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Figure 2.1: Estimated distribution of causes of 3.1 million
neonatal deaths in 193 countries in 2010
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Preterm birth is a risk factor for neonatal and postneonatal deaths
At least 50% of all neonatal deaths are preterm

Source: Updated from Lawn et al., 2005, using data from 2010 published in Liu Let al., 2012.




Neonatal Sepsis

* Yenidogan olimlerinde
butlin dinyada dnemli
bir neden

 Erken tani ve hedefe
yonelik tedavi 6nemli




CDDA’li bebeklerin > %20 gec sepsis

e Kuskulu sepsis
— YYBU’lerinde en sik tanilardan biri
— Sepsisi taklit eden, sepsis riskini artiran klinik durumlar
— Saglikh goziken bir bebegi uzun sire tedavi
* Aciliyet
— Erken tani ve tedavi baslama kritik
— Tedavi gerektirmeyecek vakalari tanimak
— Baslayinca tedaviyi kesme zorlugu
— Gereksiz tedavi direncli mikroorganizmalarla enfeksiyon riskini artirir

* Anneden ayrilma, hastanede yatisin riskleri

Stoll B, Hansen N, Fanaroff A, et al. Late-onset sepsis in very low birth weight neonates: The experience of the NICHD
Neonatal Research Network. Pediatrics. 2002;110:285-291.

Clark R, Bloom B, Spitzer A, et al. Empiric use of ampicillin and cefotaxime, compared with ampicillin and gentamicin, for
neonates at risk for sepsis is associated with an increased risk of neonatal death. Pediatrics. 2006;117:67-74.



Box 6-1 Differential Diagnosis: Clinical Signs Associated With Neonatal Sepsis and Some
Noninfectious Conditions

Raspiratory Distress (Apnea, Cyanosis, Costal and Stemnal
Tachypnsa)
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sm of hypothyroidism
Neonatal drug withdrawal syndrome
Dehydration
Congenital adrenal b
Vacane reaction
Jaundics

Breast mek jaundice

Blood growp incompatibility

Red cell hemolyss, induding blood group incompatibility,
glucose£-phasphate dehydrogenase (GEPD) deficiency

Resorption of blood from dosed space hemorrhage
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hbunumdmummgm
storage disease type [V, tyrosnema, daorders of iped metabo-
mwmm&mma
{trihydroxy

mmmmﬁbu-;nlm
deficiency, bie excretory defects (Dubin-Johnson, Rotor, Byler,
Asgenaes syndrome)

Hypothyrodim
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Biliary atres
Congestive heart failure

Malignant liver tumors, nciuding hepatoblastoma, metastatic new-

roblastoma, congental leukemia
Gastrointastinal Abnormalitias (Anorexia, Regurgnation,
Vomiting, Diarrhea, Abdominal Distention)

Gastrointestnal allergy

Intestinal obstruction {intraluminal or extrinsic)

Myperubem.iorhnoakemin

Hypoglycemia :
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Gastric perforation

Neonatal drug withdrawal syndrome

Lathargy

Central nervous system disease, including hemarrhage, hypoxia, or
subdural effusicn

Neonatal drug withdrawal syndrome

Hypoglycemia

Hypercakema

Familial dyssutonoma

Seizure Activity (Tremors, Hyperactivity, Muscular Twitching)

Hypoxa 4
Intracranial h rrhage or k "
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Neonatal drug withdrawal syndrome
Hypoglycemia

Hypodcsnip

Hypo hyp =ma
Hypomagnesemia




Kardiyak

— Konjenital
* Hipoplastik sol kalp sendromu
* Diger yapisal defektler
* PPHN ( persistan pulmoner hipertansiyon)

— Kazanilmis
*  Miyokardit
* Hipovolemik veya kardiyojenik sok
* PPHN

Hematolojik
— Neonatal purpura fulminans
—  immiin mediated trombositopeni
—  immiin mediated nétropeni
— Ciddi anemi
— Malignansi ( konjenital I16semi)

— Herediter pihtilasma bozukluklari

— Nekrotizan enterokolit

—  Spontan GIS perforasyon

— Yapisal anomaliler

Metabolik

Hipoglisemi

Dogumsal metabolizma hataliklari: Organik
asidemi, laktik asidozlar, tire siklus
bozukluklar

Adrenal bozukluklar: Adrenal hemoraji,
adrenal yetmezlik, konjenital adrenal
hiperplazi

* Norolojik

intrakraniyal hemoraji: Spontan veya istismar
Hipoksik iskemik ensefalopati

Konviilziyonlar

infantil botulizm

e Solunum

Respiratuar distress sendromu
Yenidoganin gecici takipnesi

Aspirasyon pnomonisi: Amniyotik sivi,
mekonyum veya mide icerigi aspirasyonu

Akciger hipoplazisi
TrakeoOzefajial fistl




CDDA’li bebeklerin > %20 gec sepsis

e Kuskulu sepsis
— YYBU’lerinde en sik tanilardan biri
— Sepsisi taklit eden, sepsis riskini artiran klinik durumlar
— Saglikh goziken bir bebegi uzun siire tedavi
* Aciliyet
— Erken tani ve tedavi baslama kritik
— Tedavi gerektirmeyecek vakalari tanimak
— Baslayinca tedaviyi kesme zorlugu

* Gereksiz tedavi direngli mikroorganizmalarla enfeksiyon riskini artirir

* Anneden ayrilma, hastanede yatisin riskleri

Stoll B, Hansen N, Fanaroff A, et al. Late-onset sepsis in very low birth weight neonates: The experience of the NICHD
Neonatal Research Network. Pediatrics. 2002;110:285-291.

