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Calf muscle pump tensing as a
novel maneuver to improve the
diagnostic performance of
detecting patent foramen ovale
during transesophageal
echocardiography

Jianbo Zhu†, Anni Chen†, Lei Zhu, Yun Li, Yunyi Tang, Yanhua Huang,

Hualiang Shen, Zhenzhen Jiang* and Xiatian Liu*

Department of Ultrasound, Shaoxing People’s Hospital, Shaoxing, China

Objective: The Valsalva maneuver is the most sensitive provocative maneuver for

patent foramen ovale detection. However, nearly half of patients are unable to

perform the Valsalva maneuver well. The aim of this study was to investigate the

mechanism of action of calf muscle pump tensing (TENSE) as a novel patent foramen

ovale (PFO) provocative maneuver and to evaluate the diagnostic value for PFO and

the e�ect on right-to-left shunt volume compared with the Valsalva maneuver.

Methods: This study prospectively investigated 171 patients who were highly

suspected to have PFO clinically. Five patients with atrial septal defects newly

diagnosed on transesophageal echocardiography (TEE) were excluded. 166 patients

were injected with agitated saline under three provocative maneuvers: Valsalva

maneuver, TENSE, and Valsalva + TENSE combined maneuver. The patients were

divided into the e�ective Valsalva group (n = 93) and ine�ective Valsalva group (n

= 73) according to whether they could perform an e�ective Valsalva maneuver.

TENSE consisted of the straightening of both lower limbs, and when the right atrium

was filled with microbubbles, the patient performed instantaneous ankle dorsiflexion

movements while maintaining dorsiflexion for 3–5 s.

Results: Overall, the PFO detection rate of the Valsalva+ TENSE combinedmaneuver

(78 [50.1%]) was significantly higher than that of the Valsalvamaneuver (51 [30.7%]) and

TENSE maneuver (57 [34.3%]) (P < 0.001). In the patients who were able to perform

an e�ective Valsalva maneuver, the PFO detection rate by TENSE was not significantly

di�erent from that by the Valsalva maneuver (Valsalva 37/93 [39.8%] vs. TENSE 31/93

[33.3%], P > 0.05), while for the patients who performed an ine�ective Valsalva

maneuver, the PFO detection rate by the TENSE maneuver was higher than that by

the Valsalva maneuver (TENSE 26/73 [35.6%] vs. Valsalva14/73[19.2%], P = 0.017).

Conclusion: TENSE is a simple and e�ective provocativemaneuver in the diagnosis of

PFO using TEE and can assist the Valsalvamaneuver. For patients who cannot perform

an e�ective Valsalva maneuver, TENSE can be an alternative to the Valsalva maneuver

to some extent.
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1. Introduction

Patent foramen ovale (PFO) is defined as the failure of the septum

primum to completely fuse with the septum secundum within 1 year

of birth and when there is a potential lacuna formed at the fossa ovalis

of the interatrial septum, which accounts for approximately 25% of

adults (1). PFO is associated with a variety of diseases, including

cryptogenic stroke, migraine, platypnea-orthodeoxia, decompression

illness, and obstructive sleep apnea (2). Four randomized controlled

trials have shown that transcatheter closure of PFO is superior

to medical therapy alone in reducing the risk of effective stroke

recurrence (3–6). Some studies also point to a higher benefit of direct

PFO closure compared to antiplatelet therapy (7). Although X-ray

fluoroscopy to see a guidewire crossing the interatrial septum is the

most accurate method to confirm the presence of PFO, the above

methods are invasive and cannot be widely carried out in clinical

work (8).

At present, many studies have shown that TCD as first-choice

screening tool for PFO and transesophageal echocardiography (TEE)

examination is the gold standard for the diagnosis of PFO (9, 10),

while an effective Valsalva maneuver is an accurate method for the

diagnosis of the right-to-left shunt of PFO (11). To better observe

the right-to-left shunt of PFO, an appropriate provocative maneuver

needs to be performed. The Valsalva maneuver is currently the most

commonly used provocative maneuver, but some patients cannot

complete an effective Valsalva maneuver due to intubation and other

reasons, which will lead to false negative results in the detection of a

right-to-left shunt of PFO by TEE (12). Therefore, a simpler andmore

feasible maneuver is required to cooperate with TEE to detect PFO.

