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Abstract

Introduction: Recent advances in chemotherapy and supportive care have led to improved survival rates in paediatric
oncology. Management of these patients requires safe and reliable intravenous access for various purposes, which can be
achieved with midline, central venous catheters (CVC), peripherally inserted central catheters(PICC) and chemo-port. Each
type of access has a its advantages and disadvantages. We have analysed the safety and utility of various intravenous
access devices in pediatric oncology patients.

Methods: A single-centre prospective observational study was conducted in the Division of Paediatric Haematology
Oncology, Department of Paediatrics, in a tertiary care hospital in central India. A total of 32 patients were enrolled (14
Midlines, 12 CVCs, 4 PICCs, 2 Chemo-ports). These were observed for catheter dwell time and complications.

Results: The median dwell time for all types of catheters was 30 days. The longest median catheter dwell time was for
chemo-port (101 days), followed by midlines (30.4 days). The most frequent complication encountered in our study was
thrombophlebitis (28%), followed by central line-associated bloodstream infections (CLABSI- 22%). Among CVCs, the most
frequent complication was CLABSI(11.9 per 1000 catheter days). Among Midline catheters, the most frequent complication
was thrombophlebitis(18.8 per 1000 catheter days). Among PICCs, one each of catheter leak, catheter fracture,
thrombophlebitis and CLABSI was seen (21.7 per 1000 catheter days). Both chemo-ports were removed due to
complications (one due to CLABSI and the other due to catheter migration into the right atrium).

Conclusions: Midlines can be used at newly established paediatric oncology centres as serious complications (CLABSI
and deep catheter migration) are less common with midlines.
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Introduction:

The outcome of childhood cancers
has phenomenally improved in
recent years due to earlier
diagnosis, better use of
multimodality treatment as per risk
stratification, and better supportive
care. The use of central venous
access devices (CVADs) is an
important part of supportive care in
pediatric oncology. CVADs allow
prolonged or continuous infusions of
chemotherapy as per protocol
requirements with reduced risk of
extravasation and interruptions in
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therapy. The tip of a CVAD lies in the
right atrium or a large vein like the
superior vena cava. It can be of 3
types- peripherally inserted central
catheter (PICC), central venous
catheter or chemo-port. We also
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used a midline catheter, which is peripherally inserted
but shorter than PICC, and the tip lies in a bigger
peripheral vein but not in a central vein.

Peripheral venous access is the mainstay of vascular
access both during hospital admission and outpatient
basis.' Peripheral access is adequate for intravenous
(IV) hydration, administration of common medications,
and blood transfusion. It is usually more technically
straightforward and safer than central access and can
be performed at the bedside without anaesthesia.

Central venous access, though primarily used when
prolonged intravenous access is warranted, is also
used for the administration of life-saving medications,
hyperosmolar fluids, total parenteral nutrition (TPN)
and chemotherapeutic agents. This form of access
needs more technical expertise for insertion and
maintenance, with increased costs involved.' They also
have an increased risk of serious complications like
central line-associated bloodstream infections
(CLABSI), deep vein thrombosis (DVT), bleeding,
pneumothorax and sometimes difficult removal
needing surgical intervention. So, central lines are
avoided or less commonly used, even at many tertiary
care centres in India. Even chemotherapy is given
through peripheral lines due to the high risk of infections
among these immunocompromised patients.
Sometimes, parents also become reluctant to choose a
central line after predicting/experiencing
complications.

Midline catheters are intermediate in length (8-20 cm)
and peripherally inserted, but the tip lies in a bigger
peripheral vein (up to the axillary vein in the upper limb).
Hence, they share the advantages and disadvantages
of peripheral and central lines?® In centres where there
is no trained team to take care of central lines, midlines
can be used to start with. There is a paucity of literature
regarding the use of midline catheters for
chemotherapy/ irritant drugs, though even peripheral
lines are commonly used for these purposes, especially
in India. Some literature suggests that vesicant drug
administration should not be done through midlines.
There is potential for the use of midlines at diagnosis of
paediatric cancer due to the high chances of infection
and thrombosis during induction chemotherapy
needing catheter removal, resulting in increased
morbidity and financial loss.

