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Acute compartment syndrome of the thigh:
diagnosis and management

Uylugun akut kompartman sendromu: Tani ve tedavi
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Objectives: The purpose of this study was to review our
experience with compartment syndrome (CS) of the
thigh and to provide guidelines for its management.

Patients and methods: The study included 10 cases of
thigh CS in seven male patients (mean age 26 years; range
17 to 47 years). The mechanisms of injury included trauma
due to a motor vehicle accident, sports injuries (n=2), blunt
trauma, crush injuries (n=2), and after intramedullary nail-
ing of a femur fracture. Four patients developed CS of the
ipsilateral leg, of whom two also had CS of the ipsilateral
foot. Three patients had bilateral CS of the thighs, two of
whom also had bilateral CS of the legs. One patient had
acute CS of the forearm. Decision for fasciotomy of the
thigh was based on clinical evidence for tense compartments
with elevated compartment pressures, increased need for
analgesia, and pain with passive range of motion. All
wounds were treated with delayed primary closure. The
mean follow-up was one year (range 3 to 36 months).

Results: Associated morbidities included rhabdomyoly-
sis in four patients, of which one progressed to acute
renal failure. Three patients developed deep vein throm-
bosis. At fasciotomy, there was evidence for muscle
necrosis in two patients. One patient had hematoma. One
patient sustained an injury to the superficial femoral
artery. The mean length of stay was 30 days (range 7 to
43 days). Upon discharge, five patients had intact neu-
rovascular status. Two patients had a foot drop, one with
bilateral, which did not resolve at three years’ follow-up.
All patients underwent multiple debridements, ranging
from 2 to 39 including definitive wound closure.
Conclusion: Emergent fasciotomy and release of affect-
ed compartments minimize morbidity and future compli-
cations.
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Amag: Bu calismada uyluk kompartman sendromu (KS)
ile ilgili deneyimlerimizi gozden gecirmek ve tedavisi
icin kilavuz olusturmak amaglandi.

Hastalar ve yéntemler: Calismaya, 10 uylugunda KS
gelisen yedi erkek hasta (ort. yas 26; dagilim 17-47) alin-
di. Yaralanma nedenleri motorlu tagit kazasi, spor yara-
lanmasi (n=2), kiint travma, ezilme (n=2) ve intramediil-
ler civilemeden sonra gelisen femur kirigiydi. Dort hasta-
da ayni taraf bacakta KS vardi; bunlarin ikisinde ayni ta-
raf ayak da etkilenmisti. Ug hastada uyluk KS’si iki taraf-
liyd1; bunlarin ikisinde ayaklarda da iki tarafli KS vardi.
Bir hastada kolda da akut KS saptandi. Uyluk fasyotomi-
si karari, artmis kompartman basinciyla birlikte gergin
kompartman gosteren klinik bulgulara, yiiksek derecede
analjezi ihtiyacina ve pasif hareket acikliginda agr1 varli-
gina dayanilarak verildi. Yaralarin primer kapatilmasi da-
ha sonra yapildi. Ortalama takip siiresi bir y1l (dagilim 3-
36 ay) idi.

Bulgular: Eslik eden morbidite olarak dort hastada rab-
domiyoliz saptandi; bunlarm birinde akut renal yetmezlik
gelisti. Ug hastada derin ven trombozu goriildii. Fasyoto-
mide, iki hastada kas nekrozu bulgularina rastlandi. Bir
hastada hematom vardi. Bir hastada yiizeyel femoral ar-
ter yaralanmasi goriildii. Ortalama yatig siiresi 30 giin
(dagilim 7-43 giin) bulundu. Taburculuk sirasinda bes
hastada norovaskiiler sorun yoktu; iki hastada ise, birin-
de iki tarafli olmak iizere diisiik ayak gelisti. Bu durum
tic yillik takip sirasinda da diizelmedi. Tiim hastalarda,
primer yara kapanmasi da dahil birden fazla debridman
(dagilim 2 ile 39) uygulandi.

Sonug: Acil fasyotomi ve etkilenen kompartmanlarin
gevsetilmesi morbidite ve sonraki komplikasyonlar1
onemli derecede azaltmaktadir.

