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Limitations of adaptive physiology: are normal values really 
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Abstract: The management of critically ill children requires an understanding of the pathological processes 
of disease and the physiological processes of adaptation to critical illness. The concept of stress-related 
decompensation is deeply rooted in medicine and the notion of physiologic homeostasis has evolved over 
centuries. The overarching goal of intensive care medicine is identifying and targeting an optimum point 
between over and under treatment, as there are harmful consequences associated with both ends of the 
spectrum. Should this optimum point reflect a state of homeostasis as defined in normal health? Or rather 
mimic the adaptive physiology of compensated critical illness? How do we define these targets in critically ill 
children? These questions are particularly challenging in children, as there are inherent difficulties associated 
with monitoring their physiology due to limitations in available technology and patient size. Moreover, 
normal and adaptive physiologic responses change throughout childhood and thus definitions will vary. 
Finally, normative values are largely undefined in critically ill children and many of the treatment guidelines 
in use are not underpinned by rigorous pediatric evidence but rather expert consensus. Ultimately, treatment 
targets should be dynamic with consideration for the pathology of the disease and the adaptive physiology 
of the ill individual. In this review we evaluate and summarize the available evidence used to guide the 
management of critically ill children in the general pediatric intensive care setting. We have concentrated on 
six commonly manipulated variables that are universally measured at the bedside: oxygen saturation (SpO2), 
heart rate (HR), blood pressure (BP), hemoglobin, temperature and glucose. We present the available 
evidence, question the dogma of accepted practice and highlight the research priorities that need to be 
addressed to ensure that the best care is being provided for critically ill children. 
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Introduction

Critical illness reflects an interplay between the pathological 
processes of disease and the physiological processes of 
adaptation. The adaptive stress response is a bundle of 
behavioral, physiological and cellular responses that aim to 
adapt the organism to internal or external changes. This 
adaptation aims to preserve cellular integrity according to 
a functional hierarchy of organ systems that are vital to the 
survival of an organism (1-3). 

Decompensation occurs if the pathological processes 
prevail over the stress response (an inadequate response), 
or over-drive the response to the point of it becoming 
maladaptive (an over-active response). For example, loss 
of local vascular tone without a compensatory rise in 
cardiac output can lead to an ischemic stroke; however, 
an exaggerated blood pressure (BP) response with local 
hyperemia can lead to hemorrhagic transformation.

This notion that critical illness is a condition of stress-
related decompensation has evolved over centuries. 
Hippocrates described health as a balance of four basic 
humors (blood, black bile, yellow bile, and phlegm) and 
illness as a loss of the equilibrium (4). Claude Bernard 
asserted that complex organisms could maintain their 
internal environment (milieu interieur) fairly constant 
in the face of challenges from the external world (5). 
Walter Bradford Cannon adapted this concept and coined 
the term “homeostasis,” which focused on the ability to 
maintain a steady state within an organism. He believed 
that illness happens when homeostatic systems fail to keep 
physiology within normal ranges. Cannon also described 
the fright-fight-flight response where, in the face of a 
stressor, blood flow increases to the “essential” organs-
brain, heart, lung, and skeletal muscles at the expense of 
the “non-essential” organs such as the digestive system (6).  
David Cuthbertson explored the metabolic changes in 
the body as a response to a stressor, and he was the first 
to describe the ebb (shock) and flow (post-shock) phases 
of post-traumatic stress, which had been used for many 
years to guide the resuscitation of patients with shock (7). 
Later physiologists such as Selye and Laborit described the 
possible deleterious effects that the adaptive mechanisms to 
physiologic stress may have (8,9). Subsequently, Singer et al. 
described the biphasic inflammatory, immune, hormonal, 
and metabolic response to critical illness. The acute phase 
constitutes an upregulation in mitochondrial and metabolic 
activity stemming from an abrupt rise in stress hormones. 
Thereafter, functional mechanisms take over in an attempt to 

ensure cell survival. There is a reduction in energy production, 
metabolic rate and normal cellular processes from secondary 
changes in the endocrine profile and severe inflammation, 
leading to multi-organ dysfunction or failure (10).

