Sepsis - when to suspect? How to
recognize?



2-years old Kuba

Not relevant past medical history
Pl, DI
Birth weight 3,55 kg, 10 APGAR

Immunizations upto date (basic national
immunization program)

No chickenpox in the past
Family history — not relevant
Parents: factory workers, both heavy smokers



2-years old Kuba

Night 23/24.12. fever to 39,4°C, ,try to
vomit”
His mother gave him antipyretic (Nurofen)
The temperature went down to 36,6°C

The fever increases in the morning, the mother
gave him the medication again (4 hours)

In the morning, looks weakened, grumpy,
"sedated", sleepy, wants to drink (6 hours)



2-years old Kuba - anamnesis

About 14.00 ,,strange spots” —single lesions, "small
bruises" of different sizes (12 hours)

Mother is convinced it is chickenpox
She goes to the clinic



2-years old Kuba - anamnesis

She is reporting to her family doctor ,because |
think it’s chickenpox”

"No significant abnormalities in the clinical exam."
Throat reddened

Lungs, heart auscultated without any change
\Vesicles” are a doctor's concern

Contact with chickenpox (13th hour of the disease)



2-years old Kuba

DX: Chickenpox
RX. Heviran, Amotax, Pulneo

Recommendations: Lowering the fever



2-years old Kuba

At home, more and more lesions
Very weak, "tired"

About 5.05 p.m. mother wants to
administer medicine for the fever, Kuba
doesn't wake up, he groans

Parents go to the district hospital (15 hours
of the disease)



Emergency departament

Around 6 p.m.

Kuba's condition is deteriorating greatly

The E.R. doctor recognizes sepsis

Rx. ceftriaxon

She is transferring the boy to the ICU
(16 hour of the disease)



Lab tests

CBC
L 2,67 thousand, platelets 122 thousand
differential: S83, M 1, L 16
CRP 139 mg/I (> 10 mg/dl)
Prothrombine 54,8%, APTT 88,7s
Fibrinogen 1,95g/dl, D-dimers 23 ug/ml (n: < 5)
Procalcythonin 127 ng/ml ( < 0,05 ng/ml)



Intensive Care Unit

Around 9 p.m. critical condition (19 hours)
Connected to the ventilator

A few days later, on the 28th of December,
at 12:16 p.m., death



2-years old Kuba

Blood culture:

* Neisseria meningitidis B
Cerebrospinal fluid:

e aseptic
Autopsy:

* bleedings to the internal organs,
including the adrenals glands



Meningococcal sepsis
(Meningococcemia)



Septicaemia —rare, difficult to recognize: 80%
of paediatric court cases

EX pop

Okoto 1,5 min zt otrzyma od Skarbu Panstwa byty zotnierz z jednostki w Skwierzynie
(Lubuskie), ktory w wyniku zakazenia zachorowat na sepse i stracit obie nogi.



Clinical course

Sudden beginning

Rapid course

Classic symptoms late, after several hours

There is little time for proper diagnosis and treatment
A few hours - night and holiday medical service ?

Death despite proper treatment and ICU

1 hour of treatment delay is a 10% increase in mortality
Oral antibiotics are ineffective



Sepsis: conceptual definition

Life-threatening organ damage caused by an excessive

inflammatory response to an infectious agent
. J

Infectious Inflammatory Organ
agent + response + damage

Surviving Sepsis Campaign International
Guidelines for the Management of Septic
Shock and Sepsis-Associated Organ
Dysfunction in Children

Scott L. Weiss, MD, MSCE, FCCM (Co-Vice Chair)'; Mark J. Peters, MD, PhD (Co-Vice Chair

Weiss, Pediatr Crit Care Med, 2020



Sepsis

The Third International Consensus Definition of
Sepsis: ,life-threatening organ dysfunction

caused by dysregulated host response to
infection.”

— Without timely treatment, sepsis may advance
to septic shock

— vasodilatory hypotension and elevated lactate

level > 2 mmol/L (18 mg/dL) despite adequate

fluid resuscitation and is associated with increased
mortality (> 40%)



Definition of sepsis

Original Investigation
January 21, 2024

Development and Validation of the
Phoenix Criteria for Pediatric Sepsis
and Septic Shock

L. Nelson Sanchez-Pinto, MD, MBI1; Tellen D. Bennett, MD, MSz; Peter E. DeWitt, PhDE; etal

» Author Affiliations | Article Information

JAMA. 2024,;331(8):675-686. doi:10.1001/jama.2024.0196

Original Investigation | Caring for the Critically Ill Patient
January 21, 2024

International Consensus Criteria for
Pediatric Sepsis and Septic Shock

Luregn J. Schlapbach, MD, PhD1'2; R. Scott Watson, MD, MPH3'4; Lauren R. Sorce, PhD, RNS'E; et al