Clark R, Bloom B, Spitzer A, et al. Empiric use of ampicillin and cefotaxime, compared with ampicillin and gentamicin, for
neonates at risk for sepsis is associated with an increased risk of neonatal death. Pediatrics. 2006;117:67-74.



Riskli bebek gruplan

Siklik: 1000 canli dogumda 1-5
Term erkeklerde iki kat daha fazla
Premattire ve DDA bebeklerde 3-10 kat fazla
— Maternal genital trakt infeksiyonu prematdireligin 6nemli nedeni
— Intraamniyotik infeksiyon sikhgi fazla
— Immiun disfonksiyon daha belirgin
— Uzamis hospitalizasyon, invazif islemler, intlibasyon vs
Cogul gebelik
Maternal koriyoamniyonitis
— Intrapartum ates(>38), maternal I6kositoz( >18000/mm3), uterin hassasiyet
— Histolojik koriyoamniyonitis gebelik haftasi ile ters orantili
Konjenital immun defektler
Asplenia
Galaktozemi (E.Koli)
Malformasyonlar (obstriiktif Gropati)
Erken membran ruptiri: 18 saatten uzun
Nozokomiyal infeksiyon:

—  Tanim?
e 3 glinden sonra olusan
* Hastaneden kazanilan
— Risk gruplari

*  Prematire, LBW, invazif isler, entlibasyon, sant, deri ve miik6z membran bitlnliginde bozulma, genis spektrumlu antibiyotik
kullanimi, uzun slire hasatnede kalma



Monitoring pathophysiologic changes in sepsis

EEG encephalopathy ’

17 ,9'\\'\' S ¢ core/peripheral temperature difference

‘ )% Fever, hypothermia
|
decreased temperature variability '

OSeptic

Severe Shock
Se pSiS Severe Sepsis + Hypotension

Sepsis + End Organ Damage

Tachypnea, apnea
increased respiratory rate variability

OSepsis

SIRS + Infection

Cardiorespiratory uncoupling ’

Decreased heart rate variability
transient decelerations

“SIRS

Decreased blood pressure
decreased blood pressure variability
decreased perfusion and tissue oxygenation

Predictive monitoring for early detection of sepsis in
neonatal ICU patients.

Fairchild, Karen

Current Opinion in Pediatrics. 2013; 25(2):172-179
DOI: 10.1097/MOP.0b013e32835e8fe6

@. Wolters Kluwer ‘ OvidSP

Health
Dalgic N, Ergenekon E, Koc E, et al. NOSEP and clinical scores for nosocomial sepsis in a neonatal intensive care unit. J Trop Pediatr. 2006;52:226-227.
Griffin MP, Lake DE, Bissonette EA, et al. Heart rate characteristics: Novel physiomarkers to predict neonatal infection and death. Pediatrics. 2005; 116:
1070-1074.



Sepsis: Infeksiyonla olusan SIRS tablosu

* Yenidoganlarda SIRS
— Isi dizensizligi ( <35 veya >38.5)

— Respiratuar disfonksiyon(
hipoksemi, ARDS, gaz degisiminde
bozulma)

— Kardiyak disfonksiyon( tasikardi,
kapiller dolus zamaninda uzama,
hipotansiyon)

— Perfiizyon anormallikleri ( oligiri,
metabolik asidoz)

*Vaskiler permeabilitede artma,
kapiller kacak, pulmoner ve periferik
odem

*Multisistem organ yetmezligi ve 6lim




Ates

37.5 Uzerinde cilt isisi

Enfeksiyon disi nedenler
— Cevre IsIsI

— Kivoz ve oda isisi

— Dehidratasyon

— SSS bozukluklari

— Hipertiroidi

— Familyal disotonomi

— Ektodermal displazi

Bir saatten uzun suren ates

Hipotermi veya i1s1 dizensizligi 6zellikle
prematurelerde enfeksiyonla daha uyumlu



Monitoring pathophysiologic changes in sepsis

Hipotermi (Prematre)
Hipertermi (Termlerde)
Kalp atiminda degisiklikler
Skorlama sistemleri

EEG encephalopathy

Fever, hypothermia
core/peripheral temperature difference
decreased temperature variability

Tachypnea, apnea
- increased respiratory rate variability

Cardiorespiratory uncoupling

Decreased heart rate variability
\transient decelerations

\

\ Decreased blood pressure
decreased blood pressure variability
decreased perfusion and tissue oxygenation|

Predictive monitoring for early detection of sepsis in
) neonatal ICU patients.
- Fairchild, Karen
Current Opinion in Pediatrics. 25(2):172-179, April 2013.
DOI: 10.1097/MOP.0b013e32835e8fe6

ippincott Williams & Wilkins, Inc.

3 Wolters Kluwer

Health

Dalgic N, Ergenekon E, Koc E, et al. NOSEP and clinical scores for nosocomial sepsis in a neonatal intensive care unit. J Trop Pediatr. 2006;52:226-227.
Griffin MP, Lake DE, Bissonette EA, et al. Heart rate characteristics: Novel physiomarkers to predict neonatal infection and death. Pediatrics. 2005; 116:
1070-1074.



Klinik olarak onceden kestirmek?

Erken sepsis icin

* Intrapartum fetal tasikardi 2
* Mekonyumla boyali amniyotik sivi

<i€
‘J.

