Microsoft).
Data regarding year of publication, author(s), study design,
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sample size, percentage of female patients, age, follow-up,
arthroscopic procedure, indications for surgery, operative
side, patient positioning, type of anesthesia, operative time,
irrigation fluid type and volume, irrigation device, clinical
presentation, management, and outcomes were abstracted
from all included studies.

Quality Assessment

The 2 reviewers independently assessed the level of evidence
(levels 1-4) of the included studies using the American Acad-
emy of Orthopaedic Surgeons classification system.*! The
Methodological Index for Non-Randomized Studies (MIN-
ORS) tool was used as well to assess the methodological
quality of the included studies.?” The MINORS tool grades
comparative studies with a maximum score of 24 and non-
comparative studies with a maximum score of 16. The senior
author was consulted for any discrepancy between the
reviewers. All eligible studies were included in this review
regardless of level of evidence and study quality.

Assessment of Agreement

Interreviewer agreement for the titles, abstracts, and full-
text articles was calculated using the kappa statistic. Intra-
class correlation coefficients (ICCs) were calculated for the
quality assessment using the MINORS criteria. Agreement
was categorized a priori as follows: x or ICC of >0.61 was
considered substantial agreement, k or ICC of 0.21 to 0.60
was moderate agreement, and k or ICC of <0.20 was slight
ag‘reement.23

Statistical Analysis

Descriptive statistics calculated from the data included
means, proportions, SDs, and ranges. Because of the lim-
ited reporting, these data were not combined in a meta-
analysis and are summarized descriptively. All statistics
were calculated using Minitab statistical software (version
17; Minitab).

RESULTS
Search Strategy

The initial search of the 3 databases resulted in 6390 total
studies. A total of 2619 studies were immediately removed
as duplicates, resulting in 3771 studies for title screening. A
systematic screening approach removed articles failing to
meet inclusion criteria and resulted in 26 available full-text
articles for review (Figure 1). There was substantial agree-
ment between reviewers at the title (k = 0.852; 95% CI,
0.809-0.895), abstract (x = 0.889; 95% CI, 0.864-0.914), and
full-text (xk = 1.000) screening stages.

Study Quality

In total, 20 retrospective case reports (n < 5 patients), 4
prospective case series (n > 5 patients), and 2 prospective



The Orthopaedic Journal of Sports Medicine Fluid Extravasation in Shoulder Arthroscopic Surgery 3

6390 Studies Identified
MEDLINE: 1390 Studies
EMBASE: 2797 Studies
PubMED: 2203 Studies

Removal of Excluded Studies
Duplicates * Duplicates: 2619

3771 Studies

Excluded Studies
* Not English: 113

Title Review

3658 Studies

Excluded Studies

* Not fluid extravasation: 3545

* Review: 29

Abstract Review * Description of surgical technique: 1
* Seminar/Conference abstract: 14

* Commentary: 5

* Non-human study: 3

61 Studies
Excluded Studies
. iew: 1
Full Text menieas 53
; * Conference abstract: 7
Review
* Non-human study: 6
* Commentary: 7
26 Studies
Hand Search of Full
Text References, Additional
Relevant Conference A Studies
Proceedings, and I
Relevant Abstracts Identified: 0

26 Studies Included

Figure 1. PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) flow diagram demonstrating the
systematic review of the literature on fluid extravasation in shoulder arthroscopic surgery.
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TABLE 1
Study and Patient Characteristics®

Study Design

Author (Year) Country

(Level of Evidence)

Mean No. of
MINORS Patients/ Age, Mean Sex, Male/ Mean
Score  Shoulders (Range),y Female, n Follow-up, mo

