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Background: Heparinized saline solution is used to prevent occlusion in the arterial catheters and central venous pressure monitoring 
catheters. Even at low dose, heparin administration can be associated with serious complications. Normal saline solution can maintain 
patency of arterial catheters and central venous pressure monitoring catheters.
Objectives: The current study aimed to compare the efficacy of normal saline with that of heparinized one to maintain patency of arterial 
and central venous catheters after cardiac surgery.
Patients and Methods: In the current randomized controlled trial, 100 patients, with an age range of 18 - 65 years of valve and coronary 
artery surgery were studied in Rajaie heart center, Tehran, Iran. Patients were randomized to receive either heparinized saline (n = 50) or 
normal saline flush solutions (n = 50). In the study, arterial catheters and central venous pressure monitoring catheters were daily checked 
for any signs of occlusion in three postoperative days as primary end-point of the study.
Results: According to the information obtained from the study, four (8%) arterial catheters in the saline group (P value: 0.135) and three 
(6%) arterial catheters in the heparin group (P value = 0.097) were obstructed. Statistical analysis showed that the incidence of obstruction 
and changes in all other parameters between the two groups during the three-day follow-up was not significant (all P values > 0.05).
Conclusions: It seems that there is no difference in the use of heparinized and normal saline solutions to prevent catheter occlusion of 
arterial and central venous pressure.
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1. Background
To care for patients who need to access to the central ve-

nous system, central venous catheters, including internal 
and external jugular vein, subclavian vein, axillary vein and 
femoral vein are used to administer fluids, medications, 
parenteral nutrition, central venous pressure monitoring, 
blood products and blood sampling (1, 2). Arterial catheters 
include radial, brachial, femoral, dorsalis pedis and axillary 
in the intensive care unit are used for blood pressure moni-
toring, repeated blood sampling, and the inability to mea-
sure indirect blood pressure (3) ; invasive arterial blood 
pressure measurements are more accurate (4).

Heparinized solution is used to prevent occlusion in 
these catheters. Heparin is an anticoagulant drug used to 
prevent and treat thrombosis (5). Unfractionated hepa-
rin is a standard anticoagulant that affects multiple sites 
of internal and external coagulatory system and inhibits 
blood clotting (6, 7). Heparin, even with low dose, can 
cause thrombocytopenia and bleeding (8-10). The abso-
lute risk of heparin-induced thrombocytopenia (HIT) 
with unfractionated heparin is 1% - 5% (11, 12).

Normal or isotonic saline has sodium and chloride con-
centrations of 154 mEq/L (13). Normal saline solution can 
maintain patency of arterial and central venous pressure 
monitoring catheters. Heparinized solutions had no ef-
fect on prolonging patency and improving function of 
catheters and even caused changes in activated partial 
thromboplastin time (APTT). While the normal saline 
solution increased accuracy of coagulatory tests. Use of 
normal saline solution prevents patient exposure to the 
risks associated with heparinized solution that increase 
patient safety (5, 14, 15).

2. Objectives
The current study aimed to compare the efficacy of nor-

mal and heparinized saline to maintain patency of arte-
rial and central venous catheters after cardiac surgery. 

3. Patients and Methods
The current study was a double blind randomized 
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clinical trial. The study proposal was approved in our in-
stitutional ethics committee and all patients singed in-
formed written consent before entering the study. Only 
single valve and isolated oronary artery bypass graft 
(CABG) surgeries were studied. Usually in valve patients, 
warfarin changed to heparin several days before sur-
gery and heparin was dis-continued on the day of opera-
tion. In this randomized controlled trial, 100 patients of 
18 - 65 years, undergone valve and coronary artery sur-
gery were studied in Rajaie heart center, Tehran, Iran. 
Patients were randomized to receive either heparinized 
(n = 50) or normal saline flush solutions (n = 50). The 
patients were randomly allocated in two groups by on-
line randomizer software (http://www.graphpad.com/
quickcalcs/randomize2/). Considering the frequencies 
of catheter occlusion the difference between heparin-
ized and normal saline solutions, 8% and 18% in Kulkarni 
et al. (5) study and α = 0.05 and β = 0.1, the calculated 
number of patients in each group was 35. The researcher 
increased sample size to 50 to overcome some degrees 
of loss to follow up. The inclusion criteria were: arte-
rial and central venous catheters, Prothrombin time 
(PT) < 13 seconds, partial thromboplastin time (PTT) < 

