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Abstract

Background: Although heparin may be effective in reducing risk of catheter blockage, there are several concerns about the use
of heparin in patients with peripherally inserted central catheter (PICC), including decreasing platelet count and intra ventricular
hemorrhage (IVH). There is limited evidence of an association between this risk and dose of heparin. According to the limited studies
that have compared high dose and low dose of heparin on PICC patency and complications, this study aimed at comparing the effect
of low dose and high dose heparin on central catheter patency in very low birth neonates in Isfahan, the third populated province
of Iran.
Objectives: The aim of this study was to evaluate the optimal dose of heparin in peripherally inserted central catheter in very low
birth weight infants.
Methods: This randomized clinical trial was conducted on 106 very low birth weight neonates with PICC. The neonates were divided
to 2 groups, including low dose and high dose groups. The low dose group received 1.5 unit/kg/hour of heparin and the high dose
group 0.5 unit heparin/1 cc of serum. The primary outcomes were the duration of time that the catheter was open and lack of occlu-
sion. Catheter occlusion was defined as inability to push 1 cc of normal saline 0.9% with a 5 cc syringe. The secondary outcome was
incidence of sepsis, catheter related sepsis, phlebitis, thrombocytopenia, skin reaction, IVH, and grade of IVH and death rate.
Results: In this study, 106 neonates with mean age of 28.83 weeks participated, 43.4% of which were male. The mean duration of time
that the catheter was open was similar in both low dose and high dose groups. The incidence of complications, including sepsis,
thrombosis, bleeding, IVH and increasing blood pressure, were not significantly different between the 2 groups.
Conclusions: This study suggested that using low dose of heparin is as effective as high dose heparin in reducing catheter occlusion
and improving catheter patency and it is better to administer low dose heparin in neonates, who had central catheter to maintain
its patency.
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1. Background

Prolonged vascular access is vital for preterm neonates
(1). Total parenteral nutrition (TPN) is used in neonates at
the neonatal intensive care unit (NICU) to optimize their
nutrition (2). Prescribing TPN needs a dedicated line in
neonates. Peripherally inserted central catheter (PICC) is
an appropriate route in most NICUs, which increases ac-
cess for prescribing TPN and other medications and re-
duces the need for vein puncture (3, 4). This method is
associated with lower risk of infection and pneumotho-

rax in comparison with other surgical methods (5). There
are 2 different complications for PICC in neonates, includ-
ing catheter blockage and sepsis (6). Previous studies have
demonstrated that using heparin in TPN could decrease
the risk of catheter infection, and other systematic re-
views have reported the efficacy of heparin in decreasing
catheter occlusion (7, 8). In a study on neonates with cen-
tral catheters, using heparin caused less catheter occlusion
and greater duration of catheter patency (9). There is also
other evaluations that have not shown any effectiveness for
the use of heparin in reducing incidence of catheter occlu-
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sion in comparison to the placebo (10).
Although heparin may be effective in reducing risk of

catheter blockage, there are several concerns for its use
in patients with PICC, including decreasing platelet count
and intra ventricular hemorrhage (IVH) (11-13). Studies
have illustrated that heparin could increase the risk of IVH
yet there is limited evidence for the association between
this risk factor and dose of heparin (14). According to the
limited studies that have compared high dose and low
dose of heparin on PICC patency and complications, this
study aimed at comparing the effect of low dose and high
dose heparin on central catheter patency in very low birth
neonates in the third populated province of Iran.

2. Methods

2.1. Study Design

This study was a randomized clinical trial with a reg-
istration number IRCT code, which evaluated the effect of
high dose versus low dose heparin in peripherally inserted
central catheter in very low birth weight infants, who were
hospitalized at Alzahra and Shahid Beheshti hospital, affili-
ated to Isfahan University of Medical Sciences (IUMS) since
in 2016.

The inclusion criteria were as followed: 1, having birth
weight of ≤ 1500 grams; 2, having experienced PICC place-
ment; and 3, parent’s willingness to participate in this
study. If the PICC was at a wrong site and there was no
chance to correct it, the cases were excluded from the
study.

