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Comparative Study on the Effects of Pulsatile Flushing and Continuous Flushing to
Prevent Peripherally Inserted Central Catheters Occlusion

Kim, Sung Ja - Hong, Seol Mi - Leg, Ji Ri - Jeon, Eun Ok - Jeong, Gyeong Seon - Lee, Yu Gyeong - Kim, Seung Hee - Lee, Yu Na

Department of Nursing, Korea University Guro Hospital

Purpose: This study aimed to compare the effectiveness of pulsatile flushing and continuous flushing in preventing catheter
occlusion among patients with peripherally inserted central catheters (PICCs). Methods:A quasi-experimental study with a
nonequivalent control group and non-synchronized design was conducted at the medical-surgical ward of a university hospi-
tal. A total of 80 patients who underwent PICC insertion between October 2024 and July 2025 were enrolled. From the day
after catheter insertion, participants were assigned to the control group (continuous flushing) or the experimental group (pul-
satile flushing), and each group received daily flushing for seven consecutive days. Catheter patency was assessed every
day, and the intervention was discontinued when partial or complete occlusion was identified. No dropout occurred during
the study period. Data were analyzed using SPSS (version XX) with descriptive statistics and x* or Fisher’s exact tests, and
the level of statistical significance was set at p<.05. Results: The experimental group had no complete occlusion (0.0%),
whereas 4 cases (10.0%) occurred in the control group. Partial occlusion was observed in 29 cases (72.5%) in the control
group and 14 cases (35.0%) in the experimental group. A significant difference was found between the two groups (p=.001).
Conclusion: Pulsatile flushing is more effective than continuous flushing for maintaining PICC patency and may be recom-
mended as an evidence-based nursing intervention.
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Table 1. Demographic and Clinical Characteristics of Patients (N=80)
Characteristics Categories Control group (n=40) Experimental group (n=40) Uor)® p
Gender Male/Female 17 (42.5%)/23 (57.5%) 22 (55.0%)/18 (45.0%) 1.25 263
Age (M+SD) 68.5+15.9 64.8+18.6 30.50 801
Anti-platelet drug 14 (35.0%)/26 (65.0%) 10 (25.0%)/30 (75.0%) 0.95 329
Diagnosis

HTN 23 (57.5%)/17 (42.5%) 24 (60.0%)/16 (40.0%) 0.05 .820
DM 21 (62.5%)/19 (47.5%) 15 (37.5%)/25 (62.5%) 1.80 178
Liver disease 11 (27.5%)/29 (72.5%) 9 (22.5%)/31 (77.5%) 0.26 606
Cancer status 20 (50.0%)/20 (50.0%) 12 (30.0%)/28 (70.0%) 3.30 .068
Heart disease 13 (33.0%)/27 (67.0%) 11 (28.0%)/29 (72.0%) 0.23 626
Renal disease 17 (42.5%)/23 (67.5%) 12 (30.0%)/28 (70.0%) 1.30 245
Cardiovascular-disease 12 (30.0%)/28 (70.0%) 7 (17.5%)/33 (82.5%) 1.70 189
Cerebro-vascular disease 12 (30.0%)/28 (70.0%) 6 (15.0%)/34 (85.0%) 2.60 .108
Laboratory
Ho?! Low 32 (80.0%) 32 (80.0%) 1.10 587
Normal 7(17.5%) 8 (20.0%)
High 1(2.5%) 0(0.0%)
aPTT? Low 1(2.5%) 0(0.0%) 3.50 174
Normal 25 (62.5%) 32 (80.0%)
High 14 (35.0%) 8 (20.0%)
PLT? Low 9 (22.5%) 6 (15.0%) 1.02 601
Normal 27 (67.5%) 31 (77.5%)
High 4(10.0%) 3(7.5%)

HTN=hypertension; DM=diabetes mellitus; "Low: Hb<12 g/dL, Normal: 12 g/dL < Hb <16 g/dL, High: Hb > 16 g/dL; Low: aPTT < 30.2 sec, Normal: 30.2 sec < aPTT < 42.4 sec,
High: aPTT > 42.4 sec; “Low: PLT < 150 K/uL, Normal: 150 K/pL < PLT < 440 K/uL, High: PLT > 440 K/uL.
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Table 2. Characteristics Related to PICC (N=80)
Characteristics Categories Control group (n=40) Experimental group (n=40) be p*
Insertion vein Basilic/Bracial 35 (87.5%)/5 (12.5%) 33(82.5%)/7 (17.5%) 0.39 531

*Chi square test.

