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Abstract

Introduction: Peripheral intravenous catheters (PICs) patency techniques such as flushing are
being developed. According to some studies, flushing can be used continuously or in pulsatile
forms. This study aimed to compare the effects of pulsatile flushing (PF) and continuous flushing
(CF) on time and type of PICs patency.

Methods: In this double-blind randomized clinical trial, 71 patients were randomly assigned
into two groups of PF (n=35) and CF (n=36). The PF protocol was performed as successive
injections of 1 mL normal saline (N/S) per second (sec) with a delay of less than 1 sec until the
completion of 5 mL of solution. However, CF protocol was performed by injecting 5 mL N/S
within 5 sec without any delay before and after each medicine administration. Data related to
the time and type of PICs patency were collected using a patency checklist every 12 hours (h)
up to 96 h. The statistical analysis was done by R statistical software (Version 3.5.1).

Results: The results showed that the number of PICs remaining open was not significantly
different between PF and CF groups during 96 h. The highest number of PICs excluded from the
study was related to the time of 96 h as a result of partial patency in the two groups.
Conclusion: There was no difference between CF and PF regarding the time and type of PICs

patency. Thus, both techniques can be used to maintain the catheter patency.

Introduction

The peripheral intravenous catheters (PICs) are widely
used in the hospitals to facilitate infusion of drugs and
blood to patients.' It is expected that the PICs remain
in situ for 72-96 hours (h).> Phlebitis and occlusions
are common causes of PICs failure.’ The frequent PICs
replacing can cause pain and anxiety in patients; hence,
the medical team tries to keep PICs for as long as possible.*
The effective factors in maintaining a functional catheter
include the use of appropriate disinfection solutions
before inserting, choosing the right PIC size, injecting
the drugs based on the protocol, adequate fixation of PIC
in situ, and ultimately using different catheter patency
techniques.” These techniques are either an infusion of
normal saline (N/S) during 24 h (keep vein open, KVO)
or an intermittent solution injection known as flushing. In
the flushing technique, a small amount of solution such as
N/Sisinjected into the catheter for a short time. Nowadays,
it is recommended in both pulsatile and continuous
approaches.® The continuous flushing (CF) produces a

laminar flow with a greater velocity in the middle part than
the lateral intraluminal surface of the PIC and venous.
However, a turbulent flow is created in the pulsatile
flushing (PF) due to varying speed in lateral and central
of duct.”” Drugs can deposit on the intraluminal surface,
while it is presumed that turbulent flow is more effective
than laminar flow in cleaning the duct. An in vitro study
showed a greater effect of PF on reducing the bacterial
colonization in the central venous catheter (CVS) than
the CF technique.'® As far as the researchers investigated,
there was no comparative research evaluating the effects
of these techniques on PICs patency in the clinical studies.
CF technique was performed in a few research studies on
hospitalized patients and the results showed that neither
changing in volume nor frequency can significantly affect
patency time. Unfortunately, there is no standard protocol
or sufficient clinical evidence related to flushing and
there is no consensus among the researchers regarding
the instructions used to maintain catheter patency.'™"
The existence of strong clinical evidence could have
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facilitated decision making for selecting the best
technique, and subsequently increased PICs longevity.
Nursing knowledge has always sought to improve patient
care quality, and flushing techniques may reduce catheter
insertion frequency and result in less pain and anxiety
in patients. Therefore, this study aimed to compare the
effects of PF and CF on time and type of PICs patency in
patients admitted to medical and surgical wards of Imam
Khomeini Hospital in Esfarayen, Iran.

Materials and Methods

In this double-blinded randomized clinical trial
(IRCT20141222020394N4), 71 patients were selected
by convenience sampling and then randomly assigned
into two groups of CF and PE. All the patients signed an
informed consent to participate in the study.