An informed consent was obtained from the patient’s
parents. With confidence level of 95% and test power of
80%, the sample size was determined for each group as 36.

Overall, 106 very low birth weight neonates with PICC
were analyzed (Figure 1); 53 in the low dose group and 53 in
the high dose group. The infants were randomly allocated
to either the low dose or high dose group by the simple ran-
domization method, using a table of random numbers.

After selecting participants, they were divided to 2
groups. In the first group, 2 fr silicone catheter (Vygon®,
Germany) was placed and then confirmed using radiogra-
phy. After that, 1.5 unit/kg/hour of heparin with dextrose
solution was infused for neonates in the first group (15).
In the second group, the same catheter was placed and
0.5 unit/1 cc of serum heparin with dextrose solution was
infused (7). Catheter placement was done by sterile and
standard methods. If radiography showed inappropriate
site for the catheter, it was corrected and if there was no
chance to correct its site, the neonate was excluded from
the study. The external part of the catheter was sterile
and transparent, and if this cover got wet or dirty, it was

changed. Obtaining blood samples and injection of hema-
tological products was forbidden through this PICC. The
time of catheter discharge was determined by a neonatol-
ogist that assisted this study.

Before the intervention, demographic data were ex-
tracted from patient’s medical records. The primary out-
comes were the duration of time that the catheter was
open and lack of occlusion. Catheter occlusion was de-
fined as inability to push 1 cc of normal 0.9% saline with
5 cc syringe in (each) 24 hours. The secondary outcome
was incidence of sepsis, catheter related sepsis, phlebitis,
thrombocytopenia, skin reaction, IVH and grade of IVH,
and death rate. Sepsis was diagnosed based on clinical
manifestation and positive blood culture, without con-
sidering the results of catheter culture. Catheter-related
sepsis was defined as positive blood culture from periph-
eral and catheter blood sampling with the same microor-
ganism. Phlebitis was defined as skin swelling and color
change accompanied by inflammation. For evaluating
thrombocytopenia, the platelet counts were calculated be-
fore catheter placement, 72 hours and 10 days after hep-
arin infusion. The IVH was evaluated by sonography on
the 3rd, 14th, and 21st day after heparin infusion and the
severity of IVH was defined as follows: grade I is bleeding
that occurs just in the germinal matrix, grade II bleeding
also occurs inside the ventricles yet there is no ventricular
dilatation, grade III is bleeding that involves enlargement
of the ventricle by the accumulated blood, and grade IV is
bleeding that extends to the brain tissue around the ven-
tricles with any degree of intra-ventricular hemorrhage.
Neonate’s blood pressure was calculated every 6 hours and
recorded in their medical records. The cause of catheter re-
moval and death rate was calculated in both groups.

2.2. Data Collection and Analysis

All data on the neonates, including gestational age,
gender, weight, time of patency of catheter, having or lack
of hemorrhage, hemorrhage severity, blood pressure, and
other complications were recorded in special forms al-
ready developed. The differences between groups in quan-
titative variables was determined by the T-student test, and
for qualitative variables, chi-square was used. All statisti-
cal analyses were performed using the SPSS version 22 soft-
ware (SPSS crop., Chicago, IL, USA). A two-sided α level of
0.05 was used to assess statistical significance.

2.3. Ethical Considerations

This article was extracted from a research project con-
ducted at Isfahan University of Medical Sciences, Isfahan,
Iran (code: IR.MUI.REC.1394.1.142). Study Review Board
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Figure 1. Consort Diagram for Selecting Participants

of the university approved the written protocol and in-
formed consent was obtained from all the parents prior to
the study.

