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ABSTRACT

Objective: Systematic evaluation of the effect of neuromuscular electrical stimulation in the prevention of deep vein
thrombosis in patients, providing evidence-based medicine for clinical prevention of venous thrombosis.

Methods: A computerized search of PubMed, The Cochrane Library, Web of Science, and Embase was performed
to collect published literature on the prevention of the development of Deep Vein Thrombosis (DVT) in patients
with Neuromuscular Electrical Stimulation (NMES), with a timeframe of from the time of library construction to
August 2024. Literature screening, data extraction, and quality assessment were performed independently by two
investigators according to the inclusion and exclusion criteria, and then Meta-analysis was performed using RevMan
5.4 software.

Results: A total of 11 papers with 1040 study subjects were included. Meta-analysis showed that NMES could reduce
the incidence of DVT (Risk Ratio (RR)=0.55, 95% Confident Interval (CI): (0.43, 0.70), p<0.00001), accelerate
venous blood flow in the lower extremities Mean Difference (MD=6.27, 95% CI (2.64, 9.91), p=0.0007), however,

there is insufficient evidence of improvement in D-dimer (DD) levels.

Conclusion: Neuromuscular electrical stimulation can prevent DVT in patients, but the quality level of the literature
is not high, and high quality clinical studies are still needed to further validate and analyze its efficacy.
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INTRODUCTION and lethality rate among hospitalized patients, prevention is
particularly important, and active and effective prevention is an

DVT is an abnormal clotting of blood in the deep veins  important line of defense in safeguarding the lives of patients [6].

due to various reasons, which in turn affects the venous

blood return obstacle disease, mostly in the lower limbs [1]. At present, DVT prevention is mainly carried out in three aspects,

Thrombus dislodgement to the lungs can cause Pulmonary namely, basic prevention, drug prevention and mechanical

Embolism (PE), DVT and PE are collectively known as Venous prevention. Basic prevention includes encouraging patients to
Thromboembolism (VTE), which are two manifestations of the do exercises such as ankle pump exercise and straight leg raising

same disease in different locations and at different times, it is S crcise, paying attention to diet, and keeping stools usually,

the third most common cardiovascular disease after myocardial etc.. HO\'NGVGI‘, Fhese preventive activities are .dlfﬁ?lﬂt to attract

infarction and stroke, it is also one of the leading preventable patients’ attention, and surveys show that patients' adherence to
)

causes of death in hospitalized patients [2-5]. The main adverse

consequences of DVT are PE and postthrombotic syndrome,

which can severely reduce patients' quality of life and even cause

severe organ dysfunction and death. VTE has a high morbidity  Although drug prevention has a better preventive effect, it needs

or implementation of such preventive methods is relatively low;
drug prevention, although it has a better preventive effect, needs
to be taken into consideration.
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to take into account the risk of bleeding, which leads to a part of
patients to reduce the dosage of medication or the existence of
contraindications to the use of medication, thus failing to achieve
the preventive effect, which leads to the existence of certain
limitations of drug prevention; Mechanical prophylaxis, which
has an exact VTE prevention effect and does not increase the risk
of bleeding in patients, plays a pivotal role in clinical practice,
such as Intermittent Pneumatic Compression (IPC), Gradient
Compression Stockings (GCS), and Plantar Phlebotomy Pumps
(VFP) have been recommended by domestic and international
guidelines, and in recent years, Neuromuscular Electrical
Stimulation (NMES) has entered the public eye as a new type of
mechanical prophylaxis with high safety, patient acceptance and
compliance [7]. NMES has entered the public eye in recent years
as a new type of mechanical prophylaxis with high safety, patient
acceptance, and compliance, and has entered clinical use at home
and abroad. However, there is a lack of systematic evaluation of
the effect of NMES in venous thrombosis prevention, and this
study provides an in-depth analysis and comparison of the effect
of NMES to provide an evidence-based medical basis for clinical
prevention of venous thrombosis.

