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Infantile postoperative encefalopathy and the perioperative risk
factors: a systematic review of the literature

L. KrLewais (*), E. RoorTHOOFT (*,**), M. VAN DE VELDE (*)

Abstract: A systematic review of the literature was
performed to describe the perioperative risk factors for
developing postoperative encefalopathy in infants and
how to avoid them. Intra-operative complications are
more common in neonates than in the adult population,
and perioperative complications in pediatric patients
have an increased mortality risk. Several studies have
demonstrated an association between general anesthesia
in infancy and an increased risk of poor neurobehavioral
outcome. The reasons for this association are still unclear.
We performed an extensive literature search to describe
the problem of postoperative encephalopathy and to
determine the factors that contribute to infantile post-
operative encefalopathy and how to avoid or treat
them. Maintaining adequate cerebral perfusion is very
important, as the brain is the most vulnerable organ. All
factors leading to a decreased supply of oxygen to the
brain should be eliminated.

Anesthesiologists could play a major role in preventing
brain injury by providing safe anesthesia. This means
maintaining normal homeostasis and avoiding hypo-
tension, hypocarbia, hyponatremia, hypoglycemia and
hyperglycemia, hypo-and hyperoxemia.

Keywords: infantile postoperative encephalopathy.

INTRODUCTION

Infants undergoing surgical procedures in the
first few months of life are at higher risk of death
and subsequent neurodevelopmental abnormalities
(1). The perioperative period in newborns and
infants carries the risk of cerebral perfusion dis-
turbances due to potential hemodynamic or meta-
bolic derangements as a consequence of patient,
surgery and anesthesia related factors. For neonates
and smaller children, the organ immaturity and
smaller cardiorespiratory reserves are a major
factor for the increased risk. However, inexperience
of care providers also contributes to a higher
perioperative morbidity and mortality. Anesthetists
have a limited ability to monitor the most vulnerable
organ, the brain, during general anesthesia. Several
studies have demonstrated an association between
general anesthesia in infancy and an increased risk

of poor neurobehavioral outcome. The reasons
for this association are still unclear (2-5). There
is concern for potential neurologic injury during
anesthesia because of possible neurotoxicity of
anesthetic drug and because of cerebral hypoxia-
ischemia due to hypotension and hypoxia during
surgery. Possible neurotoxicity of anesthetic drugs
will not be discussed in this review. The main focus
in this article are other risk factors and how to avoid
them.

METHODS

This article was written based on an extensive
literature search in which we refer to human studies
as well as animal studies. In this article we try to find
which factors contribute to infantile postoperative
encefalopathy and how to avoid or treat them.
A literature search, using databases Medline and
Pubmed was performed on April 2* 2021, using
following search strings: “postoperative infantile

9

encephalopathy”, “anesthesia brain injury infant”,

LR IR

“anesthesianeurologicinjuryinfant”, “intraoperative

RT3

hypotension neonates”, “intraoperative hypotension
infants”, “hypotension cerebral oxygenation in-

EE T3 9% Ces

fants”, “intraoperative hypocapnia infants”, “intra-
operative hypocapnia neonates”, ‘“hypocapnia

EE T

brain injury infants”, “cerebral oxygenation hypo-
capnia infant”, “cerebral oxygenation anesthesia
infants”, “hyponatremic encephalopathy infant”,

Lore KiLEwais, MD; Eva RoortHooFT, MD; Marc VAN DE VELDE,
MD, PhD, EDRA

(*) Department of Cardiovascular Sciences, KU Leuven,
Leuven, Belgium and Department of Anesthesiology, UZ
Leuven, Leuven, Belgium.

(**) Department of Anesthesiology, GZA Hospitals, Antwerp,
Belgium.

Corresponding author: Prof. Marc Van de Velde, Department
of Cardiovascular Sciences, KU Leuven, Leuven, Belgium
and Department of Anesthesiology, UZ Leuven, Leuven,
Belgium
Email: marc.vandevelde@uzleuven.be

Paper submitted on Apr 29, 2021 and accepted on May 01,
2021.
Conflict of interest: None.

© Acta Ancesthesiologica Belgica, 2021, 72, Supplement 1



46 L. KLEWAIS et al.

“intraoperative hypoglycemia infant”, and “hypo-
glycemic encephalopathy infants” and “hyperoxia
and brain injury infants”. Articles about anesthetic
neurotoxicity and articles about neurologic injury
after cardiac or brain surgery were excluded.