Various studies have evaluated the use of midline
catheters in children requiring intravenous access for
intermediate duration™ These studies were done in
paediatric emergency and paediatric intensive care but
not in paediatric oncology.

Materials and Methods

This is a single-centre, prospective observational study
conducted in the Division of Paediatric Hematology,
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Oncology, Department of Paediatrics, in a tertiary care
hospital in central India. The study period was from May
2019 to October 2022. Institutional ethics committee
approval was taken, and prior consent and assent
(wherever required) were obtained before enrolling
patients. A total of 32 paediatric cancer patients were
inserted with midline/CVAD based on clinical
indication/choice. Demographic data, clinical details,
and catheter type were recorded in a pre-approved
proforma.

Various catheter types were observed for dwell time,
number and type of complications and reasons for
removal. Microsoft Excel was used for data entry, and
EPI-Info 7 for data analysis. Descriptive statistics
measures, i.e. mean and median, were used to
summarise numerical data and percentages for
summarising nominal data. Analysis of variance
(ANOVA) was applied for comparison of population
means. Further, p value<0.05 was considered
significant.

Results

A total of 32 catheters were inserted in 29 patients.
Demographic characteristics are depicted in Table 1.
The median age of the study population was 9 years
(IQR=6-12), with males 41% and females 59%. Acute
lymphoblastic leukemia was the most common
diagnosis (66%). Midlines were the most common
catheters used(44%), followed by CVC (38%), PICC
(12%) and chemo-port (6%).

Table 1. Demographic characteristics of the study

poputation:

SNo Parameter Value

1 Age
Median (IQR) 9years (6-12)

2 Gender (n=29)
Male 41%
Female 59%

3 Diagnosis (n=29)
BALL 15(52%)
TALL 4 (14%)
Ewings Sarcoma 4 (14%)
Neuroblastoma 2 (6%)
Burkitts Lymphoma 1(3.5%)
AML 1(3.5%)
Hodgkins Lymphoma 1(3.5%)
Rhabdomyosarcoma 1(3.5%)

4 Type of catheter (n=32)
Midline 14 (44%)
CvC 12 (37.5%)
PIEE 4-(+2-5%)

Future Health | Volume 1 | Issue 1



Kundavaram R et al, Safety and Ultility of Intravenous Devises

Chemo-port 2 (6%)

B ALL — B Acute Lymphoblastic Leukemia, T ALL - T
Acute Lymphoblastic Leukemia, AML Acute Myeloid
Leukemia, CVC - Central Venous Catheter, PICC —
Peripherally Inserted Central Catheter

The median dwell time for all types of catheters was 30
days (Figure 1). The longest median catheter dwell time
was for chemo-port (101 davs). followed bv midline

PICC MIDLINE e CHEMOPORT

Figure 1: Median catheter dwell time among various
catheterss

Overall, 24 catheters (75%) had one or other
complication. The frequency of various complications is
depicted in Figure 2. The most frequent complication
was thrombophlebitis in 28%, followed by CLABSI in
22% and catheter leak in 9%. Catheter block,

I CATHETER BLOCK
W CATHETER DISPLACENSENT
CATHETER FRACTURE
CATHETER LEAK
CATHETER MIGRATION
W CLAES!
NO LOWGER, REUIRED
W SPONTANECUS REMOVAL
B THROMBOPHLERTIS

displacement, fracture, migration, and accidental
removal were among others.