The management of critical illness is centered on 
preventing the loss of, or reinstating thereafter, physiologic 
homeostasis. Concepts such as “the golden hour” of 
resuscitation and early goal directed therapy aim to restore 
physiology and prevent organ dysfunction (11-13). Intensive 
care focuses on maintaining the balance between oxygen 
delivery and consumption, based on the Guytonian models 
of shock (14). Interventions are aimed at manipulating 
physiological variables such as gas exchange and BPs. We 
infer that by monitoring and improving parts of a system 
such as oxygen delivery, we can optimize the performance 
of the whole. In his much-loved satire essay Alice in 
intensiveland, Bartlett described the intensive care unit 
(ICU) as a place where “…technology triumphs over disease…. 
Here we can measure everything. With measurements, we can 
do calculations. With calculations, we can do logarithms. With 
logarithms, we can solve any clinical problem.” (15)

Much as decompensation occurs with an inadequate or 
over-active stress response, intensive care interventions 
need to find an optimum point between under and over-
treatment. This optimum may not always be a state of 
normal physiology, as defined during a state of health, but 
may need to mimic the adaptive physiology of compensated 
critical illness. Whilst this remains difficult in adult 
physiology, in children this is even more so. 

The monitoring of physiology can be challenging in 
children due to limitations of size and technology and as 
normal and adaptive physiology develops with age, even 
definitions of normal ranges are conflicting (16-18). These 
definitions will also vary considerably in children with 
specific co-morbidities or underlying pathologies, such as 
those with cardiac dysfunction or congenital heart disease. 
The specific issues pertaining to critically ill cardiac patients 
are outside of the scope of this review.

The intensive care strategy of monitor-manipulate-
evaluate cycle is designed to empirically achieve the balance 
between under and over treatment. Under treatment may 
result in morbidity and mortality, while the harms of over 
diagnosis and overtreatment are becoming more apparent 
in modern practice. This has led to the “Choosing Wisely” 
campaign, in which medical societies have identified many 
tests, medications, and treatments that are misused (19,20). 
Life supporting therapy in ICUs has been increasingly 
offered to patients with poor long-term prognoses, including 
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those with multi-organ failure or poor functional status at 
baseline. This has become a worrying trend as it can lead to 
futile, disproportionate or inappropriate care (21). 

In this review we aim to evaluate the available evidence 
to guide interventions in the children on the ICU. We 
concentrate on 6 parameters universally measured by the 
bedside on PICUs: oxygen saturation (SpO2), heart rate 
(HR), BP, hemoglobin, temperature and glucose. We 
present the balance of evidence, question the dogma of 
accepted practice, and highlight the research priorities to 
improve the care of critically ill children.

SpO2

Maintaining adequate tissue oxygenation is a key goal in the 
management of critically ill children. The most common 
form of organ support provided to children in the ICU 
setting is invasive ventilation with supplemental oxygen in 
order to maintain safe levels of SpO2, and partial pressure of 
oxygen (PaO2) (22). Both supplemental oxygen therapy and 
hypoxia are associated with adverse effects in critically ill 
patients. It is known that hypoxia leads to cell death, while 
hyperoxia can lead to cell injury through the formation 
of reactive oxygen species (23,24), though the “ideal” 
range for PaO2 and SpO2 in critically ill children has yet 
to be defined. Two studies have looked at the relationship 
between PaO2 on admission to pediatric intensive care 
unit (PICU) and mortality and both found a “U-shaped” 
relationship between PaO2 and mortality (25,26). Raman 
et al. surveyed members of the UK Paediatric Intensive 
Care Society (PICS) on practices around oxygen delivery 
and found that practices around oxygen administration and 
targets varied considerably with a majority of respondents 
working in units without oxygen weaning protocols (27). 
In a subsequent single center study looking at 7,352,388 
SpO2 values from 227 children admitted to PICU. Ray et al. 
demonstrated that current PICU practice is biased towards 
a liberal oxygenation strategy well above recommended 
targets, even in children with low PaO2 to fractional 
inspired oxygen (FiO2) ratios (PF ratios) (28).

