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Emergency surgery 3

Diagnosis and treatment of acute extremity compartment 
syndrome
Arvind G von Keudell, Michael J Weaver, Paul T Appelton, Donald S Bae, George S M Dyer, Marilyn Heng, Jesse B Jupiter, Mark S Vrahas

Acute compartment syndrome of the extremities is well known, but diagnosis can be challenging. Ineff ective 
treatment can have devastating consequences, such as permanent dysaesthesia, ischaemic contractures, muscle 
dysfunction, loss of limb, and even loss of life. Despite many studies, there is no consensus about the way in which 
acute extremity compartment syndromes should be diagnosed. Many surgeons suggest continuous monitoring of 
intracompartmental pressure for all patients who have high-risk extremity injuries, whereas others suggest aggressive 
surgical intervention if acute compartment syndrome is even suspected. Although surgical fasciotomy might reduce 
intracompartmental pressure, this procedure also carries the risk of long-term complications. In this paper in 
The Lancet Series about emergency surgery we summarise the available data on acute extremity compartment 
syndrome of the upper and lower extremities in adults and children, discuss the underlying pathophysiology, and 
propose a clinical guideline based on the available data. 

Introduction
Acute extremity compartment syndrome is a surgical 
emergency for which timely diagnosis is essential. 
Although described around 130 years ago,1 this disorder 
remains challenging to diagnose and treat eff ectively. Acute 
extremity compartment syndrome is defi ned similarly to 
many other compartment syndromes: an increase in 
intracompartmental pressure causing a decrease of 
perfusion pressure, leading to hypoxaemia of the tissues. 
Decreased tissue perfusion can lead to irreversible necrosis 
that might result in functional impairment, loss of limb, 
and, in rare cases, death. Acute extremity compartment 
syndrome is most frequently seen after a traumatic event, 
but in up to 30% of cases occurs without any evidence of 
fracture.2,3 Other disorders that can cause acute extremity 
compartment syndrome are thermal injuries (especially 
when circumferential), lithotomy positioning during 
surgery, or constricting casts or wraps. Acute extremity 
compartment syndrome has also been documented in 
association with nephrotic syndrome,4 rhabdomyolysis,5 
bleeding disorders,6 and iatrogenic factors, such as 
accidental pressurised intravenous or extravenous infusion 
of an agent.7 Furthermore, infections, especially with 
Streptococcus spp, can cause acute extremity compartment 
syndrome.8,9 Therefore, almost any physician could see a 
patient with acute extremity compartment syndrome.10–13

Treatment with fasciotomy is well accepted, but delays 
in surgical or non-surgical treatment can result in 
permanent disability. All health-care professionals must, 
therefore, be familiar with the current standard of 
diagnosis and principles of the treatment of acute 
extremity compartment syndrome.14

Pathophysiology
The major muscle groups and neurovascular structures 
in the extremities are separated into compartments by 
dense connective tissue called fascia. The biomechanical 

functions of fascia are providing attachment sites for 
muscles, maintaining the position of muscle groups 
during motion, and improving the mechanical advantage 
of muscle during contraction.15 Deep investing fascia is 
innervated and might also play a part in muscle 
coordination and proprioception.16 The dense fi brous 
nature of fascia creates a defi ned anatomical space with 
low compliance.

Acute extremity compartment syndromes can generally 
be classifi ed as primary (direct limb-related injury) or 
secondary (non-limb-related injury). Medical management 
of underlying causes of secondary acute extremity 
compartment syndrome with adequate crystalloid-sparing 
resuscitation, haemorrhage control, or both, might be 
crucial in preventing its development. Primary and 
secondary causes aff ect hydrostatic pressure within a 
compartment (fi gure 1) and are frequently seen in 
combination. 
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Search strategy and selection criteria

We searched PubMed, Embase, and Cochrane Library for 
articles published within the previous 10 years. We used the 
search terms “acute compartment syndrome” and 
“fasciotomy” plus optional terms “treatment outcome”, 
“delayed diagnosis”, and “pathophysiology”. Reports 
providing high-level evidence were preferably selected. 
Dependent on the number of results retrieved from each 
database, the respective search strategy was modifi ed to 
include more terms to narrow or broaden the desired 
results. We reviewed article titles and abstracts for 
relevance, and manually searched the reference lists of 
selected articles to identify commonly referenced and 
seminal older articles. Comments from peer reviewers of 
the report were also considered in the selection of 
relevant articles.

