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ABSTRACT:

Sepsis-associated organ dysfunction, particularly septic shock, is a prevalent
critical illness characterized by increased morbidity and mortality, particularly
in children. Recognizing the imperative to enhance outcomes, a septic shock
guideline tailored for pediatric patients was formulated. This guideline strives
to establish an evidence-based framework for the effective management of
septic shock and sepsis-associated organ dysfunction in Thai children. Key
components encompass the prompt identification and stabilization of patients,
meticulous titration of fluids and vasoactive agents, initiation of empirical an-
timicrobial therapy, judicious infectious source control, respiratory support,
administration of sedation and analgesia, blood and blood product transfu-
sion, correction of electrolyte imbalances, management of metabolic derange-
ments, renal replacement therapy, and the implementation of multimodal
monitoring. The objective is to optimize management, achieving therapeutic
goals while continuously reassessing the patient's condition. Additionally, this
guideline demonstrates adaptability by tailoring its suggestions to the resourc-
es available in Thailand’s medical facilities. Recognizing the diverse capabilities
of healthcare institutions, the guideline endeavors to ensure its implementa-
tion is practical and feasible.
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INTRODUCTION

Pediatric septic shock stands as a critical condition and a major cause of mortali-
ty in critically ill children globally. In Thailand, the prevalence ranges from 2.1%
to 23%, with mortality rates reaching 11% to 40% [1-3]. Recognizing the gravity
of this issue, the Thai Society of Pediatric Respiratory and Critical Care Medicine
(TPRC) took proactive initiatives by developing Thai pediatric sepsis and septic
shock guidelines in 2018. In 2020, the Surviving Sepsis Guidelines for Children
highlighted a significant turning point in the field [4]. These recommendations
provided a comprehensive, evidence-based approach to managing septic shock
and organ dysfunction associated with sepsis in pediatric patients. Redefining
septic shock as a severe infection that causes cardiovascular dysfunction and
sepsis-associated organ dysfunction as a severe infection that causes organ dys-
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function without hypotension was a significant revision.
Nevertheless, it is essential to recognize that these guide-
lines were mainly developed without specific consider-
ation of varying healthcare resources. Numerous studies
have contributed to the changing paradigm of pediatric
septic shock management over the past few years. These
studies have yielded new insights, updated strategies, and
refined methods for enhancing the well-being of affected
children. It is essential to acknowledge these advance-
ments to ensure that guidelines remain current and reflect
the most recent medical knowledge [5]. The TPRC has
responded dynamically to these developments by revising
the clinical practice guidelines. A notable feature is the
adjustment of recommendations according to the readi-
ness and resources of medical facilities at various levels,
ranging from small hospitals to large regional hospitals
with high potential. This tiered approach acknowledges
the diverse capabilities and limitations of healthcare fa-
cilities, ensuring that the guidelines remain practical and
implementable across different settings. A prior study
examined the characteristics and outcomes of pediatric
severe sepsis and septic shock in nine PICUs across three
Asian countries, finding that despite adherence to guide-
lines with prompt fluid and inotropic support, PICU mor-
tality remains high. The result revealed that the use of flu-
id and inotropic supports was associated with improved
hemodynamic response and an increased survival rate
[3]. Pediatric septic shock is a major concern in Thailand
as well as throughout the world, necessitating the estab-
lishment of reliable and flexible guidelines. The TPRC's
initiative to develop and revise guidelines reflects a com-
mitment to improving outcomes for critically ill children,
taking into consideration both local resources and the
changing medical landscape. In order to effectively treat
pediatric septic shock in a variety of healthcare settings,
it remains critical to blend evidence-based practices with
adaptable, resource-aware approaches. This review will
summarize some of the current evidence-based interven-
tions, discuss controversial aspects, and identify poten-
tial areas for enhancement. Early diagnosis and prompt
intervention, including the administration of antibiotics,
fluid resuscitation, and vasoactive medications, are the
most crucial measures in managing sepsis. In Thailand,
hospitals are classified using the Geographic Information
System, aligning with the criteria of the Ministry of Pub-
lic Health. This classification spans from Level 1 Subdis-
trict Health Promoting Hospitals (primary care) to Level
4 Central Hospitals (tertiary care or medical school), each
serving specific roles in the healthcare system. Under-
standing these levels is crucial for tailoring guidelines to
different healthcare facilities.

DEFINITIONS [4,6,7]

Presently, the diagnostic terminology has been revised to
encompass septic shock and sepsis-associated organ dys-
function, effectively discarding the terms severe sepsis and
Systemic Inflammatory Response Syndrome (SIRS). This
adjustment arises from the recognition that SIRS may not
always stem from an infection, and the term severe sepsis
could be semantically similar to septic shock.

KEY MESSAGES:

« Quick identification and resuscitation mat-
ter: Rapid identification and prompt resuscita-
tion significantly enhance outcomes in pediatric
septic shock and sepsis-associated organ dys-
function.

« Key steps for initial stabilization and treat-
ment: providing oxygen, fluid resuscitation,
empirical antimicrobial therapy, and vasoactive
agents within 60 minutes is crucial.

« Integrative hemodynamic monitoring: he-
modynamic reassessment guides ongoing re-
suscitation, and intensive care unit monitoring
supports organ dysfunction management.