Central to the Valsalva maneuver is increased vena cava return,

thereby increasing the right atrial pressure, so we explored other

agonistic maneuvers that are similar to the principle of the Valsalva

maneuver and that can be effectively completed in the TEE state.

Muscle pumps play a large role in the human body, and each group

of muscles can squeeze blood vessels through a contraction, thereby

pumping blood back to the heart, and the calf muscle pumps are the

most important (13). Calf muscle pump tensing (TENSE) is a novel

provocative maneuver that uses the action of the calf muscle pumps.

In this study, we compared and analyzed the Valsalva maneuver and

Valsalva + TENSE combined maneuver, hoping to provide a simple

and effective maneuver, which can compensate for the limitations of

TEE in detecting right-to-left shunts while improving the detection

rate of PFO.

2. Materials and methods

2.1. Patient population

Between September 2021 and March 2022, we investigated 171

patients who were highly suspected of having PFO after clinical

and TTE (transthoracic echocardiography, TTE) examinations in

Shaoxing People’s Hospital, and five patients who were newly

diagnosed with an atrial septal defect on TEE were excluded.

Eventually, 166 patients were included in this study. Among

them, there were 81 males and 85 females, aged 26 to 78 years,

with an average of 53 ± 13 years, of which 82 (49%) had an

unexplained stroke, 64 (39%) had migraine, 12 (7%) had a transient

ischemic attack, and 8 (5%) had hypoxemia (Table 1). After ruling

TABLE 1 Patient characteristics.

Variables Value

Age (y) 53± 13

Sex (male) 81 (49%)

Hypertension, n (%) 45 (27%)

Diabetes mellitus, n (%) 9 (5%)

Coronary heart disease, n (%) 7 (4%)

Cryptogenic stroke, n (%) 82 (49%)

Migraine, n (%) 64 (39%)

Transient ischemic attack, n (%) 12 (7%)

Hypoxemia, n (%) 8 (5%)

Data are expressed as the mean± SD or as the number (percentage) of patients.

out any contraindications, TEE was performed. The exclusion

criteria included: atrial fibrillation, patients with major heart disease

including moderate and severe valvular disease, moderate and severe

left ventricular systolic dysfunction, congenital heart disease and

cardiac thrombosis, tumor, or vegetation. Before performing the

examination, each patient was trained on the Valsalva maneuver

and TENSE maneuver. All patients showed sinus rhythm during the

examination. Before enrollment, all patients or their legal guardians

signed informed consent forms. This study was approved by the

ethics committee of the local hospital.

Each patient underwent contrast transesophageal

echocardiography. Each subject was subjected to comprehensive

TEE evaluations. A Philips EPIQ 7C (Philips Ultrasound, Bothell,

Washington, USA) was used with a transesophageal three-

dimensional matrix probe X8-2t (frequency 2-8 MHz). Local

anesthesia was administered into the oropharynx using 2%

lidocaine gel. The saline contrast agent was produced by 1mL

of air, 1mL of blood, and 8mL of saline, which was shaken 80

times per minute between two 10mL syringes connected to the

3-way stopcock and was rapidly injected into the antecubital

vein (12). Bulging of the interatrial septum in the direction of

the left atrium was used as a criterion for effective provocative

maneuvering, and direct observation of PFO under TEE was used

as a criterion for confirming the diagnosis of PFO (11). Grading

was performed according to the number of microbubbles, and the

number of microbubbles appearing in the left heart chamber on

resting single-frame images was graded as follows: Grade 0 (zero

microbubbles/frame); Grade 1 (mild, < 10 microbubbles/frame);

Grade 2 (moderate, 11 to 30 microbubbles/frame); and Grade 3

(severe, > 30 microbubbles/frame) (14).