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(15)00277-9&domain=pdf
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Intrinsic causes of acute extremity compartment 
syndrome are tissue injury caused by a direct traumatic 
event or tissue ischaemia and reperfusion.17 Group A 
streptococcal infections can be another cause, although the 
mechanisms are not fully understood. Local swelling due 
to pyrogenic exotoxin that functions as a super antigen is 
thought to lead to direct muscle injury.9 Precapillary 
vasodilation in the arteriole system caused by muscle 
injury, along with collapsing venules and increased 
permeability of the capillary bed, leads to increased net 
fi ltration and raised interstitial fl uid pressure in traumatised 
tissues. Interstitial fl uid pressure is normally lower than 
10 mm Hg. As it increases, adequate perfusion to tissue 
becomes decreased. Once perfusion reaches pressure a 
critically low level, tissue hypoxaemia ensues (fi gure 1). 

The combination of hypoxia, increase in oxidant stress, 
and development of hypoglycaemia in tissue cause cell 
oedema due to a shortage of ATP and shutdown of the 
sodium–potassium ATPase channels that maintain 
physiological cellular osmotic balance. The subsequent 
loss of cell-membrane potential results in an infl ux of 
chloride ions, which leads to cellular swelling and cellular 
necrosis (fi gure 2). The resulting increase in tissue 
swelling further worsens the hypoxic state and creates a 
positive feedback loop.

Another cause of acute extremity compartment 
syndrome and compromised function is reperfusion 
injury. Once vascularity is restored after an extended 
period of ischaemia, the production of oxygen radicals, 
lipid peroxidation, and calcium infl ux leads to 

Figure 1: Pathophysiology of acute extremity compartment syndrome 
ΔP=hydrostatic pressure, defi ned by the diff erence of the capillary pressure – the interstitial pressure. Δπ=colloid osmotic pressure.
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disturbances of mitochondrial oxidative phosphorylation 
and, ultimately, cell-membrane destruction. The sub-
sequent release of hyperkalaemic and acidic blood 
might also lead to kidney failure, cardiac arrhythmias, 
and, in severe cases, multiple organ damage that could 
cause death.18,19

The time from the initiating event to acute extremity 
compartment syndrome can vary from minutes to hours. 
Total ischaemia time and reduction of aerobic metabolism 
correlate with irreversible changes in various tissue types. 
Peripheral nerve tissue is aff ected early in acute extremity 
compartment syndrome. Ischaemia of 1 h can lead to 
reversible neurapraxia, and irreversible axonotmesis has 
been suggested to occur as early as 4 h.20 When ischaemia 
due to acute extremity compartment syndrome persists 
for more than 6 h, irreversible changes are likely to occur,21 
initiating an irreversible, infl ammatory cascade that 
results in fi brosis in necrotic muscle tissue, which causes 
further functional impairments, such as contractures.22

The clinical sequelae of untreated acute extremity 
compartment syndrome depend on the anatomical 
compartment aff ected. In the leg, the anterior and 
lateral compartments are most frequently aff ected and, if 
untreated, ankle and foot contractures, dysaesthesias in 
the deep and superfi cial peroneal nerve distributions, and 

foot drop might develop.23,24 In the forearm, Volkmann’s 
contracture is a possible complication where muscle 
fi brosis leads to decreased hand and wrist motion, 
diminished strength, and clawing of the fi ngers.25

Diagnosis
Acute extremity compartment syndrome can be 
diagnosed on the basis of clinical symptoms, intra-
compartmental pressure, or both.

History and clinical symptoms
Some of the fi rst clinical signs that should raise the 
suspicion of acute extremity compartment syndrome are 
severe pain out of proportion to the known injury, and 
pain that does not improve with adequate analgesia. 
Resting pain and pain on passive stretching of the 
aff ected muscles might be seen. The signs and symptoms 
of acute extremity compartment syndrome generally 
evolve progressively and, therefore, the diagnosis is 
usually made over a period of time unless it is strongly 
suspected at the initial presentation.26

Paraesthesia in the aff ected extremity might be one of 
the fi rst signs of hypoxia to nerve tissue within a 
compartment. For example, altered sensation in between 
the fi rst two toes could indicate deep peroneal nerve 

Figure 2: Cellular pathophysiology of acute extremity compartment syndrome

x
Glycolysis

Lactic acid

Aerobic respiration

Na+/K+ ATPase
pump

Anaerobic respiration

ATP
Oxidants
Development of
• oxygen radicals
• lipid peroxidation
Destruction of cell membrane

Loss of
membrane
potential

Swelling

Acidosis and 
inflammation
Damage to cell membrane

02 deficiency/hypoxia

02
–0

0

H+

Na+

Na+

CI–

CI–

CI–

K+

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




Series

1302 www.thelancet.com   Vol 386   September 26, 2015

ischaemia resulting from acute extremity compartment 
syndrome in the anterior compartment of the leg. 
Similarly, paresis of the extensor hallucis longus could 
result from sustained ischaemia to the deep peroneal 
nerve. However, clinicians must be very careful not to 
rule out compartment syndrome on the basis of absent 
neurological signs; motor nerves have some resistance to 
ischaemia, and objective motor defi cits might develop 
late. Moreover, patients who have had extremity trauma 
can be diffi  cult to examine clinically, and anxiety, other 
distracting injuries, and altered mental status might 
impede assessment.

