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Premature infants & Health Care
Dollars - 2013

» Estimated expenditures: First Year

- Employer Sponsored Health Plans: $6 billion to
$14 billion

«$78,000 per preterm infant @ the high end.

Grosse SD, Waitzman NJ, Yang N, et al. Employer Sponsored
Plan Expenditures for Infants Born Preterm. Pediatrics.
2017;140(4):e20171078
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Nosocomial Infection (HAC)

- Huge burden of morbidity and mortality

- Causes
* Antibiotic Overuse
* Formula Feeding
» Use of H2 Blockers
* Poor Central Catheter Care
* Handwashing

Manzoni P, De Luca D, Stronati M, et al. Prevention of
nosocomial infections in neonatal intensive care units.
Am J Perinatol. 2013;30(2):81-8
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Antibiotic Overuse
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Bacterial Resistance

* Multiple etiologies

- Acquisition of enzymes that alter antibiotic structure and
function (e.g., B-lactamases);

- Mutations in bacterial targets such as penicillin-binding
proteins,

- Changes in efflux pumps: allow removal of antibiotics from
bacteria or decreased entry sites (porins) which prevent
antibiotics from entering bacteria.
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Bacterial Resistance

* Mechanisms
- Underdosing
- Use of specific antibiotics (i.e., 3@ generation cephalosporin)

» Cephalosporin use also associated with increased
candida infection*, NEC”* & mortality*

- Overuse/prolonged use

*Pediatrics. 2010 Oct;126(4):e865-73; APediatrics. 2009
Jan;123(1):58-66.
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Antibiotic Overuse

» Bacterial Interference: The More Different Species
of Bacteria = Less Risk of Infection

- S. pneumoniae produces NanA — strips sialic acid from
LPS of H influenzae & N. meningitidis (destroys biofilm
capacity)

- H influenzae may promote local inflammation — recruits
neutrophils that selectively eliminate S. pneumoniae

N

Pediatrics Texas Children’s Hospital Bayior College o Medicine



Antibiotic Overuse

* Translocation of bacteria from the Gl tract 2° to
changes in the intestinal microbiome.

- Early postnatal as well as prenatal antibiotic exposure for
GBS prophylaxis: Associated with alterations of the
microbiome

- Shorter courses of antibiotics (1-3 days vs. 5—7 days)

* Associated with suppression and alteration of the microbiome
for several weeks
* Recovery occurred after the third postnatal week.

* The CDC estimates that nearly 50% of antibiotics are
unnecessary or suboptimally effective as prescribed

N

Pediatrics Texas Children’s Hospital Bayior College o Medicine



Antibiotic Overuse

* > 5 days of antibiotics associated with increased
incidence of LOS, NEC & death®

- ~7% increase in the odds of developing NEC for each
additional day of empiric antibiotics beyond 5 days”

*Kuppala VS, Meinzen-Derr J, Morrow, AL, et al. ACotten CM, Taylor S, Stoll B, et al. Prolonged duration of initial

Prevention of nosocomial infections in neonatal empirical antibiotic treatment is associated with increased

intensive care units. J Pediatr. 2011; 159(5): 720-725. rates of necrotizing enterocolitis and death for extremely low
birth weight infants. Pediatrics. 2009;123(1):58—66.
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Antibiotic Overuse

* Antibiotic Stewardship

- Who to treat: Maternal chorioamnionitis
* On line “risk tool” for EOS: >34 weeks’ gestation

Reduced number of patients treated (99.7% to
2.5%)"

Missed asymptomatic infants with positive blood
culture

*Money N, Newman J, Demissie S, et al. Anti-microbial stewardship:
antibiotic use in well-appearing term neonates born to mothers with
chorioamnionitis. J Perinatol. 2017;37:1304-9
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Antibiotic Overuse

* Antibiotic Stewardship
- How long to treat: DUE

« EOS: if patient is not symptomatic of infection < 48
hours™

 LOS: no recommendations

Use of an algorithm to reduce antibiotic use to <48
hours has been successful

Questionable duration when treating NEC

- Avoid overly broad spectrum antibiotics (e.g., 3" generation
cephalosporin)

*Benitz WE, Wynn JL, Polin RA. Reappraisal of guidelines for management
of neonates with suspected early-onset sepsis. J Pediatr. 2015 Apr;
166(4):1070-4.
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Antibiotic Stewardship

* Methodology:
- Prescriber audit and feedback

- Preauthorization and formulary restriction of selected
antibiotics

- Education and computerized decision support.