Infection is defined as a confirmed infection through
culture, polymerase chain reaction (PCR) testing, or pos-
sessing distinct attributes that unequivocally indicate in-
fection (e.g., white blood cells isolated from sterile body
fluid, chest radiographs displaying pneumonia patterns,
etc.).

Sepsis is defined as a condition wherein infection pri-
marily causes illness and tissues respond to the infection.
Sepsis-associated organ dysfunction is defined as the
condition of sepsis and organ dysfunction, characterized
by normal blood pressure.

Septic shock is defined as patients with sepsis who
had hypotension, were receiving vasoactive medication,
or exhibited signs and symptoms of impaired perfusion
(e.g., abnormal consciousness, capillary refill exceeding
two seconds, weak pulse, cold extremities or flash capil-
lary refill, bounding pulse, wide pulse pressure, or urine
output less than 1 mL/kg/hour).

Fluid refractory shock is defined as patients who re-
main in a state of shock despite the administration of 40-
60 mL/kg of fluid resuscitation.

Catecholamine-resistant shock is defined as patients
who remain in a state of shock and are receiving cate-
cholamines such as dopamine (10 mcg/kg/min, or epi-
nephrine or norepinephrine 0.1-0.2 mcg/kg/min).

Refractory shock is defined as a patient who remains
in shock despite receiving high dosages of an inotropic
agent, vasopressor, or vasodilator and maintains the
body's equilibrium in terms of hormones (including
thyroid, hydrocortisone, or insulin) and metabolism (in-
cluding glucose and calcium).

ANTIMICROBIAL THERAPY AND
SOURCE CONTROL OF THE INFEC-
TION

Administering timely and targeted empirical antibiotics
is paramount in sepsis management, initiated within the
first hour of diagnosis, considering local infection pat-
terns [7, 8]. The appropriateness of previously admin-



istered antibiotics should be evaluated for patients trans-
ferred from other hospitals. Blood cultures, preferably
obtained prior to antibiotic initiation, should not cause
delays; if challenging, antibiotics can precede blood cul-
ture collection [9, 10]. Culturing other relevant body flu-
ids based on the patient's condition is recommended. The
choice of initial antibiotics should be guided by suspected
microorganisms and patterns of local epidemiology (Ta-
ble 1) and tailored for immunocompromised patients as
specified in Table 2. After obtaining culture results, adjust
antibiotic therapy to be more specific, considering patho-
gen susceptibility to different antibiotics. In hospitals with
procalcitonin measurement capabilities, procalcitonin
testing, coupled with clinical assessment, aids decisions
on antibiotic regimen changes or discontinuation [11].
For very small children lacking accessible veins for intra-
venous antibiotics, consider intramuscular administra-
tion until intravenous access is established. Toxic shock
syndrome (TSS) is a rapid-onset illness caused by toxins
from Staphylococcus aureus and Streptococcus pyogenes,
marked by fever, rash, hypotension, involvement of mul-
tiple organs, and skin desquamation. The mortality rates
in children for streptococcal and staphylococcal TSS are
5-10% and 3-5%, respectively, which is lower than the
30-80% seen in adults for streptococcal TSS [12]. TSS
management includes prompt identification, robust flu-
id resuscitation and vasopressor support, source control,
targeted antibiotics, clindamycin, and IV immunoglob-
ulin for adjunctive therapy, and vigilant monitoring for
surgical intervention needs [13].

Source control of infection: Patients with septic shock
should undergo evaluation for potential source control in-
terventions, such as the drainage of abscesses, debridement
of necrotic tissue, or removal of infected devices. Source
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control is crucial in pediatric septic shock management to
directly target and eradicate the origin of infection. We rec-
ommend source control as promptly as feasible following
resuscitation, optimally within 6-12 hours of diagnosis.

INITIAL FLUID RESUSCITATION

It is advisable to establish intravenous access as quickly as
possible with the most experienced personnel available.
In cases where intravenous access cannot be established
promptly, intraosseous access is recommended, especial-
ly in patients with profound shock. If intravenous access
cannot be secured within 90 seconds, with a maximum of
up to three puncture attempts, intraosseous access should
be considered [14]. The recommended initial resuscita-
tion fluid is isotonic crystalloids, administered quickly
at 10-20 mL/kg within 15-20 minutes, and can be repeat-
ed 2-3 times up to 40-60 mL/kg. Colloids in the same
quantity may be an alternative, with additional colloids
considered for further administration. During each flu-
id administration, vigilant assessment for fluid overload
through physical examination, such as lung, heart sounds,
and palpating the liver, is crucial. Monitor clinical signs
closely throughout fluid administration and utilize ad-
ditional assessment tools to guide fluid responsiveness.
Central venous catheters (CVCs) are instrumental for
administering intravenous fluids, medications such as
vasopressors, blood products, and facilitating frequent
blood sampling. Although CVCs permit central venous
pressure (CVP) and central venous oxyhemoglobin satu-
ration (ScvO,) monitoring to assess therapeutic respons-
es, evidence from randomized studies suggests the clini-
cal benefit of these measurements may be restricted [15].
Point-of-care ultrasonography (POCUS) is highlighted as

Table 1. Empirical antimicrobial therapy and common organisms in community acquired sepsis.