Fullness or distension of the aff ected compartment 
should alert clinicians to the risk of acute extremity 
compartment syndrome. Subjective assessments of 
compartments deemed tense or distended, however, are 
unreliable even when judged by clinicians experienced 
in trauma care and, therefore, are insuffi  cient to make 
a diagnosis.27

The commonly accepted clinical signs of acute 
extremity compartment syndrome, pain, pain on passive 
stretch, paraesthesia, and paresis, were shown in a 
systematic review to have low sensitivity but high 
specifi city for diagnosis, giving them poor predictive 
value.28 A combination of three or more of these clinical 
fi ndings in a patient at risk of acute extremity 
compartment syndrome might increase the sensitivity. 
Of note, though, muscle paresis alone might be a late 
sign of acute extremity compartment syndrome.

The diagnosis is further complicated when there are 
communication barriers between clinical staff  and 
patients, the patient has impaired awareness, or when 
patient-controlled analgesia, regional anaesthesia, or 
epidural pain catheters are used. Epidural pain catheters in 
particular carry important risks for masking compartment 
syndrome and should be avoided in high-risk patients.29

We emphasise that the use of the fi ve P mnemomic 
(pallor, pain out of proportion, pulselessness, paraesthesia, 
and paralysis) to assess compartment syndrome is 
misleading. These signs are more often signs of arterial 
ischaemia than acute extremity compartment syndrome. 
Instead, if the patient is awake, the fi ve Ps to consider 
are pain, pain, pain, pain, and pain. Acute extremity 
compartment syndrome should be at the top of the list of 
diff erential diagnoses for any patient with excessive limb 
pain; pain and paraesthesia are frequently seen in patients 
presenting with acute extremity compartment syndrome, 
but pallor, paralysis, and pulselessness might not 
be present at all or could be very late signs. Rarely, 
compartment syndrome has been reported in awake and 
alert patients without severe pain.30 Therefore, it is 
important to maintain suspicion of acute extremity 
compartment syndrome in high-risk patients even when 
they do not report excessive pain.

The initial insult in compartment syndrome results 
in impaired venous outfl ow. As the pressure within 
an anatomical compartment increases, the capillary 

perfusion pressure is reached well before the systolic 
blood pressure, which leads to tissue ischaemia. Blood 
fl ow through large arteries is preserved. Distal pulses 
might not be aff ected at all or only when the compartment 
pressure rises above systolic blood pressure. At that 
stage, irreversible muscle damage is likely to have already 
occurred. Therefore, use of pulselessness as a primary 
sign to assess compartment syndrome can cause delays 
in diagnosis.

In children, who are not small adults, some of the 
clinical features discussed might not be applicable. 
Children who cannot provide clear verbal expression of 
symptoms might show signs of agitation, anxiety, and 
continually increasing need for analgesic pain medication 
(the three As).31

Measurement of pressure
If the clinical diagnosis is equivocal, measurement of 
intracompartmental tissue pressure might help to make 
the diff erential diagnosis.32 The physiological compartment 
pressures in adults are around 8 mm Hg and in children 
are 10–15 mm Hg.32,33

Several techniques have been used to obtain absolute 
pressure values.21,26,34,35 Of these, arterial line transducer 
systems with side-port needles, slit catheters, and self-
contained measuring systems are the most accurate.36,37 
Due to diff erences in pressures within compartments,38,39 
intracompartmental measurements should be obtained 
roughly within 5 cm of the site of fracture.

Pressure measurements should be obtained in all 
compartments of the extremities involved to avoid 
missing the development of acute extremity compartment 
syndrome in a neighbouring compartment. The anterior 
compartment is the most common site for acute 
extremity compartment syndrome in the calf, followed 
by the lateral compartment. Measurement of all 
compartments in the distal aspects of the extremities, 
such as the hand and the foot, should also be attempted, 
being vigilant of the high number of compartments. 
Local anaesthesia or even conscious sedation might be 
helpful when measuring pressure in adults and children.

