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Abstract Acute compartment syndrome (ACS) is a surgical
emergency. Diagnosis depends on a high clinical suspicion
and an understanding of risk factors, pathophysiology and
subtle physical exam findings. The typical high risk scenario
for ACS is a male patient younger than 35 years of age,
involved in a high energy sport or roadway collision, result-
ing in a tibial shaft fracture. He will go on to develop acute
compartment syndrome of the leg in less than 10 hours and
require emergent fasciotomy. Diagnosis of ACS in this
patient is primarily a clinical one but can be confirmed with
invasive intracompartmental pressure monitoring or non-
invasive near infrared spectroscopy (NIRS). Delaying the
diagnosis will likely result in some degree of permanent
disability and places the surgeon at high risk for litigation.
This article reviews the salient features of acute compart-
ment syndrome that should be understood by all orthopaedic
residents and surgeons.
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Introduction

Evolving acute compartment syndrome (ACS) is a condition
most orthopaedic surgeons will encounter during their ca-
reer. The diagnosis of compartment syndrome is often based
on subtle changes in symptoms and vague clinical exam
findings. If left untreated, compartment syndrome can be a
devastating injury resulting in loss of function and potentially
loss of limb. The orthopaedic surgeon must have an under-
standing of high-risk patients and injuries, pathophysiology,
natural history, and surgical management. While there are
several facets to the care of the patient with an evolving
compartment syndrome, by reviewing the most common
aspects of this injury and focusing on detection and treat-
ment, we hope to prevent future complications that may
arise. In addition, future directions of non-invasive intra-
compartmental pressure (ICP) monitoring will be offered,
along with the medicolegal aspects of compartment syn-
drome and its impact on orthopaedic surgery. Pediatric
patients can also develop ACS, but their presentation differs
dramatically from that of adults.

Epidemiology

Acute compartment syndrome commonly develops in trau-
matized patients with distracting or neurologically inhibiting
injuries. The physician must have a high degree of suspicion
when treating these patients. Time to diagnosis is the most
important prognostic factor for these patients. Insufficient
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understanding of the natural history and limited evaluation
of signs and symptoms primarily account for delays in
diagnosis. Several risk factors can aid in making the diag-
nosis. Age is a major risk factor for developing ACS.
Patients younger than 35 years of age are more likely than
older patients to develop ACS following the same type of
injury [1]. ACS is most commonly seen in tibial shaft
fractures, accounting for one third of all cases. Isolated soft
tissue injuries account for a quarter of ACS cases and
forearm fractures account for a fifth of them (Table 1).
ACS is ten times more common in males. There is no
difference in incidence of ACS in open compared to closed
fractures. There are a multitude of less common causes of
ACS including snake bites, nephrotic syndrome, IV infiltra-
tions, and other volume expanding disorders [1–5].

Pathophysiology

ACS occurs as a result of two factors occurring in isolation
or simultaneously: an increase in the contents of an enclosed
space (e.g. bleeding) and/or a decrease in the volume of a
space (e.g. tight cast). Compartment syndrome occurs when
the interstitial pressure within the compartment exceeds the
perfusion pressure at the level of the capillary beds. Elevated
intracompartmental pressure (ICP) leads to increased pres-
sure at the venous end of the capillary beds causing in-
creased hydrostatic pressure and further increase in ICP,
eventually leading to arteriolar compression [6]. Loss of
the perfusion pressure gradient results in the onset of ische-
mia and ultimately leads to cellular anoxia and death.

At the cellular level, diminishing ATP levels correlate
closely with worsening muscle necrosis. In a canine study,
after six hours of ischemia, only 20 % of pre-ischemic ATP
remained which led to complete muscle necrosis [7]. Histo-
logic analysis revealed central muscle necrosis with a sur-
rounding zone of partial ischemia and peripheral tissue
edema, often within areas of incomplete injury [8].

Lindsay et al showed that over time ischemia of muscle
results in ATP breakdown. They further suggested that the

degree of energy depletion during ischemia determines the
extent of the ischemic damage [9].

