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Abstract

Case: We describe a case of delayed presentation of compartment syndrome in the anterior aspect of the thigh in a high
school athlete. The patient had sustained a blow to the thigh 8 days prior to presentation, and had continued to practice
football in the setting of undiagnosed coagulopathy. He presented with severe thigh pain and the inability to contract the
thigh muscles.

Conclusion: A high index of suspicion for compartment syndrome is indicated for patients with disproportionate pain,
especially in the setting of relatively minor trauma. Underlying coagulopathy should be investigated in patients with

compartment syndrome because there is a high incidence of bleeding disorders in this population.

condition that traditionally has been described as a
result of high-energy trauma associated with fracture
of the femur, gunshot wounds, crush injury, and reperfusion
injury"?. There are limited reports in the literature of thigh
compartment syndrome from closed blunt traumatic injury’”
or exercise”®. We report a case of delayed presentation of
compartment syndrome of the thigh after blunt trauma and
continued exercise in a patient with a previously undiagnosed
coagulopathy.
The patient and his parent were informed that data
concerning the case would be submitted for publication, and
they provided consent.

C ompartment syndrome of the thigh is a relatively rare

Case Report

healthy 16-year-old Caucasian male high school football

athlete presented with 3 days of worsening thigh pain. He
had sustained a direct blow to the anterior aspect of the thigh
from another player’s knee during a football game 8 days prior to
presentation. He initially had noted pain to the thigh, but no
ecchymosis or swelling, and this quickly had resolved. He had
returned to play with renewed pain and had last participated in
practice 3 days prior to presentation. That evening, he had no-
ticed worsening pain and swelling in the thigh. The pain esca-
lated to the point that he had difficulty walking and required the

use of a crutch. Two days prior to admission, he presented to an
outside emergency department. Radiographs were negative for
fracture, and he was discharged home. The subsequent day, he
presented to a different emergency room, and computed to-
mography (CT) was performed. A large thigh hematoma was
visualized (Fig. 1), and he was transferred to our emergency
department.

Upon presentation, the patient was admitted by the pe-
diatric surgery department for serial compartment examina-
tions. The clinical condition became worse, and the orthopaedic
surgery department was consulted. On evaluation, there was
substantial fullness of the anterior aspect of the thigh com-
partment, decreased knee range of motion (0° to 20°), extreme
pain with passive flexion of the knee, grade 1 of 5 quadriceps
motor strength and the inability to contract the thigh muscles,
and decreased sensation to light touch over the anterior aspect of
the thigh. Distally, he had normal sensation to light touch in all
distributions of the foot, and grade 5 of 5 gastrocnemius-soleus
complex, tibialis anterior, and extensor and flexor hallucis lon-
gus motor strength. The pedal pulses were palpable and sym-
metric with the uninjured side. He had severe pain with even
minor movements of the lower extremity. On laboratory eval-
uation, hemoglobin levels were normal, and prothrombin time
(PT) and activated partial thromboplastin time (aPTT) were
mildly elevated. The pain did not improve, despite an extensive
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Fig. 2

Fig. 1 CT of the right lower extremity demonstrating a large hematoma in the anterior and proximal aspects of the thigh. Fig. 2 Intraoperative photograph

demonstrating a laterally based incision for decompression of the anterior compartment of the thigh, with visible bulging of the vastus lateralis through the

incision.

amount of oral and intravenous medications. Based on clinical
examination and imaging findings, the diagnosis of compart-
ment syndrome was made. Because an operating room was
available immediately, compartment pressure monitoring was
deferred to prevent further delay of treatment. After discussing
the risks of surgery and obtaining informed consent, the patient
immediately was taken to the operating room for a right thigh
fasciotomy.

We performed a standard lateral approach to the anterior
compartment of the thigh. After incising through the iliotibial
band, the bulging quadriceps muscle immediately extruded
through the wound (Fig. 2). All of the muscle was thoroughly
examined and was determined to be viable. The posterior and
medial compartments were not released because of a low index
of suspicion for their involvement, both clinically and intra-
operatively. During surgery, the patient had an increased
amount of oozing, but bleeding was controlled with electro-
cautery. The wound was left open and packed with wet-to-dry
dressings. Postoperatively, the patient had immediate relief,
and the pain was easily managed with oral medications.