MATERIALS AND METHODS

Study selection

Studies included were Randomized Controlled Trials (RCTs)
published in English or Chinese. Participants were adults aged
18 or older, without a history of VTE, and excluding those
with hemodynamic instability or severe organ dysfunction. The
experimental group received NMES or NMES combined with a
control program, while the control group received routine care
or other nursing treatments. The primary outcome was the
incidence of DVT, and secondary outcomes included venous
blood flow velocity and D-dimer levels.

Inclusion criteria: 1: Study type: publicly published RCT, language
limited to Chinese and English; 2) Study subjects: patients aged
> 18 years and without VTE, excluding hemodynamic instability
and severe organ dysfunction; 3) Intervention: NMES or NMES
combined with control group program was adopted in the
experimental group, and routine care or other nursing treatment
was adopted in the control group; 4) Outcome indicators: the
primary outcome indicator was the incidence of DVT, and
the secondary outcome indicators included venous blood flow

velocity and DD.

Exclusion criteria: 1) Repeatedly published literature; 2) Review,
case reports; 3) Literature for which the full text was not available
or the above outcome indicators were not reported.

Data sources and search strategy

Computerized searches were conducted in PubMed, The
Cochrane Library, Web of Science, and Embase, with a
timeframe of 2024. Subject and free word searches were
conducted with the search terms “Electric Stimulation/ Electrical
Stimulation/ neuromuscular electrical stimulation/NMES”
“Thrombosis/Thromboses/Thrombus/Venous ~ Thrombosis/
Venous Thromboses/ Phlebothrombosis/ Phlebothromboses/
Deep Vein Thrombosis / Deep Vein Thromboses/ Deep Venous
Thrombosis/ Deep Venous Thromboses/DVT”. Taking PubMed

as an example, the specific search strategy is shown in Figure 1.

Angiol Open Access, Vol.12 Iss.12 No:1000531

OPEN aACCESS Freely available online

Literature screening and data extraction

All the literature was imported into NoteExpress software, and
according to the inclusion and exclusion criteria, two researchers
read the title and abstract respectively for initial screening, and
then read the full text of the eligible literature for re-screening,
and if there was any disagreement, it could be judged through
discussion or the assistance of the third researcher.

Data extraction: 1) Basic information: first author, time of
publication; 2) Basic characteristics of the study population:
grouping method, sample size, age, gender, and intervention; 3)
Outcome indexes of interest: The primary outcome index was the
incidence of DVT, and the secondary outcome indexes included
venous blood flow velocity and DD. After data extraction was
completed, cross-checking was performed by two researchers.

Literature quality assessment and risk of bias

The methodological quality of the included studies was evaluated
independently by two investigators, with discussion or a third
investigator assisting in judgment when there was disagreement
in the evaluation. The Cochrane Handbook 5.1.0 was used for
quality evaluation of randomized controlled studies.

Statistical analysis

Meta-analysis was performed using RevMan 5.4 software. Relative
Risk (RR) was used as the effect analysis statistic for count data
and its 95% CI was provided; MD or Standard Mean Difference
(SMD) and 95% CI were used as the statistical effect measures
for continuous data. When testing for heterogeneity, if there was
no significant heterogeneity between the results of each study
(p > 0.05, 1):<50%), a fixed-effects model was used for Meta; if
there was significant heterogeneity between the results of each
study (p<0.05, I* > 50%), a random-effects model was used for
Meta-analysis. Obvious clinical heterogeneity was analyzed using
subgroup analysis or descriptive analysis only. Funnel plots were
used to evaluate the presence of publication bias.

RESULTS

Literature screening process and results

A total of 1608 relevant literatures were searched. After initial
screening, elimination of duplicates, and re-screening, 11 pieces
of literature were finally included. The literature screening
process is shown in Figure 2.

Basic characteristics of included studies and results of
risk of bias evaluation

The basic characteristics of the included studies are shown in Table
1, and the results of the risk of bias evaluation are shown in Figure 3.