Skeletal muscle is more sensitive to ischemia than other
tissue types [10]. Red muscle fibers (e.g. anterior compart-
ment of the leg), which rely predominantly on aerobic
metabolism, are more vulnerable to ischemia, while white
muscle fibers (e.g. gastroc-soleus complex), which rely pre-
dominantly on anaerobic metabolism, are less vulnerable to
ischemia [11]. Ischemic duration and fiber type are impor-
tant determinants of ischemic injury. The amount of muscle
necrosis can also be influenced by available residual blood
flow and temperature at which ischemia takes place. In-
creased collateral blood flow and decreased ischemic tem-
perature lead to decreased amounts of muscle necrosis [12].
This translates to functional outcomes that are inversely
related to the time to diagnosis and definitive treatment, as
the result of progressive skeletal muscle death [13]. In
summary, the degree of skeletal muscle injury correlates
directly with the severity and duration of ischemia.

Clinical diagnosis

Compartment syndrome is, for the most part, a clinical
diagnosis. It is a diagnosis that is made over time as the
evolution of signs and symptoms are assessed, rather than a
diagnosis made in isolation at a single time point. Serial
examinations should always be performed, preferably by the
same, experienced examiner.

The classic “P’s” described in compartment syndrome are
pain, paresthesia, paralysis/paresis, pulselessness, and pallor
[14]. Although all have a role in the diagnosis of compart-
ment syndrome, the constellation of signs and symptoms
and overall clinical picture are more important than the
presence or absence of any particular finding (Fig. 1).

Pain in ACS is described as out of proportion to the
clinical examination or injury. Pain with passive stretch
and rest pain are both usually present; however, pain can
be absent in established or late-stage compartment syn-
drome. In addition, pain can be absent in the setting of
central or peripheral nerve deficit or regional anesthesia
[15].

Paresthesias are often the first indication of nerve ische-
mia. Altered sensation in the first dorsal web space of the
foot could be the first indication of increased pressure in the
anterior compartment related to ischemia of the deep pero-
neal nerve. If ischemia continues, paresthesia progresses to
hypoesthesia and finally anesthesia.

Paresis or paralysis is often present in ACS but can be
misleading as it could be the result of muscle ischemia,
nerve ischemia, guarding secondary to pain, or a combina-
tion. True paralysis is a late finding indicative of prolonged
nerve compression or irreversible muscle damage.

Table 1 Epidemiology of ACS in adults

91 % of cases are males – average age 32 years

9 % of cases are females – average age 44 years

Tibial diaphyseal fracture 36.0 %

Soft-tissue injury 23.2 %

Distal radial fracture 9.8 %

Crush syndrome 7.9 %

Diaphyseal fracture of the radius/ulna 7.9 %

Femoral fracture 3.0 %

Tibial plateau fracture 3.0 %

Adapted from [1]
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The loss of distal pulses with compartment syndrome is a
late finding. It is rare for compartment pressure to be high
enough to occlude arterial inflow and the absence of pulses
could indicate an arterial injury. In addition, capillary refill
is routinely present even in established ACS. Pallor is only
present if arterial inflow is severely compromised or a
vascular injury is present.

Increased firmness of compartment may be the only
objective finding in developing compartment syndrome;
however, Shuler et al revealed that manual detection of
compartment pressure associated with critical elevations in
ICP is poor, even by senior or experienced surgeons. [16••].

Overall, the absence of symptoms is more useful in
excluding ACS, than the presence of symptoms is in to
diagnosing ACS [2, 17]. (Table 2).

Compartment pressure monitoring

ICP monitoring is a controversial component in evaluating
the patient with suspected ACS. Normal resting ICP is
around 8 mmHg in adults and slightly higher (13 to
16 mmHg) in children [2, 18]. A number of different

techniques have been described for ICP monitoring includ-
ing the slit catheter, the side portal needle (Stryker needle),
and a regular 18-gauge needle with a setup similar to an
arterial line. When compared, there was no significant dif-
ference between compartment pressures measured by slit
catheters and side portal needles. There was, however, on
average a 20 mmHg increase in measured compartment
pressures when using an 18-gauge needle [19].

Compartment pressures also vary by location both within
normal compartments and in relationship to an injury. Seiler
et al demonstrated that there is significant intracompartmen-
tal variability within normal compartments [20] and Heckman
et al showed that ICP measurements also show variability
within an injured compartment. In fact, there is a relation-
ship between ICP and distance from the fracture site. In
closed tibial fractures, 89 % of compartments had the high-
est ICP measured at the fracture site, while 5 % had the
highest pressure measured 5 cm distal to the fracture site,
and 2 % had the highest pressure 5 cm proximal to the
fracture site [21]. This data suggests that all pressure meas-
urements should be performed within all compartments and
at multiple sites within 5 cm distal and proximal to the
injury.

