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Abstract

Background
To retrospectively evaluate Doppler ultrasound �ndings for patients with popliteal vascular entrapment
syndrome (PVES).

Methods
Twenty-four patients (30 legs) who underwent surgical intervention for PVES were included in this study.
The popliteal artery, popliteal vein, and surrounding musculotendinous structures were explored in all
symptomatic lower extremities using ultrasound. Intraoperative �ndings served as the gold standard. In
the absence of popliteal artery occlusion, popliteal arteries were examined using Doppler ultrasound at
rest and during a provocative maneuver.

Results
Ultrasonography in 25 cases (25/30, 83%) showed that gastrocnemius medial head or popliteal vascular
anomalies were consistent with surgical photography results. According to Whelan and Rich
classi�cation, the classic type I was found in �ve limbs, type II in twelve limbs, type III in seven limbs, and
type V in one limb. In the remaining �ve cases (5/30, 17%), no anatomical abnormalities of the popliteal
fossa were discovered by the ultrasound examination. Among these, two cases (2/30, 7%) were
misdiagnosed as lower extremity atherosclerosis and popliteal vascular depression was not found. In
addition, increasing blood �ow velocity was found in three cases (3/30, 10%) of compressed popliteal
arteries using Duplex scanning during active plantar �exion, with decreasing �ow at the distal end. Color
Doppler ultrasound of the affected popliteal vessels showed varied degrees of vascular structure
pathology, including arterial stenosis in ten limbs, occlusion in �fteen limbs, and aneurysm in two limbs.

Conclusion
Doppler ultrasound may have a high diagnostic rate in PVES. Due to its simplicity, repeatability,
functional evaluation of blood �ow, and non-invasiveness, it can be used as a primary screening
examination modality in PVES. Provocative maneuvers could help clinicians diagnose PVES.

Introduction
The popliteal artery and popliteal vein normally run above the popliteal muscle between the medial and
lateral heads of the gastrocnemius muscle. Popliteal vascular entrapment syndrome (PVES) due to an
abnormal anatomical relationship between popliteal vessels and neighboring myofascial structures
results in repeated vessel compression during exercise. Young adults and active adolescents are most
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often affected by the syndrome. Claudication is the predominant clinical feature of PVES, which is
characterized by calf pain after exercise [1]. After repeated irritation and compression for a long time,
eventually irreversible trauma to the popliteal vessels can result in arterial stenosis, occlusion,
thrombosis, post-stenotic aneurysms, and popliteal vein thrombosis [2] .

Therefore, early diagnosis and treatment are crucial for decreasing morbidity and preventing
complications. Imaging modalities can provide information that might allow to identify entrapment [3].
The present study described the popliteal vessel and adjacent musculotendinous structure �ndings by
Doppler ultrasound in patients with PVES.

Methods

Patients
The local institutional ethics committee approved this retrospective study (KYLL-2019(LW)025), and the
need for informed consent was waived. The present study included twenty-four patients who underwent
surgical intervention for PVES between May 2011 and April 2019 in The Second Hospital of Shandong
University and Shandong Provincial Hospital (Jinan, China). Six patients were affected bilaterally. A total
of nineteen males and �ve females, ranging in age from 16 to 58 years old (mean, 28 years old) were
evaluated using Doppler sonography. All patients had a history of progressive claudication. Paresthesia,
calf swelling, and foot coldness were also observed in some individuals. Patient clinical pro�les are
summarized in Table 1. All patients were surgically treated.
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Table 1
Clinical pro�les for patients with PVES

  Number/Total number (%)

Location  

Right 10/24 (42%)

Left 8/24 (33%)

Both 6/24 (25%)

Symptoms  

Claudication 30/30 (100%)

Paresthesia 21/30 (70%)

Calf swelling 7/30 (23%)

Foot coldness 8/30 (27%)

Risk factor  

Exercise 5/24 (21%)

Smoker 3/24 (13%)

High blood pressure 2/24 (8%)

N, number of limbs.