REsuULTS
Hypotension/ hypertension

Hypotension during general anesthesia in
infants is considered a risk factor for poor neuro-
logical outcome. Cerebral perfusion pressure
depends on mean arterial pressure and intracranial
pressure. During general anesthesia measuring non-
invasive blood pressure (BP) is done as a standard
of care. But non-invasive blood pressure monitoring
can be inaccurate and there is no consensus on the
lower limits for neonates and infants undergoing
general anesthesia. Oscillometer BPmeasurements
should be obtained by placing an appropriate
size cuff around the infant’s right bicep. The cuff
bladder width should be approximately 40% of the
arm circumference at a point midway between the
olecranon and acromion (6-7). In a retrospective
study, comparing non-invasive blood pressure
measurements with intra-arterial measurements
in term neonates under general anesthesia, in-
vestigators found a reasonable agreement for
mean blood pressure. When there was hypotension
or hypertension, there was a larger discrepancy
between both methods (8). Hypotension in pediatric
patients was defined as a systolic blood pressure
(SBP) below 60mmHg or a drop of 20% below the
baseline blood pressure. However, blood pressure is
rarely measured before induction in infants, and so
there often is no reference blood pressure (9). The
PALS guidelines and the British Working Group
on Perinatology recommend using gestational age
in weeks as the lower limit of mean blood pressure
(10). This guideline is still used as a general rule
in neonatal intensive care units. It corresponds to
the tenth percentile of normative values for the
first 48-72 hours of life. Using gestational age
in weeks as the lower limit for mean arterial
pressure (MAP) works for neonates but this
rule can’t be applied for older infants. Another
possibility would be to use the definition of shock
defined by the Pediatric Advanced Life Support and
American College of Critical Care Medicine. In
this consensus, septic shock is defined as a systolic
blood pressure (SBP) below 60 mmHg for neonates
and below (2x age) + 70 mmHg for children older
than one year (11). General anesthetics always cause
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Fig. 1 & 2. — Blood pressure in the first year of life in
healthy infants born at term (12).

some degree of hypotension but are thought to
decrease cerebral metabolic rate and therefore also
decrease oxygen demand. For infants this may not
be the case. Anesthetic agents are GABA receptor
agonists, which are inhibitory in the adult brain
but in the developing brain may be excitatory. The
switch from excitatory effect to inhibitory effect is
complete around 1 year of age (12).

In a case series described by McCann et al.
there were 6 infants who developed postoperative
encephalopathy. In these 6 cases intraoperative mean
blood pressures were lower than the gestational age
but not lower than the lower limits for systolic blood
pressure suggested by the Association of Paediatric
Anaesthetists for infants undergoing general anes-
thesia. A survey of members of the SPA (Society
for Pediatric Anesthesia) and the Association of
Pediatric Anaesthetists of Great Britain and Ireland
identified an SBP threshold value for neonates as
45.5 + 8.5 mm Hg and 49.6 + 8.4 mm Hg, respecti-
vely. This value is 20% to 25% below the definition
of hypotension used in the PALS for awake neonates
and represents a 40% to 46% drop in expected
normative SBP for awake healthy neonates aged
>1 week and awake preterm infants that are aged
>70 days. In this case series most infants were
born preterm and some had neurological problems
preoperative but all 6 patients were considered
neurologically stable before anesthesia (10).

In another case report Lopez et al. describe
a case of postoperative neonatal encephalopathy
with seizures occurring, in a term newborn, despite
normal intraoperative blood pressure. There were no
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episodes of hypoxemia, hypocapnia, hypoglycemia
or hypotension (14).

Hypotension is very common during general
anesthesia in infants and neonates but only a small
number of them develop neurological problems
postoperative. In a retrospective analysis Weber et
al. analyzed the data of 1091 cases of infants under
the age of 1 year that underwent general anesthesia.
They defined hypotension as a MAP less than 35
mmHg for patients less than 6 months and a MAP
less than 43 mmHg for patients older than 6 months.
They found a high incidence of hypotension
postinduction and during surgery especially in
neonates. In the group of patients less than 1 month
old the incidence was 25.5% (15).

Definition of hypotension in this study was
based on the results of Rhondali et al. They studied
the effects of sevoflurane anesthesia on MAP and
regional cerebral blood oxygenation (rSO2) in
infants under 2 years of age. Based on their results,
they recommended to keep MAP above 33mmHg
for infants less than 6 months old and above 43
mmHg for infants more than 6 months old (16).

A recent multicenter prospective observational
study was set up to try and identify thresholds for
intervention during general anesthesia in infants up
to 60 weeks postmenstrual age. In 35.3% of the cases
a critical intraoperative event was reported. Most of
these critical events were cardiovascular problems
(60%). The most important issue was intraoperative
hypotension (50%). Physicians intervened when
SBP was below 46.2 mm Hg or if MAP was below
32.7 mmHg (17).

In a prospective randomized controlled
trial McCann et al. found that infants undergoing
general anesthesia had a higher incidence of hypo-
tension and intervention for it than infants who
received regional anesthesia. In this study 722
infants undergoing inguinal herniorrhaphy were
randomized to the general anesthesia (GA) or the
regional anesthesia (RA) group. Although there was
a higher incidence of hypotension in the GA group
there was no neurocognitive difference in follow up
after 2 years between both groups. The importance
and consequence of transient perioperative
hypotension in neonates and infants seems to be
unknown (3, 18).