Antonucci et al' (2006) Italy Retrospective case report (4) 8 2/2 58 (53-63) 2/0 NR
Blumenthal et al® (2003) Switzerland Retrospective case report (4) 9 1/1 55 1/0 NR
Borgeat et al* (2000) Switzerland Retrospective case report (4) 9 11 69 0/1 NR
Carr and Murphy”’ (1995) USA Prospective comparative study (2) 15 24/24 38 (17-78) 18/6 NR
Chellam et al® (2015) India Prospective case series (4) 12 32/32 51.7 (18-70) 12/20 NR
Edwards et al'! (2014) UK Retrospective case report (4) 9 1/1 53 0/1 NR
Ercin et al'? (2016) Turkey Retrospective case report (4) 9 1/1 24 1/0 NR
Errando!® (2011) Spain Retrospective case report (4) 8 11 58 0/1 NR
Gogia et al** (2012) India Retrospective case report (4) 8 1/1 18 1/0 NR
Gupta et al'® (2016) India Prospective case series (4) 12 36/36  47.7 (15-60)  34/12 NR
Gwak et al*® (2013) Republic of Prospective comparative study (2) 14 30/30 56 13/17 NR
Korea
Hynson et al'” (1993) USA Retrospective case report (4) 8 1/1 46 0/1 NR
Ichai et al'® (1996) France Retrospective case report (4) 7 1/1 40 0/1 NR
Jirativanont et al° (2010) Thailand Retrospective case report (4) 9 1/1 68 1/0 NR
Khan et al?2 (2013) India Retrospective case report (4) 9 1/1 49 1/0 NR
Lim et al®® (2006) Singapore  Retrospective case report (4) 9 11 18 1/0 4
Manjuladevi et al2 (2013) India Retrospective case report (4) 8 3/3 49.3 (43-53) 2/1 NR
Orebaugh®’ (2003) USA Retrospective case report (4) 8 11 49 1/0 NR
Ozhan et al®! (2010) Turkey Retrospective case report (4) 9 1/1 33 1/0 NR
Pope and Wottowa>? USA Retrospective case report (4) 9 4/4 55.8 (49-64) 2/2 12
(2016)
Saeki and Kawamoto®® Japan Retrospective case report (4) 9 11 73 1/0 NR
(2011)
Sharma and Achar®® India Retrospective case report (4) 9 1/1 44 1/0 NR
(2013)
Smith and Shah®® (2008) UK Prospective case series (4) 11 35/35  51.5(19-83)  18/17 NR
Sperber and Wredmark®® Sweden Prospective case series (4) 12 11/11 46 (31-58) 10/1 NR
(1999) 11/11 48 (31-65) 9/2 NR
Venkat et al*® (2009) Republic of Retrospective case report (4) 8 1/1 60 1/0 NR
Korea
Yoshimura et al*? (2005)  Japan Retrospective case report (4) 9 1/1 77 0/1 NR

“MINORS, Methodological Index for Non-Randomized Studies; NR, not reported.

comparative studies were identified, corresponding to
levels of evidence of 4, 4, and 2, respectively. For noncom-
parative studies, the median MINORS score was 9 of 16
(range, 7-12), whereas the median MINORS score for com-
parative studies was 14.5 of 24 (range, 14-15). Overall,
100% of studies had a clearly stated aim, 92.3% had appro-
priate endpoints, 7.6% had an appropriate follow-up
period, and 100% had loss of follow-up of less than 5%.
However, only 23.1% of studies had a prospective collec-
tion of data, and no studies had an unbiased assessment of
study endpoints. The overall interrater agreement for the
MINORS score was high, with an ICC of 0.831 (95% CI,
0.811-0.851).

Patient Demographics

In total, 205 patients (205 shoulders) underwent shoulder
arthroscopic surgery and experienced fluid extravasation
as a complication related to their arthroscopic procedure.
The mean patient age was 50.8 years (range, 15-83 years),
and there were 84 (41%) female patients (Table 1). The site

of arthroscopic surgery and indication for shoulder arthro-
scopic surgery are summarized in Table 2. Only 1 study,'' a
case report, identified a particular anatomic abnormality,
which was described as abnormal communication between
the superior glenoid extending medially to the infraspinous
fossa along the teres minor.