The inclusion criteria were: age range of 18-60 years;
receiving medication through PICs for a minimum of
6 h and a maximum of 12 h; not receiving continuous
infusion over 12 h; normal hematocrit, PT, and PTT
tests; absence or having only one major risk factor
(hypertension, diabetes, hyperlipidemia); and the lack of
vascular diseases. The exclusion criteria were: receiving
hyperosmolar solution through the PIC; receiving more
than two simultaneous drug injections; receiving heparin
and warfarin; leakage and catheter removal from its place;
being under cardiopulmonary resuscitation; and patient
discharge from the hospital before the replacement of the
PIC due to occlusion.

Randomization was performed by applying a random
number table (numbers 0-4 correspond to PF group
and 5-9 to CF group) and the patients were randomly
assigned into two groups. For allocation concealment,
the intervention type was determined on a piece of paper
and put inside envelopes that were numbered sequentially.
The envelopes were opened based on the entry of the
participants to the study, and then the type of group was
determined. The patient and catheter evaluator were
blinded to the group in which the patient was assigned.

Upon the patient’s hospitalization in the ward,
demographic information questionnaire was filled for
them in the pre-intervention phase. Then, the nurse
inserted a PIC No. 20 (Mais India) in the forearm area.
The insertion site was disinfected with 70% alcohol
before the insertion; then, it was fixed by two anti-allergic
adhesives in situ. The date and time of PIC insertion were
recorded. The study process from recruitment to analysis
is shown in Consolidated Standards of Reporting Trials
(CONSORT) flow diagram (Figure 1).

Following a pilot study (10 patients in the each group),
using mean (SD) time of 80.04 (16.18) and 91.05 (15.81)
between CF and PF groups, respectively, statistical power
of 0.8, and a 95% confidence interval, the sample size was
determined to be 33 in each group based on the mean
comparison formula. Considering the possible subject
loss, 36 patients were included in each group. One patient
was excluded due to discharge against medical advice in
the PF group (Figure 1). In the PF group, 5 mL N/S was
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Figure 1. Flow chart of the study
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injected by successive boluses of 1 mL per second (sec)
with a delay less than 1 sec until it was completed. In the
CF group, 5 mL N/S was injected into PICs within 5 sec
without any delay. All techniques were performed through
injection port (top of PIC) before and after each medicine
administration.

In order to evaluate PIC patency, the researcher inserted
syringe (2 mL) in PIC entry (after removing the luer lock
plug) and syringe plunger was pulled by hand motion;
blood reversing in the syringe barrel was considered the
PIC patency. Two criteria were applied to differentiate
partial patency and occluded PICs. In case the blood
reversing was not shown, but N/S can be injected into
the PICs that were considered partial patency. Also, PICs
blood reversing was not shown and N/S cannot be injected
into the PICs were considered as occlusion. Patency was
evaluated every 12 h. The time of the PICs with partial
open and occluded were recorded in the checklist and
excluded from the study. The study was continued for 96
h (to be considered as the catheter longevity as routine) in
the absence of occlusion. We also recorded the type and
number of injection drugs every 12 h.

The validity of the PIC patency checklist was confirmed
through content validity by 10 faculty members, and
the reliability was approved based on the inter-evaluator
agreement (kappa statistic: 0.87). Finally, the data were
analyzed by the R Statistical software (Version 3.5.1).
The Kolmogorov-Smirnov test was used to evaluate
the normality of data, and Mann-Whitney U test and
Chi-square were used to examine the homogeneity of
demographic variables in the two groups. The type of
patency (full and partial) and PIC occlusion were reported
using the descriptive statistical indices (frequency and
mean). The Fisher’s exact test was also applied to compare
the patency of catheters in the two groups. A P-value less
than 0.05 was considered as significant.