Various compartment pressure thresholds have been de-
scribed as an indication for decompressive fasciotomy. An
absolute value of 45 mmHg was used by Matsen et al, while
Mubarak et al used an absolute value of 30 mmHg[22, 23].
McQueen and Court-Brown reported a prospective clinical
series with continuous compartment monitoring using the
difference between the diastolic blood pressure (DBP) and
measured ICP. If the difference between DBP and ICP was
greater than or equal to 30 mmHg, a decompressive fasciot-
omy was not performed. All patients in this group had
normal muscle function at follow up [24] (Table 3).

Fig. 1 Clinical example of Acute Compartment Syndrome (Right
Leg). Notice the markedly increased swelling compared to the contra-
lateral side, as well as skin changes. This patient was the victim of a
gunshot injury to the leg

Table 2 Diagnosis of Acute Compartment Syndrome Using the Ps
(Pain, Paresthesia, Pain with Passive Stretch, and Paresis)

Sensitivity 13 %-19 %

Positive Predictive Value 11 %-15 %

Specificity 97 %-98 %

Negative Predictive Value 97 %-98 %

Adapted from [17]

Table 3 Intracompartmental pressure (in mmHg) as indicator for
decompressive fasciotomy

ICP>30 Mubarak et al [23]

ICP>45 Matsen et al [22]

ICP 15–25 w/ signs Ouellette [61]
ICP>25 w/o signs

Diastolic BP – ICP<30 McQueen and Court-Brown [24]
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Heckman et al developed a canine model of compartment
syndrome in which irreversible histologic changes with in-
farction and fibrosis were seen in all compartments if tissue
pressures came within 10 mmHg of DBP. No irreversible
changes were seen if compartment pressures were greater than
30 mmHg from the mean arterial pressure (MAP) or greater
than 20 mmHg from DBP. In fact, a mean compartment
pressure of 59 mmHg was tolerated for 8 hours with no
evidence of infarction. This lead to the conclusion that irre-
versible tissue damage from ischemia is directly related to the
absolute difference between compartment pressure and blood
pressure rather than a set ICP [25]. Matava et al similarly used
a canine model and found the threshold for muscle necrosis to
be 20 mmHg less than DBP [26].

Tissue that has been previously subjected to intervals of
ischemia is especially sensitive to increased pressure. Bernot
et al showed that tissue previously compromised by ische-
mia prior to elevated ICP has a lower threshold for meta-
bolic deterioration and irreversible damage. Hypoxic
metabolic changes occurred in postischemic limbs in all
compartments when the difference between MAP and com-
partment pressure was less than 40 mmHg, while previously
normally perfused limbs did not become ischemic until the
difference was less than 30 mmHg [27]. In addition, anes-
thesia can lead to decreased DBP, which is often used to
determine whether or not to proceed with decompressive
fasciotomy.

Patients under general anesthesia or who are otherwise
sedated or obtunded need to be monitored with extreme
vigilance, as most early clinical predictors are unobtainable.
Patients receiving postoperative epidurals for lower extrem-
ity surgery must be followed closely. Patients undergoing
tibial fracture fixation who received postoperative epidurals
are 4 times as likely to develop neurologic complications or
missed compartment syndrome compared to those receiving
only narcotics [28, 29]. In addition to analgesia, epidurals
are known to increase local blood flow secondary to sym-
pathetic blockade and can lead to increased swelling of an
injured limb. Patient controlled analgesia (PCA) and region-
al anesthesia can also contribute to the masking of symp-
toms of a developing compartment syndrome [30].

In the awake and alert patient, compartment syndrome
can be diagnosed based on clinical signs and symptoms with
or without confirmatory intracompartmental pressure data.
In the obtunded, sedated, or unresponsive patient, diagnosis
relies on a high index of suspicion and a low threshold for
compartment pressure monitoring.