2.2. Definitions

2.2.1. Valid provocative maneuver
The biatrial-bicaval view was selected as the best image for

observing the interatrial septum by adjusting the angle, usually

90◦-110◦. An effective provocative maneuver is defined as atrial

septal bulging to the left atrium after completion of the provocative

maneuver, which is defined as atrial septal displacement to the left or

bulging to the left and is qualitatively assessed by the visual judgment

of the examiner (Figure 1).
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FIGURE 1

Position of interatrial septum at rest before TENSE (A). The IAS bulged

to LA after TENSE, At the same time, a bunch of microbubbles can be

seen to overflow from the foramen ovale (B).

FIGURE 2

Pre TENSE: represents lower limb posture at rest (A); after TENSE:

represents TENSE motor posture (B).

2.2.2. Standard Valsalva
A standard Valsalva maneuver refers to the patient inhaling

normally or deeply, then rapidly closing themouth and nose, exhaling

forcefully against the closure for 15–20 s, and releasing exhalation

when the microbubbles enter the right atrium, and the right atrium is

then completely filled with microbubbles.

2.2.3. Calf muscle pump tensing
In the TENSE maneuver, the patients are first asked to keep

both lower limbs straight. Before the right atrium is filled with

microbubbles, the patient must immediately perform bilateral ankle

dorsiflexion maneuvers with maximum strength and maintain the

dorsiflexion for 3–5 s (Figure 2).

2.2.4. Combined maneuver
Patients need to practice the combined maneuver of Valsalva

and TENSE in advance, with the rapid expiratory moment of

Valsalva action as the node (the third stage of Valsalva action), and

immediately perform bilateral ankle dorsiflexion movements and

maintain the dorsiflexion for 3–5 s.

2.3. Demographic data collection

Clinical data included age, sex, presence of hypertension, diabetes

mellitus, unexplained stroke, migraine, transient ischemic attack,

and hypoxemia.

2.4. Observer variability

The agreement between the TENSE maneuver, Valsalva

maneuver, and Valsalva + TENSE combined maneuver was

evaluated. A second observer blinded to the results independently

evaluated whether the different provocative maneuvers were

effective and whether there was a right-to-left shunt to assess the

interobserver variability.

2.5. Statistical analysis

Continuous variables are expressed as the mean ± SD.

Categorical variables are expressed as the number of patients (n) and

percentage (%). The chi-square test was used to compare the effective

provocative rate and PFO detection rates between the different

provocative maneuvers.

The Wilcoxon matched pairs test was used to compare

quantitative data for right-to-left shunting between the provocative

maneuvers (with Bonferroni correction).

To assess the sensitivity of the different provocative maneuvers

to detect PFO and while using any provocative maneuver that

diagnosed PFO patients as the gold standard, the agreement between

the different provocative maneuvers was tested using k statistics. A P

< 0.05 was considered statistically significant. All statistical analyses

were performed using IBM SPSS 26.0 software.

3. Results

3.1. Comparison between the provocative
maneuvers

All 166 patients with suspected PFO underwent the TENSE

maneuver, Valsalva maneuver, and Valsalva + TENSE combined

maneuver. The effective provocative rate of TENSE was 84 (50.6%),

Frontiers inNeurology 03 frontiersin.org

https://doi.org/10.3389/fneur.2023.1116764
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Zhu et al. 10.3389/fneur.2023.1116764

FIGURE 3

Comparison of the e�ective provocative rates of di�erent provocative

maneuvers.

the effective provocative rate of Valsalva was 93 (56.0%), and the

effective provocative rate of Valsalva + TENSE was 134 (80.7%).

There was a significant difference in the overall means among the

three groups (χ2 = 36.5, P < 0.001). There was no significant

difference between the Valsalva maneuver and TENSE maneuver (P

> 0.05), and there were significant differences between the Valsalva+

TENSE maneuver and the Valsalva maneuver and TENSE maneuver

(P < 0.001) (Figure 3). We performed stratified analysis according

to baseline data gender, and the effective provocative rate of TENSE

maneuver was higher in males than in females, which was statistically

different (TENSE, male 51/81 [63.0%] vs. female 33/85 [38.8%], χ2 =

9.67, P = 0.002).