¥ Author Affiliations | Article Information

JAMA, 2024;331(8):665-674. doi:10.1001/jama.2024.0179

A panel of experts (Task Force) has developed
a scale for predicting the risk of death from
sepsis in children

Clinical data from over 3 million children was
analyzed

The scale was validated on groups of children
from high- and low-income countries

The scale does not apply to premature babies
or children immediately after birth

The Phoenix-4 scale had similar usefulness to
the Phoenix-8 scale

The scale was named after the phoenix rising
from the ashes and the place where it was
announced (Phoenix, Arizona) ;)




Sepsis

e Sepsis is a life-threatening illness caused by
pathologic immune response to an infection

— "overdrive in response to an infection”



Symptoms of sepsis

A fever above 1012F (382C) or a temperature below 96.8°9F
(362C)

* Heart rate > 90 beats per minute (in adults)

e Breathing rate > 20 breaths per minute (in adults)

* Probable or confirmed infection

You must have two of these symptoms before to diagnose sepsis
* Chills due to fall in body temperature

* Unconsciousness

e Extreme weakness



Symptoms of organ failure

Problems breathing
Abnormal heart functions
Unconsciousness
Decreased urination
Patches of discolored skin
Low platelet count
Extreme weakness



Sequential Organ Failure Assessment
Score

e SOFA score of =22

* measures function in 6 different domains:
— pulmonary (oxygen requirements)
— renal (creatinine)
— neurologic status (Glasgow Coma Score)
— coagulation (platelet counts)
— liver function (bilirubin)
— cardiovascular (systolic blood pressure)



Morbidity and mortality in infants (Poland,
2013)

Rotavirus 7996 0
Varicella 7995 0
Scarlet fever 158 0
Purulent meningitis 52 2
Measles 6 0

H. Influenzae infections 1 0



Morbidity and mortality in teenagers (10-
19 years, Poland, 2016)

Rotavirus 720 0
Varicella 13350 0
Scarlet fever 10139 0
Salmonellosis 990 0
Viral meningitis 146 0
Purulent meningitis 16 0

HIV 0 0



How to recognize sepsis?

THREAT
RISK FACTORS



Risk factors of meningococcemia

 Individual

Age (infants, young children < 2 years, teenagers)

No specific antibodies in the serum, e.g. infants
Asplenia and hyposplenism

Immunodeficiencies, including hypogammaglobulinemia
Corticosteroid treatment

Respiratory infections such as flu

Heart defect, cancer, diabetes

Environmental factors

" Crowding

= Climatic conditions damaging mucous membranes (dry
season)

= Active and passive smoking

" (Close contact with carriers or patients

Stephens DS, et al. Epidemic meningitis, meningococcaemia, and Neisseria meningitidis. Lancet
2007;369:2196-210. Rosenstein NE, et al. Meningococcal disease. N EJM 2001;344:1378-88. Sparling PF.
A plethora of host factors that determine the outcome of meningococcal infection. Am J Med
2002;112:72-4. Stephens DS. Conquering the meningococcus. FEMS Microbiol Rev 2007;31:3-14.



Incidence of invasive meningococcal disease in age
groups, 2014-2018, Poland (KOROUN)
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KOROUN. Inwazyjna choroba meningokokowa w Polsce w 2018 roku. http:/koroun.edu.pl/wp-content/uploads/2019/05/ICHM2018.pdf (dostep 23.05.2019)




How to recognise sepsis?

ALARM SYMPTOMS
POOR GENERAL CONDITION



Main signs & symptoms

Fever or hypothermia

Accelerated respiration

Stomachaches, vomiting, sometimes diarrhea
Drowsiness

Impaired consciousness



Signs of meningococcal sepsis

= Sudden beginning:
= Foot aches, cold hands and feet, chills,
Limb, joint, muscle and joint aches, nausea, vomiting,

and muscle pain
lack of appetite
= Patients usually have a
ot fest, shivering haemorrhagic rash that
starts with small red spots

on the chest and limbs

. Rash h
rale ormottied s on the body = Sepsis with septic shock,
Waterhouse-Friderichsen
) very slosy. claring syndrome and multi-organ
Fever and vomiting difficult to wake .
failure may develop.
Fast breathing or .
breathlessness Confused and delirious
r
5
The order of the appearance of the symptoms is variable, usually not all Meningiti :_l
eningitis ==

symptoms occur Research Foundation



Red Flag Symptoms - Early Sepsis

In all age groups, signs of sepsis and circulatory shut-down
were next to develop — 72% of children had limb pain, cold
hands and feet, or pale or mottled skin at a median time of
8 hours from onset of illness.