Figure 2: Proportion of various complications across all
CVADs

Complication rates per 1000 catheter days are depicted
in Table 2. Thrombophlebitis rate was higher among
peripherally inserted catheters like PICC (21.7 per
1000 catheter days) and midline (18.8 per 1000
catheter days). CLABSI rate was higher with PICC
(21.7 per 1000 catheter days) and CVCs (11.9 per 1000
catheter days), compared to chemo-port (4.9 per 1000
catheter days) and midline (2.3 per 1000 catheter
days). Overall complication rate was more common
with the use of midlines [Odds ratio(OR): — 6,
Confidence interval (Cl1)=0.9-39.1]. CLABSI was most

Table 2. Incidence of various complications per 1000 catheter days:

Catheter type Complication Incidence
(per 1000 catheter days)
Midline Thrombophlebitis 18.8
Catheter Leak 4.7
Catheter Block 2.3
CLABSI 2.3
CcvC CLABSI 11.9
Catheter displacement 2.9
Spontaneous removal 2.9
PICC Catheter Leak 21.7
Catheter Fracture 21.7
Thrombophlebitis 21.7
CLABSI 21.7
Chemo-port CLABSI 4.9
Catheter Migration 4.9

CVC - Central Venous Catheter, PICC — Peripherally Inserted Central Catheter, CLABSI - Central Line Associated Blood Stream Infection

Discussion

The Michigan Appropriateness Guide for Intravenous
Catheters (MAGIC) recommends midlines in patients
with difficult vascular access, for treatment that will
likely exceed 6 days, and for patients requiring
infusions including antibiotics for up to 14 days.™"
However, midline as a catheter of choice for venous
access of intermediate duration has not been
extensively evaluated. Also, evidence comparing
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complications of midlines with other CVADs is lacking
in children.>™ In this study, we tried to assess whether
midline can be used as a catheter of choice for
administering chemotherapy for an intermediate
duration.

The average catheter dwell time of CVCs in our study
was 27.8 days, which was better than the dwell time of
10.54 days reported by Toulnay et al” in critically ill
pediatric patients. This might be due to our policy to use
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the catheter as long as needed if no complications are
seen. In our study, catheter removal without
complications was done only after prolonged venous
access was no longer required. This might also explain
the higher complication rate in our study (50%) as
compared to similar studies™ in critically ill children.One
study with pediatric oncology patients reported a
complication rate of 25%."

In our study, among the six CVCs with complications,
four had CLABSI, one was displaced, and one was
accidentally removed. Arterial puncture, hematoma
formation and pneumothorax are the common
complications seen with CVCs but were not seen in our
study.In a systematic review by Ullmann et al., the
incidence of CLABSI in CVC was 5.85 per 1000
catheter days. In our study,the incidence of CLABSI
was 11.9/1000 catheter days.” Prolonged catheter
dwell time increases the risk of CLABSI. Various factors
that might be correlated with increased CLABSI in our
study were analysed, but no correlation was found
between the duration of the catheter, type of cancer,
age and gender of the patient with CLABSI.Molina et al.
conducted a comparative study on the fixation of CVCs
with sutures versus adhesive and concluded that the
use of adhesive was associated with a lesser incidence
of displacement.” In our study, both catheters with
displacement/accidental removal were secured with 3-
0 silk. Improper securing of the catheter to the skin
might be the cause for displacement/accidental
removal in our study.

The average catheter dwell time in Midline catheters
was 30.4 days in our study, which is higher than the
reported dwell time in literature, 7.69 to 16.4 days.”*
The overall complication reported in a multi-centre
study by Chopra et al.was 10.3% at a rate of 2.1
complications per 1000 catheter days. In our study, 12
out of 14 catheters (87%) developed some
complications, with an overall complication rate of 28.2
per 1000 catheter days." The high complication rate in
our study could be due to our policy to use midline
catheters as long as possible till the development of
complications or planned removal. However, no
significant correlation was found between the duration
of the catheter and the incidence of complications and
complication rate was similar among catheters kept for
shorter durations or longer duration. The most frequent
complication in our study was thrombophlebitis (57%).
In a systematic review by Adams et al., the incidence of
thrombophlebitis was 11%. This difference could be
due to the type of medication administered via
midlines.In the previous study, midlines were used in
PICU and emergency settings. In our study, all the lines
were used in pediatric oncology where vesicant
medications were given, and this is associated with an
increased risk of thrombophlebitis.

