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Acute compartment syndrome

sion would lead to irreversible ischemic damage

to muscles and peripheral nerves. 

Conclusion: acute compartment syndrome is a

surgical emergency. There is still little consensus

among authors about diagnosis and treatment of

these serious condition, in particular about the

ICP at which fasciotomy is absolutely indicated

and the timing of wound closure. New investiga-

tions are needed in order to improve diagnosis

and treatment of ACS.
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Introduction

Compartment syndrome is a painful condition caused

by the increased intracompartmental pressure (ICP)

within a closed osteofascial compartment. It is both

acute and chronic. Acute compartment syndrome

(ACS) is a surgical emergency, and unless the pres-

sure is relieved quickly, necrosis of the soft tissues and

permanent disability may occur. Schwartz et al.1 re-

ported a mortality rate of 47% after ACS of the thigh. It

usually develops after severe injuries such as fractures

or crush injury, but it can occurs after a relatively minor

injury, or it may be iatrogenic2. Usually the leg and

forearm are the most frequently affected, but it can al-

so involves the harm, hand, foot, and buttock (Tab. 1).

The average annual incidence of ACS have been es-

timated form 1 to 7.3 per 100,0003. It occurs more

frequently in male than female. Men were 10 times

more likely to suffer ACS than women. The mean age

is also different, about 30 years for men and 44 years

for women. So the typical patient at risk for ACS is a

man younger than 35 years of age, involved in a high

energy trauma resulting in a tibial shaft fracture4.

The aetiology and pathophysiology of ACS

Several studies showed that fractures are the most

common cause of ACS, accounting for about 69-75%

of cases5,6. Lower-leg acute compartment syndrome

has been reported in 2 to 9% of tibial fractures6.

It is important to remind that, contrary to the common

belief, there is no difference between the ACS of

open and closed fractures7. Many surgeons think that

open fractures naturally decompress the compart-
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Summary

Background: acute compartment syndrome (ACS)

is one of the few true emergencies in orthopedics

and traumatology. It is a painful condition caused

by the increase interstitial pressure (intracompart-

mental pressure – ICP) within a closed osteofascial

compartment which impair local circulation. It oc-

curs most often in the legs, but it can affects also

the arms, hands, feet, and buttocks. It usually de-

velops after a severe injury such as fractures or

crush injury, but it can also occurs after a relative-

ly minor injury and it may be iatrogenic. Uncom-

mon causes of ACS have been also described, that

suggest surgeons to pay great attention to this se-

rious complication. Diagnosing ACS is difficult in

clinical practice, even among expert surgeons.

Currently, the diagnosis is made on the basis of

physical examination and repeated ICP measures.

ICP higher than 30 mmHg of diastolic blood pres-

sure is significant of compartment syndrome.

Once diagnosis is made, fasciotomy to release

the affected compartment should be performed as

early as possible because delayed decompres-
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Diagnosis

Diagnosing ACS is difficult in clinical practice, and

even among expert surgeons there is great variability

in the criteria for ACS. A recent study showed that

the incidence of fasciotomy varied from 2 to 24%,

highlighting the variability of surgical indications and

the inconsistency in the clinical diagnosis11. Current-

ly, the diagnosis is made on the basis of physical ex-

amination and repeated ICP measures, while a

method for the accurate and reproducible diagnosis

of ACS, especially in the polytraumatized and co-

matose patients, has yet to be developed12.

Usually, 5 “P” are associated with ACS, Pain, Pares-

thesia, Pallor, Paralysis, and high intra-compartment

Pressure. Numbness, tingling and paresthesia are

early signs13. Pain is severe and disproportionate to

the injury or surgery, it is not relieved by painkillers

and morphine, and it is worsen by passive stretch of

compartment muscles. But in the late stages of ACS

pain can be absent. Paresthesia indicates early nerve

ischemia, which progresses to anesthesia without in-

tervention. Paresis/paralysis are late features which

may indicate both nerve and muscular lesions. Pulse-

lessness is not a diagnostic criteria because periph-

eral pulses are usually present also when an high

compartment pressure is diagnosed. It is important to

remind that symptoms should not be considered in-

isolation but they must be interpreted in light of the

patient’s personal risk. For example, a 20-year-old

man with a tibial fracture complaining only a dispro-

portionate pain should be evaluated with a high index

of suspicion, because the likelihood ratio of such a

patient developing ACS has been estimated at ap-

proximately 25%, assuming a prevalence of 5%14.

Measurement of the ICP is an important tool for diag-

nosis, and compartment pressures higher than 30

ment and may not be as prone to compartment syn-

drome as closed fractures. But the small fascial tears

that usually result from open fractures do not ade-

quately decompress the compartment.