Sensitivity analysis and publication bias

Mete analysis revealed high interstudy heterogeneity, and
sensitivity analysis using the method of excluding single studies
one by one revealed that there was still significant heterogeneity;
therefore, this study explored the source of heterogeneity by
conducting subgroup analysis based on different intervention
protocols in the trial group. Because this study involved fewer
than 10 articles, the risk of publication bias was not assessed.
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#1 “electric stimulation” [Mesh]
#2 “electrical stimulation™ [Title/Abstract] OR “neuromuscular electrical stimulation™
[Title/Abstract] OR “NMES” [Title/Abstract]

#3 #1 OR #2

#4 “thrombosis” [Mesh]

#5 “thromboses™ [Title/Abstract] OR “thrombus” [Title/Abstract]

#6 “venous thrombosis™ [Mesh]

#7 “venous thromboses™ [Title/Abstract] OR “phlebothrombosis™ [Title/Abstract] OR
“phlebothromboses™ [Title/Abstract] OR “deep vein thrombosis™ [Title/Abstract]
OR “deep  vein thromboses” [Title/Abstract] OR “deep venous thrombosis”

“DVT”[Title/Abstract]
#8 #4 OR #5 OR #6 OR #7
#9 #AND #8

Figure 1: PubMed search strategy.
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for Systematic Reviews and Meta-Analyses.

Figure 2: PRISMA flow diagram of record identification, screening and selection in meta-analysis. Note: PRISMA: Preferred Reporting Items

Table 1: Basic characteristics of included studies (n=11).

Age GenderIM/Fl Intervention
Study Design Sample T/C Outcomes
T C C T C
Calbiyik etal. [8] RCT 32/32 62.0+142 615+12.4 16/16 ~ NMES+LMWH N}’ii;f;“e 23
Chenetal. [9]  RCT 29/29 . NMES+IPC IPC 1,2,3
Xiao-gietal. [10] RCT  38/38 5839+ 12.29 58.79 + 12.11 23/15 NMESEE;W] general nursing 1,3
3
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Wainwright et al.

(11) RCT 14/11 68.50 +8.97 66.82 +10.03 5/9 4/17 NMES GCS 1
Yilmaz etal. [12] RCT 15/15 63.4+591 63.86 +7.47 9/17 8/7 NMES+LMWH+GCS LMWH+GCS 1,2

Velmahosetal. o 96 ) 32415 45+21 /5 16/5 NMEStgeneral ol nursing 1
[13] nursing

Prevot et al. [14] RCT 75/75 - NMES+ general general nursing 1
nursing

Bostrom et al. [15] RCT 40/49 59+1 60 +1 24/22  32/26 NMES+Dextran LMWH 1

Lindstrom et al. RCT 37/40 63.7 66.5 NMES+general general nursing 1
[16] nursing

Rosenberg et al. RCT 50/89 ) NMES+general general nursing 1
(17] nursing

Moloney et al. [18] RCT 113/172 - NMES+general general nursing 1
nursing

Note: RCT: Randomized Clinical Trails; T: Test group; C: Control group; NMES: Neuromuscular Electrical Stimulation; LMWH: Low Molecular
Weight Heparin; IPC: Intermittent Pneumatic Compression; GCS: Graduated Compression Stockings; 1: DVT incidence; 2: Peak femoral vein blood

velocity; 3: D-Dimer
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Figure 3: Risk of bias map for included studies (n=11).

Meta-analysis results

Incidence of DVT: Eleven studies used DVT incidence as an
outcome indicator, with no significant heterogeneity among
studies (I?=23%, p=0.24), and Meta-analysis using a fixed-effects
model, with a statistically significant difference in the results
of the combined effect sizes (RR=0.57, 95% CI (0.44, 0.74),
p<0.0001), as shown in Figure 4.

Venous blood flow rate of the lower limbs: Three studies
used venous blood flow rate as an outcome indicator, and
there was significant heterogeneity among the studies (1?=89%,
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p=0.0001), adopting a random-effects model, as shown in Figure
5. Heterogeneity disappeared after the exclusion of Chen's study
(I*=0%, p=0.39), and the possible reason analyzed was that the
methods of blood flow rate measurement were different.