45 seconds, platelet count 140000-440000 mm3, older 
than 18 and younger than 65, filling out a consent form 
for the study and placement of catheters in intensive 
care unit. The exclusion criteria were: known allergy to 
heparin, platelet treatment, history of heparin-induced 
thrombocytopenia, coagulation disorder before using 
heparin, more than five times effort to put the catheter 
in place, thrombocytopenia with platelets less than 
100,000 mm3 and simultaneous participation in other 
studies. Study was frequency of arterial/venous catheter 
patency in three postoperative days.

3.1. Materials and Drugs
Arterial /venous measurement transducer was used (Ed-

wards Lifescience, Dominican Republic). The transducers 
were calibrated, zeroed and leveled at the beginning of 
each working shift and also when the measurement faced 
any problems. Heparin 5,000 units (ABURAIHAN Co., Teh-
ran, Iran) and normal saline solution 500 mL (SAMEN Co., 
Mashhad, Iran) were used. Data were gathered daily for 
any signs of occlusion. Patient follow up was conducted 
only for three postoperative days in intensive care unit 
(ICU). There was no follow up loss (Figure 1).

Enrollment
Assessed for eligibility (n=105)

Excluded (n= 5)
    • Declined to participate (n=3)
    • severe coagulopathy, Cardiac arrest
            and Hemodynamic instability (n=2)

Randomized (n=100)

Allocation

Folow - Up

Analysis

Allocated to receive Heparinized Saline (n=50)
  • Received allocated intervention (n=50)
  • Did not receive allocated intervention (give
        reasons) (n=0)

Allocated to receive Normal Saline (n=50)
  • Received allocated intervention (n=50)
  • Did not receive allocated intervention (give
        reasons) (n=0)

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

Analysed (n=50)
• Excluded from analysis (give reasons) (n=0)

Analysed (n=50)
• Excluded from analysis (give reasons) (n=0)

Figure 1. The Study Flow Diagram
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Only hemodynamically stable patients were studied, and 
mostly radial artery was used for catheterization (gauge 
20) and internal right jugular vein CV line placement 
(three lumen catheters from one manufacture (B BRAUN), 
with lumen sizes 16, 20, 20 gauge); therefore it was tried 
to minimize probable confounding effects of catheter 
size and placement site. Catheterization technique was 
the same in all patients of both groups. Catheters were 
examined based on the checklist from the items used in 
previous studies (16). Check for occlusion in the artery 
catheters based-on blood return and monitoring devices 
were connected to the patient. If blood returned, catheter 
was opened. Arterial catheter should be an appropriate 
response to the flush test. It means that with the serum 
flush in the arterial catheter, arterial wave disappeared 
and viewed direct line in the monitoring device. Sing of 
the catheter should also have a rapid decline to below 
the baseline. The flash test was used to check the venous 
catheter occlusion blood return to the catheter and posi-
tive response. In the control and intervention groups, to 
maintain patency of arterial and central venous catheters 
normal and heparinized saline solutions with concentra-
tion 10 u/mL were used, respectively. Among the patients 
if the central venous catheters were used continuously, 
there was no need for any flush solution, but if used inter-
mittently, in the control group first it was washed with 10 
mL of normal saline solution then locked with 5 mL of the 
same saline solution and in the intervention group, central 
venous catheters were first washed with 10 mL of normal 
saline solution then locked with 5 mL of the heparinized 
saline solution with concentration of 10 u/mL. For arterial 
catheters, in the intervention group heparinized saline 

solution was used with concentration of 10 u/mL and in 
the control group 5 mL of normal saline was used. Both 
the patients and primary endpoint assessor were blind to 
composition of flushing solutions (double blinded trial).

