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SUMMARY
OBJECTIVE: To review the main physiological and pharmacological changes related to prematurity, to promote the evidence-based 

clinical practice. 

METHODS: This is a narrative review whose research was carried out in the ScienceDirect and Medline databases via PubMed, searching 

for articles in any language from January 2000 to February 2020. 

RESULTS:  Premature newborns are born before completing the maturation process that prepares them for extrauterine life, which 

occurs especially in the last weeks of pregnancy. Therefore, they have their own characteristics in development. Several physiological 

peculiarities stand out, such as disturbances in glucose regulation, adrenal function, thermoregulation, immunity, in addition to changes in 

liver, renal and respiratory functions. Pharmacological aspects were also highlighted, involving pharmacokinetics and pharmacodynamics. 

CONCLUSIONS: Despite the recent advances in prematurity, it is still an area with many uncertainties, since several changes occur 

quickly and there are ethical issues that make studies difficult. Thus, it is clear that the therapeutic management of premature infants 

is still very much based on clinical practice.
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INTRODUCTION
Globally, approximately 15 million infants are born prematurely 
every year1. Although the survival rate of preterm infants has 
risen, prematurity remains responsible for >60% of deaths in 
the first 12 hours postpartum, with the mortality rate lowering 
with every additional week of pregnancy completed2.

Generally, full-term pregnancy follows a specific develop-
mental course such that, before delivery, several maturation 
changes occur that are specifically designed to aid the fetus 
throughout its transition from uterine to extrauterine life. 
Given that premature infants are born before these changes 
have been completed, they experience difficulties after birth3. 
The physiology of this transition is complex and depends 
on several factors, including maternal medical history, the 

status of the placenta, gestational duration, and the presence 
of fetal anomalies4.

All of these physiological considerations can directly interfere with 
the pharmacokinetics and pharmacodynamics of several drugs. Given 
the complex reality of premature newborns, a review of the available 
literature is warranted to promote evidence-based clinical practice. 
The methods employed in this review are described in Chart 1.

PHYSIOLOGICAL CHARACTERISTICS

Thermal regulation
Body temperature is the result of heat production and elim-
ination mechanisms, and the human body tends to release 
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heat easier than it produces it. Importantly, thermal control is 
dependent on gestational and postnatal age, birth weight, and 
the clinical conditions of the newborn5.

Newborns can lose heat through evaporation, convection, 
conduction, radiation, or combinations thereof. In the first exam-
ple, heat loss results from water evaporation from the skin and 
respiratory tract. Convection is the loss of heat from the body 
to a colder environment. During conduction, heat dissipates by 
direct contact into colder solid objects. In the absence of direct 
contact with a colder object, this process is known as radiation6.

The large skin surface area-to-body mass ratio in newborns 
presents a large area for heat loss. The head may account for 
as much as 20% of the infant’s total surface area. With greater 
prematurity, the skin becomes thinner, with fewer tight junc-
tions and a thinner layer of subcutaneous fat. Insulation is 
thereby compromised and greater evaporative heat loss occurs. 
The infant responds with non-shivering thermogenesis, a pro-
cess that involves brown fat metabolism and significant oxy-
gen consumption (up to 25% of total oxygen consumption). 
Shivering, which is the major means of heat generation in adults, 
is gradually acquired over the first year of life7.

Glucose regulation

Hypoglycemia
The fetus exists in an anabolic state, with high endogenous 
concentrations of insulin and fetal glycogen, promoting gly-
cogenesis and lipogenesis. After birth, there is an increase in 
the concentration of glucagon, plasma catecholamines, and 
cortisol, and a decrease in insulin concentration, thereby pro-
moting glycogenolysis, gluconeogenesis, and lipolysis in order 
to provide energy to the newborn3.

During the transition to extrauterine life, the glucose con-
centration in healthy newborns lowers in the first hours of life, 
with blood glucose levels approximating 55–60 mg/dL. It is 
important to differentiate this normal transient physiologi-
cal response from disorders that result in persistent or recur-
rent hypoglycemia, which can lead to neurological sequelae8. 
Hypoglycemia is present in approximately 15% of infants born 
at term. Premature infants are at increased developmental risk, 

mainly due to inadequate storage of glycogen, proteins, and 
fats, which occurs during the third trimester of pregnancy3.

