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Ultrasound-guided central venous catheter insertion
In pediatric patients

Ikwan Chang, Joong Wan Park', Jae Yun Jung'

Kangwon National University Graduate School of Medicine, Chuncheon;
‘Department of Emergency Medicine, Seoul National University Hospital, Seoul, Korea

In pediatric patients, central venous catheterization (CVC) is necessary for administration of fluids, drugs, high concentration
electrolytes, vasopressors or inotropic drugs, transfusion, intravenous nutrition, and dialysis. Using an anatomical landmark for
the CVC insertion may have a low success rate in children due to the positional variation between the deep vein and the land-
marks, the small size of body and blood vessels, low insertion frequency, and operator skill. In order to improve the success
rate, ultrasound guided CVC insertion is recommended in critically ill children. It is also expected to reduce mechanical compli-
cations, which are more common with subclavian CVC insertion. However, the association between the insertion site and the
infection or thrombosis is unclear. Since thrombosis is relatively common, further studies are needed on the association
between the incidence rate and insertion sites.

Key words: Central Venous Catheters; Infections; Pediatrics; Thrombosis; Ultrasonography

A = I -840 gheFstAl Asiey?. 19904d Hf g 255}
Fx Aol 71& alFshd 7|+ (anatomical land—

N oL3)LzL (3R A ZAI AW FLE E] AFol o Ao oF e
Sot@A@AA ] FUPUANE goe s, o Lo S e s Arale) 438
Wew AN, BGASA Bl £EFAG Fol 4 JE

4 Tl oo Lol Eolal Ale WY AHFS Y 4 ok LA
AU Fd, FA Soll Basiey, 2, A RlEsE Al )
A S o 2 AR dolgael A FAA Y A A 71E
E_E]— 7:1, X—ut‘ E“\:}‘ 5—7], Eﬂoﬂ a}—ﬂ' 01 o ;\(:1 o - . - _
g N 2 Lo W 2SS ogY WS 27 AveT w4 A7
—/J\—O]'QJ —:-'j EHT'B:oﬂ /\EO] 01%:“:]'1') _/,\_O]-EI—X]—O]]H B 2 Eg) zF uio] w2 AIE W 29 FHZ dYES
. %E%—ﬁ;ﬁtﬂ,‘7}5ﬂl§‘] ?J“% 980‘5]‘:H°ﬂ EL_]_E] o]_?_’ = O m ‘oxj — oo=E X T H oo 2'0&=
oot 17} e}

Received: Dec 26, 2019 Revised: Jan 25, 2020
Accepted: Feb 19, 2020

Corresponding author

Jae Yun Jung (ORCID 0000-0003-2994-6900) 1. 7|28 0|2 A
Department of Emergency Medicine, Seoul National University
Hospital, 101 Daehak-ro, Jongno-gu, Seoul 03080, Korea

Tel: +#82-2-2072-1629  Fax: +82-2-3672-8871

E-mail: matewoos@gmail.com o] &7|= s WukE WA AY E4 25 TR E

10


http://crossmark.crossref.org/dialog/?doi=10.22470/pemj.2019.00171&domain=pdf&date_stamp=2020-06-30

NEOR FHRUBY oy ABS 34
Faol) T u AsHE B A ol A
WA, By, E YN AgRep
of wHE ezl qlol, A&xtel FY 2 A4
HBE| utet 44 AUE AR
WAEAS F FAFUA A A ST
of W7 A Al Amste] 7| AH P Fol
shgue shee oo Agstor s 7

2) A
71EH ol

o x}7h A3

S
£ 4% 8des 24T 5+ A A7 AE

S FugY

=4
A& 7], 41 W=t
H

2) W
259 4= AYe g8 A4S FHsta &
HE2 YA & Adste gHelt. Ale F
FAoE AW 9 vtz A E FAT 4= 9
Z51 A4S ol gst 3 H A, A=
view) @ @Z&(short—axis view) 3 FAf