Lack of good definition of what hypotension in
neonates and infants is and what would be the lower
limits make it difficult. Maybe a more physiological
approach is needed. In this approach the main focus
is the brain as the most vulnerable organ. The most
useful physiological definition of hypotension is
the MAP at which cerebral autoregulation is lost.

Cerebral blood pressure autoregulation maintains
relatively constant cerebral blood flow (CBF) across
changes in systemic blood pressure. When perfusion
pressure is on the autoregulatory plateau, cerebral
vessels dilate with decreasing blood pressure and
constrict with increasing blood pressure. When
blood pressure decreases further under the limit
of autoregulation, there is no vasodilatory reserve
anymore and CBF will decrease. At this point
ischemic injury can occur. When blood pressure
exceeds the upper limit of the autoregulatory
curve, the vessels cannot constrict any further and
hyperemic brain injury is possible (19). In preterm
infants the autoregulatory plateau is very narrow.
In older infants the constriction and dilatation of
vessels keeps cerebral blood flow constant over
a wider range of blood pressures. So preterm
infants are definitely more at risk for developing
neurological injury (6, 20).

In a prospective observational study Michelet
et al. determined when a decrease in cerebral blood
oxygen saturation of more than 20% occurred.
They concluded, based on their results, that a fall
in systolic blood pressure of more than 20% and a
decrease of more than 15% of mean arterial blood
pressure should be avoided (9).

In an observational prospective study
Razlevice et al. included 43 infants. They found that
a 20% decrease in cerebral oxygenation occurred in
8 patients. They observed lower NIRS values when
MAP was 30 mmHg or less (21).

Olbrecht et al. included 453 infants under the
age of 6 months undergoing general anesthesia for
more than 30 minutes inan observational, multicenter
study. Cerebral oxygenation was measured with near
infrared spectroscopy. Cerebral desaturation events
were defined as mild (11-20% below baseline),
moderate (21-30% below baseline) or severe (more
than 30% below baseline). They found that mild and
moderate events occurred frequently while severe
desaturation was rare. In their study low arterial
pressure was very common and not well associated
with low cerebral oxygenation (22). In an animal
study piglets undergoing general anesthesia with
sevoflurane were randomly divided in four groups:
a control group, a hypotensive group, a group with
hypocapnia and a combined group (hypotension
and hypocapnia). The main finding was that the
combination of hypotension and hypocapnia led
to alteration of cerebral perfusion with signs of
neuronal dysfunction and early neuronal ischemia
(23).

So, anesthetists should avoid blood pressures
dropping too low. But what is too low? We should
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Table 1

Summary of studies regarding hypotension in infants and neonates

Study Type Study group Results
Rhondali et al. Observational - 195 children < 2 years, ASA I & II, |- MAP should not be bellow 33mmHg for infants
2014 (16) prospective study | abdominal and orthopedic surgery, effects of | < 6 months and not bellow 43mmHg for infants >
sevoflurane anesthesia on MAP and cerebral | 6 months
blood oxygen saturation
Michelet et al. Observational - 60 infants, less than 3 months of age |- A decrease of SBP of >20% or a decrease of
2015 (9) prospective study | reductions in intraoperative systolic blood | MBP of >15% predicted a probability of cerebral

pressure (SBP) and mean blood pressure
(MBP) associated with decreases in cerebral
blood oxygen saturation of >20%

desaturation of < 10% (cerebral desaturation was
defined as a reduction of 20% compared to baseline)

Razlevice et al

Observational

43 infants, < 3 months of age Cerebral oxy-
genation monitoring with near infrared spectro-

- 20% drop from baseline in 18.6%
- NIRS values were lower, when MAP was 30 mmHg
or less

28 piglets 4-6 weeks of age undergoing sevo-
flurane anesthesia randomized in four groups:
control, hypotension (MAP< 30mmHg), hypo-
capnia, hypotension + hypocapnia baseline
MRI was taken, control MRI after 120min of

- Hypotension + hypocapnia group: alteration of
cerebral perfusion with signs of neuronal dysfunction
and early neuronal ischemia

- Hypotension or hypocapnia group: absence of
detectable cerebral perfusion alterations but meta-
bolic disturbances

722 infants (less than 60 weeks post-menstrual
age) undergoing herniorrhaphy randomized
in regional anesthesia group and a general

- More hypotensive events in GA group
- No difference in neurodevelopmental outcome at
two years of age between GA and RA

453 infants, < 6 months of age, undergoing

2016 (21) prospective study

scopy
Ringer et al. Blinded
2016 (23) randomized study

treatment
McCann etal. Prospective
2017 (15) randomized

control trial

anesthesia group
Olbrecht et al. Multicenter
2018 (22) observational study

general anesthesia > 30 minutes measured
regional cerebral oxygenation using NIRS
mild desaturation (11-20% below baseline),
moderate (21-30% below baseline) or severe
(more than 30% below baseline)

- Mild and moderate cerebral desaturation occurred
frequent

- Low MAP not well associated with cerebral
desaturation

Disma et al. 2021

Prospective

5609 infants up to 60 weeks postmenstrual age

- 35.3% critical incidents

multicenter
observational study

(NECTARINE  study)
a7

undergoing general anesthesia
Identifying tresholds for medical intervention

- 60% of incidents cardiovascular mainly hypo-
tension (50%)

- Intervention tresholds 46.2 mmHg for SBP and
32.7 mmHg for MAP

avoid a decrease of SBP of more than 20% or a
decrease of MBP of more than 15%. In general, we
don’t measure blood pressure until after induction
so it would be difficult to have a baseline to
compare to. In a case series of 6 infants developing
postoperative encephalopathy, mean arterial blood
pressures were below 35 mmHg (10).

