ATATORK
UnNivERSITEST
YAYINLARI
ATATURK
UNIVERSITY
PUBLICATIONS

Omer DOYMUS ! =

1 University of Health Sciences, Erzurum City
Hospital, Department of Anesthesiology and
Reanimation, Erzurum, TURKIYE

Osman BAGBANC] 2 8

2 Erzurum City Hospital, Department of
Anesthesiology and Reanimation, Erzurum,
TURKIYE

Mehmet Sercan ORBAK 2 i)

2 Erzurum City Hospital, Department of
Anesthesiology and Reanimation, Erzurum,
TURKIYE

Abdullah Agah KAHRAMANLAR 2 I:l
2 Erzurum City Hospital, Department of
Anesthesiology and Reanimation, Erzurum,
TURKIYE

Fatma AKIN 2 |

2 Erzurum City Hospital, Department of
Anesthesiology and Reanimation, Erzurum,
TURKIYE

Zehra BEDIR ?
2 Erzurum City Hospital, Department of
Anesthesiology and Reanimation, Erzurum,
TURKIYE

Sevgi TOPAL 3
3 Acibadem University, Acibadem Altunizade
Hospital, Department of Pediatric Intensive
Care, istanbul, TURKIYE
Servet ERGUN 4
4 istanbul Basaksehir Cam and Sakura Hospital,
Department  of  Pediatric  Cardiovascular
Surgery, Istanbul, TURKEY
Pelin AYDIN ?

2 Erzurum City Hospital, Department of
Anesthesiology and Reanimation, Erzurum,
TURKIYE

ibrahim Hakki TOR * I

1 University of Health Sciences, Erzurum City
Hospital, Department of Anesthesiology and
Reanimation, Erzurum, TURKIYE

5

O

8

5

Received / Gelis Tarihi 14.11.2024
Revision request / Revizyon 27.11.2024
Talebi
Accepted / Kabul Tarihi
Publication Date / Yayin
Tarihi

18.12.2024
28.12.2024

Corresponding author / Sorumlu Yazar
Omer DOYMUS

E-mail: omerdoymus@hotmail.com

Cite this article: Doymus O, Bagbanci O,
Orbak MS, et al. Retrospective
Evaluation of Central Venous Catheters
Applications in Pediatric Patients in
Tertiary Hospital Atatirk Univ Fac Med J
Surg Med Sci. 2024;3 (3): 65-70

[onoie

Content of this journal is licensed under a Creative
Commons Attribution-Noncommercial 4.0
International License.

Retrospective Evaluation of Central Venous Catheters Applications in Pediatric
Patients in Tertiary Hospital

Uclincii Basamak Hastanede Pediatrik Hastalarda Santral Venéz Kateter
Uygulamalarinin Retrospektif Degerlendiriimesi

ABSTRACT

Objective: Central venous catheters are mainly used for safe fluid infusion, total parenteral
nutrition, and evaluation of hemodynamic parameters. Complications related to central venous
access can occur during insertion, after insertion or during catheter maintenance. The aim of this
study was to investigate the demographic data and the presence of catheter-related complications
in pediatric patients with central venous catheters in our hospital.

Methods: This study retrospectively reviewed demographic data and the presence of catheter-
related complications in pediatric patients with central venous catheters in our hospital from June
1, 2019, to February 28, 2023.

Results: Patients who underwent central venous catheterisation in our hospital between June 2020
and February 2023 were included in the study. When the demographic data of the patients were
evaluated, 141 (57.8%) of our patients were male and 103 (42.2%) were female, and there was no
statistically significant difference between the groups. In the femoral group, catheterisation of the
right femoral vein was preferred more than the left vein (72.2%-27.7%), whereas in the jugular-
subclavian group, the right internal jugular vein was preferred more than other sites. The risk of
infection was statistically higher in the femoral group compared to the subclavian group.
Conclusion: In clinical practice, we think that the risk of complications can be reduced in central
venous catheter applications in pediatric patients by experienced personnel by complying with
asepsis/antisepsis conditions and using appropriate imaging devices.

