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Abstract. Septic shock is a main cause of morbidity and mortality in neonates. Septic shock evolves from 
compensated to uncompensated through 3 distinct phases. Prompt diagnosis is challenging, since neonatal 
septic shock may overlap with the physiological changes occurring at birth. The outcome of septic shock 
depends on a prompt recognition of symptoms and a strict adherence to cardiopulmonary resuscitation guide-
lines. Fluid administration plays a major role in the initial management of septic shock. If there is no response 
to volume filling, inotropes must be infused within one hour of onset (dopamine, dobutamine, adrenaline). 
Life-threatening infections require immediate and aggressive empiric use of antimicrobials. In the pediatric 
age, delay in antibiotic initiation for treating septic shock is associated with poor outcome and increased risk 
of mortality. There is a gap regarding first line interventions in neonatal septic shock. This review addresses in-
itial interventions in the treatment of neonatal septic shock and discusses currently available evidences., These 
interventions may allow to improve the outcome if they are promptly carried out. (www.actabiomedica.it)

Key words: sepsis, newborn, septic shock, hemodynamic support, antibiotics

Introduction

Sepsis is a life-threatening organ dysfunction due 
to dysregulated host response to infection. Neonatal 
sepsis is categorized in early- (EOS) and late-onset 
sepsis (LOS) defined as a positive blood or cerebro-
spinal fluid culture obtained within or beyond 3 days 
of age, respectively. (1) Neonates born before 28 weeks’ 
gestation or with a birth weight under 1500 g are par-
ticularly susceptible to sepsis. (2-5) Sepsis-associated 
mortality rates varies according to the severity of clini-
cal symptoms, risk factors, geographical location. Two 
recent Italian area-based studies showed that mortal-
ity was also strictly associated with low gestational age 
(EOS: OR 0.71 [0.60–0.83]; LOS: OR 2.3 [1.2-4.7]) 
or the need of catecholamine support for treating 

septic shock (EOS: OR 21.3 [6.58-68]; LOS: OR 
12.6 [1.6-101.9]). (6,7)

Pathogens involved in septic shock may vary 
according to neonatal age, site of infection and pre- 
existent underlying diseases. (8,9) Main pathogens 
causing EOS are bacteria that colonize the mater-
nal genital tract, i.e. Group B streptococcus (GBS), 
 Escherichia coli and Listeria monocitogenes. (7,10,11) 
Pathogens may be transmitted during the labor or  after 
membrane rupture. In some high-income countries 
using extensively intrapartum antibiotic prophylaxis 
for preventing Group B Streptococcus, E. coli is now 
the first pathogen in EOS. (10,12,13) 

LOS is more commonly due to Gram positive 
(Coagulase-negative stafilococci, S. aureus, GBS) or 
Gram negative pathogens (E. Coli, Enterobacteriacee, 
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Pseudomonas aeruginosa). (7,14,15) CONS are the 
most common nosocomial pathogens causing LOS, 
whereas Candida albicans is the main pathogen among 
fungi in VLBW neonates with LOS. (1) In contrast, 
some pathogens may be more commonly acquired in 
community. (7) Late onset group B streptococcus is 
often acquired from maternal sources either at delivery 
or in the post-partum, after discharge from the nurs-
ery. Pathogens can also be acquired from non-maternal 
sources. Prolonged hospital stay in Neonatal Intensive 
Care Unit (NICU) and use of wide spectrum antibi-
otics increase the risk of neonatal colonization with 
multidrug resistant pathogens, (16,17) and neonates 
admitted to NICU may suffer from one or more epi-
sodes of LOS during their hospitalization. (7)

This review focuses on initial interventions for 
treating septic shock. These interventions improve the 
neonatal outcome when promptly carried out.

Definition of sepsis and septic shock

Shock is a generalized, rapidly establishing tis-
sue hypoperfusion. Shock results from multiple and 
related mechanisms that lead to severe cellular impair-
ment due to an imbalance between cellular nutrition 
and removal of toxic metabolites. (18) The definition of 
sepsis and septic shock in the pediatric age is contro-
versial. Three different definitions have been suggested 
and subsequently adapted to premature neonates by 
Wynn. (3,4,19,20) These definitions recognize three 
subsequent phases: systemic inflammatory response 
syndrome: SIRS, sepsis and septic shock. 