Absolute pressure greater than 30 mm Hg is thought 
to be an indication of impaired tissue perfusion in adults 
and children and, therefore, of the need for emergency 
surgical fasciotomy.40,41 The use of an absolute value, 
however, has been questioned because the perfusion 
pressure necessary for oxygenation is partly dependent 
on the patients’ blood pressure40,42,43 and, therefore, could 
lead to unnecessary fasciotomies. Some researchers have 
suggested the use of diff erential pressure (Δp=diastolic 
blood pressure – intracompartmental pressure), with a 
proposed threshold of 30 mm Hg.43 McQueen and 
Court-Brown26 were among the fi rst to question absolute 
cutoff  values. They assessed 116 patients with diaphyseal 
tibia fractures by use of continuous measurement of 
intracompartmental pressure and found that the absolute 
intra compartmental pressure was more than 30 mm Hg 
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in 53 (46%) patients, more than 40 mm Hg in 30 (26%), 
and more than 50 mm Hg in four (3%). Only three 
patients, however, had diff erential pressures less than 
30 mm Hg and underwent emergency fasciotomy. No 
patients had sequelae associated with acute extremity 
compartment syndrome. A subsequent prospective study 
of 101 patients by the same group confi rmed that ∆p had 
more diagnostic value than absolute intracompartmental 
pressure.44 Animal studies of intracompartmental 
pressure measurements support avoidance of absolute 
values to indicate compartment release. The data also 
suggest that irreversible tissue necrosis correlates directly 
with the diff erence between intracompartmental and 
perfusion pressures over time.38,45

Rates of diagnosis of acute extremity compartment 
syndrome and emergency fasciotomy vary substantially. 
Some centres use continuous pressure monitoring to 
assess all high-risk patients,26 whereas others rely on 
repeated clinical assessments of awake and coherent 
patients.46 Intracompartmental pressure during surgery 
might be reduced due to transient diastolic hypotension 
associated with anaesthesia.47 Therefore, measurements 
should be repeated after surgery to confi rm complete 
release.

Continuous measurement of intracompartmental 
pressure can be made by attaching a catheter to an 
arterial transducer. Although the technical learning curve 
for this approach is slightly greater than that for other 
methods, it might reduce the risk of missed compartment 
syndrome.26,48–50 Continuous measurement might be 
particularly benefi cial in patients with impaired aware-
ness or consciousness in whom physical examination is 
not possible or in those who cannot report symptoms of 
pain and paraesthesia.51 Some studies, however, have 
suggest that the use of continuous measurement can 
lead to unnecessary fasciotomy,52 which carries its own 
risks and complications,53 such as long-term hospital 
stay, infection, delayed wound healing, and, potentially, 
delayed bone healing.54

Most studies of measurement of intracompartmental 
pressure have been done in patients with compartment 
syndrome in the leg. The fi ndings have been extrapolated 
to other extremities and to children, despite the variability 
in diastolic blood pressures and anatomy.55

Diagnostic tools under investigation
Near-infrared spectroscopy has been introduced into 
clinical practice as a new tool to measure tissue 
oxygenation, and follows the principles of pulse oximetry.56 
Human tissue oxygenation is assessed by comparing the 
concentrations of venous blood oxyhaemoglobin and 
deoxyhaemoglobin to a depth of around 3 cm in soft 
tissue.57 In theory, near-infrared spectroscopy can monitor 
patients at risk of acute extremity compartment syndrome 
by indirectly measuring decreased tissue perfusion due 
to raised intracompartmental pressures. Near-infrared 
spectroscopy has been studied in small case series58 and 

some evidence from animal and basic science studies 
support positive fi ndings,59,60 but its broader clinical 
applicability has yet to be assessed in large trials.61

Specifi c compartment syndromes
Patients who are at risk of developing acute extremity 
compartment syndrome must be identifi ed promptly. 
The incidence of acute extremity compartment 
syndrome is reported to be 7·3 per 100 000 of the general 
population  for men and 0·7 per 100 000 for women.3 A 
large single-centre study in a level 1 trauma centre 
showed that acute extremity compartment syndrome is 
associated with fractures of the tibial shaft in up to 36% 
of cases.3 Other associated causes are soft-tissue injuries 
of the extremities, distal radius fractures, crush injuries, 
diaphyseal fractures of the radius and ulna, femoral 
fractures, and tibial plateau fractures (table).3 In up to 
30% of cases, however, acute extremity compartment 
syndrome develops from soft-tissue injury without 
a fracture.2

Lower extremities
The calf
The lower leg consists of four compartments: anterior, 
lateral, superfi cial posterior, and deep posterior (fi gure 3). 
The anterior intermuscular septum separates the lateral 
muscles from the anterior muscles, and the posterior 
intermuscular septum separates the lateral muscles from 
the posterior muscles. The interosseous membrane spans 
the gap between the tibia and fi bula, separating the 
anterior and deep posterior compart ments. The transverse 
intermuscular septum separates the musculature of the 
superfi cial and deep posterior compartments.