Age Organisms Empirical antimicrobial agents Comments

Neonatal - Bacteria: E. coli & enteric gram-neg-  Ampicillin or Cefotaxime + Amino- High incidence area of Listeria
ative bacilli, group B Streptococci, glycoside monocytogenes suggests use
Coagulase negative Staphylococcus Ampicillin
- Virus: herpes simplex virus, entero- consider Acyclovir when sus-
virus pected HSV infection
- Fungus: Candida

1-3 month - S. pneumoniae, H. influenzae type b, ~Cefotaxime + Aminoglycoside

Salmonella, N. meningitidis, Group B
Streptococci, E. Coli

3 month-5 year - S. pneumoniae, H. influenzae type b,

Salmonella, N. meningitidis, S. aureus

> 5 years - S. pneumoniae, S. aureus, S. pyo-

genes, Salmonella, N. Meningitidis

Cefotaxime or Ceftriaxone + Ami-
noglycoside

If MRSA [74]: vancomycin, linezol-
id, daptomycin or ceftaroline

Suspected toxic shock syn-
drome recommend Cloxacillin
or Cefazolin plus Clindamycin
+ Aminoglycoside

Cefotaxime or Ceftriaxone + Ami-
noglycoside

If MRSA [74]: vancomycin, linezol-
id, daptomycin or ceftaroline

+Ceftriaxone is a broad-spectrum cephalosporin that may be one option to treat methicillin-susceptible Staphylococcus aureus (MSSA). Although
MSSA may be susceptible to ceftriaxone, the minimum inhibitory concentration (MIC) is generally two- to four-fold higher than other susceptible

bacterial pathogens. MRSA: methicillin resistance Staphyloccocus aureus.
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Table 2. Empirical antimicrobial therapy and common organisms in pediatric sepsis with immunocompromised host.

Conditions Organisms

Empirical Comments

Asplenia or abnormal
function of spleen

Encapsulated organism (S. pneu-
moniae, H. influenzae type b, N.
meningitidis, K. pneumoniae), E

coli

Neutropenia Enteric gram-negative bacilli, P.
aeruginosa, S. aureus, Candida,
Aspergillus, Zygomycosis

B cell defect S. pneumoniae, H. influenzae type

b, S. aureus, Salmonella, Shigella,
Campylobacter, Enterovirus

S. aureus, Salmonella, S. marc-
escens, K. pneumoniae, Aspergillus,
Nocardia

Chronic granulomatous
disease

Compliment deficiency  S. pneumoniae, H. influenzae type

b, N. meningitidis

Cefotaxime/Ceftriaxone/Cef-
tazidime + Aminoglycoside

Recommend Ceftazidime in
endemic are of Meliodosis

or Cefipime or Piperacilin/
tazobactam

Carbapenem + Aminoglyco-

side

Cefotaxime/Ceftriaxone +

Consider start vancomycin when
1. Suspected CLABSI

2. History of drug resistance S.
pneumoniae or MRSA

3. Blood culture positive to
gram-positive

4. Severe mucositis

Consider use IVIG

Macrolide

Cefotaxime/Ceftriaxone

Consider antifungal when clinical
not improve

Cefotaxime/Ceftriaxone

Table 3. Fluid administration in pediatric patients based on level of care and sepsis severity.

Condition

Sepsis-associated organ dysfunction

(no hypotension) in 1* hour

Septic shock
in 1* hour

PICU or respiratory support available
10-20 mL/kg in 15-20 min, max 40-60 mL/kg

10-20 mL/kg in 15-20 min, max 40-60 mL/kg

PICU and respiratory support
not available

10 mL/kg in 1* hour

10-20 mL/kg in 15-20 min, max 40 mL/kg
in 1*hour

an effective tool for hemodynamic assessment in pediatric
patients, with respiratory variation in aortic blood flow
peak velocity emerging as the most examined predictor of
fluid responsiveness, showing high sensitivity and speci-
ficity. However, evidence is insufficient to support the use
of POCUS for guiding fluid therapy in children who are
breathing spontaneously [16,17]. Regular and thorough
monitoring is essential to guide fluid management and
ensure an optimal response to resuscitation efforts. Ex-
cessive fluid administration poses a risk of complications,
including pulmonary edema and worsening heart failure,
potentially increasing mortality.

In resource-limited settings lacking advanced respira-
tory supportive and intensive care, we advise against the
use of a fluid bolus in patients with normal blood pres-
sure [4]. However, we suggest administering a fluid bolus
of up to 40 mL/kg over the first hour if hypotension is
present. Fluid administration should follow the guidelines
outlined in Table 3. Recommended isotonic crystalloids
include 0.9% saline and balanced salt solutions such as
Ringer's lactate or Ringer's acetate, while 5% albumin is
the recommended colloid option. However, normal sa-
line demonstrated more adverse effects, including hyper-
chloremic metabolic acidosis, acute kidney injury (AKI),
and increased mortality, when compared to balanced salt
solutions [18-20]. Although high-quality pediatric re-
search is limited, a balanced salt solution is recommend-
ed over normal saline as the primary volume expander in

pediatric septic shock, as endorsed by the 2020 Surviving
Sepsis Campaign International Guidelines [4]. A recent
blinded multicenter parallel-group study revealed that
children with septic shock who underwent fluid resus-
citation with PlasmaLyte exhibited a significantly lower
incidence of new and/or progressive acute kidney inju-
ry compared to those administered with normal saline
within the first 7 days of hospitalization [21]. Unfortu-
nately, plasmayte is currently unavailable in Thailand.
The potential risk associated with Ringer's solution lies in
its hypo-osmolarity and low sodium content compared
to plasma. In the absence of PlasmaLyte, and consider-
ing specific conditions like hyponatremia or suspected
increased intracranial pressure, normal saline can be an
alternative [4]. Dextran, starch, or gelatin are not recom-
mended due to their potential to cause acute kidney in-
jury [22]. The first hour resuscitation in pediatric septic
shock was outlined at Figure 1 and 2.