Certain disease states have management guidelines, 
such as the ARDSnet protocol, that clearly prescribe the 
use of conservative oxygenation targets (29,30). This is 
centered on the fact that there are deleterious effects of 
using ventilation strategies that apply high ventilation 
pressures, volumes and inspired fractions of FiO2 (30). In 
children with acute respiratory distress syndrome (ARDS) 
or severe acute lung injury (ALI), SpO2 target should be 

88–92% if on a positive end-expiratory pressure (PEEP) 
of ≥10 cmH2O or 92–97% if PEEP is <10 cmH2O (31). A 
few studies have looked at the negative consequences of 
hyperoxia in certain pathologies. In adult patients, hyperoxia 
has been independently associated with increased mortality 
in patients following cardiac arrest (32,33), post-stroke (34)  
and in respiratory failure admitted to ICU (35). In a recent 
systematic review, Chu et al. found that the provision of 
supplemental oxygen in acutely ill adults (regardless of the 
etiology of their disease) who had normal SpO2 before the 
initiation of oxygen therapy had increased mortality (36).  
In addition, the BMJ has published recommendations 
advocating for the conservative use of supplemental  
oxygen (37) In pediatric patients, this association has 
been described in patients with congenital heart disease 
requiring extra-corporeal life support (38). In a randomized, 
equivalence trial, Cunningham et al. showed that managing 
infants with bronchiolitis using a SpO2 target of 90% was 
safe and as effective as a 94% target and led to quicker 
discharge from hospital (39). In preterm neonates, adverse 
consequences associated with the liberal use of oxygen have 
long been recognized (since the early 1940s). Many studies 
have been designed to try to establish the optimal SpO2 
levels in this population. Askie et al. published a systematic 
review exploring the effects of conservative versus liberal 
SpO2 ranges on mortality or major morbidities in the 
extremely preterm infants. They included 5 trials in their 
meta-analysis, and found no significant effect on the 
composite outcome of mortality or major disability or on 
major disability alone, but they did find an increased risk 
of death (by 28 per 1,000 infants treated) in the group with 
lower SpO2 targets (40).

Further work is ongoing in an attempt to delineate the 
“ideal” target range, which balances the harms and benefits 
of supplemental oxygen therapy in critically ill pediatric 
patients. Earlier this year, Peters et al. published the results 
of a randomized multi-center pilot trial looking to assess 
the feasibility of a large-scale trial looking at comparing 
a liberal oxygenation strategy (SpO2 >94%) versus a 
conservative oxygenation strategy (SpO2 88–92%). They 
found no significant between-group differences in length of 
stay, duration of organ support or mortality and concluded 
that a definitive clinical trial of peripheral SpO2 targets 
would be possible in the PICU population (22). 

HR

HR is a vital determinant of cardiac output and thus is 



Pediatric Medicine, 2019Page 4 of 13

© Pediatric Medicine. All rights reserved. Pediatr Med 2019;2:1 | http://dx.doi.org/10.21037/pm.2018.12.03

one of the key variables that are closely monitored in the 
critical care setting. It serves to monitor the impact of 
interventions, the response to treatment and to identify 
the deteriorating child early. A patient’s HR is affected 
by a number of factors, many of which are manipulated 
in the critical care setting. HR fluctuates significantly 
with temperature, pain, blood loss, medications and many 
other factors that are related to any stay in the ICU. In the 
context of these factors, the interpretation of an individual 
patient’s HR is challenging. What constitutes a “normal” 
HR is not well defined, especially in the critically ill child. 

In 2011, Fleming et al. published a systematic review of 
69 observational studies looking at defining “normal” HR 
and respiratory rate in healthy children birth to 18 years (41). 
They found that their values showed striking disagreement 
when compared to previously published ranges primarily 
based on clinical consensus. Subsequent studies, by 
Daymont & Bonafide et al., sought to define reference 
ranges for ill children admitted to inpatient wards and to 
understand the impact of temperature on HR ranges (42,43). 
They were able to derive and validate percentile curves for 
HR and respiratory rate in hospitalized children, finding 
that their ranges also differed from existing reference ranges 
and commonly used early warning score values (42). In 
2017, Eytan et al. published the first and to our knowledge 
only study reporting the HR centile curves and distributions 
by age in critically ill pediatric patients. They found that the 
HR values in these children were markedly higher than in 
healthy patients and children admitted to inpatient wards. 
When compared to commonly referenced values published 
in the Pediatric Advanced Life Support (PALS) guidelines, 
a large proportion of children after the age of 2 years  
exhibited values well above what would be considered 
abnormal by these guidelines (16). These data did not take 
into account diagnosis, procedures, sedation, vasoactive 
agents, ventilation status or other potential modifiers and 
thus should not be used as normative reference ranges. 