Doppler ultrasound scanning
All subjects were analyzed with linear (7–10 MHz) transducers connected to Philips IU 22, (Philips,
Amsterdam, the Netherlands) or GE Vivid E9 (General Electric Healthcare, Milwaukee, USA). Graded
dynamic assessment combined gray-scale imaging with range-gated pulsed-Doppler analysis of blood
�ow at each point during imaging. Subjects with relevant limbs were evaluated in a prone position by two
radiologists specializing in vascular ultrasonography. Each patient was placed on an examination couch
with the knee of the examined leg slightly �exed to ensure that the gastrocnemius muscle was fully
relaxed. Color Doppler ultrasound of the popliteal vessel was �rst placed with the foot in a neutral
position and then actively plantar �exed to maximum the active extension of the knee, while an assistant
added resistance to the plantar �exion using manual pressure on the sole of the foot. Duplex ultrasound
during this modality of plantar �exion was designated as a provocative maneuver test [4], which was
performed in patients without popliteal vessel occlusion.

The neutral position was used to visualize artery occlusion, aneurysm, popliteal vessels anomalies, and
presence of collateral arteries. Repeated plantar �exion until the individual becomes symptomatic may be
necessary to demonstrate occlusion [5]. Popliteal artery with a peak systolic velocity ratio exceeding
200% indicates a positive result. Careful assessment of both lower limbs was required to determine if the
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abnormality was bilateral. Ultrasound PVES imaging was divided into six types according to Whelan and
Rich classi�cation (Table 2) [1, 6, 7].

Table 2
Types of patients with PVES

Type Description

Type I Aberrant course of the PA medial to a normal MHG

Type II Abnormal lateral insertion of the MHG, no deviation of PA

Type
III

Abnormal muscle bundle from MHG surrounding the PA

Type
IV

Abnormal location of PA, deep in the popliteus muscle or a �brous band in the popliteal
fossa

Type V Any form of the entrapment that involves both PA and popliteal vein

Type
VI

PA is normally positioned and entrapped by a normally positioned hypertrophied
gastrocnemius

MHG indicates medial head of gastrocnemius muscle; PA, popliteal artery.

Results
All twenty-four patients (30 legs) underwent a successful surgical treatment. Popliteal vascular
entrapment was presented unilaterally in eighteen patients and bilaterally in six patients. All cases had
popliteal vessel migration or gastrocnemius medial head anomalies.

Doppler ultrasound was performed with dynamic testing in all patients. It was found that 25 cases
(25/30) of limb popliteal artery and popliteal vein were separated. Ultrasound images show the popliteal
artery and popliteal vein moving from a normal forward and backward orientation into a left and right
orientation and the medial head of the gastrocnemius muscle or an abnormal bundle between the vessels
(Fig. 1–4). Each case was classi�ed grounded on the �ndings of Doppler ultrasound. Five limbs with
medial deviation of the popliteal artery were classi�ed as type I. Twelve limbs with the medial head of the
gastrocnemius origin shifting laterally were classi�ed as type II (Fig. 5). Seven limbs were type III with an
anomalous accessory band of the medial head of gastrocnemius (Fig. 4). One limb was type V with any
type of entrapment that includes the popliteal vein as well as artery. All ultrasound features and
classi�cations were con�rmed by surgical photography. In the remaining �ve cases (5/30), no anatomical
abnormalities of the popliteal fossa were found by ultrasound examination. Two cases were diagnosed
as lower extremity atherosclerosis. In addition, three cases were normal in the neutral position, whereas
the three popliteal arteries were narrowed or occluded in the plantar �exed position (Fig. 6). Duplex
imaging demonstrated popliteal vessel compression occlusion with blood �ow interruption and
signi�cant popliteal vessel compression of the lumen. Doppler spectrum showed that the peak systolic
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blood �ow velocity increased signi�cantly, more than two times the value before the provocative
maneuvers (Table 3). Doppler blood �ow velocity was decreased near the tibio�bular stem.

