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Catheter-related thrombosis in stem cell recipients:

comparison of different types of catheter

Patients undergoing hematopoietic stem cell transplantation
(HSCT) require a versatile venous catheter for a variety of
purposes, including chemotherapy infusion, administering
antibiotics, transfusing blood products, providing paren-
teral nutrition, and collecting systematic samples. Due to
the frequent occurrence of vasculature issues, an inter-
mediate-term, large-bore catheter is typically necessary.
Two types of catheters are commonly used - conventional
central venous catheters (CICC) and peripherally inserted
central catheters (PICC). CICC are inserted through large
central veins, whereas PICC are inserted through smaller
peripheral veins, typically in the upper limb.

The use of CICC remains prevalent in many transplant centers
due to their accessibility, affordability, and operator prefer-
ence. However, the insertion and removal of these devices
pose considerable risks, including arterial puncture or cath-
eterization, nerve damage, tissue hematoma, hemothorax,
air embolism, and pneumothorax. McGee et al. found that
6-19% of CICC implantations result in mechanical compli-
cations, with a pneumothorax rate as high as 3%.

PICC insertion is a safe procedure, deprived of life-threat-
ening complications with fewer insertion and removal-re-
lated complications than CICC.2The PICC is typically in-
serted into the upper arm using ultrasound guidance and
the modified Seldinger’s technique. The basilic vein is the
best location for insertion, and the medial distal part of the
arm is the recommended puncture site. Catheter to vein
ratio should not exceed 45% as advocated by the Infusion
Therapy Standards of Practice.*

Alternative vascular devices to PICC are midline catheters
(MLC). MLC are devices inserted into the peripheral veins
of the upper and terminate in the peripheral veins, not the
central veins. The tip of the MLC catheter should be located
at or below the axillary vein, distal to the shoulder.5®

One of the typical complications involving mid- to long-
term vascular devices is catheter-related thrombosis (CRT).
Thrombotic complications can occur with catheter use,
with reported rates varying from around 5% to an overall
rate of 18%.” Cancer patients with indwelling devices seem
particularly prone to this complication due to frequent im-
mobility, hyperinflammation, chemotherapy administration,
and prolonged catheterization. In addition, CRT is associ-
ated with complications of pulmonary embolism, systemic
sepsis, loss of intravenous access, and post-thrombotic
syndrome.® Data on PICC-associated thrombosis present
ambiguous results. A systematic review and meta-analysis
concluded that PICC are associated with an increased risk
of CRT compared to other tunneled CVC but not pulmonary
embolism.® The data on MLC in non-malignant settings

suggests that MLC cause more catheter-related thrombosis
(CRT) than PICC.® It is worth emphasizing that most of the
reported data derived from oncologic patients and stem cell
transplant recipients may have altered CRT risk, especially
in the case of severe thrombocytopenia, which is common
in the transplantation setting. Additionally, in the context of
stem cell transplantation, catheters are generally removed
once therapy is completed. Conversely, in the case of on-
cology patients, vascular devices are typically left in place
unless they become dysfunctional or infected.

This study presents the results of a comparative analysis
of the feasibility and safety of PICC and MLC, in patients
undergoing HSCT. The primary objective was to evaluate the
incidence of CRT associated with PICC and MLC in compar-
ison to CICC. This study was conducted in accordance with
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Figure 1. Analysis of conventionally inserted central venous
catheter and a catheter dysfunction in a given type of device.
(A) Catheter-related thrombosis. (B) Cathether dysfunction.
Fisher exact test was implemented for the study. Since there
was a statistically significant difference between the devices,
post hoc analysis with Bonferroni correction for multiple testing
was conducted. P value <0.05 was considered statistically sig-
nificant. **P<0.01; ***P<0.001. PICC: peripherally inserted cen-
tral venous catheter; MLC: midline catheter; CICC: convention-
ally inserted central venous catheter.
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the Declaration of Helsinki and approved by the Bioethical
Committee of Pomeranian Medical University in Szczecin
(approval number: RPW/10177/2022P). Informed consent
was obtained from all subjects involved in the study.

