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Introduction

Intravenous (IV) catheters are widely used for clinical 
infusion; they reduce the pain caused by repeated puncture, 
facilitate emergency salvage, and improve medical staff 
efficiency (1). However, IV catheter insertion may cause 

adverse reactions such as puncture-site infection, liquid 
leakage, phlebitis, venous thrombosis, and subcutaneous 
hematoma. Furthermore, plugging of catheters may occur, 
which requires reinsertion. Indeed, reinsertion has been 
reported in 10−40% of patients receiving IV catheter (2). 
Catheter plugging may be caused by backflow of venous 
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blood, patient movement, incomplete flushing after 
parenteral nutrition infusion, inappropriate needle type, too 
rapid injection, or improper selection of the tube-sealing 
solution (3). Of these, improper sealing operation by nurses, 
excessive movement of patients, and venous blood return 
due to high venous pressure in limbs after sealing are the 
most common causes. 

 In 1999, the PosiFlow regulator was introduced to 
China. Since then, compared to traditional tube sealing, 
it has been shown to significantly reduce the incidence of 
adverse events such as coagulation in the IV catheter hose 
and infusion particles and pollution caused by repeated 
puncture of the heparin cap. Its design, with dead space of 
only 0.06 mL, is especially convenient for operation, while 
the cruciform diversion trench facilitates input of liquid. A 
vortex is generated by the internal design that automatically 
advances the liquid into the vein, thus preventing plugging 
caused by venous blood return, reducing complications 
caused by the tube-sealing solution and repeated puncture 
of the heparin cap, and extending the usage time of the 
IV catheter (4). However, according to Li (4), although 
the rate of blood return is significantly lower than before 
using PosiFlow, the incidence is still high. It is still 
necessary to examine the best methods for reducing blood 
return and extending the usage time of IV catheter using 
existing technologies. In this randomized controlled trial, 
we examined the efficacy of combining PosiFlow and an 
infusion clip for preventing catheter plugging caused by 
venous blood return.

We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-145).

Methods

Participants

From January 2017 to August 2017, 960 patients requiring 
IV catheter insertion during hospitalization in our 
department were recruited to this study. Inclusion criteria 
were as follows: (I) age under 70 years old, (II) more than 
5 days of perfusion and infusion time plus at least 5 hours 
per day, (III) intact skin without scarring, inflammation, 
ulceration, edema or induration, and normal limb 
movement, (IV) conscious and able to sign the informed 
consent. Exclusion criteria were as follows: edema, 
hypoproteinemia, and coagulation dysfunction.

The study was approved by the Human Research 

Ethics Committees of the Second Affiliated Hospital of 
Army Medical University (2019-065-01). All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). Written informed consent was provided by the 
participants prior to randomization.

Randomization

Participants were randomly allocated to 4 groups by using 
the block randomization method (n=240 per group), 
including a control group and experimental groups A, 
B, and C. In the control group, an ordinary IV catheter 
was used and the infusion clip was closed after pulse tube 
sealing according to routine IV infusion protocols. Of the 
3 experimental groups, group A received IV catheterization 
only, group B received IV catheterization with a PosiFlow 
regulator, and group C received IV catheterization with 
an infusion clip and PosiFlow regulator. Of the 960 
participants, 21 quitted (8 in the control group and 13 in 
the experimental groups). The IV catheter was replaced 
by a ventral venous catheter (CVC) in 11 cases due to 
emergency surgery, and 6 participants were discharged on 
the day of catheterization. A peripherally inserted central 
catheter (PICC) was inserted under B-ultrasound guidance 
in 2 cases due to poor vascular conditions, and 2 cases were 
transferred to other institutions. 

Outcomes

Catheter plugging and blood return were chosen as primary 
outcomes. 

Blood return volume was calculated with the assistance 
of a medical doctor to ensure safety, accuracy, and feasibility. 
First, the effective cavity of the IV catheter was calculated 
experimentally by drawing 1 mL of 0.9% sodium chloride 
solution slowly into a 1 mL syringe and then slowly injecting 
it into the heparin cap until the effective cavity was filled. 
By this method, the effective cavity volume was determined 
to be 0.6 mL. For calculation of blood return volume, 1 mL 
of 0.9% sodium chloride solution was drawn into a 1 mL 
syringe to simulate venous blood return, and then slowly 
injected into the needle tip of the IV catheter. The length 
of return was then measured as 0.1 mL normal saline over  
2.8 cm of tubing, 0.2 mL over 8.9 cm, and 0.3 mL over  
13.6 cm. The effective cavity of the heparin cap was 0.17 mL  
when filled with 0.9% sodium chloride solution. From 
these values, blood return volume was calculated for each 
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participant. We then evaluated the relationship between 
blood return volume and catheter plugging.

