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GA: lethargy, poor tone

* V/S:T39.1°C,RR 44
/min, HR 168 /min, BP
69/39 mmHg, BW 2440
gm
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Septic shock

SEPSIS: Defining a Disease Continuum

Sepsis Severe Sepsis

Adinical SIRS witha Sepsis with a 1 sign of

respanse presumed or organ failure

arising from & confirmed

nenspecific Infectious Cardiovascular

Insuit process (Refractory
Hypotension)
Renal
Resplratory
Hepatic
Hematologic
Metabolic Acidosis

Adapted from: Bone RC et al. Chest. 1992;101:1644-55.

Opal SMet al. Crit Care Med. 2000;28:581-2. Bane atal. Chest 1992; 101:1644; Wheeler and Bemard. N Engl J Med 1999; 340,207

o
{4&;@} Systemic inflammatory response (SIR)

Investigation
N1SAAUAURIIRITZULDTE 519MNEABNITNTEHUTULTE CBC: Hb 14.5 gm/dL, Hct 41.2 %, elisiu
Sranufumsaadavtelails plt 45,000 cells/uL., N 82 %, L 11 %, Mo 3 %, Eo 1 %,
S8asulneflainisadraias 2 u 4 Tasalyil and form | metamyelocyte 2 %.

: gmuqﬁéqqm? >38°Cu*s<36°C ’ MCV 97.4 fl, MCH 34.3 pg, MCHC 35.2 gm/dL.

. @nas > 160 ASY/ u¥ lumsn wia > 150 ASY wI# ludn Chemistry:
Blood sugar 71 mg/dL, BUN 34 mg/dL, Cr 1.8 mg/dL
Na 143 mEq/L, K 4.7 mEq/L, Cl 121 mEq/L, HCO3 12 mEq/L
PT 26/ 11 sec, PTT 85.9/ 29 sec,

CBG: pH 7.371, pO2 35.2 mmHg, pCO

, BE -9.7 mmoliL.

%38 > 90 ASsAauTbuglng)

. welai§a > 60 Ay und Tumsn wsa > 50 ASY uIH TuiAn
w38 > 20 ASIsaUNALugluniusai PacO2 < 32 mmHg
13 [~3 = I3 o
FIUNAAREAL12 > 12,000 LIRS/ ALLHN. W3R

< 4,000 Viaa/ AL.NN. W3l band form ¥1NNsRLAE 10




29/08/56

= ‘d‘ | =3
gavniiluaunaludin

A % S d‘
NI HIAYNNIHNIS TN

X P

msnusniim GBS, E. coli & entericgram  Amp + Gent L. monocytogenes is
negative bacilli, HSV, or Cefotaxime + Gent  rarein Thailand
i o - enterovirus * Consider acyclovir if
Penicillin G high dose HSV is suspected
1-3 dou Hib, S. i [ ime + Gent
idi i i Imonella, N.
Ceftazidime+ Aminoglycoside Sabmanell K.+ . con
Cefotaxime + Aminoglycoside > 3 itou-2 Hib,S. i )
Salmonella, Ceftriaxone +
R ; i - N.meningitidis Vancomycin +
. Ampicillin (high dose)+ Aminoglycoside Rifampicin®
- > 23 S. pneumoniae,
Vancomycin+ C Salmonello,
. gitidis

Modified from Tunkel AR, etal. CID 2004;39(1):1267-84.

S
Gram-Positive Gram-Negative
Turbid, WBC 825 cell/mm3, PMN 5%, Mono 95%. -
protein 247 mg/dL, glucose 42 mg/dL. 'C".'p':;“:f““‘"‘“"“
Gram stain gram negative diplococci :'mm;a
CSF CIE: N. meningitidis groupB o S
% |
—
Hemoculture: gram negative diplococci Ll < Teriscomc Sulcs
Numerous N. meningitidis ik o
MIC: Penicillin= 0.023 g/ml
Cefotaxime = 0.002 g/ml Cytoplasm Cytoplasm ) [f\
E. coli v
Salmonell,