HyprocaAprNIA

Hypocapnia is a common event that has been
reported to be present in 69% of neonates during
general anesthesia. Hypocapnia causes cerebral
vasoconstriction and decreased cerebral blood flow.
When cerebral blood flow decrease is greater
than the reduction in cerebral blood volume,
cerebral ischemia can occur (24). Hypocapnia
increases cerebral oxygen demand and increases
neuronal excitability, seizure activity and anaerobic
metabolism. Furthermore, hypocapnia decreases

partial pressure of arterial oxygen and decreased
release of oxygen from hemoglobin. Pediatric
critical care specialists are defining hypocapnia
as mild (EtCO2 30-35 mmHg), moderate (EtCO2
25-30mmHg) and severe (EtCO2 < 25 mmHg).
Data from neonates clearly suggest that severe
hypocapnia after hyperventilation, high-frequency
ventilation, and extracorporeal membrane oxy-
genation is associated with severe adverse neuro-
logical outcomes (25, 26). Pappas et al. used
data from the National Institute of Child Health
and Human Development Neonatal Research
Network randomized, controlled trial of whole-
body hypothermia for neonatal hypoxic-ischemic
encephalopathy for a secondary observational study.
They reported an association between hypocarbia in
neonates with hypoxic-ischemic encephalopathy
(HIE) and poor neurologic outcome at 18-22 months
of age. Even mild hypocapnia was associated with
adverse outcome. It is unclear whether hypocapnia
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was a marker or a risk factor for poor outcome in this
study (27). In a retrospective cohort study Lopez et
al. found that in asphyxiated newborns treated with
hypothermia, hypocapnia seemed to be causing more
severe brain injury. Intubated newborns developed
more severe hypocapnia. Newborns needing to be
intubated were probably already sicker. However,
after adjusting for baseline characteristics, in this
study hypocapnia was still independently associated
with an increased risk of brain injury (28). An animal
study of Ringer et al. showed reduced invasively

measured cerebral blood flow and brain tissue
oxygenation and an increase in blood lactate during
moderate and severe hypocapnia. While there were
no changes in regional oxygen saturation measured
with near infrared spectroscopy. Literature suggests
maintaining EtCO2 between 35-45 mmHg because
there is evidence of adverse outcome even in the
presence of only mild hypocapnia (10, 26, 27).
Some studies showed poor correlation between end
tidal CO2 and arterial CO2 even in the absence of
pulmonary disease (26, 29).

Study Type Study Group Results
Pappas et al. Secondary Used data from the National Institute of Child Health | - Hypocapnia in the first hours after
2011 (27) Observational study and Human Development Neonatal Research Network | birth in neonates with hypoxic- ischemic

randomized, controlled trial of whole-body hypothermia
for neonatal hypoxic-ischemic encephalopathy

204 encephalopathic infants, 36 weeks gestational age or
older

Relationship between PCO2 and outcome (18-22 months
of age)

encephalopathy was associated with ad-
verse outcome (disability, death)

Lopezetal. Retrospective cohort | 198 asphyxiated newborns, treated with hypo-thermia | - Group of intubated newborns had more
2019 (28) study between 2008-2014 hypocapnia
- 95% of intubated newborns developed
brain injury, 43% of non-intubated new-
borns
- Newborns developing brain injury had
lower PCO2
Ringer et al. Randomized 30 piglets randomly divided in 3 groups: moderate | - Hypocapnia was associated with a de-
2019 (24) control study hypocapnia, severe hypocapnia and combined (moderate | crease in tissue oxygenation measured
hypocapnia + hypotension) invasively with no changes in NIRS values
Cerebral oxygenation measured invasively and non-
invasively with NIRS
HYPONATREMIA child. The probable causes in this case report were

Hyponatremia is the most commonly observed
electrolyte disturbanceinchildren. The specificinfant
physiology, the secretion of antidiuretic hormone
in the postoperative period and the administration
of hypotonic fluids can cause hyponatremia. The
majority of hyponatremia in hospitalized children is
iatrogenic and due to the administration of hypotonic
fluids and elevated arginine vasopressin levels.
The most serious complication of hyponatremia
is hyponatremic encephalopathy. In hyponatremic
encephalopathy, hypoosmolality results in cerebral
edema. This cerebral edema will cause an elevated
intracranial pressure and can evoke brain ischemia.
Infants and children have a higher risk of developing
hyponatremic encephalopathy because they have a
relatively larger brain to intracranial volume ratio
compared to adults (30).