In addition, a total of 9 observation indexes were 
recorded: (I) selection of puncture site, (II) duration of 
catheter usage, (III) causes of needle withdrawal, (IV) 
catheter plugging (yes/no), (V) blood return (yes/no), (VI) 
blood return volume, (VII) liquid leakage (yes/no), (VIII) 
phlebitis (yes/no), and (IX) grading of phlebitis. The causes 
of needle withdrawal included after infusion, over 96 hours, 
catheter plugging, liquid leakage, phlebitis, and pain. 
Phlebitis was graded as follows: Grade 0: no symptoms; 
Grade I: local pain, redness or edema, no cord-like changes 
and induration can be touched on the vein; Grade II: local 
pain, redness or edema, cord-like changes can be touched 
but no induration on the vein; Grade III: local pain, redness 
or edema, cord-like changes and induration can be touched 
on the vein; Grade IV: local pain, redness or edema, cord-
like changes and induration can be touched on the vein, and 
the length is longer than 2.5 cm.

After unified training, 10 nurses were assigned 
responsibility for measuring, observing, and recording these 
indexes daily.

Statistical analysis

All data were analyzed using the statistical software SPSS 
20.0 (IBM Corp., Armonk, NY, USA). Continuous variables 
were expressed as mean ± standard deviation and categorical 
variables as frequency and ratio. Group means were 
compared by independent sample t-test and ratios by chi-
square (χ2) test. A P value <0.05 was considered statistically 
significant.

Results

Baseline characteristics of participants

Participants requiring IV catheter insertion during 
hospitalization in our department were recruited from 
January 2017 to August 2017. There were no statistically 
significant differences in mean age, gender ratio, and 
primary disease distribution among the 4 groups (all P>0.05, 
Table 1).

Comparison of venous blood return rate, catheter plugging 
rate, and causes of needle withdrawal among groups

The rates of catheter plugging and blood return were 

significantly different among the 4 groups. Experimental 
group C had the lowest catheter plugging and blood return 
rates among all groups (Table 2).

Comparison of venous blood return and catheter plugging 
rate among different causes of needle withdrawal

Subgroup analysis was performed to investigates the effect 
of different causes of needle withdrawal on blood return 
and catheter plugging. According to Table 3, after the 
completion of infusion, the rates of venous blood return 
and catheter plugging were still the lowest among all of 
the 4 groups. However, for other causes, there were no 
significant differences in the rates of venous blood return 
and catheter plugging among the 4 groups. In addition, for 
needle withdrawal due to catheter plugging, all participants 
had blood return (Table 3).

Comparison of venous blood return and catheter plugging 
rates among different puncture sites

The rates of venous blood return and catheter plugging 
were also compared among puncture sites, and were shown 
to be significantly lower in experimental group C than 
other groups when inserted in the opisthenar or forearm. 
In addition, the rates of blood return and catheter plugging 
were the lowest in forearm. However, for other puncture 
sites, there were no significant differences in the rates of 
venous blood return and catheter plugging among the 4 
groups (Table 4). Therefore, we advocate the forearm as the 
preferred puncture site for IV catheter insertion. 

Discussion

Venous blood return is a common problem during the 
clinical application of IV catheters. A baseline survey in 
our department demonstrated that blood return occurred 
during 60.7% of IV catheter applications. Further, venous 
blood return is a common cause for needle withdrawal. 
However, blood return alone is not a sufficient condition 
for withdrawal. In the current trial, the main reason for 
needle withdrawal was catheter plugging due to venous 
blood return. However, not all cases of venous blood 
return resulted in catheter plugging. Thus, it is likely that 
plugging depends on some additional factors such as actual 
blood concentration in the catheter, which would increase 
the chance of clogging due to coagulation. Unfortunately, 
the current method for calculation of blood return volume 
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Table 2 Blood return and catheter plugging rates in different groups