Parents of younger children also reported drowsiness, rapid
or laboured breathing, and sometimes diarrhoea. Thirst
was reported in older children.

A study found limb pain to be highly specific and cold hands
/ feet moderately specific to meningococcal disease.

Pallor was frequently found in children with minor
infections, and was not a discriminating symptom for
meningococcal disease



Heart rate in relationship to the fever

* Liebermeister’s rule: 8 heartbeats / 1°C

K. von Liebermeister:
Handbuch der Pathologie und Therapie des
Fiebers. Leipzig, 1875.

* 8-10 heartbeats per 1°C (children)

Karjalainen J, Viitasalo M. Fever and cardiac rhythm.
Arch Intern Med. 1986 Jun;146(6):1169-71.

Davies P, Maconochie I. The relationship between body
temperature, heart rate and respiratory rate in
children. Emerg Med J. 2009 Sep;26(9):641-3.



How to recognize sepsis?

Vital signs:
e Heart rate (> 1 yearold >2SD, <1 year old <
10 percentile)

e Capillary refill time (> 5 s)
* Limb temperature (difference > 3°C)
* Breathing: frequency (> 2 SD), breathing effort

e Consciousness ( <11 Glasgow scoring or a
drop of 3 points)



Abnormal vital signs

Systolic Blood

Age Group Bradycardia Tachycardia Respiratory Rate Pressure

< 100 beats per > 180 beats per > 50 breaths per

0 davs to 1 week . . )
y minute minute minute

< 65 mm Hg

< 100 beats per > 180 beats per > 40 breaths per

1 week to 1 month < 75 mm Hg

minute minute minute
. < 90 beats per > 180 beats per > 34 breaths per .

] month to 1 year . P : P : P < 100 mm Hg
minute minute minute
< 80 beats per > 140 beats per > 22 breaths per

2-5 years : e P : P : P < 94 mm Hg
minute minute minute

. < 70 beats per > 130 beats per > 18 breaths per o

6-12 years : e P : P : P < 105 mm Hg

minute minute minute
_ < 60 beats per = 110 beats per = 14 breaths per -

13 to < 18 years : e P : P : P < 117 mm Hg

minute minute minute

Lancet 2011 Mar 19;377(9770):1011



Careful clinical examination

* Whole skin evaluation
* Pupil examination
* Arterial pressure (< 5 percentile or < 2 SD)



How to recognhize meningococcal
sepsis?

ALARM SYMPTOMS:
HEMORRHAGIC RASH






Hemorrhagic rash

e 75% fine rash

* 11% big lesions

* upto20% no
rash



Diagnosis of sepsis

Haemorrhagic lesions usually occur after 12-18
hours from the beginning of the disease

1/5 of the patients no rash at all

If there are no symptoms of meningitis or skin
lesions, the probability of a late diagnosis is high

Brandtzaeg, P NIPH Ann. 1983;6:183—-190.



Phoenix Sepsis Score: components

Phoenix Sepsis Score: disfunction on 4 key systems:
1. Respiratory

2. Circulation

3. Cloting (coagulation)

4. Nervous system

https://ilas.org.br/wp-content/uploads/2024/01/International-Consensus-Criteria-for-Pediatric-
Sepsis-and-Septic-Shock-2024.pdf



0 1 2
Oxygen therapy or
other respiratory
No respiratory support and
support Sp02:Fi02 <292 Mechanical
Respiratory (0-3 pts) |OR ventilation and

Respiratory support
and better than 1

(FiO2 via nasal
cannula up to 30%,
via simple mask up to
50%)

Sp02:Fi02 <220...