Ellouze et al. report a case of postoperative
hyponatremic encephalopathy in a 10-month-old

indeed the administration of hypotonic fluids and a
postoperative period characterized by an increased
secretion of antidiuretic hormone (31).

So use of hypotonic fluids, including Ringer’s
Lactate (Na < 130 mEq/L), should definitely be
avoided in the peri- and postoperative period.
The use of hypotonic fluids should be restricted
to patients with hypernatremia (> 145 mEq/L) or
patients with ongoing urinary or extrarenal free-
water losses (30).

HyPoGLYCEMIA

Normoglycemia is essential for energy supply
to the brain. So, maintaining normoglycemia is an
important goal during anesthesia for neonates and
infants.

In neonatal encephalopathy hypoxic-ische-
mia is the main focus for investigation but other
metabolic derangement can also be the cause
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Study Type

Study Group

Results

Tam et al. 2012 (33) Prospective cohort study

94 term neonates born between 1994-2010, atrisk | - Adverse motor and cognitive

for encephalopathy outcomes at 12 months of age
Hypoglycemia defined as serum blood glucose of | - Hypoglycemia associated with
less than 46 mg/dL increased corticospinal tract injury

Mc Kinlay et al. 2015 (35) | Prospective cohort study

404 infants, with a gestational age of 35 weeks or | - No adverse neurological outcome
more Treated to maintain serum blood glucose of | at 2 years of age
at least 47 mg/dL

Qiao et al. 2019 (34) Prospective cohort

dL)

157 infants born to diabetic mothers, low blood | - Long and repeated hypoglycemia
study glucose within 30 minutes after birth 144 infants | was associated with increased risk
in control group

Hypoglycemia defined as 2.6 mmol/ L (47 mg/

of poor adaptability

of neurologic injury. A large multicenter retro-
spective cohort study demonstrated a 3.9% in-
cidence of perioperative hypoglycemia (32). In
a prospective cohort study, term neonates at risk
for encephalopathy, hypoglycemia was associated
with additional risks in the setting of neonatal
encephalopathy with increased corticospinal tract
injury and adverse motor and cognitive outcomes
at 12 months of age (33). Qiao et al. concluded
that long and repeated neonatal hypoglycemia
affected neurodevelopment and was associated with
a higher risk for poor adaptability (34). In a large
prospective cohort study 528 neonates, at risk for
hypoglycemia, were treated to maintain a blood
glucose concentration no lower than 47 mg/dL.

After 2 years neurocognitive function was
assessed. This study concluded that 47 mg/dL
was a safe threshold for treatment as there was no
association between neonatal hypoglycemia and
neurological impairment (35). Avoiding long fasting
intervals is important for young children. Children
are more sensitive to fasting than adults due to
smaller stores of glycogen in liver and muscles.
The younger the child, the faster hypoglycemia and
ketogenesis will develop (36, 37).

Hyroxia/HYPEROXIA

Hypoxia must be avoided at all times but we
also must avoid hyperoxia as it generates oxygen
free radicals (38, 39).

An excess of oxygen causes the formation
of reactive oxygen intermediates that cause DNA
damage. Several clinical and experimental ob-
servations have shown that hyperoxia can be a
trigger of brain injury especially in preterm neonates
who have reduced antioxidant defense systems
compared to term neonates (39, 40). The optimal
target for oxygen saturation would be 90-94% in

preterm infants. The risk for serious oxygen toxicity
from high oxygen saturation is less in term infants.
Higher levels of oxygen saturation can be tolerated
in the term infants (40-42). In a retrospective cohort
study of Klinger et al. outcomes of 218 infants with
post-asphyxia hypoxic ischemic encephalopathy
were studied. In this study an associating was made
between severe hyperoxemia (PaO2 >200mmHg)
and adverse outcome. With the worst outcome
when associated with severe hypocapnia (PaCO2<
20mmHg) (43).

DiscussioN

Infants undergoing general anesthesia early
in life seem to be developing more neurodevelop-
mental abnormalities. Although, the reasons for
this association remain unclear, there are several
modifiable risk factors for neurological injury.
Maintaining adequate cerebral perfusion is a key
factor. Hypotension and hypocarbia can lead to
decreased cerebral perfusion. Safe lower limits
for blood pressure are still up for debate. Studies
proved that a decrease in SBP of more than 20%
and a decrease of MBP of 15% from baseline lead
to a decrease in rSO2 of more than 20% (9, 19-
21). The significance of short hypotensive periods
is still unclear. Blood pressure is rarely measured
before induction of anesthesia, so comparing to
baseline values would be difficult. We would rather
recommend, using lowest mean arterial pressures
during anesthesia. Lowest tolerable mean arterial
blood pressure would be 30-35 mm Hg for neonates
and for infants 40-50mm Hg (44).

