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NOTE: As with any case study, the results and outcomes should not be interpreted as a guarantee or warranty of similar results.

Individual results may vary depending on the patient’s circumstances and condition.

A BRIEF REVIEW OF ACUTE
COMPARTMENT SYNDROME
Compartment syndrome was first described by
Richard von Volkmann first in 1881,

There are two main types of compartment
syndrome: acute and chronic 2.

Acute compartment syndrome (ACS)
occurs when the tissue pressure within a
closed muscle compartment exceeds the
perfusion pressure and results in muscle and
nerve ischemia. It typically occurs subsequent
to a traumatic event, most commonly after
prolonged vascular obstruction (arterial,
venous or both) due to either intrinsic
peripheral vascular disease or extrinsic
(compressive) pressure, blunt trauma (e.g. a
closed extremity fracture, although it can also
be occasionally present in an open extremity
fracture as well) 3.

The events leading to acute compartment
syndrome begin when the tissue pressure
exceeds the venous pressure and impairs
blood outflow. Lack of oxygenated blood
and accumulation of waste products result
in pain and decreased peripheral sensation
secondary to nerve irritation”®. These various
etiologic events create a setting of decreased
circulation leading to local tissue ischemia,
cellular apoptosis and the release of various
agents (cytokines, intracellular potassium,
end products of necrotic striated muscle, such
as myoglobin)®. This toxic milieu leads to the
formation of edema of adjacent cells, increased
extracellular fluid within the compartment
due to several mechanisms (such as venous /
lymphatic obstruction / insufficiency which
synergistically causes an increase in the
pressure of the compartment. This results in

insufficient blood supply to muscles and nerves.
Acute compartment syndrome is a medical
emergency that requires surgery to correct.

If untreated, the lack of blood supply leads to
permanent muscle and nerve damage and can
result in the loss of function of the limb™.

COMMON SIGNS AND SYMPTOMS
OF ACUTE COMPARTMENT
SYNDROME

The first and most common clinical signs
of compartment syndrome are numbness,
tingling and loss of two-point discrimination
and paresthesia®™™. These are known as the.
five Ps (pain, pallor, pulselessness, paralysis
and paraesthesia). This author would add
poikiliothermia (a cool near room temperature
extremity that is present in delayed
presentations) as a sixth clinical sign.

Paresthesia in the distribution of the nerves
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traversing the affected compartment has

also been described as relatively early sign of

compartment syndrome, and later is followed

by anesthesia™™.

Pain is usually ‘out of proportion’ to the
injury requiring increasing doses of strong
opiates. The pain is commonly a deep, burning
type, which worsens with passive stretching of
the muscles in the compartment. Pain out of
proportion to the injury" and ‘pain with passive
stretching of the muscles in the compartment’
are the earliest, most reliable indicators of ACS™®.

In severe trauma or when the patient is
unconscious pain may, however, be difficult to
assess. Pain is also subjective and has a poor
sensitivity" 8.

Loss of function and decreased pulses or no
pulses on physical examination are late clinical
manifestations.

+ Pain is reported early in most cases.

The patient will often describe a deep,
persistent, diffuse pain out of proportion
with the physical examination .The pain is
aggravated by passive flexion and extension
of the involved muscle group within the
compartment and responds poorly to
analgesic agents.

+ Paresthesia of the affected limb is common.

+ Paralysis of the limb is a late finding.

* The compartment may feel tense and firm on
physical examination. On inspection the skin
may appear swollen, shiny; bruising of the
skin may also be present.

+ Congestion of the digits with prolonged
capillary refill (greater than 2 seconds) time
is common.

+ Aloss of pulses occurs late if the artery being
examined is contained within the affected
compartment.

DIAGNOSIS OF ACUTE
COMPARTMENT SYNDROME

ACS is a clinical diagnosis; early recognition
and emergent surgical intervention are
associated with the best clinical outcomes™ ™.

Once the clinical diagnosis has been made,
the treatment is emergent surgical fasciotomy.

When in doubt (e.g. poor clinical exam,
obtunded / non- communicative patient), a
measurement of the intra-compartmental
pressures can be done at the patient bedside
or in the operating room. Utilizing aseptic
technique a puncture site is selected from an
area within 5-6 cm from the site of injury into
the relevant compartment. Commercial devices
such as the Stryker monitor may be used (e.g.
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Side-ported needle

Digital pressure reading display

Figure 1: Stryker Monitor
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Figure 2: Mercury Manometer System

Equipment

® Two |8-gauge simple or spinal needles
® Two plastic extension tubes

® One 20-ml. syringe

® One three-way stopeock

® One vial of sterile normal saline

® One mercury manometer

Equipment

® One 18-gauge simple or spinal needle
® High-pressure tubing

® Pressure transducer with cable

® Pressure monitor

® Sterile saline

® “Two three-way stopcocks
® One 20-mL syringe

Figures 1-3 from: CORE EM, Anand Swaminathan, MD

Stryker monitor®, Fig.1) or a transducer can be
fashioned from standard hospital equipment
such as the Mercury Manometer System
(Whitesides method, inaccurate /overestimates
compartment pressure (Figure 2)%, or Arterial
Line System (in vitro excellent correlation
between actual pressure / measured pressure
(Figure 3) which can be assembled from supplies
typically found in the Emergency Room?,

All compartments in the affected limb
should be measured *.Inconclusive readings
should be rechecked along with a serial
physical exam.