Table 3. Comparison of Patency Rates of PICC (N=80)
Variables Control group (n=40) Experimental group (n=40) X p*

Open 7(17.5%) 26 (65.0%) 13.18 .001

Partial occlusion 29 (72.5%) 14 (35.0%)

Occlusion 4(10.0%) 0(0.0%)

*Chi square test.
Table 4. PICC Patency Rates during the Study Period (N=80)
Open Occlusion Partial occlusion Occlusion
Time (day) Group e p*
n (%) n (%) n (%) n (%)

Day 1 CF (n=40) 40(100.0) 0(0.0) 0(0.0) 0(0.0) <.001
PF (n=40) 40(100.0) 0(0.0) 0(0.0) 0(0.0)

Day 2 CF 35(87.5) 5(12.5) 3(7.5) 2(5.0) 321 200
PF 39(97.5) 1(2.5) 1(2.5) 0(0.0)

Day 3 CF 26 (65.0) 14.(35.0) 12 (30.0) 2(5.0) 9.32 .009
PF 37(92.5) 3(7.5) 3(7.5) 0(0.0)

Day 4 CF 21(52.5) 19 (47.5) 17 (42.5) 2(5.0) 12.01 .002
PF 35(87.5) 5(12.5) 5(12.5) 0(0.0)

Day 5 CF 14(35.0) 26 (65.0) 23(567.5) 3(7.5) 15.54 <.001
PF 31(77.5) 9(22.5) 9(22.5) 0(0.0)

Day 6 CF 10 (25.0) 30(75.0) 26 (65.0) 4(10.0) 19.33 <.001
PF 29 (72.5) 11 (27.5) 11 (27.5) 0(0.0)

Day 7 CF 7(17.5) 33(82.5) 29(72.5) 4(10.0) 2017 <.001
PF 26 (65.0) 14.(35.0) 14.(35.0) 0(0.0)

CF=continuous flushing; PF=pulsatile flushing; *Chi square test(Open vs Occlusion).
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Table 5. Logistic Regression Analysis of Factors Influencing PICC Patency (N=80)
Dependent variable Independent variables B S.E OR 95% Cl P
Patency Flushing method 2.56 0.78 4.89 1.89~12.66 .001
Gender 0.15 0.32 117 0.41~2.40 631
Anti-platelet drug 0.69 0.43 2.00 0.17~1.26 109
Hb 0.14 0.28 0.65 0.65~2.01 634
PLT -0.07 0.28 0.93 0.53~1.62 .801
aPTT 0.02 0.46 1.02 0.41~2.53 963
HTN -0.21 0.29 0.80 0.98~6.24 467
DM 0.34 0.34 1.40 0.29~1.73 .320
Liver disease 0.62 047 1.86 0.19~1.53 187
Renal disease 0.21 1.23 1.03 0.37~2.28 578
Heart disease 0.17 0.41 1.18 0.37~2.54 683
Cancer status 0.04 0.46 1.04 0.43~2.56 927
Cardiovascular-disease 0.32 0.47 1.38 0.28~2.28 493
Cerebrovascular disease 0.19 0.54 0.72 0.43~3.48 717
Insertion vein 0.24 0.24 127 0.16~1.96 .333
(10.0%)01%4ck. T Fg 2 W8 % B2 sy wbgge] ol Pt APATINME A1Y WS 545 13] ojstz At
EAH0.2 ISHTH—6413 po 001 (Tsble ) A971 19 23] B 33 AP uct Hugo] e A
o2 it A 347 BT o4 s ogaz) we
4. PICCHES0 HES ORI HAXIS] YU EM T A FAEL AL ofdS AAFSC A4 S} Tisto]

p=467), B (p=.320), ZPSQ(p:.IW), élxé%‘r(p:.ws;), A]
AL (p=683), Lol (p=927), BTHPALH(p=493)
A8k (p=717), PICCO] A EoH(p-1333) BT EAHo=

9]5}4] 9o} o]E QoI pICC 7JEBo] Qo5

A e AL Z e ¥, PICC Al ®
Z}o| & Ho] EAFO 2 895t J3F glo
(OR=4.89, 95% CI=1.89~12.66, p=.001) (Table

e

5).

