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Principles of Infection Control and Neurologic Management
in Pediatric Cardiac Critical Care

Shotaro Matsumoto
Division of Critical Care Medicine, National Center for Child Health and Development, Tokyo, Japan

Infection control and neurologic management play a major role in the management of congenital heart diseases,
specifically in perioperative care. Unlike the highly individualized circulatory and respiratory management of
congenital heart diseases, the principles of infection control and neurologic management are uniformly applied
to all patients admitted to the intensive care unit (ICU). Moreover, it is characterized by the involvement of
multiple professionals and not only physicians. In various healthcare-associated infections, prevention using
effective and sustainable bundles and treatment based on urgency and severity along with the three factors
of pathogen, route of infection, and host are required. In neurologic management, setting management goals,
objective evaluation using validated assessment tools, and titration based on the evaluation are necessary. Bun-
dles and protocols tailored to the situation of each ICU, reliable implementation and monitoring, and regular
review and improvement are required to optimize the management.
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infection
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Table 1 Components of pediatric ventilator-asso-
ciated pneumonia prevention bundle

Table 2 Pediatric catheter-associated urinary tract
infection prevention bundle elements

Items to reduce iatrogenic spread of infection
Adherence to good hand hygiene practices
Use of universal precautions
Use of appropriate isolation techniques based on infec-
tious organisms
Staff education
Items to decrease the length of mechanical ventilation
Daily sedation holiday
Routine readiness-to-extubate trials
Items to prevent aspiration of gastric contents
Head of bed elevation >30 degrees
Avoidance of gastric distension
Usage of cuffed endotracheal tubes
Items to improve oral hygiene
Daily oral hygiene
Items to decrease endotracheal tube risk factors
Reduced endotracheal suctioning unless clinically indi-
cated
Usage of closed suction systems
Hypopharyngeal suctioning prior to endotracheal suc-
tioning or repositioning
Change ventilator circuits and closed suction systems
only when visibly soiled
Items to avoid contamination of respiratory equipment
Dedicated oropharyngeal suctioning equipment stored in a
clean nonsealed bag when not in use
Avoidance of condensate accumulation in the ventilator
tubing system

Modified from reference 8, Table 93.6.

BWilX, S. aureus, Pseudomonas, Klebsiella, Enterobacter
HEHZN Y. VAP DITIE Gold standard AV <
L. 2L D5E, BGITR, BIRITE, A2
FTAOHAEDLE TRBI SN, WG R T8I
TH5. Fiz, IHREMICTEINE NI FRGEMIA (%
518 M, FEROHEFFBOME Z KL TV 505
MTIEHRWD, — 75 TIREEMIZIRIAERIU RIALCRFE Y
T, KBRS ZHREE A TVRN Y.

ERE, BEG R GER, ERE, S0MERES, G
WREDOAHE, 5 LHEINSEREZE LI, Y
#1113 Broad spectrum ZHIHHEN ST NS T LN
2. O, ECETMMEFRZAN—3 2, &
JERE, Huls - RO T VFNAA T T L, BEEEFD
R R E IR S 2 S B LR ORET S, 7T 4
FEHAREBXORIBREOIN—IC, ¥ TR2IV L, &
T, EXRFTVY « BIYNT R, AaXXLE
MEIRE N, MRSADHNN—lcNyasA4vy, Y
IV RENEINE NS WY, BRI R, KB Y
IR G2, RIS D SRR H & HN SR
PEAVEIBE U 721%1C, @72 FiE 3\ De-escalation %

Insertion bundle
Standard elements
Use aseptic technique for insertion
Avoid unnecessary catheterization
Maintenance
Standard elements
Maintain a closed system
Maintain perineal hygiene at minimum daily
Keep bag below level of bladder
Maintain unobstructed flow of urine
Remove catheter when no longer needed
Recommended element
Secure catheter

Modified from reference 12, Table 1.

179.
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Table 3 Central line catheter-care bundles

Insertion bundle
Wash hands before the procedure.

For all children =2mo, use chlorhexidine gluconate to scrub the insertion site for 30s for all areas except the groin, which
should be scrubbed for 2min. Scrubbing should be followed by 30 to 60s of air drying.