In addition, HR is an important variable used in a 
variety of clinical guidelines. One of the first goals of 
the first hour of resuscitation in sepsis is to “maintain or 
restore threshold HR” (44). Threshold HR is defined as 
per the Pediatric Risk of Mortality score (PRISM) score 
and values higher than these are associated with increased 
mortality in critically ill children (infants HR <90 beats/min 
or HR >160 beats/min; children HR <70 beats/min or 
HR >150 beats/min) (45). Furthermore, HR is a variable 
being used in the development of predictive modelling 
using machine learning. In the neonatal population, 

HR characteristic monitoring (decreased variability and 
transient decelerations) has been used to identify infants at 
high risk of sepsis, urinary tract infection (UTI) and death, 
and predictive modelling has been developed to aid in early 
detection of sepsis (46,47). Earlier this year, Kamaleswaran 
et al. successfully used artificial intelligence to predict the 
onset of severe sepsis using HR and other physiologic 
markers in critically ill children (48).

Concrete definitions of what constitutes a “normal” HR 
range for age in critically ill children are urgently needed, 
and further work is needed to understand how best to 
utilize this physiologic variable in identifying, predicting 
and treating disease in the critically ill. 

BP

BP is an essential marker of hemodynamic stability in 
critically ill children. Systolic blood pressure (SBP) is 
associated with mortality and is a factor used in various 
mortality prediction models such as the Paediatric Index of 
Mortality (PIM) and the PRISM (49,50). In 1997, during the 
development of the PIM score, Shann et al. found that when 
SBP was plotted against mortality there was a clear U-shaped 
curve with a nadir at an SBP of 120 mmHg (51) Thus, 
maintaining a “normal” BP and avoiding hypotension are 
among the fundamental tenets of managing sick children (52),  
though the optimal reference values and BP targets remain 
largely unknown. 

Reference values have been gathered using auscultatory 
data from healthy children, the purpose of which was to 
define hypertension and not hypotension (53,54). The US 
National Institute of Health task force data provide the 
gold-standard reference ranges for the 50th and 95th centile 
values in healthy children and infants (53,55). Using these 
data, others have estimated 5th percentile values assuming 
normal distribution (17). The definitions of 5th centile 
SBP norms for children vary significantly between different 
reference sources such as PALS, Advanced Paediatric Life 
Support (APLS) and the Revised Consensus Conference 
data (54). This multitude of definitions has the potential to 
cause confusion at the bedside. Furthermore, there are no 
specific reference ranges available for pediatric intensive 
care patients. Abdelrazeq et al. found that compared to 
population-based normal values, SBP measurements in 
children admitted to the PICU showed that age distributed 
BP values were significantly different to the normative 
values gathered from healthy children. Overall, critically ill 
children, and especially younger children, had higher BPs 
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(either maintained or tolerated) (56).
The method used to monitor BP is also important. 

Ray et al. did a comparative analysis of invasive arterial 
blood pressure (IABP) and non-invasive oscillometric 
blood pressure (NIBP) measurements, finding that NIBP 
gave lower readings for both mean and diastolic BP when 
compared to corresponding IABP (57). These data suggest 
a potential for over-treatment of “hypotension,” especially 
as fewer critically ill children are being managed with IABP 
monitoring. 

Just as there is a definite lack of consensus on what 
should be considered “normal” BP, there is a paucity of data 
to guide clinical management as to what levels should be 
targeted in different clinical scenarios. There is evidence to 
suggest that outcomes are worse in children who experience 
hypotension, defined as SBP <5th centile, following a 
cardiac arrest (58,59) but no other evidence-based data 
are available to guide practice at the bedside concretely. 
Prospective studies are urgently needed to delineate both 
normative values and clear BP targets in critically ill 
children. 