3.2. Statistical Analysis
The data regarding 100 patients were analyzed by SPSS 

for windows statistical package v. 21.0 (SPSS inc., Chica-
go, IL, USA). Categorical variables were analyzed by Chi-
square or Fisher’s exact tests. Mean values of continuous 
variables were compared between the two study groups 
by independent sample t-test. P value ≤ 0.05 was consid-
ered statistically significant. The approach and plan for 
statistical analysis was intention to treat analysis.

4. Results
Hundred patients were enrolled and completed the 

study based on the inclusion and exclusion criteria. De-
mographic and clinical data are presented in Table 1.

Sites of inserted Arterial catheters during three postop-
erative days follow up are presented in Tables 2 - 4. The 
central venous catheters sites included: subclavian 17% 
and right internal jugular vein 83%. In the current study, 
none of the central venous catheters were blocked.

 Table 2 shows that manipulation and displacement of 
arterial catheters in the heparin group were 9 (18%), ver-
sus those of the saline group 14 (28%), which indicates 
no statistically significant difference. Arterial catheters 
lavage in the heparin group were 8 (16%), versus those of 
the saline group 5 (10%), which indicate no statistically 
significant difference (P value = 0.745).

Table 1.  Demographic and Clinical Data of the Patients a,b

Variable Normal Saline = 50 Heparinized Saline = 50 P Value

Age, y 50 (100) 53.5 ± 12.2 50 (100) 49.7 ± 11.2 0.194

Gender 0.418 0.495

Male 39 (78) 30 (60) 0.052

Female 11 (22) 20 (40)

CABG Surgery 33 (66) 0.479 27 (54) 0.503 0.221

Valve Surgery 22 (44) 0.501 28 (56) 0.501 0.230
a  Abbreviation: CABG, Coronary Artery Bypass Graft.
b  Data are presented as No. (%) or Mean ± SD or No.

Table 2. Table of Catheter-Related Information on the First Postoperative Day a

Variable Normal Saline = 50 Heparinized Saline = 50 P Value

Manipulation and displacement of arterial catheter 14 (28) 9 (18) 0.492

Arterial catheter lavage b 5 (10) 8 (16) 0.745

Manipulation and displacement of venous catheter 13 (26) 10 (20) 0.476

Venous catheter lavage b 9 (18) 6 (12) 0.401

Arterial catheter occlusion 1 (2) 1 (2) 1.00
a  Data are presented as No. (%).
b  Catheter lavage: Need for repeated solution flush to maintain acceptable waveform.
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Table 3. Table of Catheter-Related Information in the Second Postoperative Day

Variable Normal Saline (n = 50) Heparinized Saline (n = 50) P Value

Manipulation and displacement of arterial catheter 12 (24) 8 (16) 0.513

Arterial catheter lavage a 9 (18) 5 (10) 0.438

Manipulation and displacement of venous catheter 16 (32) 13 (26) 0.509

venous catheter lavage a 6 (12) 5 (10) 0.749

Arterial catheter occlusion 3 (6) 2 (4) 0.646
a Catheter lavage: Need for repeated solution flush to maintain acceptable waveform.

Table 4. Table of Catheter-Related Information on the Third Postoperative Day

Variable Normal Saline (n = 50) Heparinized Saline (n = 50) P Value

Manipulation and displacement of arterial catheter 17 (34) 13 (26) 0.676

Arterial catheter lavage a 14 (28) 10 (20) 0.639

Manipulation and displacement of venous catheter 17 (34) 14 (28) 0.517

venous catheter lavage a 5 (10) 8 (16) 0.372

Arterial catheter occlusion 4 (8) 3 (6) 0.695
a  Catheter lavage: Need for repeated solution flush to maintain acceptable waveform.