Cardiovascular (0-6
pts)

No vasoactive
medications

AND

Lactate <5 mmol/L
AND

Normal MAP

1 vasoactive
medication (1 pt)
OR

Lactate 5-10.9
mmol/L (1 pt)

OR

MAP lowered (1 pt)

2 vasoactive
medications (2 pts)
OR

Lactate 211 mmol/L
(2 pts)

OR

MAP lower than for
1 pt (2 pts)

Coagulation (0-2 pts)

PLT >100 k/pL
INR <1.3

D-dimer £2 mg/L
Fibrinogen 21 g/L

PLT <100 k/pL (1 pt)
INR >1.3 (1 pt)
D-dimer >2 mg/L (1
pt)

Fibrinogen<1 g/L (1
pt)

CNS (0-2 pts)

GCS >10, reactive
pupils

GCS <10 (1 pt)

Non-reactive pupils
(2 pts)

Phoenix Sepsis Calculator -
tional Phoenix Criteria

Sanchez-Pinto LN, Bennett TD, DeWitt PE, et al. Development and Validation of the Phoenix
Criteria for Pediatric Sepsis and Septic Shock. JAMA. 2024;331(8):675—686.

. o




Fenix sepsis score calculator

Phoenix Sepsis Score

Evaluates for sepsis and septic shock in children.

INSTRUCTIONS

Use in pediatric patients with suspected sepsis. Age is not adjusted for prematurity and the

criteria should not be used in patients who are 218 years of age or preterm (<37 weeks
gestation at birth). The score should not be used during birth hospitalizations.

When to Use ~ Pearls/Pitfalls v Why Use ~

Age <1 month
1to 11 months
1to <2 years
2 to <5 years
5to <12 years

12 to 17 years

Respiratory (max 3 points)

Enter PaO, or Sp05? Pa0, Spo,

Respiratory support
IMV: invasive mechanical ventilation

None
Any, excluding IMV

IMV

Cardiovascular (max 6 points)

https://www.mdcalc.com/calc/10509/phoenix-sepsis-score




When to suspect sepsis?

e Lab tests:

—Blood morphology, gasometry, CRP,
procalcithonin



CBC

Leukocytosis or leukopenia

> 10% young forms (bands)
Thrombocytopenia (< 150 000. / < 80 000.)
Insufficient virus/bacteria differentiation

Seebach JD, Morant R, Ruegg R, Seifert B, Fehr J. The diagnostic value of the neutrophil left shift in predicting
inflammatory and infectious disease. Am J Clin Pathol 1997; 107:582-591.

Wile MJ, Homer LD, Gaehler S, Phillips S, Millan J. Manual differential cell counts help predict bacterial infection. A
multivariate analysis. Am J Clin Pathol 2001;115:644-649.

Can you differentiate bacterial from viral pediatric infections based on the CBC? J Fam Pract. 2007 May;56(5):390-392



Abnormal leukocytosis

Age Group Leukocyte Count

0 days to 1 week >34 x 10°/mm?

1 week to 1 month >19.5 x 10°/mm? or < 5 x 10°/mm?

1 month to 1 year >17.5 x 10%*/mm?® or < 5 x 10°/mm?
2-5 years >15.5 x 10%/mm?® or < 6 x 10%/mm?
6-12 years >13.5x 10%/mm? or < 4.5 x 10%/mm?
13-18 years > 11 x 10%/mm? or < 4.5 x 10°/mm?

Goldstein B, Giroir B, Randolph A; International Consensus
Conference on Pediatric Sepsis. International pediatric sepsis
consensus conference: definitions for sepsis and organ dysfunction in
pediatrics. Pediatr Crit Care Med. 2005 Jan;6(1):2-8,




CBC

Parameter Cutt off Sensitivity | Specificity LR (95% ClI)

Leukocytosis |15,000/mm?3 |64%-82% 67%-75% |1.9-2.7 (1.1-3.8)

Absolute
neutrophil |[10,000/mm?3 |64%-76% 76%-81% |3.0-3.3(1.6-6.2)

count

Can you differentiate bacterial from viral pediatric infections
based on the CBC? J Fam Pract. 2007 May;56(5):390-392




Blood gases

Metabolic acidosis

BE > -5 mEq/I

Lactate (> 2 SD)

Hypoxia

Oxygenation index: Pa02/FiO02 < 300
PaCO2 > 65 mmHg

Can you differentiate bacterial from viral pediatric infections
based on the CBC? J Fam Pract. 2007 May;56(5):390-392



Blood gases

Oxygenation index: PaO2/FiO02 < 300
E.g. Pa02 97 mmHg

FiO2 (air) =0.21

Oxygenation index 97 : 0.21 = 462

Can you differentiate bacterial from viral pediatric infections
based on the CBC? J Fam Pract. 2007 May;56(5):390-392



Clotting

* INR>2



CRP - interpretation

RP >20 mg/| typical for bacterial otitis media
RP >35 mg/| typical for bacterial pharyngitis
RP >20-40 mg/| typical for pyelonephritis

