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Antibiotic stewardshi
the NICU
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Diagnosis of Neonatal sepsis

Blood cultyre gold standard

Use Minimum of Iml of blood when ever Possible

* Sensitivity drops by 10-40% when 0,5ml instead of Tmlis used

* Connell et a|.:

blood cultures in neonates - in 35% volume less
than 0,5m|

Education and quality improvement initiatives to ensure 1
adequate volume being collected T

* A blood culture from a newly placed arterial line can be an
v‘hl_‘{l'((' -
alternative to peripheral venipuncture Skl
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Biomarkers for ruling out neonatal
Infections

* Normal I:T ratio or 2 negative CRP values 24hrs apart
can rule out EOS with high accuracy

* Frantz et al.: |L-8 plus CRP vs CRP alone reduces antibiotic
use by 73% in preterm infants with suspected LOS without
increasing missed infections

» PCT - higher sensitivity compared to CRP for neonatal sepsis

* Interpret biomarkers always in combination with clinical

picture
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Kinetics of biomarkers in sepsis
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Procalcitonin Intervention study:
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High amount of antibiotic use in NICUs

+ Point prevalence study of 29 US NICUs - 47% of 827 infants
on antibiotics on day of survey (Grohskopf et al. PIDJ 2005)

« Survey of 127 NICUs across California: 40-fold variation from
2.4% - 97,1% (mean 24,5%) of patient days - JAntibiotic usage
in NICUs often is excessive and considerable proportion of

antibiotic use lacks clear indication” (Schulman et al. Pediatrics 2015)
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TR LANCET - Vel X338« Ak % 2000

An antibiotic Policy to prevent emergence of resistant bacilli

Pde Man BA N Verhoeven, H A Verbrugh, M C Vos, J N van den Anker

2 identical NICUs, different empirical antibiotic regimens
NICU B: PenG/Tobramycin EOS
Flucloxacillin/Tobra LOS

NICU A: Ampicillin/Cefotaxim EOS

Flucloxacillin/Cefotaxim LOS

After 6 months regimen change

Weekly surveillance cultures (rectal and pharyngeal swabs)
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Association between

, en 3rd gen cephalosporins
and invasive candidiasis in ELBWI

TABLE 2 Lognflc Re.qtemon Analysis of Risk Factors for Invasive
3701 ELBWI 12 centers, 284

Varlable Odds Ratio, ‘ 9%
Point Estimate Confdence
(7,7%) invasive candidiasis

Intecval
Center candidiasis

Gandidiasis Among Infants in 12 NICUs, 1998 -2001
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Age at first enteral feed
=2 doses surfactant
PDA no surgery vs no POA
POA sumery v nd PDA
SGA status

Cotton et al. Pediatrics 2008
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Assoclation between prolonged duration of

Initial empirical antibiotics and NEC
5639 ELBWI 19 centers NICHD, sterile cultures

Prolonged duration of initial empirical antibiotic treatment (=5d)
associated with 30% increased rates of NEC and death

Each empirical treatment day associated with 4% increased odds of
NEC/death after adjustment for GA, APGAR and race

TABLES Multivariate Logistic Regression Analysis of Antibiotic Duration and NEC or Death

Outcome Duration of Initial Emplrical Prolonged Inital Empirical
Antiblotic Treatment Anliblotic Treatment
(Odds per Day)
OR(95% Q) P OR (95% Q) p

NEC or death (total N = 3833 wath 1:04(1.02-1.06) <0l 1320(1.10-154) <0\

outcome,n = 834) ‘ :
NEC (total, N = 3899; with outcome, 107 (1.04-1.10) < 00) 121(0S8-151) 03

n = A4A2]) -
Death (total N = 3882; with oulcome, 1.16(108-124) < 00) 146(1.19-1.78) < 00\

n=153])
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ASSOe]

ASS( ationbetweenp
Initial

1 [ rolonged duration of
€mpirical antibj

otics and BPD

IB(I.GS-HS) 173(151-1.%] 130 (1171 8¢

1.13 (1.09-1.15) 1.13 (1.09-1.18) li\ (u 05-1 \T))

