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ABSTRACT

Acute compartment syndrome (ACS) is a surgical emergency that requires early diagnosis and fasciotomy. ACS occurs when
the pressure within a compartment exceeds the perfusion pressure resulting in muscle ischemia, nerve injury and eventually
contractures. ACS usually occurs after trauma, commonly involving a fracture and is more common in men. ACS is a surgical
emergency often encountered by the orthopedic surgeon, which can have potentially severe consequences if there is a delayed
or missed diagnosis. Physicians should be vigilant and have a very high index of suspicion in patients at risk of developing
ACS and a low threshold for performing fasciotomy. A review of the literature was done with the aim of determining the
progress that has been made regarding the diagnosis and treatment of ACS. Various diagnostic methods along with potentially
upcoming alternative methods were presented, which may aid in the early diagnosis of ACS as well as raise awareness so that
further research can be carried out. In the future, further research should be aimed at validating alternative noninvasive and
continuous diagnostic modalities as the preliminary results from various studies have shown promise. Research should also be
aimed at discovering other treatment options besides fasciotomy that could achieve similar therapeutic benefits. At this point,

early fasciotomy remains the only effective management of increased compartment pressures in ACS.
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BACKGROUND

cute compartment syndrome (ACS) remains a
Adiagnostic challenge today even with technological

advances, where time to diagnosis is a determinant
of the outcome. ACS occurs when the pressure within a
closed muscle compartment exceeds the perfusion pressure
resulting in ischemia and is most commonly seen after a
traumatic event, especially involving fractures; hence, it is
commonly encountered by orthopedic surgeons.!'?!

The consequences associated with delayed or missed diagnosis
of ACS includes muscle necrosis which can potentially lead
to rhabdomyolysis and renal failure in the short term and later
on results in ischemic contractures, hence, being previously
known as Volkmann contracture.?# Volkmann ez al. described
the consequences of increased compartmental pressures

as a result of ACS, which he subsequently noted nerve
deficits of the involved compartment and the development
of contractures.! Due to the devastating consequences
associated with ACS, patients presenting with features highly
suspicious for the syndrome have to be treated urgently with
fasciotomy. This immediately releases the compartment
pressures and restores myoneural perfusion./>>¢

The first reported fasciotomy for ACS was by Petersen Ueber,
in 1888."! Later, in 1914, Murphy noted that the increased
compartment pressures found in ACS could be due to the
collection of necrotic debris and hemorrhage, whereas Peterson
noted that it was due to inflammation and arterial occlusion
back in 1888. However, both authors had similar viewpoint
concerning the treatment of ACS that fasciotomy was necessary
to prevent nerve injury and contracture development.l’-89
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EPIDEMIOLOGY

ACS is a condition where its outcome is dependent on the
time to diagnosis and it can easily go undetected, especially
in trauma patients. The incidence of ACS has been reported to
be 7.3/100,000 in males and 0.7/100,000 in females; it is more
common in males with an average age of 32.!'! McQueen
also found that 36% of adults with tibial diaphyseal fracture
developed ACS as compared to 3% with tibial plateau or
femoral fracture and 23.2% of adults developed ACS after
soft tissue injury. Tibial fractures are the most common cause
of ACS. It was previously assumed that open fractures would
have allowed for decompression of the compartment.Tibial
diaphysis fractures are the most common cause of ACS with
blunt soft-tissue injury being the second most common cause.
It was previously assumed that open fractures would have
allowed for decompression of the compartment. A study by
DeLee showed that 6% of patients with open tibial fractures
and 1.2% of patients with closed tibial fractures developed
ACS. Whereas there was no difference in the incidence of
ACS between open and closed tibial fractures in a study by
McQueen ef al. because there was no change in the absolute
tissue pressure.['%!112!