Keywords: Central venous catheter, pediatric, complication

0oz

Amag: Santral venoz kateterler esas olarak glvenli sivi inflzyonu, total parenteral beslenme ve
hemodinamik parametrelerin degerlendirilmesi icin kullanilir. Santral venoz erisimle ilgili
komplikasyonlar yerlestirme sirasinda, yerlestirmeden sonra veya kateter bakimi sirasinda ortaya
¢ikabilir. Bu calismanin amaci hastanemizde santral vendz kateterli pediatrik hastalarda
demografik verileri ve kateterle iliskili komplikasyonlarin varligini arastirmaktir.

Yontemler: Bu calismada 1 Haziran 2019 ile 28 Subat 2023 tarihleri arasinda hastanemizde santral
venoz kateterli pediatrik hastalarda demografik veriler ve kateterle iliskili komplikasyonlarin varligi
retrospektif olarak incelenmistir.

Bulgular: Haziran 2020 ile Subat 2023 tarihleri arasinda hastanemizde santral venoz kateterizasyon
uygulanan hastalar calismaya dahil edildi. Hastalarin demografik verileri degerlendirildiginde
hastalarimizin 141'i (%57,8) erkek, 103'G (%42,2) kadindi ve gruplar arasinda istatistiksel olarak
anlamli bir fark yoktu. Femoral grupta, sag femoral ven kateterizasyonu sol venden daha fazla
tercih edildi (%72,2-%27,7), juguler-subklavian grubunda ise sag internal juguler ven diger
bolgelere gore daha fazla tercih edildi. Enfeksiyon riski femoral grupta subklavian gruba gore
istatistiksel olarak daha yuksekti.

Sonug: Klinik pratikte, deneyimli personel tarafindan asepsi/antisepsi kosullarina uyularak ve uygun
goruntileme cihazlari kullanilarak pediatrik hastalarda santral venoz kateter uygulamalarinda
komplikasyon riskinin azaltilabilecegini distniyoruz.

Anahtar kelimeler: Santral venoz kateter, pediatrik, komplikasyon


https://orcid.org/0000-0002-4377-4490
https://orcid.org/0000-0002-2575-6918
https://orcid.org/0000-0001-7230-0684
https://orcid.org/0000-0003-1453-4524
https://orcid.org/0000-0001-8559-8475
https://orcid.org/0000-0001-7347-6649
https://orcid.org/0000-0002-7725-5509
https://orcid.org/0000-0002-4504-6825
https://orcid.org/0000-0001-7279-7758
https://orcid.org/0000-0003-0246-3220

66

INTRODUCTION

Central venous catheters are mainly used for safe fluid
infusion, renal replacement therapy, total parenteral
nutrition, administration of potentially irritating drugs and
evaluation of hemodynamic parameters. Central venous
cannulation in babies poses challenges due to their
diminutive size and is linked to heightened morbidity.
Central venous access in children can be achieved via the
internal jugular vein, subclavian vein, or femoral vein. 12

Complications related to central venous access may
occur during insertion, after insertion, or during catheter
care. These include catheter-related infections,
pneumothorax, venous air embolism, guidewire embolism
or retention, vascular injury, thrombotic events, carotid
artery puncture, airway obstruction by hematoma, damage
to surrounding structures, retroperitoneal hematoma,
azygos cannulation, catheter misposition. * The positioning
of the catheter tip is crucial to reduce catheter-related

problems. The optimal position for the catheter tip in
subclavian and internal jugular vein placements is the distal
third of the superior vena cava (SVC). This posture is thought
to reduce the likelihood of problems during clinical use,
including vascular perforation, venous thrombosis, catheter
dysfunction, and cranial retrograde injection. *

Utilizing ultrasonography during catheter installation
lowers the frequency of interventions and mechanical
difficulties relative to normal procedures, and is endorsed
by guidelines. Two-dimensional ultrasonography is
preferred over Doppler ultrasound, and the catheter
insertion site may differ based on anatomical
considerations, complication concerns, the availability and
usefulness of bedside ultrasound, and the expertise of the
catheter inserter. °

The aim of this study was to investigate the demographic
data and the presence of catheter-related complications in
pediatric patients with central venous catheters in tertiary
hospital.