Anahtar sozciikler: Kompartman sendromu/tani/cerrahi; fasya/
cerrahi; uyluk/cerrahi.
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Since the thigh has greater capacity for expansion
before its contents become restricted, it is an
unusual site for compartment syndrome.”" A
review of the available English literature demon-
strated that acute compartment syndrome of the
thigh is limited to only a few series and several
case reports."”*"" Compartment syndrome of the
thigh occurs in association with femur fractures,
strenuous exercise, blunt trauma, vascular injury,
compression of the thigh, prolonged positioning,
total joint arthroplasty, and the use of military anti-
shock trousers."”""™ We report our experience
with 10 thigh compartment syndromes in seven
patients and present our guidelines for the treat-
ment of acute compartment syndrome of the thigh.
The purpose of our clinical series was to further
the understanding of the diagnosis and treatment
of acute compartment syndrome of the thigh.

PATIENTS AND METHODS

Bellevue Hospital Center is a regional trauma cen-
ter that receives patients from all five boroughs of
New York City. During the period from March
2000 to July 2003, 10 cases of thigh compartment
syndrome in seven patients were diagnosed and
treated. All patients were males with an age range
of 17 to 47 years (mean age 26 years).

The mechanisms of injury included trauma sus-
tained during a motor vehicle accident, sports
injuries (n=2), blunt trauma, crush injuries (n=2),
and after intramedullary nailing of a femur fracture
(Table I). Associated injuries included superior and
inferior pubic rami fractures, an ankle fracture, a

facial fracture, and a tear of the lateral collateral lig-
ament of the knee. Compartment syndromes in the
buttocks, legs, and feet were also noted. Four
patients developed compartment syndrome of the
ipsilateral leg, of whom two also developed com-
partment syndrome of the ipsilateral foot. Three
patients had bilateral compartment syndrome of the
thighs and two of these had bilateral compartment
syndrome of the legs, as well. One patient developed
acute compartment syndrome of the forearm.

Diagnosis

The diagnostic criteria for compartment syn-
drome included clinical evaluation and pressure
monitoring. Upon evaluation, swelling and the
tense appearance of the skin of the thighs were
noted. The basic metabolic panels and creatine
phosphokinase values were followed (Table II).

All patients initially evaluated at our institution
were able to cooperate with the primary examina-
tion in the emergency ward. All patients had increas-
ing pain and swelling in the affected thigh. Painful
passive range of motion of the knee was noted in
two patients. Two patients had decreased sensation
in the affected leg, probably due to sciatic nerve
palsy in the thigh or peroneal nerve palsy in the leg.
Both of these patients had compartment syndrome
of both the thigh and the leg. All patients had palpa-
ble distal pulses. Pressure measurements were per-
formed once in the anterior, posterior, and medial
compartments of the thigh. Fasciotomies were per-
formed in patients in whom measured pressures
were greater than 40 mmHg and less than 30 mmHg
difference from the diastolic blood pressure.

TABLE |
Injuries sustained by patients with thigh compartment syndrome
Case Age Mechanism Injury Side of thigh Associated
(years)  of compartment compartment
injury syndrome syndromes
1 47 Motor vehicle Femur fracture Right Right forearm
accident
2 34 Building collapse Crush injury Left Left leg, left foot
3 17 Motor vehicle Postoperative femur Left Left leg
accident fracture after
intramedullary nailing
4 23 Extreme exertion Extreme exertion Bilateral None
5 38 Building collapse Crush injury Bilateral Bilateral buttocks
Bilateral legs, bilateral feet
6 18 Blunt trauma during  Blunt trauma Left Left leg
rugby play
7 23 Extreme exertion Extreme exertion Bilateral None
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TABLE Il
Creatine phosphokinase levels (U/l)

Case Admission Peak Last DVT
1 414 1,639 65 —
2 61,100 66,800 146
3 505 8,860 4,030
4 735 851 113 -
5 2,476 30,000 66 -
6 1,587 1,587 346 +
7 58,700 58,700 686 -

