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SCIENTIFIC ARTICLE

Unsuspected lower extremity deep venous
thrombosis simulating musculoskeletal

pathology

Abstract Objective: The purpose of
this study was to highlight the critical
role that MRI may play in diagnosing
unsuspected lower extremity deep
venous thrombosis and to stress the
importance of scrutinizing MRI stud-
ies of the lower extremity showing
apparently non-specific muscle edema
for any evidence of intramuscular
venous thrombosis. Design and
patients: The imaging studies of four
patients in whom deep venous
thrombosis was unsuspected on clin-
ical grounds, and first diagnosed on
the basis of MRI findings, were
reviewed by two musculoskeletal
radiologists in consensus. In all four
patients the initial clinical suspicion
was within the scope of musculo-
skeletal injuries (gastrocnemius strain,
n=3; ruptured Baker cyst, n=1),
explaining the choice of MRI over
ultrasound as the first diagnostic mo-
dality. Results: All patients showed
marked reactive edema in the sur-
rounding soft tissues or muscles.
Three patients showed MR evidence

Introduction

In daily clinical practice deep venous thrombosis is diagnosed
by Doppler ultrasound examination performed on patients
with pulmonary embolism or a clinical history suspicious of
deep venous thrombosis; in this setting a positive diagnosis is
expected. However, patients may present with calf pain
without clear predisposing factors for deep venous thrombo-

of branching rim-enhancing structures
within intramuscular plexuses char-
acteristic of venous thrombosis (gas-
trocnemius, #=1; sural, n=2); one
patient showed a distended popliteal
vein. Ultrasound was able to duplicate
the MRI findings in three patients:
one patient showed above-the-knee
extension on ultrasound; neither of
the two patients with intramuscular
thrombosis demonstrated on ultra-
sound showed extension to the deep
venous trunks. Conclusion: Intra-
muscular venous thrombosis can
present as marked edema-like muscle
changes on MRI, simulating primary
musculoskeletal conditions. In the
absence of clinical suspicion for deep
venous thrombosis, only the identifi-
cation of rim-enhancing branching
intramuscular tubular structures will
allow the correct diagnosis to be
made.

Keywords Magnetic resonance
imaging - Deep venous thrombosis -
Muscle strain

sis, and the clinical suspicion may be directed to alternative
diagnoses, often of musculoskeletal nature.

A low pre-test suspicion of deep venous thrombosis may
lead to opting for an MR examination under the presump-
tive diagnosis of muscle strain. Compounding the initial
misleading impression, reactive muscle edema-like chang-
es may predominate on the MR imaging study and
overshadow the presence of venous thrombosis.
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We noticed this pattern in four patients who were sent for
MR imaging due to a suspicion of a muscle strain or
intraarticular derangement.

Subjects and methods

The medical records and imaging findings of four patients
undergoing MR examinations with a presumptive diagno-
sis of musculoskeletal conditions in the knee or calf were
reviewed. These cases were collected from two different
institutions over the course of 2 years during routine
clinical reading sessions. The group consisted of three men
and one woman with ages ranging from 49 years to
80 years (mean age 52 years). Three of the patients
presented with calf pain, which prompted the referring
physician to obtain an MR examination of the painful calf;
and the fourth patient complained of posterior knee pain
and was sent for imaging with a clinical suspicion of Baker
cyst. An Institutional Review Board waiver was obtained.

Two musculoskeletal radiologists retrospectively re-
viewed the MR imaging studies, reaching consensus as
to the presence of rim-enhancing tubular branching
structures corresponding to distended thrombosed veins.
Ancillary MR criteria used to differentiate thrombosed
from non-thrombosed vascular structures included the
presence of distention, wall thickening, and high signal
intensity on T1- and T2-weighted sequences.