O
o

gto
=z 3

]
A=A

ruEL-l

o
A e

|
9

[©)

), =&
O
=
(o]
9

A9E PICCE ALE /R $A5] Slsie mo]
salolL} 2 glo] APES A4 H R fAIsHs 2] B4
'E}Ek olefat A $XE sl A 371, AR 8] £

FHlock) ¥ 5 ThE FA7H Eelslo] Sk A5 F710]

heparin -84} AJ2JAF4 flushingS B w g AP0 A= F
&9 7+ ek S o mato] F31gt Aozt itk duE
A= BAEA] 9Fom" heparin o] A ak
o} # A afEpo] Bels] 9ottt AEuie]7] olgth= A4
A 32 A A Bag HE Ik of2fdt 252 PICC 1
A4 Oﬂt“oﬂ ol & 30“94 53@‘% AEg Al 719l

=z 23
> rir
oo
N =
_imloo[-n
_ql%oi
=%z
£ & e
éguﬁ
>y 2
s =
= = 3
)
j‘g 1o
T ¥
- 0
or X
l(f

(o]
o 39, % 55 6}@ Aejoh WP welo] Uk W5
APES L D0 230 JNESE B Lo %
|9 g5

Agro.=4 7hee el AL B4



32

F(turbulence) S FA5H=
2 52X Z%F(laminar flow)& }01 %EHE,QE A& &
_1,]—7]- 1,]-_9_ 9_ EJ_Ho-]q_nHzo

u]=+ F917F5 AFS](Infusion Nurses Society, 2021)= ImLA
103] FYotal &2 78S FE"push-pause”2]o] 2|
FUET W W 2= AA BE A PAlskL 9&5}.2”
FFFS A (Oncology Nursing Society, 2017)” A] dh5-4d
MRS EAskaL 9 otq 4 05 9 2R A5E B9 9l
g glo] 0.9% A=A b Ao 2 &3 7
9L S & U Lﬂi AAISkAL et

e BERAIA WIS o R g 7 Aol
S AR A& AEH 2F 2ol 7h YrEREA] ekt

o 1_

Hosseini 59] @04 wm SOt w5 AU A
%7 APYIe) T Ime AT % P 7 §oJ Rolst
AR 0 (p=.22) Thandaveshwara 5> FA| F ¥ 7+ a3}

Ao)7} ¢3-S Estoh WHot Al adte T3] 4o,
W4, &5 7Y &= et geReg F A4 25 PICC
of v]sf] Zo|7} &L o] 22 “PX“%WH e ge=z
Sy =]olFrt o3t x4 EAJo=Z 9l
C?Lﬂol AgtE]o] ¥HsAd Al7g9] o]%
Vo dE 1T ¢ At & ﬁﬁ@ﬁ? 7+ Ayolgt Axt
P 7HEE Q] 24 Z}olet AAFA 2}
ST 4= glom v AARe] A
A% A7} ob#] 2 E] ] g2 o]fol7| =
H E AFoA] 7Y Bt RE HA =3 HYE
TJr PICC A4 §~ 2%2P°1—t— AT 2.5%, o

3 o

;O
r

o
i

o | &
x2
> i“s mlg

Q

r_?h lo
l'U_.

> =
1‘ r-?ll'é_‘:z

r&

30%2 = ].—gl_odq— o]?ﬂ ot 75.3415 PICC 9] 7] 1-2
o] 7t F8 w4 o] AgAl FFFS njAl
AR whebA A4 A 27] 713 E7te) Al
3k 15 73etet A% HUEE AIA 752 PICC
djg}tof] 293} 7|0 S & A 0 2 T T Table 4).
EI QAT A
A= B4 ool

i)

=2

oo
g 2 e

=,

AESL Befot e SAslok st F71 ] ALgo
uh2 Fgro] ik olo] w]sh & ATl A8 UEA A
e BEo] P F7} 18 gl 7EAVE 407 48
o 4 9l AgHoln] WAo] L 7kEFAolck Eak v}
54 AN 8L HA e o) A8HH Hukel
AHG-E AT PICC S0 2 Qg AN BRHE o
sto] A7) Q44 TS o) Fold 4= 9k Hol 9

oN
0x
_>,'_
o
fix
E
I=)
Rl
o
rlo
oﬁ
oy
>
=]
40
oX
oy
of>
Lol
=]
30
-

Z
o 71w
£ A= BEE AR (2023)09] EA7IRE AT AR
ol wet ¥ Al Al Aol A-8stal 1 avt
S FolA A AR A3HE AE4 AR &8