The frequency of catheter leakage in midline catheters
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was higher (14%) in our study, as compared to the
2.24% reported by Chopra et al.” Leicket al. proposed
that leakage occurs in a thrombosed vein when the flow
is obstructed by thrombus®, but in our study, we did not
find any clinical or radiological evidence of thrombus on
USG of the affected vein. In a study by Moureauet al.
incidence of CLABSI in midline catheters was 0.2 per
1000 catheter days.” The incidence in our study was
2.3 per 1000 catheter days.We did not report
thrombosis in our study, but Katerina et al. reported
thrombosis in 4.5% of catheters.” The position of the tip
of the catheter is a significant risk factor for developing
thrombus, with increased risk if the tip is in the
subclavian vein as compared to femoral or cubital
veins.” In our study, the tip was located at the axillary
vein, and this could be the reason for no thrombosis in
our study.

The average catheter dwell time in PICCs was 11.5
days; this was comparable to the reported time in the
literature (7.3 to 16.6 days).**: An Overall complication
rate of 5.29 per 1000 catheters was reported by Fadoo
et al.” In our study, the complication rate was 89.9 per
1000 catheter days. The incidence of CLABSI in our
study was 21.7 per 1000 catheter days as compared to
2.3 per 1000 catheter days reported in the literature.’
CLABSI seen in our study can be related to catheter
manipulation after insertion because the length of the
catheter was not properly measured before insertion.

The incidence of thrombophlebitis among PICC in our
study was 21.7%, and this is slightly higher than that
reported in the literature (10%).” This again depends
on the type of medications administered through the
line, and in our study, PICC with thrombophlebitis could
be because of chemotherapy administration.One
catheter was fractured due to the injection of radio-
contrast through the PICC line by untrained staff. There
was no displacement of the catheter fragment. There
are cases reported in the literature regarding similar
incidents. Krishnan VP et al. reported a case of PICC
fracture and embolisation in the pulmonary artery,
which required surgical removal.” Wortley et al.
published a study in 2020 regarding the displacement
of PICC following power injection of contrast media.”®
Out of 2045 PICC catheters in their study, only 1% of
catheters had mal-position after power injection of
contrast media, but no intervention was required, and
catheters were self-corrected back to their original
position after an average interval of 24-72 hours. No
study has definitely opined regarding the safety of PICC
for power contrast administration, though most of the
studies recommend it can be used.”

We have only 2 chemo-ports in our study. The average
dwell time was 101 days. The dwell time with chemo
port is usually longer,with a reported dwell time of as
long as two years.* The short dwell time in our study
was because of premature removal due to
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complications. One chemo-port was removed due to
CLABSI (Candida albicans). The other chemo-port was
removed as the tunnelled catheter got dislodged from
the port and migrated to the right atrium. There was no
hemodynamic compromise or dysrhythmia, but the
patient had to undergo percutaneous removal of
catheter fragments by a cardiologist. Dislodgement and
migration of chemo-port catheter is a rare complication
of uncertain aetiology and with potentially serious
consequences.” Retrieval should be done by an
experienced cardiologist or interventional radiologist.”

From this study, we opine that institutions with pediatric
oncology facilities should have written policies for the
selection and care of catheter devices. The age of the
patient, duration of catheter need, type of drugs
(chemotherapy and others), and availability of skilled
and dedicated personnel for insertion and care are the
factors that should be considered while choosing a
cathetertype.

Conclusions

Midline catheters are an acceptable alternative to PICC
and CVC in a newly established pediatric oncology
centre. Its use is likely to reduce the chances of CLABSI
even though the incidence of non-serious
complications like thrombophlebitis and leakage are
more common. Midline is a good option for the
anticipated intermediate duration of catheter need as
the technique of insertion is relatively straightforward
(even without USG guidance) and has fewer costs
involved. Chemo-port has the longest dwell time and
should be a preferred option when trained staff for its
use is available.