3.2. PFO detection rate comparison

Overall, the detection rate of PFO by the TENSE maneuver was

not different from that of the Valsalva maneuver (Valsalva 51/166

[30.7%] vs. TENSE 57/166 [34.3%], P > 0.05), and the detection

rate of PFO by the combined maneuver was higher than that by

the Valsalva maneuver alone (Valsalva +TENSE 78/166 [50.1%] vs.

Valsalva 51/166, [30.7%], P = 0.017). The patients were divided

into the effective Valsalva group (n = 93) and ineffective Valsalva

group (n = 73) according to whether they could perform effective

Valsalva movements. In the effective Valsalva group, the provocative

maneuver could improve the sensitivity of PFO detection (rest vs.

provocative Maneuver, P < 0.001); although the Valsalva maneuver

had a higher PFO detection rate, it was not significantly different from

TENSE (Valsalva 37/93 [39.8%] vs. TENSE 31/93 [33.3%], P > 0.05),

the combined maneuver had the highest PFO detection rate and was

significantly different compared to the Valsalva maneuver(Valsalva

+TENSE 51/93 [54.8%] vs. Valsalva 37/93 [39.8%], P = 0.040). In

the ineffective Valsalva group, the combined maneuver showed a

higher PFO detection rate (Valsalva + TENSE 27/73 [37.0%] vs.

Valsalva 14/73 [19.2%], P < 0.001). The detection rate of PFO

by TENSE was significantly higher than that by Valsalva (TENSE

26/73 [35.6%] vs. Valsalva14/73[19.2%], P < 0.001). The combined

maneuver had a higher PFO detection rate than the rest and the

Valsalva maneuver, and there was no significant difference compared

with TENSE (P > 0.05) (Figure 4). By the multiple sample rank sum

test, it was found that there was significant difference in the right-

to-left shunt grade between the three activation tests, (χ2 = 23.1, P <

0.001). Further pairwise analysis showed that the Valsalva and TENSE

right-to-left shunt grades were not different (P = 0.690), while the

grades of Valsalva + TENSE were different from those of Valsalva

and TENSE (P < 0.001) (Table 2, Figure 5).

4. Discussion

4.1. Hemodynamics of PFO

In PFO patients at rest, the pressure changes in the left and

right atria change with the cardiac cycle, and, most of the time,

the left ventricular pressure is ∼3–5 mmHg higher than the right

atrial pressure, which may lead to left-to-right shunting at the atrial

level in PFO patients (15). During atrial systole, the left atrium

contracts slightly later than the right atrium, so the left and right

atrial pressure may reverse when the right atrium begins to contract

and when the left atrium has not yet started to contract, which may

produce a transient and a small right-to-left shunt (16). In some

physiological or pathological conditions, the right atrial pressure may

also be transient or persistently higher than the left atrial pressure.

Physiological states, including coughing, sneezing, defecation, body

bending, and other movements, can lead to a transient increase

in intrathoracic pressure, increased abdominal pressure, and then

instantaneous increased right atrial pressure. Pathological conditions,

including acute pulmonary embolism, pulmonary hypertension, and

massive tricuspid regurgitation, can further increase right atrial

pressure (17). When microthrombi are present in the venous system

or in situ, thrombosis of the foramen ovale may lead to emboli

entering the left ventricular system through patent foramen ovale

channels to form paradoxical embolism, causing the occurrence of

patent foramen ovale-associated stroke (18, 19).

4.2. Mechanism of the Valsalva maneuver

The Valsalva maneuver is the most commonly used provocative

maneuver. Its main mechanism of action is to reduce the left atrial

pressure and increase the right atrial pressure, which causes the

reversal of the left atrial and right atrial pressure gradient and

causes right-to-left shunting of PFO. According to the characteristic

FPO hemodynamics, it can be divided into four phases. Phase 1:

During the first few seconds, the left and right atrial and vena

cava walls are compressed due to increased intrathoracic pressure,

causing a decrease in return blood flow; Phase 2: within 5–15 s,

the intrathoracic pressure continues to rise; the mean right atrial

pressure continues to decrease. However, the left ventricular preload

decreases, the cardiac output decreases, and at this time, the right

atrial pressure may be slightly higher than the left atrial pressure.