ATk A= A o83 YHS Fod o
5 AAete HHOR, A& A] Higo] TR
of dZste A Y HAEE E 4 e -l )
U, 38 A=t 220t 9& HYshA RIS oF a5t
AleAbe] w7 asith, Egt hof= A7) ZlofA]
Z2L9 €&} (transducer)® o] F=
et FE3E F7F R} o] P
w4 A o] 8 Al o] I S

Pediatric Emergency Medicine Journal

o
Hu
x

=2 o
o N fo
o do
eI ==

N
)

o wh

FUHWEE A 438
99.5%= FeHLp 0 £a M4 4UY
e

:;l
~
N
)
>
o
o
>
Lo
(g
o
< ,m

ZS0t 7k FHHE A

W F2E 8 LRttt §EAE g8 R
AL Hhgo] 250 YAl S B AS g4l
ghet, o] W2 AlE AWl i gt 9y £ F
WS EZASE R AR ol gL, AlA7F A
SHAf A e o] -§3 4= ik, e, Hhso] JutH P4
< A "yt Hojlmg Higo] d¥g Fi1 AUTAY
S AR o8 2SR X 4= 91l o] = e ¥
TxE] &44E & . vhEe] el Adske wet
HEAE v ATl 2 Aol i A4 1A
S HoZ 0 2R (*following the tip” HH)'?, o]& E
gk 4= QT

AA B &
W A5E E3F AR BEFS HATH95% vs. T4%, P =

o
2
o K
>
an
N
<
I
N
ot
N
av]
I
(@)
(@)
)
=
i
N
R
>
H1
o

9l 1-9] vs. 3 [2-5], P

€ 0.000), 71414 g5 FHE £T FUTH4.3% vs.

39.3%, P < 0.009)”. 144 ulvt £3H44 3 4t

A9 AT NE e £7]9) HEBo| o ehow
al

=
=
o] B #AUTH98% vs. 79%)". 71=2] HEREA dtol w
2, 250 Aol Al 4eEe w0l Ak 3
2T A4 e Y A 2y 239
AHgol Al Adf, FHda %, 71E, 2§ 2

e Bolx R AT ABE Ik sk, 919 v
P AT AWNE T Mok v AR Lol E B
o, 283 gl A% HEE WY 2 /1A BEF 2
ao] o4& AT Yrka §33) & 4 ot
4) AR

dotolA] 283} S5 Abgle] Fao] & Al Bl
s}Ejo) 4] o|& ALBHAT, A4 AHg HlEE e Aol
o De Souza 5V A 289 WH HES U
3 233} ALg) A B0 AR, o]t AL



