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Abstract

Acute limb compartment syndrome
(ALCS) is a surgical emergency that
can have serious consequences unless
promptly diagnosed and treated,
which is particularly challenging when
there is an unusual cause. This is a
comprehensive review of reported
causes of ALCS. From 1068 included
articles, we found 299 discrete causes
of ALCS including toxins, infections,
endocrine pathology, haematological
emergencies, malignancy and iatro-
genic ALCS. Familiarity with this wide
range of ALCS causes may assist in
early diagnosis of this limb-threatening
condition.

Key words: compartment syndrome,
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Introduction

Acute limb compartment syndrome
(ALCS) is a surgical emergency that
requires prompt recognition and
intervention to prevent serious
complications. It occurs when there
is a pathological increase of intra-
compartmental  pressure (ICP),

resulting in ischaemia and functional
impairment." ALCS occurs due to
either increased compartmental fluid
volume or decreased compartmental
space. If untreated, a positive feed-
back loop occurs, with ongoing cell

swelling and interstitial oedema
resulting in  further elevations
in ICP.>

Prompt diagnosis is critical but
often challenging because symp-
toms vary, and many clinical signs
occur late. Emphasis is, therefore,
placed on detecting early signs
including ischaemic muscle pain,
pain on passive movement of distal
digits and firm muscle compart-
ments. Conversely, the classical
‘six P’s” of ALCS are late signs
that occur in the setting of irrevers-
ible muscle damage (the ‘six P’s’
are pain, pulselessness, pallor,
paraesthesia, paralysis and
poikilothermia).’

Compartmental pressure measure-
ments can be used when the diag-
is uncertain.*

nosis The role of
pressure measurements must be
carefully considered, because
trauma patients with significant

injuries can have raised ICP in the
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Key findings

e ALCS can have a wide range
of causes not normally associ-
ated with the condition.

e Causes of ALCS include
minor trauma, toxins, infec-
tions, endocrine pathology,
haematological disease, malig-
nancy, and iatrogenesis.

e Awareness of the breadth of
ALCS causes, combined with
a high index of suspicion,
may help facilitate prompt
diagnosis of this surgical

emergency.

absence of ALCS, and unnecessary
fasciotomy may occur when ICP is
the only indicator wused for
diagnosis.’*®

Immediate surgical referral and
fasciotomy are required as defini-
tive management.” Muscle necrosis
can develop within 3 h of injury, and
permanent functional deficit rises
when fasciotomy is delayed more
than 12h from the onset of
symptoms.® ! Delayed treatment can
lead to contracture, fibrosis, stiffness,
sensory disturbances, muscle excision,
amputation and mortality.?

Up to 77% of cases of ALCS are
associated with a fracture; however,
it also occurs following burns, vascu-
lar injury, prolonged immobilisation,
infection and haematologic disor-
ders.'"? The aim of this article is to
present a comprehensive review of
uncommon and rare causes of ALCS,
to help with early recognition of this
serious condition.

© 2022 The Authors. Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College

for Emergency Medicine.


https://orcid.org/0000-0002-2479-1092
mailto:uqwstead@uq.edu.au
http://creativecommons.org/licenses/by/4.0/

Methods

A structured Medline search was
conducted, from database inception
to 21 August 2021. The exploded
Medical Subject Heading (MeSH)
term  ‘compartmental syndromes’
was used, without restrictions.
Titles and abstracts were screened
for relevance prior to full-text
review. Non-English, veterinary,
abdominal compartment syndrome
and chronic exertional compartment
syndrome articles were excluded.
Where multiple articles for a given
cause were found, one article is

then cited as a

report.

representative

Results

The literature search found a total of
5777 articles. After excluding 989
non-English articles, 4788 records
were screened. One thousand and
sixty-eight reports of unusual causes
of ALCS were identified, with 299
discrete aetiologies. Figure 1 shows
the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses
(PRISMA) flowchart.*
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PRISMA flowchart. ALCS, acute limb compartment syndrome; CECS,

chronic exertional compartment syndrome (Adapted from Page et al,'* with

permission).

The total number of published
articles in each listed category is
shown in Table 1. Table S1 details
299 discrete causes and the number
of reports with references.