Fig. 1 A 61-year-old male pa-
tient with calf pain. There was
no history of trauma. a Axial,
T2-weighted, fat-suppressed
scan shows diffuse edema signal
in the medial gastrocnemius
muscle. A central round struc-
ture corresponds to a distended
clot-filled intramuscular vein
(arrows). b Coronal, T2-
weighted, fat-suppressed MR
image shows a distended vein
with increased signal intensity
and wall thickening (arrows).
Notice the presence of marked
surrounding muscle edema.

¢ Coronal, T1-weighted, post-
contrast, MR image shows a
tubular, thrombosed, venous
structure with surrounding
enhancement (arrows). d Gray-
scale transverse ultrasound
image at the level of the calf
identifies a non-compressible,
intramuscular, distended vein
with intravascular echogenic
material (asterisk)

Doppler ultrasound examinations were obtained in all
cases within 2 days of the MR study.

MRI was performed on a 1.5 T unit (GE, Healthcare).
Calf imaging protocols were used for three of the patients
and included axial T1-weighted (TR range/TE range 500—
750/10 ms); fat-suppressed, axial T2-weighted (TR range/
TE eff. range 4,650-6,100/80—84 ms); sagittal TI-
weighted (500-550/9 ms); sagittal short-tau inversion
recovery (STIR) (TR/TE eff/TI, 5,650-6,250/52—
66/160 ms); fat-suppressed coronal T2-weighted (3,100—
5,050/70-90 m:s).

All patients received intravenously administered contrast
material and were scanned with post-contrast axial T1-
weighted spin-echo, sagittal spin-echo T1-weighted, and
coronal spin-echo T1-weighted sequences. A phased-array
extremity coil was used in two patients.

Experienced ultrasound technologists performed the
ultrasound studies, and static images were presented to
the radiologist at the time of the interpretation. Compress-
ibility was demonstrated on gray-scale axial scans; flow
was documented with gray-scale and color-Doppler anal-
ysis; 7.5 MHz linear-array probes (Acuson 128 XP,
Mountain View, Calif.,, USA) were used.

The fourth patient underwent MRI of the right knee, also
performed on a 1.5 T magnet (Signa, General Electric
Medical Systems) using a quadrature extremity coil. MRI
protocol incorporated the following sequences: sagittal
spin-echo intermediate-weighted (TR /TE 1,200/20 ms),
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fat-suppressed sagittal and axial T2-weighted (TR/TE eff.,
5,500/65 ms), and coronal fast spin-echo intermediate-
weighted (2,000/35 ms). Post-contrast scans included a fat-
suppressed T1-weighted spin-echo sequence (550/15 ms).

Results

In all cases the presumptive clinical suspicion of muscle
strain (n =3), or intraarticular derangement (n =1), were
proven to be incorrect in view of the MRI results.

A 61-year-old man presented with a complaint of left
calf pain with inability to bear weight. There was no prior
significant medical history. Intramuscular medial gastroc-
nemius thrombosis was shown on MRI and ultrasound

(Fig. 1).

MRI showed marked edema in the medial gastrocnemius
muscle, with a central distended tubular structure showing
peripheral rim enhancement (Fig. 1b,c).

On ultrasound evaluation, a diagnostic non-compress-
ible intramuscular venous structure was demonstrated.
Additionally, no residual flow could be found on color or
spectral Doppler interrogation (Fig. 1d).

A 49-year-old man presented with calf pain and swelling
of 2 weeks’ duration. The presumptive diagnosis was of
muscle strain. However, the patient did not recall any
specific traumatic accident. MRI showed a predominance
of edema-like changes in the soleus muscle, overshadow-
ing the presence of central tubular rim-enhancing intra-
muscular clots (Fig. 2). The results of an ultrasound

Fig. 2 A 49-year-old male pa-
tient presenting with calf pain
and swelling for 2 weeks and no
history of trauma. a Coronal,
T2-weighted, fat-suppressed
image shows marked muscle
edema in the soleus. b Coronal,
T2-weighted, fat-suppressed
image at a deeper plane shows a
tubular low-intensity filling de-
fect within a soleal intramuscu-
lar vein (arrows). ¢ Coronal,
fat-suppressed, post-contrast
image shows tubular branching
structures in the soleus venous
plexus, with surrounding
enhancement at two different
levels (arrows). d,e Two axial,
fat-suppressed, post-contrast
images, corresponding to the
segments of involvement shown
on the coronal post-contrast
image (c), show characteristic,
branching, rim-enhancing
structures (arrows)

performed shortly after the MRI study were reported as
negative.