LA VAR raxra s 2 (YFETS)
171 (|.32_-23J) 1.93 (1.45-287) 136 (104 1)
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1.77 (1.58-2.05) 1.8 (1.34.229) 1.30 (0.93-2.04)
1.14 (0.85-1.63) 114 (062-1.81) 1.1 (058-2.10)
1.91 (1.54.2.31) 211 (1.25-289) 176 (1.32.2.18)
1.16 (1.04-1.33) 115 (1.08-1.27) 110 (1.03-154)
LIE(108-3 11 185 (087-2 60 1 £8 (0924 5Y)
1.44 (1.35-152) 135 (127-1.45) 14 (122-17)
1.06 (1.04-1.08) 1.07 (1.05-1.10) 111 (1.05-1.16)
Lod (Lel= i .50) 130 (1LUS-L.30)

Surfactnt doses 234 (1.85-29%) i
—
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Antibiotics in early infanc v and adverse
long-term oute ome
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>12.000 healthy infants, antibioticexposure before 6 months of
age or repeatedly during infancy was associated with increased

body mass in healthy children.

Sazri et al. Pediarics 2015
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Antibiotics in carly infancy and Asthma

birth cohort study Tokyo
orns 2003-2005

dren received antibiotic

Prospectlve
1550 newb
48% of chil

200
2.16
LSS

2.75
4353

(1R
3.20 23
097 200 5
Current atopic eczema
' All antdiotics

005
={\7.1
1.03 1.95 140 101 ( 04
Pervalain 083 243 1A\
Cephem 098 2.04
Acrrlida

(7] -
137 094 ( A
- 109 270 188 107 0\
Current rhinitis
All antibiotics 118 2.80

007 165 105 03 (Y5

Ul3 |4 410 Uos Uld
Cephem 119 298 007 182 112 015 on
Macrolide [ 110 152 020 150 m
*Adjusted for maternal history of allergy-(asthma, atopic dermatitis, or alle
maternal smoking during pregnancy, mode ol delivery, gestational age at

rRic rhinitis). matemal education level maternal 3ge Atpregnancy, maternal body mass index,
delivery, previous live births, Adaycare, bronehitis, a

nd sex-of the child,
Yamamato-tlanada
MEDICAL UNIVERSITY
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Ann Allergy Asthma Immunol 2017




Selecting Empiric Therapy

Promt treatment reduces mortality of early neonatal sepsis =
start early already at sepsis suspicion (e.g. ampicillin or PenG

plus gentamicin), stop after 48hrs if cultures and laboratory
Parameters remain negative

Know blood-culture isolates of your ward in order to establish

an empirical regimen for nosocomial sepsis (e.g. vancomycin or
oxacillin plus gentamicin)

agents with overlapping spectrum of activity (no
of increased efficacy, potential of increased toxicity)

= Avoid using 3rd generation cephalosporins in the NICU

O not use carbapenems empirically

MEPICAL UNIVERSITY

OF VIENNA




Re-evaluatmg Antibiotic Regimen

Evaluate daily whether antibiotics are stil| necessary (>97% of

blood cultures with clinically meaningful bacterial growth are
positive within 48hrs)

Stop antibiotics in case of negative cultures and stable
patient by 48hrs

Limit perioperative prophylaxis to maximum of 48hrs after
surgery (max 72hrs after cardiac surgery)

Switch to antibiotic with narrower spectrum if possible
Do not treat positive cultures from non-sterile body sites
(e.g. tracheal aspirates) when clinical course is not

suggestive of infection

Patel and Saiman, Semin Pennat

MEDICAL UNIVERSITY
OF VIENNA




Utilize local epidemiology data

Avoid therapy with over|

apping
activity

Give the right dose and interval
of drug

Review culture results and adjust
antibiotics - narrow antibiotic
coverage promptly

Stop therapy if indicated by
culture results

MEDICAL UNIVERSITY
OF VIENNA

E)galnples of how to translate thege
principles into Specific act

10N

Avoid using meropenem for
suspected LOS if rates of MDR

gram-negative organisms is low

Do not simultaneous\y use
pPip/taz or meropenem with
metronidazole to treat NEC

Target vancomycin trough levels
at 15-20mg/L to treat MRSA
pneumonia

MSSA - switch from vancomycin
to flucloxacillin or oxacillin

Discontinue vancomycin when
gram-neg bacilli are isolated

Discontinue antibiotics after
48hrs if blood culture is negative

and ongoing infection is not
suspected

Parel and Saiman, Semin Perinatwol 2012




Therapeutic

=

% Cmax* """"

g

S Minimal

S R — — — — —— ——— =~ — MEC |nhibitory
Concentration
(MIC)
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Aminoglycosides:

Single daily (extended time interval)
effective and less toxic

NEONATUS

718




Aminoglycosides

Peak/MIC




Aminoglycosides:

One characteristic of

pharmacodynamicsis the post-
antibiotic effect (PAE):

—> the delayed regrowth of
bacteria following exposure to an
antibiotic.

NEONATUS
20)8
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7
Take home messages

Days on antibiotics are associated with increased risk of NEC.

BPD, death and potentialadverse long-term outcomes of
preterm infants

* Antibiotic stewardship interventions are particularly important
for NICU patients

+ Always take blood-cultures (ideally min 1ml) before starting
antibiotics

* Use local epidemiology to guide the selection of empiric therap

* Develop local antibiotic policies to guide rational empirical
treatment and to restrict broad-spectrum antibiotics

+ Do not use empiric 3rd gen cephalosporin or penem - use
aminoglycoside-based empirical regimens

MEDICAL UNIVERSITY
OF VIENNA




Take home messages

.....

Do not treat colonisation

Do not use prophylactic antibiotics in case of ventilation,
chest tube, i.v. line, ......

Limit perioperative prophylaxis to maximum of 48hrs after
surgery (max 72hrs after cardiac surgery)

Trust your microbiology - rely on blood culture results and
adapt the empirical regimen when appropriate

Stop antibiotics if cultures remain negative and child is
clinically well after 48hrs

Try your best to prevent infections by reinforcing infection
control - HAND HYGIENE HAND HYGIENE HAND HYGIENE

MEDICAL UNIVERSITY

OF VIENNA



% ‘ﬁln“
f‘ml W

w" N
L"W’ W mw

.}: ”UL‘M., '.

b m\wx

i
W AR N
VAR WA

AR

%
s\\




a . ’ \ N
3
- )

o

- o . - -l
< — S, ¥
N o - .YOJAW&&.'..I”I i







IThy ITorry about Healtheare-, Issociate
(4\1017@))/1\'[07'[6111'ly/Q\[ental deﬁczency)

dInfections?