- Metrics to evaluate antimicrobial stewardship programs
iInclude
* Measurements of patient safety and quality:
Rates of adverse drug events,
Appropriate dosing and timing of perioperative prophylaxis.
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igure 8—2. Late-onset Sepsis in Newborn Center Patients, Level 2 and 3

Called to evaluate
= 72-h-old infant with
possible sepsis

No*

OFF algorithm

Yes

(=]}
symptoms and pt Ye§:
at risk
for NEC ~

Follow NEC
algorithm, which
should include
workup for sepsis

No

High index of
suspicion for sepsis #

CBC w/diff, blood culture x 2 (central and periph-
eral, = 1 mifbottle preferred but at least 0.5 mif
bottle, LP

For infants > 1 kg and those susceptible to GU
infection, check cath urine culture ** ; for infants
= 1 kg consider suprapubic tap

Start antibiotics (usually Vanc/Gent unless indi-
cated othernwise by history)

Obtain CRP 18—-22 hrs after
initial antibiotic order

AFTER 24-hr evaluate:
1. CRP

2. Culture

3. Pt status

Pt clinically ill OR cultures

No, vague*symptoms >

Monitor clinical status, VS, urine
output

V

Change in clinical
status suggestive of
sepsis

Continue antibiotics another 24 hr

+>

<y

CRP = 1 mgsfdL ~

vy

Discontinue vanc and gent

If blood culture positive provide appropriate abx
Ccoverage

Check gent peak and trough with 3rd dose

If one of two blood cultures positive (+) for
CONS, clinical picture inconsistent with infec-
tion, and CRP < 1, (+) culture may be contami-
nant. Consider DC abx. A repeat CRP < 1 may
provide additional reassurance

Document decisionfreason in chart.
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Discontinue gent, continue vanc
another 24 hr

v

- Closely monitor clinical status,
Vs

- Monitor cultures

- Consider repeat CRP at ~44 hrs

Culture (+) at
48 hr

KEY

~ bilious emesis. abdominal
distention, absent/hypoactive
bowel sounds, abdominal
discoloration, bloody stools

# high index of suspicion for
sepsis {(clinical correlation
neaeded): central line, poor
nutritional status, < 32 wks
PrA, conditions w/ | host
immune defenses (disruption
of skin integrity, autocimmune

disease HIWV), lethargy, T O
or vent support, significant
worsening of central apnea,
signs of localized infection,
abnormal glucose homeosta-
tis, hypotension

wvague sfsx include: temp in-
stability, feeding intolerance,
mild t in apnea/bradycardia
episodes but consistent with
prematurity

> GSU risk factors: suspected
fungal infection, known renal
anomalies, history of > 1 epi-
sode of Gram (-) bacteremia
wifo an identified source

~ CRP may be false (-) in
case of leukopenia

Discontinue abx unless
c cal suspicion for
sepsis remains. If abx
continued, document

reason in chart
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Feeding
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Relationship between mode of
delivery and microbiome

» Cesarean section: Colonized by organisms in the
environment

» Vaginal: Colonized by maternal organisms
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Feeding and the Microbiome

* Breast Milk

- Human milk oligosaccharides
* Directly interact with the surface of pathogenic bacteria,

* Inhibit the binding of pathogens and toxins to host cell
receptors

- Secretory IgA confers a protective effect against pathogens

- Non-digestible carbohydrates ferment in the colon and
promote further growth of probiotic Bifidobacterium and
Bacteroides species

- Lower gaSt”C pH Gritz EC, Bhandari V. The Human Neonatal Gut Microbiome:
A Brief Review. Front Pediatr. 2015; 3: 17.
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Feeding and the Microbiome

* Differing microbiota

Major differences in neonatal gut colonization by type of
feeding.