Based on the slightly elevated PT and aPTT as well as
intraoperative observation of increased bleeding, the hema-
tology service was consulted; additional coagulopathy testing
was initiated. The results of testing for the most common
coagulopathies (factor VIII, factor IX, von Willebrand factor
[VWF], and vWF antigen) were normal.

The patient was taken back to the operating room 2 days
later for closure of the wound. The postoperative course was
complicated by sanguineous oozing from the surgical wound,
even after closure, and symptomatic anemia. Transfusion with 3
units of packed red blood cells (PRBCs) was performed over the
next 2 days, without appropriate response of the hemoglobin

levels. Additional testing for more rare forms of coagulopathy was
performed, and the patient was found to have a deficient level of
factor VII (14% of normal). Transfusion of recombinant factor
VII was initiated in addition to 2 more units of PRBCs, and the
hemoglobin levels and symptoms began to respond. By post-
operative day 4, the hemoglobin levels had stabilized. Ultimately,
he was discharged on a regimen of factor-VII replacement.
After discharge, the patient’s course was complicated by a
superficial methicillin-resistant Staphylococcus aureus surgical
site infection. This was treated with surgical irrigation and de-
bridement and oral antibiotics. After treatment, he had no ad-
ditional complications. At the 2-month postoperative visit, he
was doing very well, had regained full quadriceps strength equal
to the contralateral side, and was walking without difficulty. At
1 year and 3 months postoperatively, he had no limitations, full
quadriceps strength equal to the contralateral side, symmetric
thigh circumference, and no limp. He elected to stop playing
football because of the increased bleeding risk, and switched to
basketball without limitations. He has since undergone elective
removal of wisdom teeth and was given factor-VII replacement
in the perioperative period. At 1 year and 5 months postopera-
tively, he was admitted to the hematology service for observation
of a calf hematoma after a basketball game. He did not develop
compartment syndrome, and the hematoma improved with rest,
use of a compressive wrap, and administration of factor VII.

Discussion

Acute compartment syndrome is defined as the elevation
of intracompartmental pressure to a high enough level

and for an adequate duration that will cause tissue ischemia

and necrosis™'’. Compartment syndrome is one of the true

orthopaedic emergencies, and timely diagnosis is crucial™'"".
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TABLE | Most Common Inherited Bleeding Disorders*>*2®

LATE PRESENTATION OF THIGH COMPARTMENT SYNDROME IN AN
UNDIAGNOSED FACTOR VII-DEFICIENT ATHLETE

Laboratory
Values
Prevalence in General -

Deficient Factor/Disease Name Inheritance Population aPTT PT Treatment

VWF/von Willebrand disease Types 1 and 2: AD 1in 100 + - Desmopressin

Type 3: AR Aminocaproic acid
Tranexamic acid

Factor VIlI/hemophilia A X-linked 1in 5,000 + - Factor-VIIl concentrates

Factor IX/hemophilia B X-linked 1 in 30,000 + - Factor-IX concentrates

Factor VI AR 1 in 500,000 - + FFP, factor-VII concentrates, PCC

Factor V AR 1in 1,000,000 +/— +/— FFP

Factor X AR 1in 1,000,000 +/— +/— FFP, PCC

Factor XII AR 1in 1,000,000 + - FFP

Fibrinogen AR 1in 1,000,000 + + Cryoprecipitate

Prothrombin AR 1in 2,000,000 + + FFP, PCC

Factor XIII AR 1in 2,000,000 - - Cryoprecipitate/factor-Xlll concentrates
*aPTT = activated partial thromboplastin time, PT = prothrombin time, AD = autosomal dominant, AR = autosomal recessive, FFP = fresh-frozen
plasma, and PCC = prothrombin complex concentrates.

Many factors can confuse or delay diagnosis, including a de-
layed presentation, a lack of fracture or crush injury, an unusual
anatomic location, and a lack of known coagulopathy or use of
anticoagulation medications"*'"",

The most common locations for compartment syn-
drome are the tibia and the forearm; the thigh is less commonly
involved™*'*">. The thigh comprises 3 (anterior, medial, and
posterior) large osteofascial compartments that allow for a
greater amount of swelling prior to neurovascular compro-
mise”. For this reason, patients may present hours, or even
days, after the initial injury with increased pain and swelling of
the affected thigh.