Operative Details

Of the 205 included patients, 134 were draped in the lateral
decubitus position and 63 in the beach-chair position; the
positioning for the remaining 8 patients was not reported.
Ofthe 26 included studies, 18 reported the use of an irrigation
pump to maintain visualization during the procedure, while
the remaining studies either utilized gravity or did not specify
a mechanism. The pump pressure reported by these 18 stud-
ies ranged from 29 to 150 mm Hg. The irrigation fluid used
during the arthroscopic procedures was normal saline in 13
studies, Ringer’s lactate in 5 studies, sterile water in 1 study,
glycinein 1 study, and unspecified in 6 studies. Further, of the
26 included studies, 15 reported the total irrigation volume,
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TABLE 2
Operative Details®
Irrigation
Pump
Operative Irrigation Pressure,
Operative Time, Mean * Fluid Volume, Mean or
Arthroscopic Indication Side, Left/  Patient Type of SD (Range), Irrigation Mean + SD Range,
Author (Year) Procedure for Surgery Right, n  Positioning  Anesthesia min Fluid (Range), L mm Hg
Antonucci et al' Rotator cuff repair ~ Rotator cuff tear 11 Lateral Regional 195 Ringer’s NR 36
(2006) n=2) (n=2) decubitus  nerve block lactate
+ sedation
Blumenthal Rotator cuff repair  Rotator cuff tear 1/0 Lateral Regional 110 Ringer’s NR NR
et al® (2003) n=1) n=1) decubitus  nerve block lactate
Borgeat et al*  Acromioplasty, Osteoarthritis, NR NR NR 120 Normal saline NR 115
(2000) rotator cuff repair, rotator cuff
acromioclavicular tear,
joint resection impingement
syndrome
Carr and Acromioplasty Impingement NR Lateral NR Acromioplasty: Normal saline Acromioplasty: No
Murphy” (n = 8), Bankart syndrome decubitus 116.4 (82.2- with 1% 20.75 (7-33),
(1995) repair (n = 8), (n=8), 148.2), epinephrine Bankart
diagnostic + labral ~ Bankart lesion Bankart repair: 23.63
debridement (n =28), repair: 109.2 (12-36),
(n=28) diagnostic + (96-142.2), diagnostic +
labral tear diagnostic + labral
(n=28) labral debridement:
debridement: 2.81 (1.5-6)
87 (16.8-165)
Chellam et al® Rotator cuff repair ~ Rotator cuff tear NR Lateral General 146.9+44.3 NR 39.7+20.8 30-65
(2015) (n = 18), Bankart (n = 18), decubitus anesthesia
repair (n = 12), Bankart lesion + regional
rotator cuff and (n =12), nerve block
Bankart repairs rotator cuff
n=2) tear and
Bankart lesion
(n=2)
Edwards et al'' Arthroscopic Adhesive 0/1 Beach chair General 2 Normal saline NR 50
(2014) capsular release capsulitis anesthesia
m=1 m=1
Ercin et al'? Bankart repair Labral tear NR Beach chair General 120 Normal saline 20 48
(2016) n=1 n=1 anesthesia
Errando'® Rotator cuff repair  Rotator cuff tear 1/0 Lateral Regional 130 Normal saline 35 No
(2011) n=1 n=1 decubitus  nerve block
+ sedation
Gogia et al* NR Recurrent 1/0 Lateral General 180 Normal saline 36 91
(2012) dislocations decubitus  anesthesia with
n=1) epinephrine
1:3,000,000
Gupta et al'®> NR NR NR Lateral General 189.2 (60-390) Normal saline 24.6 (5-52) 40-80
(2016) decubitus  anesthesia
Gwak et al'® Rotator cuff repair  Rotator cuff tear 9/21 Lateral General 92 Normal saline 21 80-90
(2013) (n = 30) (n = 30) decubitus  anesthesia
+ regional
nerve block
Hynson et al*”  Arthroscopic surgery Chronic pain 0/1 Lateral Regional 105 Ringer’s NR Yes
(1993) and debridement n=1 decubitus  nerve block lactate with
n=1 epinephrine
1:1,000,000
Ichai et al'® NR Chronic pain 0/1 NR General 90 1.5% glycine 18 NR
(1996) n=1 anesthesia
+ regional
nerve block
Jirativanont Rotator cuff repair  Rotator cuff tear 1/0 NR General 240 NR 76 NR
et al?*® (20100 (m=1) n=1 anesthesia
+ regional
nerve block
Khan et al?? Rotator cuff repair  Rotator cuff tear 0/1 Lateral General 210 Normal saline NR 91
(2013) n=1 n=1 decubitus  anesthesia

(continued)
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TABLE 2 (continued)

Irrigation
Pump
Operative Irrigation Pressure,
Operative Time, Mean * Fluid Volume, Mean or
Arthroscopic Indication Side, Left/  Patient Type of SD (Range), Irrigation Mean = SD Range,
Author (Year) Procedure for Surgery Right, n Positioning Anesthesia min Fluid (Range), L mm Hg
Lim et al*® Labral repair (n = 1) Labral tear 0/1 Lateral General 115 Sterile water 22 40
(2006) (n=1) decubitus  anesthesia with 0.1
+ regional mg/L
nerve block epinephrine
Manjuladevi Rotator cuff repair  Rotator cuff tear 0/3 NR General 270 NR 56 NR
et al®® (2013) (n=3) (n=3) anesthesia
Orebaugh®® Subacromial Rotator cuff tear 0/1 Beach chair Regional 180 Ringer’s NR 91
(2003) decompression n=1 nerve block lactate with
and rotator cuff + sedation epinephrine
repair (n = 1)
Ozhan et al®®  Acromioplasty and  Impingement 0/1 Beach chair General 140 Ringer’s NR 48
(2010) rotator cuff repair syndrome anesthesia lactate
n=1) n=1) + regional
nerve block
Pope and Rotator cuff repair  Rotator cuff tear 2/2 Beach chair General NR NR NR NR
Wottowa>? (n=2), (n=2), anesthesia
(2016) acromioplasty impingement + regional
n=2) syndrome nerve block
(n=2)
Saeki and NR NR 1/0 Lateral General NR Normal saline 24 60
Kawamoto®® decubitus  anesthesia
(2011) + regional
nerve block
Sharma and Bankart repair Rotator cuff 1/0 Lateral General NR Normal saline 20 48
Achar®® n=1) injury (n = 1) decubitus  anesthesia
(2013)
Smith and Subacromial Impingement 16/19  Beach chair Regional 27.4 (10-63) Normal saline 3.2 (1-12) 50
Shah®® decompression syndrome nerve block
(2008) (n = 25), capsular (n = 25), + general
release (n = 7), adhesive anesthesia
diagnostic (n = 2), capsulitis
rotator cuff repair n="7),
n=1 diagnostic
(n = 2), rotator
cuff tear
n=1
Sperber and Acromioplasty Impingement NR Beach chair General 22 (17-27) Normal saline NR 100-150
Wredmark®® (n=11) syndrome anesthesia with 2%
(1999) (n=11) ethanol
Acromioplasty Impingement NR Beach chair General 35 (27-44) Normal saline NR 100-150
(n=11) syndrome anesthesia with 2%
(n=11) ethanol
Venkat et al?®  Rotator cuff repair ~ Rotator cuff tear 1/0 Lateral General 45 Normal saline NR 100
(2009) n=1) n=1 decubitus  anesthesia with
epinephrine
1:300,000
Yoshimura Rotator cuff repair  Rotator cuff tear 0/1 Lateral General 95 Normal saline NR 60
et al*? (2005) n=1 n=1 decubitus anesthesia

