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Evaluation of Mechanical Complications During Pediatric Central
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Abstract: Pediatric central venous catheter placement could be associated with mechanical complications. Knowledge
of detailed information described in case reports on such mechanical complications can help improve patient safety.
Through an extensive literature search for case reports in PubMed and other databases from 1994 to 2013, 86 cases
(from 63 articles) of mechanical complications related to pediatric central venous catheter placement were identified. Of
the 86 patients, 22 died: 16 had tamponade; 3 had malposition, including migration, extravasation, and dislodgement; 1
had arterial puncture; 1 had hemothorax; and 1 had cardiac perforation. Cardiac tamponade was reported more
frequently when umbilical catheters were used (23 cases) compared to cases where catheters were inserted at 13 other
sites. Most of the cases of cardiac tamponade appeared to be related to the location of the catheter tip in the right
atrium. Mechanical complications may lead to life-threatening outcomes. Therefore, the location of the tip of the central
venous catheter should be assessed immediately after insertion, particularly in neonates, and any signs of abnormality
should be identified as soon as possible to ensure appropriate management. Thus, we believe that awareness of the
details of case reports on mechanical complications related to central venous catheter placement in children could help

reduce the unfavorable outcomes.
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INTRODUCTION

The placement of pediatric central venous catheters
(CVC) facilitates pressure monitoring, delivery of
cardiovascular agents, and nutrition. These CVCs may
be placed in the internal jugular vein (1JV), subclavian
vein (SCV), femoral vein, external jugular vein,
umbilical vein, or peripheral vein. However,
complications may be unavoidable during CVC
placement, irrespective of the route chosen.

The incidence of pediatric mechanical complications
has been investigated in several studies [1-6]. These
studies include the examination of a certain number of
patients or review articles. In addition to these studies,
we should also be aware of the detailed information
that can be elucidated from case reports on the types
of catheters and different tip positions, the treatment of
the patients, and the outcomes, particularly in case
reports on life-threatening complications. However,
busy practitioners usually lack the time to read through
large numbers of case reports, and to effectively obtain
information on these complications.

In the present study, we searched for case reports
of mechanical complications in PubMed and other
databases, and extracted detailed information from
those articles in order to review the complications
during pediatric CVC placement.
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MATERIALS AND METHODS

In the present study, we performed an extensive
literature search through PubMed, Google Scholar, and
science journals to identify case reports in English
dealing with mechanical complications during pediatric
CVC placement. The following key words were used:
children, pediatric, infant, neonate, central catheter,
review, complications, internal jugular, common carotid,
subclavian, femoral, external jugular, vertebral artery,
thyrocervical trunk, transverse cervical artery, inferior
thyroid artery, hemothorax, pneumothorax,
chylopericardium, malposition, dural, arteriovenous
fistula, pseudoaneurysm, foreign body, pinch-off
syndrome, and arrhythmia. We excluded case reports
with peripherally inserted central catheters, long lines,
vascular intervention, cardiac catheterization, infection,
and thrombosis.