The lower leg is the most common location of acute 
extremity compartment syndrome, with the anterior 
and lateral compartments most frequently aff ected. 
Diaphyseal fractures of the tibia are mostly commonly 
associated with acute extremity compartment syndrome 
of the lower leg. An open injury does not exclude the 
possibility of developing acute extremity compartment 
syn drome.62 High-energy tibial plateau fractures and 

Proportion of cases (%)

Fracture

Tibial diaphyseal fracture 36%

Distal radius fracture 10%

Diaphyseal forearm fracture 8%

Femoral diaphyseal fracture 3%

Tibial plateau fracture 3%

Soft tissue 

Soft-tissue injury 23%

Crush syndrome 8%

Other 9%

Table: Incidence of fractures and other disorders associated with acute 
extremity compartment syndrome
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fracture-dislocations of the knee are also commonly 
associated with acute extremity compartment syndrome 
of the lower leg.63

Initially, non-surgical measures, such as removal of 
constrictive dressings or splitting of cast material and 
elevation of the limb, can be used along with repeated 
clinical assessments. The defi nitive treatment for acute 
extremity compartment syndrome of the lower leg is 
emergency surgical release and four-compartment 
fasciotomy. The release of all four compartments is 
typically achieved with two incisions, one incision 
centred over the intermuscular septum laterally and the 
other 2 cm posterior to the subcutaneous border of 
the tibia.64 A single-incision technique has also been 
described64 for which similar results have been 
reported.65 Therefore, the choice of technique should be 
based on the surgeon’s experience and the patient’s 
condition.65 Irrespective of the method, wide release of 
the compartments is crucial. The wounds should not be 
closed, but rather left open and dressed sterilely. Early 
closure of fasciotomy wounds has been associated with 
recurrence of acute extremity compartment syndrome.64

Despite the lower leg being the most common location 
for acute extremity compartment syndrome to occur, few 
studies have been done to assess the functional outcomes 
in treated patients.66–68 Most patients who undergo 
emergency fasciotomy seem to return to the activity level 
before injury. Clinical outcomes are improved when 
fasciotomy is done within 12–24 h of acute extremity 
compartment syndrome developing,17,21,69 although assess-
ment of the exact time of onset is often diffi  cult. Many 
patients have substantial muscle damage by the time of 
fasciotomy release. As clinically anticipated, patients who 
have had acute extremity compartment syndrome of the 

leg report signifi cantly worse health outcomes and 
quality of life than controls, as measured with EQ-5D.70 
The degree of subsequent functional disability is 
generally associated with severity of the primary 
soft-tissue trauma.23 Whether a patient has associated 
injuries does not seem to aff ect long-term outcomes.46

After surgical decompression of the aff ected compart-
ment, the skin edges can be approximated with either 
elastic bands or vessel loops in a crisscross fashion. Moist 
dressings are used to cover the open wound to protect the 
tissue from drying and retraction, and these dressings 
improve secondary wound closure. Vacuum-assisted 
wound closure with negative pressure can also be used. 
Repeat debridement is usually necessary after 48–72 h. 
When primary wound closure is not possible, 
split-thickness skin grafts may be used at a ratio of 
1·0:1·5. Passive stretching exercises and splinting might 
help to avoid shortening of muscle groups and the 
development of joint contractures in some types of injury.

When acute extremity compartment syndrome is 
missed or treatment is delayed, late functional disabilities 
are mainly caused by limited dorsifl exion of the ankle 
joint, reduced functional strength of the foot extensors, 
contractures of the foot fl exors, abnormal superfi cial 
sensibility, and wound complications associated with the 
fasciotomy site. Amputation might be required if adequate 
perfusion and function cannot be restored.71

The thigh
The thigh has three compartments: anterior, medial, and 
posterior (fi gure 4). Separating the anterior compartment 
from the medial and posterior compartments are two well 
defi ned fascial thickenings, the medial and lateral 
intermuscular septa, which attach to the femur and are 
associated with the fascia lata. The medial compartment 
is separated from the posterior compartment by a thin 
fascial plane. The vastus intermedius is sometimes 
deemed to be a separate compartment.69