“NR, not reported.

which ranged from 1 to 76 L. Additionally, 25 studies reported
the total operative time, which ranged from 2 to 390 minutes.
Operative details are summarized in Table 2.

Clinical Presentation

According to reports of when the signs and symptoms of
fluid extravasation first appeared, they were observed
midsurgery in 98 patients; after the removal of drapes in
98 patients; after extubation in 5 patients, after which 4 of

these patients were reintubated; and 1 day to 3 weeks
postoperatively in the remaining 4 patients. The signs and
symptoms of fluid extravasation included chest wall swell-
ing in 86 patients, neck swelling in 116 patients, facial
swelling in 13 patients, and respiratory distress in
16 patients. Additionally, in 6 patients, the symptoms
manifested as chest discomfort; in 4 patients, the symp-
toms included sore throat; in 4 patients, the symptoms
included anterior interosseous nerve palsy; and in 16
patients, the symptoms presented as respiratory distress.
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The oxygen saturation reported for patients who experi-
enced respiratory distress ranged from 50% to 95%,
whereas the oxygen saturation reported for patients who
did not experience respiratory distress ranged from 92% to
95%. A pleural effusion was diagnosed in 1 patient, and
another patient displayed tracheal deviation as a result of
fluid extravasation. Additionally, bradycardia was
reported in 2 patients, with both having a heart rate of
38 bpm.

Two studies, including 68 patients, found a significant
increase in patients’ neck circumference postoperatively
by 1.17 to 2.35 cm.®'® Two studies, including 71 patients,
also found an increase in patients’ weight postoperatively,
ranging from 0.9 to 1.17 kg, and they found that both the
duration of surgery and the volume of irrigation fluid used
significantly correlated with the amount of postoperative
weight gain.'®*® Furthermore, these same 2 studies found
significant decreases in patients’ hemoglobin and hemato-
crit levels postoperatively by 0.6 g/dL and 1.5%, respec-
tively; however, there was no significant change in serum
sodium levels.'®38 Finally, 2 studies identified significant
increases in intramuscular pressure of the shoulder mus-
culature (eg, deltoid, supraspinatus), ranging from
increases of 8.63 mm Hg to over 15 mm Hg after arthro-
scopic surgery.”3® Clinical presentation details for the
studies reviewed are summarized in Table 3.

Management and Outcomes

Of the 205 included patients, symptom management was
reported for 58 patients. Of these 58 patients, 5 who ini-
tially received regional anesthesia were converted to gen-
eral anesthesia and intubated at the onset of their
symptoms. A further 6 patients were reintubated after
developing symptoms after extubation. Moreover, 10
patients who were already intubated before the start of the
procedure remained intubated postoperatively. The use of
nasal prongs was reported for 1 patient, and the data were
not routinely measured or reported throughout the other
included studies. In total, diuretics were administered to 7
patients to reduce fluid overload, with intravenous furose-
mide 20 to 40 mg being specified in 6 patients. One patient
was given prednisone to reduce airway edema. One patient
experienced stridor secondary to fluid accumulation within
the soft tissue of the neck, with evidence of internal jugular
vein and carotid artery compression, requiring puncture of
the soft tissue at the thoracic level with a 14-gauge intra-
venous catheter. Overall, 32 patients were managed non-
operatively and did not require intubation or medication
administration. The time that elapsed until the resolution
of edema was reported in 15 patients, which ranged from 2
to 48 hours.

