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1 	 | 	 INTRODUCTION

Peripherally	inserted	central	catheter	(PICC)	has	been	con-
sidered	the	favorable	venous	access	protocol	for	children	
for	decades.	It	is	a	light	or	non-	sedation	procedure	where	
a	catheter	is	inserted	at	a	peripheral	site	and	extended	to	

the	 superior	 vena	 cava	 with	 and	 without	 the	 support	 of	
high-	resolution	 ultrasound	 or	 fluoroscopic	 venography	
with	contrast	injected	in	a	peripheral	vein	of	the	selected	
vein	for	PICC.1 The	procedure	can	be	implemented	at	the	
bedside	 or	 in	 a	 specialized	 intravenous	 suite	 by	 trained	
persons,	 including	 anesthesiologists,	 interventional	
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Abstract
Performing	 peripherally	 inserted	 central	 catheters	 for	 children	 with	 bilateral	
bidirectional	Glenn	shunt,	Fontan	circulation,	and	persistent	left	superior	vena	
cava	differs	from	those	with	normal	central	venous	anatomy.	This	study	presents	
two	PICC	procedures	for	a	toddler	with	this	condition	to	demonstrate	an	accurate	
PICC	approach	for	such	children.
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radiologists,	pediatricians,	or	specialized	IV	nurses.1–	3	Due	
to	advancing	into	the	vena	cava,	PICC	dwelling	time	can	
be	 390–	575  days	 for	 infusion	 and	 blood	 sampling.1  The	
long	dwelling	time	contributes	to	a	decrease	in	the	num-
ber	 of	 peripheral	 venous	 insertions	 required;	 thus,	 re-
ducing	 pain	 and	 anxiety	 for	 children.	 PICC-	associated	
complications,	such	as	thrombosis,	stenosis,	and	infection	
have	also	been	reported	at	low	levels	compared	with	other	
venous	access.1,4	Hence,	PICC	is	the	preferable	choice	for	
intermediate	 to	 long-	term	venous	access	 for	medication,	
fluid	therapy,	blood	sampling,	and	parenteral	nutrition.

Catheter	tip	location	is	one	of	the	main	focuses	in	the	
PICC	 procedure.	 Literature	 exploring	 PICC	 placement	
has	 intensively	 focused	on	descriptions	of	 children	with	
normal	hearts	and	normal	venous	systems.1,2,5	Acceptable	
catheter	 tip	 locations	 for	 this	 group	 are	 in	 the	 superior	
vena	 cava	 (SVC)	 or	 inferior	 vena	 cava	 (IVC)	 depending	
on	 where	 the	 catheter	 is	 peripherally	 inserted,	 such	 as	
in	upper	or	lower	extremities.1,2,5	Acceptable	catheter	tip	
locations	contribute	to	longer	patency	and	lower	compli-
cations	such	as	thrombosis,	phlebitis,	and	occlusion	com-
pared	 with	 those	 in	 the	 non-	central	 or	 left	 outside	 SVC	
or	 IVC.1,2,5	 Little	 research	 has	 discussed	 the	 location	 of	
the	 catheter	 tip	 for	 children	 with	 abnormal	 heart	 or	 ve-
nous	systems	who	might	have	high	demands	for	venous	
access	 for	 medications	 or	 fluid	 therapy.	This	 inadequate	
description	could	lead	venous	access	teams	to	mistake	the	
identification	 of	 the	 catheter	 tip	 location,	 a	 decrease	 in	
the	success	rate	of	the	PICC	procedure,	and	an	increase	in	
unexpected	complications.	This	gap	 justifies	 the	need	 to	
provide	advanced	education	for	PICC	nurses	in	regard	to	
PICC	placement	for	children	with	altered	central	venous	
anatomy.