In the mid-90s, Alderson et al. [7] introduced the
use of a two-dimensional ultrasound scanner, whereas
Kayashima and Fukutome [8] introduced the use of a
small-caliber Doppler probe for the identification of the
common carotid artery and the 13V for pediatric central
venous catheter placement. We believe that the
inadvertent arterial puncture associated with pediatric
CVC placement has subsequently decreased due to
the development of novel equipment. Therefore, we
performed a search of case reports published during 2
decades (1994 to 2013). Unexpectedly, we identified
several case reports on the occurrence of cardiac
tamponade during CVC placement through the
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Table 1: Case Reports of Cardiac Tamponade During Pediatric Central Venous Catheter Placement
No Author Year | Age | Weight Vessel Cath or CV(.:.t'p Episode Comphqatlon Treatment Out-
needle position details come
9 | Chemgetal. | 1994 | 3d | 2994 g v 5.5Fr, 3 RA Cardiac arrest PE PCcentesis
lumen withdrawn
Unmeasurable RA interstitial PCcentesis
10 Chang et al. 1995 od 12509 uve - LA BP, bradycardia edema withdrawn
15d - SCV PEL RA Died suddenly Pericardial fluid - Died
van !
11 | Engelenburg | 1998 | 0d | 545¢g Fv 22.GPU | Intracardiac _ Respiratory Enlarged heart, - Died
et al. distress, asystole RA perforation
3y - SCV 18-G PU RA Asystole RA perforation PCcentesis Died
12 Jac"gfo” el | 1099 | 2w | 495¢ uvc - - - - PCcentesis
13 | Pesceetal. | 1999 | 0d | 2300g 13V 3Fr PU RA RZ?Spthry Pericardial fluid - Died
2d 600 g SCV SL - Acute collapse Peforated RA - Died
1d 1550 g SCV SL - Acute collapse Peforated RA - Died
3d 17409 SCV SL - Acute collapse Peforated RA - Died
14 Darling et al. 2001
2d 890 ¢g Ulnvcger PU - Acute collapse - PCcentesis
Under !
24d 11304g VG SL - Subacute collapse Tamponade PCcentesis
15 | Lunetal. | 2002 | od | 830g uve 3.5Fr1 T6-7 Tachycardia, PE PCcentesis
lumen hypotension withdrawn
16 | Madhoketal. | 2002 | 0d | 3360g | UVC 5Fr PV Above Tachycardia, PE PCcentesis
diaphragm desaturation
17 | Onaletal. | 2004 | od | 3450g | UvC 5Fr PV IVC-RA J Tachypnea, PE, IVC Removal
cyanosis perforation
Apnea,
0od | 1470g | UVC | PU2Ilumen RA bradycardia, P'az;tgﬁgf’\:vi:ﬁd PCcentesis
cardiac arrest
18 Traen et al. 2005 od 1800 g uve PU 1 lumen RA Cyanosis a_nd PE PCcentesis,
bradycardia removal
0d | 1380g | UVC | PULllumen | Outside RA Bradycardia PE PCcentesis,
removal
3d 1620 g uvc - Normal Sudden collapse _Colored - Died
infusate
Al Nemri et
19 al. 2006 Sudden apnea, PCcentesis
od 2975¢ uvC 5Fr PV T6-T8 bradycardia, Tip transition withdrawn,
hypotension removal
20 Norris et al. 2006 16y _ scv _9Fr sve Des_aturation, Thrombosis PCcentesis, Died
Hickman cardiac arrest Tamponade removal
21 | Hongetal. | 2006 | 1d | 1008g | UVC 5Fr PV T9 Desaturation, PE PCcentesis,
hypotension removal
Extracardiac
22 Sehgal et al. 2007 od 580 g uvC - above Weak pulse PE Removal
diaphragm
PE, IVC . ]
»3 Momaelim et 2008 2d 3450 g uvc 5Fr PU IVC-RA J - perforation PCcentesis Died
2d 3725¢ uvc 4Fr PU PA Cardiac arrest PE PCcentesis
Withdrawn
24 Towbin 2008 | 12y 13V 7Fr PU RA Asystole Cath bowed PCcentesis, Died
sternotomy
25 | Aryaetal | 2009 | 6d | 2645g | UVC 2 lumen Normal Tachycardia, PE Removal
desaturation
5Fr PU 2 Respiratory PCcentesis
26 Alabsi 2010 od 12359 uvC lumen T10 distress, - removall !
desaturation
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(Table 1). Continued.

No Author Year | Age | Weight Vessel Cath or CV(.:.t'p Episode Compllqatlon Treatment Out-
needle position details come
27 Megha et al. 2011 1d 3350 g uvc SL RA Acute asystole PE Drainage
28 | Faryetal | 2012 | 33d - scv - Pericardial | Puffy left arm and - Surgery
sac face
29 Abdee"'f‘“f e | 2012 | od | 24009 | uvC SsL T7-8 RA - - PCcentesis
od 580 g uvc - RA - RA edema - Died
0d | 860g uve - RA - No perforation, - Died
RA edema
No perforation,
30 | Warrenetal. | 2013 od 580 g uvc - RA - RA epicardial - Died
exudate
0od | 671g uve - - - RA discolored, - Died
no perforation
RA wall PCcentesis h
0d | 31429 uve - lodged - - withdrawn Died

No, reference number; Year, published year; Cath, catheter; Tip, cath tip; —, not mentioned; A, artery; V, vein; y, years old; m, months old; w, weeks old; d, days old;
13V, internal jugular vein; EJV, external jugular vein; SCV, subclavian vein; SPV, saphenous vein; UVC, umbilical vein cath; SL, silastic; PEL, polyethylene; PU,
polyurethane; PV, polyvinyl; CVAD, central venous access device; G, gauge; Fr, French size; RA, right atrium; LA, left atrium; PA, pulmonary artery; VC, inferior
vena cava; J, junction; T, thoracic vertebra level; T6-7, above diaphragm; T8-9, at diaphragm; T10, under diaphragm; PE, pericardial effusion; PCcentesis,

pericardiocentesis; Removal, catheter removal.

umbilical veins, where the practitioners did not need to
use ultrasound equipment.

