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Abstract 
Objective: To evaluate the effect of physical methods on the prevention of 
venous thrombosis in patients with peripherally inserted central catheter 
(PICC). Methods: Randomized controlled trials meeting the inclusion and 
exclusion criteria were retrieved from the following databases: Cochrane li-
brary, Pubmed, EMbase, Web of science, Ovid, CBM, CNKI, Wanfang, VIP, 
then Review Manage (RevMan) 5.3 software was used for data analysis. Re-
sults: A total of 24 RCTs including 3496 patients were analyzed in the study. 
The results of meta-analysis showed that various forms of upper limb move-
ments could effectively decrease the incidence of venous thrombosis in the 
patients with PICC [RR = 0.23, 95% CI (0.16, 0.33), P < 0.01], upper limb 
movements could effectively improve the mean blood flow velocity of basilic 
vein [MD = 1.65, 95% CI (1.19, 2.11), P < 0.01]. Conclusion: Upper limb 
movements can effectively decrease the incidence of phlebothrombosis and 
improve the mean flow velocity of basilic vein in the patients undergoing 
PICC. Other forms of physical prevention methods need to be further studied 
due to insufficient sample size. 
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1. Introduction 

Peripherally inserted central catheter (PICC) is a kind of central venous catheter 
punctured by peripheral veins, such as the basilic vein, cubital median vein, ce-
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phalic vein [1]. While providing convenient and effective venous access for pa-
tients, PICC can also cause some complications, such as shedding, blockage, 
phlebitis, venous thrombosis, etc., among which venous thrombosis is the most 
serious, if the thrombus falls off, it will lead to fatal pulmonary embolism [2] [3]. 
How to prevent venous thrombosis is an urgent problem to be solved in clinical 
practice. The damage of blood vessel wall, slow blood flow and high blood coa-
gulation state are the three main factors causing venous thrombosis. The endo-
vascular intima was directly damaged during catheterization of PICC. At the 
same time, as a foreign body floating in the blood vessel for a long time, it can 
generate mechanical stimulation and affect normal hemodynamics, easily form-
ing eddy-current and producing microthrombus. In addition, after the place-
ment of PICC, patients will also suffer from pain, weakness, bed rest, worry and 
other factors, as well as physical reactions such as nausea and vomiting after 
chemotherapy, resulting in decreased voluntary activities, blood stasis, slow 
blood flow and easy formation of thrombosis. Other predisposing factors include 
the stimulation of blood vessels by drugs. Tumor cells damage the hypercoagu-
lability of vascular endothelial cells by directly invading blood vessels or secret-
ing vascular penetrating factors, and directly activate the coagulation system and 
the activation of a variety of coagulant substances to promote thrombosis. The 
prevention of thrombosis is mainly to use physical or drug methods to prevent 
the formation of three factors. Current guidelines [4] do not recommend drug 
treatment for venous thrombosis patients with PICC, therefore, it is urgent for 
us to find safe, simple and effective physical intervention measures to prevent 
venous thrombosis. Physical interventions refer to the methods that use physical 
principles such as motion, light, electricity, radiation, pressure and machinery to 
achieve the purpose of prevention. At present there are few studies about physi-
cal intervention measures for venous thrombosis in foreign countries, although 
there are more and more studies about the topic in China, the research standards 
and methods are different. The aim of this study was to evaluate the effect of 
various physical intervention methods for PICC venous thrombosis, in order to 
provide evidence and direction for future studies. 

2. Materials and Methods 
2.1. Inclusion Criteria 

1) Study design: randomized controlled trials (RCTs) about physical prevention 
of upper limb venous thrombosis in patients with PICC. 2) There was no signif-
icant difference in the general data between the two groups in age or gender (P > 
0.05). 3) Patients: aged at least 18 years old; completed PICC for the first time; 
tolerate color ultrasound examination. 4) Interventions: the experimental group 
received physical prevention during PICC indentation, the control group didn’t 
receive intervention during PICC indwelling or received another form of physi-
cal prophylaxis. Specific physical mode: every day, the medical staff conducted 
guidance and supervision on the movement mode of the affected limb in differ-
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ent modes and frequencies. Regular exercise: the nurse only carries on the health 
education of the physical exercise mode to the patient, but does not supervise the 
implementation. 5) Outcome indicators: the main outcome indicators in this 
study were the incidence of venous thrombosis and the mean velocity of blood 
flow. Venous thrombosis and venous velocity were determined by color Doppler 
examination. Normal vein ultrasound showed thin, smooth vein wall, no echo in 
the lumen, the probe pressure lumen can be compressed, the color blood flow 
filling good. In the case of venous thrombosis, the inner diameter of the lumen 
increases, the wall thickens, there are low or moderate echoes around the cathe-
ter, and color Doppler flow signals are filled with defective or no color flow sig-
nals at all. Venous velocity was compared with that of the patient at steady state. 