References

1. Church JT, Jarboe MD. Vascular Access in the Pediatric
Population. Surg Clin North Am. 2017;97:113-28.

2.  Xu T, Kingsley L, DiNucci S, Messer G, Jeong JH,
Morgan B, et al. Safety and utilization of peripherally
inserted central catheters versus midline catheters at a
large academic medical center. Am J Infect Control.
2016;44:1458-61.

3. Adams Dz, Little A, Vinsant C, Khandelwal S. The
Midline Catheter: A Clinical Review. J Emerg Med.
2016;51:252-8.

4. Masters B, Hickish T, Una Cidon E. A midline for
oxaliplatin infusion: the myth of safety devices. BMJ
Case Rep. 2014;2014:bcr2014204360.

5. Bahl A, Karabon P, Chu D. Comparison of Venous
Thrombosis Complications in Midlines Versus
Peripherally Inserted Central Catheters: Are Midlines
the Safer Option? Clin Appl Thromb Hemost.
2019;25:1076029619839150.

6. LuH,HouY,ChendJ,GuoY,Langl,ZhengX, etal. Risk
of catheter-related bloodstream infection associated

© 2023 Future Health | AIIMS Bhopal | www.aiimsbhopal.edu.in

10.

11.

12.

13.

14.

15.

16.

17.

18.

with midline catheters compared with peripherally
inserted central catheters: A meta-analysis. Nurs Open.
2021;8:1292-300.

Urtecho M, Torres Roldan VD, Nayfeh T, Espinoza
Suarez NR, Ranganath N, Sampathkumar P, et al.
Comparing Complication Rates of Midline Catheter vs
Peripherally Inserted Central Catheter. A Systematic
Review and Meta-analysis. Open Forum Infectious
Diseases. 2023;10:0fad024.

Spiegel RJ, Eraso D, Leibner E, Thode H, Morley EJ,
Weingart S. The Utility of Midline Intravenous Catheters
in Critically 1l Emergency Department Patients. Ann
Emerg Med. 2020;75:538-45.

Leick-Rude MK, Haney B. Midline catheter use in the
intensive care nursery. Neonatal Netw.
2006;25:189-99.

Chopra V, Kaatz S, Swaminathan L, Boldenow T,
Snyder A, Burris R, et al. Variation in use and outcomes
related to midline catheters: results from a multicentre
pilot study. BMJ Qual Saf. 2019;28:714-20.

Chopra V, Flanders SA, Saint S, Woller SC, O’Grady
NP, Safdar N, et al. The Michigan Appropriateness
Guide for Intravenous Catheters (MAGIC): Results
From a Multispecialty Panel Using the RAND/UCLA
Appropriateness Method. Ann Intern Med.
2015;163:51-40.

Hogle NJ, Balzer KM, Ross BG, Wuerz L, Greendyke
WG, Furuya EY, et al. A comparison of the incidence of
midline catheter-associated bloodstream infections to
that of central line-associated bloodstream infections in
5 acute care hospitals. Am J Infect Control. 2020;48:
1108-10.

Tolunay, Yildizda RD, El¢i H, Alabaz D. Assessment of
central venous catheterization and complications in a
tertiary pediatric intensive care unit. Turk J Pediatr.
2018;60:63-9.

Sznajder JI, Zveibil FR, Bitterman H, Weiner P,
Bursztein S. Central vein catheterization. Failure and
complication rates by three percutaneous approaches.
Arch Intern Med. 1986;146:259—-61.

Hofmann S, Goedeke J, Koénig TT, Poplawski A,
Muensterer OJ, Faber J, et al. Multivariate analysis on
complications of central venous access devices in
children with cancer and severe disease influenced by
catheter tip position and vessel insertion site (A
STROBE-compliant study). Surg Oncol. 2020;34:
17-23.

Rickard CM, Ullman AJ. Bloodstream infection and
occlusion of central venous catheters in children. Lancet
Infect Dis. 2018;18:815-7.