D-Dimer: Three studies used DD as an outcome indicator, with
significant heterogeneity across studies (1>=99%, p<0.00001), and
a random-effects model was adopted, with subgroup analyses
grouped according to the different intervention protocols in the
experimental group, as shown in Figure 6. The results show that
only one study was included in each group, and only descriptive
analyses were performed.
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Testfor overall effect: Z= 4.32 (P < 0.0001)

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H. Fixed, 95% Cl M-H, Fixed, 95% CI
BostromZ£1986 5 40 6 49  42%  1.02[0.34,3.10) —
ChenZ2021 2 29 9 29 69% 0.22[0.05 094
Lindstrom1982 5 37 12 40 89% 045(0.18,1.16) - 1
MoloneyZE1972 22 113 43 172 263%  0.78(0.49,1.23) —=T
NieZ2020 7 38 17 38 131%  0.41[0.19,0.88) e
Prevot#1988 3 75 15 75 11.6%  0.20[0.06, 0.66) -
Rosenberg31975 14 50 39 89 21.7%  0.64[0.39,1.06) —
VelmahosZ2005 7 26 6 21 51%  0.94[0.37 239 - T
Wainwright&2020 0 14 2 11 21%  0.16(0.01,3.03 ¢
YilmazZ2016 0 15 0 15 Not estimable
Total (95% Cl) 437 539 100.0%  0.57[0.44,0.74] L 2
Total events 65 149
Heterogeneity: Chi*=10.42, df= 8 (P = 0.24); F= 23% u o 0*1 1 1’0 1nu=

Figure 4: Forest plot comparing the incidence of DVT. Note: DVT: Deep Vein Thrombosis

Favours [experimental) Favours [control]

Test for overall effect: Z= 3.38 (P = 0.0007)

Experimental Control Mean Difference Mean Difference
Study or Subgroup _ Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
CalbiyikZ2022 1559 208 32 1078 348 32 358% 4.81[3.41,6.21) —
ChenZ2021 5362 526 29 4291 513 29 31.4% 10.71(8.04,13.38] ——
YilmazZ2016 1746 286 15 1384 358 15 328% 3.62[1.30,5.94) —=—
Total (95% CI) 76 76 100.0%  6.27[2.64,9.91] e
Heterogeneity: Tau?= 8.09; Chi*= 18.03, df= 2 (P = 0.0001); F= 89% 10 5 5 5 1’0

Figure 5: Forest plot for comparison of venous blood flow rates in the lower extremities.

Favours [experimental] Favours [control]

Test for overall effect: Z= 2.68 (P = 0.007)
Test for subaroun differences” Chi*= 139 60

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1DD
Calbiyik#2022 1.68 115 32 243 117 32 17.4% -0.64 [1.14,-0.14] i
ChenZ2021 452.83 39.62 29 857.29 4218 29 151% -9.75[11.66,-7.84 —
NieZ2020 3,106.32 2,628.51 38 416.32 25887 38 17.4% 1.43(0.92,1.93] ke
Subtotal (95% Cl) 99 99  50.0% -2.76 [-6.05, 0.53] ——
Heterogeneity: Tau®= 8.12; Chi*= 136.84, df= 2 (P < 0.00001); F=99%
Test for overall effect: Z=1.64 (P=0.10)
3.1.2 NMES+IPC
ChenZ2021 452.83 39.62 29 85729 4218 29 151% -975(11.66,-7.84 —
Subtotal (95% CI) 29 29 15.1% -9.75[-11.66,-7.84] <@
Heterogeneity: Not applicable
Test for overall effect: Z= 10.01 (P < 0.00001)
3.1.3 NMES+ {643 T IF 35
Calbiyikg2022 168 115 32 243 147 32 17.4%  -0.64[1.14,-0.14] -
Subtotal (95% Cl) 32 32 17.4% -0.64 [-1.14,-0.14] *
Heterogeneity: Not applicable
Test for overall effect: Z= 2.49 (P = 0.01)
3.1.4 NMES+ %6 Jig 47
NieZ2020 3,106.32 2,62851 38 416.32 25887 38 17.4% 1.43(0.92,1.93] -
Subtotal (95% Cl) 38 38 17.4% 1.43[0.92, 1.93] *
Heterogeneity: Not applicable
Test for overall effect Z= 5.52 (P < 0.00001)
Total (95% Cl) 198 198 100.0% -2.67 [-4.62,-0.72] -
Heterogeneity: Tau*= 5.62; Chi*= 273.69, df= 5 (P < 0.00001); F= 98% _1=0 _‘5 t 1‘0