Hemoglobin

Oxygen delivery is critical in maintaining normal metabolism. 
It is the product of total blood flow to the tissues and the 
oxygen content in the blood, which is mostly bound to 
hemoglobin. In the critically ill, oxygen delivery can be 
impaired by several mechanisms and Hemoglobin levels are 
often monitored and targeted. Both anemia and red blood 
cell transfusion are associated with increased mortality (60).  
Red blood cell transfusions can be lifesaving in certain 
conditions such as active bleeding, severe anemia or bone 
marrow failure. Transfusions are also indicated for other 
critical conditions such as shock or respiratory failure to 
maintain or restore the oxygen-carrying capacity of the 
blood to avoid tissue hypoxia. 

Anemia is prevalent in critically ill children; with 
74% having low hemoglobin levels with PICU stays 
longer than two days. Almost half of these children 
receive at least one red blood cell transfusion during 
their admission (61). However, transfused red blood 
cells are vulnerable to storage lesions that can reduce 
their ability to bring oxygen to the cells. Both impaired 
membrane deformability that compromises red blood cell 
passage into the microcirculation and acute microvascular 
dysregulation induced by alterations in the nitric oxide 
signaling have been described (62,63). Transfusions also 

carry risks such as infections, transfusion-associated acute 
lung injury, transfusion-associated circulatory overload, 
transfusion-associated respiratory dysfunction, and allergic 
reaction. Recent studies have demonstrated an association 
between transfusions and immune depression (64) and the 
development of ICU-delirium (65). Even though a red 
blood cell transfusion can increase blood oxygen content, 
it is not clear that stored red blood cell can improve the 
delivery of oxygen to the tissues as expected and considering 
the potential risks, a cautious transfusion strategy is 
warranted in critically ill children. 

Clinical trials have studied the implications of liberal 
versus restrictive hemoglobin transfusion strategies in both 
adult and pediatric populations. Lacroix et al found that in 
stable, critically ill children, using a restrictive strategy with 
a hemoglobin threshold of 7 g per deciliter as compared 
to a liberal strategy, resulted in a 96% reduction in the 
number of patients who received a transfusion and a 44% 
decrease in the total number of red blood cell transfusions 
administered without increasing the rates of multi-organ 
failure (60,66,67). 

Respiratory distress has been shown to be associated 
with increased mortality in the context of severe anemia. 
Marsh et al. looked at 1,866 children admitted to a Kenyan 
hospital with a primary diagnosis of malaria and found that 
the mortality rate was 1.3% if severe anemia (hemoglobin 
<5 g per deciliter) was present without respiratory distress 
and increased to 22.7% if severe respiratory distress was 
also present (68). Recently the Pediatric Critical Care 
Transfusion and Anemia Expertise Initiative (TAXI), 
in collaboration with the Pediatric Critical Care Blood 
Research Network (BloodNet), and the Pediatric Acute 
Lung Injury and Sepsis Investigators (PALISI) Network 
initiative addressed this patient group specifically and 
published their recommendations on red blood cell 
transfusions in critically ill children with acute respiratory 
failure. Their recommendations also support a restrictive 
strategy of red blood cell transfusion for children who are 
hemodynamically stable. They advise transfusing when 
the hemoglobin level is lower than 5 g per deciliter and 
not to transfuse when it is above 7 g per deciliter in stable 
children. They did not provide a strategy in children with 
hemodynamic instability, severe hypoxia or hemoglobin 
levels between 5–7 g per deciliter (61). The same group 
reviewed the indications for red blood cells transfusion 
in children requiring extra-corporeal support (including 
Extracorporeal Membrane Oxygenation, Ventricular Assist 
Devices, and Renal Replacement Therapy), and found 
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that there is currently insufficient evidence to recommend 
specific red blood cell transfusion thresholds in this 
group (69). Therefore, the recommendation remains that 
transfusions should be “targeted to symptomatic patients 
only” (70). 

Although not involved with oxygen delivery, a similar 
approach may also be applicable to transfusion of other 
blood products. Recently, in the neonatal population, 
Curley et al. conducted a multi-center randomized trial 
comparing a low (platelets <25,000 per cubic millimeter) 
versus a high (platelets <50,000 per cubic millimeter) 
transfusion threshold. In the 660 premature (<34 weeks) 
neonates studied, they found that the infants assigned to 
the high threshold group had significantly higher rate of 
death or major bleeding (71). Further studies are needed to 
provide recommendations for platelet transfusion strategies 
in PICU patients and hemoglobin transfusion thresholds 
in critically ill children requiring extra-corporeal support 
and for children with hemoglobin levels between 5–7 g per 
deciliter.