Based on the results obtained through the PubMed
search, we extended the search to Google Scholar,
and science journals as well. After reviewing the titles
and abstracts, we identified 63 articles related to
mechanical complications during pediatric CVC
placement.

RESULTS AND DISCUSSION

Through an extensive literature search for case
reports in PubMed and other databases from 1994 to
2013, 86 cases (from 63 articles) of mechanical
complications related to pediatric CVC placement were
identified [9-71]. These included 36 cases of cardiac
tamponade (Table 1), 2 cases of cardiac perforation,
21 cases of malposition (of which 5 had dural injuries),
8 cases of arterial cannulation or puncture, 4 cases of
hemothorax, 2 cases of chylopericardium, 4 cases of
foreign bodies, 5 cases of pinch-off syndrome, 3 cases
of arrhythmia, and 1 case of Horner syndrome (Table
2). Catheters made from various materials were used
in the cases of tamponade; 10 were polyurethane
catheters, 6 were silastic catheters, 4 were polyvinyl
catheters, 1 was a polyethylene catheter, and the
catheter material was unknown in the other cases.

Of the 22 cases who died, 16 were neonates (age,
<1 month; 72.7%), 2 were infants (age, 1-12 months;
9.1%), and 4 were children (age, >1 year; 18.2%).
Deaths were most common in the cases with cardiac

tamponade (16/37; 43%), followed by malposition
(3/21; 14.3%). The complications reported were cardiac
tamponade in 16 cases (72.7%), malposition in 3
(13.6%), arterial puncture in 1 (4.5%), cardiac
perforation in 1 (4.5%), and hemothorax in 1 (4.5%).
The tip of the CVC was in close proximity to the site of right
atrial perforation, edema, or exudate in 13 of the 16 cases of
cardiac tamponade where the patient died. Only 4 of the 16
tamponade patients who died were treated with
pericardiocentesis (Table 3).

Cases of cardiac tamponade were reported almost
every year from 1994 to 2013 in the literature search
conducted in the present study [9-30]. It was found that
rigid polyethylene catheters were more likely to cause
tamponade than the more flexible silicon and
polyurethane catheters [11]. According to Weil et al.,
the catheter characteristics and the tip position of
CVCs may be associated with an increased risk of
cardiac tamponade [72]. In the present study, we also
noted that catheters constructed from certain materials,
such as polyurethane, silastic, and others, were
associated with an increased risk of -cardiac
tamponade. The location of the catheter tip in the right
atrium is considered as a risk factor for cardiac
tamponade [14,30]. We noted that the CVC tip was
reported to be in the right atrium in 89 (62.7%) of the
142 neonates who died [4].

In the present study, the death rates from cardiac
tamponade related to the position of the CVC tip in the
right atrium did not seem to decrease with time; these
death rates did not significantly differ between the
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Table 3: Cases of Death