Femur fractures resulting from road traffi  c accidents 
are the injuries most commonly associated with the 
development of acute extremity compartment syndrome 
in the thigh.72 The diagnosis of acute thigh compartment 
syndrome is diffi  cult because it is frequently associated 
with multiple high-energy traumatic injuries and patients 
might have impaired awareness and distracting injuries. 
Mortality in patients with acute thigh compartment 
syndrome is reported to be as high as 47%,73 although 
deaths are most frequently related to concomitant 
injuries. In a case series of 23 patients with acute 
extremity compartment syndrome in the thigh, mortality 
was 17%.74 In the same series, eight (35%) patients had 
ischaemic changes in the musculature at the time 
of fascia release and four (17%) developed wound 
complications requiring amputation.74

The standard treatment of acute compartment 
syndrome of the thigh is emergency fasciotomy. 
Single-incision or two-incision techniques may be used. 

Figure 3: Cross-sectional anatomy of the calf
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Patients who undergo decompression within 8 h of injury 
have signifi cantly better outcomes and thigh muscle 
strength and a signifi cantly lower prevalence of long-term 
functional impairment than those who are treated later.69 
Thigh compartment fasciotomy results in large scars, and 
wound infection is seen in up to 67% of cases, which is 
associated with a signifi cant risk of death.75,76

Long-term functional defi cits are seen in 57% of 
patients with acute thigh compartment syndrome, of 
which neurological defi cits seem to be the most frequent 
(16%).72 Although the data on functional outcome are 
sparse, patients younger than 40 years seem to have 
signifi cantly better outcome scores than older patients.69

The feet
The actual number of compartments and the treatment 
of acute compartment syndrome in the foot are 
controversial. Although three compartments were 
initially described—medial, lateral, and superfi cial—
more were identifi ed later in cadaveric studies by 
Manoli.77 Each foot is now believed to have nine 
compartments: medial, lateral, four interossei, and three 
central. How diagnosis of acute extremity compartment 
syndrome by measurement of intracompartmental 
pressure and the need for fasciotomy are aff ected by the 
number of compartments is not well understood.78

The natural history of non-surgical management of 
acute compartment syndrome in the foot includes the 
potential development of ischaemic contractures, 
neuropathy, deformity, and chronic pain.79,80 The 
ischaemic insult to the nerves might result in decreased 
proprioception and sensation, which can lead to 
ulceration. Lesser-toe deformities (claw toes) and cavus 
foot deformity are common sequelae.79,80 Ischaemic 
contracture of the quadratus plantae muscle due to high 
compartment pressures can also be the cause of toe 
fl exion deformities, especially in calcaneal fractures.81

There is some debate about the role of emergency 
fasciotomy of acute foot compartment syndrome. 
Although emergency fasciotomy is indicated in practically 
all other acute extremity compartment syndromes, its 
recommendation in the foot lacks consensus.82 Some 
surgeons prefer to manage the sequelae of untreated 
compartment syndrome rather than make multiple large 
incisions on swollen and injured feet. The lack of 
high-level evidence, therefore, prevents development of 
specifi c guidelines.82

Complication rates associated with early fasciotomy for 
acute foot compartment syndrome are lower than those 
for untreated compartment syndrome, but this treatment 
remains controversial.77,83 Fasciotomy can lead to severe 
scarring in some patients, and other long-term sequelae 
are paraesthesia and skin necrosis that necessitates skin 
grafts.84 Myerson85 reported on 12 patients treated with 
fasciotomy for acute compartment syndrome in the foot. 
Four patients returned to work and resumed exercise 
activities at preoperative levels. For six patients normal 

shoe wear was troublesome and three patients developed 
contractures with claw toe despite fasciotomy. In a 
prospective study of 14 patients, 11 returned to work after 
fasciotomy. Two patients developed claw deformity, and 
three had sensory abnormalities.86 Shorter time to 
fasciotomy, younger age, the absence of bone injuries and 
other concomitant injuries, and low-velocity crush 
injuries were positive predictors of better functional 
outcomes among these patients.