However, these pediatric sepsis definitions have 
limited value to bedside clinicians for identifying cases 
of sepsis, since they have poor predictive value and 
have not been validated. (21,22) Recently, the adult 
definition of sepsis has been updated by highlighting 
the central role of organ impairment; septic shock oc-
curs in a subset of patients with sepsis in whom cir-
culatory, cellular or metabolic impairment is profound 
enough to increase the risk of mortality. (23)

During the first weeks of life, organs are imma-
ture and physiological changes occur in the functions 
of the vital systems. As a consequence, reference values 
and variations from the norm of some vital parameters 

are not well defined. Therefore, the concept of organ 
dysfunction as a diagnostic criterium is unfrequently 
used in neonates. (20) Further studies are required to 
assess criteria for neonates, possibly by adapting those 
established in the adult population. (24)

Physiopathology

Once the pathogen has entered the body, mono-
cytes and macrophages recognize molecules expressed 
(PAMPS: pathogen-associated molecular patterns) 
through surface receptors, including TLRs (Toll Like 
Receptors). As consequence, this interaction gener-
ates the activation of second messengers and intracel-
lular cascades leading to the release of cytokines and 
chemokines that amplify the immune response (INFγ, 
IL1β, IL6, IL8, IL12, IL18, MCP, MIP, TNFα) and 
activate the endothelium. Other receptors involved 
are intracytoplasmic receptors (NOD-like receptors 
[NLRs], RIG-like receptors [RLRs]); they have a role 
in the creation of the inflammasome, contributing to 
the activation of lymphocyte and complement func-
tion, especially CR3 receptor. In full-term infants, in 
the first month of life, a reduced expression of CR3 re-
ceptor and L-selectin predisposes to the risk of sepsis. 
If the infection and inflammation are not controlled, 
a generalized endothelial inflammatory state can lead 
to septic shock. The damage and generalized activa-
tion of the endothelium, associated with the systemic 
spread of the pathogen, cause damage to the micro-
circulation with tissue hypoxia, acidosis and hypoten-
sion. (18,25) Parallel to the inflammatory state, the 
body also produces a number of anti-inflammatory 
molecules (TNF2, IL6-receptor, IL1 receptor antago-
nist) in order to attenuate the intensity of the systemic 
inflammatory response. For the same purpose there 
is an increase in endogenous cortisol. Preterm infants 
have relative adrenal insufficiency which contributes to 
hemodynamic instability and hypotension. (3)

Clinical aspects of septic shock 

Sepsis may present with non-specific symptoms 
(tachycardia, respiratory sings, poor feeding, hypotonia, 



Acta Biomed 2022; Vol. 93, N. 3: e2022141 3

in the pediatric age, as shown by the improvement 
observed after volume filling. (3) The neonatal myo-
cardium is not able to compensate for the raised needs 
through an increase in the ejection volume (that is 
relatively fixed, due to the small ventricular size and 
reduced compliance), nor with a sustained increase in 
the heart rate, that is already high. Persistent tachy-
cardia also worsens the perfusion of the myocardium 
itself that occurs during diastole and myocardial O2 
consumption, with the risk of ischemia. (3)

Sepsis leads to metabolic acidosis and hypoxia 
with consequent increase in pulmonary resistances and 
persistence of fetal circulation, characterized by right 
to left intra and extra cardiac shunts. The increase in 
pulmonary vascular resistances and their persistence 
cause right ventricular failure which affects left ven-
tricular function. In the newborn, it is also impor-
tant to distinguish septic from cardiogenic shock 
due to the closure of the arterial ductus in complex 
ductus-dependent congenital heart diseases. Prosta-
glandin treatment should be started immediately in 
any neonate with shock and hepatomegaly, cyanosis, 
heart murmur, difference in blood pressure and / or 
peripheral pulses between the upper and lower limbs. 

lethargy, pale or cyanotic skin, decreased urine output), 
that may rapidly evolve to septic shock. Prompt diag-
nosis is challenging, since neonatal sepsis may over-
lap with the physiological changes occurring at birth. 
These changes may affect the normal course of neonatal 
adaptation, and complicate this precarious equilibrium, 
making difficult to assess the burden of organ com-
promise associated with septic shock. (2) Septic shock 
can progress through three consecutive phases, rang-
ing from compensated to uncompensated. Each one of 
these phases has specific neuroendocrine compensatory 
mechanisms and clinical signs (table 1). (3,6)

Furthermore, septic shock is distinguished in 
warm and cold. Table 2 shows hemodynamic changes 
and clinical presentations during warm and cold septic 
shock. 

Vasodilation with reduced vascular resistances in-
itially prevails in warm shock, while the cardiac output 
increases. During the subsequent cold shock, cardiac 
compensation fails, while vascular resistances increase, 
due to vasoconstriction. 