No iodine skin prep or ointment is used at the insertion site.

Prepackage of fill the insertion cart, tray, or box including full sterile barriers.
Create an insertion checklist, which empowers staff to stop a nonemergent procedure if it does not follow sterile insertion

practices.
Use only polyurethane or Teflon catheters.

Conduct insertion training for all care providers, including slides and video.

Maintenance bundle
Assess daily whether catheter is needed.
Catheter-site care
No iodine ointment

Use a chlorhexidine gluconate scrub to sites for dressing changes (30s scrub, 30s air-dry).
Change gauze dressings every 2d unless they are soiled, dampened, or loosened.
Change clear dressings every 7d unless they are soiled, dampened, or loosened.

Use a prepackaged dressing-change kit or supply area.

Catheter hub, cap, and tubing care

Replace administration sets, including add-on devices, no more frequently than every 72 h unless they are soiled or

suspected to be infected.

Change caps no more often than 72h (or according to manufacturer recommendations); however, caps should be

replaced when the administration set is changed.

The prepackaged cap-change kit, or supply area elements to be designated by the local institution.

Modified from reference 14, Table 1.
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Y, w\FERT, FRFRDBEET 5. FEEMEYE L
T, HMHEAIEETH 2 S. aureus, Coagulase-negative
staphylococci WRF:TH D, & EZICT T LBV -
BESIC X BN ET B 10 153 - iR
B 27 LT, KA, REREE, ROAL
OHIRER « KBTI TR R, 2 & D#iifl, ECMO,

A E8H (Delayed Sternal Closure, DSC),
W DSC E TORE, HMHE TN TS 2. DSC
32 DMFICHENTSSIOY A7 LHEEN TS
W, REZZEHEETHHTES L SSIOY X713

MUENEOMEEH O, Uik T nTHERERN Rt

LTHEfF LT3 2.

SSI FEIEIC & B BEANDHEERL LT 5 01,
FHiH M CEETHS. DA-HAI L [EERIC, %<
DZIEEED S FRED =D I A KT A VH B
ENTVS 229 WL E N RTRIC BT 8
Y R)V7 Fua—F (Table 4) DAL LHHE &
NTW3S 72, Table 4 DAY FIUICIEFEENTVAE
WA, DERIMENE TR O, L¥a Y iRE
(1 H21[E, 2~5HE) O &PEEAME Staphylococcus

Table 4 Examples of the SSI prevention bundle for DSC cases

Preoperative
A. Nares MRSA screening on the day of admission

B. Two baths prior to surgery with emphasis on anticipated incision site
1. The night before the scheduled surgery (soap and water followed by 2% CHG)

2. The morning of the surgery (2% CHG)

* Only soap and water bath for those allergic to CHG

* Place child in a CLEAN hospital gown

* Instruct the patient/family to avoid any direct contact with the prepared surgical area
C. Place disposable telemetry leads on the chest after first bath

Intraoperative
A. Preoperative antibiotics timings:

1. Cefazolin is to be given within 60 min prior to incision

2. Vancomycin if used, is started within 60-120min prior to incision

B. CHG is utilized to prepare the skin on children >1500¢g

Postoperative

A. Sign is placed on the door of the patient’s room stating “SSI| prevention Program” with cart of mask and gloves to be

placed outside the room

B. WOW (workstation on wheel) will be utilized for single patient and will remain in the patient’s room while chest is open.

Clean the WOW once daily with cleansing wipes

C. All staff and visitors must wear a mask while in patient’s room and must wear gloves while in physical contact with the

patient

D. All persons entering and exiting the room of postoperative cardiac patient will clean theirhands thoroughly with water-

less alcohol-based scrub or soap and water if visibly soiled

E. An individual stethoscope for exclusive use for that patient will be placed in the room

F. Antibiotic therapy will be ongoing and continued for 48 h following chest closure

G. The incision site will be covered with a dressing postoperatively. Dressings should be removed at 48h after chest closure
H. All drain sites are covered with an occlusive dressing and changed if wet, soiled, or loose

|. Daily 2% CHG bath

J. ECG cables to be cleansed with cleansing wipes prior to placing them on the bed

K. Consider antibiotics therapy for all positive wound cultures obtained during chest closure

L. Sterile gloves and masks to be worn by everyone involved in dressing change

M. Negative pressure incision management system to be utilized for all DSCs and removed at discretion of surgical team
N. Disinfect cleansing of the leads, cables, stethoscopes, monitors, IV tubing once daily