VASOACTIVE SUPPORT

The vasoactive medication should be initiated promptly
upon the diagnosis of fluid refractory shock or in chil-
dren exhibiting signs of fluid intolerance with inadequate
tissue perfusion. The medication can be started using
peripheral intravenous access without differentiating
whether the patient has a cold or a warm shock. Accord-
ing to a prior study, there were significant differences
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Time target
(minutes)

0

15

60

decrease level of consciousness, skin perfusion
Start oxygen supplementation, IV/IO access

Clinical signs and symptom of pediatric septic shock e.g. tachycardia,

Crystalloid 10 -20 mL/kg IV in 15-20 minutes

Correct hypoglycemia, hypocalcemia
Proper empirical antibiotic administration

Total fluid administration 40-60 mL/kg/hr without sign of fluid overload
(crepitation or hepatomegaly) until improvement of peripheral perfusion

\ 4

Fluid refractory shock

o Consider high flow nasal cannula or intubation with
atropine/ketamine/fentanyl induction
o Consider central venous catheter insertion

o Start epinephrine or norepinephrine 0.05 -0.2 mcg/kg/min via peripheral IV
access (consider dopamine infusion if no epinephrine or norepinephrine)

¥

o Adjust epinephrine dose to improve myocardial dysfunction or
o Adjust norepinephrine dose for vasodilatory shock treatment

Catecholamine resistant shock

Consider hydrocortisone 50 mg/m? if present risk of adrenal insufficiency

Figure 1. The 1* hour resuscitation in pediatric septic shock.

Consider doppler ultrasound, PICCO, FATD or PAC to adjust fluid, inotropic and
vasopressor therapy
Target normal MAP-CVP, ScVO; > 70% and Cl 3.3-6.0 L/min/m?

§

v

A

Compensated shock with low CI
Add vasodilator (dobutamine or
milrinone) if low Cl with high SVR

Hypotensive with low CI
o add or increase norepinephrine
to previous epinephrine for
normalize diastolic blood
pressure
o if low Cl consider add
dobutamine or milrinone

Hypotensive with low SVR
Increasing epinephrine or
norepinephrine or consider add
terlipressin

Persistent catecholamine resistant shock or refractory shock

)

Evaluation and correction of pericardial effusion, pneumothorax, or intraabdominal

hypertension

.

Extracorporeal life support

Figure 2. The treatment of pediatric septic shock after 1 hour resuscitation.
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between physical examinations and cardiac output moni-
toring modalities [23]. Thus, the new terms of myocardial
dysfunction and vasodilatory shock are introduced in this
guideline to replace cold and warm shocks.

Both epinephrine and norepinephrine can be used as
first-line vasoactive medications. The initial dose for epi-
nephrine infusion is suggested in septic shock children
with suspected myocardial dysfunction, while norepi-
nephrine should be used in septic shock children with va-
sodilatory shock. Dopamine is not recommended as the
first-line medication in centers with access to epineph-
rine, owing to the higher mortality rate compared with
epinephrine [24,25].

In children with normal blood pressure and hemoglo-
bin > 10 g/dL who have poor cardiac contractility, a cardiac
index < 3.3 L/minute/m?, central venous oxygen saturation
(Scv0,) < 70%, or non-declining high lactate, inotropic
medications such as dobutamine or milrinone can be con-
sidered. Epinephrine can also be considered in children
who received norepinephrine as the first-line vasoactive
medication [7]. In children with refractory vasodilatory
shock, terlipressin can also be considered [26]. There is
growing evidence to use methylene blue for septic shock
refractory to fluid and catecholamine therapy. A dose of 1
mg/kg intravenous, followed by a continuous infusion at
0.25 mg/kg per hour, may be used. A recent systemic re-
view showed the safety and potential benefits for children
with refractory shock, although more study is still warrant-
ed. [27] The doses and mechanisms of action of vasoactive
medications are shown in Table 4 [28].

RESPIRATORY SUPPORT AND ME-
CHANICAL VENTILATION

For stable patients exhibiting only tachypnea without ox-
ygen desaturation or respiratory distress, oxygen admin-
istration through a low-flow nasal cannula (2-5 L/min)
or a non-rebreathing mask (6-10 L/min) is suggested. In
cases of altered consciousness, shock, or respiratory dis-
tress, oxygen administration with a non-rebreathing mask
(6-10 L/min) or high-flow nasal cannula (HFNC) is rec-
ommended, accompanied by close monitoring. In severe
cases or worsening respiratory status leading to respira-
tory arrest or fatigue, endotracheal intubation is advised.
Patients with a Glasgow Coma Score (GSC) of 8 or below
should be intubated for airway protection. Continuous

monitoring of patients using pulse oximetry and arterial
blood gas is essential.