NIRS is used for high-risk procedures or infants
and neonates at risk for developing neurologic
injury. So far there is not sufficient evidence for
routine use of NIRS during general anesthesia. NIRS
only provides information about a small part of the
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brain so local ischemia will be missed Hypotension
can cause cerebral hypoperfusion and should be
treated by fluid bolus and vasoactive medication
after exclusion of other causes. Hypovolemia is a
common cause of hypotension during surgery and
can be corrected with fluid boluses. Overcorrection
should be avoided because the neonatal heart has
a limited ability to react to an increase in preload.

Hypocapnia causes cerebral vasoconstriction
and therefore also can cause decreased cerebral
perfusion. A prospective, randomized control trial
showed that even mild hypocapnia (ETCO2 30-
35mmHg) in infants with neonatal encephalopathy
led to poor outcome. It would be wise to maintain
EtCO2 within normal range (35-45mmHg) and
definitely avoid severe hypocapnia (24-26).

A pitfall could be that EtCO?2 isn’t always well
correlated with arterial CO2 even in the absence
of severe lung disease. In high-risk patients (very
premature infants, infants with severe lung disease)
arterial gas measurements of CO2 should be
performed (1).

Metabolic disturbances can also cause cerebral
injury. In case of hypoglycemia and hypoxia
metabolic demand is not fulfilled. Maintaining
normoglycemia is important. Hypoglycemia can
also be caused by very long fasting times. For
preoperative fasting the 6-4-2 rule should be fol-
lowed. This means 6 hours for solids, 4 hours for
breastfeeding and 2 hours for clear fluids. In studies
there was no difference in gastric content 4 or 6
hours after a light meal. For clear liquids there
was no increase in pulmonary aspiration if they
were given less than 2 hours preoperative (37, 44).
Hyponatremia leads to cerebral edema and this will
also cause neurologic injury.

Hypotonic fluids have to be avoided in the
peri-and postoperative period (30).

Cerebral injury can also occur because of the
production of neurotoxic mediators from hypoxia,
ischemia and reperfusion as well as from free
radicals caused by hyperoxia. Especially in preterm
infants maintaining an SpO2 of 90-94 seemed to be
safe without increasing the risk of injury. In term
infants’ higher levels of SpO2 are safe (38-43).

CONCLUSION

In conclusion we can say that infants and
especially neonates undergoing general anesthesia
might have an increased risk for developing neuro-
logical injury. So careful perioperative monitoring
of vital signs and cerebral perfusion should be
mandatory in this population. The etiology and

timing of brain injury remains unclear and further
investigation and long-term follow up studies will be
necessary. Although there are many nonmodifiable
risk factors, like the infant or neonate underlying
condition, anesthesiologists could play a major role
in preventing injury by providing safe anesthesia.
This means maintaining normal homeostasis and
avoiding hypotension, hypocarbia, hyponatremia,
hypoglycemia and hyperglycemia, hypo-and hyper-
oxemia.

References

1. McCann, M.E. and Schouten, A.N., 2014. Beyond
survival; influences of blood pressure, cerebral perfusion
and anesthesia on neurodevelopment. Pediatric Anes-
thesia, 24(1), 68-73.

2. Feng, Y.P., Yang, T.S., Chung, C.H., Chien, W.C. and
Wong, C.S., 2020. Early childhood general anesthesia
exposure associated with later developmental delay: A
national population-based cohort study. Plos one, 15(9),
p.€0238289.

3. Davidson, A.J., Disma, N., De Graaff, J.C.,
Withington, D.E., Dorris, L. and Bell, G., et al., 2016.
Neurodevelopmental outcome at 2 years of age after
general anaesthesia and awake-regional anaesthesia in
infancy (GAS): an international multicentre, randomised
controlled trial. The Lancet, 387(10015), 239- 250.

4. McCann, M.E., De Graaff, J.C., Dorris, L., Disma,
N., Withington, D. And Bell, G., et al., 2019. Neuro-
developmental outcome at 5 years of age after general
anaesthesia or awake-regional anaesthesia in infancy
(GAS): an international, multicentre, randomised, con-
trolled equivalence trial. The Lancet, 393(10172), 664-
677.

5. Stolwijk, L.J., Keunen, K., de Vries, L.S., Groenendaal,
F., van der Zee, D.C. and van Herwaarden, M.Y., et
al., 2017. Neonatal surgery for noncardiac congenital
anomalies: neonates at risk of brain injury. The Journal
of pediatrics, 182, 335-341.

6. Turner, N.M., 2015. Intraoperative hypotension in
neonates: when and how should we intervene?. Current
opinion in anaesthesiology, 28(3), 308-313.

7. Batton, B., 2020. Neonatal Blood Pressure Standards:
What Is “Normal”?. Clinics in Perinatology, 47(3), 469-
485.

8. Fujii, T. and Nishiwaki, K., 2020. Comparing oscillo-
metric noninvasive and invasive intraarterial blood
pressure monitoring in term neonates under general
anesthesia: A retrospective study. Pediatric Anesthesia,
30(12), 1396-1401.