Upper extremities
The upper arm contains two compartments, the forearm  
three, and the hand ten, all of which are at risk of acute 
extremity compartment syndrome. In the digits, the 
fascial compartments might also be susceptible to acute 
compartment syndrome and need release. Few cases of 
acute compartment syndrome in the upper extremities 
have been reported and, therefore, the true incidence is 
diffi  cult to assess. In a systematic review of acute 
compartment syndrome in the forearm, 35% of cases 
were linked to fractures, 10% to narcotic overdoses, and 
8% to intravenous infi ltrations.87 In a series of 164 cases 
of traumatic acute extremity compartment syndrome, 
16 (10%) were associated with distal radius fractures and 
13 (8%) with diaphyseal forearm fractures.3 Patients are 
at particular risk of developing acute extremity 
compartment syndrome when they sustain a distal 
radius fracture and simultaneous ipsilateral elbow 
injury,88 or a distal radius fracture with translation of 
more than 35%89 or associated brachial artery injury.90

Acute compartment syndrome in the upper extremities 
is most often diagnosed by clinical examination and 
measurement of intracompartmental pressures, as 
described earlier in this paper. Good hand function 
depends on supple joints, precise sensibility, and fi ne 
motor control. Missed acute compartment syndrome in 

Figure 4: Cross-sectional anatomy of the thigh
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the forearm or hand, therefore, will have severe 
functional consequences. Diagnosis might be delayed in 
patients who are uncooperative or have impaired 
awareness, which could lead to debilitating functional 
outcomes. Late sequelae range from skin changes to 
contractures, neurological defi cits, infection, amputation, 
or death. Similar to acute compartment syndrome in 
the lower extremities, time to diagnosis is crucial. The 
optimum timing of fasciotomy is suggested to be within 
8 h of development of acute extremity compartment 
syndrome. Whether fasciotomy is useful 8–24 h after 
onset has been questioned because muscle necrosis has 
generally already occurred. Fasciotomy for delayed acute 
compartment syndrome of the upper extremity might 
not improve outcomes and has been associated with 
the need for multiple surgical procedures to debride 
non-viable muscle tissue.64,91

Acute extremity compartment syndrome in children
The diagnosis of acute extremity compartment 
syndrome in children is particularly diffi  cult and is 
often delayed because the classic signs commonly cited 
in adults are not helpful in children.31 Escalating pain, 
pain with passive stretch of aff ected muscles, and 
diminished perfusion are not straightforward to 
characterise, particularly in acutely injured, non-verbal, 
or developmentally delayed children. For this reason, 
clinical diagnosis of acute extremity compartment 
syndrome in paediatric patients should be based on the 
three As: anxiety, agitation, and increasing analgesic 
requirement.31

Acute extremity compartment syndrome in children 
develops most frequently in association with fractures, 
especially of the lower extremities.31 In a study of 
212 children with open or closed tibial fractures, Shore 
and colleagues92 showed that the incidence of acute 
extremity compartment syndrome was 11∤6%. The time 
to fasciotomy was delayed (longer than 12 h after injury) 
in 110 (52%) patients, but, surprisingly, was not 
associated with signifi cantly worse outcomes than 
earlier treatment. 195 (92%) patients regained preinjury 
functional levels, which suggests that children tolerate 
increased intracompartmental pressure for longer 
periods of time than adults before tissue necrosis 
becomes irreversible. Flynn and colleagues93 assessed 
42 children with acute traumatic compartment syndrome 
treated with fasciotomy and followed up for an average 
of 1 year. Only two patients had permanent functional 
impairment, and in both the time from injury to 
fasciotomy exceeded 80 h. Flynn and colleagues 
highlighted the subtleties of diagnosis in paediatric 
patients and noted that presentation of compartment 
syndrome might be delayed.

The largest case series of acute compartment syndrome 
in the upper extremities of children identifi ed 
supracondylar humerus fractures as one of the most 
frequently associated injuries, followed by intravenous 

infi ltrates, crush injuries, and tight casts.41,94–96 A review 
found no correlation between the time from diagnosis to 
fasciotomy and fi nal functional outcomes.97

Acute compartment syndrome in the foot is rare in 
children.98 Silas and colleagues99 have reported outcomes 
in the largest series of children with acute compartment 
syndrome in the feet and found that it most commonly 
occurs due to crush injuries or Lisfranc’s fracture 
dislocations.

The most important point to remember is that 
presentation of acute extremity compartment syndrome 
in children diff ers from that in adults, particularly in 
terms of increasing need for analgesia after fracture. 
With timely diagnosis and appropriate fasciotomy, 
however, children can regain function and have 
favourable outcomes. Thus, a high index of suspicion 
should be maintained to avoid missed diagnosis and 
unfavourable outcomes.