Assessed for eligibility
(n=707)

Enrollment

— 5 | (Catheter locations could

Excluded (n=17)
not be found in the system)

Insufficient data (n= 446)

Analysis(n=244)

Figure 1: CONSORT Diagram.
METHODS

The ethical approval for our study was obtained in the
Atatlrk University Clinical Research Ethics Evaluation
Committee’s Clinical Research Meeting No: Resolution
No:64, dated 26.01.2023. After ethics committee approval,
catheters inserted in pediatric patients treated in Erzurum
City Hospital between 01.06.2019-28.02.2023 were
retrospectively analyzed. A list of patients with femoral vein
catheterization (F) and subclavian-jugular (SJ) vein
catheterization codes was obtained from the hospital data
system. Demographic data of the patients were noted from
the hospital data system. During this period, catheters were
inserted in 707 patients and patients with duplicate data,
missing data and patients with missing data in their files
were excluded from the study. In total, 244 catheters
inserted in 165 patients were included in the study.

Catheters were grouped as femoral vein catheterization and
subclavian-jugular vein catheterization according to the
hospital data system code. The catheter sites were then
specified as right femoral, left femoral, right subclavian, left
subclavian, right internal jugular, and left internal jugular
veins according to the patients' control radiographs and
consultation notes. The presence of a catheter infection
was detected in the hospital data system on the basis of
consultation notes and the results of culture growth.
Catheter-related complications were identified and
grouped from consultation notes in the hospital data
system.

Statistical Analysis

For statistical analyses, SPSS.22 software package (IBM
SPSS Corp. Armonk, NY, USA) was used. Numerical data
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were presented as mean and standard deviation,
categorical data were presented as numbers and
percentages. If conditions for parametric analysis were met
when analyzing numerical data and intergroup differences,
Independent Samples T-test was used, if not, Mann-
Whitney U test was used, and when analyzing categorical
data, chi-square test was used. A P<.05 was considered
statistically significant.

RESULTS

Patients who underwent central venous catheterisation
in our hospital between May 2020 and March 2023 were
included in the study. When the demographic data of the

Table 1: Demographic Data and Catheter Location

patients were evaluated, 141 (57.8%) of our patients were
male and 103 (42.2%) were female, and there was no
statistically significant difference between the groups
(P>.05). When the incidence of complications between the
groups was evaluated in terms of catheter infection, no
statistically significant difference was observed (P>.05)
(Table 1). In the femoral group, catheterisation of the right
femoral vein was preferred more than the left vein (72.2%-
27.7%), whereas in the jugular-subclavian group, the right
internal jugular vein was preferred more than other sites
(Table 2). The risk of infection was statistically higher in the
femoral group compared to the subclavian group (P<.05).
(Table 3).

Femoral (n=65) Juguler-Subclavian (n=179) P

Age 1.66 +3.75 2.65+4.53 .281°
F 40 101

Gend .558°
ender M 25 78

. Yi % 13 (20% 22 (12.3%
Catheter infection es (n /%) (20%) ( ¢) .149°b
No (n / %) 52 (80%) 157(87.7%)

Values are expressed as a mean * standard deviation (SD), number and percentage (%),

2 Mann-Whitney U test,
b Pearson's chi-squared test

Table 2: Detailed Examination of Catheter Sites

Femoral (n=65) Juguler-Subclavian (n=179) P
Right Juguler Vein 0 (0.0%) 136 (76.0%)
Left Juguler Vein 0 (0.0%) 36 (20.1%)
Right Femoral Vein 47 (72.3%) 0 (0.0%)
Left Femoral Vein 18 (27.7%) 0 (0.0%) .000*
Right Subclavian Vein 0 (0.0%) 2 (1.1%)
Left Subclavian Vein 0 (0.0%) 5(2.8%)

Values are expressed as a percentage (%),
DISCUSSION

This study demonstrated that catheter infection rates
were lower than those reported in the literature.
Furthermore, the utilization of ultrasound guidance in
clinical practice significantly influenced the choice of
catheter insertion site.