Escobar GJ, Li DK, Armstrong MA, Gardner MN, Folck BF, Verdi JE, Xiong B, Bergen R. Neonatal sepsis workups in infants>/=2000 grams at
birth: A population-based study. Pediatrics. 2000;106(2 Pt 1):256.
Soman M, Green B, Daling J. Risk factors for early neonatal sepsis. Am J Epidemiol. 1985;121(5):712

* Dusuk Apgar skoru
— 5.dakika = 6 ise 36 kat risk fazla




Klinik olarak onceden kestirmek?

Geg sepsis icin

e 48 saatten fazla hastanede e Tdm yenidoganlar igin

kalan — Letarji

— 1295 kuskulu sepsis — Solukluk/ciltte beneklenme

— 934 laboratuar olarak * DDA bebekler igin

dogrulanmis sepsis — Apne
- : — Bradikardi
— Doku perfliizyonunda bozulma

* Gucla bulgular, ancak
rehberlik edebilir

e Sinirh tanisal degeri var

Verstraete EH, Blot K, Mahieu L, Vogelaers D, Blot S. Prediction Models for Neonatal Health Care-Associated Sepsis: A Meta-analysis.
Pediatrics. 2015 Apr;135(4):e1002-e1014. Epub 2015 Mar 9



Clinical findings in neonatal sepsis

Finding Frequency®*

Hyperthermia +++
Respiratory distress +++
Tachycardia T+
Lethargy ++
Poor feeding ++
Apnea ++
Bradycardia ++
Poor perfusion / hypotension ++
Vomiting ++
Jaundice ++
Hepatomegaly ++
Cyanosis +
Hypothermia +
Irritability +
Seizures +
Abdominal distension +
Diarrhea +

* 44+ commonly associated (=50 percent of cases); ++: frequently
associated (25 to 50 percent); +: occasionally associated (<25 percent).

References:

Nizet V, Klein 10, Bacterial sepsis and meningitis. In: Infectious Diseases of
the Fetus and Newborn Infant, 7th ed, Remington J5, et af (Eds), Elsevier
Saunders, Phifadelphia 2010, p.244,

Stolf B, Hansen NI, Sanchez P1, et al. Early onset neonatal sepsis: the burden
of group B Streptococcal and E, coli disease continues. Pediatrics 2011;
127:817.




Tollner sepsis skorlama sistemi

Puan 0 1 2 3
Deri renginde yok - orta belirgin*
degisiklik ° I . .
I emmilyor
Periferik dolasim  yok - bozuk  belirgin y y
I * lyi gérinmiyor
Hipotoni yok orta belirgin y g y
Bradikardi yok var - 1,
®
e o lyi solumuyor
Respiratuar yok var -
distress
Hepatomegali — yok  >dem ) : EMR’li bebeklerde sepsis skorlamasi
GIS bulgusu yok var - - -
Lokosit sayist yok lokositoz - lokopeni Puan 0 1 2
Sola kayma yok - orta belirgin Gebelik haftasi >37 34-37 <34
Trombositopeni yok - var - APGAR skoru >7 5.7 <5
Metabolikasidoz  yok  >7.2 <72 Annede korioamnionit veya yok var
*4 puan verilir. bebekte midede lokosit
10p EMR siiresi (giin)* - 1 2

0-4 puan sepsis siiphesi yok *Riiptiir sonrast gegen her giin icin 1 puan verilir.

3 ve Uzeri sepsis



Neonatal sepsis i¢in erken uyari
skoru (NEWS)

* Eriskinlerde kullanilan erken uyari skoru
sisteminin yenidoganlarda da benzer sonucu

vermesi beklenir.

NEONATAL EARLY WARNING SCORE (NEWS)

C Flannigan?!, M Hogan?

!Paediatrics, Antrim Area Hospital, Antrim, Northern Ireland
2Neonatology, Craigavon Area Hospital, Portadown, Northern Ireland



A PILOT STUDY VALIDATING THE USE OF A NEONATAL EARLY WARNING SCORE
K. Nowlan, M. Soliman, B. Mathur, 5. Jaiswal
FPaediatrics, Frimiey Park Hospital NHS Foundation Trust, Frimley, UK

Background: A Neonatal Early Warning Score (NEWS) is currently not used consistently, and screening for
sepsis can be a subjective decision. NEWS may help to alert clinicians as to which infants are sick or at risk
of impending illness.

Aims: To demonstrate usefulness of NEWS signs and consequent actions in confirmed and suspected cases
of neonatal sepsis.

Methods: A retrospective analysis of infants with either a positive blood culture or who received antibiotics
with negative blood culture from July 2007 to June 2009. A ‘traffic light NEWS proforma was designed
based on colour coded alert signs & symptoms according to severity. Data from the NEWS proforma was
collated in Excel and analysed using simple statistical methods and percentage calculations.

Results: 15 case notes in the positive blood culture group were reviewed; 23 case notes in the antibiotic
treatment group were reviewed. This gave a total of 38 case notes.

58% infants had one or more "red alert’ signs and were transferred to SCBU

47% infants had one or more 'amber alert' signs and had a senior review
39% infants had one or more 'green alert' signs and had a review within one hour
Some of the babies had more than | alert.

Conclusions: This NEWS would have highlighted all the infants with confirmed or suspected sepsis. Given
the majority of junior trainees with relative inexperience it is helpful to have a validated proforma.