Endpoints Control group (n=232)
Experimental group  

A (n=235)
Experimental group  

B (n=237)
Experimental group  

C (n=235)
χ2 P value

Blood return 117 (50.4%) 114 (48.5%) 86 (36.3%) 63 (26.8%) 35.788 <0.001

Catheter plugging 58 (25.0%) 51 (21.7%) 39 (16.5%) 19 (8.1%) 26.134 <0.001

Table 1 Baseline characteristics of participants

Characteristics Control group (n=232)
Experimental group  

A (n=235)
Experimental group  

B (n=237)
Experimental group  

C (n=235)
P value

Gender 0.914

Male 114 (49.1%) 114 (48.5%) 120 (50.6%) 121 (51.5%)

Female 118 (50.9%) 121 (51.5%) 117 (49.4%) 114 (48.5%)

Age 47.4±30.2 45.3±31.4 46.2±30.5 47.0±31.3 0.826

Occupation 0.978

Peasant 114 (49.1%) 114 (48.5%) 110 (46.4%) 108 (46.0%)

Worker 96 (41.4%) 97 (41.3%) 106 (44.7%) 103 (43.8%)

Cadre 22 (9.5%) 24 (10.2%) 21 (8.9%) 24 (10.2%)

Education level 0.263

Primary school  48 (20.7%) 56 (23.8%) 62 (26.2%) 64 (27.2%)

Junior school 74 (31.9%) 64 (27.2%) 71 (29.9%) 69 (29.4%)

Senior school 70 (30.2%) 67 (28.5%) 73 (30.8%) 75 (31.9%)

University 40 (17.2%) 48 (20.5%) 31 (13.1%) 27 (11.5%)

Marital status 0.712

Married 165 (71.1%) 167 (70.1%) 176 (74.2%) 163 (69.4%)

Unmarried 34 (14.7%) 32 (13.6%) 38 (16.1%) 34 (14.5%)

Divorced 15 (6.5%) 12 (5.1%) 9 (3.8%) 15 (6.4%)

Widowed 18 (7.7%) 24 (10.2%) 14 (5.9%) 23 (9.7%)

Family monthly income (yuan) 0.379

≤2,000 17 (7.3%) 25 (10.6%) 20 (8.4%) 15 (6.4%)

2,001–3,000 85 (36.6%) 85 (36.2%) 76 (32.1%) 75 (31.9%)

3,001–4,000 73 (31.5%) 80 (34.0%) 81 (34.2%) 76 (32.3%)

>4,001 57 (24.6%) 45 (19.2%) 60 (25.3%) 69 (29.4%)

Medical insurance 0.645

Medical insurance for 
worker in urban areas

117 (50.4%) 115 (48.9%) 122 (51.5%) 115 (48.9%)

The rural cooperative 
medical insurance

114 (49.1%) 117 (49.8%) 114 (48.1%) 120 (51.1%)

Self-paying 1 (0.4%) 3 (1.3%) 1 (0.4%) 0 (0%)
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Table 3 Comparison of blood return and catheter plugging rates in different causes of needle withdrawal

Different causes of needle 
withdrawal

Control group 
(n=232)

Experimental group 
A (n=235)

Experimental group 
B (n=237)

Experimental group 
C (n=235)

χ2 P value

Completion of infusion 59 79 87 127

Blood return 41 (69.5%) 50 (63.3%) 31 (35.6%) 30 (23.6%) 51.491 <0.001

Catheter plugging 11 (18.6%) 14 (17.2%) 9 (10.3%) 3 (2.4%) 17.483 <0.001

Catheter plugging 27 22 23 13

Blood return 27 (100%) 22 (100%) 23 (100%) 13 (100%) N/A N/A

Catheter plugging 27 (100%) 22 (100%) 23 (100%) 13 (100%) N/A N/A

Liquid leakage 64 57 50 39

Blood return 20 (31.3%) 17 (29.8%) 13 (26.0%) 9 (23.1%) 0.995 0.803

Catheter plugging 9 (14.1%) 7 (12.3%) 3 (6.0%) 2 (5.1%) 3.420 0.331

Phlebitis 14 11 10 9

Blood return 5 (35.7%) 4 (36.4%) 3 (30.0%) 2 (22.2%) 0.600 0.896

Catheter plugging 2 (14.3%) 2 (18.2%) 1 (10.0%) 0 (0%) 1.799 0.615

Pain 56 49 54 40

Blood return 23 (41.1%) 19 (38.8%) 15 (27.8%) 9 (22.5%) 5.035 0.169

Catheter plugging 9 (16.1%) 6 (12.2%) 3 (5.5%) 1 (2.5%) 6.470 0.091

Other causes 12 17 13 7

Blood return 1 (8.3%) 2 (11.8%) 1 (7.7%) 0 (0%) 28.296 <0.001

Catheter plugging 0 (0%) 0 (0%) 0 (0%) 0 (0%) N/A N/A

cannot calculate the blood concentration, a limitation that 
requires further studies.