Pediatr Emerg Med J 2020;7(1):10-15

A I T S Bz o W W e HE T B T
) S 7 = —
L_‘_ﬂ—o oeﬂlq R#lonArﬂr,l,_nﬁQH mxe_zzEVﬂMdleW_M 7MaATﬂ,ﬂ‘_7uﬂle€Hle
= Lo B B 1 T o T B Bt Tk o . )
OZE E._WIM‘AOM‘_@EH_HJIF] _UT@MMO_EJI]%.WWOHMM_ WH.A ﬂEH_OIMﬂIFLArcOﬁMH;O
57 XENCTESEE NEEREDIE FRTE L ETE TS
NMM ﬂﬂ%mﬂmma_@%f T oE Hfﬁ%mﬁ__ﬁﬁbqwﬁiw
) — 0 —_ —_— —_—
o T st L e B e o ) N R
- e - A AeEWR T g Es b o o
3 PE Ty en® oy ZEWAENETTLE sde e TRhe
X ° = T e — - xr T
BN R ol B oan o TGk Emwwww%zww S S ik
Tw g P ERENT PR ey e R e dE THYE T e
o o SHE e o @ oL WS G NKORE g gy o T AR T
= o & i BT SR O T NGB T B Eeu i wET L T
R gy R oy W ET B g Ny Bk FRWE T T =P T T g
_y_z_v ﬂﬁluo_]n_w.lu,Eo 53 ol o T o~ ~ 8 o ﬂ%ioze‘mﬂl_ll\l
=¥ B 2 o E o T & ol o O o 0 . 0B or o FaE L
— o M ﬁﬁﬁﬂoﬁﬂd_ ) E_Lo_u%”%ﬁﬂ%#i uu];acub1wammamﬁotM
& o O TghiegFfhysn EMoad oy Mo ey Z ™
L pERTEflrm g Tx @y gL g F I BT W
N mirTo T rmw Proge Eo SRt E g B T RRXET g0 N =
Tz LTIz Eigtae Pladadowes MO SEETSmoen”we
ot = = X a0 o1 B oA , ofF ay ~ o X W e OB T o)
T N Gl L ) H oMo 2 o Frm D Np 2 o o X #
A X - X = ‘X|,m.oo‘7|n Ag D H e X e ]IFJKOEOX]@EJKIM@
Crm Cewies CHERNITE ST hTT NG T - N <OEN T TP e KRR o
TR & RMYWPPFRSED I Mo WN B G U RO TR W T
r ocﬂaﬂw.oﬂww%ﬂ,%%ﬂmﬂ m_xﬂgﬁwmﬁﬂm%wﬁ ATwno%.mﬂw__wMﬂm%
HHER s MF T ojn oo Mo T RO = . - N 5T O F X
2 [TIsiEapial #2TEIEEEEy 2EpSiiLTE
S F L E ST R L xS LB oRE RoXgEaT o
o A_uﬂeaﬂqﬂﬁo_a WW,_MA.__‘m_mdl Mo%mmowﬂmwwwiormwwt o_ewauATVd\Mj%%Ldu
R TroletediaTIw cEEIT gLty wESALES
! ° ; JRp— ~ 2
o DFpTTE T g R T TET G Swmks ﬂu(cﬂw_,wwmwng
— ol —_— 3 - —o O ) IS [N 03 — 2 — 3
o HRPBEHART T L0 TR el B ehemE BT ET UL GTIL
oo R dn_AﬂuAl,Eurm% T "B gPmiE S T sl R =
ﬂru ovﬂﬁ@mrmomﬂ.mﬁzﬁmmﬁove_ac,_ ﬂl%ﬂlmnoﬂoo_ﬂaﬂ% ﬂ@fmSﬂﬂ%x I S
) g - _ . = = T
QE_EM_AMLOQW,MOQQW_% ﬁ%ﬂCmﬁcmﬂrﬂwﬁﬂﬁMfﬂm M]E%.mi,r]ﬁ%w_xoe
:_._\oﬁ‘ol_soexrm.mﬂrw.%.éoﬁl % o B L A g EXT X oy
A PR Ea TPy RSl il R T g EH o o
o) o o EQIMEH_EHMR & T = ,Hﬂ.my7%nbn AR oI T = o= B o 8 X
o _.E JH © ° ﬂ c_ﬁ — . 0 = + X BH c_o 0
o*mMo_ﬂolo_eﬂo_oﬂovﬂquﬂl_oriA_u Pmﬁémurmmm_xT\%,mLi,& uautmﬁn_oiﬂuoﬁot%
! - ] - © ~ — - =1 =
A ol g WP r T ol gL TY S8 VT g
W%W%%Wi@%%ﬂmﬂ%ﬁ mom_x_%ogm.%movmamﬂwomnu Mmom%,ﬂraamﬂx A
o#ﬂﬂe._m%ﬁmmlooa,_i@ﬁuﬁuo#eoﬁao_a Ko aaﬂnaamMnDuﬂur_.ﬁomMdeﬁo nw/ﬁunwdoélﬂRmmm%
— o~ — . - - ) = o= - T 7
EuBolgpm®ey 980Ny g TUsIRbg gy e sEEI®g gy
%Aoﬁw@ ,ﬂLmﬂﬁ_vrw_. wﬂmem#mﬁ g <E o mnuﬂﬁﬂﬂe@e”oo% %W B8 o .mz oo T
P w R KHE D™ Y b L Nt o gm B New s R e L F D
N# HHAHTZTETHEAXPERTRE o A NI7FHIZDITxzSE [T HINRNUTo T

Pediatric Emergency Medicine Journal

12



ORCID

Ikwan Chang, https://orcid.org/0000-0002-2687-7041
Joong Wan Park, https://orcid.org/0000-0002-9702-170X
Jae Y un Jung, https://orcid.org/0000-0003-2994-6900

OfaH 2t

& At o] =i wRE ojsjEA Tt JlE.