In cases of respiratory failure or persistent hemody-
namic instability, even after treatment with 40-60 mL/kg
of fluid bolus and vasoactive medication, endotracheal
intubation is recommended. The use of a cuffed endotra-
cheal tube is suggested, and the endotracheal tube size is
calculated using specified formulas by age. Patients with
pediatric acute respiratory distress syndrome (PARDS)
should receive mechanical ventilation using lung-protec-
tive strategies based on the severity, as outlined in the Pe-
diatric Acute Lung Injury Consensus Conference-2 group
(PALICC-2) guideline [29].

ENDOTRACHEAL INTUBATION

Endotracheal intubation, which requires sedation and a
transition to positive pressure ventilation, carries a risk
of hemodynamic deterioration. Clinicians should pre-
pare to administer additional treatment, such as a fluid
bolus or vasoactive medication, if necessary. Considering
premedication with atropine before endotracheal intu-
bation is advisable to reduce the incidence of bradycar-
dia, particularly in young children younger than 1 year.
Ketamine is the recommended sedative agent for use in
patients with shock due to its lower likelihood of causing
hypotension [30]. Etomidate should be avoided because
of its adrenal suppression effect [7, 31]. Propofol should
also be avoided because it can cause hypotension due to
its vasodilatory effect. The use of neuromuscular blocking
agents (NMBA) can facilitate endotracheal intubation but
should be avoided in patients with risk of difficult airways.

SEDATION AND ANALGESIA

Sedation and analgesia are required for intubated patients.
Fentanyl is the preferred analgesic agent, as it is less likely
to induce hypotension compared to morphine. Midazol-
am is frequently used as a continuous intravenous sedative
agent. In hemodynamically unstable patients, propofol and
dexmedetomidine should be avoided because they can
cause hypotension. In addition, dexmedetomidine can also
induce bradyarrhythmia, which further worsens cardiac
output. Continuous infusion of NMBA may be necessary
to prevent endotracheal tube displacement, facilitate pa-
tient-ventilator synchronization, or reduce oxygen con-

Table 4. Vasoactive medications (doses and mechanism of action).

Vasoactive drugs

Dose

Dopamine

- 5-9 mcg/kg/min (stimulate beta-adrenergic receptor, increased contractility and heart rate)

- 10-20 mcg/kg/min (stimulate alpha-adrenergic receptor, increased systemic vascular resistance)

Dobutamine

Epinephrine

- 5-20 mcg/kg/min (stimulate beta-adrenergic receptor, increased contractility, heart rate and vasodilatation)

- 0.05-0.2 mcg/kg/min (stimulate beta-adrenergic receptor, increased contractility and heart rate)

- > 0.2 mcg/kg/min (stimulate alpha-adrenergic receptor, increased systemic vascular resistance)

Norepinephrine

Milrinone
tation)

Terlipressin

- 0.05-2 mcg/kg/min (stimulate alpha-adrenergic receptor, increased systemic vascular resistance)

- 0.25-0.75 mcg/kg/min (stimulate cAMP and inhibit phosphodiesterase 3, increase contractility and vasodila-

- 1-20 mcg/kg/hr (stimulate vasopressin receptor, increased systemic vascular resistance)




sumption as supportive treatment for shock. Cisatracu-
rium is the preferred NMBA because its clearance is not
affected by renal or hepatic dysfunction.

RENAL REPLACEMENT THERAPY
AND EXTRACORPOREAL BLOOD PU-
RIFICATION

Sepsis-associated acute kidney injury (S-AKI) is defined
by the presence of acute kidney injury (AKI) diagnosed
using the Kidney Disease Improving Global Outcome
(KDIGO) criteria in septic patients without other signifi-
cant contributing factors causing AKI [32-34]. The main
pathophysiology in the development of S-AKI is still not
well understood but is believed to result from a decrease
in global renal blood flow, severe systemic inflammation,
microcirculatory failure, and acute tubular necrosis. Re-
nal replacement therapy (RRT) using an extracorporeal
device with the mechanisms of diffusion, convection, or
both is a well-recognized supportive management ap-
proach once S-AKI is diagnosed. However, the timing of
the initiation and cessation of RRT has been a subject of
long-standing debate. In resource-limited facilities where
RRT via extracorporeal circuit is not available, peritoneal
dialysis can be considered as an alternative mode of RRT
[35-36].

Novel extracorporeal therapies using similar devices
but employing the mechanism of adsorption have been
developed and extensively studied in recent decades.
These therapies aim to balance circulating pro- and an-
ti-inflammatory cytokines in septic patients. RRT is the
therapy of choice for the treatment of fluid overload
resistant to diuretics and for addressing metabolic dis-
turbances not amendable by medications. On the other
hand, blood purification is designed to reduce cytokine
levels to mitigate the host's inflammatory response and
attain hemodynamic stability. Calculating percentage flu-
id overload (%FO) aids in optimizing fluid management,
guiding tailored therapies, assessing risk, and optimiz-
ing resuscitation strategies. It is calculated by taking the
difference between fluid intake (L) and fluid output (L),
dividing by the baseline body weight (kg), and then mul-
tiplying by 100.