TR Tic. Ter
firam Positive Gram Negative
Uipoteichoe acd
Lipapolysaecharides
Taicheic acid. & /
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Wensanmnsing Sepsis

Infecting organizm

Tissue factor Activation of coagulation

Manacyte ; APC
Factor Villa | Inactvation
Endatoxin release ) B

IL-1 THF-a

Inhibits Thrembin acthvation

Fibrin ¢lat Tofmation
IL-6 rekase
Mitric oxide raleasa

Tissué Tactor

1L-1 —= Nevitraphil

THE-o chemotaxis

Endothelial call Endothelial cell
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Tiasue actor
Monoryte &y

g

Inhitin

Factar ¥l

Astivated
pratein

e

Fibrinalytic
Res}:on_sa
o Infection

Inflammatary Thrombotis
Response Resrcnse
ta Infection 1o Infection

r&' Clinical evaluation Lab evaluation

Measure

Arterial blood gas, lactate

Assess airway
Assess breathing

RR, sign of respiratory distress

Identify SIRS
CBC, diff count

Pulse oximetry
Circulation
HR, BP, skin, JVP

Identify source of
infection

Identify SIRS

culture& sensitivity

gram stain of blood, sputum,
Identify source of infectiorl urine, CSF, body fluid

Respiratory, Skin, Pyelonephritis, CNS etc. CXR, ultrasound, CT

Assess organ ft ion
Renal: BUN, Cr, electrolyte
Hepatic: AST, alk phos, bilirubin
Coagulation: INR, PTT, platelets

Assess organ function
CNS: level of conscious

Renal function: urine output

a Al
ﬂ“l’i‘llﬁ%!?»l‘uﬁj‘lhﬂ: 21N13LATDINIIULUAAN

* SIR

- Fever/Hypothermia

-Unexplained tachycardia, tachypnea
-Signs of peripheral vasodilation

--Changes in mental status
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Attered Tachycardia
Consciousness. Hypotension
; T cvp

Confusion

Psychosis 4 pAOP

Tachypnea
Pa0; <70 mm Hg
Sa0, <90%
Pa0,/Fi0, <300

N Oliguria
Anuria
/ 1 Creatinine

Jaundice
1 Enzymes

L Abamin  Platelets

TPTIAPTT

L ProteinC
/ 4 D-dimer

Prolonged cap refill > 2s

Bounding pulse

Heart rate Respiratory Systolic
Tachycardia Bradycardia rate BP
(n¥/min)  (a¥4/min) (n3a/min) (mmHg)
0d-1wk | >180 <100 >50 >34000 <65
1 wk-1 >180 <100 >40 >19500 <75
mo <5000
1mo-1yr| >180 <90 >34 >17500 <100
<6000
25yr >140 NA >22 >15500 <94
<6000
6-12 yr >130 NA >18 >13500 <105
<4500
13-15yr | >110 NA >14 >11000 <117
Shiiifoya <4500
ol 5, Randolph & etal od 2005628
1 s a =3
AANuAulaRalulan

- . de 4
* AR systolic iR ludnde
fiaundn 70 mmHg Wwdnery 1 Feu-1 1
figeindn 70 mmHg + (2 x 81g) Tuwdneng 1 - 101

fiatindh 90 mmHg lwédineng 11171

Order for ...
R/O sepsis

Respiratory failure

-Record V/s q ... hrif - Record vis q ..... hrif

- Temperature :
>38.5°Cor<36°C

- respiratory distress

- Respiratory rate :

- Heart rate : >.../min
>.../min, <.../mi > .
'min 'min pls notify
) - Sp0,
- Resplr{:\tory rate : < 95% (room air) in normal child
>.../min < 92% (room air) in chronic lung

< ...% (room air) in cyanotic heart
(keep #hiinn: metabolic acidosis)

- Systolic BP :
<...mmHg S

Table 2. Normal Blood Pressures in Children*

Systolic Diastolic

Pressure Pressure
Age (mm Hg) (mm Hg)
Birth (12 hr, <1000 g) 39-59 16-36
Birth (12 hr, 3kg) 50-70 25-45
Neonate (96 hr) 60-90 20-60
Infant (6 mo) 87-105 53-66
Toddler (2 yr) 95-105 53-66
School age (7 yr) 97-112 57-71
Adolescent (15 yr) 112-128 66-80
Order