Pediatric Research (2011) 70, 701-701;d0i:10.1038/pr.2011.926



When this chart should be used

NEWS Score Action
0 Continue 1. PROM >24hrs
1 Inform doctor . - 2 Call 6000 2. Maternal GBS colonisation
- white yellow lamber 3. Paediatric concerns
= i ool b 4. Midwifery concerns
Date
Time
>
7l-8q
Respiratory 61701
Rate 51-60)
41-50)
31-40
20-30)
2
>92%
SAO; 88-91%
>38.00
Temp 37.4-38.0f
C 36.0-373
35.6-36.0
<35
220
200-21
150-199
Heart -
Rate 160-1 ,9[
14(»!59]
um.w]
100-129[
80-
<80
Al
Conscious
Level _Irritable/lethargic/ ] ]
fttery/) <
”>
Capillary 2-
Refill Time =
>2.6
BM 1625 i |
<




MNHS Trust

First Name
Hospital No.

NEWBORN EARLY WARNING | o™

OBSERVATION CHART FOR NEWBORN INFANTS | D.O.B. Affix patient label here

DATE
TIME

TEMP

RESPIRATION

[__GRUNTING

HEART RATE

FINK (>84%) | | | [ [ [

15p0y)

!

DUSKYJBLUE (<S0%)

ACTIVEMNAKES TO FEED | | 1 1 | [

JTTERYARRITASLE

NEURC FLOPPITAFF TO ROUSE.
e T T T T T T T T T T T T T T T T T T T T T T

SCORE

RESPONSE

ALL OBSERVATIONS IN WHITE

CONTINUE OBERVATIONS 4 HOURLY OR AS REQUESTED.

OMNE IN AMEER

COMTACT SHOMANNPISENIDR MIDWIFE. VERBAL MANAGEMENT PLAN OR REVIEW. REPEAT
OBSERVATIONS IN 30 MINUTES.

TWO IN AMBER OR ONE IN RED

IMMEDIATE REVIEW




Neonatal trigger skorlama ve gozlem karti.

Score
Name: 5 Neonatal
| : Trigger Score

Hospital Number: 2 ag
DOB: (NTS)
Birth Weight: Kg Gestation: /40
Date
Time
Hours From time of birth Birth 1 Hour 2 Hours | 4 Hours | 6Hours | 8 Hours | 10 Hours | 12 Hours
Temp >38.0
[§S)] 37.5-38.0

36.5-37.4

<36.0
Hecart rate
(Beats per 180-219
minute) 160-179

100-159

80-99
Respiratory | >70
Rate 51-70
(Breaths per [ 3750
minutc) 20-30
Respi y | Present
distress Absent
C i Alert / sleeping
level Irritable / lethargic /

jittery
Pre-feed Time (pre-feed
blood sugar | only)
(mmol) >6.0

20-59
() Tickif (g

<1.0
B If passed urine
If passcd meconium
Total NTS|Score
Patient Reviewed M

Total NTS Score Action
0 Continue
1 Medical review: consider partial septic screen and antibiotics
Urgent medical review: consider admission to NICU

Harriet Holme et al. Pediatrics 2013;131:e837-e842

ADC

L -]
Harriet Holme et al. Arch Dis Child 2013;98:A3-A5 I I E:DIA I RI‘ S

©2013 by American Academy of Pediatrics



HR 160 RR50

Infection
NEC

BP50  SpO2
30 95%

Temp 36 C

Early Detection

Early Risk Systems

Score HRC index (HeRO)
Other monitoring devices

Fluids,
Pressors,
Inotropes

T

Abnormal monitoring Hemodynamic

trends monitoring

Medical Team Alert Antibiotics I

Sullivan FA , Fairchild KD. Predictive monitoring for sepsis and necrotizing enterocolitis to prevent shock. Seminars in Fetal & Neonatal
Medicine (2015), http://dx.doi.org/10.1016/j.siny.2015.03.006



SYMPATHETIC NERVOUS SYSTEM PARASYMPATHETIC NERVOUS SYSTEM

Normal: HR acceleration || [ lllll L.l..L._.1 Normal: HR deceleration

Neonatal sis: Neonatal sepsis:
Decreasedﬁ% variability bdadadidid  Lul L] Decreased HR variability with

occasional large decelerations

Infection/Host d 55 Infection/Host
Response Response

= Sympathelic afferent nerves -y Vagal afferent nerves
-« Sympathetic efferent nerves e Vagal efferent nerves

Fairchild K, O’Shea TM. Heart Rate Characteristics: Physiomarkers for Detection of Late-Onset Neonatal Sepsis . Clin Perinatol 2010; 37
(3): 581-598

Copyright © 2010 Elsevier Inc.
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Abnormal Heart Rate Characteristics Preceding
Neonatal Sepsis and Sepsis-Like Illness

M. PAMELA GRIFFIN, T. MICHAEL O'SHEA, ERIC A. BISSONETTE,
FRANK E. HARRELL. JR.. DOUGLAS E. LAKE, AND J. RANDALL MOORMAN

Departments of Pediatrics [M.P.G.], Health Evaluation Sciences [EA.B., F.E H], Internal Medicine
[D.EL, JRM], and Molecular Physiology and Biological Physics [JRM.], and the Cardiovascular
[Research Center, University of Virginia Health System, Charlottesville, Virginia 22908, U.S.A.; and
Department of Pediatrics [TM.O.], Wake Forest School of Medicine,
Winston-Salem, North Carolina 27157, USA.