In adults, septic shock usually presents with myo-
cardial dysfunction and decreased cardiac ejection frac-
tion. In contrast, severe hypovolemia is predominant 

Table 1. Neuroendocrine compensatory mechanisms and clinical signs of septic shock

Compensated shock Neuroendocrine compensatory mechanisms
Signs: increased heart rate, decreased urine output, poor perfusion, cold extremities delayed refill time 

Uncompensated shock Failure of neuroendocrine compensatory mechanisms
Signs: systemic hypotension, metabolic acidosis

Irreversible shock Failure of microcirculation, irreparable cell damage and cell death.
Signs: Multiorgan failure

Table 2. Haemodynamic changes and clinical presentations during warm and cold shock

Haemodynamic changes Clinical presentations

Warm shock

• Vasodilation

• Reduced systemic vascular resistances

• Increased Cardiac output

• Warm extremities

• Fever, tachycardia

• Raised pulsation amplitude

• Refill time: normal or “flash”

Cold shock

• Peripheral vasoconstriction

• Increased systemic vascular resistances 

• Cold and marbled ends

• Weak pulse, decreased pulse amplitude

• Foot / central peripheral T ° gap

• Delayed refill time 

• Oliguria
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colloids (5% albumin) remains controversial, (31,32,33) 
whereas crystalloids (saline for neonates, Lactated 
Ringer or saline for children) are usually the first line 
fluids. A prospective observational study enrolled 
49,153 children (aged <18 years) with severe sepsis. The 
study was carried out in 43 US hospitals from 2004 to 
2012. Among 36,908 children who were analyzed for 
fluid resuscitation, 2398 (median age 3.2 years) received 
only balanced crystalloids (i.e. Lactated Ringer’s) and 
30,166 (median age 5.8 years) received only unbalanced 
fluids. Mortality rates were reduced (12.5%   vs 15.9%; 
p = 0.007, OR 0.76; 95%, CI 0.62-0.93) when balanced 
fluids rather than saline were administered. Further-
more, author suggested to avoid fluid overload, since it 
was associated with worse outcomes. (32) 

A retrospective cohort study was carried out in 
12,529 children (aged <18 years) with severe sepsis or 
septic shock in 382 US hospitals (from 2000 to 2013). 
Ringer lactate and saline were administered to 2150 
and 10,379 children respectively. A sample of 2117 
children was selected from each group (median age 
8 and 7 years for Ringer lactate and saline infusion 

Prostaglandin treatment should be discontinued once 
ductus-dependent heart diseases have been ruled out. 
Early phases of inborn metabolic errors can also simu-
late septic shock. (20)

Therapy 

The outcome of septic shock depends on a prompt 
recognition of symptoms suggesting sepsis and a strict 
adherence to cardiopulmonary resuscitation guidelines, 
protocols and algorithms according to PALS guidelines. 
(27,28,29) Outcome varies also according to the time-
liness by which the following 3 targets are achieved: 
a) Recovery from the shock, as demonstrated by the nor-
malization of both capillary refill time (< 3”) and blood 
pressure; b) Infusion of broad-spectrum antimicrobials 
and c) Infusion of fluids (crystalloids) within 1 hour 
from the onset of symptoms. (30)  Figure 1 shows initial 
steps in the treatment of septic shock in the newborn.

Fluid administration plays a major role in the ini-
tial management of septic shock. The administration of 

Figure 1. Initial steps in the treatment of septic shock in the newborn (modified from Ref. 30)
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Volume filling is indicated before intubation in 
cases of severe septic shock, since analgo-sedation 
could precipitate severe hemodynamic instability. (30) 
If there is no response to volume filling, inotropes must 
be infused within one hour of onset (dopamine, dobu-
tamine, epinephrine). Recent guidelines recommend 
the preferential use of epinephrine or norepinephrine 
(compared to dopamine) as first-line catecholamines 
in children with septic shock, since the inotropic and 
vasopressor effect is higher, and useful in the treatment 
of fluid-refractory septic shock. (27)

There is a great gap of studies regarding the use 
of amines in the neonatal period. Norepinephrine is 
currently the inotropic first line drug in septic shock 
of the child. (37,38,39) A double-blind randomized 
controlled trial (40) was carried out in 40 neonates 
(of which 18 had ≤ 30 and 22 had ≥ 31 weeks’ ges-
tation respectively) with fluid refractory septic shock. 
Epinephrine was more effective than dopamine in 
reversing shock and haemodynamic instability in 
premature neonates under ≤ 30 weeks’ gestation, 
whereas epinephrine and norepinephrine had compa-
rable safety and efficacy (50% vs 30%; RR 1,67 (95% 
CI 0,75-3,71) in infants with higher gestational age 
(≥ 31 weeks’). (40)