References

1. Schindler E, Schears GJ, Hall SR, Yamamoto T. Ultrasound
for vascular access in pediatric patients. Paediatr Anaesth
2012;22:1002-7.

2. Denys BG, Uretsky BF, Reddy PS. Ultrasound-assisted
cannulation of the internal jugular vein. A prospective
comparison to the external landmark-guided technique.
Circulation 1993;87:1557-62.

3. National Institute for Clinical Excellence. Guidance on the
use of ultrasound locating devices for placing central venous
catheters: technical appraisal guidance [Internet]. London
(UK): NICE; c2020 [cited 2020 Mar 20]. Available from:
https://www.ni ce.org.uk/guidance/ta49.

4. Alderson PJ, Burrows FA, Stemp LI, Holtby HM. Use of
ultrasound to evaluate internal jugular vein anatomy and to
facilitate central venous cannulation in paediatric patients.
Br J Anaesth 1993;70:145-8.

5. Grebenik CR, Boyce A, Sinclair ME, Evans RD, Mason DG,
Martin B. NICE guidelines for central venous catheteriza-
tion in children. Isthe evidence base sufficient? Br J Anaesth
2004,92:827-30.

6. Miller AH, Roth BA, Mills TJ, Woody JR, Longmoor CE,
Foster B. Ultrasound guidance versus the landmark tech-
nique for the placement of central venous catheters in the
emergency department. Acad Emerg Med 2002;9:800-5.

7. Gdlagher RA, Levy J, VieiraRL, Monuteaux MC, Stack AM.
Ultrasound assistance for central venous catheter place-
ment in a pediatric emergency department improves place-
ment success rates. Acad Emerg Med 2014;21:981-6.

8. Yang EJ, Ha HS, Kong YH, Kim SJ. Ultrasound-guided
internal jugular vein catheterization in criticaly ill pedi-
atric patients. Korean J Pediatr 2015;58:136-41.

9. CrissCN, Gadepalli SK, Matusko N, Jarboe MD. Ultrasound
guidance improves safety and efficiency of central line
placements. J Pediatr Surg 2019;54:1675-9.

10. Chuan WX, Wei W, Yu L. A randomized-controlled study
of ultrasound prelocation vs anatomical landmark-guided

Pediatric Emergency Medicine Journal

ZS0t 7k FHHE 4

MEXH

& AAts o] =ad R E AP LS WA k=

11.

12.

13.

14.

15.

16.

17.

18.

19.

cannulation of the internal jugular vein in infants and chil-
dren. Paediatr Anaesth 2005;15:733-8.

Hoffman T, Du Plessis M, Prekupec MP, Gidecki J, Zurada
A, TubbsRS, et d. Ultrasound-guided centra venous catheter-
ization: a review of the relevant anatomy, technique, com-
plications, and anatomical variations. Clin Anat 2017;30:
237-50.

Duesing LA, Fawley JA, Wagner AJ. Central venous access
in the pediatric population with emphasis on complications
and prevention strategies. Nutr Clin Pract 2016;31:490-501.
Jamshidi R. Centra venous catheters: indications, techniques,
and complications. Semin Pediatr Surg 2019;28: 26-32.
Malbezin S, Gauss T, Smith I, Bruneau B, Mangalsuren N,
Didlo T, et d. A review of 5434 percutaneous pediatric cen-
tral venous catheters inserted by anesthesiologists. Paediatr
Anaesth 2013;23:974-9.