HAIs are common events in the NICU



Verse A\ ‘eurodeve

lopmental Qutcome in ELBW Infants with Infe

ctions

MDJ < 70 1.3(Cr11.1,1.5) 13y 1.L16) 1.6(CI1222)
PDI < 70 1.5(CI 1.3,2.0) 1.5 (C112,1.9) 2.4 (117,34
@p

I3(Cr1016 14(rL118
Microcephaly 1.3 (CT (1.1,1.6)

~~~~~

1.5(C11.2,1.7) 2.0(cI 1.5, 2.6)

S7 7 e , n 2% 2o
Stoll et al JAMA 292: 2357, 2004 (n=6093, 18month follow-up)




Pathogens ('

ausing Central Line Infections (Yale 1989-2013)

1989-2003 2004-2009 2010-2013
Staphylococcus—coagulase negative

29% 21% 3%
Staphylococcus aureus 8% 13% 21%
Enterococcus/Group D Streptococcus 9% 13% 5%
Gram negative enterics 26% 23% 51%
Fungi 8% 6% 3%









Strength of Evidence & Indications for
Handwashing and Hand Antise pSis

* Brushes are no longer recommended (IB)

* Do not use artificial nails or extenders (14)

* Keep natural nails short (no dark nail polishes): clear nail polish is
acceptable

World Health Organization Infection control & Hospital Epidemiology 30: July 2009
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Mothers own
milk (MOWM)

| Donor breast
milk (DBM)

CM based
“products™:
- formulas

- fortifiers

“hiological”

manufactured




Meta-an
€nce from

of global
RCTs of NEC in
Osed to Ciy

n=1600
P<0.00001

6 RCTs; n = 111
Cristofalo (2013)
Lucas (1983)
Lucas (1 984)
Narayanan (1984)
OptiVioM (2018)
Sullivan (2010)

P=0.009 |

| |
= { 1 | 1}

0 %1 1 ‘G\O
Favo.urs CM Favours EH

e ——————

risk ratig o g
103

NEC _
7 RCTS, n=

Crlstofalo (201 3)
ross (1983
Lucas 1334
ucas 4
Opti_MoM 2018)
Sullivan 010)
Tyson (1983)

5 (LUCaS, Unpub.)

P=0.0005

— ; — .
0.01 01 1 10 100
Favours CM Favours EHM




lower NEC incidence

baseline EHM

Christiana 6% 0.8%
Indiana 3.40/0 1%

Even in low NEC units major fa“
in NEC with CM exclusion

Earliey RCTs
seldom

record

death — the
few data
show no

clear effect

(n= 4000:

8 quasi-e

Xperimental studies
<1250q) eXamine NEC
& after excluding Cm:

before

| 3x NEC rate |
# | with CM in
diet

Baseline NEC rate: 3.4% - 20% |







Meta-an

e ———

Proven sepsis —

e

risk ratio 14
6 RCTs: n = 1113 (Lucas unpub.)
_ alysis of globa| Cristofalo 2013
€Vidence from RCTs of NEC in, All RGBS ( S —— [
those €Xposed to ¢ risk ratio 2 L= 2779) i
-3 (random effect Model)
A T - Assadq 2014 —a—
AN = Colacci 2017
Hair 2016
anzoni 2013 e —_— S
OptiMolv 2018 . " 0
Sullivan 2010 1 1
Favours EHM
P=0.009 D g
9 0.1 1 10 100 .
D'OF'Iavours CM Favours EHM B
NEC _ risk ratio 2.8
7_RCTS; N =1035 (Lucas, unpub.)
Earlier ReTe E?gtgggg‘im’

Seldom pition 1o

record ;‘;'523?158031)0’
death — the

few data Sl o 1 10 100
show no Favours CM Favours EHM

clear effect
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Proven Sepsis — rigk ratio 1.4
6 RCTs: = 1113 (Lucas unpub.)

Crlstofalo 2013

e~

Meta- "Ahalysis of global
evidence from RCTs of NEC in
those €Xposed to ¢

N2

All ROp (n
risk ratio 2 3 (random
Assag 2014

Colaccij 2017
Hair 201¢

anzoni 2013
OptiMolv 2018
Sullivan 2010

277
effect Model)

10
avours EHM

Colaccj 2017

Crlstofalo 2013
Hair 201¢
OptiMoM 2013
Sullivan 2010
random effect s
1 1
0Favours CM Favours \T:HM

100
Favours CM Favours EHM
clear effect
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Olerance With C
dher duration of
dzardous PN

1. PN solutions
Minated With aluminum

? adverse affect on brain &
bones as in dialysis patients

conta




One MDJ Point lost for

€ach day of standard PN
in the Nicy

‘||Standard PN: reduced
lumbar Spine & hip
bone mass

Risk factors for later
osteoporosis / hip fracture




2. Parenterg] lipid dose-re\a‘ted to

arteria] Stiffness at 25-28y follow-

Up predictive of Vascular events

=15 yr fol\ow-up

bone mass

actors for later
osis / hip fracture




Numerous Studies |ink
Psis to adverse
ent

NEC/ se
Neu Fo-developm

However few
adjust for
confounding
factors

times more likely
to develop CP (P=0.003) and

those with sepsis 2.2 times
more likely (p=0.04)




CM exposed

EHM

lower Cognitive
SCores

Smaller brain
(MRI)

Less white
matter/myelin in