ABSTRACT

Late-onset neonatal sepsis is a significant cause of morbidity
and mortality, and early detection could prove beneficial. Previ-
ously. we found that abnormal heart rate characteristics (HRC) of
reduced vanability and transient decelerations occurred early in
the course of neonatal sepsis and sepsis-like illness in infants in
a single neonatal intensive care unit (NICU). We hypothesized
that this finding can be generalized to other NICUs. We prospec-
tively collected clinical data and continuously measured RR
intervals in all infants in two NICUs who stayed for =7 d. We
defined episodes of sepsis and sepsis-like illness as acute clinical
deteriorations that prompted physicians to obtain blood cultures
and start antibiotics. A predictive statistical model yielding an
HRC index was developed on a derivation cohort of 316 neo-
nates in the University of Virginia NICU and then applied to the
validation cohort of 317 neonates in the Wake Forest University
NICU. In the derivation cohort, there were 155 episodes of sepsis
and sepsis-like illness in 101 infants. and in the validation cohort.
there were 118 episodes in 93 infants. In the validation cohort,
the HRC index /) showed highly significant association with

impending sepsis and sepsis-like illness (receiver operator char-
acteristic area 0.75. p < 0.001) and 2) added significantly to the
demographic information of birth weight. gestational age. and
days of postnatal age in predicting sepsis and sepsis-like illness
(» < 0.001). Continuous HRC monitoring is a generally valid
and potentially useful noninvasive tool in the early diagnosis of
neonatal sepsis and sepsis-like illness. (Pediafr Res 53: 920-926,
2003)

Abbreviations
BW, birth weight
GA, gestational age
HRC, heart rate characteristics
HRV, heart rate variability
NICU, neonatal intensive care unit
ROC, receiver operating characteristic
SampEn, sample entropy
UVA, University of Virginia
WETU, Wake Forest University

Printed in USA
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Signs Points

Feeding intolerance (feedings held for greater than 24 2
hours) in an infant who had been tolerating advancing

[} 8 [
\ / or full feeds for three days
Severe apnea requiring positive pressure ventilation 2

50% increase in number of apneic episodes over a 24 2
hour period in an infant who had been extubated and
stable for three days

Immature/total neutrophil (I:T) ratio greater than (.2 2

Histogram of heart rates
=— decelerations accelerations—-

Increase in ventilatory support and F,0, by 25% from 1
baseline

Lethargy or hypotonia 1

Temperature instability (=38°C or < 36.2°C): two 1
episodes within an eight hour period

Hyperglycemia (=180 mg/dL) 1

Abnormal white blood cell count (=25.000 or < 5.000) |

Griffin MP, et al. Heart rate characteristics and clinical signs in neonatal se



26 haftalik bebek 27.giinde apne ve I6kositoz; kiiltiir

negatif
29.giinde alinan kiiltiirde KNS/ 30.giinde entiibasyon 26 haftalik bebek 74.giinde ROP cerrahisi

Ventilator . Ventilator
Oxygen Oxygen
5
Blood culture
Antibiotics 4
s¢ Apnea 5 Apnea
3 8
£ 1=
0] 5 3
14 o
T T
T>38; T< 36.2 2 . T> 38; T< 36.
WBC
Hyperglycemi

0 23 24 25 26 27 28 29 30 3 32
Age (days)

Griffin MP, et al. Heart rate characteristics and clinical signs in neonatal sepsis. Pediatr Res.2007;61(2):222-7
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Results:
LOS was diagnosed 974 times in 700 patients, and the incidence and distribution of organisms

were similar in HRC display and nondisplay groups. Mortality within 30 d of LOS was lower in the
HRC display as compared with the nondisplay group (11.8 vs. 19.6%; relative risk: 0.61; 95%
confidence interval: 0.43, 0.87; P < 0.01), but mortality reduction was not statistically significant
for patients without LOS. There were fewer large, abrupt increases in the HRC index in the days
leading up to LOS diagnosis in infants whose HRC index was displayed.

Conclusion:
Continuous HRC monitoring is associated with a lower septicemia-associated mortality in VLBW
infants, possibly due to diagnosis earlier in the course of illness.



Erken baslangicli sepsis

Yasamin ilk 3 glinid icinde
Fulminan seyirli
Multisistemik enfeksiyon
Genellikle vertikal gecis
Mortalite yuksek



* Ge¢ baslangiclh sepsis
* Yasamin 4. ginldnden sonra
 Sinsi baslangicli
* Vertikal ve horizontal gecis
* Menenijit siklikla

* Cok gec¢ baslangiclh sepsis
e 3 aydan sonra ortaya cikar
* Siklikla cok dusik dogum agirlikli bebekler
* Uzun sureli girisimlere maruz kalan  bebekler



Yenidoganin Erken ve Ge¢ Sepsisi

Erken Gec¢
Ort. baslama yasi Genellikle 3 giinden 4.-28 giin
kucuk
Prematurite Yiiksek Seyrek
Obstetrik riskler Artmig koloniz., amnionit | Seyrek

Klinik gorunum

Solunum sik. pnomoni
sok

Ates, MSS Bul, Fokal Bul.