Soft tissue without fractures and vascular injuries are

other important causes of ACS.

Rhabdomyolysis has been reported to be associated

with ASC in as much as 23% of cases in some se-

ries3. Once tissue necrosis occurs, inflammation and

soft tissues welling determine the increase in ICP.

Vascular injuries can also cause ACS secondary to

compartmental ischemia. Injuries to the popliteal

artery have a particularly high incidence of ACS8. In-

flammatory response to the initial ischaemic insult

can start pressure rises, which can be exacerbated

by reperfusion. It is thought that reperfusion starts an

inflammatory response against the breakdown prod-

ucts of ischaemic tissue, causing cellular and tissue

oedema9.

Several theories have been proposed to explain the

pathophysiology of ACS.

Circulation of blood from high pressure arteries to

low pressure veins is dependent on the pressure dif-

ferential between these vessels (arteriovenous gradi-

ent - Δp).

When Δp gradient diminished, the rates of delivery of

oxygenated arterial blood and drainage of deoxygenat-

ed venous blood decrease. Slow or decreased venous

drainage results in the extrusion of fluid into the third

compartment, causing tissue oedema, which exacer-

bates the ICP rise.This establishes avicious cycle,

which leads to the collapse of the lymphaticsvesels and

eventually of the arterial supply leading to ischaemia

and irreversible necrosis. Nerve symptoms such as

paraesthesia and tingling begin as early as 30 minutes

from the onset of ischemia and irreversible damage

may occur as early as 12 hours post-onset10.

Table 1. Anatomical compartments and surgical approaches.

Anatomical region Compartments Surgical approach

Forearm Three: volar, dorsal, lateral. Volar incision.

The volar compartment is the most frequently involved. Dorsal incisions.

Hand Ten: Two longitudinal incisions over 2nd

Hypothenar, and 4th metacarpals.

Thenar, Longitudinal incision radial side of

Adductor pollicis, 1st metacarpal.

N.4 dorsal interosseus, Longitudinal incision over ulnar side

N.3 palmar interosseus. of 5th metacarpal.

Carpal tunnel decompression.

Thigh Two: anterior and posterior Single lateral incision.

Leg Four: Two incisions, medial and lateral, of

Anterior, a minimum of 15 cm.

Lateral, Some surgeons propose a singular

Posterior (superficial and deep). lateral approach.

Foot Nine: Two dorsal incision, dorsomedial

Medial (abductor hallucis and flexor hallucis brevis) and dorsolateral.

Lateral (abductor digiti minimi and flexor digiti minimi brevis) A single medial incision is used by

N. 4 interosseus some authors to release all nine

N. 3 central (superficial, central and deep) compartments.



mmHg of diastolic blood pressure is significant of

compartment syndrome7. Mubarak in 1976 showed

that high ICP sustained for 6-8 hours results in irre-

versible soft tissue damage15. Many authors currently

agree that ICP should be compared with systemic di-

astolic pressures (Δp)16. Even if threshold of Δp at

which surgical intervention is warranted is quoted to

be between 30 mmHg and 45 mmHg according differ-

ent authors, hypotensive patients with ICPs higher

than 20 mmHg have an high risk of ACS. Conversely,

Park et al.17 did not find any statistically significant

association between diastolic pressure and ACS.

Non-invasive imaging techniques for determining ICP

have been also proposed. These include near-in-

frared spectroscopy (NIRS) ultrasonic devices and

laser Doppler flowmetry12. NIRS measures local soft

tissue oxygenation approximately 2 to 3 cm below to

the skin, and it could provide continuous monitoring

for intracompartmental hypoxia18. It could be a sensi-

tive and specific monitor of muscle compartments

pressures since tissue oxygenation is inversely corre-

lated with increasing ICP. In an animal study Garr et

al.19 showed that NIRS was a superior predictor of

neuromuscular dysfunction than compartment perfu-

sion pressure.

More recently, it was seen to be effective in differen-

tiated between adequately perfused lateral compart-

ments and poorly perfused deep posterior compart-

ments even in an unresponsive hypotensive pa-

tient20. Unfortunately this case series involved only

3 patients. These non-invasive techniques may be

also particularly useful in paediatric injuries21. How-

ever, some limitations exist with the use of NIRS,

such as effects of skinpigmentation and subcuta-

neous fat. But Collinge and Kuper22 in their prospec-

tive study comparing different compartmental mea-

suring devices reported that no single measurement

should be used for determination for or against per-

forming fasciotomy, recommending the necessity of

clinical correlation.

If regional anesthesia can delay the diagnosis of ACS

is still debated23,24. Recent researches shows that is-

chemic pain is largely unaffected by regional anes-

thesia and that there is no evidence of an association

between a peripheral nerve block with a delayed or

missed diagnosis of compartment syndrome25.