DVT: Deep vein thrombosis

Treatment

Emergent fasciotomies were performed in all
patients in whom acute compartment syndrome
was diagnosed. Decision for fasciotomy of the thigh
was based on clinical evidence for tense compart-
ments, increased need for analgesia, and pain with
passive range of motion. Of these criteria, the deci-
sion for fasciotomy was mainly based on the pres-
ence of a tense thigh with elevated compartment
pressures. In all cases, fasciotomies of the anterior,
posterior, and medial compartments of the thigh
were performed using two incisions. The first inci-
sion was made laterally and dissection was per-
formed to the intermuscular septum through which
the anterior and posterior compartments were
released. The second incision was made medially to
decompress the medial compartment. All wounds
were treated with delayed primary closure. The
necessity for further irrigation and debridement as
well as skin grafting was based upon clinical assess-
ment of the wound. Three cases were complicated
by rhabdomyolysis, of which one progressed to
acute renal failure. Patients with rhabdomyolysis
were treated with vigorous intravenous hydration,
usually with normal saline. The patient with acute
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renal failure was treated with aggressive intra-
venous hydration with alkalinized fluids for a target
urine pH of greater than 7.

RESULTS

There were no mortalities. Associated morbidities
included rhabdomyolysis in four patients, includ-
ing one with acute renal failure. Three patients
developed deep vein thrombosis. Of these, two
patients had deep vein thrombosis in the ipsilater-
al and contralateral legs, respectively.

At initial fasciotomy, there was evidence for
muscle necrosis in two patients. One patient had
hematoma. One patient sustained an injury to the
superficial femoral artery which was repaired by
vascular surgeons.

All patients underwent multiple debridements,
ranging from 2 to 39 including definitive wound clo-
sure (Table III). One patient (Case no. 6) initially had
release of only the anterior and medial compartments
because the posterior compartment showed no evi-
dence for compartment syndrome. However, the next
day of surgery, he complained of increased pain in
the ipsilateral leg and posterior thigh and was found
to have a tense leg and posterior thigh. Pressures
measured in the operating room were elevated and
fasciotomy of the leg and the posterior compartment
of the thigh were performed. Upon release of the pos-
terior compartment, a hematoma was found.

The average length of stay ranged from 7 to 43
days, with an average of 30 days. Upon discharge,
five patients were noted to have intact neurovascular
status. Two patients had a foot drop, one with bilat-
eral, which did not resolve at three years” follow-up.
In both, compartment syndrome developed in the
ipsilateral thigh and leg so it could be attributed to
sciatic nerve palsy in the thigh or peroneal nerve

TABLE Il
Surgical data of the patients
Case Vascular Muscle Hematoma Skin Total no. of
injuries necrosis graft surgeries
1 - - - + 2
2 - + + + 6
3 + - - - 2
4 - - - - 2
5 - + - + 39
6 - - + - 6
7 - - - - 2
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palsy in the leg. One patient had decreased range of
motion of the knee secondary to stiffness that devel-
oped as a result of fasciotomies in the entire lower
extremity. His range of motion was approximately
full extension to flexion of 60 degrees. After manipu-
lation under anesthesia at three months, the patient
regained flexion of his knee to approximately 90
degrees. The final follow-up averaged one year
(range 3 to 36 months). Those having foot drop
showed no improvement in neurological function.

DISCUSSION

Acute compartment syndrome of the thigh is a rare
occurrence. Unlike the forearm or lower leg, the
thigh has much larger compartments that allow for
greater increases in volume before the compart-
ment pressures become critical.*"

The thigh has three compartments-anterior,
medial, and lateral (Fig. 1). The septa of the anteri-
or compartment are the most rigid, followed by the
septa surrounding the lateral compartment. The
septa of the medial compartment are the least
rigid.” According to Kahan et al.," the strong septa
and positional vulnerability of the anterior com-
partment of the thigh may account for a higher
susceptibility to acute compartment syndrome.

Data regarding the incidence of compartment syn-
drome in the thigh are sparse. Thigh compartment
syndrome has been associated with strenuous exer-
cise, femur fractures, and contusions."””"™ In the
largest series to date reported by Mithofer et al.,” 15
of 29 thigh compartment syndromes, and in another
series of 21 thigh compartment syndromes reported
by Schwartz et al,” 10 were associated with femoral
fractures. In our series, only one compartment syn-
drome was associated with an acute femur fracture.
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Fig. 1. Cross-sectional view of compartments of the thigh
(With permission from Dr. Eric Kubiak).