We conducted a retrospective observational study inves-
tigating 68 consecutive autologous and allogeneic HSCT
procedures. The Online Supplementary Appendix presents
detailed patients and catheter characteristics (Online Sup-
plementary Table S7). The patients were divided into two
groups: the study group consisted of 35 patients undergoing
transplantation with peripheral catheters (PICC or MLC),
and the control group consisted of 33 patients with CICC.
We have analyzed subgroups regarding catheter length,
diameter, and particularly in terms of CRT and catheter
dysfunction (CD). CD was defined as the inability to either
aspirate or infuse fluids.

The prevalence of CRT did not differ between CICC and
peripheral catheters (PICC and MLS combined). Subse-
quently, we examined if CRT is associated with a partic-
ular type of intravenous device. We analyzed CICC, PICC,
and MLC separately. Although Fisher’s exact test revealed
a statistically significant result (P=0.009), indicating in-
creased CRT prevalence in MLC, the post hoc analysis did
not confirm the difference between the catheters (Figure
1A). Subsequently, we examined if CRT is associated with
a particular type of intravenous device. We analyzed CICC,
PICC and MLC separately. Although Fisher’s exact test re-
vealed a statistically significant result (P=0.009), the post
hoc analysis did not confirm the difference between the
catheters (Figure 1A).

Catheter dysfunction occurred significantly more frequently
in the peripheral catheters (P=0.01) (Table 1). We analyzed
CICC, PICC and MLC separately (P=0.009) (Figure 1B). Our
findings indicate that MLC have a significantly higher inci-
dence of dysfunction compared to CICC and PICC (P<0.001
and P<0.01, respectively). However, there were no significant
differences between PICC and CICC (Figure 1B).

We used a multiple logistic regression model to deter-
mine predictors for a CD. Results are presented in On-
line Supplementary Table S2 and depicted in Figure 2.
We considered catheter length and diameter as potential

Table 1. Comparison between central and peripheral catheters.

Peripheral catheter
Parameter
N mean (median), IQR

Catheter length, cm 31.45 (33), 20.00-45.00

Catheter diameter, French gauge 4.77 (5), 4-6
CRT: Yes/No 3/32
CD: Yes/No 11/24

predictors, as there were significant differences in these
parameters between the groups. Additionally, we included
the type of HSCT and the length of stay in our model, as a
longer hospitalization duration is associated with a higher
probability of CD acquisition. We observed that a smaller
catheter diameter was significantly associated with device
dysfunction (odds ratio [OR] =0.012; P<0.001). However, we
found no significant association between CD and catheter
length, length of stay, or type of HSCT.

Regarding CRT, studies have presented ambiguous results,
mainly deriving the data from studies limited to oncology
patients. According to our knowledge, this study is the
first specifically conducted to compare different periph-
eral vascular devices in adult patients undergoing stem

Variable Odds ratio P
Catheter length | 0.1
Catheter I < 0.001
diameter
Length of stay L 0.8
alloHSCT |
autoHSCT | ] 0.3
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Figure 2. Forest plot of a multiple regression model demonstrat-
ing odds ratios for a catheter dysfunction. Catheter length,
catheter diameter, length of stay and type of HSCT were used
as independent variables. P value <0.05 was considered statis-
tically significant. ALLoHSCT: allogenic hematopoietic stem cell
transplantation; autoHSCT: autologous stem cell transplantation.