Manipulation and displacement of venous catheters in 
the heparin group were 10 (20%), versus those of the sa-
line group 13 (26%), which indicates no statistically signif-
icant difference. venous catheters lavage in the heparin 
group were 6 (12%), versus the saline group 9 (18%), which 
indicates no statistically significant difference (P value = 
0.401). Arterial catheters occlusion in the heparin group 
were 1 (2%), versus the saline group 1 (2%), which indicates 
no statistically significant difference (P value = 1.0).

Manipulation, displacement and lavage of arterial and 
venous catheters in the heparinized saline group and 
saline group were not significantly different in the 2nd 
postoperative day (P values > 0.05) (Table 3).

Manipulation and displacement of arterial catheters in 
the heparin group were not significantly different (P val-
ue = 0.676). Also, arterial catheters lavage in the heparin 
group were not significantly different (P value = 0.639). 
Manipulation and displacement of venous catheters in 
the heparin group were not significantly different (P val-
ue = 0.517). Venous catheters lavage in the heparin group 
were not significantly different (P value = 0.372).

5. Discussion
The results of the current study showed no statistically 

significant difference regarding the patients’ demo-
graphic characteristics such as age and gender between 
the two groups. The most common site of arterial cath-
eters similar to those of the previous studies was radial 
artery. The proportion of arterial catheters placement 
sites including radial, brachial and femoral arteries were 
similar to those of the previous studies and there was 
no statistically significant difference between the two 
groups (16). The sites of venous catheters between the two 
groups were similar to those of the previous studies and 

not significantly different (8). In the current study, the 
arterial catheters manipulation including displacement 
and lavage were similar to those of the previous studies 
and there was no statistically significant difference be-
tween the two groups (5). Central venous catheters ma-
nipulation including displacement and lavage between 
the two groups of the current study was not significantly 
different. Arterial catheters occlusion between the two 
groups was not significantly different, similar to those 
of the previous studies. Also central venous catheters oc-
clusions between the two groups were not significantly 
different, similar to those of the previous studies (16). 
Also the effect of heparinized saline with normal saline 
solutions in patency of peripheral venous catheters in 
the adult and newborn was studied, which were not sig-
nificantly different (14, 15). In a current systematic review 
study Kordzadeh et al. (17) determined that, heparinized 
saline solution may be superior for long term use in ar-
terial line. However the current study assessed this issue 
in short term period and found no significant difference. 
Cardiac surgery includes vascular and valve surgery, and 
in the current study there was no statistically significant 
difference between the two groups, but in the other stud-
ies were not surveyed. Variable alteration during three 
days of patients follow up including catheters occlu-
sion and other parameters did not significantly change 
that was similar to the obtained results of the studies in 
which patients were followed up from several days to 12 
months (5, 8, 16, 18).

Based on the finding of the current double blind ran-
domized clinical trial, use of heparinized saline solutions 
compared with normal saline solutions did not prolong 
the patency of arterial and central venous catheters in 
short term postoperative period. Finding of the study 
suggested that normal saline solution can be used as the 
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standard solution to prevent catheter occlusion after car-
diac surgery. Therefore, all medical centers are suggested 
to prevent heparin complications such as allergic reac-
tion, local tissue injury, bleeding, thrombus and throm-
bocytopenia related to use of heparin in patients with 
arterial and central venous catheter; normal saline solu-
tion can be used to prevent catheter occlusion as a safe 
alternative solution.

It seems that the use of heparinized saline and normal 
saline solution in preventing occlusion of arterial and 
central venous catheter has no difference. Our finding 
only applicable to cardiac surgery patients that have ar-
terial or central venous line catheters for short time pe-
riod (3 three days) post-operatively. Therefore these dada 
could not be generalizable to chronic medical situations.

5.1. Limitations
Arterial and venous catheters patency were assessed 

only for three postoperative days; therefore no data were 
provided on prolonged maintenance of indwelling cath-
eters by heparinized or normal saline solutions flush. 
Regarding relatively low frequency of arterial or venous 
catheter occlusion, conducting large scale studies could 
assess the difference of heparinized and normal saline 
solutions flush better.
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