Persistent	left	superior	vena	cava	(PLSVC)	is	a	congen-
ital	 anomality	 that	 should	 be	 acknowledged	 when	 per-
forming	a	PICC	procedure.	PLSVC	is	a	common	anomaly	
of	 the	 thoracic	venous	system	that	 is	rare	 in	 the	general	
population,	with	a	prevalence	of	0.3%.6	In	children	with	
congenital	 heart	 diseases,	 the	 prevalence	 rate	 is	 much	
higher,	at	4.5%.7	PLSVC	results	in	an	unusual	position	of	
the	catheter	tip	in	the	PICC	procedure	from	a	desired	po-
sition	in	the	right	to	the	left.3

Children	with	single	ventricular	physiology	and	PLSVC	
may	 receive	 palliative	 surgeries,	 namely,	 a	 bilateral	 bi-
directional	 Glenn	 shunt	 and	 Fontan	 circulation	 to	 help	
them	 survive.8  These	 surgical	 shunts	 also	 create	 altered	
central	venous	anatomy,3,4	which	could	cause	an	unusual	
catheter	tip	location.	For	patient	safety	and	procedure	suc-
cess,	the	alternative	of	the	central	venous	anatomy	should	
be	reviewed	and	acknowledged	prior	to	the	placement	of	
PICC.

We	report	two	PICC	procedures	for	a	toddler	having	bi-
lateral	bidirectional	Glenn	shunt	and	Fontan	circulation.	

Inadequate	 understanding	 about	 altered	 central	 venous	
anatomy	 in	 this	 patient	 prior	 to	 the	 PICC	 placement	
among	PICC	nurses	resulted	in	some	unexpected	events.	
Experience	sharing	in	performing	a	PICC	for	this	patient	
aimed	 to	 identify	 differences	 in	 performing	 PICC	 for	 a	
child	 with	 this	 condition	 compared	 with	 children	 who	
do	not	and	to	raise	awareness	about	the	importance	of	re-
viewing	venous	anatomy	of	patients	among	PICC	nurses	
prior	to	the	procedure	for	the	patient	safety	and	procedure	
success.

2 	 | 	 CASE SUMMARY

A	2-	year-	old	boy	with	single	ventricle	physiology/double	
outlet	 right	 ventricle/transposition	 of	 the	 great	 arteries/
pulmonary	 stenosis	 had	 undergone	 a	 bilateral	 bidirec-
tional	 Glenn	 shunt	 at	 7  days	 old,	 in	 November	 2019.	 In	
October	 2021,	 he	 was	 admitted	 to	 the	 Heart	 Center,	
Vietnam	National	Children's	Hospital	for	an	elective	sur-
gery	of	a	Fontan	procedure.	Three	days	after	the	Fontan	
procedure,	the	patient	had	chylothorax.	He	was	then	indi-
cated	to	stop	tube	feeding	and	receive	nutrition	and	medi-
cations,	such	as	fluid	therapy,	 lipid	20%	and	sandostatin	
0.1 mg/1 ml	via	a	central	venous	catheter	intraoperatively	
inserted.	 Nineteen	 days	 after	 the	 Fontan	 procedure,	 the	
patient	still	had	chylothorax	and	required	long-	term	intra-
venous	nutritional	therapy.	The	CVC	was	removed	after	
14  days	 of	 dwelling	 time,	 as	 per	 usual	 procedure	 of	 the	
Hospital	policy.	PICC	then	ordered	to	be	placed	for	treat-
ment	purposes.

2.1	 |	 17/11/2021: the first PICC procedure

The	first	PICC	procedure	was	implemented	on	November	
17,	 2021,	 by	 the	 PICC	 nurses	 in	 the	 Department	 of	
Cardiology	in	a	specialized	ward	for	procedures.	Ketamine	
10 mg	was	intravenously	administered	to	the	patient	prior	
to	 the	 procedure.	 Maximal	 sterile	 barriers	 and	 aseptic	
insertion	 techniques	 were	 strictly	 applied.	 The	 patient's	
veins	in	the	right	upper	extremity	were	selected.	The	de-
sired	length	of	the	catheter	was	21 cm,	which	was	meas-
ured	 from	 the	 veins	 in	 the	 patient's	 right	 elbow	 to	 the	
distal	to	SVC.	A	peel-	away	cannula	using	a	PICC	size	24G	
from	Vygon	was	utilized.	After	several	attempts	to	access	
peripheral	 veins	 in	 the	 patient's	 elbow,	 a	 successful	 ve-
nous	access	in	the	cephalic	vein	facilitated	the	threading	
of	the	catheter	into	the	vein	via	the	peel-	away	cannula	and	
advancing	 to	 the	 SVC.	 When	 the	 catheter	 was	 threaded	
at	above	17 cm,	an	unknown	pressure	pushed	 the	cath-
eter	back	and	prevented	it	from	advancing	into	the	SVC.	
No	blood	return	was	detected.	Multiple	cannula	attempts	
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with	 the	 position	 changes	 of	 the	 patient's	 arms	 were	
made;	 however,	 the	 results	 were	 the	 same.	 A	 fifteenth	
cannula	attempt	was	performed	and	the	inserted	catheter	
was	15 cm	in	length,	with	blood	return.	The	catheter	tip	
was	verified	with	X-	ray.	The	 tip	 location	was	confirmed	
in	the	right	axillary	vein	near	 the	beginning	of	 the	right	
subclavian	vein.	The	cardiologist	weighed	the	risks	and	al-
lowed	the	catheter	to	remain	indwelling.	A	heparin	dose	
of	 2  U/ml	 was	 administered	 to	 flush	 the	 catheter.	 This	
procedure	 was	 performed	 without	 the	 support	 of	 high-	
resolution	 ultrasound	 or	 fluoroscopic	 venography	 with	
contrast.	Figure 1	presents	the	catheter	tip	location	of	the	
first	PICC	procedure.