Potential benefits of RRT in sepsis include the treat-
ment of fluid overload and metabolic disturbances un-
responsive to medications, but RRT is not associated
with other PICU outcomes [37]. The potential benefits
of blood purification in sepsis encompass the reduction
of various pro-inflammatory cytokines levels (IL-1{, IL-
6, IL-8, and TNF-a), a decreased vasopressor-inotropic
score (VIS), a lowered Pediatric Logistic Organ Dys-
function (PELOD-2) score at 72 hours, a shortened ICU
length of stay, and a reduced mechanical ventilator day
[38-42]. Different adsorptive columns exhibit varying re-
ported benefits, though specific details for each adsorp-
tive column are not fully described for simplicity of rec-
ommendation. Possible risks entail the need for a dialysis
catheter, which requires clinicians and nursing special-
ists [4]. Pediatric dosing and regimen recommendations
indicate that current evidence does not support the use
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of high-volume RRT, suggesting a usual pediatric dose
of 1,000-2,000 mL/1.73 m?*hour or 25-35 mL/kg/hour
of dialysate or replacement fluid flow, with a blood flow
rate starting at 3-5 mL/kg/min [43-47]. For extracorpo-
real blood purification therapy, the adsorptive cartridge
should be connected in series configuration with the RRT
circuit.

CORTICOSTEROIDS

Proposed mechanisms of corticosteroids involve mul-
tiple effects on vascular tone, including upregulation of
angiotensin receptors on vascular smooth muscle cells
(VSMC), inhibition of nitric oxide synthesis, stimulation
of the release of calcium from intracellular storage, and
blunting endothelium-dependent vasodilatation. These
mechanisms enhance the effects of vasoconstrictors like
alpha-adrenergic agonists, angiotensin-II, arginine va-
sopressin, endothelin, and thromboxanes. Additional-
ly, corticosteroids exhibit cardiovascular effects beyond
vascular tone, including a positive inotropic effect and
bradycardia, with incompletely described mechanisms.
[48-49].

Critical Illness-Related Corticosteroid Insufficien-
cy (CIRCI) is distinct from adrenal insufficiency and is
characterized by relative insufficiency in critically ill pa-
tients [50]. The 2017 SCCM-ESICM guideline recom-
mends employing either a random cortisol level less than
10 mcg/dL or a 250-mcg ACTH stimulation test that re-
sults in a change in serum cortisol level less than 9 mcg/
dL at 60 minutes for the diagnosis of CIRCI. However,
in the context of limited laboratory resources in the Thai
public health system, clinicians are recommended not to
await confirmatory tests but to consider corticosteroid
treatment for pediatric septic shock patients who are not
responsive to fluid and vasoactive medications, if deemed
necessary. Potential benefits of corticosteroids for sep-
tic shock include decreased 28-day mortality, improved
shock reversal at day 7, a reduced Sequential Organ Fail-
ure Assessment (SOFA) score at day 7, and a shortened
ICU length of stay (LOS) [51-57]. Possible risks encom-
pass new infections, hyperglycemia, hypernatremia,
critical illness-related myopathy, and neuromuscular
weakness [51-53, 55-57]. Pediatric dosing and regimen
recommend hydrocortisone at 50 mg/m* IV initially,
followed by 50 mg/m?*/day divided 6-8 hours IV for 3-7
days, or until vasoactive drugs are successfully discontin-
ued for at least 12 hours [58]. Alternative dosing is 2 mg/
kg IV initially, followed by 1 mg/kg/day divided over 6-8
hours of I'V.

BLOOD PRODUCT TRANSFUSION

Oxygen delivery (DO,) and arterial oxygen content
(Ca0,) are critical parameters in the context of shock, a
clinical syndrome where DO, fails to meet the metabolic
demands of the body. The relationship between oxygen
delivery, cardiac output, and CaO, are key determinants
of the adequacy of DO,. The arterial oxygen content pri-
marily relies on the oxygen carried by hemoglobin, with
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a lesser contribution from dissolved oxygen in plasma.
In this relationship, both hemoglobin (Hb) and arterial
oxygen saturation play crucial roles in supplying vital
organs with oxygen. Clinicians aiming to enhance oxy-
gen supply can consider increasing either oxygen sup-
plements or raising Hb levels through packed red blood
transfusion. Despite several studies attempting to deter-
mine the optimal Hb level for pediatric septic shock, a
large pediatric randomized controlled trial in 2007 found
no significant differences in any PICU outcomes between
transfusion-restrictive (Hb >7 g/dL) and transfusion-lib-
eral (Hb >9.5 g/dL) groups [59]. The Surviving Sepsis
Campaign guidelines recommend against routine pro-
phylactic platelet transfusion for nonbleeding pediatric
septic shock patients with thrombocytopenia and against
prophylactic plasma transfusion for those with coagula-
tion abnormalities. These suggestions apply to children
who are not bleeding but present with sepsis-associated
organ dysfunction [4]. A systematic review with expert
consensus suggests that for critically ill pediatric patients
undergoing invasive procedures outside the operating
room (OR), platelet transfusion may be considered if
platelet counts are at or below 20,000/mm?®. It also advis-
es that plasma transfusion might be considered for those
with an International Normalized Ratio (INR) over 2.5,
weighing the transfusion risks against the clinical sce-
nario [60]. To minimize transfusion-associated adverse
events, encompassing both infectious and non-infectious
complications, the following recommendations are made
for Thai clinicians treating pediatric septic shock. We
recommended transfusing packed red cells to maintain
a Hb level > 7.0 g/dL, consider diuretics in patients at
risk for fluid overload during or after transfusion, avoid
platelet transfusion if platelet levels are > 20,000/mm?,
refrain from fresh frozen plasma transfusion for coagu-
lopathy without bleeding, and use clinical judgment for
blood product transfusion before invasive procedures in
patients with coagulopathy and no clinical bleeding.