Lipolysis contributes significantly to meet neonatal meta-
bolic demands when glycogen is depleted, either by producing 
glycerol or ketone bodies. However, lipolysis and ketogenesis 
are limited in premature infants due to the loss of fat in adi-
pose tissue9.

Hyperglycemia
Hyperglycemia is prevalent in infants with very low birth 
weight, especially during the first week of life, with the high-
est numbers seen in infants who are also growth-restricted or 
who receive intravenous glucose. Estimates show that up to 
≥80% of all infants weighing <1,500 g may be affected by 
hyperglycemia9,10. Its etiology involves an inability to inhibit 
gluconeogenesis, relative insulin resistance (possibly related to 
elevated growth hormone, cortisol, and catecholamine concen-
trations), defective proinsulin processing, and delayed secretion. 
Untreated hyperglycemia can lead to significant complications, 
including hyperosmolality, osmotic diuresis, dehydration, and 
possible intracranial bleeding and additive effects on ischemic 
brain injury9,10.

Respiratory function
The respiratory system undergoes significant structural changes 
during intrauterine development. The airways are completely 
formed during the pseudoglandular stage, at around 16 weeks 
of gestation. Between weeks 16 and 24 (i.e., during the cana-
licular stage), these conductive structures increase in caliber; 
between weeks 24 and 36 (i.e., during the saccular stage), the 
pre-acinar airways grow, the bronchioles develop, and the acini 
are formed. At around 28 weeks of gestation (i.e., during the 
saccular pulmonary development phase), the alveoli begin to 
develop11.

The pulmonary surfactant begins to be produced around 
34 weeks of gestation. This surfactant reduces the surface ten-
sion in the alveoli, allowing them to remain inflated. As such, 
pulmonary surfactant deficiency or dysfunction can lead to 
respiratory distress syndrome (RDS), a common disorder in 
premature infants12.

Chart 1. Research strategy and criteria for selecting articles

The review was performed using ScienceDirect and MEDLINE via PubMed. Articles in any language published between January 
2000 and February 2020 were considered. Keywords used included “physiology”, “pharmacokinetics”, “pharmacological 
actions”, and “premature newborn”. Thwe list of references within the selected articles were also searched, some of which 
included publications that could not be retrieved. Ultimately, 32 research and review articles were included.
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Apnea of prematurity is experienced by 85% of babies 
born before 34 weeks of gestation; the risk of developing it 
rises substantially with every additional week of gestation 
missed. Defined as cessation in breathing with a >15–20 
sec duration, it is believed to result from immaturity of the 
central respiratory control mechanisms (e.g., reduced sensi-
tivity to CO2 and hypoxia) and from an exaggerated protec-
tive response to laryngeal stimulation, ultimately leading to 
the interruption of inspiratory activation of the respiratory 
muscles and closure of the upper airways13.

Immune system
The fetal immune system develops in a sterile and pro-
tected environment, therefore requiring antigenic expo-
sure. Immune competence develops during the first three 
months postpartum14.

The complement system is the most important compo-
nent of innate immunity, and it is likely to contribute to the 
performance of the adaptive immune system15. In healthy, 
at-term newborns, the complement system is already under-
developed; this is aggravated in premature infants since the 
liver is responsible for synthesizing nearly all components 
of the complement system – except for C7 – though it has 
a primary function of hematopoiesis between gestational 
weeks 6 and 2216. Therefore, premature neonates are the most 
vulnerable to intracellular pathogens that cause infections 
in the uterus (intrapartum and postpartum) and that evoke 
fetal and neonatal innate immune responses14. Regulatory 
T cell functionality is temporarily reduced in premature 
infants, which can lead to dysregulation or overactivation 
of the immune response17.