 At present, the majority of models of IV catheters 
adopted by our department are equipped with infusion clips, 
which should be closed when using 0.9% sodium chloride 
solution or pre-flushing sealing solution. However, there are 
no definitive rules on whether it is necessary to clamp the 
infusion clip after using the PosiFlow, nor clear stipulations 
provided by the Infusion Treatment Nursing Practice 
Guideline and Rules. According to the relevant literature, 
it is reasonable to disconnect the infusion connector after 
pulse sealing without clamping the infusion clip while using 
the PosiFlow. During clinical infusion, we found that a 
drop of liquid overflowed from the tip of the catheter after 
using the PosiFlow and infusion clip, achieving the effect 
of secondary positive pressure sealing and helping prevent 
venous blood return. After applying this improved method, 
the rate of catheter plugging for any reason was only 
2.36−5.12%. Furthermore, the usage of an infusion clip 
can further enhance the benefits of the PosiFlow regulator 

for preventing venous catheter plugging caused by blood 
return. This procedure should be a standard operating 
procedure for routine IV catheter insertion (5).

 The choice of puncture site also influenced the rate of 
IV catheter plugging caused by venous blood return, with 
significantly lower incidence at the forearm compared to 
other puncture sites. Thus, whenever possible, the nurse 
should insert an IV catheter into the forearm to reduce the 
risk of catheter plugging due to venous blood return (6). 
This is consistent with the recommendations of the Infusion 
Treatment Nursing Practice Guidelines and Rules (2016 
edition).

This methodology is simple, effectively reduces the 
rate of IV catheter plugging by venous blood return, and 
offers the additional benefit of being more cost effective. 
On average, 80 (107.8 RMB) fewer IV catheter sets and 
PosiFlow regulators were required every month in group 
C, which would save more than 100,000 RMB annually. 
Use of the PosiFlow and clip also reduced the number of 
syringes (0.35 RMB) and 0.9% sodium chloride solution 
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(1.46 RMB) discarded due to catheter plugging, for a total 
savings of 1,781.04 RMB. The normal puncture time for 
each IV catheter is around 10 minutes, so this method will 
also save nurses 9,840 minutes per year in time required 
for re-puncture, equivalent to 20.5 working days. Further, 
2 minutes on average is required for IV catheter flushing 
necessitated by catheter plugging, so this method will 
save an additional 1,968 minutes per year, equivalent to  
4.1 working days. 

Conclusions

The use of PosiFlow with an infusion clip will reduce both 
material and labor costs as well as staff time.
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Table 4 Comparison of blood return and catheter plugging rates at different puncture sites

Different puncture sites 
Control group 

(n=232)
Experimental group 

A (n=235)
Experimental group 

B (n=237)
Experimental group 

C (n=235)
χ2 P value

Opisthenar 92 95 98 97

Blood return 40 (43.5%) 35 (36.8%) 31 (31.6%) 24 (24.7%) 7.971 0.047

Catheter plugging 21 (22.8%) 20 (21.1%) 15 (15.3%) 6 (6.2%) 11.829 0.048

Wrist joint 43 40 40 42

Blood return 28 (65.1%) 23 (57.5%) 18 (45.0%) 14 (33.3%) 9.891 0.051

Catheter plugging 10 (23.3%) 9 (22.5%) 7 (17.5%) 5 (11.9%) 2.271 0.518

Forearm 65 67 62 66

Blood return 25 (38.5%) 23 (34.3%) 18 (29.0%) 13 (19.7%) 6.014 0.041

Catheter plugging 13 (20.0%) 13 (19.4%) 9 (14.5%) 4 (6.1%) 6.441 0.042

Post-brachium 17 16 19 16

Blood return 12 (70.6%) 10 (62.5%) 9 (47.4%) 6 (37.5%) 4.440 0.218

Catheter plugging 7 (41.2%) 4 (25.0%) 4 (21.1%) 2 (12.5%) 3.864 0.277

Elbow 15 17 18 14

Blood return 12 (80.0%) 13 (76.5%) 10 (55.6%) 6 (42.9%) 6.092 0.107

Catheter plugging 7 (16.7%) 5 (29.4%) 4 (22.2%) 2 (14.3%) 4.202 0.240
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