There were 216 reports of ALCS
that were traumatic excluding frac-
tures: 65 related to minor trauma
including dislocations, muscle tears
or sprains; 26 to blunt trauma;
45 to penetrating trauma; 10 to
thermal injuries; five to electrical
injuries and 65 to prolonged pres-
sure injuries. Twenty-four reports
were related to toxicological causes.
Seventy reports were related to
infections and 40 to bite or sting
injuries. A total of 113 were medi-
cal causes: 20 related to endocrine
conditions, 48 to haematological
conditions, 15 to genetic conditions,
11 to rheumatological conditions
and two to psychiatric conditions.
Four reports were related to obstetric
causes and there were 19 related to
neonatal pathologies. There were
27  tumour-related  reports and
10 related to anatomical variations.
Fifty-eight reports pertained to pro-
gression from chronic exertional com-
partment syndrome and 19 reports
were classified as idiopathic by the
authors.

There were 468 iatrogenic
reports: 38 related to pressure,
47 related to fluid resuscitation and
administration and 15 related to
anaesthesia. Non-surgical proce-
dures accounted for 78 reports.

Orthopaedic  surgical procedures
accounted for 71 reports, and non-
orthopaedic  surgical procedures

had 71 reports. Eighty-one reports
were related to patient positioning
during  surgery. There  were
63 reports related to medication
administration.

Discussion

Our study has identified a wide
range of causes of ALCS not typi-
cally associated with the condition.
In the trauma population, ALCS is
usually associated with fracture;
however, there were 47 individual
reports of ALCS because of muscle
tears and 11 cases because of sprain
injuries. ALCS also occurred in the
setting of penetrating trauma from
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TABLE 1. Categorisation of reports of acute limb compartment syndrome
(n = 1068). Please refer to Table S1 for a detailed list of causes
Category/cause Reports
Traumatic causes
Dislocations, muscle tears or sprains 65
Blunt trauma 26
Penetrating trauma 45
Thermal injury 10
Electrical injury 5
Prolonged pressure 65
Toxicological 24
Infective
Bacterial 51
Viral 19
Bites and stings 40
Medical
Endocrinological 20
Haematological 48
Genetic conditions 15
Rheumatological 11
Psychiatric 2
Other 17
Obstetric 4
Neonatal 19
Tumour 27
Anatomical 10
Exertional 58
Idiopathic 19
latrogenic
Pressure related 38
Fluid administration 47
Anaesthetic 15
Interventional procedures 78
Orthopaedic procedures 71
Cardiothoracic procedures 16
General surgical procedures 7
Vascular surgical procedures 27
Other surgical procedures 21
Position related 81
Medication 63
Other 4

large animal or human bites. In addi-
tion, there were 31 reports of ALCS
because of snake bite, along with

several cases resulting from wasp
stings and insect bites, mostly in
children.">~"”

Pro- and anti-coagulant clotting
abnormalities are also associated
with ALCS, including spontaneous
haemorrhage from haemophilia, fac-
tor deficiencies and haematological
malignancy.'"'2%  Platelet  defi-
ciency or dysfunction also causes
ALCS, and has been reported with
human immunodeficiency virus.>>**
Extreme thrombocytosis may also
cause spontaneous haemorrhage
leading to compartment syn-
drome.**** Anticoagulant therapy
may cause ALCS, especially with
minor trauma, such as si

Hypercoagulable disorders such as
protein S deficiency may also present
with ALCS related to thrombosis.'®
Deep vein thrombosis (DVT) accounted
for 11 reports, and although pre-
dominantly being caused by a pro-
voked DVT in the pre-treatment
phase, ALCS has been reported in

unprovoked DVT and  with
anticoagulation.?%!
Type 1 diabetes mellitus was

implicated in nine reports of ALCS,
without any other clear mechanism.
In these cases, patients were diag-
nosed using a combination of clinical
signs, compartment pressures and
magnetic resonance imaging, and
responded well to fasciotomy. These
occurred in both patients with long-
standing and newly diagnosed type
1 diabetes. Some authors suggest an
association between diabetes and
spontaneous muscle infarction; how-
ever, this is difficult to prove.*>*?
Regardless, an appropriate index of
suspicion for ALCS is important in
type 1 diabetic patients.