It is important to diagnose compartment syn-
drome early for prevention of further muscular and
neurologic injury. A sensory deficit is a useful sign in
diagnosing compartment syndrome the leg or the
forearm, because the deficit may help isolate the par-
ticular compartment involved.” However, since the
nerves of the thigh are not confined to one compart-
ment, a sensory deficit may not be a reliable marker.
Classically, the patients present with tense compart-
ments and pain out of proportion to the injury. Pain
may also exist on passive range of motion of the
knee, but this finding can be confounded by a con-
comitant femur fracture. The presence of distal puls-
es does not eliminate a possible diagnosis of com-
partment syndrome since compartment pressures
are rarely high enough to occlude a major artery.
Schwartz et al.” also recommended repeated clinical
examinations when the patient is awake and able to
cooperate. Swelling and tenderness may be the only
clinical signs. Indeed, Mithofer et al.” reported that
the most reliable clinical finding in the awake patient
was a tensely swollen, excessively painful thigh.

When the clinical examination is equivocal
because the patient is unable to cooperate or has
multiple injuries, the use of adjunctive diagnostic
techniques such as compartment pressure measure-
ment is recommended.”** However, rather than
establishing a pressure threshold, continuous moni-
toring to observe the trend of tissue pressure mea-
surements may be more valuable.*'*" Therefore, an
elevated compartment pressure alone may not be
the definitive indicator of a compartment syn-
drome. Allen et al." demonstrated that a compart-
ment syndrome might be transient. In such a case,
the compartment pressures rise but do not remain
elevated, with no residual effect. Allen et al."™ sug-
gested six hours as the period before which perma-
nent damage could occur from elevated compart-
ment pressures. Our institutional protocol is to per-
form one set of compartment pressure measure-
ments if the clinical evidence, such as a tense thigh,
is suggestive of acute compartment syndrome.
Repeated pressure measurements are a considera-
tion if the clinical criteria are borderline.

Thigh compartment syndrome is a unique entity.
A tense compartment, pain with passive range of
motion, and increasing pain are important clinical
signs in the thigh as well as elsewhere in the extrem-
ities for compartment syndrome. However, because
of the increased capacity of the thigh versus the leg or
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the forearm, there is the potential to perform repeat
monitoring before surgery is absolutely indicated.

Measuring compartment pressures is useful in
deciding which patients require operative interven-
tion. Whitesides et al."” reported on three cases in
which the clinical signs of a compartment syndrome
were present (i.e. lack of pulses, pain on passive range
of motion, and decreased sensation) in the absence of
elevated compartment pressures. All three patients
recovered from their respective deficits without
undergoing a fasciotomy. Mubarak et al.” reported
that measuring compartment pressures also helped
distinguish neurapraxia resulting from direct trauma
from that resulting from compartment syndrome. In
their series, all patients who had neurapraxia attrib-
utable to direct trauma, as verified by normal com-
partment pressures, were spared a fasciotomy and
recovered fully within 12 weeks. All patients diag-
nosed as having neurapraxia resulting from compart-
ment syndrome underwent immediate fasciotomies
and recovered fully within the first week.

Fasciotomy is indicated when clinical signs of
compartment syndrome are present with increased
compartment pressures.” A standard threshold pres-
sure has not been established, but values above 40
mmHg should be considered suspicious.***"*"”
Diastolic blood pressure can also be used as a refer-
ence, with concerning compartment pressure levels
occurring within 10 to 30 mmHg of the diastolic
blood pressure. When compartment syndrome is sus-
pected, emergent fasciotomy is critical. Irreversible
injury to muscles and nerves has been shown to begin
after five to six hours of ischemia in animal studies."”