\

-Record vis q ..... hrif

- Temperature : >38.5°Cor<36°C
o please notify
- Heart rate : >.../min, <.../min

- Respiratory rate : >.../min, <.../min

_/
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Order

-Record v/s q ..... hrif )

- respiratory distress Please
notify

- Respiratory rate : >.../min, <.../min >~

- Sp0O2 < 95% (room air) in normal child
< 92% (room air) in chronic lung
< ...% (room air) in cyanotic heart

—

vina Endotracheal tube #fimanzay

* aglaandt 13 3.5 mm
-21g 121 1 4 mm
- 21gunn 21 = +(angy /4

AMNAN 3 NTasIvIANatiemsla via

21812 + 12

Summary Hemodynamic Rx

AhUadEun9z Decreased mental status waz perfusion
o =
guamaiumela soniuidladu
ansilurun 20 F3nn/aa Wldas 60 a/nn.
uilanne hypoglycemia waz hypocalcemia

a =

Fluid refractory shock

Wadwdanslual, EulW dopamine infusion,

ehAamu arterial BP monitoring

N

Fluid responsive |— | ganmain1slu PICU

Carcillo JA, Fields Al,. Crit Care M

Management - ABC

® Airway
— matiumnela laviadqamsala

® Breathing

—mamela (< 2 thau: 60, 2ihau-13l: 50,1-5
1:40)

® Circulation

- msldansinsanda sneszdia lunszgn wileddue

gas Ideal body weight

* a1y 6 ifiau - 21 : arenfluiAau+t9 = ... kg
2
* a192-61 : (eneniluil-2)+8 = ... kg

2

e a9 7-121 : (e1enfil7)-5= ... kg
2

Fluid refractory — dopamine resistant shock

UFuaurnuasen epinephrine lu cold shock wag norepinephrine 11
warm shock
Catecholamine-resistant shock

/\

At risk of adrenal insufficiency Not at risk?

wn¥in 60 14 Hydrocortisone

laifteqlik Hydrocortisone
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Stepwise management of hemodynamic support

Normal BP-Cold shock Low BP-Cold shock Low BP-Wam shock
= =
s : volume and norepinephrine
Add vasodiator or ate v ine se vasopressin
Type Il PDE infibitor or angiotensin
With volume loading

Persistent catecholamine-resistant shock
PA catheter Refractory shock

15ugng1in, inotrope, vasopressors, vasodilator W&z hormonal therapy

\ihusne Aa Normal perfusion pressure waz Cl >3.3 and < 6.0 L/min/m?
appropriate for age; if fail consider ECMO

M3z SePSIS ludin

* Isotonic crystalloid : NSS, RLS
* 20 ml/kg in 5-10 min.

* dvndulailalunan 90 3undi > Intraosseous
* Wilade 60 MI/Kg ludalususn vidaaufimosdiiu

« uile hypoglycemia, hypocalcemia

« start antibiotic with in 15 min (H/C nau)

Intracesseous (10 Cannulation

#1 shock iaiw = fluid refractory shock

* 1 IV lusnsit intravascular volume iiaana

* CVP access : central line

« start dopamine 10 mcg/kg/min 1u cold shock

o frddlaildua waswiu epinephrine 0.05-0.3 mcg/kg/min

« tnilu warm shock 1% norepinephrin

#+ shock 'si#iu > catecholamine resistant shock

adrenal insufficiency ?
: purpura fulminans, CAH, steroid use

—

hydrocortisone
: 1-2 mg/kg/day

[ Manitor CVP in PICU, attain normal MAP-CVP & Scv0, > 70% |

* Pulmonary artery(Swan-Ganz) catheter
« Cardiac index (Cl) : 3.3-6 L/m?2/min
* Hct > 10 gm/dl

Assess alrway
Assess breathing

RR, sign of respiratory distress

Pulse oximetry Cllnlcal
Circulation

HR, BP, skin, JVP evaluation

Identify SIRS

Identify source of infection
Respiratory, Skin, Pyelonephritis, CNS etc.