Results
The mean (SD) age in the PF and CF groups was 45.52
(14.03) and 47.97 (12.77) years, respectively. The results of
Mann-Whitney U-test showed that the mean age was not
significantly different between the two groups (P=0.44).
Moreover, the results of Chi-square (for gender, BMI,
history of chronic disease and type of the ward variables)
and Fisher’s exact (type of antibiotic) tests indicated no
significant differences between the two groups (Table 1).
Based on the results, 19 and 12 PICs remained open
in the PF and CF groups after 96 h, respectively. The
largest number of PICs in the PF (n=13) and CF (n=20)
groups excluded from the study were related to the partial
patency at hour 96. Moreover, occlusion occurred in 3 and
4 PICs during the 96-h interval in the PF and CF groups,
respectively. The results of Fisher’s exact test revealed no
statistically significant difference between the PF and CF
groups regarding the type of catheter patency (P=0.22)
(Table 2).

Table 1. Baseline demographic and clinical data

Pulsatile flushing Continuous
Variables (PF) flushing (CF) P value
N (%) N (%)
| Gender
Female 16 (45.7) 13 (36.1)
0.41¢
Male 19 (54.3) 23 (63.9)
Ward
Medical 29 (82.9) 29 (80.6)
_ 0.21¢
Surgical 6(17.1) 7 (19.4)
History of chronic disease
Yes 11(31.4) 16 (44.4)
0.49¢
No 24 (68.8) 20 (55.6)
BMI
Underweight 1(2.9) 1(2.8)
Normal 22 (62.9) 26 (72.2) 0.25¢
Pre-obesity and obesity 12 (34.3) 9 (25)
Antibiotic type
Ceftriaxone 27 (77.2) 28(77.7)
Cefazoline 4(11.4) 3(8.3)
] 0.39"
Gentamycin 2(5.7) 3(8.3)
Ciprofloxacin 2(5.7) 2(5.7)

€Chi square test, ¥Fisher exact test

The results of Mann-Whitney U-test revealed no
statistically significant difference between the PF and CF
groups regarding the time (h) of using PICs for injection
drugs based on complete open (P=0.49) (Table 3).

Discussion

According to the results, no statistically significant
difference was found between the PF and CF groups
regarding the time and type of PICs patency. Since the
flushing techniques have not been thoroughly assessed in
previous clinical studies, we had limitations in comparing
the results of this study with similar cases.

Keogh et al.,'* examined the effect of four different CF
regimes (3 mL and 10 mL N/S executed every 6 and 24
h before and after each drug injection) and reported that
none of them were superior to another. The occlusion
occurred in 14% of the PICs, which was more than CF
group in our research (11.11%). The difference seems to
be due to different size of the PICs used in the two studies.
While we used merely the No. 20 PICs, Keogh et al., used
No. 20 and 22 PICs. According to a previous study, the PICs
larger and smaller than No. 20 can decrease the catheters’
longevity."” Furthermore, the mentioned study did not
determine the N/S injection time in the CF protocol.

The results of an in vitro study by Ferroni et al,
revealed that PF technique is at least twice as effective as
CF in reducing the catheters’ bacterial colonization rate.
CF technique consisted of injecting 10 mL N/S in one
hand movement into catheters. Moreover, PF was done
through injecting 1 mL N/S in one-tenth of a sec with 0.9
sec pause until the injection of 10 mL was completed.™
The flushing time lasted 10 sec and was less than that in
our study. Increasing injection time leads to decreasing
the flow velocity, which subsequently decreases clearing
rate. ° To create a turbulent flow, the Reynolds number
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Table 2. Comparing the frequency of time and type of PICs patency in the two groups

Groups N Time (h) P value
Continuous flushing (CF)
12 24 36 48 60 72 84 96

Open 36(100) 36(100) 36(100) 32(88.9) 32(88.9) 28(77.78) 28(77.78) 12(33.33)

Partial open 36 0(0) 0(0) 0(0) 1(2.8) 1(2.8) 4(11.11) 4(11.11) 20(55.56)

Occlusion 0(0) 0(0) 0 (0) 3(8.3) 3(8.3) 4(11.11) 4(11.11) 4(11.11) 0.22¢
Pulsatile flushing (PF)

Open 35(100) 35(100) 35(100) 31(88.58) 31(88.58) 29(82.87) 29(82.87) 19 (54.28)

Partial open 35 0(0) 0(0) 0(0) 3(8.57) 3(8.57) 5(14.28) 5(14.28) 13 (37.15)

Occlusion 0(0) 0(0) 0(0) 1(2.85) 1(2.85) 1(2.85) 1(2.85) 3 (8.57)

€Fisher’s exact test

(Re) had to be higher than 3000 as the main purpose of
the PE The value of this number rises as the velocity (v)
increases according to the formula (Re=pvl/p) to achieve
the Reynolds number.’