Phase 3: It begins with the cessation of the Valsalva maneuver,

the intrathoracic pressure rapidly decreases, resulting in increased

instantaneous reflux of the vena cava and causing a significant

increase in the mean right atrial pressure when the maximum

gradient between right atrial and left atrial pressure is formed. Phase

4: The vena cava reflux gradually resolves, and the mean right atrial

pressure returns to the resting state (Figure 6).
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FIGURE 4

The detection rate of PFO after rest, Valsalva, TENSE, Valsalva + TENSE in di�erent populations. The overall PFO detection rate (n = 166) and the rate in

patients who could perform an e�ective (n = 93) or ine�ective (n = 73) Valsalva maneuver.

TABLE 2 Comparisons between TENSE and other provincial maneuvers.

Commonly used
provocative
maneuvers

PFO diagnostic
sensitivity

Patient cooperation
required

Di�culty
completing
e�ective action

Can be
combined with
Valsalva

TEE sectional
image Stability

Valsalva — Yes Hard — Bad

Forced expiratory — Yes Hard — Bad

Deep inspiration — Yes Hard — Bad

Cough — Yes Hard No Bad

Müller (modified) — Yes Hard Yes Bad

Abdominal compression Better than ineffective

Valsalva

No — Yes Bad

IVC compression Better than ineffective

Valsalva

No — Yes Good

TENSE Better than ineffective

Valsalva

Yes Easy Yes Good

4.3. Mechanisms of PFO detection by the
calf muscle pump tensing maneuver

The results of this study showed that the PFO detection rate

of TENSE was higher than that of the resting state and similar to

that of the Valsalva maneuver. The core of the TENSE maneuver is

instantaneous dorsiflexion of the ankle joint, which activates both the

lower limbmuscle pump and the venous pump (13, 20). The pressure

generated by the calf muscle pumps during each contraction is more

than 200 mmHg, and the blood volume that can be discharged is

∼30–40mL, which is called “the surrounding heart” (21). The calf

muscle pump includes the soleus pump and gastrocnemius pump,

and the ankle dorsiflexion action is completed by the contraction

of the tibialis anterior, extensor digitorum longus extensor pollicis

longus, and peroneus tertius muscles (13). Ankle dorsiflexion

movements have a direct effect on the soleus and gastrocnemius

muscles, which are elongated and contracted as antagonistic muscles.

Also, the dorsiflexion agonistic and antagonistic muscles produce

interaction forces, so the veins are compressed, thereby pumping

the blood back to the heart. On the other hand, the venous pump

constitutes the venous anti-gravity reflux system and pulse suction

pump in the human body. During contraction, the muscle pressure

that changes instantaneously due to dorsiflexion movements is

activated, and the blood is further pumped back to the heart in a

pulsed manner (22, 23). The combined action of the venous-muscle

pump causes a significant increase in the instantaneous velocity of

the inferior vena cava, and the venous return velocity is the main

factor affecting the venous return volume. In most patients, the
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FIGURE 5

Comparison of the right-to-left shunt of PFO grade results after di�erent provocative maneuvers.

FIGURE 6

Mean Rigut Arital Pressure–Time Variation Plot with Valsalva maneuver, This is a schematic that shows how mean right atrial pressure changes over time.

mRAP, Right Atrial Mean Pressure During a Cardiac Cycle. Phase 1 (0-5s); Phase 2 (5-15s); Phase 3 (15-20s); Phase 4 (20-25s). The Valsalva + TENSE

combined maneuver increases mRAP more than the Valsalva maneuver in Phase 3.

amount of venous return volume is the main factor determining the

magnitude of cardiac preload. TENSE can significantly increase the

return flow of the inferior vena cava and thus change the right atrial

pressure, resulting in a larger instantaneous right atrial-left atrial

pressure difference and ultimately causing a right-to-left shunt in

PFO (Figure 6).