2.2. Exclusion Criteria 

1) Multiple deep vein catheterization (>2 times); 2) use drug treatment for in-
tervention. 

2.3. Search Strategy 

1) Searchable database: This study systematically searched relevant published 
original literatures in Chinese and English databases, including Pubmed, Web 
of sciene, EMbase, Ovid, Cochrane library, CBM, CNKI, Wanfang, VIP. The 
retrieval time is from their inception until August 2019. 2) Search terms: “arm 
exercise/make a fist/arm training/upper limb movement/limb function exer-
cise”, “PICC/peripherally inserted central catheter”, “phlebothrombosis/venous 
thrombosis/thrombus of vein/venous embolism/deep vein thrombosis”, “preven-
tion and control”. 

2.4. Study Selection and Quality Evaluation 

1) Study screening and data extraction: According to the consistent inclusion 
and exclusion criteria, the data was selected and extracted by two researchers in-
dependently, the two researchers have learned knowledge about evidence-based 
medicine, and received standardized training. Extract contents including basic 
information (author, year of publication, country, baseline situation, etc.), research 
design, sample size, interventions, outcome indicators, etc. Any disagreement was 
resolved by discussion with a third reviewer. 2) The two researchers indepen-
dently evaluated the included studies according to Cochrane Assessment Manual 
5.1.0 Assessment Criteria. The evaluation items included: random sequence 
generation, allocation hiding, blind method, data integrity of outcome indica-
tors, selective reporting of findings and other sources of bias. A: fully meet the 
above criteria, the risk of a variety of bias is low; B: partially meet the above cri-
teria, bias risk is moderate; C: completely dissatisfied with the above criteria, bias 
risk is higher. Both A and B studies were included in this study. 

2.5. Statistical Analysis 

Meta-analysis was performed using the RevMan5.3 software, provided by Coch-
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rane collaboration network. Weighted mean difference (MD) was used for mea-
surement data, such as the venous blood flow velocity. Relative Risk (RR) was 
used for enumeration data. 95% Confidence interval (CI) was calculated for all 
analyses. Firstly, Chi-square (X2) was used to confirm whether there was hetero-
geneity among the studies. If there was no significant statistical heterogeneity 
(P > 0.1, I2 < 50%), the fixed effect model was adopted. If there was heterogenei-
ty (P < 0.1, I2 ≥ 50%), the random effect model was used to combine with the ef-
fect size. Descriptive analysis was adopted if heterogeneity was too obvious and 
can’t be judged. 

3. Results 
3.1. Study Selection and Study Characteristics 

A total of 579 trials were initially retrieved, 334 are Chinese and 245 are English. 
After screening, 24 literatures were finally included, and the specific steps of in-
clusion were shown in Figure 1. Three literatures [5] [6] [7] divided the inter-
vention group into two groups (experimental group 1 and experimental group 
2). The two groups had different exercise frequency, in order to make the data 
clearer and the consistency of intervention measures and outcome indicators, 
the two groups were divided into two RCTs. The basic features of the included 
articles are shown in Table 1. 

3.2. Methodological Quality Evaluation of the Included Literature 

The methodological quality of the included 24 trials was all of grade B. The base-
line levels of the subjects were compared. Two of the studies [7] [8] made an in-
tentionality analysis of the missing patients, and the specific evaluation indica-
tors and results were shown in Table 2. 
 

 
Figure 1. Flow diagram of studies identified in the systematic review. 
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Table 1. Characteristics of the included studies. 