= A THPICC) 2] FA o2 95
A AR RtE %}0} 12} Astct A AT} at
Aol A% M) Hla) TRAIFAYHT
(PICO)2) 14 o] E 3 Aoleh Ao] gels|gict
=X AHL 7S AP AAF dA oA £404) F_5 4=

=
ARHIPICOS] 2 o33}

Ue TR 2 TS
< H 23Rl Ao = yetth oo whet 2 WS 9wl
ol PICC A7 T A 3o whdshal d/dollA A=202
28 ek itk

ot 2 A= & 718olA 797 3E @] 3 2
T2 ot 7 AT 2 A AEE ZFOA] 4%
ooz gutsleh= vl RHAZE itk whEkA] o]l A B
717%oll A% 2] HARCT)E &5f BHsd AlFgRie] PICC
¥4 ool vA|= avE Hrt BEs| 48 2]t AUk
o217 Z A1 M (Central Venous Catheter)¥} Tz}

(Peripheral Venous Catheter)2 thAO 2 3t H-5A] Agw 2]
AE 74 AnE A5t 5 A= ARkt
2 AT HE A txd ASARF A4 dF= a3
FolME FEA0] SEE oL A7E A 1Y 7H
57do] E2A%tS A= AAR

ORCID

XA 0009-0009-4676-3365
541] 0009-0000-9833-2553
1212 0009-0007-0739-4603
L2 0009-0008-2141-2801
74 0009-0005-2679-5205

[¢]



HRHASHIUE HM HYS 21T 4SS MEER XSS MEEH 22t Bl

o84

78 0009-0008-4689-9847

743] 0009-0007-0595-8479
0] 9} 0009-0000-6961-1916

REFERENCES

1. Govindan S, Jobe A, O'Malley ME, Flanders SA, Chopra V. To PICC or
not to PICC? A cross-sectional survey of vascular access practices in the
ICU. ] Crit Care. 2021;63:98-103. doi: 10.1016/j.jcrc.2021.02.004

2. Pitiriga V, Bakalis J, Theodoridou K, Dimitroulia E, Saroglou G, Tsakris
A. Lower risk of bloodstream infections for peripherally inserted cen-
tral catheters compared to central venous catheters in critically ill pa-
tients. Antimicrob Resist Infect Control. 2022;11(1):137. doi: 10.1186/
§13756-022-01180-1

3. Mielke D, Rendsburg K, Meier CR, Weisshaar M, Preisser E Hauschild
A, etal. Peripherally inserted central venous catheter(PICC) in cancer
patients. ] Cancer Res Clin Oncol. 2020;146(8):2089-100.
doi: 10.1007/500432-020-03237-4

4. Park EJ. Safety, efficacy, and patient satisfaction with initial peripherally
inserted central catheters compared with usual intravenous access in
terminally ill cancer patients: a randomized phase II study. Cancer Res
Treat. 2021;53(3):881-8. doi: 10.4143/crt.2020.1008

5. Smith SN, Moureau N, Vaughn VM, Boldenow T, Kaatz S, Grant PJ, et
al. Pattern and predictors of peripherally inserted central catheter occlu-
sion: the 3P-O study. ] Vasc Interv Radiol. 2017;28(5):749-56. doi:
10.1016/jjvir2017.02.005

6. Baskin JL, Pui CH, Reiss U, Wilimas JA, Metzger ML, Ribeiro RC, et al.
Management of occlusion and thrombosis associated with long-term
indwelling central venous catheters. Lancet. 2009;374(9700):478-89.
doi: 10.1016/S0140-6736(09)60220-8

7. Cancer Nurses Society of Australia(CNSA). Vascular access devices: pa-
tency, occlusion prevention and management - Section 1, flushing and
locking practices [Internet]. Sydney: CNSA; 2024 [accessed on 8 July,
2025]. Available at: https://www.cnsa.org.au/implement/vascular-ac-
cess-devices/section-1-patency-occlusion-prevention/flushing-lock-
ing-practices.html

8. Korean Hospital Nurses Association. Evidence-based clinical practice
guidelines for central venous catheterization. Seoul: Korean Hospital
Nurses Association; 2023.