4.4. Comparisons between TENSE and
Valsalva maneuver

The Valsalva maneuver has long been considered the most

appropriate provocative maneuver for PFO detection by TEE

(24). Hemodynamic studies have shown that an effective Valsalva

maneuver can cause a significant increase in the left and right atrial

gradients and has two major advantages: a longer time for the right

atrial pressure to be greater than the left atrial pressure (25). At

the end of Valsalva maneuver, the resistance of venous return is

relieved, the right atrial pressure and pulmonary capillary pressure

can be significantly increased, and the left atrial return bleeding

mainly comes from the lung. However, the right atrial return bleeding

comes from the superior and inferior vena cava because the blood

volume stored in the lung is much less than the blood volume stored

in the superior and inferior vena cava; therefore, the blood flow

to the right atrium is much greater than that in the left atrium,

eventually resulting in an instantaneous right atrial pressure that

is significantly higher than the left atrial pressure. This causes the

blood flow through the foramen ovale to shunt to the left atrium.

Therefore, the detection rate of PFO and right-to-left shunt degree
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are influenced by the quality of the Valsalva maneuver. Studies have

shown that approximately 60% of patients are unable to perform

effective Valsalva maneuvers during TEE (26). By stimulating the

esophagus with the probe, the patients may experience discomfort,

which will decrease the effect of the Valsalva maneuver. the research

of Devuyst et al. found that the number of microbubbles increases

with expiratory pressure independent of strain duration (27). On the

other side, end-expiration may cause mediastinal displacement due

to intrathoracic pressure changes, resulting in the PFO not being

in the image display area, which affects the direct observation of

PFO. In this study, the effective provocative rate of the TENSE

maneuver was higher than that of the Valsalva maneuver, but there

was no significant difference between the two. The patient can easily

complete the TENSE maneuver under intubation. The veins of both

lower limbs are squeezed due to the stress effect generated by the calf

muscle pump, which will produce a high value of instantaneous flow

velocity, increase the instantaneous pressure of the left atrium, and

finally cause the right atrial pressure to be greater than the left atrial

pressure, achieving an effect similar to that of the Valsalva maneuver.

It can reduce the false negative results caused by the insufficient

increase in right atrial pressure due to stimulation in some patients.

On the other hand, TENSE has no direct effect on the intrathoracic

pressure, so the images are more stable than images taken during the

Valsalva maneuver during TEE examination.

4.5. Comparisons between TENSE and other
provocative maneuvers

Various studies have shown that other provocative maneuvers,

such as abdominal compression, inferior vena cava compression,

cough, deep inspiration, and the Müller maneuver, have good

results as new provocative maneuvers (28) (Table 2). At present,

the Valsalva maneuver and cough are commonly used in clinical

practice, but it can be difficult for patients to cooperate during

TEE examination, resulting in difficulty in reaching the standard.

Abdominal compression and inferior vena cava compression can

cause a right-to-left shunt by forming a vena cava blood flow

block in a short time. They can not only cause the right atrial

pressure to be higher than the left atrial pressure but also can

increase the instantaneous impact force of the inferior vena cava

blood on the foramen ovale, which is conducive to the detection of

PFO. Both methods have better sensitivity for PFO diagnosis than

the null Valsalva maneuver but cannot be effectively performed in

patients with abdominal pain, percutaneous catheter intervention,

and abdominal surgery, and it has little effect in obese patients

(29, 30). The Müller maneuver requires a closed glottis and rapid

forceful nasal inspiration, but the modified Müller maneuver does

not require a closed glottis, but it does require rapid forceful nasal

inspiration (31). The modified Müller maneuver and dynamic bed

tilt can be used as auxiliary provocation maneuvers in TTE with the

Valsalva maneuver. However, no trials have been performed in TEE

examination, and its feasibility and effectiveness need to be further

studied. For cough and cephalad tilt movement, the increase in the

right atrial pressure also causes an increase in the pulmonary capillary

wedge pressure, that is, the left atrial pressure will also increase (32).