Breast fed Formula fed

Bifidobacteria Bifidobacteria species

Enterobacteria species Escherichia coli
Clostridium difficile
Bacteroides species
Prevotella species
Lactobacillus species

Texas Children’s Hospital™  sayior ¢
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Type of Feeding and NEC

Study Relative risk (25% Cl)

Gross'? 0.21 (0.02 to 1.93)
Lucas and Cole® 0.23 (0.03 to 2.00)

Svenningsen et al'® Not estimable
0.39 (0.01 to 9.41)

0.25 (0.06 to 0.98) .

I I I
0.001 0.02 50 1000

Favours Favours
human mi a mi

 Donor breast milk vs. formula & confirmed NEC

McGuire W, Anthony MY. Donor human milk versus formula for preventing necrotising enterocolitis in preterm infants:
systematic review. Archives of Disease in Childhood - Fetal and Neonatal Edition 2003;88:F11-F14
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Formula milk Donor breast milk Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDEF

1.25.1 Term formula wversus unfortified DEM
Gross 1983 3 26 41 26%  473[0452 43.09] @222 27
Subtotal (95% CI) 26 41 5%  4.73[0.52, 43.09] e ———

Total events 3
Heterogeneity: Mot applicable

Testfor overall effect. Z2=1.238 P =0.17)

1.25.2 Preterm formula versus unfortified DEM

Tyson 1983 1 44 2483011, 60.39]
Lucas 14984h al 173 246 [0.48, 12.49]
Lucas 14984a 4 TE 4 37 [0.60, 38.23]
Subtotal (95% CI) 293 0 2.99 [0.90, 9.87]
Total events 10 3

Heterogeneity: Chif=0.18,df =2 (FP=091), F=0%

Testfor overall effect. Z=1.80 (P = 0.07)

1.25.3 Preterm formula versus fortified DBEM

Schanler 2005 10 a8 1.77 [0.63, 4.958]
Cristofalo 2013 a 24 B.04 [0.76, 48.25]
Corpeleijn 2016 17 190 0.96 [0.581,1.83]
'Cannor 2016 12 182 398 [1.14, 13.86]
Subtotal (95% CI) 484 ¥ 1.64 [1.03, 2.61]
Total events 44 26

Heterogeneity: Chif=612, df =3 (F=011), F=9591%

Testfor averall effect: £2= 2.09 {P = 0.04)

Total (95% CI) 803 802 100.0% 1.87 [1.23, 2.85] L
Total events a7 20

Heterogeneity: Chif=817, dfi =T (P=032), F=14%

Testfor overall effect; £= 2.92 (P = 0.004)

Testfor subgroup differences: Chif=1.487, df= 2 (FP=046), F=0%
Risk ofbias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias) InCidence Of NEC
(C) Blinding (performance bias and detection bias)

D) Incomplete outcome data (attrition bias)

(E) Selective reporting (reporting bias)

(F) Other bias

0.0z 01 10 a0
Favours formula milk Favours breast milk

Quigley M, Embleton ND, McGuire W. Formula versus donor breast milk for feeding preterm or low birth weight infants.
Cochrane Database of Systematic Reviews 2018, Issue 6. Art. No.: CD002971. DOI: 10.1002/14651858.CD002971.pub4
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Type of feeding and NEC

e Estimated number needed to treat with breast milk
to prevent 1 case of NEC: 10

Sullivan S, Schanler RJ, Kim JH et al. An exclusively human milk-based diet is associated with a lo wer rate of necrotizing
enterocolitis than a diet of human milk and bovine milk-based products. J Pediatr.2010;156(4):562-567.
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H2 Blockers
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Infection & H2 Blockers

« Two Observational Studies

1. National Institute of Child Health and Human Development
Neonatal Research Network™:

« BW: 401 — 1500 gms
« Case-control methodology
* 11,072 Infants

 H2-blocker use was associated with an increased
incidence of NEC (odds ratio [OR]: 1.71; 95% confidence
interval [CI]: 1.34-2.19; P < .0001