No. Author Year | Complication Age Weihgt Vessel Cath or CV(.:.t'p Episode Comphqatlon Treatment
needle position details
15d - SCv PEL RA Died suddenly PE -
van Respiratory Enlarged heart
11 Engelenburg 1998 od 545¢g FV 22-G PU | Intracardial distress, 9 o -
] RA perforation
etal asystole
3y - SCV 18-G PU RA Asystole RA perforation PCcentesis
13 | Pesceetal. | 1999 od 2300 g 13V 3Fr PU RA Respiratary PE -
distress
2d 600 g scv sL - Acute RA perforation -
collapse
. Acute .
14 Darling et al. 2001 1d 1550 g SCV SL - RA perforation -
collapse
3d | 17409 | scv sL - Acute RA perforation -
collapse
19 AlNemrietal. | 2006 3d 1620 g uvc - Normal Sudden Colored infusate -
collapse
20 Norris et al. 2006 Cardiac 16y _ scv i ?(Ff sve Spo2¢ Tthrombos(,jls, PCcenteslls,
tamponade Ickman Cardiac arrest amponade removal
. PE, IVC .
23 Monteiro etal. | 2008 2d 3450 g uvc 5Fr PU IVC-RAJ - N PCcentesis
perforation
Withdraw,
24 Towbin et al. 2008 12y 13V 7Fr PU RA Asystole Cath bowed PCcentesis,
sternotomy
od 580 g uve _ RA _ RA interstitial _
edema
No perforation,
od 860 g uvC - RA - RA interstitial -
edema
No perforation,
80 | Warrenetal. | 2013 0d 580 g uve - RA - RA epicardial -
exudate
od 671¢g uve _ _ _ RA discolored, _
no perforation
RA wall
od 3142 g uvC - lodged - - -
SL Superior PE no
31 | Currarinoetal. | 1996 1d - (N\Y (Port-A- | intercostal V erfo}ation -
Cath) and JV P
- Subdural
35 Anderson et 2004 Malposition 16 m _ scv _ _ Somnolent, hematoma, Surgery
al. Seizure withdraw
medical support
38 | Yigiteretal. | 2008 0od | 1230g | uvc - Liver Hb drop Hepatic Surgery
parenchyma laceration
Eulmesekian Arterial Cardiac Internal
47 otal 2007 unoture 3y 15.0 kg (N\Y) - - arrest, mammary artery -
) P Hemothorax laceration
49 Lovell et al. 2000 Hemothorax 22m 10.7 kg (NY 6-G - Hypotension Vein perforation Removal
Arrow suspected
58 Mupanemunda 1992 Cardia_c 1d 580_ gat | Axillary 23-G SL RA Hydrothorax, RA _
etal. perforation birth \% perforation

No, reference number; Year, published year; Cath, catheter; Tip, cath tip; —, not mentioned; A, artery; V, vein; y, years old; m, months old; w, weeks old; d, days old;
13V, internal jugular vein; SCV, subclavian veinl; FV, femoral vein; UVC, umbilical vein cath; SL, silastic; PEL, polyethylene; PU, polyurethane; PV, polyvinyl; G,
gauge; Fr, French size; RA, right atrium; J, junction; LA, left atrium; PA, pulmonary artery; PE, pericardial effusion; PCcentesis, Pericardiocentesis; Removal, catheter
removal.

former and the latter half of the study period. Among 31
cases of cardiac tamponade, excluding 5 cases
reported by Warren et al. (due to the lack of information

on the study period), 7 of 15 patients and 4 of 16
patients died during the former and latter half of the
study period, respectively (Fisher exact test, p = 0.273)
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[14], despite the recommendations established by the
U.S. Food and Drug administration in 2002 [73].

The appropriate location for an umbilical catheter is
in the inferior vena cava (at the level of T9) or just
below the right atrial entrance in the inferior vena cava
[74]. For upper circulation CVCs, the ideal position of
the CVC tip is at the SVC—right atrial junction [6]. The
carina can be used as a landmark for CVC placement
in children [75]. However, the positioning of the CVC tip
based on a chest radiograph can be difficult,
particularly in neonates, because the carina is not
always located above the pericardium [76].

Cardiac tamponade developed despite the CVC tip
being located outside the right atrium in 4 cases [18-
20,25], of which 2 patients died.[19,20] Thus, cardiac
tamponade should be strongly suspected in any
neonate with an umbilical CVC who develops sudden
or acute clinical cardiopulmonary deterioration, even
when the catheter is appropriately placed [18,25]. The
mortality due to pericardial effusion was 8% (3/37) in
cases who received pericardiocentesis, compared to
75% (18/24) in cases who did not receive
pericardiocentesis [77]. In the present study, we noted
that an early diagnosis of cardiac tamponade followed
by treatment using pericardiocentesis or removal could
have saved 20 of the 36 patients. Moreover, the
patients suitable for undergoing umbilical CVC
placement should be carefully selected, and special
precautions should be taken when an umbilical CVC is
placed.

In a case of right atrial perforation, which resulted in
sudden death without a diagnosis of cardiac
tamponade, the tip of the CVC was placed in the right
atrium [58]. Moreover, among the patients who died,
the cardiac tamponade and perforated right atria were
only identified on autopsy [11,14].