Temperature

Temperature is a much-debated topic in the management 
of critically ill children. What constitutes an “ideal” 
body temperature has not been clearly defined and likely 
varies depending on the underlying diagnosis. Targeted 
normothermia is a common neuroprotective strategy 
in the management of children with specific diagnoses, 
including post-cardiac arrest and traumatic brain injury, yet 
the evidence does not suggest a benefit with therapeutic 
hypothermia and in some cases showed harm (72).  
In contrast, targeted hypothermia is the standard of 
care for term, and late preterm neonates with hypoxic-
ischemic encephalopathy as the studies have demonstrated 
reduced mortality and severe disability with the use of this 
intervention (73).

The role that fever plays in critical illness and outcomes 
of critically ill children remains unclear. Fever plays an 
essential role in the host response to infection and is 
usually considered to be a good adaptive response, while 
hypothermia is deemed to be maladaptive in the setting of 
infection (74). Despite this, there is a propensity to treat 
fever in pediatrics. A survey of 462 pediatric intensive care 
medical and nursing staff in the UK showed a tendency 
towards the treatment of fever at a median temperature 
threshold of 38 ℃ (75).

Anti-pyretic medications, such as paracetamol, are 

commonly used in the PICU setting both for analgesia 
and treatment of fever. It has been shown that paracetamol 
impairs patients’ immune response to vaccination (76) and 
causes a delay in the time to crusting of chickenpox (77). In 
addition, children with malaria experience a longer time to 
resolution of parasitemia when treated with paracetamol (78).  
In 2017, Ray et al. published a prospective observational 
study in children looking at the hemodynamic consequences 
of paracetamol administration and found that there was a 
significant decrease in mean arterial BP, more pronounced 
in those with fever at baseline (79). 

In large adult studies, it has been shown that the use of 
antipyretics in critically ill patients with sepsis is associated 
with higher mortality (80) and that patients with infection 
and a febrile response have a lower adjusted odd of death 
compared to those without fever (81). There is a lack of 
evidence in pediatric patients. One small trial in PICU 
patients found that fever after 48 hours of admission or a 
secondary episode of fever was independently associated 
with prolonged PICU stay and length of ventilation (82). 
One very small study of 12 patients looked at resting 
energy expenditure during febrile illness and failed to find a 
consistent alteration in metabolic rate in these infants (83). 
Despite this, it is generally considered prudent to treat fever 
in patients in whom the high-energy burden may pose a 
significant physiologic challenge (74,83), such as in children 
with congenital heart disease, uncontrolled septic shock 
or traumatic brain injury. There remain many questions 
surrounding the harms and benefits of fever and antipyretic 
use in critically ill children. Two ongoing studies [FEVER 
study (an epidemiological observational study) and the 
FEVER pilot trial (a comparison of a liberal vs. conservative 
fever management thresholds)] are anticipated to provide 
more data and hopefully shed light on the current questions 
and controversies.

Glucose

Glucose homeostasis is often impaired in critical illness. 
Hyperglycemia is part of the stress response and is common, 
occurring in 45–86% of critically ill children, depending 
on what definition is used (84). Possible mechanisms 
include impaired glucose metabolism, relative insulin 
deficiency, peripheral insulin resistance, and medication  
administration (85). Hyperglycemia has been associated 
with increased duration of hospital stay, organ failure 
and death in children (85-87). Hypoglycemia, either 
spontaneous or iatrogenic, is less frequent but still occurs 
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in 2.2% to 9.7% of PICU patients and has been associated 
with worse neurologic outcomes, increased length of ICU 
stays and mortality (88,89).