9. Goossens GA, Jérome M, Janssens C, Peetermans WE, Fieuws S,
Moons P, et al. Comparing normal saline versus diluted heparin to lock
non-valved totally implantable venous access devices in cancer patients:
arandomized, non-inferiority, open trial. Ann Oncol. 2013;24(7):1892-
9. doi: 10.1093/annonc/mdt114

10. Shanks RM, Donegan NP, Graber ML, Buckingham SE, Zegans ME,
Cheung AL, et al. Heparin stimulates Staphylococcus aureus biofilm
formation. Infect Immun. 2005;73(8):4596-606.
doi: 10.1128/IA1.73.8.4596-4606.2005

- 33

11. Goossens GA. Flushing and locking of venous catheters: available evi-
dence and evidence deficit. Nurs Res Pract. 2015;2015:985686.
doi: 10.1155/2015/985686

12. Moureau NL. Vessel health and preservation: the right approach for
vascular access [Internet]. London: Springer; 2019 [accessed on 8 July,
2025]. Available at:
https://link springer.com/book/10.1007/978-3-030-03149-7

13. Bishop L, Dougherty L, Bodenham A, Mansi J, Crowe P, Kibbler C, etal.
Guideline on the insertion and management of central venous access
devices in adults. Int ] Lab Hematol. 2007;29(4):261-78.
doi: 10.1111/j.1751-553X.2007.00931.x

14. Vigier P, Merckx ], Coquin Y, Flaud P, Guiffant G. The use of a hydrody-
namic bench for experimental simulation of flushing venous catheters:
impact on the flushing efficiency. Phys Med Biol. 2005;50(1):121-35.

15. Registered Nurses” Association of Ontario (RNAO). Vascular access.
2nd ed. [Internet]. Toronto (ON): Registered Nurses Association of
Ontario; 2021 [accessed on 8 July, 2025]. Available at:
https://rnao.ca/sites/rnao-ca/files/bpg/Vascular_Access_June_2021.
pdf

16. Korea University Guro Hospital. Clinical nursing practice guidelines.
Seoul: Korea University Guro Hospital; 2024.

17. Hosseini S, Eidy E Kianmehr M, Firouzian AA, Hajiabadi E, Marha-
mati M, et al. Comparing the eftects of pulsatile and continuous flush-
ing on time and type of peripheral intravenous catheter patency: a ran-
domized clinical trial. ] Caring Sci. 2021;10(2):84-8.
doi: 10.34172/j¢s.2021.016

18.LiR, Zhou M, Sun L, Sha L, Xu B, Li T, et al. The eftect of different flush-
ing and locking techniques on catheter occlusion rates in central venous
catheters: protocol for a multicentre, randomized, controlled, parallel-
group, open-label, superiority clinical trial. Trials. 2024;25:380.
doi: 10.1186/s13063-024-08141-6

19. Lopez-Briz E, Ruiz Garcia V, Cabello JB, Bort-Marti S, Carbonell San-
chis R. Heparin versus 0.9% sodium chloride locking for prevention of
occlusion in central venous catheters in adults. Cochrane Database Syst
Rev. 2022;7(7):CD008462. doi: 10.1002/14651858.CD008462.pub3

20. Zhu L, Liu H, Wang R, Yu Y, Zheng E Yin J. Mechanism of pulsatile
flushing technique for saline injection via a peripheral intravenous
catheter. Clin Biomech. 2020;80:105103.
doi: 10.1016/j.clinbiomech.2020.105103

21. Infusion Nurses Society. Infusion therapy standards of practice. J Infus
Nurs. 2021:44(1 Suppl 1):51-224.
doi: 10.1097/NAN.0000000000000396

22. Camp-Sorrell D, Matey L. Access device standards of practice for oncol-
ogy nursing. Pittsburgh(PA): Oncology Nursing Society; 2017.

23. Thandaveshwara D, Krishnamurthy V, Prajwala HV. Comparison of
continuous flush with pulse flush technique in clearing blood contami-
nation of small bore intravascular catheter: a randomized control trial. |
Clin Diagn Res. 2018;12(8):SC09-11.
doi: 10.7860/JCDR/2018/34785.11918