The patient’s history, physical examination, and
compartment pressures may support the decision to
operate in the case of a suspected compartment syn-
drome. Although full recovery from fasciotomies for
thigh compartment syndrome has been reported,
these surgical interventions are not without compli-
cations."""**"" Winternitz et al."” reported greater
peak torques of the involved versus uninvolved
thigh muscles at 18 months upon postoperative
muscle function testing. After fasciotomy, the seque-
lae include decreased flexion, decreased sensation,
and decreased motor strength.” Certainly, if there is
an underlying femur fracture, many of the sequelae
can be due to that. However, Mithofer et al.” report-
ed that patients with isolated thigh compartment
syndrome had a lower incidence of complications,

Eklem Hastaliklan ve Cerrahisi - Joint Dis Rel Surg

including myonecrosis and need for skin graft, than
those with associated injuries. They suggested that
the thigh musculature was able to tolerate greater
compartment pressures than other areas of the body.

A review of the literature also showed a variable
number of compartments upon which a fasciotomy
was performed. Several authors performed fas-
ciotomy of only a single compartment with no
adverse results reported in the remaining compart-
ments.”*” However, we recommend decompres-
sion of all clinically suspected compartments. As
seen in one patient (Case no. 6), compartment syn-
drome can develop in another compartment of
thigh even after fasciotomy of the other two.

Reviewing our experience with thigh compart-
ment syndrome and the cases documented in the
literature allows us to make several conclusions
regarding its management.

Thigh compartment syndrome can be due to
diverse etiologies, including fracture, crush injury,
blunt trauma, exertion, and after intramedullary
nailing of the femur. Of note, a case of acute com-
partment syndrome of the thigh in our series
occurred after intramedullary nailing of the femur.
Schwartz et al.” reported approximately one per-
cent incidence of thigh compartment syndrome
after closed intramedullary nailing of the femur,
hypothesizing that this was due to a combination
of a decreased volume secondary to reduction of
the fracture and increased pressure secondary to
hemorrhage and edema.

Clinical examination, especially a tense and
painful thigh, can further aid in the diagnosis. Lack of
pulses usually indicates a vascular injury and should
not be used to diagnose compartment syndrome.
Measurement of compartment pressures assists in
confirming the diagnosis. Absolute compartment
pressures of greater than 40 mmIg or within 30
mmHg from the diastolic blood pressure are recom-
mended thresholds for fasciotomy. These are the
compartment pressures that we use based upon rec-
ommendations in the literature. An associated com-
partment syndrome in the same extremity should
also be looked for, especially with crush injuries.

From the time of admission, hematocrit, elec-
trolytes, and creatine phosphokinase levels should
be serially monitored. In our series, four of seven
patients had rhabdomyolysis secondary to com-
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partment syndrome, and one progressed to acute
renal failure. The need for renal dialysis and med-
ical management should be kept in mind.

The use of prophylactic anticoagulation is rec-
ommended since nearly half of the patients in this
series developed deep vein thrombosis.
Fasciotomies were performed immediately after
diagnoses, with decompression of all three com-
partments. Wounds were left open for future
debridements with V.A.C. dressings (KCl, San
Antonio, TX). Multiple subsequent procedures are
needed to clean and close the wounds.

In conclusion, we have developed institutional
guidelines based upon our experience with acute
compartment syndrome of the thigh for its diagnosis
and treatment. First, the mechanisms of injury that
can lead to acute compartment syndrome of the thigh
must be recognized. Second, upon initial evaluation,
the presence or absence of the signs and symptoms of
acute compartment syndrome must be ascertained.
Third, serial blood urea nitrogen, creatinine, and cre-
atine phosphokinase measurements should be fol-
lowed. Although acute compartment syndrome of
the thigh is primarily a clinical diagnosis, it is impor-
tant to measure compartment pressures. This should
be performed in a sterile fashion, preferably in the
operating room, so that fasciotomy of the thigh can
be performed without delay. Indeed, the clinical find-
ings should dictate the need for surgery and the com-
partment pressures should be used as confirmation.
Finally, wounds should be left open to allow for
future irrigation and debridements before secondary
closure and coverage. Patients should return to the
operating room every 48 to 72 hours for irrigation
and debridement followed by closure or coverage.
Use of the V.A.C. dressing is routine at our institution
to reduce edema and aid in wound closure.

The limitations of our study include the small
series of patients, its retrospective nature, and the
varying type of initiating factors for the compart-
ment syndrome. Future studies could include a
prospective design on the predictive value of the
clinical criteria versus laboratory values and com-
partment pressure measurements in diagnosing
acute compartment syndrome of the thigh.
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