ENDOCRINE AND METABOLIC MAN-
AGEMENT

Children with limited glycogen storage are susceptible
to severe hypoglycemia during septic shock. Frequent
monitoring, at least every 6 hours, is crucial, and to pre-
vent hypoglycemia, intravenous fluids with 5-10 percent
dextrose are recommended. We recommend maintain-
ing a blood glucose level between 80-180 mg/dL [61,62].
Calcium dysregulation usually occurs in critically ill
children and is associated with organ dysfunction [63].
We recommend targeting normal blood calcium levels in
children with septic shock requiring vasoactive infusion
support.

In cases of fluid-refractory catecholamine-resistant
septic shock, the effectiveness of HAT therapy, which in-
cludes hydrocortisone, ascorbic acid, and thiamine, re-
mains uncertain due to conflicting study results [64-66].
Therefore, further information and robust evidence are
necessary to evaluate the potential role of HAT therapy as
arescue intervention for this condition. If HAT therapy is

considered to be helpful, the specific dosages and admin-
istration intervals are as follows: hydrocortisone 1 mg/
kg/dose (maximum 50 mg/dose) IV every 6 hours, thia-
mine 4 mg/kg/dose (maximum 200 mg/dose) IV infusion
over 30-60 minutes once or twice daily, and vitamin C 30
mg/kg/dose (maximum 1,500 mg/dose) IV infusion over
30-60 minutes every 6 hours [67-69].

INTRAVENOUS IMMUNOGLOBULIN
(IVIG)

Currently, there is insufficient conclusive evidence to
support the routine use of IVIG in critically ill children
with sepsis. We advise against its general use in cases of
septic shock or sepsis-associated organ dysfunction [70].
However, there may be potential benefits for selected
patients, such as those with suspected toxic shock syn-
drome. In such cases, consideration may be given to IVIG
administration at a dosage of 1 g/kg/dose on day 1, fol-
lowed by 0.5 g/kg/dose IV infusion over 6 hours on days 2
and 3 [71]. Furthermore, other pediatric populations that
might derive benefits from IVIG include children with
necrotizing fasciitis or those with an underlying disease
of primary immunodeficiency. We suggest against the
use of pentaglobulin in children with septic shock or sep-
sis-associated organ dysfunction [71].

SODIUM BICARBONATE ADMINISTRA-
TION

We were unable to provide a specific recommendation
on the routine use of sodium bicarbonate in children
with septic shock or sepsis-associated organ dysfunction.
However, in our clinical practice, there is a preference
for administering 7.5% NaHCO, at a dosage of 1 mL/kg
intravenously over 60 minutes in patients with hemody-
namically unstable and severe metabolic acidosis (pH <
7.15) [72]. Close monitoring is essential during the infu-
sion due to potential complications, including hyperna-
tremia, hypokalemia, hypocalcemia, and fluid overload.
It is important for patients to have normalized carbon
dioxide levels before the administration of 7.5% NaHCO,
to prevent hypercapnia.

PLASMA EXCHANGE (PE)

Current evidence suggests that plasma exchange (PE) is
not generally effective as a therapy for septic shock [73].
However, PE may be beneficial for a specific subgroup
of pediatric patients with thrombocytopenia-associated
multiple organ failure (TAMOF) and should be consid-
ered in such cases. The eflicacy of PE is well-established
in conditions such as thrombotic thrombocytopenic pur-
pura, a type of thrombotic microangiopathy that is asso-
ciated with significantly reduced levels of ADAMTS-13.
While randomized controlled trials are limited in num-
ber, various case series have demonstrated the potential
benefits of PE in managing TAMOF [74-75].
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Table 5. Summarize the septic shock resuscitation bundle for various levels of hospitals.

Primary care

General hospital

Tertiary or quaternary hospital

Patient screening

Diagnosis

Initial treatment

Antibiotic administra-
tion with controlled
source of infection

Initial fluid resuscita-
tion

Inotropic and vaso-
pressor

Blood component

Early recognition tool

Early detection and refer

- Oxygen
- IV fluid

Early refer for IV antibiotic

- Obtain one large bore IV
access

- In hypotensive patient,
isotonic crystalloid bolus 10-20
mL/kg in 15-20 minutes (max-
imum 40 mL/kg or any signs of
fluid overload)

- In non-hypotensive patient,
isotonic crystalloid bolus 10
mL/kg in 60 minutes

Early refer

- Early recognition tool

- Diagnosis initial presentation
of poor tissue perfusion or organ
dysfunction

- Prompt diagnosis

- Categorize patients into septic
shock and sepsis-associated organ
dysfunction

- Evaluate shock stage

- Search for the location of infec-
tion

- Oxygen, respiratory support

- Obtain culture from source of
infection and blood culture

- Administrate empirical antibiotic
as soon as possible (within 1 hour
in septic shock or 3 hours in sep-
sis-associated organ dysfunction
patients)