One patient developed rhabdomyolysis, requiring 4 ses-
sions of hemodialysis. Transfer to the intensive care unit
was warranted for 14 patients. Additionally, 1 study
reported a case of fluid extravasation, resulting in hypervo-
lemic hyponatremia with a sodium level of 116 mmol/L and
hematocrit level of 31%.'® Hypertonic saline was adminis-
tered to the patient, and computed tomography demon-
strated severe cerebral edema. The patient received a
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diagnosis of brain death, as confirmed by cerebral angiog-
raphy. No long-term complications were reported in the
remaining patients. Discharge times were reported for 25
patients, ranging from 1 to 20 days postoperatively. Man-
agement and outcome details are summarized in Table 4.

DISCUSSION

The most significant finding of this systematic review was
that although fluid extravasation has the potential to be a
life-threatening complication of shoulder arthroscopic sur-
gery, it was most commonly managed nonoperatively, and
patients’ symptoms ultimately resolved with no evidence
of long-term complications. Additionally, patients most
commonly experienced neck swelling, chest wall swelling,
and, less frequently, respiratory distress. When not man-
aged conservatively, patients were intubated, given diure-
tics or steroids, or underwent percutaneous drainage of
gross neck edema. Clinical edema typically resolved
within 24 hours, and patients were often discharged
within 1 week. Serious complications, including rhabdo-
myolysis and death, were rare.

Several reports have previously described common fac-
tors that may aid in prognosticating a patient’s risk for
experiencing fluid extravasation during an arthroscopic
procedure of the shoulder. These include a high pump pres-
sure; a large volume of irrigation fluids; a lengthy operative
procedure due to the larger amount of irrigation fluids
used; the lateral decubitus position due to gravity-
assisted movement of fluid from the shoulder to the neck,
although its superiority over the beach-chair position has
yet to be proven!”?%; obesity; older age and looser subcuta-
neous soft tissue facilitating fluid movement into the extra-
articular space; subacromial arthroscopic surgery due to
the lack of encapsulation of the subacromial space, allowing
fluid dissection into surrounding tissue®”*; surgery involv-
ing resection of the glenohumeral capsule, allowing fluid
movement into the extracapsular space'’; limited surgeon
experience leading to the overuse of irrigation fluid pumps
to improve the visual field; and anatomic abnormalities
leading to pathological tears in the parascapular muscula-
ture or iatrogenic lesions of the deltoid muscle at the
acromion. 112

Specifically, pump pressures should be maintained
below 150 mm Hg. Additionally, normal saline is the irri-
gation solution of choice, as acid-base and electrolyte dis-
turbances may occur when excess amounts of solution
other than normal saline (eg, Ringer’s lactate) enter the
systemic circulation. While there is no established upper
limit regarding the amount of irrigation fluid to be used
during shoulder arthroscopic surgery, studies of symptom-
atic patients reported a range of volumes from 20 to 36 L,
and as such, volumes lower than 20 L. may be considered
safe until more precise estimates are determined.'>* Sur-
geons may limit the use of irrigation fluid and improve
intraoperative visualization by considering the use of elec-
trocautery devices, epinephrine-infused irrigation fluid,
and hypotensive anesthesia at the discretion of the
anesthesiologist.*%2°
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TABLE 3
Clinical Presentation of Patients®
Blood
Oxygen Heart Pressure, Chest Neck Face  Respiratory

Author (Year) Saturation, % Rate, bpm mm Hg Swelling Swelling Swelling  Distress Other

Antonucci et al' 65-75 38 NR Yes Yes Yes Yes NR
(2006)

Blumenthal 50 38 NR Yes Yes Yes Yes NR
et al® (2003)

Borgeat et al* NR NR NR Yes Yes Yes Yes NR
(2000)

Carr and NR NR NR NR NR NR NR Mean increase in intramuscular
Murphy”’ pressure: deltoid, 8.63 mm Hg
(1995) (P = .001); supraspinatus:

10.46 mm Hg (P < .001)

Chellam et al® NR NR Hypertension NR Yes NR NR Mean increase in neck
(2015) circumference: 1.17 + 1.16 cm

Edwards et al! NR NR NR Yes Yes Yes NR Elevation of airway pressure
(2014)

Ercin et al'? NR NR NR Yes NR NR NR NR
(2016)

Errando®® 95 NR NR Yes Yes NR NR Compression of carotid and
(2011) internal jugular on ultrasound

Gogia et al* 70 NR NR NR Yes NR Yes Pulmonary edema on chest
(2012) radiography

Gupta et al'® NR NR NR Yes Yes NR NR Significant increase in neck, chest,
(2016) midarm, and midthigh

circumferences and weight;
significant decrease in
hemoglobin levels; no
significant change in sodium
levels; significant decrease in
body temperature and increase
in airway pressure