df= 3 (P < N.0NNN1Y IF= Q7 9%

Figure 6: Forest plot for DD comparison. Note: DD: D-Dimer

Favours [experimental] Favours [control]

DISCUSSION

Methodological quality of included studies

main conclusion was that NMES is effective in preventing lower
extremity venous thrombosis in hospitalized patients.

The quality of the literature was reviewed using the Cochrane
Handbook tool and the results showed moderate quality. Patient

Eleven studieswith 1040 patientswere included. The interventions
in the control group were intermittent pneumatic compression
therapy and anticoagulant medication, and the interventions
in the trial group were NMES or NMES combined with other
prophylactic measures. The outcome indicators included DVT
incidence, lower extremity venous blood flow rate D-dimer. The

Angiol Open Access, Vol.12 Iss.12 No:1000531

baseline information was comparable in all studies (p>0.05).Five
studies performed allocation concealment and ten studies used
random number tables, computerized randomization. Some
studies did not report the randomization method, allocation
concealment and blinding in detail, which may have some bias.



LiY, etal.

Analysis of the effect of NMES on the prevention of
lower extremity DVT in patients

The results of this Meta-analysis show that NMES can prevent
the occurrence of DVT, accelerate the blood flow in the lower
limbs and improve the coagulation function. Bedridden patients,
especially critically ill patients, have increased the occurrence of
DVT due to braking, trauma, surgery, invasive operations that
affect blood flow in the lower limbs, causing endothelial damage
and their own diseases that lead to blood in a hypercoagulable
state. NMES works by utilizing the electrical excitability of
the nerve cells, stimulating the nerves with pulsed current to
cause the corresponding muscle contraction, increasing the
venous blood flow rate [19]. At the same time, it can improve
the coagulation function, D-dimer mainly reflects the function
of fibrinolysis, high sensitivity, and its elevation indicates that
there may be hypercoagulable state in the body, and the normal
can basically exclude the VTE. The results of the present study
show that NMES reduces the incidence of DVT, and significantly
speeds up the femoral vein blood flow rate; as for D-dimer, only
three studies reported DD results and there was significant
heterogeneity, in both studies by Calbiyik et al., and Nie et al.,
NMES was found to be increased after intervention compared to
pre-intervention and both were higher than normal, Chen's study
showed that although there was a decrease in the NMES group
and the NMES combined with IPC group after intervention
compared to pre-intervention, the NMES group was still higher
than the normal range. We found that, unlike the results of
some existing studies, there is doubt and insufficient evidence
that NMES reduces D-dimer, and more high-quality studies are
needed [8,9].

CONCLUSION

NMES has a preventive effect on lower limb DVT in patients, and
the clinical studies on NMES prevention of DVT in patients have
been gradually increasing and gaining attention in recent years.
The quality of the literature included in this study is moderate,
and in the future, the study design can be continuously improved
to reduce the risk of bias and further explore the mechanism
of action of NMES in preventing DVT in patients and related
therapeutic parameters.

LIMITATIONS OF THE STUDY

This study's outcome metrics of lower extremity venous blood
flow rate and DD are involved in a small body of literature.

RELEVANCE FOR CLINICAL PRACTICE

Based on the findings of this study, Hospitals can introduce
neuromuscular electrical stimulation devices for use in patients
who need to prevent deep vein thrombosis in the lower
extremities, providing a better option for DVT prevention.
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