A retrospective observational study during a 
10-year period included 279 preterm infants (≤ 32 
weeks’ gestation) with LOS, of which 25 progressed 
to septic shock. Indications for fluid bolus and vaso-
pressors administration were blood pressure < 20% and 
41% below to what was found before the onset of dis-
ease symptoms, respectively. Authors found no signifi-
cant hemodynamic changes when the first fluid bolus 
was given, but the start of vasopressors significantly 
increased blood pressure and heart rate (p<0.01). This 
study shows that vasopressors, not fluid bolus, signifi-
cantly increased blood pressure and heart rate. (41)

Life-threatening infections require immediate 
and aggressive empiric use of bactericidal antibiot-
ics. Delay in antibiotic initiation for treating septic 
shock has been associated with poor outcome and in-
creased risk of mortality. In adults with hypotensive 
septic shock, survival was found to decreases by 7.6% 
for each hour of delay in antibiotic administration. 
(42) Despite a very low quality of evidence, recent 
guidelines for the management of septic shock and 

respectively). No difference in mortality was found 
between the groups (RR 0.99, 95%, CI 0.98, 1.01, 
p =0.2). (31) 

In addition, the duration of i.v. fluids’ infusion is 
also controversial. Sankar enrolled 96 children aged 
less than 18 years receiving fluid boluses with normal 
saline. Fluid boluses were administered in 45 children 
(median age 6.5 years) within 15-20 minutes and in 
51 children (median age 6 years) within 5-10 minutes. 
Mechanical ventilation or increase in oxygenation in-
dex after fluid resuscitation were less frequent among 
children receiving fluid boluses within 15–20 minutes 
in the first 6 hours (36% vs 57%; relative risk, 0.62; 
95% CI, 0.39–0.99) and 24 hours of septic shock (43% 
vs 68%; relative risk, 0.63; 95% CI, 0.42–0.93). This 
study supports a longer duration of fluid boluses and a 
change in current practice, (34) although, critically re-
read by others, these data led to opposite conclusions, 
namely that fluids should be administered within 
10 minutes. (35)

It is preferable to use a central venous line; how-
ever, in emergency conditions, an intraosseous (if the 
body weight is over 3 kg) or a peripheral venous access 
can be used. In the newborn the umbilical venous ac-
cess can be inserted up to 15 days of life. (30)

Fluids (usually saline in neonates) should be ad-
ministered with caution in neonates, especially in pre-
term infant with persistent patent ductus arteriosus, 
because of risks of congestive heart failure, pulmonary 
edema or reopening of a previously closed arterial duc-
tus. Furthermore, large and rapid administration of 
fluids in preterm infants may lead to intraventricular 
hemorrhage, whereas prolonged cerebral hypoperfu-
sion, consequent to septic shock, can lead to perive-
ntricular leukomalacia. (19,30,35) Although there are 
only a few data, fluid boluses (saline) of 10 mL/kg (up 
to 40 mL/kg in the first hour) can be administered in 
neonates. (3,30) Fluid infusion should always be ti-
trated to clinical markers of cardiac output (i.e. hepato-
megaly, or increased work of breathing). They should be 
discontinued if signs of fluid overload develop. (27,30)

In hypotensive preterm neonates, some inves-
tigators recommend that a single bolus of saline 
(10–20 ml/kg over 30–60 minutes) be given and if 
further intervention is necessary, to begin vasoactive 
 medications. (36) 
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to defer lumbar puncture if the infant has hemody-
namic instability. (46) Therefore, even more so in 
such cases, empirical antibiotic therapies must have 
a particularly broad spectrum. In fact, they must be 
promptly effective in more severe cases. Piperacillin-
tazobactam, carbapenem or cefepime should be used 
for Gram-negative coverage, in infants known to be 
colonized with resistant Gram-negative organisms. 
Empirical therapy should be re-evaluated within 48 
hours; antibiotics with the narrowest spectrum (de-
escalation) and distributing to the infected body site 
should be administered according to the pathogen re-
covered from cultures. Antibiotics should be discontin-
ued if the neonate has improved and systemic cultures 
are sterile. Antimicrobial stewardship programs may 
guide the optimal choice of drugs, dosage, and dura-
tion of therapies. (47,48)

In conclusion, prompt recognition and treatment 
of sepsis and septic shock improves prognosis, and 
initial approaches are key to improving the outcome. 
 Recently, approaches for treating the adult septic 
shock have been defined, but strong evidences regard-
ing neonates are still lacking. There is a need to carry 
out well-designed studies to clarify these aspects in the 
neonatal period.
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