O. For all echocardiographic and point of care ultrasound exams, probes to be cleansed with cleansing wipes and sterile

gel to be used
Care specific to chest closure

A. Preparing the room to recreate an operating room (OR) environment
1. Only personnel and equipment involved with chest closure will be in the room
2. Surfaces must be wiped down with the hospital disinfectant
B. Place a sign: “Surgery in Progress. No Admittance” on the door as a visual cue
C. All involved in the procedure should follow OR hand hygiene and sterile procedure practice

Modified from reference 28, Table 1. CHG, chlorhexidine gluconate; DSC, delayed sternal closure; ECG, electrocardiogram;
MRSA, methicillin-resistant staphylococcus aureus; SSI, surgical site infection.
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W TH BT, HBINRERM A 77— )L Ol
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Paediatric Acute Care Cardiology Collaborative {C &
BZHARITAVTIE, 2~12ROME ETYIBE & 1T
S RICBWTE, MR i~ 2y~ (Transversus
Thoracis Muscle Plane Block, TTP Block) MMESEE
TV3 2, figOBHOERIAEA A RTHY,
Bl s Ty RZ)VEMEFIENS. BEERDE
W& ZE A FIEED & 2 BN RN e
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Table 5 Recommended observational pain scale to assess pediatric pain

COMFORT Behavior Scale (COMFORT-B)

Face, Legs, Activity, Cry, Consolability (FLACC)

Age range 0-3 years

0-7 years

Type of pain Postoperative pain

Postoperative pain

Alertness

Calmness/agitation
Respiratory response or crying
Physical movement

Muscle tone

Facial tension

Variables assessed

Facial expression
Leg movement
Activity

Crying
Consolability

Scope of range
(cut-off point)

6-30 (1-5 points in each variable)
>17: pain

0-10 (0-2 points in each variable)
0: relaxed and comfortable

1-3: mild discomfort

4-6: moderate discomfort

7-10: severe discomfort/pain

Characteristics * Can be used for nonverbal children

* Developed and validated to assess general

distress, both sedation and pain

* Removed vital sign elements from original COMFORT

scale sue to concern regarding reliability

* Can be used for nonverbal and cognitively impaired
children

* Developed to assess pain alone

* Highly valid and reliable

Modified from reference 44, Table 3.

T VRV ENS. HiEE N3 EhE
WA, SRR R — )L 72 B T BRI AR 5 D1F 5
DIBURIERIE IR TR S BN U, ABEHARIAM
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PICUIC A= 3 % CHD i, ATPFER, [EggETN
A X, BENEWEREL, 79— LEFORED, Kke
DRER7E EREL ISR « AZICE HEND. EIFED
FRRTHROVERE, #EiRickbarybo—Eh
%. BHEMEHEE, S FAMRICRRE], o kEE
WS B END B, WFIREEE I, N TR O
IR, WA, SEANME & BEBUEREEO ) X7, @
RERECEELTBD, N0k, TR
DEFENEE, L OMMRIC X % PICUIRZEZ DK
Y - FTE L OBEIEICDEND 5 % %Y. gt
I & D BIREN—E TRV PICU ORREE T, 8%
CEREICHRGALE & N 888 2 — VO MR & n