On	November	24,	2021,	 the	patient's	skin	around	the	
right	 clavicle	 bone	 was	 red	 and	 hotter	 than	 other	 areas.	
The	 cardiologist	 and	 the	 PICC	 team	 decided	 to	 remove	
the	catheter.	Physical	assessment	of	 the	patient	reported	
no	 signs	 of	 PICC-	associated	 blood	 infection.	 Blood	 cul-
ture	 showed	 negative.	 No	 venous	 ultrasound	 scan	 was	
performed	 at	 the	 region	 of	 the	 right	 clavicle	 to	 detect	
thrombosis	on	this	PICC	procedure.	A	second	PICC	pro-
cedure	was	prescribed	for	ongoing	intravenous	nutritional	
therapy.

2.2	 |	 25/11/2021: the second 
PICC procedure

The	second	PICC	procedure	was	performed	on	November	
25,	2021.	The	procedure	was	the	same	as	the	first	one,	but	
the	venous	access	 site	was	 in	 the	 left	brachial	vein.	The	

length	for	the	catheter	tip	was	24 cm,	measured	from	the	
patient's	left	elbow	to	the	SVC.	The	venous	access	at	the	
peripheral	left	brachial	vein	and	the	cannulation	step	ad-
vancing	to	the	SVC	went	smoothly	until	the	inserted	cath-
eter	reached	21 cm	in	length.	When	the	catheter	tip	went	
further	forward	to	24 cm	in	length,	flushing	the	catheter	
encountered	 resistance	 and	 demonstrated	 no	 blood	 re-
turn.	The	PICC	nurses	decided	to	pull	the	catheter	back	to	
21 cm	in	length	and	asked	for	the	verification	of	the	cath-
eter	tip	location	using	X-	ray.	The	catheter	tip	location	was	
confirmed	 in	 the	 left	 para	 mediastinal	 border.	 Figure  2	
displays	the	catheter	tip	location	in	the	second	PICC.

The	unexpected	position	of	 the	catheter	 tip	surprised	
the	 PICC	 nurses	 and	 was	 then	 explained	 by	 a	 cath-	lab	
interventionist	 and	 a	 cardiac	 surgeon,	 who	 performed	
diagnostic	 catheterization	 and	 the	 palliative	 surgeries	
for	 this	 patient.	 The	 catheter	 tip	 was	 acceptably	 placed	
in	the	distal	to	the	persistent	left	superior	vena	cava,	only	
0.5  cm	 above	 the	 left	 superior	 cavopulmonary	 anasto-
mosis.	 Figure  3  shows	 the	 patient's	 PLSVC	 taken	 by	 di-
agnostic	catheterization	prior	to	the	Fontan	procedure	on	
November10,	2021.