Table 3
Doppler ultrasound �ndings for three limbs with PVES

Case At rest Provocative test

1 Normal �ow Popliteal arterial stenosis

Peak systolic blood velocity increased signi�cantly in popliteal artery

2 Normal �ow Popliteal arterial occlusion

3 Normal �ow Popliteal arterial stenosis

Peak systolic blood velocity increased signi�cantly in popliteal artery

Tibio�bular stem Doppler blood velocity was decreased

At rest, in a neutral position; Provocative test, in plantar �exed position

When the feet were placed in the neutral position, ten of the 30 limbs with popliteal artery were stenotic
(Fig. 3c). Arterial occlusion was demonstrated in �fteen of the 30 limbs (Figs. 2 and 4). Occlusion was
characterized by hypoechoic or medially echoic thrombosis �lling the lumen, no blood �ow during color
Doppler �ow imaging, decreased blood �ow velocity in the distal artery, and one-way spectrum. Partial
lumen thinning was even more di�cult to identify and distal segment of the popliteal artery had
abundant collateral vessels. Doppler scan images also showed a post-stenotic aneurysm in one limb and
a thrombosed aneurysm in another limb. With the feet placed in the plantar �exed position, unoccluded
popliteal vascular �ow tended to decrease or disappear. These ultrasound �ndings are shown in Table 4.

Table 4
Doppler ultrasound �ndings for patients with PVES in neutral position

Combined anomaly Vascular
stenosis (N)

Vascular
occlusion (N)

Post-stenotic
aneurysm (N)

Normal
�ow

(N)

Total
(N)

Gastrocnemius medial
head anomaly

10 13 2   25

No anatomical
abnormalities

  2   3 5

Total (N) 10 15 2 3 30

N, number of limbs.

Discussion
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PVES is a rare cause of exercise-induced leg pain. Active young people and athletes without risk factors,
such as smoking, heart disease, or systemic atherosclerosis, are affected. The symptoms are correlated
with the degree of compression of the popliteal vessels. Popliteal vascular structure is normal in the early
stage and the disease becomes evident only after vascular compression between the contracting
gastrocnemius muscles occurs [8]. Repeated extrinsic vascular compression causes trauma to the
vascular wall, leading to premature intrinsic atherosclerosis and thrombus formation. The pathology of
PVES is considered to be progressive and resulting stenosis and turbulence can lead to post-stenotic
aneurysm. In addition, acute ischemia can occur if there is an occluded artery or aneurysm with
thrombosis [2, 9]. Early diagnosis is crucial as PVES is a progressive disorder and early intervention is
recommend to prevent serious complications [8, 9].

Color Doppler ultrasound has been widely used to diagnose peripheral vascular diseases [10–13]. This
non-invasive examination does not require contrast enhancement, patient preparation before study, or
radiation exposure. The present study suggests that ultrasonography is able to show when popliteal
artery and popliteal vein are separated, when normal forward and backward alignment of popliteal artery
and vein becomes aligned in left and right directions, and medial head of gastrocnemius muscle or
abnormal muscle bundle between the blood vessels, which are crucial signs for the diagnosis of PVES.
The present study found that the popliteal artery and popliteal vein were separated in 83% (25/30) of the
cases, which was consistent with surgical results, suggesting a high ultrasound sensitivity. This included
six patients with bilateral popliteal vessel involvement. Collins et al. [14] reviewed about 22–67% of the
bilateral cases. Duplex scanning examination associated with pulsed Doppler offers a more precise
scope of the popliteal fossa. This modality makes it possible to identify PVES by showing a popliteal
artery may take abnormal course or an anatomical aberrant composition between the popliteal artery and
vein that increases the distance separating the two vessels [15]. Separation of the arteries and veins can
be shown on the ultrasound because the popliteal artery and popliteal vein move in a left-right direction,
even if there is an arterial occlusion. Popliteal vascular ultrasonography on the affected side shows
varied degrees of vascular structure pathology, including thickening, lumen stenosis, and occlusion. When
the popliteal artery is complicated by aneurysm, ultrasound examination can clearly �nd local thickening
and aneurysmal dilation of the artery lumen. Even if the aneurysm is full of thrombosis, the aneurysm
diagnosis can be con�rmed. Duplex ultrasound therefore only shows the morphological structure of
popliteal vessels, but also provides hemodynamic information [16]. It is a non-invasive method that might
prove to be of great value in the diagnosis of PVES.