Neither of these two patients was proven to experience
proximal extension of thrombus into the main venous
trunks of the calf or into the popliteal vein on follow-up
examinations. There was no evidence of pulmonary
embolism at presentation or follow up.

The third patient was a 46-year-old man presenting with
a history reminiscent of a ruptured Baker cyst and
complaining of posterior knee pain. An extensive past
medical history included prostate and stomach carcinoma,
as well as renal lymphoma requiring a left nephrectomy.

The MRI examination demonstrated edema in the
popliteal fossa with a typical filling defect with surround-
ing enhancement, corresponding to the thrombosed pop-
liteal vein (Fig. 3).

The diagnosis was further supported by positive results
from an ultrasound performed 2 days later, demonstrating
thrombosis extending to the superficial and common
femoral veins.

The fourth patient was a 53-year-old woman presenting
with pain in the right calf approximately 2 weeks after total
hip replacement. She had been prophylactically treated
with anticoagulants, which were found to be in the sub-
therapeutic range when she presented.

The MR examination showed edema in the soleus
muscle surrounding distended, branching, tubular struc-
tures (Fig. 4a). On post-contrast MR images rim enhance-
ment around the thrombosed muscular veins was visible
(Fig. 4b).
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Fig. 3 A 46-year-old male patient with pain in the popliteal fossa.
Sagittal, T1-weighted, fat-suppressed, post-contrast (right) MR
image shows a large clot in the popliteal vein (arrows), with
surrounding enhancing edema in the popliteal fossa

Fig. 4 A 53-year-old female patient presenting with calf pain and
swelling 2 weeks after total hip arthroplasty. a Coronal, STIR, MR
image shows marked muscle edema-like changes centered on
thrombosed, duplicated, sural veins (arrows). b Post-contrast, fat-
suppressed, sagittal, T1-weighted, MR image shows enhancement
surrounding tubular filling defects (arrows)

A Doppler ultrasound performed on the same day
confirmed deep venous thrombosis in a muscular branch;
the femoral and popliteal veins were patent.

Discussion

Deep venous thrombosis often forms within the venous
cusps of intramuscular branches. Medially and super-
ficially, there is a mesh of venous structures within the
gastrocnemius muscle (gastrocnemius plexus); at a deeper
plane the sural plexus provides venous drainage for the
soleus muscle.

Muscle edema may be due to multiple etiologies,
ranging from disuse atrophy; diabetic neuropathy or
myopathy [1]; denervation changes [2]; inflammatory and
septic myositis; traumatic strain or tears [3]; myonecrosis
and rhabdomyolysis [4] to delayed-onset muscle soreness
(DOMS) [5]. In the case of denervation or disuse changes,
edema-like changes usually overlap with ensuing marbe-
lization of the muscle, which typically creeps outwardly
from the musculotendinous junction. Edematous changes
in strains tend to have a characteristic feathery pattern
resulting from the orientation of the torn muscle fibers.
However, patterns of edema are, by and large, non-specific
in etiology.

Deep intramuscular thrombophlebitis is not usually a
major diagnostic consideration in patients presenting with a
clinical history of possible muscle strain and marked
muscular edema; rather, the tendency is to favor traumatic
etiologies to explain the presence of edema. In these cases,
identification of rim-enhancing, branching, tubular struc-
tures within the edematous muscles is pathognomonic for
deep-venous thrombosis.

Contrast material administration increases the conspi-
cuity of the findings by bringing out the outlines of the
branching intramuscular structures as a consequence of the
enhancement of vascular walls through vasa vasorum [6].