3 	 | 	 DISCUSSION

Inadequate	instructions	about	performing	PICC	for	chil-
dren	 with	 potential	 altered	 or	 abnormal	 central	 venous	
anatomy	contributed	to	risks	and	an	inaccurate	approach	
in	this	patient.	The	PICC	nurses	did	not	have	foreknowl-
edge	 about	 the	 bilateral	 bidirectional	 Glenn	 shunt	 and	
the	persistence	of	 the	 left	 superior	vena	cava	 in	 this	pa-
tient.	 This	 knowledge	 gap	 led	 to	 some	 incorrect	 actions	
when	 performing	 two	 PICC	 procedures	 and	 potential	
risks	 for	 this	 patient.	 Multiple	 attempts	 at	 cannulation	
in	the	first	PICC	procedure	could	contribute	to	intravas-
cular	injury	and	hematoma	formation.	For	patients	with	
a	Glenn	shunt,	this	problem	could	result	in	stenosis	and	
thrombosis	for	the	SVC	and	limit	adequate	passive	pulmo-
nary	 blood	 flow,9,10	 which	 may	 cause	 the	 obstruction	 of	
pulmonary	blood	flow,	a	life-	threating	event	for	patients	
with	this	post-	operative	condition.4,9,10	In	addition,	lack	of	
awareness	of	the	PLSVC	prior	to	the	second	PICC	proce-
dure	 led	 the	PICC	nurses	 to	give	an	 inaccurate	decision	
of	the	catheter	tip	length.	The	use	of	external	pressure	to	
thread	the	catheter	with	resistance	to	the	target	length	of	
24 cm	in	the	SVC	in	the	right	side	could	contribute	to	in-
jury	in	the	left	superior	cavopulmonary	anastomosis	and	
facilitate	hematoma	formation	and	then	thrombosis.	The	
lack	 of	 knowledge	 in	 this	 topic	 created	 serious	 risks	 for	
this	 vulnerable	 patient.	 More	 importantly,	 this	 practice	
could	cause	multiple	negative	 impacts	 for	other	patients	
with	 this	 condition	 in	 the	 nation-	wide	 Heart	 Center	 in	

F I G U R E  1  The	catheter	tip	location	in	the	first	PICC	
procedure
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Vietnam,	 where	 about	 1000	 open	 heart	 surgeries	 were	
successfully	 performed	 on	 a	 yearly	 basis	 from	 2016	 to	
2020,	in	which	the	Glenn	shunt	volume	was	involved	in	
about	25–	30	cases	annually.

Knowledge	 about	 PLSVC	 and	 altered	 central	 venous	
anatomy	 in	 children	 with	 CHD	 has	 been	 insufficiently	
discussed.	 While	 most	 studies	 and	 guidelines	 for	 PICC	

placement	 primarily	 provide	 instructions	 for	 children	
with	 normal	 hearts	 and	 central	 venous	 systems,1,2,5	 the	
acknowledgment	of	some	altered	central	venous	anatomy	
has	been	reviewed	in	only	a	few	studies	by	doctors,	anes-
thesiologists,	and	radiologists.3,4	In	Vietnam,	there	are	no	
official	guidelines	for	PICC.	We	note	that	only	a	few	na-
tional	children's	hospitals	can	implement	this	procedure.	
Most	 guidelines	 are	 gray	 literature	 and	 largely	 focus	 on	
neonates	with	normal	central	venous	system.	Therefore,	
it	is	vital	to	explicitly	outline	altered	central	venous	anat-
omy	 in	 the	PICC	procedure	 for	nurses	 to	avoid	prevent-
able	 PICC	 procedure-	related	 complications	 for	 patients.	
Open	 communication	 and	 discussion	 about	 PICC	 cases	
between	doctors,	surgeons,	and	nurses	about	the	central	
venous	system	prior	to	the	procedure	is	also	routinely	re-
quired	to	avoid	unexpected	complications	and	maximize	
the	benefits	of	PICC.

4 	 | 	 CONCLUSION

Peripherally	inserted	central	catheter	is	a	favorable	proce-
dure	among	children	with	CHD	for	long-	term	medications	
and	nutrition.	Children	with	bilateral	bidirectional	Glenn	
shunt	and/or	the	persistence	of	the	left	superior	vena	cava	
will	have	potential	differences	in	the	central	venous	anat-
omy	 pre-		 and	 post-	operatively.	 These	 differences	 should	
be	 highlighted	 in	 PICC	 guidelines	 and	 reviewed	 by	 the	
PICC	 team	 to	 avoid	 unexpected	 complications	 for	 these	
vulnerable	children.
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