Guiffant et al., conducted an in vitro study, in which
10 mL N/S was injected in six different time periods
(2.5, 5, 10, 20, 40, and 60 sec) in a bolus injection by a
CF technique. The highest number of catheter cleared was
related to time of 2.5 sec. Also, the efficacy of PF technique
was reviewed after the injection of 1 mL N/S within 0.5
sec and pause at six times (0.1, 0.2, 0.4, 0.5, 0.6, and 0.8
sec) until injection of 10 mL total volume. The maximum
purification occurred at 0.4 sec pauses. Since we could not
adjust the exact time of 0.4 sec by moving the hand, the
pause time was considered less than 1 sec.'®

We excluded the patients receiving the infusion serum
more than 12 h. Guiffant et al., found that infusion of
500 mL N/S over a period of 24 h leads to the catheter
purification and positive effects on vascular patency. ¢
However, it can limit patient activity and might even be
dangerous in some patients such as congestive heart failure
(CHF) and chronic renal failure (CRF) due to overload of
fluids in their body."”

We used N/S in current study to maintain the PICs
patency. The N/S effect has been compared with the
heparinized saline in most interventions made to open the
catheter with no significant differences.'® Due to the risk
of causing thrombocytopenia, hypersensitivity, and the
limitation of use in patients with coagulopathy, heparin
is less recommended.” In addition, in the study by Klein
et al., the use of heparinized saline and N/S brought no
differences regarding the catheters patency.?’

Based on the results of Heidari Gorji et al., the two
solutions (3 mL heparinized saline and 10 mL N/S) showed
no significant differences on the patency of central venous
catheters for 21 days. The locking technique (injecting
the determined solution through luer lock plug after final
drug) was used in this study, which is effective for the
patency of catheters. In current study, we injected 5 mL

Table 3. Comparing the time (h) of PICs patency (completely open) between
the two groups

Pulsatile Flushing med* (IQR)¥ Continuous Flushing med* (IQR) ¥ P
96 (96-96) 96 (87-96) 0.49¢
‘Median, ¥Interquartile range (Q,-Q,), *Mann-Whitney U- test

N/S before and after medicine administration, which can
act as a locking. In general, 1-3 mL N/S is recommended
for injecting into PICs in this technique.”!

Xu et al, suggested no differences on the catheter
patency between the two groups in the injection of N/S
(3 mL) and heparinized saline (3 mL plus 150 heparin
units) after drug injection. Occlusion occurred in 18.16%
with 3 mL N/S, while in current study 11.11% of the
PICs were closed for a total of 96 h in the CF group. The
higher volume of N/S used for flushing technique may
be the reason for the difference, which allows for better
purification of the PICs duct.!

The main limitation of current study was the
implementation of protocols on patients receiving
injectable medications less than three injections
simultaneously. It is recommended that similar studies be
performed with more medications. Also, future studies can
compare the effects of flushing and saline lock separately
on PICs patency.

Conclusion

There are different methods for the patency of PICs such
as the continuous infusion of N/S in 24 h, locking method
with N/S or the heparinized saline, as well as the PF and
CF approaches. The flushing technique is done before and
after every injection of the drug into the catheter. Their
time and solution volume are important in purifying the
PICs and venous ducts. Current study results revealed
no difference between the CF and PF techniques at the
patency time of PICs. Thus, both techniques can be used
for this aim.
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