Fasciotomy

ACS is an orthopaedic emergency definitively managed in
the operating room. Upon diagnosis, the operating room and

staff should be mobilized promptly. While preparations are
in place for the patient to go to the operating theater, several
non-operative techniques can be utilized to delay the onset
of ischemia and preserve soft tissues. All restrictive dress-
ings should be loosened and removed if possible. The ex-
tremity should be elevated to maximize venous return and
minimize edema. Fracture reduction should be attempted to
limit ongoing soft tissue damage.

The most common surgical approach to ACS of the leg is
two-incision fasciotomy with anterolateral and posterome-
dial incisions. The anterolateral incision is made between
the tibial crest and the fibula to access the anterior and
lateral compartments. It extends from 5 cm inferior to the
fibular head to 5 cm superior to the lateral malleolus. Both
the skin and fascia should be released. The superficial
peroneal nerve is at risk with this incision as it exits through
the fascia approximately 10–12 cm proximal to the lateral
malleolus. The posteromedial incision is made 2 cm poste-
rior to the medial border of the tibia. The deep and superfi-
cial posterior compartments are released via this incision to
access the superficial and deep posterior compartments. In
order to adequately decompress the deep posterior compart-
ment, the soleus insertion must be released. The saphenous
nerve and vein are at risk with this incision as they travel in
the subcutaneous tissue about the anteromedial aspect of the
leg [2].

The single incision fasciotomy is less commonly used but
appears as effective in experienced hands. Maheshwari et al,
in their case series of 58 legs undergoing single incision
fasciotomy, showed that all compartments, including the
deep posterior compartment, can be reliably released
through one incision with excellent outcomes. A longitudi-
nal incision is made in line with the fibula along the pos-
terolateral aspect of the leg from 5 cm inferior to and
superior to the fibular head and lateral malleolus. Large, full
thickness skin flaps are raised and the anterior, lateral and
superficial posterior compartments are released through lon-
gitudinal incisions. The deep posterior compartment is re-
leased at the posterolateral fibular insertion of the lateral
intermuscular septum and incised along its entire length.
Entrance into the deep posterior compartment via this inci-
sion places the peroneal neurovascular structures at risk, as
they course medial to the fibula. Care must be taken to
incise the lateral intermuscular septum at its fibular inser-
tion. Fibulectomy through a single lateral incision was once
a common approach to 4-compartment fasciotomy of the
leg. This technique has fallen out of favor as one and two
incision fasciotomies have been shown to be effective and
less morbid procedures [31].

The forearm is the second most common location of ACS
in both adults and children and many techniques have been
described for fasciotomy of the forearm. The forearm con-
sists of 3 to 4 compartments; volar, dorsal, mobile wad of
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three, and (as recent case reports suggest) the pronator
quadratus may be a separate compartment [3, 4, 32, 33]. In
contrast to the leg, the forearm compartments are not com-
pletely independent from one another. As a result, not all
compartments must be decompressed through their own
fascial incisions, and intra-operative compartment measure-
ments must be utilized [34]. The volar compartment is
decompressed first and several incision patterns have been
described in the literature. The median nerve and radial
artery are very superficial structures;therefore, the distal
aspect of the incision should stay ulnar, so that these struc-
tures are not left exposed in the wound. The volar incision
should always be carried distally in order to release the
carpal tunnel. After releasing the flexor digitorum super-
ficialis, dissection should be carried down to the deep volar
musculature such that the flexor digitorum profundus and
pronator quadratus may be released. Once the volar com-
partment is released, the dorsal and mobile wad compart-
ments’ pressures should be measured as this release is often
sufficient to decompress the remaining compartments. The
dorsal forearm and mobile wad are released through a sin-
gle, straight, longitudinal incision from 3–4 cm distal to the
lateral epicondyle to Lister’s tubercle.

Wound closure

After decompressive fasciotomies are performed, the open
surgical wounds that result must be managed. Primary clo-
sure can be considered, however residual edema, skin re-
traction, and poor tissue quality may preclude closure or
mandate skin closure under tension. Closure most often
takes place in a delayed or staged manner as wounds should
not be completely closed until all necrotic tissue is débrided
and swelling has been controlled.

Countless methods have been described for fasciotomy
wound closures including dermatotraction with vessel loops
or pre-positioned suture. This can lead to increased risk of
wound edge necrosis and increased compartment pressures.
By using this type of progressive closure, multiple trips to
the operating room can be avoided. The avoidance of addi-
tional procedures leads to reductions in the need for anes-
thesia, repeat surgical procedures, nursing care, and length
of hospital stay [35–37].