To prevent cardiac tamponade or right atrial
perforation, the tip of the CVC should not be placed in
the right atrium, and the CVC should be removed as
soon as possible in cases where it is not required. The
insertion of umbilical venous catheters with
electrocardiography (ECG) guidance, connected to a
conductive Johans ECG adapter in neonates, can
avoid the need for radiography and enable quick
intravenous access [78].

Catheters can migrate into various veins [31,32,36],
and even the liver parenchyma [38]. The causes of
death—pericardial effusion, liver laceration, and
subdural hematoma—in the 3 patients [31,35,38] with

malposition varied and were non-specific. To prevent
complications related to malposition, early recognition
and correction of a malpositioned catheter could be
vital.

In the 4 cases with hemothorax in this analysis [52-
55], upper body routes, including the 13V and SCV in 2
cases each, were used. However, the dilators might
penetrate the vessels, as evidenced in certain cases
[52,54]. Therefore, we should be aware that a straight
guidewire, rigid catheter, or combinations of guidewires
and dilators [55] can penetrate the brachiocephalic
vein. In emergency cases, thoracotomy may be
required in order to achieve hemodynamic recovery
and identify the CVC tip position. To prevent the
development of hemothorax, guidewires, catheters,
and dilators should be cautiously advanced and should
not be advanced to a great extent.

Thrombosis could play an important role in
chylopericardium. A case of obstruction of the thoracic
duct orifice due to thrombosis has been previously
reported [56]; in another case, thrombosis resulting
from the placement of multiple venous catheters
increased the central venous pressure and caused
chylopericardium [57]. To prevent and detect
thrombosis that could potentially cause
chylopericardium, early venography may be essential.

In addition, a foreign body is a rare but serious
complication of pediatric CVC placement. The
prolonged use of catheters, or their constant
compression of the costoclavicular arch—known as
“pinch-off" syndrome—results in the production of
foreign bodies by catheter fractures, fragmentation, and
distal embolization [66]. Pinch-off syndrome is the
condition where a CVC is damaged or disrupted by the
repeated mechanical compression between the clavicle
and the homolateral first rib, and can occur after
months or years of placement [65]. In the present
study, foreign bodies or pinch-off syndrome was found
to develop mainly in cases where the CVC has been
placed for a long duration, from 1 month to 3 years.
Prior to CVC placement, the patients and their parents
should be informed about the potential for such
remnants of fractures. To prevent pinch-off syndrome,
alternative techniques such as the percutaneous
supraclavicular  technique, percutaneous internal
jugular vein technique, and ultrasound-guided
cannulation of the axillary vein, can be used [79].

In one case of arrhythmia, the excitable heart with
cardiomyopathy was vulnerable to stimulation by a
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guidewire or catheter [68], and in another case of
arrhythmia, CVC placement damaged the conduction
system of the heart [69]. Cardioversion was effective in
1 case with atrial fibrillation [68] and 1 case with life-
threatening supraventricular tachycardia [70]. To
prevent arrhythmia, the guidewires or catheters need to
be carefully inserted during CVC placement.

In the present study, we could identify only 1 case
report of Horner syndrome associated with pediatric
CVC placement [71]. It is an uncommon finding in
pediatric patients and is rarely observed in the pediatric
intensive care unit settings [80]. Moreover, the etiology
of pediatric Horner syndrome varies. In such cases, the
practitioners needed repeated attempts to puncture the
IJV before blood aspiration was achieved, even though
real-time ultrasound visualization of the IV was
employed [71]. Therefore, this syndrome needs to be
promptly identified to initiate immediate treatment and
avoid permanent damage to the neuronal pathway [81].
In addition, to prevent Horner syndrome, avoiding
multiple puncture attempts and ultrasound visualization
of the IJV may prove useful [71].

In conclusion, we analyzed many case reports of
mechanical complications occurring during pediatric
CVC placement. Mechanical complications may lead to
life-threatening outcomes. Therefore, the location of the
CVC tip should be assessed immediately after
insertion, particularly in neonates. Moreover, any sign
of abnormality should be detected as early as possible
to initiate prompt and appropriate management.
Awareness of the details of case reports of mechanical
complications can help to decrease the number of
unfavorable outcomes among such cases.
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