Compartment syndrome of the thigh is largely a clinical
diagnosis. Common symptoms include pain out of proportion
to the injury, pain with passive stretching of the compartmental
muscles, paresthesias in the distribution of the nerves in the
compartment, and tenseness of the compartment™'. The di-
agnosis can be confirmed with intracompartmental pressure
measurements of >30 mm Hg, or a difference between diastolic
blood pressure and compartment pressure of <30 mm Hg’.
However, compartment pressures are not needed for diagnosis
in the setting of unequivocal examination findings™".

Treatment of compartment syndrome of the thigh remains
controversial, but most authors have advocated for surgical
release™**'>'*** Studies have demonstrated worse functional
outcomes in patients with associated femoral fractures, myone-
crosis at the time of fasciotomy, and a time to decompression of
>8 hours'’. However, there are reports of patients with delayed
presentation, exercise-induced compartment syndrome, or mi-
nor blunt-injury-induced compartment syndrome undergoing
decompression outside of the 8-hour window without resulting
limitations™”"**".

Compartment syndrome of the thigh may be associated
with an underlying bleeding disorder. A literature review dem-
onstrated that 21% of patients with compartment syndrome of
the thigh had coagulation defects’. A similar case involving a
patient with minor trauma and delayed presentation of thigh
compartment syndrome led to a diagnosis of hemophilia B*.
Diagnosis of coagulation disorders is critical for surgical opti-
mization. In our patient, the diagnosis of a factor-VII deficiency
was made after surgical intervention, and the patient continued
to bleed until the factor ultimately was replaced.

Factor-VII deficiency is a rare coagulation disorder, with
an incidence of 1 symptomatic individual per 500,000%. It is
autosomal recessive, with no racial or ethnic predilection®, and
is often diagnosed by unexplained bleeding after surgical pro-
cedures™. Bleeding changes in patients with severe factor-VII
deficiency are commonly manifested by epistaxis, menorrha-
gia, and/or intracranial bleeding episodes during the neonatal
period. Hemarthroses, which are frequently seen in the more
common factor-VIII and IX deficiencies, rarely cause problems
in patients with factor-VII disorders™***. When we exam-
ined further, we learned that our patient had a history of easy
bruising and had had a large scalp hematoma after a minor
snowboarding accident, which had persisted for months de-
spite use of compressive wraps and drainage.

Most other coagulopathies would have presented with
more rapid development of pain, swelling, and obvious bruising
after similar blunt trauma, raising clinical suspicion. Factor-VII
deficiency has been described as a chameleon disease because
of its lack of direct correlation between plasma levels of factor
and bleeding manifestations™*. There are multiple reports of
asymptomatic subjects with severe deficiency (levels <1%), and
reports of severe hemorrhages with more mild deficiencies
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(levels >10%)****. Factor VII is involved in the extrinsic
pathway, and, theoretically, the intrinsic pathway should prevent
bleeding in its absence; however, bleeding problems do occur in
patients with factor-VII deficiency, particularly if the surgical
dissection is of magnitude or if the trauma is complex and
persistent. Perhaps this is because factor VII is not only involved
in the activation of factor X, but may also interact with factors in
the intrinsic pathway. Table I summarizes the most common
congenital bleeding disorders.

Hemostatic control is relatively easy with factor-VII de-
ficiency. Multiple methods, including use of recombinant fac-
tor VII, prothrombin complex concentrate, and fresh-frozen
plasma, have been shown to be efficacious in the mitigation of
abnormal bleeding, even in patients with severe factor-VII
deficiency who undergo major surgery**°"%,

Clinicians must remain vigilant in the detection of com-
partment syndrome, even in uncommon locations. Knowledge
of patient symptoms and clinical examination findings that are
associated with compartment syndrome is crucial for timely
diagnosis. Furthermore, an anticoagulation workup should be

LATE PRESENTATION OF THIGH COMPARTMENT SYNDROME IN AN
UNDIAGNOSED FACTOR VII-DEFICIENT ATHLETE

considered in the setting of compartment syndrome in unusual
locations or when there have been unusual injury mechanisms.
The incidence of undiagnosed coagulopathies in these patient
populations is high and may affect outcomes"*'. A working
knowledge of coagulation defects may affect postoperative care
and prevent additional complications secondary to ongoing
bleeding. ®
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