Central catheter

N mean (median), IQR F
16 (16), 16 <0.001
7(7),7 <0.001
0/35 0.1145
2/31 0.01

Mann-Whitney U test was used to analyze differences between the continuous variables. Fisher exact test was implemented to compare
categorical data. P value <0.05 was considered statistically significant. N: number; IQR: interquartile range; CRT: catheter-related thrombosis

CD: catheter dysfunction.
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cell transplantation. We have focused on catheter-related
thrombosis and dysfunction, which are usually intertwined.
We demonstrated that although CRT occurred more often
in patients with peripherally inserted venous catheters, the
difference between the CICC group was not statistically
significant. Detailed analysis of different catheter types
revealed that MLC tend to be associated with a greater risk
of CRT. However, after post hoc analysis, catheter types
did not differ. Nonetheless, it is worth emphasizing that
all cases of CRT occurred in patients with MLC. The lack
of statistically significant difference could be attributed
to a relatively small sample size. Therefore, further stud-
ies should investigate the relationship between different
types of peripherally inserted catheters and CRT in the
transplantation setting. According to the latest literature
data, no consensus exists on whether MLC are associated
with lower CRT incidence than PICC. Bahl and co-workers
demonstrated that patients with MLC are far more likely
to develop CRT than individuals with PICC.° Still, Xu et al.
demonstrated that MLC were not different from PICC re-
garding CRT." Similar results were revealed in other stud-
ies,>” in which MLCs were not inferior to PICC concerning
the frequency of CRT.

CRT in our cohort was diagnosed exclusively after engraft-
ment when the platelet count was greater than 20x10°/L.
This may suggest that thrombocytopenia may have a protec-
tive effect against CRT. Indeed, this observation is coherent
with other studies investigating thrombotic complications
after HSCT.*"® Therefore, it might be concluded that indi-
viduals undergoing HSCT during the pre-engraftment phase
exhibit features, of potentially protective qualities, different
from other populations of patients.

On top of CRT, another catheter-related complication is CD
which can be defined as the inability to either infuse fluids
or aspirate them. Dysfunction arises from total or partial
loss of catheter patency. Thrombotic and non-thrombotic
events could elicit CD. Our results revealed that peripher-
ally inserted catheters were associated with an increased
risk for a catheter failure than CICC (P<0.001). After the
post hoc analysis, we found that CD occurred more fre-
quently in MLC than in PICC and in CICC. The difference
was statistically significant (P<0.01 and P<0.001, respec-
tively). After that, in a multiple logistic regression model,
we have identified catheter diameter to be a predictor for
a CD (OR=0.01; P<0.001).

Our study reveals that PICC are safe and feasible in the
transplantation setting and seem not associated with an
increased CRT incidence compared to CICC. Due to the
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low rate of infectious and mechanical complications, easy
maintenance, and patient comfort, PICC and MLC should
be preferred whenever feasible.® Increased CD rate is a
concerning issue and efforts should be made to identify
potential risk factors contributing to this complication, and
a preventive strategy should be introduced. CD is a mild
complication that does not alter the procedure outcomes or
hospital stay and usually doesn’t require catheter removal.
Furthermore, it is possible to reverse the disfunction in
some instances with additional flushing or heparin lock.

Authors

Slawomir Milczarek,"? Piotr Kulig,? Oliwia Piotrowska,' Alina
Zuchmanska, Anna Bielikowicz' and Bogustaw Machalinski'?

'Department of Hematology and Transplantology, Pomeranian
Medical University and 2 Department of General Pathology,

Pomeranian Medical University, Szczecin, Poland

Correspondence:
S. MAILCZAREK - slawomir.milczarek@pum.edu.pl

https://doi.org/10.3324/haematol.2023.283924

Received: August 7, 2023.
Accepted: October 26, 2023.
Early view: November 2, 2023.

©2024 Ferrata Storti Foundation
Published under a CC BY-NC license

Disclosures

No conflicts of interest to disclose.

Contributions

Conceptualization, study design, investigation, patient care and
writing of the original draf by SM. Investigation, formal analysis,
writing of the original draft, patient care, figure preparation by PK.
Investigation, data curation by AZ. Investigation, patient care, writing
of original draft by OP. Investigation, data curation by AB. Supervision,
writing, review and editing of the manuscript by BM. All authors have

read and agreed to the published version of the manuscript.

Data-sharing statement
Data are available upon request addressed to the corresponding

author.