Menenjit

%30

%75

Diger sistemler

Nadir

Piyelonefrit osteomiyelit
Septik artrit, Sellilit

Patojenler GBS, E Coli Listeria GBS, E.Coli, Listeria,
Klepsiella Enterokok Herpes, Streptokok
Tedavi Ampisillin+Gentamisin Sefotaksim+Amikasin

Mortalite

%30-50

%10-20




Sepsisde laboratuar tani

* |nfeksiyon kaniti

— Kultar ( kan, BOS, idrar ve diger 6rnekler)
* Klinik sepsis
e idraricin kataterle veya suprapubik aspirasyon

— Mikroorganizmanin doku ve sivida gosterilmesi
* ilk giin gastrik aspirat annede amniyonit
* ET sekresyon veya aspiratin boyanmasi

— Antijenin gosterilmesi ( idrar, BOS)

— Anne ve/veya neonatal seroloji ( sifiliz, toxoplazmozis)
— Plasentanin incelenmesi

— Otopsi



Kan kulturi neden ¢ok yardimci degil?

e Alinan kanin cok az olmasi

— 1 ml 6rnek. 0,5 ml yeterli olmayabiliyor

e Zor ureyen mikroorganizmalar
— Mikroorganizmalar dusuk koloni sayisina sahip
— Kontaminasyon, kolonizasyon

* Annenin aldig1 antibiyotikler
e Kesin sonuclar icin 24-72 saat beklenmesi

Polin R& Committee on Fetus and Newborn. Management of Neonates With Suspected or Proven Early-Onset
Bacterial Sepsis. Pediatrics 2012;129:1006-1015



Sepsisde laboratuar tani-2

— Inflamasyon kaniti

* Lokosit sayisi
— 30000/mm3 Uzeri veya 5000/mm3 alti
» Notropeni hipertansiyon, asfiksi
» 12 saat sonra tekrarlanmalidir
o Lokosit formUld ve I/T oraninin 0.2 Gizerinde olmasi
* Trombositopeni: <150 bin/mm3
* Akut faz reaktanlari
— ESR
— CRP
» Sitokinler
— IL-6
* BOS’da veya steril sivilarda pleositoz
* DiK tablosu



Sepsisde laboratuar tani-3

— Multiorgan sistem hastaligi kaniti
* Metabolik asidoz: pH, pCO2
* Pulmoner fonksiyon: pO2, pCO2
* PA Akciger grafisi
* Renal fonksiyon: BUN; kreatinin
* Hepatik fonksiyon: Bilirtibin, AST, ALT, amonyak, PT, PTT

* Kemik iligi fonksiyonu: Notropeni, anemi,
trombositopeni



Beyaz kiire, formiil, 1/T orani

BK ES’te baslangicta yarisindan fazlasinda normal
Yasa gore degerler yorumlanmali

Formul l6kosit

— Lenfositlerde artma konj.sifiliz, bogmaca

— Monositlerde artma konij.sifiliz, perinatal listeriozis

— Sepsisten iyilesme doneminde ve ABO uyusmazliginda

— Eozinofili prematurelerde

— DDA, immaturite,TPN, transflizyon, sepsis,pozitif nitrojen dengesi, nutrisyonel
durumda diizelmeyle iliskili

— Bazofil sayisi eozinofildeki dalgalanmayi takip eder

Toksik grandiller, toksik vakuoller, Déhle
cisimcikleri



VERY-LOW-BIRTH-WEIGHT INFANTS
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Total neutrophil counts in normal term infants and in very-low-birth-weight infants (inset). (The data are for term infants and align well with those from
most14,24,27 but not all other sources. The data for the inset are from Mouzinho and colleagues and align well with other studies.)

Laboratory Aids for Diagnosis of Neonatal Sepsis

Weinberg, Geoffrey A., Remington and Klein's Infectious Diseases of the Fetus and Newborn Infant, 36, 1132-1146

Copyright © 2016 by Saunders, an imprint of Elsevier Inc.



Range of neutrophil count for newborn infants born with a
gestational age >36 weeks during the first 72 hours of life
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MNeutrophils per microL of blood during the first 72 hours after the birth of
term and near-term (>36 weeks of gestation) neonates. A total of 12,149
values were obtained for the analysis. The 5th percentile, the mean, and
the 95th percentile values are shown.

Reprinted by permission from: Macmilfan Publishers Ltd: Schmutz N, Henry E, Jopling 1,

Christensen RD. Expected ranges for blood neutrophil concentrations of neonates: the
Manroe and Mouzinho charts revisited. 1 Perinatol 2008; 28:275.

http:/fwww.nature.com/jp/index. htm!. Copyright © 2008.




Normal range of neutrophil count for newborn infants with a gestational
age between 28 and 36 weeks during the first 72 hours of life
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Meutrophils per microL of blood during the first 72 hours after the birth of 28- to 3&6-
weel gestation preterm neonates. A total of 8896 values were obtained for the
analysis. The S5th percentile, the mean, and the 95th percentile values are shown,
Beprinted by permizsion from: Macmilian Pubitshers L) Schinatz N, Henry £, Jopling 7, Christensen
80, Expected ranges for biood neutrophil concenitrations of neonates! the Manros and Mouzinho
charts revisited, 7 Perinatol 2008; 28:275, http.Awww nature comdindndes himd, Copyright ©
2008,




Normal neutrophil count for healthy neonates from the Manroe study
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The total neutrophil count reference range in the first 60 hours of life. Stars represent
single values; numbers represent the number of values at the same point. Heavy lines
represent the envelope bounding these data.

Reproduced frorn: Manroe BL, Welnberg AG, Bosenfeld CR, Browne B, The neonatzl blood count in health
and disegse, [ Reference values for neutrophific cells, ¥ Pediaty 1979, 95189, Ilustration used with the

permission of Elsevier fnc, AN rights reserved,
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TGFB

P10 IL8

CCL5

Endothelium IL10 / Chemotaxis

iasi VCAM/ICAM Leukocyte adhesion &
. selectins antigen presentation

Platelet & leukocyte
adhesion

Chemotaxis

Nader B. The Use of Biomarkers for Detection of Early- and Late-Onset Neonatal Sepsis. Hematology, Immunology and Infectious Disease: Neonatology Questions and
Controversies, 2nd ed ( eds.Ohls RK, Maheshwari A), Elsevier-Saunders, Chapter 18, 303-315

Copyright © 2012 by Saunders, an imprint of Elsevier Inc.