Gwak et al'® 90-95 NR NR Yes Yes NR Yes (n = 3) Chest discomfort (n = 6) and sore
(2013) throat (n = 4); pulmonary

function test: restrictive pattern
secondary to reduction in static
compliance of respiratory
system, caused by soft tissue
edema around the chest wall, and
obstructive pattern, caused by
upper airway swelling and
edema

Hynson et al'’ NR NR 240/100 Yes Yes NR Yes NR
(1993)

Ichai et al'® NR NR SBP 70 Yes NR NR NR Cerebral edema and brain death
(1996)

Jirativanont NR NR NR Yes Yes Yes Yes NR
et al*® (2010)

Khan et al?2 NR NR NR Yes Yes Yes NR NR
(2013)

Lim et al® NR NR NR Yes NR NR NR Rhabdomyolysis
(2006)

Manjuladevi NR NR NR Yes Yes Yes Yes NR
et al”® (2013)

Orebaugh?’ 67 NR NR Yes Yes Yes Yes Pleural effusion
(2003)

Ozhan et al®! 93 NR NR Yes Yes Yes NR Tracheal deviation
(2010)

(continued)
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TABLE 3 (continued)

Blood
Oxygen Heart Pressure, Chest Neck Face  Respiratory
Author (Year) Saturation, % Rate, bpm mm Hg Swelling Swelling Swelling  Distress Other
Pope and NR NR NR NR NR NR NR Ipsilateral anterior interosseous
Wottowa®? nerve palsy
(2016)
Saeki and NR NR NR Yes Yes NR NR Increased airway pressure
Kawamoto®®
(2011)
Sharma and NR NR NR Yes Yes NR NR NR
Achar®®
(2013)
Smith and NR NR NR NR NR NR NR 1.2% weight gain; hemoglobin and
Shah?® (2008) hematocrit decreased by 0.6 g/dL
(P <.0001) and 1.5% (P < .0001),
respectively
Sperber and NR NR SBP 90 NR NR NR NR Shoulder swelling; in 50% of cases,
Wredmark®® considerable (>15 mm Hg)
(1999) increase in intramuscular
pressure; fluid absorption of
37-100 mL
Venkat et al*® NR NR NR NR NR NR Yes NR
(2009)
Yoshimura 92 NR SBP 75 Yes Yes Yes Yes NR

et al*2 (2005)

“NR, not reported; SBP, systolic blood pressure.

Additionally, the authors of one of the included studies
suggested that the maximum operative time should be lim-
ited to between 90 and 120 minutes based on data trends
demonstrating a correlation between length of surgery and
fluid extravasation.?? Further, the use of irrigation pump
devices may be eliminated entirely and replaced by
gravity-driven irrigation systems to limit irrigation fluid
pressures.?? Operative techniques that may reduce
the inadvertent spread of irrigation fluid to the extra-
articular space include the use of longer cannulas to pre-
vent dislodging, avoiding the use of cannulas entirely and
using the arthroscope itself for inflow,2%?% minimizing cap-
sular rents, and allowing low continuous outflow so that
fluid can exit the subacromial space.*2% Finally, while it
is believed that the lateral decubitus position increases the
risk for fluid extravasation, the beach-chair position carries
its own risks, of particular concern for anesthesiologists,
including the risk of air embolism, hypotension, bradycar-
dia, and central nervous system ischemia.?432

Anesthesiologists may play a role in preventing fluid
extravasation based on their choice of using regional ver-
sus general anesthesia. In the setting of fluid extravasa-
tion, the benefits of using regional anesthesia alone
include not only fewer side effects, a reduced hospital
stay, reduced postoperative analgesia requirements, and
excellent muscle relaxation but also the ability of the
patient to communicate symptoms that he or she may
be experiencing, such as throat discomfort, dysphagia,
or respiratory difficulties.?®1° However, in the event of
fluid extravasation, the airway is not initially secured,
and subsequent intubation may be difficult because of

fluid accumulation in the neck. On the other hand, the
initial use of general anesthesia and endotracheal intu-
bation ensures a secure airway, and the use of hypoten-
sive anesthetic agents aid in minimizing the use of
irrigation fluid intraoperatively.!* However, it still
remains vitally important to carefully examine the
patient before extubation for signs of fluid extravasation,
and if present, one must consider continued intubation
and monitoring in a controlled setting postoperatively
until the resolution of edema.?®