Provocative maneuvers can provide important information for early diagnosis of PVES. This type of
examination allows real-time, dynamic observation of changes in popliteal vessel blood �ow before and
after the experiment, as well as demonstrates that compression was not detected in the neutral position
[4, 17]. The presence of entrapment should be highly suspected when the popliteal artery or vein are
compressed. The popliteal vessels usually show signs of narrowing or lumen occlusion and have positive
peak systolic velocity results. Therefore, close attention must be paid to the examination of plantar
�exion. Three examined cases had no abnormality in the neutral position, but popliteal vessels appeared
to be narrowed or occluded during the provocative maneuvers, which was helpful for clinicians to
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consider the possibility of PVES. It is worth noting that for patients with complete popliteal artery
occlusion, there is no blood �ow signal in the popliteal artery during color Doppler examination. Thus,
provocative maneuver test is applicable to patients without popliteal artery occlusion.

However, in two cases no popliteal fossa malformations were detected by ultrasound and the imaging
was not speci�c. In this group, there were two cases with lower extremity atherosclerosis, with one 58-
year-old male with history of left lower limb paresthesia for three years and claudication for four months.
Ultrasound imaging found left lower limb artery atherosclerotic plaques and popliteal artery thrombosis.
This patient underwent computed tomographic angiography, which showed that the left popliteal artery
was entrapped by the medial head of the gastrocnemius which rose more laterally than the normal.
Another case included a 55-year-old male who complained about symptoms of lower limb ischemia, such
as swelling of the right leg and cold right foot for six months. Ultrasound suggested atherosclerosis of
right lower extremities. The popliteal artery and tibio�bular stem Doppler blood �ow velocity was
decreased. The operation demonstrated compression of the right popliteal artery with a �brous band that
attached to the intercondylar notch after crossing the popliteal artery. Ultrasound examination in the
above two patients only diagnosed lower limb atherosclerosis and failed to �nd popliteal vascular
depression. Thus, even though ultrasound scanning can show arterial lesions in older patients affected
by atherosclerosis, pathological and etiological analysis still needs to combine clinical data and other
imaging examinations.

Currently, it is believed that patients with PVES should undergo a surgical treatment as soon as they are
diagnosed. The principle of surgery is that [18, 19] when the popliteal artery is not injured, the medial
head of the gastrocnemius muscle causing popliteal artery constriction or abnormal accessory muscle
bundles and tendons can be released. In case of popliteal artery injury, endarterectomy and venous patch
repair can be used. When popliteal artery is completely occluded, great saphenous vein autograft or
arti�cial vascular bypass can be performed [20]. Doppler ultrasound can reveal locations of the
saphenous vein and provide accurate positioning for surgery (Figs. 3d and 3e). In addition, patients with
popliteal artery and saphenous vein patency during postoperative follow-up can be evaluated using
ultrasonography [3]. For some patients with popliteal artery compression and proximal side aneurysmal
dilatation, ultrasound images can indicate the scope of aneurysms and mark them on the body surface,
facilitating clinical selection of surgical methods.

Yang et al. suggested that Doppler ultrasound is a simple, rapid, non-invasive procedure that should be
used routinely in the evaluation of individuals with suspected PVES [3]. However, the use of Doppler
sonography is limited by its small window, operator pro�ciency, probe pressure, and lack of classi�cation
accuracy. Therefore, further imaging studies are required for patients with suspicion of entrapment, even
if Doppler results are normal.

Limitations
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The major limitations of our study were the relatively smaller sample of patients and the lack of control
group. The results would be more accurate for a larger sample size, but these speci�c ultrasound �ndings
provide direct evidence, we can still recommend ultrasound as a primary screening examination modality
in PVES. In the absence of a healthy control group, the application value of provocative maneuvers in
PVES may not be adequately evaluated. In future study, we will continue to collect more case and control
study, and further in-depth discussion and improvement.