Prolonged limb pressure accounted
for several ALCS reports, especially
related to drug-induced altered level
of consciousness. Agents involved
included alcohol, illicit drugs (opi-
ates, ecstasy, methanol, cannabis,
cocaine) and intentional medication
overdose. Various illicit drugs may
also cause ALCS in the awake
patient through local mechanisms
including direct cellular toxicity,
vasotoxicity or non-traumatic rhab-
domyolysis. Those reported include
cathinone ‘bath salts’, benzodiaze-
pines, buprenorphine, barbiturates
and heroin.>** ALCS may occur in
patients who have attempted self-
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harm or suicide, with reports follow-
ing deliberate substance ingestion
and repeated self-inflicted soft tissue
injury.”” Finally, factitious syndrome
was reported as a particularly
unusual cause of ALCS. In this case,
the patient gave a history of sub-
acute minor hand injury inconsistent
with their clinical signs of ALCS.
Following successful fasciotomy,
the patient was found to be self-
mutilating in the hospital, and it was
presumed that self-harm caused com-
partment syndrome of the hand.*

Severe local limb infection, includ-
ing necrotising fasciitis, may also
lead to ALCS in association with
infective signs.*! Non-necrotising
fasciitis, cellulitis and sepsis were also
reported.**** Group A Streptococci
and Staphylococcus aureus account
for most reports, but atypical organ-
isms such as Vibrio, Clostridium and
Proteus species are also documented.
ALCS due to bacterial pyomyositis
from atypical organisms has been
reported in  immunocompromised
oncology patients, including Aero-
monas hydropbila, Escherichia coli
and Klebsiella pneumoniae, highlight-
ing the importance of sub-specialty
consultation,**

Iatrogenic ALCS is reported in a
wide variety of medical interven-
tions. Our study found over 150 cau-
ses in surgical procedures, most
commonly orthopaedic. Extravasa-
tion of fluid or medications, includ-
ing contrast media, accounted for
31 reports. A systematic review of
ALCS cases due to extravasation
found 76% were either very young
or had communication difficulties.*
Intraosseous or high volume fluid in
resuscitation or burns, or accidental
intra-arterial administration of intra-
venous drugs may also cause
ALCS.**™? Intravenous regional
anaesthetic blocks (Bier’s blocks) of
the upper and lower limb have been
reported to cause ALCS, with a sys-
tematic review of complications
related to this procedure identifying
10 cases in total. Five cases were
associated with inadvertent hypertonic
saline injection, two with multple
sequential tourniquets, one case with
potential excessive tourniquet pressure
and one related to an unusually large
fracture haematoma.’* Non-invasive

blood pressure monitoring has caused
ALCS with thrombolytic therapy, pro-
longed surgical procedures and patients
with movement disorders.*>~®

Several patient groups are at higher
risk of ALCS. A palpable mass along
with subtle ALCS symptoms was
reported multiple times with limb
malignancy, especially sarcoma.’” %
Eleven reports occurred in patients
with rheumatological disease, either
due to or following elective orthopae-
dic procedures.®*** ALCS in neonates
was reported 19 times due to seven
underlying causes. Neonatal patients
presented with swelling and loss of
function in the affected limb or the
sentinel finding of bullous or ulcerated
skin lesions.®” In this population, the
time of onset is often unknown, and
therefore there is an association with
Volkmann contracture and lifelong
impairment of limb function.® =’

The main strength of our study is
the comprehensive literature review,
with cases presented by category.
The literature search was conducted
following PRISMA guidelines to
improve validity. We also acknowl-
edge several limitations. Our exclu-
sion criteria may lead to missed
reports, most importantly by exclud-
ing non-English language articles.
Our study is at risk of publication
bias in the primary evidence and
report numbers presented should not
be interpreted as prevalence or inci-
dence of each cause. We were unable
to meet all PRISMA guidelines, as
we could not present the study
details and risk of bias assessment
for each study due to the large num-
ber of studies included.

Conclusion

ALCS is a surgical emergency, which
requires emergent fasciotomy to avoid
potentially life- or limb-threatening
sequelae. Although commonly
encountered in the setting of trauma,
the present study highlights the fact
that ALCS may occur in many clinical
scenarios and in settings not normally
associated with the condition.
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