Intraoperative monitoring of the signs and symptoms of
fluid extravasation is central to prompt diagnosis and man-
agement, with several recommendations highlighted
within the studies included in this review. Specifically, one
common issue reported in the literature involved the diffi-
culty of observing impending complications from fluid
extravasation while the patient was covered by surgical
drapes. This requires continuous monitoring for the swell-
ing of structures near the shoulder, including the neck,
face, and chest,! as well as appropriate placement of surgi-
cal drapes to expose the shoulder, structures at the base of
the neck,'! and a portion of the nearby chest wall.2® Studies
have suggested monitoring for fluid extravasation by
checking airway pressures and compliances, looking for air-
way edema on direct laryngoscopy, intraoperative mea-
surements of patients’ neck circumferences, and
observation of fluid extravasation via ultrasound imag-
ing.1%26 Ultimately, patient outcomes may be optimized
with efficient communication between anesthesiologists
and surgeons as well as preparedness for emergency proce-
dures such as intubation.?!
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TABLE 4
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Fluid Extravasation Timing, Management, and Outcomes®

Author (Year)

Timing of Symptom
Manifestation

Management

Outcome

Antonucci et al' (2006) Midsurgery (procedure

Blumenthal et al®
(2003)

Borgeat et al* (2000)

Carr and Murphy”
(1995)

Chellam et al® (2015)

Edwards et al'! (2014)
Ercin et al*? (2016)

Errando®® (2011)

Gogia et al** (2012)

Gupta et al'® (2016)

Gwak et al'® (2013)
Hynson et al'” (1993)
Ichai et al'® (1996)
Jirativanont et al%°

(2010)
Khan et al?2 (2013)

Lim et al?® (2006)

Manjuladevi et al?®

(2013)

Orebaugh?® (2003)

Ozhan et al®! (2010)

Pope and Wottowa?>?
(2016)

suspended)

Midsurgery

Midsurgery (procedure
terminated)
After surgery

After surgery

Midsurgery (procedure
terminated)

Midsurgery (procedure
terminated)

Removal of drapes

Midsurgery (expedited
closure)
Midsurgery

Midsurgery

After surgery, after
extubation

Midsurgery (procedure
terminated)

After surgery, after
extubation

Removal of drapes

Removal of drapes

1. After surgery, after
extubation

2. Removal of drapes

3. Removal of drapes

Midsurgery (procedure
terminated)

Midsurgery

1. POD 5

2. Several days
postoperatively

3. 2-3 wk
postoperatively

4.POD 1

1. Induction of general
anesthesia; intubation

2. Induction of general
anesthesia; intubation

Prednisone 200 mg

Oxygen via nasal prongs

NR

Intubation (n = 2)

Intubation
Chest radiography

Soft tissue puncture with
14-gauge IV catheter;
manual fluid dressing

Intubation; IV furosemide
40 mg

NR

NR
Intubation

CT of head and angiography;
hypertonic saline infusion
Intubation

Remained intubated,;
dexamethasone 8 mg;
furosemide 20 mg

IV furosemide; 4 sessions
of hemodialysis

1. Intubation

2. Remained intubated

3. Remained intubated

Induction of general
anesthesia; intubation;
diuresis

Remained intubated; IV
dexamethasone 8 mg;
IV furosemide 20 mg

1. EMG

2. EMG,; right AIN release

3. EMG

4. EMG,; right AIN release

1. Resolution of edema and extubation after 12 h
2. Resolution of edema and extubation after 24 h

Resolution of edema and extubation after 24 h
Surgery completed in 2 d via open approach

No complications (muscular weakness, neurological
injury); no relationship between elevated intramuscular
pressure and type of surgical procedure, duration of
surgery, or fluid volume

Resolution of edema and extubation on POD 2;
hypertension was most direct predictor for the increase
in neck circumference (P = .002, r = 0.49)

Resolution of edema and extubation after 5 h

Resolution of edema after 6 h

Resolution of edema in hours

Resolution of edema and extubation after 24 h; discharged
home on POD 2

Significant correlation between change in neck
circumference and weight gain with amount of irrigation
fluid used and duration of surgery

Patients experienced restrictive and obstructive
pulmonary abnormalities

Resolution of edema and extubation after overnight stay

Brain death on cerebral angiography; autopsy revealed
severe cerebral edema and no other abnormalities
Resolution of edema and extubation after 24 h

Resolution of edema and extubation after 16 h

Resolution of shoulder muscle wasting on MRI after 3 mo

1. Resolution of edema and extubation after 48 h
2. Extubated after 2 h
3. Extubated on POD 1

Resolution of edema after 24 h; extubation on POD 2;
discharged home on POD 5

Resolution of edema and extubation after 10 h; discharged
home on POD 2

1. FPL strength 4/5 after 15 mo

2. FPL strength 4/5 after 7 mo

3. Complete FPL recovery after 16 mo
4. FPL strength 4/5 after 9 mo

(continued)
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TABLE 4 (continued)