In 2001, van den Berghe et al. published the results of 
a randomized controlled trial comparing intensive insulin 
therapy [blood glucose (BG) between 4.4–6.1 mmol/L 
per liter] and conventional therapy (insulin infusion for 
BG >12mmol/L, followed by target range of BG 10.0– 
11.1 mmol per liter) in critically ill adults. They found that 
those in the intensive therapy group were less likely to need 
prolonged mechanical ventilation and ICU stay and had 
lower mortality (90). This landmark trial led to a number 
of pediatric and adult studies that further explored the 
relationship between tight glucose control and outcomes. 
In 2009, the international NICE-SUGAR trial, found that 
intensive glucose control increased mortality compared to a 
conventional approach in adult ICU patients (91).

In 2009, the first pediatric RCT was published 
comparing two target thresholds (BG 2.8–4.4 mmol per liter 
versus insulin to prevent BG from exceeding 11.9 mmol  
per liter) in 700 critically ill children and found that 
targeting the lower threshold reduced the duration of 
PICU stay but caused a much higher rate of hypoglycemia 
(BG ≤2.2 mmol per liter in 25% vs. 1%) and severe 
hypoglycemia (BG ≤1.7 mmol per liter in 5% vs. 1%) in 
the low target group (92). Agus et al. studied 980 children 
following surgery with cardiopulmonary bypass comparing 
tight glycemic control (BG 4.4–6.1 mmol per liter) versus 
standard care. They found that tight control was possible 
with less frequent episodes of severe hypoglycemia (BG  
<2.2 mmol per liter in 3% vs. 1%) than previously reported 
but the outcomes between the groups did not differ 
significantly (93). Subsequently, the CHiP trial randomized 
1,369 PICU patients to a tight glycemic control group 
(4.0–7.0 mmol per liter) versus a conventional group (target 
BG <12.0 mmol per liter) and found no significant effect 
of tight glycemic control on clinical outcomes, though the 
12-month costs were lower in the tight control group (94).  
In 2017, the HALF-PINT trial explored this question 
again, comparing two BG target ranges (BG 4.4–6.1 mmol 
per liter vs. BG 8.3–10.0 mmol per liter) in PICU patients 
from 35 centers. The trial was stopped early as it was 
deemed to have a low likelihood of benefit and evidence of 
the possibility of harm (non-significantly higher mortality, 
increased infection and severe hypoglycemia) in the lower 
threshold group (95). Strict glycemic control has been 
extensively studied and has not been shown to confer any 
significant benefits and is associated with potential harm. 

Thus, a cautious approach is warranted when considering 
insulin therapy in critically ill patients.

Another such therapy that has come under scrutiny is 
the use of parenteral nutrition (PN). The PEPaNIC trial 
compared early (within 24 hours of admission) versus late 
(day 8 of admission) initiation of PN in 1,440 critically ill 
children and found that the late-parenteral-nutrition group 
had fewer new infections, shorter duration of mechanical 
ventilation and earlier live discharge from PICU and 
hospital (96). Thus, the timing of initiation of PN warrants 
a thoughtful approach and further studies may be needed to 
outline the optimal strategy in critically ill children.

Table 1 summarizes the balance of evidence and the 
accepted clinical practices for the physiologic parameters 
reviewed. 

Conclusions

The care of critically ill patients involves a balance between 
the potential harms and benefits of lifesaving interventions 
and therapies. The goal is to find the optimum point 
between under and over treatment in an attempt to restore 
physiologic homeostasis (Figure 1).

Even the basic vital signs lack clear normative data in 
critically ill pediatric patients and many of the treatment 
guidelines are not underpinned by rigorous pediatric 
evidence but rather expert consensus. The goals of intensive 
care should be fluid with consideration for the pathology of 
the disease and the adaptive physiology of the patient.

Achieving this balance between under and over treatment 
applies across a wide spectrum of disease severity. In the 
most severe states of disordered homeostasis, there may 
be a complete loss of control that no physiologic response 
can fully contain, such as in cardiac or respiratory arrest. 
Management of these situations must be centered on 
vigorous resuscitation to reinitiate oxygen delivery. Even 
in situations during which cardiopulmonary resuscitation 
(CPR) is being provided, the literature suggests that 
over treatment may cause harm and may impede the 
resuscitation efforts. For example, studies have shown that 
an increased ventilation rate during CPR leads to higher 
mean intrathoracic pressure which in turn reduces venous 
return, cardiac output, coronary perfusion pressure and 
aortic BP, thereby decreasing the chances of attaining return 
of spontaneous circulation (97-99). 