Rey C, Alvarez F, DeLaRuaV, MedinaA, ConchaA, Diaz
JJ, et d. Mechanical complications during centra venous can-
nulations in pediatric patients. Intensive Care Med 2009;
35:1438-43.

Camkiran Firat A, Zeyneloglu P, Ozkan M, Pirat A. A ran-
domized controlled comparison of the internal jugular vein
and the subclavian vein as access sites for central venous
catheterization in pediatric cardiac surgery. Pediatr Crit Care
Med 2016;17:413-9.

Prince SR, Sullivan RL, Hackel A. Percutaneous catheter-
ization of the internal jugular vein in infants and children.
Anesthesiology 1976;44:170-4.

Hayashi Y, Uchida O, Takaki O, Ohnishi Y, Nakgiima T,
Kataoka H, et a. Internal jugular vein catheterization in
infants undergoing cardiovascular surgery: an anaysis of
the factors influencing successful catheterization. Anesth
Analg 1992;74:688-93.

Souza Neto EP, Grousson S, Duflo F, Tahon F, Mottolese
C, Dailler F. Ultrasonographic anatomic variations of the
major veins in paediatric patients. Br J Anaesth 2014;112:

13



Pediatr Emerg Med J 2020;7(1):10-15

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

14

879-84.

Lau CS, Chamberlain RS. Ultrasound-guided central venous
catheter placement increases success rates in pediatric
patients: a meta-analysis. Pediatr Res 2016;80:178-84.

de Souza TH, Brandao MB, Nadal JAH, Nogueira RIN.
Ultrasound guidance for pediatric central venous catheter-
ization: a meta-analysis. Pediatrics 2018;142:€20181719.
Doniger SJ. Pediatric emergency and critical care ultra-
sound. Cambridge: Cambridge University Press; 2013. p.
233-78.

Bruzoni M, Sater BJ, Wall J, St Peter SD, Duitta S. A prospec-
tive randomized tria of ultrasound- vs landmark-guided cen-
tral venous access in the pediatric population. JAm Coll Surg
2013;216:939-43.

Zanolla GR, Baldisserotto M, Piva J. How useful is ultra-
sound guidance for internal jugular venous access in chil-
dren? J Pediatr Surg 2018;53:789-93.

de Souza TH, Brandao MB, Santos TM, Pereira RM, Nogueira
RJIN. Ultrasound guidance for internal jugular vein cannu-
lation in PICU: a randomised controlled trial. Arch Dis
Child 2018;103:952-6.

Montes- Tapia F, Rodriguez-Tamez A, Cura-Esquive |, Barreto-
Arroyo |, Hernandez-Garduno A, Rodriguez-Balderrama
I, et a. Efficacy and safety of ultrasound-guided internal
jugular vein catheterization in low birth weight newborn. J
Pediatr Surg 2016;51:1700-3.

Wu SY, Ling Q, Cao LH, Wang J, Xu MX, Zeng WA. Real-
time two-dimensional ultrasound guidance for central venous
cannulation: a meta-analysis. Anesthesiology 2013;118:361-
75.

Dassinger MS, Renaud EJ, Goldin A, Huang EY, Russell
RT, Streck CJ, et d. Use of real-time ultrasound during cen
tral venous catheter placement: results of an APSA survey.
J Pediatr Surg 2015;50:1162-7.

Bosman M, Kavanagh RJ. Two dimensiona ultrasound guid-
ance in central venous catheter placement; a postal survey
of the practice and opinions of consultant pediatric anes-
thetists in the United Kingdom. Paediatr Anaesth 2006;16:
530-7.

Baddoo H, Djagbletey R, Owoo C. A simple tissue model
for practicing ultrasound guided vascular cannulation. Ghana
Med J 2014;48:47-9.

Sanchez-de-Toledo J, Villaverde |. Advanced low-cost ultra:
sound-guided vascular access simulation: the chicken breast
model. Pediatr Emerg Care 2017;33:e43-5.