Assess organ function
CNS: level of conscious

Renal function: urine output
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Measure

Arterial blood gas, lactate

Lab
evaluation

Identify SIRS
CBC, diff count

Identify source of
infection

culture& sensitivity

gram stain of blood, sputum,
urine, CSF, body fluid

CXR, ultrasound, CT

Assess organ function
Renal: BUN, Cr, electrolyte
Hepatic: AST, alk phos, bilirubin
Coagulation: INR, PTT, platelets

Etiology of Sepsis In Special

Circumstances
Host Pathogens Empirical an crobial
agents
Bcell defect  S. iae, Hib, S. [of ime/ IVIG replacement
aureus, Ci i
Shigella, Campylobacter, ~ + Macrolide

Enterovirus

CGD S. aureus, Salmonella, Cefotaxime/
S. Ceftri
K. pneumonia, Aspergillus,
Nocardia
CMI defect /f lla, Hib, S. C ime/ Consider antifungal therapy if
HIV iae, TB, MAC, Ceftri inically
CMV, C. neoformans, P.
maneffei
c s. iae, Hib c /
N. meningitidi c

Feigin RD, eds. Textbook of Pediatric infectious Diseases, Sth ed.
Martire B, et al. Clin Immunol 2008;126(2):155-64.

Etiology of Sepsis In Special

Circumstances

Host Pathogens Em)
an
Asplenia
organisms Ceftriaxone
(S. pneumoniae, Hib ,
N. meningitidis, K.
pneumoniae),
E. coli, C. carnimorsus
bacilli  Ci idil Gent *Ci in
patients including P. or Cefipime *+ Vancomycin if
aeruginosa, or Pip/Tazo 1) suspected catheter-related
S. aureus, Candida Carbapenem infections
illus spp, + Ami A 2k ization with DRSP,
Zygomycosis MRSA

3) Gram+in H/C
4) Hypotension
5) Severe mucositis (consider)

Hughes WT, etal. CID 2002;34:730-51.

Lion C, etal. EurJ EPidemiol 1996;12(5):521-33.]

Community-Acquired Sepsis

Age group Pathogens Empirical antimicrobial
agents

Neonates * Bacteria: Ampicillin + Gentamicin * Listeria
E. coli & entericgram or ‘monocytogenes is
negative bacilli Cefotaxime + Gentmicin rarein Thailand
GBS, coagulase negative * Consider acyclovir
Staphylococcus if HSV is suspected

* Virus: HSV, enterovirus
* Fungus: Candida

1-3m .S Hib, C =
Salmonella, N. menngitidis
* GBS, E. coli

3m5y S. pneuminiae, Hib, Cefotaxime/Ceftriaxone
Salmonella, N. meningitidis S
. aureus

>5y s. S.aureus,  C /

S. pyogenes, Salmonella,
N. meningitidis

PorTANE

¢ A 11-y-old Male with ALL, febrile neutropenia developed
septic shock with chest wall necrosis+subcutaneous
emphysema

¢ Ped sugery consultation for debridement

¢ Tissue pathology: diffuse skin and muscle gangrene,
C/S: Clostidium septicum

(]
ASE 2 ianusidlng @1e 1 1hau 7

: lage Taindrauan 3 duneuanlsmenua
ansa1ans 18 1 G1PO GA 41 week elnasssiil 5.,
uaiRendnd Liflannisiindnfiszudnedensss Ll

Liuau Lisianwn Lidiu iaanaani s.n.5mdn

asnnangpssAnuimuauazilnangnlaiitle

YNSNLNARDS Apgar 9 BW 2,110 g (<P3)