3. Results

This study assessed 110 very low birth weight neonates
with PICC for eligibility, 4 of them were declined, because
of not meeting the inclusion criteria; ultimately 106 pa-
tients participated and finally data of 106 very low birth
weight neonates with PICC was analyzed (Figure 1); 53 in
the low dose group and 53 in the high dose group. The
mean age of participants was 28.83 ± 2.57 weeks (25 - 36)
and 43.4% (n = 46) were male (

The mean age of participants in the high dose group
was 28.41± 2.31 weeks and in the low dose group was 29.24

± 2.76 weeks and this difference was not statistically signif-
icant (P value = 0.19). The mean birth weight was 1035.94±
260.74 and 1062.64 ± 250.42 grams in high dose and low
dose groups, respectively (P value = 0.95). About 43.4% (n =
24) of neonates in the low dose group and 41.5% (n = 22)
of neonates in the high dose group were male, and gen-
der distribution in both groups was not statistically signif-
icant (P value = 0.60). The mean time duration of catheter
patency was 15.50 ± 8.61 and 14.64 ± 9.09 days in the high
dose and low dose groups, respectively, and this different
was not statistically remarkable (P value = 0.73).

Removing catheter in 26.4% (n = 14) of neonates in the
high dose group was because of a lack of catheter patency
and in 58.5% (n = 31) was because of finishing treatment;
and this prevalence in the low dose groups was 22.6% (n =
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Table 1. Variable Differences in All Neonates, Who Had PICC and Between Neonates, Who Received Heparin at High Dose and Low Dose Levelsa

Variables Total (Both Group) High Dose Heparin Low Dose Heparin P Value

Gender 0.60

Male 46(43.4) 22 (41.5) 24 (43.4)

Female 60 (56.4) 31 (58.5) 29 (56.6)

Sepsis 0.41

No sepsis 89 (84) 47 (88.7) 42 (79.2)

Sepsis 14 (13.2) 5 (9.4) 9 (17)

Sepsis related to catheter 3 (2.8) 1 (1.9) 2 (3.8)

Platelet count 0.48

> 150000 45 (42.5) 26 (49.1) 19 (35.8)

100000 - 150000 26 (24.5) 12 (22.6) 14 (26.4)

50000 - 100000 21 (19.8) 10 (19.8) 11 (20.8)

< 50000 14 (13.2) 5 (9.4) 9 (17)

Bleeding 0.24

No bleeding 51 (48.1) 26 (49.1) 25 (47.2)

IVH 21 (19.8) 8 (15.1) 13 (24.5)

Others 25 (23.6) 16 (30.2) 9 (17)

IVH and others 9 (8.5) 3 (5.7) 6 (11.3)

3rd day IVH 0.17

No IVH 82 (77.4) 45 (84.9) 37 (69.8)

Mild 21 (19.8) 7 (13.2) 14 (26.4)

Severe 3 (2.8) 1 (1.9) 2 (3.8)

14th day IVH 0.10

No IVH 81 (85.3) 42 (87.5) 39 (83)

Mild 10 (10.5) 6 (12.5) 4 (8.5)

Severe 4 (4.2) 0 (0) 4 (8.5)

21st day IVH 0.07

No IVH 84 (91.3) 44 (93.6) 40 (88.9)

Mild 4 (4.3) 3 (6.4) 1 (2.2)

Severe 4 (4.3) 0 (0) 4 (9.1)

Blood pressure 0.32

Normal 105 (99) 53 (100) 52 (98.1)

Abnormal 1 (1) 0 (0) 1 (1.9)

Catheter removal 0.89

Finishing treatment 63 (59.4) 31 (58.5) 32 (60.4)

Lack of patency 26 (24.5) 14 (26.4) 12 (22.6)

aValues are expressed as No. (%).

12) and 60.4% (n = 32), respectively (P value = 0.89). None
of neonates in the high dose group and just one neonate
in the low dose group showed high blood pressure dur-
ing the intervention (P value = 0.31). About 15.1% (n = 8) of

neonates in the high dose group and 17% (n = 9) in the low
dose groups died during the study, yet death rate was not
statistically different between the 2 groups (P value = 0.79).
Table 1 shows the distribution of variables evaluated in this
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study in both high dose and low dose groups, in details.