This causes a failure to achieve an effective right atrium-left atrial

gradient. Other studies have shown that the use of rapid infusion,

sublingual nitroglycerin, and femoral vein injection may improve

the detection rate of PFO (33), and these methods may cause some

adverse reactions and cannot be verified and carried out on a large

scale in clinical practice. This study showed that TENSE is simple,

and the patients can easily cooperate with the movement. TENSE

can be used independently for PFO examination and can increase

the detection rate of PFO, and TENSE can be used as an effective

Valsalva auxiliary means to significantly improve the PFO detection

rate in patients who cannot complete an effective Valsalva maneuver.

TENSE is the “last kilometer” of the Valsalva maneuver.

4.6. Influences on the e�ectiveness of the
calf muscle pump tensing maneuver

The core of the TENSE maneuver is to tension the calf

muscle pumps through the ankle dorsiflexion maneuver so that the

interaction force between the muscles and the veins is generated; the

veins are squeezed by the muscle stress; and the overall direction of

the stress is upward, which is the same as the direction of venous

return to the heart, while activating the venous pump to increase the

venous pressure, resulting in increased right atrial pressure. Although

this movement, whether passive or active, will result in the mean and

peak blood flow velocities in the common femoral vein to exceed

the established resting levels, studies have shown that active motion

produces higher peak and mean blood flow velocities than passive

motion (34). Active motion produced a mean increase of 38% in the

velocity change and 58% in the peak velocity, which were significantly

greater than that produced by passive motion, while passive flexion

and passive rotation produced only a 9% increase in themean velocity

(35). Therefore, it is particularly important to complete active and

complete TENSE maneuvers, and TENSE maneuvers may not play

a significant role in patients who develop acute or early recovery

from cerebrovascular accidents. Studies have shown that varus foot is

easily induced during the recovery of hemiplegic lower limb function

after stroke, and this may be accompanied by different degrees of

decrease in the lower limb muscle strength, which will also affect

the effect of TENSE movement. On the other hand, patients with

tetraplegia caused by acute myelitis and Guillain–Barré syndrome

are also unable to complete effective TENSE movements. In this

study, the TENSE maneuver formed an effective provocation in a

higher proportion of male patients than in females, which may be

because themuscles of males are generally more developed than those

of females.

4.7. Clinical implications and
contraindications of TENSE

Unlike the Valsalva maneuver, the TENSE maneuver can avoid

the impact of stimulation, such as intubation, on patients and

does not require suffocation. As mentioned earlier, patients who

cannot perform the effective Valsalva maneuver for some reasons

can perform the TENSE maneuver instead, and we found that

the combined maneuver of Valsalva + TENSE had a higher right-

to-left shunt PFO detection rate (47%) in 166 patients. Although

no significant complications were found during our study, TENSE

caused sudden compression of the lower limb veins, resulting in a
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sudden increase in the venous pressure, and some patients at high

risk of VTE or in patients with lower limb venous thrombosis should

avoid performing TENSE maneuvers to prevent fatal pulmonary

embolism after thrombus detachment.

5. Limitations

Although the conclusions of this study are novel and clinically

meaningful, there are also some limitations, and this study was

performed in a single center and needs to be further validated by

a large-scale multicenter study. Second, there was selection bias

because the subjects in this study were patients with a high clinical

suspicion of PFO. Third, this study only discussed the active TENSE

test, and the patients did not perform the passive TENSE (assisting

patients to perform foot dorsiflexion maneuvers) test, which needs

further investigation in the future. Fourth, this study did not

compare these maneuvers with other provocative maneuvers, such as

abdominal compression and inferior vena cava compression. Finally,

the calf muscle pump is one of the four groups of muscle pumps

in the lower limb, and no comparative studies have been conducted

for several other groups of muscle pumps, which need to be further

explored in future studies.

6. Conclusions

In TEE examination, TENSE is a simple and effective provocative

maneuver that is not inferior to the Valsalva maneuver. In particular,

TENSE can be a good alternative to the Valsalva maneuver for

patients who are unable to perform an effective Valsalva maneuver.
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