HC 32 cm (P3) length 47 cm (P3)
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PH : uasnnaniiloywn Neonatal sepsis Hanmamelaisa
TealuRanm FasuRes on phototherapy 1 3u Mfensinidamadu
wan 7 1u lalaldansasunsazna laldvadaameala uausw. 14 9u
10 Funau ATAMFBNAIUBKNALIN kRS ATUTNAN LRSS 8IN1T
Aluias ussantudunaidaiiuasiandhe Aananuiaung
3 dunau dligs s nulatas liandey dawdeuanuns lila
laifihyn aaanszalng 3 - 4 a5adY tlnanzRwdasiaT - 8 asaiy
amslaftuansem
dfwsilszanatinmm
Wlsifianuns fuun 526 Suaz 23 oz 8ila
syinindu lasuinTuksnAsan

dszifinsaunda Ufiasisadszamnasaulunsaunsa

CBC: Hb 7.8 g/dl, Hct 22.3% , \ 720 cell
toxic granule, N 31%, Band 1 L 33%, M 17%,
Platelet 172,000 cell/mm?

RBC morphology — hypochromic, microcytic,
few anisocytosis, few fragmented RBC, ho NRC
ESR 112 mm/hr

U/A: Sp.gr 1.005, pH 6.5, WBC 0-1 cell/HPF, RBC 0-1 cell/HPF

BUN 11 mg/dl, Cr 0.4 mg/dl , BS 86 mg/dL
Na 124 mmol/L, K 3.2 mmol/L, Cl 88 mmol/L, HCO3 15 mmol/L

LFT: TB 7.9 mg/dl DB 7 mg/dl AP 119U/L
SGOT 60U/L SGPT 45U/L GGT 88 U/L
Alb 2.3 g/dl Glob 2.4 g/dl

29/08/56

Physical examination
R n PR 162 /min BP 70/40 mmHg
BW 1,850 g (<P3) HC 33.5cm (P3) Length 47 cm (<P3)

illary refill 4 sec

HEENT: AF 2x3 cm, not bulging

RS: no adventitious sound

CVS: normal S1S2, no murmur

Abdomen: not distended, soft, liver 1cm below right costal margin,
spleen — not palpable

right knee 12 cm, left knee 10 cm
NS: normotonia, spontaneous movement
stiff neck — negative

Knee joint

Problem lists

1—month—old infant
History of neonatal sepsis
Acute polyarthritis — right elbow, right and left knee,
left 2™ and 4™ MP joint
Fever, sepsis symptoms, failure to thrive
Leukocytosis, toxic granule, anemia
Electrolyte imbalance

Cholestatic jaundice



Synovial fluid from left knee
WBC 100,000 cell/mm?3, PMN 100%
Gram stain: numerous PMN,
numerous gram-positive cocci in cluster

LP: clear CSF, RBC 0 cell/mm?WBC 7 cell/mm?
sugar 40 mg/dL, protien 60 g/dL
gram stain — no WBC, no bacteria seen
culture: no growth

Toxic shock syndrome

Clinical Findings Treatment
* Fever: 38.9:-C G
* Rash: diffuse erythroderma IV_I .
« Desquamation Clindamycin
* Hypotension
* Multisystem organ involvement: > 3 e
Gastrointestinal
Muscular
Mucous membrane
Renal
Hepatic
Hematologic
Central nervous system

Funds admit

k4 = Y
EJW]“IH@]‘WD'W: NIzeNLAsSVo

Age group Pathogens Empirical antimicrobial
agents
NB GBS, i C ime + Gent

illi, S. aureus
1-3m GBS, E. coli, S. aureus, GAS, Hib, . Use 3" Gen if
Salmonella cetotaxine] Salmonellais
Ceftriaxone suspected/
>3m-2y S. aureus, GAS, Hib, Salmonella + Gent isolated
>2y S. aureus, GAS Cloxacillin + Gent
Adolescent S. aureus, GAS Cl illin + * Ceftri; forGC
Consider GCif sexually active + Azithromycin for
(arthritis-dermatitis syndrome) C. trachomatis
* Check for STDs
* Treat partner

5 funaa admit

Fever with MP rash I

Fever wih desquamaion
Or rash
|

| V;ral |

|O1h;rs‘

\

T
lassic viral N -Mycoplasma|
-TSS & STSS o
. 3
Scarlet fever -l e e T
*Kawasaki -Rubslla -Adenovirus
. 'R°59<_’|3 -Dengue virus
disease -Inlacllousl -Gianotte-Crosti syndrome
-Fifth disease [""%%! v

29/08/56
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Kawasaki disease

‘Strawbetty tiigue

Kawasaki disease

Kawasaki disease

Erythema anddry-orack lips.