Included studies Year Nation Objective 
Sample 
size E/C 

Interventions Outcome 
indicator E C 

Chen, B. [5] 2016 China Tumour 40/40 Electronic grip R B + D 

Zhang, M. [6] 2015 China Hepatobiliary Surgery 20/20 Electronic grip R B + D 

Zhou, Y. [7] 2015 China Tumour 32/38 
Elastic ball 

handgrip exercise 
R DVT + A 

Rabinstein [8] 2019 USA 
Neurocritical  

patients 
31/31 

Sequential 
compression devices 

without pressure 
treatment 

DVT 

Hao, R. N. [9] 2016 China 
Gastrointestinal 

tumor 
83/83 Arm exercise R DVT 

Li, L. [10] 2018 China 
Hematological 

tumor 
159/159 Active fist-making R DVT + A 

Li, Q. [11] 2017 China 
Tumor 

chemotherapy 
113/110 

Video combined with 
drawing exercise 

R DVT 

Lun, X. P. [12] 2014 China Tumor 43/43 Upper limb exercise R DVT 

Ren, Y. C. [13] 2018 China Tumour 52/52 Handgrip exercise R DVT + A 

Wang, M. [14] 2016 China 
Cerebrovascular 

disease 
42/42 Active fist clenching R DVT + A 

Wang, Y. P. [15] 2018 China Tumour 42/42 Ball grip exercise R DVT 

Wang, Z. Y. [16] 2017 China 
Hematological 

tumor 
87/88 

Quantitative physical 
intervention 

R DVT 

Wu, T. T. [17] 2017 China Leukemia 76/84 Functional exercise R DVT 

Xie, F. M. [18] 2019 China 
Hematological 

tumor 
87/88 

Music grip 
strength training 

R DVT 

Yin, R. H. [19] 2017 China Tumour 60/60 
Quantitative PICC 
functional exercise 

R DVT 

Zhang, J. W. [20] 2019 China Elderly patients 75/75 Fisting activity R DVT + A 

Zhu, W. Y. [21] 2019 China Tumor 42/42 
Different ball holding 

motion patterns 
R DVT + A 

Zou, X. M. [22] 2014 China Breast cancer 80/80 Grip training R DVT 

Xia, R. [23] 2010 China SENILE tumor 60/60 
Electric 

acupoint stimulation 
R DVT + A 

Zhang, J. [24] 2019 China tumor 137/137 
Microwave hyperthermia 

combining with 
limb movement 

R DVT 

Lin, L. Z. [25] 2018 China tumor 150/150 Microwave physiotherapy R D 

Wang, J. M. [26] 2013 China cancer 45/45 Static and static pulse system R DVT 

Zhu, B. Z. [27] 2019 China tumor 86/85 
Compression with 

sphygmomanometer 
R DVT 

Jin, L. [28] 2015 China tumor 100/100 
Air wave pressure 

therapeutic apparatus 
R DVT 

Note: A: blood flow velocity in axillary vein; B: the mean flow velocity of basilic vein; D: Blood vessel diameter; DVT: Incidence of deep vein thrombosis; R: 
regular exercise; C: control group; E: experimental group. 
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Table 2. Assessment of risk of bias. 

Included 
studies 

Random sequence 
generation 

Allocation 
concealment 

Blinding of 
participants 

Blinding of 
outcome assessment 

Incomplete 
outcome data 

Other 
bias 

Quality 
grade 

Chen, B. [5] low unclear unclear low low low B 

Zhang, M. [6] unclear unclear unclear low low low B 

Zhou, Y. [7] low unclear unclear unclear low low B 

Rabinstein [8] low low high low high low B 

Hao, R. N. [9] low unclear  unclear low low B 

Li, L. [10] low unclear unclear unclear low low B 

Li, Q. [11] unclear unclear unclear unclear low low B 

Lun, X. P. [12] low unclear unclear unclear low low B 

Ren, Y. C. [13] low unclear unclear unclear low low B 

Wang, M. [14] unclear unclear unclear unclear low low B 

Wang, Y. P. [15] unclear unclear high unclear low low B 

Wang, Z. Y. [16] low unclear unclear unclear low low B 

Wu, T. T. [17] unclear unclear unclear unclear low low B 

Xie, F. M. [18] low unclear unclear unclear low low B 

Yin, R. H. [19] unclear unclear unclear unclear low low B 

Zhang, J. W. [20] low unclear unclear unclear low low B 

Zhu, W. Y. [21] low unclear unclear unclear low low B 

Zou, X. M. [22] low unclear unclear unclear low low B 

Xia, R. [23] unclear unclear unclear unclear low low B 

Zhang, J. [24] low unclear unclear unclear low low B 

Lin, L. Z. [25] low unclear unclear unclear low low B 

Wang, J. M. [26] unclear unclear high unclear low low B 

Zhu, B. Z. [27] low unclear high unclear low low B 

Jin, L. [28] low unclear unclear unclear low low B 

3.3. Results of Meta-Analysis 
3.3.1. Effect of Upper Limb Exercise on Venous Thrombosis 
15 literatures [5] [9]-[22] evaluated the effect of clenched fist exercise on venous 
thrombosis, and the combined results showed that there was no heterogeneity 
between the studies (I2 = 0%, P = 1.00), the fixed effect model was used. The re-
sults showed that the incidence of phlebothrombosis in the upper limb exercise 
group was lower than that of the conventional exercise group, and the difference 
was statistically significant [RR = 0.23, 95% CI (0.16, 0.33), P < 0.01], as shown 
in Figure 2.  