Erken ve gec¢ baslangich sepsiste biyobelirteglerin dogrulugu

Biomarker Sensitivity  Specificity
Cvtokines
E—E;JL“ 67-80 80-06 84-05 7291
Umbilical cord 1L-6 87-90 03 93 93-100
GCSF >200 pg/mL" 05 73 40 99
TNF" 833 80.6
Chemokines
CCL4 >140 pg/mlL ™ 02 40 08
IL-8° 80-91 76-100 T0-74 01-95
Free IL-8"' 97 99
Urine IL-8 >75 pg/mg 02
2
IP-10 >1250 pg/mL* 03 89
Cell Surface Markers
CDo4 64-97 72-96 64-88 84-08
CD11b*
Neutrophils 100 56
Monocytes 86 04
Ac’utf Phase Proteins
CRP’ 60-82 03-96 05-100 75-87
SAA™ 96 95 85 99
Procalcitonin™ 82-100 87-100 86-98 03-100
lolp™ 80.5 99 05 08
Combination Biomarkers
IL-6/1L-10/CCL5" 100 97 85 100
IL-6 and/or CRP’ 03 88-06 86-95 a5
IL-8 and/or CRP* 80 87 68 93
CCL4, C-C motif ligand-4; CCL5, C-C motif ligand-5; Cr, creatinine; CRE C-reactive protein;
GCSE granulocyte colony-stimulating factor; Iodp, inter-alpha inhibitor protein; IL, interleukin;

Bishara N. The Use of Biomarkers for Detection of Early- and Late-Onset Neonatal Sepsis. Hematology, Immunology and Infectious
Disease: Neonatology Questions and Controversies,2nd ed ( eds.Ohls RK, Maheshwari A), Elsevier-Saunders, p.305.



Akut faz proteinleri

e Biyokimyasal ve fonksiyonel farkli 30 protein

— Baslica hepatositlerde; genelde artma [albiminde azalma, negatif AFP)
e C-reaktif protein (CRP)
* Prokalsitonin (PCT)
 Serum amiloid A (SAA)

Ors R, Islek M, Tastekin A, Kiziltung A, Inand1 T. Diagnostic accuracy of IL-8, IL-1b, CRP and platelet count in neonatal sepsis. Pediatr Res
2002; 52(5):133A.

Altunhan H, Annagiir A, Ors R, Mehmetoglu I. Procalcitonin measurement at 24 hours of age may be helpful in promt diagnosis of early-onset
neonatal sepsis. Int J Infect Dis 2011; 15: e854-e858.

Annagiir A, Altunhan H, Ors R, Mehmetoglu I. Procalcitonin Level at 24 Hours of Age May be Predictive for Transient Tachypnea of the
Newborn. Arch Dis Child 2012 97: A338.

Ertugrul S, Annagiir A, Kurban S, Altunhan H, Ors R. Comparison of urinary neutrophil gelatinase-associated lipocalin, C-reactive protein and
procalcitonin in the diagnosis of late onset sepsis in preterm newborns. J Matern Fetal Neonatal Med 2013 Mar;26(4):430-3.



CRP

* Non spesifik bir AFP

* Yariomru 19 saat

* Klinik olarak baslangicta yuksek degil
* Akut donemde logaritmik artar

* %90 duyarli ancak nonspesifik

Mishra UK, Jacobs SE, Doyle LW, et al. Newer approaches to the diagnosis of early onset neonatal
sepsis. Arch Dis Child Fetal Neonatal Ed. 2006;91:F208-F212.



CRP

* Gec sepsiste tedaviyi izlemede
* Seridlcimler sepsisi dislamak icin

* 48 saat boyunca normal seyrederse tedaviyi kesmeye yardimci
olabilir

* CRP fungal sepsis de de yuksek
— Izlem ve tedaviyi sonlandirmada yararl

* Cerrahiile, asilamayi takiben, perinatal asfiksi, mekonyum
aspirasyonu,lVH, annede ates, gastrosizisde de yuksek

 SAA ve PCT CRP’den daha iyi goziukuyor
* Yaygin kullanim tim dinyada CRP

Polin RA. The “ins and outs” of neonatal sepsis. J Pediatr. 2003;143:3-4
Ors R, Ozkan B, Ceviz N, Aktas E, Olgun H. Is the persistence of elevated serum C-reactive protein a predictive marker in the diagnosis of
systemic candidiasis in premature newborns? Pediatr Res 1999; 45: (6) 891-891.

Oguz SS, Sipahi E, Dilmen U. C-reactive protein and interleukin-6 responses for differentiating fungal and bacterial aetiology in late onset
neonatal sepsis. Mycoses. 2011;54:212-216.



Serum amiloid A (SAA)

* CRP’den daha erken yukselir, daha fazla
yukselir ve daha cabuk normale doner.

* Erken fazda daha iyi

* SAA ile CRP karsilastirildiginda; daha duyarli
(%96 vs. %30), ozgullik benzer (%95 vs. %98),
pozitif prediktif degeri (%85 vs. %78), ve
negatif prediktif deger (%99 vs. %83)

Arnon S, Litmanovitz I, Regev RH, et al. Serum amyloid A: An early and accurate marker of neonatal early-onset sepsis. J Perinatol.
2007;27:297-302.