Molina-Mazén CS, Martin-Cerezo X, Domene-Nieves
de la Vega G, Asensio-Flores S, Adamuz-Tomas J.
Comparative study on fixation of central venous
catheter by suture versus adhesive device. Enferm
Intensiva (Engl Ed). 2018;29:103—12.

Giuliani J, Andreetta L, Mattioli M, Melotto A, Zuliani S,
Zanardi O, et al. Intravenous midline catheter usage:
which clinical impact in homecare patients? J Palliat
Med. 2013;16:598.

39



19.

20.

21.

22.

23.

24.

25.

40

Kundavaram R et al, Safety and Ultility of Intravenous Devises

Mushtaqg A, Navalkele B, Kaur M, Krishna A, Saleem A,
Rana N, et al. Comparison of complications in midlines
versus central venous catheters: Are midlines safer
than central venous lines? Am J Infect Control.
2018;46:788-92.

Sharp R, Esterman A, McCutcheon H, Hearse N,
Cummings M. The safety and efficacy of midlines
compared to peripherally inserted central catheters for
adult cystic fibrosis patients: a retrospective,
observational study. IntJ Nurs Stud. 2014;51:694-702.

Broadhurst D, Moureau N, Ullman AJ. Central venous
access devices site care practices: an international
survey of 34 countries. J Vasc Access. 2016;17:78-86.

Avifa-Zubieta JA, Vostretsova K, De Vera MA, Sayre
EC, Choi HK. The risk of pulmonary embolism and deep
venous thrombosis in systemic lupus erythematosus: A
general population-based study. Semin Arthritis
Rheum. 2015;45:195-201.

Lisova K, Hromadkova J, Pavelkova K, Zauska V,
Havlin J, Charvat J. The incidence of symptomatic
upper limb venous thrombosis associated with midline
catheter: Prospective observation. J Vasc Access.
2018;19:492-5.

Bertoglio S, Faccini B, Lalli L, Cafiero F, Bruzzi P.
Peripherally inserted central catheters (PICCs) in
cancer patients under chemotherapy: A prospective
study on the incidence of complications and overall
failures. J Surg Oncol. 2016;113:708-14.

Fadoo Z, Nisar MI, Iftikhar R, Ali S, Mushtaqg N, Sayani
R. Peripherally Inserted Central Venous Catheters in
Pediatric Hematology/Oncology Patients in Tertiary

26.

27.

28.

29.

30.

31.

32.

Care Setting: A Developing Country Experience. J
Pediatr Hematol Oncol. 2015;37:e421-423.

Wall C, Moore J, Thachil J. Catheter-related
thrombosis: A practical approach. J Intensive Care Soc.
2016;17:160-7.

Krishnan VP, Jain S, Mishra J, Mudaliar S. PICC
fracture and embolization into pulmonary artery - a rare
but potentially life-threatening complication: A case
report. Indian J Cancer. 2020;57:340-2.

British Journal of Nursing - Misplacement of piccs
following power-injected CT contrast media [Internet].
British Journal of Nursing. [cited 2023 Jun 11]. Available
from: https://www.britishjournalofnursing.com/
content/ct-imaging/misplacement-of-piccs-following-
power-injected-ct-contrast-media/

Coyle D, Bloomgarden D, Beres R, Patel S, Sane S,
Hurst E. Power injection of contrast media via
peripherally inserted central catheters for CT. J Vasc
Interv Radiol. 2004;15:809-14.

Radhakrishna V, Radhakrishnan CN, Rao RCS, Kireeti
G. Chemoport-A Savior in Children Who Require
Chronic Venous Access: An Observational Study. Vasc
SpecialistInt. 2019;35:145-51.

Shah M, Patni S, Bagarahatta R. Spontaneous
chemoport fracture and cardiac migration. Indian J Surg
Oncol.2014;5:325-6.

Elgehiny A, Ghanem K, Bou Hussein H, Ahmed M,
Abohelwa M, Aboelella M, et al. Port-a-Cath fracture
and migration in paediatric cancer patients: incidence

Future Health | Volume 1 | Issue 1



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