3.3.2. Effect of Exercise on the Venous Blood Flow Velocity  
of Basilic Vein 

2 studies [5] [6] reported the effect of exercise on the venous blood flow velocity  
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Figure 2. Effect of clenched fist exercise on thrombus. 

 
of basilic vein of patients with PICC. The combined results showed that there 
was no heterogeneity between the studies (I2 = 0%, P = 0.70), there is no hetero-
geneity. By using the fixed effects model, the results showed that the venous 
blood flow velocity of basilic vein in the exercise group movement is faster than 
that of the routine group, the difference was statistically significant [RR = 1.65, 
95% CI (1.19, 2.11), P < 0.01], as shown in Figure 3.  

3.3.3. Effect of Exercise on Blood Flow Velocity in Axillary Vein 
6 studies [5] [10] [13] [14] [20] [21] evaluated the effect of exercise on the blood 
flow velocity of axillary vein in patients with PICC. 3 studies [5] [20] [21] were 
excluded for inconsistent thrombotic measurement time, but heterogeneity still 
existed (I2 = 92%, P < 0.001), as shown in Figure 4. Descriptive analysis showed 
that all the 6 studies indicated that the velocity of axillary vein after exercise was 
faster than that of conventional exercise, and the difference was statistically sig-
nificant (P < 0.05).  

3.3.4. Effect of Bioelectrical Stimulation on Thrombosis 
1 literature [23] evaluated the effect of electrical stimulation on vein of patients 
with PICC catheterization. It was concluded that the difference of axillary vein 
blood flow velocity and the incidence of deep venous thrombosis between the 
experimental group and the control group was statistically significant. 

3.3.5. Effect of Microwave on Vein Thrombosis in Patients with PICC  
Catheterization 

2 literatures [24] [25] evaluated the effect of microwave on vein thrombosis in 
patients with PICC catheterization. One literature [24] showed that the inci-
dence of venous thrombosis in microwave group was lower than that in control 
group, and the difference was statistically significant (P < 0.05). One literature  
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Figure 3. Effect of exercise on the venous blood flow velocity of basilic vein. 
 

 
Figure 4. Effect of exercise on blood flow velocity in axillary vein. 

 
[25] evaluated the effect of microwave on the diameter of basilic vein in patients 
with PICC catheterization. The result showed that the inner diameter of cardinal 
vein in microwave group was significantly dilated with higher success rate at a 
time than that of control group and the difference was statistically significant (P 
< 0.05). Due to the different outcome indexes of the two literatures, me-
ta-integration could not be carried out, and only descriptive analysis was con-
ducted. 

3.3.6. Effect of Pressure on Venous Thrombosis in Patients with PICC 
3 domestic studies [26] [27] [28] evaluated the effect of pressure on venous 
thrombosis in patients with PICC. Heterogeneity showed that fixed effect model 
should be selected to analyze (I2 = 0%, P = 0.96). The results showed that the in-
cidence of thrombosis in the pressure group was lower than that of the conven-
tional exercise group, and the difference was statistically significant [RR = 0.22, 
95% CI (0.09, 0.55), P < 0.01], as shown in Figure 5.  

3.3.7. Sensitivity Analysis and Publication Bias 
Funnel plot analysis was performed on 15 literatures [5] [9]-[22]. Through sen-
sitivity analysis about the above combined results, the meta-analysis results had 
no change, suggested that the results of this study are stable. Scatter plots show a 
symmetrical distribution. The test results of 15 studies are symmetrical without 
publication bias, as shown in Figure 6.  

3.3.8. Effect of Catheter Material on Venous Thrombosis in PICC Patients 
In this paper, 14 [5] [6] [7] [9] [11] [13] [15] [17] [20] [23] [24] [25] [26] [27] 
studies mentioned that the PICC catheters used are all Brands, and 9 [10] [12] 
[14] [15] [16] [19] [21] [22] [28] studies did not describe the brands, this is con-
sistent with Li Xin [29]. Related studies [30] [31] pointed out that the incidence 
of complications of domestic PICC in patients with PICC catheterization was  
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Figure 5. Effect of pressure on thrombus in patients with PICC. 

 

 
Figure 6. Publication bias of effect of clenched fist exercise on thrombus. 

 
20% (6/30) and 10.3% (7/68), which was the same as foreign brands (8% - 50%) 
[32]. Meanwhile, Seckold, T. pointed out that there was no difference in the total 
incidence of complications of catheters in terms of materials, but the types of 
complications were different. The incidence of complications of PICC catheters 
of different brands is shown in Table 3. 