PATHOPHYSIOLOGY

ACS occurs when there is increased pressure within a
non-compliant compartment (i.e., fascia), leading to a loss of
the perfusion pressure gradient. Based on literature research,
the arteriovenous pressure gradient theory seems to be the most
accepted theory. As the pressure within a compartment increases,
it decreases the venous outflow and causes the arterioles to
collapse when the arterial pressure is not great enough to
overcome compartment pressure.!'3%! Tissue perfusion or local
blood flow is directly proportional to the difference between
venous pressure and arterial pressure.'”? The injuries resulting
from ACS is due to ischemia and is determined by the duration
of ischemia and the types of muscle fibers involved. There are
two types of muscle fibers, slow twitch (or Type 1, red muscle
fiber) and fast twitch (or Type 2, white muscle fiber). Slow-
twitch fibers (such as the leg’s anterior compartment) rely
more on aerobic metabolism and would be more susceptible to
ischemia as opposed to fast-twitch fibers (such as the calves)
which rely on anaerobic metabolism.!'16.171

DIAGNOSIS

ACS is a diagnosis that should be made overtime on the
basis of serial physical examinations and continuous
compartmental pressure measurements.!'*?% The traditional
findings of ACS include the “6 P’s” that is pain, paresthesia,
poikilothermia, pallor, paralysis, and pulselessness,
but solely relying on these findings for diagnosis can
be misleading if equivocal. One of the most important

prognostic factors is the time to diagnosis of ACS and the
time to surgical intervention, they are essential in preventing
tissue necrosis and permanent damage. Hence, physicians
must maintain a high index of suspicion in patients at risk of
ACS. Limited access to the necessary equipment to measure
compartment pressure may have delayed diagnosis and
potentially increased morbidity and mortality, which can
be the case in some countries or institutions. Diagnosing
ACS in unconscious or pediatric patient can also pose an
additional challenge, and we cannot rely solely on physical
examination, they require the measurement of compartment
pressure. Compartment pressure is approximately 8 mmHg
in adults and approximately double (13—-16 mmHg)
in pediatrics, and it is reported that a sustained high
compartment pressure for 6-8 h or more results in
irreversible tissue damage. Renal failure and sepsis
secondary to wound management are usually the cause of
mortality in these cases. This necessitates patient with ACS
being worked up for rhabdomyolysis, specifically those due
to trauma. These patients should have serial measurements
and trending of creatine phosphokinase, urine myoglobin,
electrolytes, and renal function studies.!'$2123

Intracompartmental pressure (ICP) monitoring
There are various equipments available for the measurement
of ICP which includes handheld needle manometer, Stryker
needle with side port, and a regular needle with an arterial
line setup (arterial line manometer).?*?! The handheld
needle manometer required the injection of saline to ensure
patency, but this technique could generate falsely high
readings and potentiate an impending ACS.**) The arterial
line manometer was found to be most accurate device to
measure the compartment in a study compared the three
previously mentioned devices.?! Most research suggests
that the pressure threshold that determines when fasciotomy
should be performed is 30 mmHg although some find this
controversial. Most research suggests that the pressure
threshold that determines when fasciotomy should be
performed is 30 mmHg although some find this controversial.
Hence, they developed the Delta pressure to be used as an
indication for fasciotomy, this is the difference between the
diastolic pressure and the compartment pressure. A delta
pressure value of less than 30 mmHg is a strong indicator
that fasciotomy should be performed emergently. Measuring
all muscular compartments is necessary and not just simply
measuring the compartment at the highest risk. A common
pitfall is assuming that patients with open fractures already
have a decompressed compartment,[?3-2427-311

Alternative methods
Near-infrared spectroscopy (NIRS)

NIRS is non-invasive, continuous and is based on absorbing
light in the near-infrared spectrum detecting changes in the
amount of muscle hemoglobin and myoglobin.**3?! NIRS
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includes ultrasonic devices and laser Doppler flowmetry,
which can be applied to the management of ACS because
infrared light passes relatively easy through the skin
and bone and is absorbed differently by hemoglobin and
oxyhemoglobin.?? NIRS is capable of measuring tissue
oxygenation up to approximately 2—3 cm below the skin.[*