brain — basis of

connectivity













A Modern trend in Preterm
mfant feedmg

Supported by recommendations
(e.g. ESPHAN, AAP) to use DBM
if MOM insufficient




V. |
Need Comparative RCTs with HMDE

Few data On smaller neonates

Hydrolysed protein unphysiological

Recent meta-
analysis of 11
RCTs of
hydrolysed vy
intact protein
formulas — no
effect on NEC

&

THE COCHRANE
COLLABORATION®

Ng, Klassen, Embleton, McGuire

2019
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Controls

mean

Cystatin C, mg/L

eGFR. mL/min/1.73 m?
Mean SBP, mm Hg
Mean DBP, mm Hg
SBP, pc

DBP, pc
Absolute left kidney length, cm

Relative left kidney length
Absolute right kidney length, cm
Relative right kidney length

0.847
111.89
107.2
66.3
50.5
64.8
9.009
0.96
9.007

0.97
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Liisa Lehtonen, MD, Professor and Anna

Students Pilvi Hongisto, Emma Kainiemi

Statisticians Eliisa Loyttyniemi, Terhi Kolari, Tiina Hautajirvi

UNIVERSITY
’@: OF TURKU

Axelin, RN, Associate Professor




Objectives: To describe infant-
quality of FCC from the persp
11 European NICUs,

Methods: A Prospective survey was conducted in Finland,
Sweden, Norway, Estonia, Spain and Italy

Parent physical closeness and the
ectives of mothers and fathers in

a S, Axelin oome m L
AT irosso R, Normann E, Hallberg B, Ewald U & Lehtonen -
R Caballero S, Silness landberg B, Mont , ' el
P e l; Il‘1ce 'and Parel;t—lnfant Closeness in 11 NICUs In 6 European Countries. Acta P=diatrica 2017;106:87
arents’ Prese

andbe I H, Toom M, Hallberg B,
onen L, Silnes Tan lero S, Varendi H, Toome L, Nordhov M,
Raiskila S, Leh | g B, Normann E, Ewald U, Cabal ) ! e
S tWe I-u' g &i\xelln ArParent and Nurse Perceptions on the Quality of Famlly-Centered Ca

tr ),
Montirosso R, Westrup

e < . -209
NICUs. Austr Critical Care 2016;29(4):201-2 NVERRT
OF TURKU

NS
e



o Liisa Lehtonen

The 2nd International Closeness Survey:
= ”_11.6’ur-1;ts have Completet¥data co

o

llection

¥ oty e, % &
S » »
v -
2 ‘(\‘\' e
) ,

A total of 5976 diary days

74 days without diary excluded
497 infants

Older siblings in 46% of famijlies
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City
Madrid
Drammen
Bergen
Turku

Tallinn

Tartu

ARRETT

Uppsala

2013
1.48
3.90
2.47
2.20
1.05
0.31
8.86
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Knacudikauia sigaineHo

3a/1eXKHO Bia CTyneHA cenapauii 6aTbKiB i3 AUTUHOIO

MosHa cenapauin

Cenapauis 3 MOMEHTY HapOAXeHHSA, baTtbKu - BigBiayBaui
6aTbku BigBigyoTh ANTUHU Yy BITH 3

TPUBANICTIO Bi3UTIB — Ki/ibKa roguH Ha
AEHb, YyMOBU aNnA nepebyBaHHA 6aTbKiB Y
BITH - miHimanbHi

YacTta cenapauiq

Cenapauia 3 MOMEHTY HapOAXKEHHH, MepcoHan-3anexHi 6aTbkn
H6aTbKM MOXKYTb NepebyBaTu y BiaaiNEHHI

— NPOTArOM AHA, € NeBHi YMOBU A4

nepebysaHHA 6aTbKiB y BITH

BigcyTHA cenapauin

baTbKn nepebyBatoTb i3 AUTUHOIO Bif BATbKU
HAPOAMKEHHA | 40 BUMUCKMK, XOPOLLi YMOBM
Ana nepebyBaHHA 6aTbKiB
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% Tomas, Szczapa

25:46

trends vs gestationg|
of Wielkopo|ska

Changes in SUrvival rate
dge in the region

100%
90% -
80%
70%
60% -
50%
40% -
30%
20% +
10%
0%

—2003 MOSAIC
—2011/12 EPICE

» | 31
22 23 24 25 26 27 28 29 30

Gadrinowakd | MOSAIC/ (RCE
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The Sahlgrermka Center for
Pediatric > Ophthalmolog gy Research

Preventative strategies and up-to date treatment

of Retinopathy of Prematurity
Ann Hellstrém, MD, PhD

Dep of Ophthalmology, Institute of Neuroscience and
Physiology, Sahlgrenska Academy, Gothenburg Umversﬁy

XXXIV WYBORCZE SYMPOZ|UM

Polsklego Towarzystwa Neonato\ogmmego |

o | =L
sHisl 1 kA W i hﬂn -

Poznan. 7-9 listopada 2019 roku




The_Sah_lgrenska Center for #5) UNIVERSITY OF
Pediatric Ophthalmolog o i

GOTHENBURG
y Research

Increased incidence of severe ROP 2008-2017

Clinical science

New modifications of Swedish ROP guidelines based
on 10-year data from the SWEDROP register

Gerd Holmstrom @' Ann Hellstrém 2 Lotta Granse,