Prokalsitonin (PCT)

* Daha cok bakteriyel kaynakl
* |lk glinlerde cut-off degerler?
* |lk 2 giinde fizyolojik artis

* Perinatal asfiksi, preeklampsi, intrakraniyal
kanama da artabilir

* Gec sepsis de CRP’den daha iyi

Altunhan H, Annagiir A, Ors R, Mehmetoglu I. Procalcitonin measurement at 24 hours of age may be helpful in promt diagnosis of early-onset
neonatal sepsis. Int J Infect Dis 2011; 15: e854-e858.

Annagiir A, Altunhan H, Ors R, Mehmetoglu I. Procalcitonin Level at 24 Hours of Age May be Predictive for Transient Tachypnea of the
Newborn. Arch Dis Child 2012 97: A338.

Ertugrul S, Annagiir A, Kurban S, Altunhan H, Ors R. Comparison of urinary neutrophil gelatinase-associated lipocalin, C-reactive protein and
procalcitonin in the diagnosis of late onset sepsis in preterm newborns. J Matern Fetal Neonatal Med 2013 Mar;26(4):430-3.



Tedavi

* Antibiyoterapi
— Ampirik:
* Ampisilin veya Penisilin + Genta veya Sefotaksim

* Nozokomiyal tiniteye gére:Vankomisin, Meropenem, Tazobaktam

* Nekrotik deri bulgulari Psodomonas ..piperasilin, tikarsilin,
karbenisilin, seftazidim+ aminoglikozid

* Antifungal: flukonazol, amfoterisin B
— Spesifik
e GBS: penisilin  Anaerob: Klindamisin; Metranidazol
e Listeria: Ampisilin
— Sire 1 hafta-10 glin
* Gram negatif: 14 gin
* GBS menenjit 14-21 gun



Tedavi

Surekli monitorizasyon
Yeterli oksijenizasyon

e Ventilator destegi: sepsis, pndomoni, ARDS, PH
Sivi tedavisi
inotropik ajanlar
Elektrolit ve glukoz duzeyi
Kortikosteroid: Adrenal yetmezlik varsa
Hiperbiliribinemi... kernikterus riski artar
Nobetlerin kontrolu
Total parenteral beslenme ile destekleme gerekebilir
DIK: TDP, trombosit siispansiyonu veya taze kan verilmesi
Notropenik hastalarda GM-CSF veya G-CSF
Grantlosit transfizyonu(?)
Taze kan degisimi(?)
IVIG ( IgM’den zengin)
Pentoksifilin



Recombinant human activated protein C for severe sepsis in
neonates (Review)

Kylat RI, Ohlsson A

THE COCHRANE
COLLABORATION®

This is a reprint of a Cochranc review, prepared and maintained by The Cochranc Collaboration and published in The Cochrane Library
2012, Issuc 4

heep:/fwww.thecochranelibrary.com

Authors’ conclusions

Despite the scientific rationale for its use, there is insufficient data to use thAPC for the management of severe sepsis in newborn infants.

Due to the results among adults with lack of e{:ﬁcac:}', an increase in bleeding and rcsulting withdrawal of thAPC from the market,
neonates should nort be rreated with thAPC and further trials should not be conducred.



Pentoxifylline for treatment of sepsis and necrotizing
enterocolitis in neonates (Review)

This is a reprint of 2 Cochrane review, prepared and maintained by The Cochrane Collaboration and published in The Cochrane Library

2015, lssue 3

Pammi M, Haque KN

THE COCHRANE
COLLABORATION®

heepe/fwww.thecochranelibrary.com
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We found low-quality evidence that pentoxifylline in combination with antibiotics decreases deaths and duration of hospital stay in
newborn sepsis. Pentoxifylline treatment did not affect lung, eye, or brain injury as a result of sepsis (very low-quality evidence). We
identified no adverse effects due to pentoxifylline. There were no completed studies looking at pentoxifylline treatment in NEC. We
need better-quality evidence on the use of pentoxifylline in the treatment of sepsis or NEC in the newborn.

Authors’ conclusions

Low-quality evidence from six small studies suggests that pentoxifylline therapy as an adjunct to antibiotics in neonatal sepsis decreases
mortality without any adverse effects. We encourage researchers to undertake large, well-designed multicentre trials to confirm or refute
the effectiveness of pentoxifylline in reducing mortality and morbidity in neonates with sepsis or NEC.




Intravenous immunoglobulin for treating sepsis, severe sepsis
and septic shock (Review)

Alejandria MM, Lansang MAD, Dans LE, Mantaring III JB

THE COCHRANE
COLLABORATION®

This is a reprint of a Cochrane review, prepared and maintained by The Cochrane Collaboration and published in The Cochrane Library
2013, lssue 9

hetps/hwww:thecochranelibrary. com

Authors’ conclusions

Polyclonal IVIG reduced mortality among adults with sepsis but this benefit was not seen in trials with low risk of bias. Among neonates
with sepsis, there is sufficient evidence that standard polyclonal IVIG, as adjunctive therapy, does not reduce mortality based on the
inclusion of the large polyclonal IVIG trial on neonates. For Ig-M enriched IVIG, the trials on neonates and adults were small and

the totality of the evidence is still insufficient to support a robust conclusion of benefit. Adjunctive therapy with monoclonal IVIGs
remains experimental.
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