Missed compartment syndrome
The optimum treatment of acute extremity compartment 
syndrome is emergency fasciotomy immediately after 
diagnosis. Animal studies suggest that tissue necrosis 
occurs within 6–12 h of onset of hypoxaemia.21,100 Thus, 
better clinical outcomes have been reported when fascio-
tomy is performed within this timeframe.50,92,101–103 However, 
since acute extremity compartment syndrome is an 
evolving disorder with intracompartmental pressure 
varying throughout its course, the exact time of onset 
can be diffi  cult to defi ne. The time from admission has 
been suggested as a surrogate start point as it is closest 
to the time of injury.26,48 In some studies, though, 
researchers have chosen not to include an exact time of 
onset as it cannot be clinically established.51 

Crush syndrome might lead to acute extremity 
compartment syndrome. Vigilant monitoring is needed 
to identify metabolic disturbances, such as shock in 
association with renal failure, in patients who have crush 
injuries to skeletal muscle to reduce the risk of 
rhabdomyolysis, which might lead to acute extremity 
compartment syndrome. Adequate medical resuscitation 
treatment is of the utmost importance to counteract 
hypotension, hypocalcaemia, hyperkalaemia, acidosis, 
and renal failure, especially in patients at risk of 
reperfusion syndrome.

If irreversible muscle necrosis has occurred before 
surgical release, patients are at risk of seeding of necrotic 
muscle carrying bacteria that could lead to systemic 
eff ects. If necrotic muscle becomes infected, repeated de-
bridement is needed, and amputation might be necessary 
if the infection cannot be controlled. This compli cation, 
therefore, creates a clinical dilemma of whether or not 
fasciotomy should be performed if time of onset of acute 
extremity compartment syndrome is unclear.

Missed compartment syndrome might have legal 
consequences. Bhattacharyya and Vrahas104 identifi ed 
several risk factors for unsuccessful defence against 
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malpractice claims, including documentation of 
neurological compromise without subsequent action, 
poor communication between doctors, the number of 
cardinal signs, and increased time to fasciotomy. 
Common sense might lead physicians and patients to 
believe that a delay in diagnosis is due to abnormal 
presentation and symptoms, but inadequate training and 
poor communication seem to represent important risk 
factors for missed diagnosis, although no prospective 
research has been done to confi rm the role of any factors.

The potential to salvage any viable muscle often 
outweighs the risks of fasciotomy in patients with delayed 
presentation of acute extremity compartment syndrome. 
Only if acute extremity compartment syndrome has 
clearly been missed and symptoms have been present for 
longer than 24–48 h without evidence of muscle function 
in the aff ected compartments should non-surgical 
management be applied. In such cases, care should 
comprise supportive measures, such as adequate 
hydration, pain control, and splinting, to counteract the 
development of fi brosis and contractures.

The systemic eff ects of missed acute extremity 
compartment syndrome with associated muscle 
necrosis might include notable increase in myoglobin 
concentrations. Renal failure might develop due to 

acute tubular necrosis in response to severe 
myoglobinuria.105 In severe cases, hyperkalaemia and 
the development of metabolic acidosis can lead to 
cardiac arrhythmia or failure, which could ultimately 
result in loss of life. In these cases, urgent debridement 
of necrotic muscle is important to minimise metabolic 
insult and prevent further systemic complications.

Conclusions and future areas of research
Acute extremity compartment syndrome is a surgical 
emergency with potentially devastating sequelae. 
Accurate and timely diagnosis is of the utmost 
importance. Intracompartmental pressure should be 
measured in patients thought to be at risk of acute 
extremity compartment syndrome or in those who are 
non-compliant or unconscious (fi gure 5). Scientifi c 
investigations should focus on improving diagnostic 
tools for acute extremity compartment syndrome, as at 
present only indirect measures of tissue hypoxaemia 
and impending tissue necrosis are available. Future 
research should also aim to identify thresholds for 
treatment in adults and children with acute extremity 
compartment syndrome to eliminate the occurrence of 
late-onset and long-term sequelae while minimising the 
risk of overtreatment.

Figure 5: Proposed clinical treatment guidelines
ACES=acute extremity compartment syndrome. Δp=diastolic blood pressure – intracompartmental pressure.

Patient exposed to possible cause of ACES 

High clinical suspicion of ACES Call for surgical consultation

Non-surgical measures and reassessment 
in 30 min

Call for surgical consultation for 
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No evidence of ACES

Patient unconscious, obtunded, uncooperative, sedated, has 
received regional or epidural anaesthesia, or has distracting injuries

Low clinical suspicion of ACES 

Non-surgical measures and serial 
reassessment

Clinical reassessment in 30 min

Clinical diagnosis of ACES Intracompartmental pressure >30 mm Hg, 
Δp<40 mm Hg, or both

Condition worsens
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