4. Discussion 
4.1. Effect of Physical Exercise on the Incidence of Thrombosis in  

Patients with PICC 

There are many ways to prevent thrombus in patients with PICC. The results of 
meta-analysis show that all kinds of upper limb movements can reduce the inci-
dence of thrombus in patients with PICC and accelerate the blood flow speed of 
venous catheterization. Although there are different forms of upper limb move-
ments, they can through the movement of upper limbs to accelerate the blood 
flow speed of the limb on the side of catheterization, promote the venous and 
lymphatic circulation, so as to reduce the incidence of thrombus. Some studies 
have confirmed that [33] [34], compliance of exercise is positively related to the 
incidence of thrombus in patients with PICC, patients with good compliance 
have better exercise effect than patients with regular exercise, and the incidence 
of thrombus is low. It may be due to the lack of supervision of the patients in the  
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Table 3. The incidence of complications of PICC of different brands. 

Brand 
Complication 

incidence 
Normal 

cases 
Total 
cases 

Total 
complication rate 

Kangxin [30] 7 61 68 10.3% 

Domestic brands [31] 6 24 30 20% 

Foreign brands [32] - - 3767 8% - 50% 

Note: “-” means no relevant data. 

 
routine exercise group, few of them aware the importance of exercise, fear of the 
adverse consequences of the activity on the body, resulting in the failure of the 
exercise intensity and frequency to reach the standard, therefore, the blood flow 
of the limb on the catheter side is slow, which is easy to cause thrombosis. This 
study failed to confirm that bioelectric stimulation and microwave can reduce 
the incidence of venous thrombosis in patients with PICC, which may be related 
to the fact that this study is less involved in related studies, the implementation 
process of bioelectricity is relatively cumbersome, and the cost is high, the num-
ber of patients received in clinical is less or the intervention time is short, etc., 
and it is expected that large sample and high-quality randomized controlled tri-
als to be further explored. 

The relationship between pressure and venous thrombosis is uncertain. Do-
mestic studies [26] [27] [28] have confirmed that intermittent pressure can re-
duce the incidence of venous thrombosis. This study found that the upper limb 
movements can effectively improve the average blood flow velocity of the vein 
and slow down the formation of thrombus. Therefore, effective education should 
be provided to patients with PICC, reasonable limb movements and physical 
therapy should be guided to reduce their fear of exercises and physical pain, and 
improve patients’ compliance and initiative of exercise. However, the incidence 
of PICC catheterization in foreign countries is low, only one study included, so 
the sample size is small, and in the course of the study, the treatment group was 
forced to suspend the experiment due to the high incidence of thrombus, and 
the integrity of the outcome data was affected. Therefore, more high-quality 
RCTs and multilingual literatures are needed to evaluate the effect of intermit-
tent pressure on thrombosis. 

PICC with different brands, types and materials have been used in China. Ac-
cording to the survey [29], more than 94.6% of PICC catheters in the market are 
imported brands such as BARD, USA, BD, ARROW, MEDCOMP, B BRAUN, 
while the utilization rates of domestic brands are low, such as BAIDUOAN and 
EILANG, which may be related to the late start of PICC in China. With the im-
provement of catheterization and maintenance technology of domestic PICC, 
and the gradual improvement of the brand, its complications are also decreasing, 
and the price is half of that of imported brands [30], so it may be more suitable 
for patients in China. However, there are fewer literature about the related com-
plications of domestic brands, more high-quality RCTs studies are needed for 
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the comparing between domestic and foreign brands, to promote the develop-
ment of intravenous therapy specialty in China. 

4.2. Limitations of This Study 

Most RCTs included are Chinese, only one [8] is English, and this study only re-
trieves the published Chinese and English trials, some trials may not be in-
cluded. There are great differences in the sample and methodology of the in-
cluded studies, and the intervention schemes are not consistent, which may have 
a certain impact on the results of the study. Some studies did not illustrate the 
generation of random sequence and blinding of allocation, which may also affect 
the results of Meta analysis. In addition, the quality of the studies included in 
this study is low, there is a certain risk of bias, and the effect of exercise needs to 
be further studied and practiced. It is suggested that future research should 
standardize the interventions. For example, the exercise of mode, method, fre-
quency, intensity, measurement time and standard of outcome indicators, etc., 
should be refined and specific economic conditions and willingness of the pa-
tients should to be taken into consideration, so as to improve the consistency of 
the prevention. In the future, we can expand the sample size and carry out 
high-quality randomized controlled trials to validate the effect of standardized 
physical prevention on venous thrombosis of patients with PICC, and provide 
more comprehensive theoretical support for clinical nursing staff. 
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