4. Discussion

In this study, 106 neonates with PICC were evaluated
for the effects of low dose and high dose of heparin on
catheter patency and occlusion. The mean time duration
of catheter patency was similar in both low dose and high
dose groups and also the incidence of complications, in-
cluding sepsis, thrombosis, bleeding, IVH and increasing
blood pressure, had no significant differences between the
2 groups.

There are various studies that have evaluated the effect
of heparin on catheter occlusion in comparison to placebo.
In a Cochrane study, using heparin reduced catheter oc-
clusion and increased catheter patency (16). Several re-
searches have illustrated that using heparin for decreasing
catheter complications and increasing catheter patency
is beneficial. In one study, heparin was used in patients
with central catheters and it was illustrated that heparin
could significantly decrease the incidence of thrombosis
and catheter occlusion (17).

Almost all researches on the effect of heparin on
catheter patency compared use of heparin and placebo
together and this study may be the first study that com-
pared the effect of low dose and high dose heparin on
catheter patency in neonates. One study on 60 neonates,
catheter removal due to termination of treatment was
greater in neonates, who received low dose of heparin (0.5
unit/mL) in comparison to placebo (6). In another study on
100 neonates, using 0.5 unit/kg/hour of heparin improved
catheter patency in comparison to placebo in patients,
who had PICC (18). Other evaluations reported that using
low dose heparin in comparison to placebo could signif-
icantly decrease catheter occlusion and the effect of this
dose is likely similar to higher doses (19). In another study,
0.5 unit/kg/hour of heparin was effective in prolongation
of catheter usability in neonates without presenting any
major complications (16). Most studies evaluated low dose
of heparin and it is still unknown whether greater dose
of heparin is useful or not, and limited guidelines have
suggested that the optimal dose of heparin in neonates
with central catheter is 0.5 to 3.5 unit/kg/hour. American
College of chest physician evidence based clinical guide-
line suggested the use of heparin at mean dose of 1.5
unit/kg/hour in infusion for maintaining central catheter
patency (15).

Although several studies demonstrated the efficacy of
heparin in increasing catheter patency, there are other
studies, which have shown that heparin had no beneficial
effect in improving catheter patency. In a study that com-
pared the effects of heparin and placebo on catheter pa-

tency, there was no differences between groups and 26% of
patients in the heparin group and 16% of patients in the
placebo group had experienced catheter occlusion (10). Ac-
tivation of factor X was a stage that limited the velocity of
blood coagulation, which is involved in both internal and
external pathways. Low dose of heparin combines with
anti-thrombin III and inhibits conversion of prothrombin
to thrombin by inactivating the X factor. After thrombus
formation, high dose of heparin inhibits converting fib-
rinogen to fibrin, and prevents other thrombus formation.
In addition, heparin prevents stable thrombus formation
by inhibiting activation of factor XIII (20). The effect of hep-
arin in neonates is lower than adults due to the lower level
of anti-thrombin III. The clearance of heparin in neonates
is lower than infants and adults and the half time of hep-
arin in neonates is around 1 to 3 hours (21).

Generally, benefits of heparin should be weighed
against major risks associated with its use, such as aggra-
vation or causation of hemorrhage (14). According to the
results of this study, which showed no differences between
using low dose heparin in comparison to high dose hep-
arin, this study suggested that it is better to administer low
dose of heparin in neonates with PICC, which has appro-
priate efficacy for catheter patency and prevents catheter
occlusion with less complications.

This study was the first study that compared the effects
of low dose and high dose of heparin, although most pre-
vious studies compared using heparin and placebo.

One of the limitations of this study was related to the
sample size, which was too small to be generalizable to
the entire community, and further studies should be con-
ducted with larger sample sizes. In this study, other fac-
tors, such as underlying disease and other variables that af-
fected these outcomes were not considered and better eval-
uation with better planning is needed.

4.1. Conclusion

Using low dose heparin is as effective as high dose
heparin in reducing catheter occlusion and improving
catheter patency. This study suggested that it is better to
administer low dose heparin in neonates, who had cen-
tral catheter to maintain its patency. Further studies for
evaluation of complications induced by heparin are rec-
ommended.
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