Negative pressure wound therapy (NPWT) is also very
commonly used in the management of fasciotomy wounds.
A recent retrospective chart review of the use of NPWT in
fasciotomy wound closure revealed that when the NPWT
dressing was compared to traditional wet-to-dry dressing
changes, there were higher rates of primary closure, decreased
times to primary closure, decreased time to skin grafting,
decreased length of hospitalization, decreased time to initia-
tion of rehabilitation, and increased patient satisfaction [38].

Negative pressure wound therapy has also been used in con-
junction with hyperbaric oxygen therapy (HBO) to expedite
healing of fasciotomy wounds. In a limited series, the use of
both a NPWT device and HBO accelerated the reduction of
edema and permitted earlier closure of fasciotomy wounds
[39]. Some techniques have combined pre-positioned derma-
totraction sutures with negative pressure wound therapy [40].

Other novel techniques include the use of a silicon sheet
that can be tightened to suture, serial application of ten-
sioned steri-strips, serial application of tensioned plaster
strips, adhesive skin anchors with bridging elastomer fibers,
and commercially available devices such as the Sure-closure
device which uses tensioned dermal pins [41–45].

There remains a significant morbidity associated with
fasciotomy wounds. Fitzgerald at al detailed wound compli-
cations following closure including painful scars, altered
sensation, dry scaly skin, pruritus, wound discoloration,
swollen limbs, tethered scars, recurrent ulceration, muscle
herniation, and tethered tendons. These side effects led to
patients keeping their wound covered, changing hobbies,
and even changing occupation [46]. Lower extremity fas-
ciotomies, underlying vascular injuries, prophylactic fas-
ciotomies, and an elapsed time from injury to fasciotomy
greater than eight hours all lead to increased wound com-
plication rates. All these factors are associated with in-
creased risk for soft tissue necrosis, wound dehiscence
after closure, skin graft related problems, need for further
débridement, and increased need for skin grafting [47].

Split thickness skin grafting (STSG) is often used when
the wound is thought to be too large to primarily close or
when other methods have failed to close the wound; how-
ever, this necessitates additional procedures and can lead to
insensate areas after grafting, donor site morbidity, and
aesthetically unappealing scarring and graft appearance.

Pediatric compartment syndrome

ACS in the young patient can be difficult to diagnose, leading
to delays. As with adults, the most common location for ACS
in children is the leg. The classic signs and symptoms often
present later in children or are absent all together. Nearly one-
third of patients will present only with pain [13]. Age and
development dictate the child’s ability to comply with physi-
cal examination and communicate pain sensation. The physi-
cian must be exceedingly vigilant in looking for the unique
signs and symptoms generally not seen in adults. These fea-
tures include increasing narcotic requirement, restlessness,
and anxiety. Increasing narcotic requirement may be the first
indication of impending compartment syndrome and may
precede neurovascular changes by up to seven hours. Recent
data from Flynn et al showed that the average time from injury
to diagnosis was 18.2 hours and from injury to fasciotomywas
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20.5 hours [48••]. Another pediatric series from Europe
showed that time from presentation to fasciotomy was 27
hours [49]. Vaillancourt et al reported an average time from
injury to fasciotomy in adult trauma patients of 9.5 hours [50].
These data not only highlight the difficulty in diagnosing ACS
in young patients but also suggest that the evolution of com-
partment syndrome may be a slower process in children as
compared to adults. It also appears that children can tolerate
longer ischemic times with little or no permanent sequelae.

Medicolegal aspects

ACS is one of only a handful of true orthopaedic emergencies
where delayed diagnosis often has limb and life threatening
consequences. Despite the relative frequency with which ACS
is seen by orthopaedic surgeons, the diagnosis is difficult and
leads to delays in definitive management. The evolving med-
icolegal climate in large urban areas where polytraumatized
patients are oftenmanaged definitively has added an additional
layer of complexity to the management of these patients.
Bhattacharyya reviewed all malpractice claims related to
ACS filed with a large insurer over a 23 year period [51]. That
data show that 6 % of all malpractice claims against orthopae-
dic surgeons are related to ACS and greater than 50% are ruled
in favor of the patient. This is significantly greater than the
25 % of overall claims against orthopaedic surgeons that
resolve in favor of the patient. There is also a linear relationship
between the number of cardinal signs and the time from
presentation to fasciotomy and payment size. In addition,
Shadgan et al, suggest that poor communication between
physician, nursing staff and the patient is associated with
unfavorable outcomes [2].