RP >50 mg/I typical for bacterial pneumonia,
<10 mg/I for viral pneumonia

* CRP >100 mg/I typical for severe bacterial
infection

It measures the intensity of inflammation rather
than determining etiology

O O 0O O

Orion Diagnostica The value of CRP in primary care



Biomarkers of sepsis

Prokalcytonina

Najlepszy marker odrdzniajacy
sepse od SIRS o innym
podtozu

Doktadne réznicowanie z
zapaleniem nieinfekcyjnym

Sensitivity

1.00

0.75

0.20

0.25

0.00

Prokalcytonina
Czutosé: 89%
Swoistos¢: 94%
NPV: 90%

T —— PPV:94%
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i e
& e
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py ."'/ PCT
CRP
— ;-"“:E;L. . IL_B
__-"' B Lactate
l| I 1 I I
0.00 0.25 0.50 0.75 1.00
1 - specificity

Simon L. et al. Clin Infect Dis. 2004;
39:206-217.



Phoenix-8 Score

Organ System 0 Points 1 Point 2 Points 3 Points

Endocrine (0-1 paint)

Blood Glucose (mg/dL) g?ui:;gogwo < 50; or = 150 glucose
Immunologic (0-1 point; point from
AMC and/or ALC)
ANC (cellsimm?) = 500 < 500 neutrophils
ALC (cells/mm?) =1000 <1000 lymphocites
Renal (0-1 point)
( rr.f;%g‘;(months) adjusted Creatinine creatinine
0<Age <1 <08 >08
1=zAge <12 =0.3 =03
122 Age < 24 = 0.4 =04
24 £ Age < 60 = 0.6 =06
60 < Age < 144 =07 =07
144 < Age < 216 <1.0 =10
Hepatic (0-1 point; point from total
bilirubin and/or ALT)
Total Bilirubin (mg/dL) <4 z4 bilirubin

ALT (1U/L) =102 =102 ALT




How to control the problem of
sepsis and septic shock?

e Early diagnosis
— training of general practitioners
— education of the population
— Early intravenous antibiotic therapy
e Standards implementation
— education of medical staff
— Rapid hospitalization
— Rehydration
— adequate antibiotic therapy
— Intensive care
* Prevention

— Meningococcal vaccination B, C



1.V. access

* Asick child with septicemia should have an
intravenous access or, in case of technical

difficulties, an intraosseus access within the
first 5 minutes.

* |tis best for a sick child with septicemia to
have two intravenous accesses

Excellence, National Institute for Health and Care. Sepsis: recognition,
diagnosis and early management. NG51. London: NICE. 2016,



Treatment

* Antibiotic administration and rapid hydration
of the patient - two wheels of the "rescue
vehicle" in dealing with a child who is
suspected of sepsis

T., Kawasaki. Update on pediatric sepsis: a review.
J Intensive Care. 2017



Rescue vehicle on 2 wheels: antibiotic
+ fluids

T., Kawasaki. Update on pediatric sepsis: a review.
J Intensive Care. 2017



Antibiotics

* The antibiotic should be administered within
the first hour of detection of high or moderate
risk factors for sepsis in a sick child

National Institute for Health and Care Excellence. Sepsis: recognition,
diagnosis and early management. NG51. London: NICE. 2016,



Effect of time of antibiotic administration on
the survival
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Crit Care Med 2006;34:1589-96



Fluid resuscitation

The rapid administration of large volumes (boluses) of isotonic
fluid (i.e., with a Na* e content of 130-154 mmol/l) at a
volume of 10-20 ml/kg for less than 10 minutes.

Boluses can be repeated 3 times

— up to a total volume of 60 ml/kg

— The patient should be monitored continuously, paying attention to possible cardiac
volume overload, which manifests itself as a decrease in saturation, crackles over the
lungs, or hepatomegaly.

Children over 16 years of age and adults are given boluses of
500 ml over 15 minutes.

After each bolus, assess whether there has been
improvement or whether complications of fluid therapy have
developed

National Institute for Health Care an dExcellence. Sepsis:
recognition, diagnosis and early management. NG51. London: NICE.
2016, pp. 421-425



Fluid resuscitation: signs of
overhydration

— Rapid breathing
— Enlarged liver
— Crackles over the lungs

e Ultrasound: jugular vein filling, B-line
intensification

* Leg lift test:

— if improvement: more fluids
— if deterioration: sufficient fluids

National Institute for Health Care an dExcellence. Sepsis:
recognition, diagnosis and early management. NG51. London: NICE.
2016, pp. 421-425



A Series of Unfortunate Events
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