Intramuscular (IM) pH monitoring

There is a role of IM pH monitoring in the diagnosis of ACS.
Skeletal muscle pH is amore direct measure of tissue compromise,
and therefore, could provide a reliable, early warning system for
diagnosing ACS. A study by Elliott reported the higher specificity
in measuring IM pH which was found to be 80% with pH <6.38
while the specificity in monitoring ICP was found to be 27-30%.
This study suggested that patients with ACS can be identified
early and accurately using IM pH monitoring and subsequently
reduce the morbidity associated with ACS.2634

Green light reflectance photoplethysmography
(G-PPG)

G-PPG is a non-invasive device that detects change in
cutaneous blood flow. There was a comparative study which
compared G-PPG and laser Doppler, using a tourniquet
compression model in the anterior compartment of the
forearm to represent ACS. They found that only G-PPG
detected a significant early reduction in blood flow; however,
further studies still need to be done on patients actually
diagnosed with ACS to determine its statistical as well as
clinical significance.®’ G-PPG could potentially allow for
earlier surgical intervention in those at risk of ACS, especially
in children, unconscious or obtunded patients.

Ultrasonography

A recent study by Miihlbacher et al. explored the use of
ultrasonography to estimate the compartment pressure in the
lower extremity by visualizing and quantifying changes of the
tibia-fascia angle (TFA) in human cadavers. They hypothesized
that the increased pressure following tissue expansion will
shift the fascia away from the anterolateral plane of the tibial
cortex in the anterior compartment.?*® The study found a
linear relationship between change in TFA and ICP; however,
there were several limitations to this study including the use of
cadavers and postmortem rehydration of the cadavers which
may have an influence on pressure.’**” The findings of this
study are too preliminary, and further research should be done
on live subjects; however. the technique would be a great non-
invasive alternative if proven to be clinically significant.

MANAGEMENT

ACS is a surgical emergency and fasciotomy has remained
the accepted standard of care achieving decompression of
all the compartments within the extremity which restores

blood flow.*8#1 It is commonly done for prophylaxis. The
affected extremity should have all dressing or restrictive
materials (such as cast) loosened or removed, and it should
be kept at the heart’s level to prevent decreased arterial flow
and narrowing of the arteriovenous pressure gradient, blood
should be collected to establish baseline measurements.”)

FASCIOTOMY

ACS is a surgical emergency treated in the operating room by
performing fasciotomy; however, bedside fasciotomy under
conscious sedation has been proposed as well. This procedure
although it decreasing the ICPs and prevents the devastating
effects of ACS is associated with major complications such
as infections, contracture, and wound closure complications
such as requiring skin grafting. Initially, fasciotomy of the
lower extremity was done through a single lateral incision
with fibulectomy; however, later, the two incision approaches
were adopted (i.e., anterolateral and posteromedial incisions)
to achieve better fascial release.**-4>2°%3 [n the two incision
approaches, one incision is made between the tibial crest and
the fibula head, while the other incision is made posterior to
the medial border of the tibia. The viability of the muscles
should be assessed and any non-viable tissue should be
excised. Viable muscle has a pink color and contracts when
stimulated. This approach also reveals the periosteum and
tendons which should be kept moist to avoid desiccation
of the tissue and infection.[?*2426431 Fasciotomy of the upper
extremity, i.e., the forearm does not require the release of all
compartments because they are not completely independent
of each other. The forearm is the second most common
location for ACS and has 3—4 compartments which are volar,
dorsal, and mobile wad.[13:1444:4]

CONCLUSION

ACS isasurgical emergency often encountered by the orthopedic
surgeon, which can have potentially severe consequences ifthere
is a delayed or missed diagnosis. Physicians should be vigilant
and have a very high suspicion in patients at risk of developing
ACS and a low threshold for fasciotomy. In the future, further
research should be aimed at validating alternative non-invasive
and continuous diagnostic modalities as the preliminary results
from various studies show promise. Research should also be
aimed at discovering other treatment options beside fasciotomy
that can achieve similar therapeutic benefits.

At this point, early fasciotomy remains the only effective
management of increased compartment pressures in ACS.
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