* Marie Saric," Birgitta Sunnqist,®
Agneta Wallin,® Kristina Torngvist,? Eva Larsson ® '

The incidence of ROP did not change during the
study period, while there was a significant increase
in the frequency of treatment (p=0.023)

Holmstrém G et al BJO Nov 2019




Retinopathy of prematurity a biomarker for
brain development
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ROP natural history - GA <31 weeks at birth

Screened ROP1 &2
100% 25%

No ROP or
regression
93%

Holmstrém G et al BJO Nov 2019
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- Momentary risk of needing ROP treatment
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Pivodic A et al, JAMA Ophthalmol Nov 7 2019
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14.76% risk for ROP requiring treatment

Cl1232% - 17 43%

FUNDED BY

Tt och Hlize
C%Z/p}, bergsO FORENINGEN DE BLINDAS VANNER

5%
( fa/((’ Se




The Sahlgrenska Center for
Pediatric Ophthalmology Rese

2 fold increase of ROP treatment in western Sweden
after increased Sp0, targets (91-95%)

Sp0, targets 88-92% ’ \
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= No ROP treatment
ROP treatment
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Prevent low platelet counts to prevent ROP

No ROP treatment

ROP treatment
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Postmenstrual age week
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Maternal breastmilk intake
prevents severe ROP
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Conclusion: Any amount of HMI is strongly associated with the protection
from All ROP and Severe ROP.

State-of-the-Art
Journal of Peninatology (2016€) 36, 913-920; doi 10.1038/jp.2016.98; published online 14 July 2016
Systematic review and meta-analysis of human milk

intake and retinopathy of prematurity: a significant
update

S K Bharwani*, B F Green?, ) C Pezzullo?, S S Bharwani?, S S Bharwani® and
R Dhanireddy*
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ROP treatment — Propranolol

“Limited evidence of low-to-moderate quality suggests that
prophylactic administration of oral beta-blockers might
progression towards stage 3 ROP....

Trials should report on long-term visual Impairment. Researchers
should consider dose-finding studies of systemic beta-blockers and
topical administration of beta-blockers, in order to optimise drug
delivery and minimise adverse events.”

reduce

Kaempfen S et al, Cochrane Database Syst Rev. 2018 Mar.
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BMJ) Open Oral propranolol for prevention of
threshold retinopathy of prematurity
(ROPROP): protocol of a randomised

controlled trial

Christoph Bhrer,' Omer Erdeve,? Dirk Bassler,® Benjamin Bar-Oz*

Treatment with 1.6mg/kg/day propranolol, 4-10 weeks
Inclusion (n=718):

- GA <28 weeks at birth

- ROP stages 1-2

Primary aim: reducing stage 3 ROP by 50%
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Anti-VEGF treatment

Mintz-Hittner N Engl ) Med 2011

Bevacizumab contains a fraction that actively
transports anti-VEGF to the blood stream

that cannot penetrate the intact retina or
escape the eye except in very small
amounts, as shown in animal models”
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Treatment
- Anti-VEGF (Avastin, Lucentis and Eylea?)

Reduced visual field sensitivity (degree?)

Myopia
Systemic treatment (-)
No General Anesthesia (+)

Late recurrence 30% (-)
Longterm outcome
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Parentg| Participation in Infant care

activities usyal|
— feeding
— diaper change
— bathing

— physiotherapeutic and logopedic excercises (after
Instructions from therapist)

— for babies requiring chronic care:
* Gl tube insertion

* tracheostomy care and suctioning, gastrostomy care

* handling of pulseoximeters, home ventilators, oxygen
concentrations etc,

— parents of “high risk” babies receive additional training eg. CP

Y performed by parents:
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