In neonatal and paediatric patients, providing stable
venous access for blood collection, fluid replacement,
intravenous drug administration and parenteral nutrition in
the medium to long term remains a significant challenge.
Appropriate intravenous access in this patient group is a

critical factor in the care and treatment management
process. In this context, peripherally placed central
catheters are one of the main alternatives that can be
effectively implemented. ® In a recent large-scale study
conducted in our country, 885 paediatric central venous
catheter (CVC) applications were performed in a study in
which 6-year experiences were shared and the most
common indication (28.4%) was reported as providing
venous access for multiple drug infusion. ’

It has been shown that the age of the paediatric patient
affects cannulation success. Accordingly, cannulation
success decreases in younger children. & Similarly, the mean
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age of the patients in our study was 2.38+4.35 and the
unsuccessful application was found in 5 patients. CVC can
be performed via various routes, including the jugular,
subclavian and femoral veins. Each anatomical site carries
its own risks. ° In our study, the jugular region was more
frequently preferred as the anatomical region. We prefer
the jugular veins in daily practice because of easy
visualisation of the jugular veins by USG and anatomically
easier access.

Complications during catheterisation, which we
frequently use in clinical practice, may adversely affect the

Table 3: Complications of Catheters

treatment processes of patients and therefore require a
very careful approach. © These risks include both
mechanical and infectious risks. The most common
complications of CVC include arterial puncture, vessel
perforation, pneumothorax, thrombosis, catheter
misdirection and  catheter-associated  bloodstream
infection. ! In particular, the small size of paediatric vessels
compared to adults increases the risk of complications and
leads to repeated attempts. 2 Therefore, a careful approach
is required in central catheter applications in the neonatal
and paediatric age group. The experience of the practitioner
is also important. 3

Femoral (n=65) Juguler-Subclavian (n=179) P

None 52 (80%) 153 (85.5%)
infection 10 (15.4%) 20 (11.2%)
Catheter Blockage 1(1.5%) 0 (0.0%) <05°
Malposition 0 (0.0%) 5(2.8%)
Thrombosis 2 (3.1%) 0 (0.0%)
Guide Knotting 0 (0.0%) 1 (0.6%)

Values are expressed as a percentage (%),

2 Pearson's chi-squared test

The likelihood of pneumothorax and arterial puncture is infection. USA data show that catheter-associated

diminished with catheter insertion into the internal jugular
vein compared to the subclavian vein. Research in adult
patients indicates that the right internal jugular vein is
broader than the left and is positioned nearer to the dermis.
1% The right internal jugular vein is favored in our hospital
due to the prevalence of right-handed practitioners, its
more direct connection to the superior vena cava relative to
the left internal jugular vein, and its improved accessibility
for right-handed individuals.

Nowadays, ultrasound-guided CVC application provides
better visualisation of anatomical structures and the
possibility of complications is significantly reduced. ** One
of the complications that may occur during CVC application
is the development of pneumothorax. A recent study of 137
patients reported a pneumothorax rate of 1.5%. ** In a
similar study, pneumothorax was reported in 4 out of 257
USG-guided CVC applications. ® In our study, the CVC
practitioners were anaesthesiologists, paediatric intensive
care unit specialists and paediatric cardiovascular surgeons,
all of whom had at least 5 years of experience. No
pneumothorax developed in any patient. The reason for this
is that although CVC is performed by experienced
practitioners, USG-guided access clearly shows the
anatomical structures and reduces the complication rate.
One of the acute complications of CVC is catheter-related

infections in neonates and children are associated with
increased mortality, prolonged hospitalization and higher
costs. 7 An incidence rate between 16.4% and 28.8% has
been reported in the literature. '® In our study, the infection
rate was found to be 14.3%. This low rate was due to the
fact that asepsis and antisepsis rules were followed during
the procedure and the catheter stay was kept short. In our
institution, infection prevention measures mandate the
review of potential infection sources, with stringent
controls implemented according to established guidelines.
Upon the cessation of necessity for central venous
catheters, they are promptly extracted, and treatments
proceed through peripheral intravenous pathways. We
assert that this condition renders our infection rate
compatible with the literature. An important problem in
paediatric patients is catheter-related thrombosis. It has
been shown that thrombosis rates associated with CVC are
high. 2% In our study, thrombosis was observed in 2 of the
applications. We think that this may be related to
mechanisms such as damage to the vessels during catheter
insertion and obstruction of blood flow during and after the
procedure

In clinical practice, we think that the risk of complications
can be reduced in central venous catheter applications in
pediatric patients by experienced personnel by complying
with asepsis/antisepsis conditions and using appropriate
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imaging devices.