9. Michelet, D., Arslan, O., Hilly, J., Mangalsuren, N.,
Brasher, C. and Grace, R., et al. 2015. Intraoperative
changes in blood pressure associated with cerebral de-
saturation in infants. Pediatric Anesthesia, 25(7), 681-
688.

10. McCann, M.E., Schouten, A.N.J., Dobija, N., Munoz, C.,
Stephenson, L. and Poussaint, T.Y., et al., 2014. Infantile
postoperative encephalopathy: perioperative factors as a
cause for concern. Pediatrics, 133(3), €751-e757.

© Acta Ancesthesiologica Belgica, 2021, 72, Supplement 1



52

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

L. KLEWAIS et al.

de Graaff, J.C.,2018. Intraoperative blood pressure levels
in young and anaesthetised children: are we getting any
closer to the truth?. Current Opinion in Anesthesiology,
31(3), 313-319.

Houck, C.S. and Vinson, A.E., 2017. Anaesthetic con-
siderations for surgery in newborns. Archives of Disease
in Childhood-Fetal and Neonatal Edition, 102(4), F359-
F363.

Kent, A.L., Kecskes, Z., Shadbolt, B. and Falk, M.C.,
2007. Blood pressure in the first year of life in healthy
infants born at term. Pediatric Nephrology, 22(10),
1743-1749.

Lopez, S.P.L., Ojeda, A.Z., Gomez, G.J. and Fernandez,
1.B., 2018. Monitoring of Blood Pressure is not Enough
to Avoid Neonatal Postoperative Encephalopathy. AJP
reports, 8(3), €192.

Weber, F., Honing, G.H. and Scoones, G.P., 2016.
Arterial blood pressure in anesthetized neonates and
infants: a retrospective analysis of 1091 cases. Pediatric
Anesthesia, 26(8), 815-822.

Rhondali, O., Juhel, S., Mathews, S., Cellier, Q., Des-
granges, F.P. and Mabhr, A., et al., 2014. Impact of sevo-
flurane anesthesia on brain oxygenation in children
younger than 2 years. Pediatric Anesthesia, 24(7), 734-
740.

Disma, N., Veyckemans, F., Virag, K., Hansen, T.G.,
Becke, K. and Harlet, P., et al., 2021. Morbidity and
mortality after anaesthesia in early life: results of the
European prospective multicentre observational study,
neonate and children audit of anaesthesia practice in
Europe (NECTARINE). British Journal of Anaesthesia.
McCann, M.E., Withington, D.E., Arnup, S.J., Davidson,
A.J., Disma, N. and Frawley, G., etal., 2017. Differences
in blood pressure in infants after general anesthesia
compared to awake regional anesthesia (GAS study-a
prospective randomized trial). Anesthesia and analgesia,
125(3), 837.

Williams, M. and Lee, J.K., 2014. Intraoperative blood
pressure and cerebral perfusion: strategies to clarify hemo-
dynamic goals. Pediatric Anesthesia, 24(7), 657-667.
Seri, I. and Evans, J.,2001. Controversies in the diagnosis
and management of hypotension in the newborn infant.
Current opinion in pediatrics, 13(2), 116-123.
Razlevice, 1., Rugyte, D.C., Strumylaite, L. and Macas,
A., 2016. Assessment of risk factors for cerebral oxygen
desaturation during neonatal and infant general anes-
thesia: an observational, prospective study. BMC anes-
thesiology, 16(1), 1-8.

Olbrecht, V.A., Skowno, J., Marchesini, V., Ding, L.,
Jiang, Y., Ward, C.G., Yu, G., Liu, H., Schurink, B.,
Vutskits, L. and De Graaff, J.C., 2018. An international,
multicenter, observational study of cerebral oxygenation
during infant and neonatal anesthesia. Anesthesiology,
128(1), 85-96.

Ringer, S.K., Ohlerth, S., Carrera, 1., Mauch, J., Spiel-
mann, N. and BettschartWolfensberger, R. Et al., 2016.
Effects of hypotension and/or hypocapnia during
sevoflurane anesthesia on perfusion and metabolites in
the developing brain of piglets — a blinded randomized
study. Pediatric Anesthesia, 26(9), 909-918.

Ringer, S.K., Clausen, N.G., Spielmann, N. and Weiss,
M., 2019. Effects of moderate and severe hypocapnia on
intracerebral perfusion and brain tissue oxygenation in
piglets. Pediatric Anesthesia, 29(11), 1114-1121.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Laffey, J.G. and Kavanagh, B.P., 2002. Hypocapnia.
New England Journal of Medicine, 347(1), 43-53.
Curley, G., Kavanagh, B.P. and Laffey, J.G.,2010. Hypo-
capnia and the injured brain: more harm than benefit.
Crit Care Med, 38(5), 1348-59.