- Obtain 2 large bore IV access

- Consider intraosseous if unable
to establish IV access

- Isotonic crystalloid bolus 10-20
mL/kg in 15-20 minutes, repeat
2-3 doses as needed in 1st hour
(stop fluid bolus if present of any
signs of fluid overload)

- Evaluate signs of fluid overload

- Epinephrine or norepinephrine
0.05-0.2 mcg/kg/min to raise
blood pressure to the target level
when blood volume is adequate (at
least 40 mL/kg)

- If no improvement, consider a
referral

If blood bank available consider
transfusion

- Red blood cell 10 mL/kg in
unstable patient with Hb level less
than 10 g/dL or in stable patient
with Hb level less than 7 g/dL

- Platelet in patient who has active
bleeding, undergoes invasive pro-
cedure with platelet level less than
< 50,000/mm’, coagulopathy with
platelet level less than < 20,000/
mm’, platelet level less than <
10,000/mm?

- FFP 10 mL/kg in patient with
coagulopathy along with bleeding
or undergoes invasive procedures

- Early recognition tool

- Diagnosis poor tissue perfusion
or organ dysfunction with addi-
tional assessment tools

- Prompt diagnosis

- Categorize patients into septic
shock and sepsis-associated organ
dysfunction

- Evaluate shock stage

- Search for the location of infec-
tion

- Oxygen, respiratory support

- Obtain culture from source of
infection and blood culture

- Administrate empirical antibiotic
as soon as possible (within 1 hour
in septic shock or 3 hours in sep-
sis-associated organ dysfunction
patients)

- Control the causative source

- Consider medication adjustments
and appropriate interventions
based on culture results

- Obtain 2 large bore IV access

- Consider intraosseous if unable
to establish IV access

- Isotonic crystalloid bolus 10-20
mL/kg in 15-20 minutes, repeat
2-3 doses as needed in Ist hour
(stop fluid bolus if present of any
signs of fluid overload)

- Evaluate signs of fluid overload
with other tools such as ultrasound
- Consider use 5% albumin as
option fluid bolus

- Epinephrine or norepinephrine
0.05-0.2 mcg/kg/min to raise blood
pressure to the target level when
blood volume is adequate (at least
40-60 mL/kg)

- Consider dobutamine or milri-
none in poor myocardial contrac-
tility with normal blood pressure

- Consider central venous catheter
insertion to prevent extravasation

Consider transfusion

- Red blood cell 10 mL/kg in
unstable patient with Hb level less
than 10 g/dL or in stable patient
with Hb level less than 7 g/dL

- Platelet in patient who has active
bleeding, undergoes invasive pro-
cedure with platelet level less than
< 50,000/mm’, coagulopathy with
platelet level less than < 20,000/
mm’, platelet level less than <
10,000/mm?

- FFP 10 mL/kg in patient with
coagulopathy along with bleeding
or undergoes invasive procedures
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Primary care

General hospital

Tertiary or quaternary hospital

Continuous renal
replacement therapy

- Consider High flow nasal can-
- Consider intubation in patient

who has respiratory failure or
prolong shock

-Sedative medication for intubated

- Consider initiating CRRT when
a patient is in stage 3 or higher
of Acute Kidney Injury (AKI)
and is unresponsive to standard
treatment

- O, administration

-Use sedative medication with
minimal hemodynamics distur-

(CRRT)
Respiratory support O, administration
nula
Sedation
bance
patient
Monitoring

Mean arterial pressure, urine
output, capillary refill time

- Consider initiating re when a
patient is in stage 2 or higher of
Acute Kidney Injury (AKI) and is
unresponsive to standard treat-
ment

- O, administration

- Consider High flow nasal can-
nula or Bilevel positive pressure
ventilation

- Consider intubation with cuffed
tube in patient who has respiratory
failure or prolong shock

- Use lung protective strategies in
patient with ARDS

- Use sedative medication with
minimal hemodynamics distur-
bance

- Sedative medication for intubat-
ed patient with sedation scale or
protocol

- Mean arterial pressure, urine out-
put, arterial lactate, ScvO,, tissue
perfusion

THERAPEUTIC ENDPOINTS

The targets for pediatric septic shock include achieving a
capillary refill time of less than 2 seconds, no difference
in the quality of pulses between peripheral and central,
warm extremities, urine output greater than 1 mL/kg/
hour, a normal level of consciousness, and maintaining a
threshold heart rate based on age (90-160 beats per minute
for infants, 70-150 beats per minute for children). Addi-
tionally, central venous oxygen saturation (ScvO,) should
be kept above 70%, anion gap below 16, lactate below 2
mmol/L, and cardiac index (CI) within the range of 3.3-
6.0 L/minute/m? if equipment is available [1]. The man-
agement of pediatric septic shock across different hospital
levels, including primary, secondary, and tertiary hospital,
is outlined in Table 5.

CONCLUSION

The Thai pediatric septic shock management guideline
emphasizes evidence-based strategies, including early
recognition, fluid and vasoactive agent titration, empir-
ical antimicrobial therapy, and holistic care. With a focus
on adaptability to local resources, the guideline aims to
optimize outcomes across Thailand’s varied healthcare
settings.
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