Limitations of the Study

Weight and height data for all patients were not
available in the hospital data system. Therefore, these data
could not be included in the study. Our investigation was a
single-center, retrospective study, which constrained the
patient population. A further constraint was our inability to
ascertain the lumen number of the catheters from the
system.

Ethics Committee Approval: The ethical approval for our study was
obtained in the Atatirk University Clinical Research Ethics Evaluation
Committee’s Clinical Research Meeting No: Resolution No:64, dated
26.01.2023.

Informed Consent: Approval was granted by the hospital management
to access and utilize patient data for this retrospective investigation.
Peer-review: Externally peer-reviewed.

Author Contributions: Concept — OD; Design- OD; Supervision- OD;
Resources- OD,0B,MSB,AAK,FA,ZB,ST,SE,PA,IHT; Data Collection
and/or Processing- OD,0B,MSB,AAK,FA,ZB,ST,SE,PA,IHT; Analysis
and/or Interpretation- OD,0B,MSB,AAK,FA,ZB,ST,SE,PA,IHT; Literature
Search- OD, PA; Writing Manuscript- OD,PA; Critical Review- OD,PA
Conflict of Interest: The authors affirm that there are no possible
conflicts of interest with the research, writing, and/or publication of
this paper. The final manuscript was read and approved by all writers.
Financial Disclosure: This research did not get any dedicated support
from public, commercial, or not-for-profit organisations.

Etik Komite Onayi: Etik kurul onayr Atatiirk Universitesi Tip FakUktesi
Klinik Arastirmalar Etik Kurulundan alinmistir (Tarih: 24.06.2021,
Say1:2021/05-37)

Hasta Onami: Hastane yonetimi tarafindan bu retrospektif arastirmada
hasta verilerine erisim ve kullanim izni verilmistir.

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilar: Fikir- OD ;Tasarim- OD; Denetleme- OD; Kaynaklar-
OD,0B,MSB,AAK,FA,ZB,ST,SE,PA,IHT;  Veri Toplanmasi  ve/veya
islemesi- OD,0B,MSB,AAK,FA,ZB,ST,SE,PA,IHT; Analiz ve/ veya Yorum-
OD,0B,MSB,AAK,FA,ZB,ST,SE,PA,IHT; Literatur; OD, PA; Yaziyi Yazan-
OD,PA; Elestirel inceleme- OD,PA.

Gikar Gatismasi: Yazarlar, bu makalenin arastiriimasi, yazilmasi ve/veya
yayinlanmasiyla ilgili olasi bir c¢ikar ¢atismasi olmadigini teyit
etmektedir. Metin tUm yazarlar tarafindan okundu ve onaylandi
Finansal Destek: Bu arastirma kamu, ticari veya kar amaci gitmeyen
kuruluslardan 6zel bir destek almamistir.

REFERENCES

1. Wang L, Liu ZS, Wang CA. Malposition of Central Venous
Catheter: Presentation and Management. Chin Med J.
2016;129(2):227-34. doi:10.4103/0366-6999.173525

2. Grebenik CR, Boyce A, Sinclair ME, Evans RD, Mason DG,
Martin B. NICE guidelines for central venous catheterization
in children. Is the evidence base sufficient? Br J Anaesth.
2004;92(6):827-30. d0i:10.1093/bja/aeh134

3. Walsh EC, Fitzsimons MG. Preventing mechanical
complications associated with central venous catheter

placement. BJA education. 2023;23(6):229-237.
doi:10.1016/j.bjae.2023.02.002

4. Kehagias E, Galanakis N, Tsetis D. Central venous
catheters: Which, when and how. Br J Radiol.
2023;96(1151):20220894. doi:10.1259/bjr.20220894

5. O'Grady NP, Alexander M, Burns LA, et al. Guidelines for
the prevention of intravascular catheter-related infections.
Clin Infect Dis. 2011;52(9):e162-e193.