The clinical management of deep venous thrombosis
isolated to the calf has often been debated, resulting in
different imaging protocols. As an example, a CT scan
from the upper calves to the diaphragm, performed
simultaneously with pulmonary CT angiography to detect
thrombus in the iliac-femoral vessels and/or popliteal vein,
was proposed as a single-test work-up protocol, with the
implicit assumption that thrombosis below the popliteal
vein may be inconsequential [7, 8].

Doppler ultrasound assessment of the deep venous
system below the trifurcation is not generally considered as
crucial as the evaluation for patency of the popliteal vein
and venous structures cranial to it. Macdonald et al.
prospectively followed up with Doppler ultrasound pa-
tients with deep venous thrombosis isolated to deep
intramuscular calf branches without anticoagulation ther-
apy, and in only 16% of cases with thrombus in the soleal
or gastrocnemius plexus was there extension to the
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adjacent tibial or peroneal veins; further, in only 3% of the
cases did the thrombus extend as far up as the popliteal
vein; none showed extension to the deep venous system of
the thigh [9].

However, diagnosing symptomatic cases of intramuscu-
lar deep venous thrombosis is still significant, since
identification of thrombophlebitis in the calf during a
routine MR study should prompt one to obtain an
ultrasound of the entire deep venous system of the bilateral
lower extremities to exclude the presence of more
extensive or proximal disease.

It is possible that, even in the absence of more proximal
involvement, intramuscular calf thrombosis may be
associated with pulmonary embolism [10]. Isolated soleus
thrombosis has been found in patients with pulmonary
embolism when the size of the clot is more than 7 mm in
diameter [11].

The soleus or gastrocnemius plexus are involved in
approximately 80% of cases of deep venous thrombosis of
the lower extremity and, more importantly, in 25% of cases
are the only sites of involvement. The soleus plexus is more
often involved. In this subset of patients with isolated
thrombosis to the intramuscular venous plexuses of the
legs, a non-specific history of pain while walking is typical.
This fact explains why deep venous thrombosis isolated to
the calf may be confused for a muscular or tendinous
problem [12].

Even with a directed Doppler ultrasound examination of
the intramuscular branches of the calf, the sensitivity of
ultrasound is diminished (approximately 88%), as com-
pared with contrast venography (approximately 95%) [12],
probably as a result of the small size of intramuscular veins,
their physiologic wide range of anatomic variations, and
the absence of paired, guiding, arterial structures. Of

isolated calf venous thrombosis, 40% of cases will be
missed [13]. Although focused ultrasound has been found
useful in the detection of isolated intramuscular thrombo-
sis, up to 21% of cases were visualized only with contrast
venography [14].

By and large, Doppler ultrasound examinations focus on
the main venous trunks of the lower extremity. Below the
knee, the posterior tibial veins are routinely examined at the
level of the ankle, and the popliteal vein is followed distally
to the level of its trifurcation. The peroneal veins are not
systematically included, and the anterior tibial veins are
only interrogated in cases where the posterior tibial veins
are not clearly patent. The intramuscular branches tend not
to be included in routine imaging protocols [15].

Probably, this explains the falsely negative ultrasound
results in our second patient: given the small size of the
clots, it is unlikely that even a focused Doppler ultrasound
of the intramuscular venous plexuses could have shown the
intramuscular clots more conspicuously than the contrast-
enhanced MR study.

This study is limited to four cases that were collected
during the course of random case reading sessions. The
suspicion of deep venous thrombosis (DVT) was based on
the MRI findings. We are unaware of other cases in which a
diagnosis of DVT may have been suspected on MRI during
the same time period and was simply disproved on further
work-up.

In conclusion, isolated intramuscular venous thrombosis
should be included in the differential diagnosis of muscle
edema in the calf; a clinical suspicion of strain is not
unexpected and can be misleading, particularly when MRI
shows predominantly edema in the calf muscles. Branch-
ing, rim-enhancing, tubular structures within the edema-
tous muscles are diagnostic.
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