Rippey JC, Blanco P, Carr PJ. An affordable and easily con-
structed model for training in ultrasound-guided vascular
access. J Vasc Access 2015;16:422-7.

Ault MJ, Rosen BT, Ault B. The use of tissue models for
vascular access training. Phase | of the procedural patient
safety initiative. J Gen Intern Med 2006;21:514-7.

35.

36.

37.

38.

39.

40.

41.

42.

45,

46.

Chang I, Kwak YH, Kim DK, Lee JH, Jung JY, Kwon H,
et a. Educational effectiveness of an easily made new sim-
ulator model for ultrasound-guided vascular access and
foreign body management procedures on pediatric patients.
Pediatr Emerg Care 2019;35:407-11.

Cohen JS, Teach SJ, Chapman JI. Bedside ultrasound edu-
cation in pediatric emergency medicine fellowship programs
in the United States. Pediatr Emerg Care 2012;28:845-50.
Omid M, Rafiei MH, Hosseinpour M, Memarzade M,
Riahingad M. Ultrasound-guided percutaneous central venous
catheterization in infants: learning curve and related com-
plications. Adv Biomed Res 2015;4:199.

Karapinar B, Cura A. Complications of central venous
catheterization in criticaly ill children. Pediatr Int 2007;
49:593-9.

Venturini E, Montagnani C, Benni A, Becciani S, Biermann
KP, De Mas S, et a. Central-line associated bloodstream
infections in a tertiary care children’s university hospital:
a prospective study. BMC Infect Dis 2016;16:725.

Rosado V, Camargos PA, Clemente WT, Romanelli RM.
Incidence of infectious complications associated with cen-
tral venous catheters in pediatric population. Am J Infect
Control 2013;41:e81-4.

Polderman KH, Girbes AJ. Central venous catheter use.
Part 1: mechanical complications. Intensive Care Med 2002;
28:1-17.

Parienti JJ, Mongardon N, Megarbane B, Mira JP, Kalfon P,
Gros A, et a. Intravascular complications of central venous
catheterization by insertion site. N Engl J Med 2015;373:
1220-9.

Garcia-Teresa MA, Casado-Flores J, Delgado Dominguez
MA, Rogueta-Mas J, Cambra-Lasaosa F, Concha-Torre A,
et a. Infectious complications of percutaneous central venous
catheterization in pediatric patients: a Spanish multicenter
study. Intensive Care Med 2007;33:466-76.

Reyes JA, Habash ML, Taylor RP. Femoral central venous
catheters are not associated with higher rates of infection in
the pediatric critical care population. Am J Infect Control
2012;40:43-7.

Sheridan RL, Weber M. Mechanical and infectious com-
plications of central venous cannulation in children: lessons
learned from a 10-year experience placing more than 1000
catheters. JBurn Care Res 2006;27:713-8.

Vidal E, Sharathkumar A, Glover J, Faustino EV. Centra
venous catheter-related thrombosis and thromboprophy-
laxis in children: a systematic review and meta-analysis. J
Thromb Haemost 2014;12:1096-109.

Gray BW, Gonzdez R, Warrier KS, Stephens LA, Drongowski
RA, Pipe SW, et al. Characterization of central venous
catheter-associated deep venous thrombosis in infants. J
Pediatr Surg 2012;47:1159-66.

Pediatric Emergency Medicine Journal



ZS0t 7k FHHE 4

47. Chen K, Agarwal A, Tassone MC, Shahjahan N, Walton 48. Gurien LA, Blakely ML, Russdll RT, Streck CJ, Vogd AM,

M, Chan A, et a. Risk factors for central venous catheter- Renaud EJ, et al. Real-time ultrasonography for placement
related thrombosis in children: a retrospective analysis. of central venous catheters in children: a multi-institution-
Blood Coagul Fibrinolysis 2016;27:384-8. al study. Surgery 2016;160:1605-11.

Pediatric Emergency Medicine Journal 15