6. Baxi SM, Shuman EK, Scipione CA, et al. Impact of
postplacement adjustment of peripherally inserted central
catheters on the risk of bloodstream infection and venous
thrombus formation. Infect Control Hosp Epidemiol.
2013;34(8):785-92. d0i:10.1086/671266

7. Misirlioglu M, Yildizdas D. Central Venous Catheter
Insertion for Vascular Access: A 6-year Single-center
Experience. Indian J Crit Care Med. 2023;27(10):748-753.
doi:10.5005/jp-journals-10071-24536

8. Froehlich CD, Rigby MR, Rosenberg ES, et al. Ultrasound-
guided central venous catheter placement decreases
complications and decreases placement attempts
compared with the landmark technique in patients in a
pediatric  intensive care unit. Crit Care Med.
2009;37(3):1090-1096.

9. de Souza TH, Branddo MB, Nadal JAH, Nogueira RJN.
Ultrasound Guidance for Pediatric Central Venous
Catheterization: A Meta-analysis. Pediatrics.
2018;142(5)d0i:10.1542/peds.2018-1719

10.Seleznova Y, Brass P, Hellmich M, Stock S, Miiller D. Cost-
effectiveness-analysis of ultrasound guidance for central
venous catheterization compared with landmark method: a
decision-analytic model. BMC anesthesiology.
2019;19(1):51. doi:10.1186/s12871-019-0719-5
11.Practical guide for safe central venous catheterization
and management 2017. J Anesth. 2020;34(2):167-186.
doi:10.1007/s00540-019-02702-9

12.Kim EH, Lee JH. Central venous catheter-related
thrombosis in pediatric surgical patients: A prospective
observational study. Paediatr Anaesth. 2022;32(4):563-571.
doi:10.1111/pan.14346

13.Duesing LA, Fawley JA, Wagner AJ. Central Venous
Access in the Pediatric Population With Emphasis on
Complications and Prevention Strategies. Nutrition in
clinical practice : official publication of the American Society
for Parenteral and Enteral Nutrition. Nutr Clin Pract.
2016;31(4):490-501. doi:10.1177/0884533616640454
14.1shizuka M, Nagata H, Takagi K, Kubota K. Right internal
jugular vein is recommended for central venous
catheterization. J Invest Surg. 2010;23(2):110-114.
doi:10.3109/08941930903469342

15.Srisan P, Juhong S, Kanjanapatanakul W. Central venous
catheterization related complications in Pediatric Intensive



70

Care Unit at Queen Sirikit National Institute of Child Health.
J Med Assoc Thai. 2014;97 Suppl 6:583-S88.

16.Pellegrini S, Rodriguez R, Lenz M, et al. Experience with
ultrasound use in central venous catheterization (jugular-
femoral) in pediatric patients in an intensive care unit.
Experiencia en el uso de ultrasonido en cateterismo venoso
central (yugular-femoral) en pacientes pediatricos en una
unidad de cuidados intensivos. Arch Argent Pediatr.
2022;120(3):167-173. doi:10.5546/aap.2022.eng.167
17.Chesshyre E, Goff Z, Bowen A, Carapetis J. The
prevention, diagnosis and management of central venous
line infections in children. J Infect. 2015;71 Suppl 1:559-S75.
doi:10.1016/].jinf.2015.04.029

18.Wang W, Zhao C, Ji Q, Liu Y, Shen G, Wei L. Prevention of
peripherally inserted central line-associated blood stream

infections in very low-birth-weight infants by using a central
line bundle guideline with a standard checklist: a case
control study. BMC Pediatr. 2015;15:69.
doi:10.1186/s12887-015-0383-y

19.Narayan AS, Ramamoorthy JG, Parameswaran N,
RamKumar G, Kayal S. Central Venous Catheter-associated
Venous Thromboembolism in Children: A Prospective
Observational  Study. J Pediatr Hematol  Oncol.
2024,46(7):e544-e549.
doi:10.1097/MPH.0000000000002923

20.Lo Priore E, Fliedner M, Heverhagen JT, Novak U,
Marschall J. The role of a surveillance programme for intro-
ducing peripherally inserted central catheters: a 2-year
observational study in an academic hospital. Swiss Med
Wkly. 2017;147:w14441. doi:10.4414/smw.2017.14441