Timing of Symptom

Author (Year) Manifestation

Management

Outcome

Saeki and Kawamoto®® Removal of drapes

(2011)
Sharma and Achar®®  Removal of drapes Remained intubated
(2013)
Smith and Shah?® After surgery NR
(2008)
Sperber and Midsurgery NR
Wredmark®® (1999) Midsurgery NR

Remained intubated

Resolution of edema after 12 h
Resolution of edema and extubation after 8 h

Strong correlation between amount of fluid used and
weight gain (R = 0.89, P < .0001) as well as duration
of surgery and weight gain (R = 0.70, P < .0001)

Resolution of shoulder swelling on POD 2

No correlation between operative time and volume
of absorption

Venkat et al*® (2009)  After surgery, after Intubation Resolution of edema and extubation after 12 h
extubation
Yoshimura et al*? Midsurgery Intubation; IV Resolution of edema and extubation after 2 h
(2005) suxamethonium 40 mg;

IV furosemide 30 mg

“AlIN, anterior interosseous nerve; CT, computed tomography; EMG, electromyography; FPL, flexor pollicis longus; IV, intravenous; MRI,

magnetic resonance imaging; NR, not reported; POD, postoperative day.

Future Research

While the current literature improves the orthopaedic com-
munity’s understanding of fluid extravasation as a complica-
tion of shoulder arthroscopic surgery, future research should
aim to quantify the degree to which the identified risk factors
correlate with this complication. Presently, the literature is
mixed, with one study suggesting that some previously iden-
tified risk factors, such as fluid volume and procedure dura-
tion, do not correlate with rises in intramuscular pressures of
the deltoid and supraspinatus muscles.?? As such, large-scale
studies and registries are needed toidentify the patients most
at risk for this complication to implement preventative mea-
sures. Additionally, considering that fluid extravasation from
shoulder arthroscopic surgery directly poses a risk to airway
structures, further research is required to determine the opti-
mal management of the patient from an anesthesiological
perspective, including the decision to use general anesthesia
or regional anesthesia alone. Future studies should also eval-
uate anatomic variants that predispose a patient to fluid
extravasation as well as long-term sequelae of this
complication.

Limitations

The primary limitation of this review on fluid extravasa-
tion in shoulder arthroscopy pertains to the low overall
level of the current evidence that was available in the
literature. Most commonly, the included studies were
retrospective case reports, yielding a small overall sam-
ple size. Additionally, the reviewed literature was lim-
ited to the English language. Furthermore, there was a
lack of consistency in the reporting of relevant data,
including patient characteristics, operative details, clin-
ical presentation, management strategies, and patient
outcomes. Given the heterogeneity of the data, it was not

possible to perform a meta-analysis and calculate event
rates because of inherent data limits. Moreover, this
review may be prone to publication bias, in that the most
interesting case reports were available for review, while
unpublished, milder cases with uneventful postcomplica-
tion courses were not able to be captured.

CONCLUSION

Fluid extravasation has the potential to be a life-
threatening complication of shoulder arthroscopic surgery;
however, it is most commonly managed conservatively, and
patients’ symptoms ultimately resolve with no evidence of
long-term complications in most cases. Intraoperative sur-
gical decisions, such as minimizing the duration of surgery
and volume of irrigation fluid used, may limit the occur-
rence of fluid extravasation, while careful intraoperative
monitoring may facilitate prompt diagnosis and manage-
ment to optimize patient outcomes.
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APPENDIX

TABLE Al
Detailed Search Strategy

MEDLINE: 1390 Studies

Embase: 2797 Studies

PubMed: 2203 Studies

No. of No. of No. of
Strategy Studies Strategy Studies Strategy Studies
(1) shoulder.mp. OR Shoulder joint/ OR 66,524 (1) shoulder.mp. OR shoulder/ 82,687 (1) shoulder 66,641
Shoulder/
(2) Arthroscopy/ OR arthroscop*.mp. 30,459 (2) arthroscopic surgery/ OR 38,728 (2) arthroscop* 31,596
arthroscopy/ OR arthroscop*.mp.
(3) fluid.mp. OR extravas*.mp. OR 2,227,734 (3) shoulder arthroscopy/ 1519 (3) fluid OR extravas® 4,555,967
edema.mp. OR Edema/ OR OR edema* OR
swell*.mp. OR complication*.mp. OR swelling OR
Postoperative Complications/ OR complication* OR
adverse.mp. adverse
(4) 1 AND 2 AND 3 1390 (4) fluid.mp. OR extravasation/ OR 4,727,848 (4) 1 AND 2 AND 3 2203
extravas*.mp. OR edema/ or
edema.mp. OR swell*.mp. OR
complication®*.mp. OR postoperative
complication/ OR adverse.mp.
(5) 1 AND 2 8258
(6)30R5 8258
(7)4 AND 6 2797
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