Pappas, A., Shankaran, S., Laptook, A.R., Langer, J.C.,
Bara, R. and Ehrenkranz, R.A., et al., 2011. Hypocarbia
and adverse outcome in neonatal hypoxic-ischemic
encephalopathy. The Journal of pediatrics, 158(5), 752-
758.

Lopez Laporte, M.A., Wang, H., Sanon, P.N., Barbosa
Vargas, S., Maluorni, J., Rampakakis, E. and Wintermark,
P., 2019. Association between hypocapnia and venti-
lation during the first days of life and brain injury in
asphyxiated newborns treated with hypothermia. The
Journal of Maternal-Fetal & Neonatal Medicine, 32(8),
1312-1320.

McCann, M.E. and Soriano, S.G., 2012. Perioperative
central nervous system injury in neonates. British journal
of anaesthesia, 109(suppl 1), 160-i167.

Moritz, M.L. and Ayus, J.C., 2010. New aspects in the
pathogenesis, prevention, and treatment of hyponatremic
encephalopathy in children. Pediatric Nephrology, 25(7),
1225-1238.

Ellouze, O., Trifa, M., Lazreg, B. and Khalifa, B., 2012,
October. Postoperative hyponatremic encephalopathy in
an infant. In Annales francaises d’anesthesie et de reani-
mation (Vol. 31, No. 11, 929-930).

Riegger, L.Q., Leis, A.M., Golmirzaie, K.H. and Malviya,
S., 2021. Risk factors for intraoperative hypoglycemia
in children: a multicenter retrospective cohort study.
Anesthesia & Analgesia, 132(4), 1075-1083.

Tam, E.W., Haeusslein, L.A., Bonifacio, S.L., Glass,
H.C., Rogers, E.E. and Jeremy, R.J., et al., 2012. Hypo-
glycemia is associated with increased risk for brain injury
and adverse neurodevelopmental outcome in neonates
at risk for encephalopathy. The Journal of pediatrics,
161(1), 88-93.

Qiao, L.X., Wang, J., Yan, J.H., Xu, S.X., Wang, H., Zhu,
W.Y., Zhang, H.Y., Li, J. and Feng, X., 2019. Follow-
up study of neurodevelopment in 2-year-old infants
who had suffered from neonatal hypoglycemia. BMC
pediatrics, 19(1), 1-6.

McKinlay, C.J., Alsweiler, J.M., Ansell, J.M., Anstice,
N.S., Chase, J.G. and Gamble, G.D., et al., 2015. Neo-
natal glycemia and neurodevelopmental outcomes at 2
years. New England Journal of Medicine, 373(16), 1507-
1518.

Alkalay, A.L., Sarnat, H.B., Flores-Sarnat, L. and
Simmons, C.F., 2005. Neurologic aspects of neonatal
hypoglycemia. Isr Med Assoc J, 7(3), 188-192.
Andersson, H., Schmitz, A. and Frykholm, P., 2018.
Preoperative fasting guidelines in pediatric anesthesia:
are we ready for a change?. Current Opinion in Anes-
thesiology, 31(3), 342-348.

Sola, A., 2008. Oxygen in neonatal anesthesia: friend or
foe? Current Opinion in Anesthesiology, 21(3), 332-339.
Short, J.A. and van der Walt, J.H., 2008. Oxygen in
neonatal and infant anesthesia—current practice in the
UK. Pediatric Anesthesia, 18(5), 378-387.

McCann, M.E., Lee, J.K. and Inder, T., 2019. Beyond
anesthesia toxicity: anesthetic considerations to lessen
the risk of neonatal neurological injury. Anesthesia and
analgesia, 129(5), 1354.

© Acta Ancesthesiologica Belgica, 2021, 72, Supplement 1



INFANTILE POSTOPERATIVE ENCEFALOPATHY AND THE PERIOPERATIVE RISK FACTORS 53

41. Reich, B., Hoeber, D., Bendix, I. and Felderhoft- brain injury after intrapartum asphyxia?. Archives of
Mueser, U., 2016. Hyperoxia and the immature brain. Disease in Childhood-Fetal and Neonatal Edition, 90(1),
Developmental neuroscience, 38(5), 311-330. F49-F52.

42. Perez, M., Robbins, M.E., Revhaug, C. and Saugstad, 44. Becke, K., Eich, C., Hohne, C., Johr, M., Machotta, A.,
0.D., 2019. Oxygen radical disease in the newborn, Schreiber, M. and Siimpelmann, R., 2018. Choosing
revisited: Oxidative stress and disease in the newborn wisely in pediatric anesthesia: an interpretation from
period. Free Radical Biology and Medicine, 142, 61-72. the German Scientific Working Group of Paediatric

43. Klinger, G., Beyene, J., Shah, P. and Perlman, M., 2005. Anaesthesia (WAKKA). Pediatric Anesthesia, 28(7),
Do hyperoxaemia and hypocapnia add to the risk of 588-596.

© Acta Ancesthesiologica Belgica, 2021, 72, Supplement 1