T3 % (Table 6). COMFORT Behavioral Scale
(CBS), State Behavioral Scale (SBS) DRI N T
p 4449 GBS X HAGERRDOMEF L 1Th N TV S ™,
N FEIK Tl € 1% Richmond Agitation-Sedation
Scale (RASS) ZHWV3C EE T3 ™. Higgmm
BEE O R VO KD, FEINTVWSIRET
LEMCHEE LTV S B L7z 205 RCT® &
Ho, HEEEEOMICYZ0 Yo k) E TS C
EEMEIE NS, BN Tl SHESE 2 d H rh g
% & TCHBEKOREZR S LA LI A Z 5k
THEED, NREEBEFCHBF S RCT? T, #E
JakVicinz GEA ORI AT > Th E8 s
FEEOWFIT R HERE N TR ¥H49, gk L
TPICU TKLEHENZHEANCE, I XV TL,
o EEIMEEE I TH BTy Y ARXTF IV VERD
. TV —FREAETE, A, JeK, BUN, wIh
LEFHHRELTCIXAYV I LMMEHENZHEEN RS
oS0 LALEND, IXYVILIRIEED
BEUET - UAMSHE R OV, BAR P L OBENHR
LENTEY, HARIA VTR T Y I AATFT R
DURE YL UTHEIEL TV 9. /N CHD
M BNT, Ty IZAXAT NIV VO,
BOHEBTOSNSREZTEREL %, REOKEL
B U oY, BEBUE R 2 B S8 0, & BITBIRYE
RN 2 P & 72 %0, Rohc, BARDNER s R
NFTEIY, TaRTF—IVOMHL R ENS
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Table 6 Recommended assessment tools to assess level of sedation

COMFORT Behavior Scale

State Behavioral Scale

Richmond Agitation-Sedation Scale

(COMFORT-B) (SBS) (RASS)
Age range 0-16 years 6 weeks-6 years 0 years-adult
Variables Alertness Respiratory drive Attitude to medical staffs,
assessed Calmness/agitation Coughing catheters, and tubes

Respiratory response or crying
Physical movement

Muscle tone

Facial tension

Best response to stimuli
Attentiveness to care provider
Tolerance to care
Consolability

Movement after consoled

Spontaneous movement

Alertness, awakening, eye
opening/contact, and
movement to voice

Movement, eye opening to
physical stimulation

Scope of range
(cut-off point)

6-30 (1-5 pts in each variable)
<11: oversedation

11-22: adequate sedation
>22: undersedation

6-point scale (—3 to +2)
0: awake and calm

10-point scale (—5 to +4)
0: awake and calm

* Can be used for nonverbal
children

* Developed and validated to
assess general distress, both
sedation and pain

* Removed vital sign elements

Characteristics

* Choose most appropriate state
from 6 states by evaluating 6
above components

* Highly validated in various types  * Primarily validated in adult,
of PICU patients

* 10-point scale developed to
assess level of sedation and
agitation

recommended in guidelines
* Recently validated in pediatric

from original COMFORT scale patients
due to concern regarding
reliability
Modified from reference 44, Table 4. PICU, pediatric intensive care unit.
WO TrRT = VEARICBNT, EHREER EHIDPLE & BERRAEIREE

B B/NENTRER R OEERE U TIRFERIZARTH
b, TS E LTEREREIRE LT, 4mg/kg/hr
A, 48 REREAN T, THR T 4 —)UiE AJEREERIC
HEELEDSMANRETHS 7.

it IE, KBS  ICU T DM DULiE K
OAFNE, NI & OFEFAMEOUE, BEEFED
Bk, PH O SA Y ADOTHEOHNTHEHEINS.
AR, ARSI IC &K B MR KT,
WEEFRD AV w FOEERERE N, BRI LT
50, TN TE CHD FiHEH TR ZET % C
EL2V. R T AR, EREE A5 %
W& D ISR DR % Train-of-Four (TOF) 0
A HRERIE S AT LW TEZZY VT L, HE
RILRZVS CEMEREI NS . £z, NA&
VY A 2 Z T, Bispectral Index (BIS), ampli-
tude-integrated EEG (aBEG) %57 W Tz i~ — R
DEZRZ) VIPHIREE NS SO L LEND,
BIS OF AMIZFEDRTCE T RICHREE N TE 5T,
SHBOMRNEE NS D7 mohiEdm i, TR
I &5 AEEE, B8, BBIEFDOV AT x5
B, TNETNOWNRPBRETH 5.