Management of ACS

Initial management involves removing any casts or

dressings overlying the limb. An animal study showed

that just cutting the cast reduced ICP by a mean of

65% with an additional 10-20% reduction after the

padding was cut26. However, after removing the cast

the patient should be closely examined, and the limb

should not be elevated but maintained at heart level to

perfuse the compartment10. If clinical condition does

not improve, fasciotomy is indicated as an emergency

procedure to decompress the compartments and pre-

vents irreversible ischemic damage to muscles and

peripheral nerves27 (Fig. 1). Mubarak and Hargens28
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suggest that fasciotomy is indicated in normotensive

patients with positive clinical findings and with ICP

higher than 30 mmHg, in uncooperative or uncon-

scious patients with ICPs greater than 30 mmHg, and

in hypotensive patients with ICPs greater than 20

mmHg. When the fasciotomy is performed, an incision

large enough to adequately decompress all the com-

partments is mandatory (Figs. 2, 3). Prophylactic fas-

ciotomy has been proposed by some authors6. But

this procedure is not without major complications such

as infections and wound closure complications. Fur-

thermore the absence of well conduced randomized

control trials made prophylactic fasciotomy a proce-

dure that should be weighed heavily. Surgical decom-

pression is not always indicated if the compartment

syndrome has been evident for more than 48 hours

and no evidence ex ists of retained function of the

components within the compartment29. Fasciotomy is

usually performed in the operating room under gener-

al or regional anesthesia, but recently bedside fas-

ciotomy under conscious sedation and local anesthe-

sia has also been proposed in selected cases30.

The timing of wound closure is still debate in litera-

ture. Delaying closure for about seven days allows

wound edges approximation at closure. The wound

edges need to be frequently irrigated and debrided

before final closure, and skin graft may be useful31.

Dover et al.32 reported better results with healing by

secondary intention, followed by delayed primary clo-

sure and skin grafting, even if the number of patients

who heal by secondary intention was smaller than oth-

Figure 1. Medial and lateral incisions for leg fasciotomy.

Figure 2. Surgical approach to decompress forearm com-

partments. The incision should also allow decompression

of the carpal tunnel.



ers groups (6, 39 and 15 patients respectively). Than

better results have been reported by patients who re-

ceived delayed primary closure of the wounds after 8

to 14 days from fasciotomy compared to patients

whose wounds were closed after more than 14 days.

Primary direct wounds closure is rarely performed and

in a systematic review of literature only 15% received

primary closure while most patients (59%) received

delayed primary closure of the fasciotomy incision33.

Uncommon causes of ACS

Uncommon causes of ACS have been described, that

highlight the importance of early diagnosis and treat-

ment of these rare conditions.

Isolated vascular injury without fractures is an unusu-

al cause of ACS. Gluteal compartment syndrome re-

sulting from injury to the superior gluteal artery is ex-

tremely rare. Only few case reports have been report-

ed after high-energy road traffic accidents, but it may

occur also after a relatively minor trauma34. Common

femoral vessel injury without femoral fracture is an-

other rare cause of ACS of the thigh35.

Anticoagulation therapy and all pathologies that impairs

blood coagulation and increase the risk of hemorrhage

may cause ACS. In fact, it has been reported after low-

impact trauma in patients under anticoagulation thera-

py36 and in patients affected by haemophilia37,38. A

case of lower limb ACS in a patient under anticoagula-

tion therapy for multiple pulmonary embilism and deep

vein thrombosis have also been described39.

The aetiology of ACS can also be iatrogenic. Trans-

radial angiography and intervention can result in com-

partment syndrome if the radial artery perforates and

bleeds40, but also cases probably secondary to arteri-

al spasm resulted in ischemia of the forearm muscles

without artery ruptures was reported41.

In extremely rare cases no cause have been found

for ACS after extensive medical investigation as in

the case of a young 31-year-old lady who developed

bilateral compartment syndrome of the forearm42.

Conclusion

Acute compartment syndrome is one of the few true

emergencies in orthopedic traumatology, and it is a

potentially devastating complication. Necrosis of the

soft tissues and peripheral nerves damage may occur

if the pressure is not quickly relieved. Despite new re-

search and articles discussing novel diagnostic tools,

clinical examination is paramount. The importance of

early diagnosis and intervention is emphasized with

observations that early fasciotomy is the only effec-

tive treatment to prevent permanent disabilities. Rare

causes of ACS have been reported in literature,

which underline the difficulty in clinical diagnosis and

the importance of high clinical suspicion and careful

clinical examination. New investigations into reliable

methods of diagnosing acute compartment syndrome

are needed as well conduced prospective, random-

ized trials comparing prophylactic and therapeutic

fasciotomy.
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