Oral cavity

Kawasaki diasease

_Stevens-Johnson syndrome|

e

Scarlet fever e

A 4 year-old boy has fever

a
with rash for 3 days Scarlet fever

1

e
S
o
)

{19}

e

n

Toxic Shock Syndrome

+ sunburnlike rash strawberry tongue

Tsaiie 11
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Case 6

Enterovirus 71 Encephalitis

with myocarditis and
pulmonary edema

2 year-old boy, Wichian Buri district, Phetchabun

« 7 day, fever, cough and rhinorrhea. He
went to the clinic.

« 2 day Dyspnea, drowsiness, seizure,
pulmonary edema. He was refered to
Buddhachinaraj hospital.

*  T40c, BP 140/95 mmHg, HR 149/min,
RR 44/min, BW 14 kg, On ET-tube

* Coma, pupil 3 mmRTLBE, no oral lesion,
crepitation both lungs, pink fosty
sputum from ET-tube

* Liver span 10 cm

* myoclonic jerk at both arm, shoulder
and face

stiff neck, clonus, BBK- negative
+ Skin- no rash or vesicle.

1417950114

CBC: Hct 37% WBC 14,900 (N82% L15%) Pit
240,000
CK-MB : 287 U/L (0-24)
& CSF: RBC 6, WBC 0, Protein 24.6, Sugar 88
[ (DTX174mg*%), OP 20, CP 18
> i Other (CSF, Serum, Rectal swab, Stool,

{ ' Secretion from ETT for EV, EV 71) - pending
LFT: TP6.1, Alb 3.6, Glo 2.5,TB 0.2/DB0.1, AST 306,ALT133
BUN/Cr : 9042, Electrolyte : Na 139, K 4, CI 110, HCO 16
ABG :pH 7.37, PO2 134, HCO 14.6, PCO2 26
EKG: sinus tachycardia
1 brain: no abnormality seen. MRI brain: no abnormality seen
EEG : normal

Final Diagnosis: Enterovirus 71 Encephalitis with
myocarditis and pulmonary edema

* Treatment: Meropenem, Acyclovir, Oseltamivir,

Furosemide, IVIG 1 g/kg and Ventilator support

Admit 31/8-28/9/54

¢ On ET-tube 31/8-10/9/54

« Status after dischage

— Abnormal movement (Choreoatetosis), no spastic CP
— On Valproic acid 40 mg/kg/day, Clonazepam, Baclofen

Clinical evaluation Lab evaluation

Assess airway Measure
Assess breathing

RR, sign of respiratory di

Arterial blood gas, lactate

Pulse oximetry Identify SIRS
Circulation CBC, diff count
HR, BP, skin, JVP

Identify SIRS I
gram stain of blood, sputum,

Identify source of infectio urine, CSF, body fluid
y, Skin, Pyel itis, CNS etc. CXR, ultrasound, CT

Identify source of
infection
culture& sensitivity

Assess organ function
Renal: BUN, Cr, electrolyte
Hepatic: AST, alk phos, bilirubin
Coagulation: INR, PTT, platelets

Assess organ function
CNS: level of conscious

4 ZmMESmMO>Z>=

Renal function: urine output

Touands Sepsis Tudnuazdlng

Bn fluel
mmﬁ_meﬁmﬁa umudacang Huldynida
Tsmilszansa Primary immune def |DM,HT,DLD,steriod use
AeyauouTn Vital sign (RR, BP) BW | Shock 90/60, PR 120

maaziaen H/C 1, intraosceous | H/C 2, Central line

nsItaae ESR,CRP,PBS,CBC CBC,procalcitonin
ngsnE IV fluid 60 ml/kg 500 ml load *3 (2L)
vatazwela | vdiamss auim 2.5 -.... aelde %?.5‘7 8 l ]
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