The normal intra-compartmental pressure

® Transducer stand that allows variable adjustments in height

Figure 3: Arterial Line System

is 10 mmHg?®. Hargens et al. in his study

in the dog model described the absolute
intra-compartmental pressure values of

30 mmHg, 45 mmHg and 50 mmHg “as the
critical threshold above which circulation is
compromised". Based on multiple animal
models, 30 mmHg has been shown to be

the earliest threshold in which blood flow is
impeded and the fascia of the involved muscle
group is maximally stretched®2¢.

INDICATIONS FOR FASCIOTOMY
Fasciotomy wounds contribute to increase

in-patient length of stay and can present a

difficult reconstructive challenge. Once the



Figure 4.

Figure 5. Fig 4,5 show ischemic upper extremity
compartment syndrome due to venous and arterial
outflow compression.outflow compression.

Figure 6.

compartment pressure has been relieved, the
wound should be closed as quickly and early as
possible to avoid further complications. Skin
grafting carries its' own inherent morbidity
with cosmetic considerations at both the donor
and fasciotomy site and increased metabolic
healing burden to the patient. Primary closure
results in @ more functional and esthetic
outcome with less morbidity for the patient,
but can often be difficult to achieve secondary
to edema, skin retraction, and skin edge
necrosis? %,

Wall* further defined the indications for
fasciotomy:
1. Clinical signs of acute compartment
syndrome
2. Absolute compartment pressure > 30 mm Hg
3. Perfusion pressure < 30 mm Hg

Figure 7. 17 y.o. Female Heroin addict was found
unconscious with her left leg dangling over a chair.
No other co- morbidities. The patient underwent
fasciotomy, after popliteal artery thrombectomy.

In arecent retrospective study by Zannis J1,
Angobaldo J et al. the authors summarized
their experience. Their series included 458
patients who underwent 804 fasciotomies. Of
these, 438 received exclusively standard V.A.C.°
Dressings, 270 received only normal saline
wet-to-dry dressings, and 96 were treated
with a combination of both. Of the sample,
408 patients were treated with exclusively
V.A.C.° Therapy or wet-to-dry dressings and
50 patients were treated with a combination
of both. In comparing all wounds, there was a
statistically significant higher rate of primary
closure using the V.A.C.® Therapy versus
traditional wet-to-dry dressings (P < 0.05
for lower extremities and P < 0.03 for upper
extremities). The authors found that the time to
primary closure of wounds was shorter in the
V.A.C.°® Therapy group in comparison with the
non-V.A.C.° Therapy group.

This study shows that the use of the VAC
for fasciotomy wound closure results in a
higher rate of primary closure versus traditional
wet-to-dry dressings. The authors also noted
that the time to primary closure of wounds and
the time to skin grafting were shorter when
V.A.C.® Therapy was employed.

The use of V.A.C.® Therapy in this series
was found to decrease length of hospital stay,
allowed for earlier rehabilitation, and ultimately
lead to increased patient satisfaction?®.

In a study by Yang et al. the authors
reviewed the records of a consecutive series of
34 patients who had compartment syndrome
of the leg requiring the standard two-incision
release of all four compartments and received
the application of VAC therapy until the time
of definitive wound closure or coverage. A
matched series of 34 consecutive antecedent
patients with the same entry criteria, except
for the use of the VAC, were also studied and
served as a control group. The main parameter
measured was the time to “definitive closure”
(delayed primary closure with sutures or skin
graft coverage) of the wounds. Of the 68
wounds in 34 patients managed with V.A.C.®
Therapy, the average time to definitive closure
for both the lateral and the medial wounds was
6.7 days. For the 70 wounds in the 34 control
patients, the average time to definitive closure
was 16.1 days. This difference in time to wound
closure between the V.A.C.® Therapy group and
the non-V.A.C.® Therapy group was statistically
significant (p < .05). The authors concluded
“sub atmospheric treatment for compartment
syndrome of the leg after fasciotomy
theoretically increases resolution of tissue
edema that are components of this clinical entity.
Experimental work has shown vacuum-assisted
wound management to be effective in hastening
the resolution of wound edema, enhancing local
blood flow, promoting granulation tissue, and
thwarting bacterial colonization. These factors
may account for its utility in the management
of fasciotomy wounds in the setting of
compartment syndrome of the leg."?

Figure 8. STSG treated with Tisseel™

Tisseel is a trademark of Baxter Healthcare Corporation

Figure 9. Application of V.A.C.° Therapy
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Figure 10. V.A
100% Graft

> Therapy removed on POD 5.

CONCLUSION

There are currently numerous techniques
described in the literature that attempt to
optimize wound closure following fasciotomy
including simple elevation through strict
adherence as described by Bengezi and Vo.*
Each has its advantages and optimal clinical
indications. Although ideal, primary and
or definitive closure of fasciotomy wounds
continues to be a challenge due to multiple
factors (e.g. difficult anatomical topography,
edema). The literature shows that with the use
of VAC therapy primary / definitive closure can
more frequently be achieved. This brief review
of the literature suggests that the application
of negative pressure therapy is versatile,
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efficient, and cost effective and could be an
important part of a surgeon’'s armamentarium.
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