ARNRBERSBSFRIME £39F F45

HEROEERRE, SEHIOHIED 2 DI R IERKIC
U B EIRIEREET, PICU M TIZA A A R, N
VITTREY, e, (FEIMEEEERICKDEL S.
VR T7702—=0LT, HEHEBEWY (6 HRED,
B ERENZ L, EBROEFIOMH, 6 A (K
IC 6 MARND, RATORRHAIBAERRE, AR
ERES RS HE TN TV 1O, BT R OFE
JEWE, EWATPEIAR - ICUEREHEEBEE L T
Wi, Coih, 5 HM GEHETIE 3 HED BLE,
FEF A REFFRBARVY VT EE VMR UTIERNS
BWTIE, Y —)V (Table 7) ZHWAZ Y —
VPR E NS YY) CHD B S RIS B
T, AEFA REXRVYIVTEEVIFFAFICHEH SN
5T EeNEL, Tl —IVEMEDE S 5IC X B
SRR DO 7ZXAIT 5 IR TH 5. D,
EHPIRIAN D &5 b OBEFUE R IR DR
B, WHEICFRHCHINT 20805 5. BEHERE
BEE, ZARICHDIIEIRTH B 720, JEROUEE
IR CRZ AR Z RS 2 3K OB 5D ETH 5.
F YL A RIS L TIE, FESZHBL, =20%/H
Tk d 20, K0 ERFRERBIONIREE (XY R
) ICEEMA TG 5. XV YTEE VB[R
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Table 7 Recommended tools to assess pediatric withdrawal syndrome

Withdrawal Assessment Tool ver.1 (WAT-1)

Sophia Observation withdrawal Symptoms-scale
(SOS)

Age range 0-16 years

0-16 years

Variables assessed Loose/watery stools

Tachycardia

Vomiting/retching/gagging Tachypnea
Temperature >37.8°C Fever (=38.5°C)
Agitation (SBS=1) Sweating
Tremor Agitation
Sweating Uncoordinated/repetitive movement Anxiety
Yawning/sneezing Tremors

Startle to touch
Muscle tone
Time to gain calm state (SBS=0)

Increased muscle tension
Inconsolable crying
Grimacing

Sleeplessness

Motor disturbance
Hallucinations

Vomiting

Diarrhea

Scope of range
(cut-off point)

0-12 points =3

0-15 points =4

Characteristics
hours or less

* Sensitive and specific to for IWS but cannot dif-
ferentiate between opioid and benzodiazepine

withdrawal

* Recommended to be scored at intervals of 12

* Incorporate vital signs (HR and RR) to signs of
autonomic dysfunction, CNS irritability, and
gastrointestinal dysfunction

* Inclusion of hallucinations and movement
disturbances may make SOS more sensitive to
benzodiazepine withdrawal

Modified from reference 44, Table 5. CNS, central nervous system; IWS, iatrogenic withdrawal syndrome; SBS, state behavioral

scale.

IZ, SEAIFBIRIC=20%/H Tilligd % h, WIS (&
TS, aTERLE) ICEEHA TS 5. b
1, CHD &I o, TEEIESEERE OO I K O BEFE
BREEOIRDDHE TN TNDE . iz, Fv oA A
7 h VN K BEBEERE G IR L, SIS
5. FEFNZET 5 EFIRHC Ty u= Y NARZ Bt
L, 7Y I AAT NI YRS % 75:0% < B
ERTV3B 7,

ThAx

VAR RAMEICTYET 220 - 1EE - BRHIORET
HY, EIROEF R E TS, KHESEIRICED
X, EIEERIE AR, IEEIRE AR, GRS
ENG. WEDVATIT v 7L a—lckb L,
HE/NR ICU IC BT 2 FAEE 34% (7~66%) & HE
W h, KIEHEHEAEN RS (46~81%) TH-
FEEEhTwa V. FELEETZRTFE, N
VIV TRE EA AL ROERER SR, HTN
FEBEEIROB, TVEE, DEFERTH-Y. D
i i AR R IR IC U A7 D E K 8K 7 50% 107