Guillet R et al. Association of H2-blocker therapy and higher incidence of necrotizing enterocolitis in very low birth
weight infants. Pediatrics. 2006;117(2):e137-42
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Infection & H2 Blockers

 Two Observational Studies

2. Multicenter, observational study
 BW: 401 — 1500 gms or GA between 24 & 32 weeks
» Rates of infectious diseases, NEC, and death
« 274 VLBW infants: 91 received ranitidine and 183 had
not

» Results:
Increased rate of infection (odds ratio 5.5, 95%
confidence interval 2.9-10.4, P < .001); 6.6 fold increase in

NEC
Increased mortality x 6

Terrin G et al. Ranitidine is associated with infections, necrotizing enterocolitis, and fatal outcome in newborns.
Pediatrics. 2012;129(1):e40-5.

Texas Children’s Hospital'  Bayior Coliege of Medicine
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CLABSI

(Central Line Associated Bloodstream Infection)
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CLABSI Impact

* CDC Estimate: 2002, ~250,000 CLABSI in US
hospitals

-> 30,000 deaths

 Risk Factors (Neonatal)
- Catheter hub and exit site colonization
- ELBW (< 1000 q)
- Duration of parenteral nutrition (Dwell time)*
- Catheter insertion after first week of life

*Milstone AM et al. Catheter dwell time and CLABSIs in neonates with PICCs: a multicenter cohort study.
Pediatrics. 2013;132(6):e1609-15.
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Dwell Time

» Retrospective cohort study of 13 327 infants with
15 567 catheters (93% peripherally inserted central
catheters [PICCs], 7% tunneled catheters) and
256 088 catheter days cared for in 141 NICUs.

- incidence of CLABSI was 0.93 per 1000 catheter days.

- No relationship to dwell time for PICC.

Rachel G. Greenberg et al. Effect of Catheter Dwell Time on Risk of Central Line—Associated Bloodstream
Infection in Infants. Pediatrics. 2015 Dec; 136(6): 1080-1086.
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Central Line Care Bundles

« 2008, all 18 regional referral NICUs in New York
state
~ Prospective cohort study

-~ Pre-intervention (January to December 2007) versus
the post-intervention (March to December 2009)

- Each study period: >55,000 central-line days and
>200,000 patient-days

Schulman J et al. Statewide NICU central-line-associated bloodstream infection rates decline after
bundles and checklists. Pediatrics. 2011 Mar;127(3):436-44.
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Central Line Care Bundles

* Results
- 40% decrease over all (RR: 0.60 [95% CI: 0.48-0.75];
P <.0005
- Use of Check-lists with the Bundles improved
outcome

Large interfacility variation
incidence rate ratio: 0.044 to 2.87

Schulman J et al. Statewide NICU central-line-associated bloodstream infection rates decline after
bundles and checklists. Pediatrics. 2011 Mar;127(3):436-44.
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Central Line Bundles

Newborn Center CLABSIs

Switch to small baby
soap from large
bottles

Special Cause:
Leaking tubing
identified by RMNs

Hygiene _protocol -
_go-live. CL skill— —— 7~
Te-education to !
all staff, Cell
phone use
discouraged £

/ PICC dwell
Agime limited tof
60 days

Daily linen
changes

—

Hand hygieneﬁ_ ™~
educaiton to staff
and providers by

CLRMs

Mest concept
redesign, Stopped
using extention tubing
on critical drips

" f

S i
"~ Extention
i tubing back
P in stock

Trialed i

CleanSlate
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.02 infections per 1000 line days

Month-Year
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HANDWASHING
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Handwashing

» Soaps with no Residual Antimicrobial Activity

- lodophores: water-soluble material that releases free
lodine when in solution.

*Soaps with residual antibacterial activity
- < 3% Hexachoraphene

- 4% Chlorhexidine gluconate
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Hand Hygiene

* 60% - 70% Alcohol/water: As effective or more
effective than hand washing in normal
circumstances

-If hands are soiled, use soap and water

- Ineffective against C. difficile and other spore producing
pathogens as well as human norovirus (i.e., Norwalk virus)

https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5116al.htm
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