New methods of diagnosis/monitoring

Clinical compartment monitoring is highly variable across
examiners and is not always reliable in the diagnosis of ACS
[16••]. Published reports on the clinical diagnosis of com-
partment syndrome suggest that sensitivity of clinical find-
ings for diagnosing compartment syndrome is low, as is the
positive predictive value. Clinical features of compartment
syndrome are more suggestive in their absence in ruling out
the diagnosis than in confirming the diagnosis by their
presence [17]. In addition, compartment pressure monitor-
ing techniques have shown to vary by user, instrument, and
location. ICP monitoring is also invasive, requiring multiple
needle sticks that give limited data at only one point in time.
Near infrared spectroscopy (NIRS) is a technique that is
both noninvasive and continuous and has been adapted to
aid in the diagnosis of ACS. Monitoring is based on the
transmission and absorption of light in the near-infrared

spectrum at wavelengths that correspond with the absorp-
tion of oxygenated and deoxygenated hemoglobin. Tissue
oxygenation is assessed by comparing the concentrations of
venous blood oxyhemoglobin and deoxyhemoglobin.

Garr et showed an inverse correlation between compart-
ment pressure and oxygenation as well as a correlation be-
tween perfusion pressure and oxygenation in an animal
model. These indicate that oxygenation surveillance by NIRS
may ultimately be an effective tool to monitor patients with
increased compartment pressure and evolving compartment
syndrome [52]. Furthermore, NIRS is able to identify de-
creased tissue perfusion secondary to increased compartment
pressure even in the setting of hypotension and hypoxemia,
making NIRS useful in the setting of critically ill patients [53].

NIRS has been validated in humans as a noninvasive,
continuous technique to evaluate tissue oxygenation. A
human model of compartment syndrome showed that both
tissue oxygenation and compartment pressures significantly
correlated with a decrease in deep peroneal conduction,
cutaneous peroneal sensitivity, and pain. NIRS was shown
to be at least as good as ICP monitoring for detecting
developing compartment syndromes in this particular model
[54, 55].

Multiple case reports have been published detailing the
use of NIRS as an adjunct for continuous lower extremity
perfusion monitoring. Shuler et al published a series on
patients who underwent fasciotomies based on ICP moni-
toring with simultaneous NIRS monitoring. All compart-
ments showed decreasing tissue oxygenation with
decreasing perfusion pressure [56, 57, 58••].

Giannotti et al published a series of case reports on
patients who underwent fasciotomy that showed tissue
oxygenation levels in patients with compartment syndrome
were significantly lower than a matched control group with
lower extremity injuries and no compartment syndrome.
The measured tissue perfusions of the compartment syn-
drome group were also significantly lower than post fasciotomy
values [59].

NIRS has also been used to characterize changes in
perfusion following tibial fracture in patients without ACS,
as compared to subjects’ contralateral extremity and unin-
jured extremities in other controls. A predictable 15.4 %
increase in tissue oxygenation was seen in injured extrem-
ities. A lack in this post-traumatic hyperemia may actually
represent a compartment syndrome even if oxygenation in
the injured leg is equivalent to that in the uninjured extrem-
ity [60].

Conclusion

Compartment syndrome is a potentially devastating condi-
tion and all physicians should remain hypervigilant in their
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monitoring of at risk patients. Late or missed diagnosis of
acute compartment syndrome can be catastrophic; hence
there should be a low threshold for decompressive fasciotomy.
Multiple ICPs have been used as cutoffs for surgical interven-
tion and clinical indicators are proving to be less reliable than
once thought. In the future, new methods of noninvasive and
continuous monitoring of ICP and muscle perfusion should
continue to be studied.

Disclosure RM Taylor: none; MP Sullivan: none; S Mehta: consul-
tant for Synthes, Smith & Nephew; receives payment for lectures from
AO North America, Zimmer, Smith & Nephew.
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