Conclusion
Doppler ultrasound may have a high diagnostic rate of depicting clinical characteristics in patients with
abnormal peripheral artery disease. PVES can be diagnosed by ultrasonography if the distance between
the popliteal artery and vein is widened and medial displacement of the popliteal artery and abnormal
muscle tissue between the blood vessels are present. It is a non-invasive and simple peripheral vascular
examination tool. Provocative maneuvers allow direct observation of the popliteal vessels while they
become entrapped. Simultaneous monitoring of the effects on vascular blood �ow may help diagnose
the syndrome. In conclusion, these results suggest that Doppler ultrasound can be used as a primary
screening examination modality in PVES.
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Figure 1

Normal popliteal artery, popliteal vein, and tibial nerve alignment. a Sagittal ultrasound position shows
that popliteal artery (red) and popliteal vein (blue) are in normal anteroposterior relationship. b Transverse
position shows sequence of anterior and posterior movements of tibial nerve (arrow), popliteal vein
(POV), and popliteal artery (POA). c Drawings illustrate normal popliteal vascular relationship (posterior
view): front and back arrangement, followed by the tibial nerve (green), popliteal vein (blue), and popliteal
artery (red) from back to front

Figure 2
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Left popliteal vascular entrapment syndrome in 22-year-old man who presented with intermittent
claudication of left calf for three months. a Color Doppler images for the popliteal artery (POA) and
popliteal vein (POV) widening and moving from normal forward and backward orientations to left and
right orientations. Left popliteal artery was occluded with hypoechoic thrombosis and no �ow signal
�lling in the lumen (arrow). b Proximal diameter of the left popliteal artery is within the normal range and
lumen diameter of the middle and far popliteal arteries is signi�cantly thinner (arrow).

Figure 3

Left popliteal vascular entrapment syndrome in a 17-year-old man who presented with intermittent
claudication and paresthesia of left lower extremity after exercise can be relieved after rest (PVES type II).
a Color Doppler images show widening of distance between the popliteal artery (POA) and popliteal vein
(POV), changing from normal forward and backward alignment to abnormal left and right alignment. b
Proximal part of popliteal artery blood �ow signal shows fullness and integrity, where a branch (arrow) of
the popliteal artery blood vessel is detected. c Lumen diameter of the popliteal artery in middle and far
sections is signi�cantly thinner and there is no blood �ow signal in the lumen. d and e Ultrasonic images
show that blood �ow signal in the left great saphenous vein (LGSV) is complete and without obvious
abnormalities. f Operation photography of left knee shows that the medial head of left gastrocnemius
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muscle (star) shifts outwards and downwards and lies between the popliteal artery (1) and popliteal vein
(2).

Figure 4

Left popliteal artery entrapment syndrome in 43-year-old man who presented with intermittent
claudication of left calf and left foot coldness for three months (PVES type III). a Ultrasound images
show left the popliteal artery (LPOA) and left popliteal vein (LOPV) widening. Left popliteal artery is
entrapped by aberrant accessory muscle slip (arrow) of the medial head of left gastrocnemius muscle,
which passes between the popliteal artery and vein. b Left popliteal artery occlusion due to thrombosis.
Color Doppler image shows that lumen is �lled with hypoechoic thrombosis (arrow) and that popliteal
artery was not �lled with blood. c Operation photography demonstrates popliteal artery (1) is entrapped
by aberrant accessory muscle slip (dotted line) of the medial head of gastrocnemius muscle (star) that
passes between the popliteal artery (1) and vein (2).
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Figure 5

Right popliteal vascular entrapment syndrome in a 34-year-old man who presented with intermittent
claudication of right calf for six months (PVES type II). a Ultrasonic longitudinal section image shows the
right popliteal artery (arrow) is entrapped by the laterally originated medial head of gastrocnemius
muscle (star). b Color Doppler image shows segmental stenosis of right popliteal artery (arrow) not �lling
with blood. c Note that due to thrombosis (arrow), lumen is �lled with medially echoic thrombosis and
middle and distal segments of popliteal artery are occluded. d Operation photography reveals the right
popliteal artery (1) is entrapped by medial head of gastrocnemius muscle (star) that passes between the
popliteal artery (1) and vein (2).
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Figure 6

Right popliteal artery entrapment syndrome in 18-year-old man who presented with calf swelling and foot
coldness in right lower extremity after physical activity. a Color Doppler image of right foot in neutral
position reveals right popliteal artery with normal �ow. b Color Doppler image of right foot in plantar
�exion position shows segmental stenosis of right popliteal artery. Right popliteal artery is entrapped by
medial head of gastrocnemius muscle (star). c Doppler spectrum shows that peak systolic blood velocity
increased signi�cantly and more than doubled compared to its value prior to provocative maneuvers.