Furthermore, in clinical situations where despite best 
efforts to reestablish physiologic homeostasis a favorable 
outcome is not possible, it is critical to quickly recognize 
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Table 1 Summary of the evidence of the physiologic variables reviewed (BP, SpO2, HR, temperature, Hgb and glucose)

Physiologic variable
Is normalization evidence  
based-standard of care?

Summary of the literature

SpO2 No (I) Target SpO2 of ≥90% for infants with bronchiolitis (38) and 88–92% in 
children with ARDS or severe acute lung injury on a PEEP of ≥10 cmH2O (30); 
(II) lower target SpO2 (85–89%) in preterm neonates has been associated with 
increased risk of death (39,40); (III) hyperoxia should be avoided in patients with 
congenital heart disease on extra-corporeal membrane oxygenation (37); (IV) in 
adult patients receiving oxygen therapy, aim for SpO2 of ≤96% (36), too much 
supplemental oxygen in patients with normal SpO2 increases mortality (35)

HR No (unknown) (I) Normative values are unknown in critically ill children; (II) maintain or restore 
threshold HR in septic patients (44); (III) heart rate characteristic monitoring 
(decreased variability and transient decelerations) can be used to help identify 
infants at high risk of sepsis and death (46,47)

BP No (I) Normative values are unknown in critically ill children; (II) hypotension  
(<5th centile) should be avoided in children following a cardiac arrest (58,59);  
(III) caution should be exercised when interpreting non-invasive BP readings, as 
the mean and diastolic values are lower than when BP is measured invasively 

Hgb/platelets No (I) Critically ill children who are hemodynamically stable should be transfused 
when Hgb is <5 g/dL and not be transfused when it is >7 g/dL (61);  
(II) transfusions in those requiring extra-corporeal support should be targeted 
to symptomatic patients (70); (III) in premature neonates, a platelet transfusion 
threshold of <25,000 per cubic millimeter (vs. <50,000 per cubic millimeter) is 
associated with lower mortality and lower risk of major bleeding (71)

Temperature No (I) Targeted normothermia is indicated for neuro-protection in patients with 
traumatic brain injury and post cardiac arrest (72); (II) targeted hypothermia 
should be used in neonates with hypoxic-ischemic-encephalopathy (73);  
(III) paracetamol can interfere with the host’s immune response (77,78) and  
may cause hemodynamic compromise (79); (IV) treat fever in children in  
whom the high-energy burden may pose a physiologic threat (74,83) 

Glucose No (I) Hyperglycemia has been associated with increased length of ICU stay, organ 
failure and mortality (90,91); (II) strict glycemic control is not indicated, as it does 
not confer clinical benefit and is associated with hypoglycemia and increased 
infection (92-95); (III) the use of early (within 24 h of PICU admission) parenteral 
nutrition should be avoided as it has been associated with longer length of stay 
and duration of mechanical ventilation and more new infections (96)

SpO2, oxygen saturation; HR, heart rate; BP, blood pressure; Hgb, hemoglobin; ARDS, acute respiratory distress syndrome; PEEP, positive 
end-expiratory pressure; PICU, pediatric intensive care unit. 

that the goals of care need to shift towards quality end 
of life care to serve the best interests of our patients and 
their families. In circumstances where end of life care may 
be more appropriate, “lifesaving” interventions become 
ethically complex and may be perceived as excessive or 
inappropriate by the medical staff or the patient’s families, 
which may lead to moral distress and burnout. Recent data 
has shown that situations, in which physicians perceived 
the care provided to be excessive, were predictive of poor 
outcomes, including death (100) suggesting that improving 

the ethical climate in the ICU may ameliorate the quality of 
end of life care and perhaps improve the moral well-being 
of the medical staff.

In this review, we have focused on six commonly 
monitored and manipulated physiologic variables and 
presented the evidence behind current recommendations 
and highlighted some of the insufficiencies in the definitions 
of normative values and commonly accepted practices. The 
dogma of ICU medicine must continue to be challenged, 
to ensure that ultimately, we are providing the best care for 
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critically ill children. 
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