1. McGee DC, Gould MK. Preventing complications of central
venous catheterization. N Engl J Med. 2003;348(12):1123-1133.
2. Sakai T, Kohda K, KonumayV, et al. A role for peripherally

inserted central venous catheters in the prevention of catheter-
related blood stream infections in patients with hematological
malignancies. Int J Hematol. 2014;100(6):592-598.

Haematologica | 109 April 2024
1287



LETTER TO THE EDITOR

10.

. Bellesi S, Chiusolo P, Pascale GD, et al. Peripherally inserted

central catheters (PICC) in the management of
oncohematological patients submitted to autologous stem cell
transplantation. Support Care Cancer. 2013;21(2):531-535.

. Pitiriga V, Bakalis J, Theodoridou K, Kanellopoulos P, Saroglou G,

Tsakris A. Lower risk of bloodstream infections for peripherally
inserted central catheters compared to central venous
catheters in critically ill patients. Antimicrob Resist Infect
Control. 2022;11(1):137.

. ChopraV, Kaatz S, Swaminathan L, et al. Variation in use and

outcomes related to midline catheters: results from a
multicentre pilot study. BMJ Qual Saf. 2019;28(9):714.

. Swaminathan L, Flanders S, Horowitz J, Zhang Q, O’Malley M,

Chopra V. Safety and outcomes of midline catheters vs
peripherally inserted central catheters for patients with short-
term indications. JAMA Intern Med. 2022;182(1):50-58.

. Lee AYY, Kamphuisen PW. Catheter-related thrombosis: lifeline

or a pain in the neck? Hematology Am Soc Hematol Educ
Program. 2012;2012:638-644.

.Yi X, Chen J, Li J, et al. Risk factors associated with PICC-

related upper extremity venous thrombosis in cancer patients.
J Clin Nurs. 2014;23(5-6):837-843.

.Chopra V, Anand S, Hickner A, et al. Risk of venous

thromboembolism associated with peripherally inserted central
catheters: a systematic review and meta-analysis. Lancet.
2013;382(9889):311-325.

Bahl A, Karabon P, Chu D. Comparison of venous thrombosis
complications in midlines versus peripherally inserted central

12.

13.

14.

15.

16.

catheters: are midlines the safer option? Clin Appl Thrombosis
Hemostasis. 2019;25:1076029619839150.

. Xu T, Kingsley L, DiNucci S, et al. Safety and utilization of

peripherally inserted central catheters versus midline catheters
at a large academic medical center. Am J Infect Control.
2016;44(12):1458-1461.

Caparas JV, Hu J-P. Safe adminisitration of vancomycin through
a novel midline catheter: a randomized, prospective clinical
trial. J Vasc Access. 2014;15(4):251-256.

Bing S, Smotherman C, Rodriguez RG, Skarupa DJ, Ra JH,
Crandall ML. PICC versus midlines: comparison of peripherally
inserted central catheters and midline catheters with respect
to incidence of thromboembolic and infectious complications.
Am J Surg. 2022;223(5):983-987.

Gonsalves A, Carrier M, Wells PS, McDiarmid SA, Huebsch LB,
Allan DS. Incidence of symptomatic venous thromboembolism
following hematopoietic stem cell transplantation. J Thromb
Haemost. 2008;6(9):1468-1473.

Gerber DE, Segal JB, Levy MY, Kane J, Jones RJ, Streiff MB. The
incidence of and risk factors for venous thromboembolism
(VTE) and bleeding among 1514 patients undergoing
hematopoietic stem cell transplantation: implications for VTE
prevention. Blood. 2008;112(3):504-510.

Nakaya Y, Imasaki M, Shirano M, et al. Peripherally inserted
central venous catheters decrease central line-associated
bloodstream infections and change microbiological
epidemiology in adult hematology unit: a propensity score-
adjusted analysis. Ann Hematol. 2022;101(9):2069-2077.

Haematologica | 109 April 2024

1288