JET 2 EMEINTHED, BARAZY—=VTIC
X2 RHZH E RN ADORERLEZTE5E
MeZEZHNTWE Y. £k, BARDORER, E
WA TPEIRIAR, fEBEH 8L, SECER, EEd, B
%OQOLDIEK FEEHL TV, AKEDAY
V==Y —)be LT, A RIA4 T Cornell
Assessment for Pediatric Delirium (CAPD), %7z
& pCAM-ICU (ps/pCAM-ICU) IC & % & AR 72 3
i (BT 1 E) DTN TS (Table 8)*49,
CAPD, psCAM-ICU Eili# & &1 HAGRARORRGEED
ThnTws 27, BAEDL I, FREOWE
PN SWET S, DD, BAREHORYIDA
T 7, JRRRR L FURROBRICR . JEEY
ERE LT, BEIRERED X L0, 2K
KIEBEANIZINGE, BROT 7 NOKBEDS,
ik ok, REERSEO TR S B 7. 3%
WIS IS & LT, NV YT B E YOk,
FEHOR/MEY, i, ThSERHAADETNY
RL7 7a—F LN T3 . axy F—
b, JEERIR HESRIE, FRZUGET B E DT

© 2023 Japanese Society of Pediatric Cardiology and Cardiac Surgery



188

Table 8 Recommended tools to assess delirium in children

Pediatric Confusion Assessment Method-Intensive
Care Unit (pCAM-ICU)

Cornell Assessment Pediatric-Delirium (CAP-D)

Age range

5-16 years

0-21 years

Variables assessed

Four features:

1 Acute change or fluctuation of mental status
2 Inattention

3 Altered level of consciousness

4 Disorganized thinking

Eye contact with caregiver
Purposeful actions
Awareness of surrounding
Communicate needs
Restlessness

Inconsolable

Underactive

Response to interaction

Scope of range

Features 1, 2, and 3 or 4

(cut-off point)

0-40 points (9)

Characteristics

* Point-in-time assessments using both observation
and interactive components

* ps (pre-school) CAM-ICU for children less than 5
years old is also available and validated

* Observational assessment tool adapted from the
Pediatric Anesthesia Emergence Delirium scale
to detect all delirium subtypes

* Validated in medical/surgical PICU

Modified from reference 44, Table 5. PICU, pediatric intensive care unit.

V—F VOFEHHERE NV, RS NIERNCIE,
DEMICES QT DE=ZY V7 RITNEN DM HAD
BEtEn 3209, XY R—LIZEIER (38%)
DWELHD ™, HELRADPLRETHS P,

RIED&RE(L

PICU OB, RIICE > TIEHEMNRETH
D, LR A N LAICE > TEEDN S DREERIC
DR GZ 5%, ThoZzi/N NRICTEZET, W
BaREL, XDBEWVHRFICDENZREEND 5.
Society of Critical Care Medicine DA FZ A 2T
&, KOS, R, SHHEKIC OV TRETENT
WO IR, RN« /N - R R G fEIs
B BREHLDT T DRREFECDNTDHAA FIA
YIREENET. KFEOBIMC XD, RKiEDO=—
R L Aififid7z BEfR U CRIEVEZTTO CEMTE S LH
KR, WORMINZE, RIEONZEA N L ADRE
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WRE Y, IR ERRRE & e 2 2 b X, &
OB ZHEAKEE, THICEAZDREICDED
D9 %. MREEY A Z7)VOmEE(LIcDNT, KA
TE, NRTE 29O SERIE TR L, FEEY)
HIS IS HERRE X TV 5. B &l o> (F
e Ny RARVOMH, ®EHLD, HeLlexyF
VT, FEDT T NOSNNE D EIR 2 2G5 9 % AT RENE
W& % 40 PICU BB, B - BKH - ot iR 38
O, BHRIHIEFIC X D BROARHICEN D DT

ARNRBERSBSFRIME £39F F45

V. REIVEBIEY B &, ICU-acquired weakness,
AE, BEBUEGERE NG % . Ta b3l kD
FHAgER 21T C T NS ZBIETE B AEEEN S

p 4670 upem g CHD flifglc 71 b 2Lz E ST
FHBR 2 TH> T\ 5.

f: )

BRI D 5E Y CHD O BRE BRSO 5 1l & B 7
O, BB - EROFANE, 1= MCAZEL
TV EEERICRTEICEI NS, FHCFilizEs
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GINEET, AR, SR, PRAARRL TS IR O
HEpEET DT ENETHS. SERBREDHE
HEICEDRETNNY RV - 70 ka)Lost, WHEAHE
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B MRRETIC BT 2 B IHEIC X > TRIEOIRR 2
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