Adrenal function
The fetal adrenal gland undergoes massive hypertrophy 
during the last trimester of pregnancy, when the reduction 
in maternal cortisol stimulates the production of adreno-
corticotropic hormone (ACTH). Therefore, the fetus may 
not produce cortisol before 23 weeks of gestation and nor-
mally does not do so until 30 weeks, when higher levels 
of ACTH stimulate cortical development3. Cortisol pro-
motes growth of the intestinal mucosa, production of gas-
tric acid, induction of digestive enzymes, gastrin secretion 
in the fetal intestine, and participates in renal maturation. 
Therefore, premature infants have an incomplete response 
to stress. This diminished response appears to occur mainly 
at the level of the adrenal gland and is limited to the first 
two weeks of life (temporary adrenocortical insufficiency 
in preterm infants). Furthermore, prenatal circumstances, 

such as maternal glucocorticoid administration, can also 
negatively affect the baby’s adrenal response3,9.

Renal function
Although nephron development begins around gestational 
week 9, most nephrogenesis occurs in the third trimester, 
reaching adult nephron numbers at 36 weeks of gestation. 
Premature infants may have reduced or abnormal nephro-
genesis after birth, and may not reach the same number of 
nephrons as their full-term peers3.

Effective renal plasma flow has been reported to be ~20 mL/
min/1.73 m2 in extremely premature babies, compared to 
45 mL/min/1.73 m2 in babies born after 35 weeks of gestation 
and 83 mL/min/1.73 m2 in at-term newborns. This increase in 
blood flow over time is also associated with a proportionally 
greater flow to the external cortical region, thereby promoting 
its development18. Due to the limitation of renal blood flow 
and glomerular filtration rate, newborns – and especially prema-
ture infants – have a limited ability to handle fluid overload18. 

Hepatic function
The liver is the largest solid organ and is responsible for 
several critical functions, including metabolism of dietary 
compounds, regulation of blood glucose levels, production 
of clotting factors and serum proteins, bile synthesis, and 
biotransformation of xenobiotics and endogenous metabolic 
byproducts. In intrauterine life, the fetus depends on the 
mother’s liver function while its own liver develops. Even after 
birth, the newborn’s liver function retains a certain imma-
turity, but at-term newborns are spared any serious long-
term consequences. Preterm infants, however, are suscepti-
ble to the consequences of immature liver function, which 
can include hypoglycemia, hyperbilirubinemia, cholestasis, 
bleeding, and impaired drug metabolism19.

PHARMACOLOGICAL 
CHARACTERISTICS

Changes in physiological conditions associated with prema-
turity reflect changes that directly interfere with the absorp-
tion, distribution, metabolism, elimination, or mechanism 
of action of a given medication.

Pharmacokinetics

Absorption
In general, gastrointestinal absorption in preterm infants 
is compromised due to reductions in gastric acidity, bile 
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acid excretion, and gastrointestinal motility20. Gastric pH 
affects the stability and degree of ionization of weak acids 
drugs; that is, it reduces the relative amount available for 
absorption. Thus, these drugs are absorbed more slowly. The 
compromised function of bile and pancreatic enzymes can 
reduce the bioavailability of fat-soluble drugs. Drug absorp-
tion is dependent on the intestinal mucosa that matures its 
villi around 20 weeks of gestation21. Therefore, in extremely 
premature infants, there is less surface for absorption due 
to the reduction of villi and intestinal extension, which are 
proportionally smaller than in full-term babies.

For the percutaneous route, the weight-to-body surface area 
ratio reflects the need to decrease the concentration of topical 
drugs, especially in preterm infants with very low birth weight. 
The proportion of muscle mass in neonates is lower than in 
adults; however, there is an increase in the density of skele-
tal-muscle capillaries, which can compensate for this reduction. 
Indeed, there is evidence – even in older children – of greater 
absorption via the percutaneous route for specific drugs22.

Distribution
The human body’s composition of water, muscles, and fats 
changes along with gestational and postnatal age. Extracellular 
fluid compartments are larger in newborns than in adults. 
In addition, the percentage of weight attributed to fat is 
3% in premature infants and 12% in at-term infants23. As 
a result, the volume of distribution and the plasma concen-
tration vary with age. Thus, in premature infants, there is 
a general increase in volume of water-soluble drugs and a 
reduction in fat-soluble drugs due to the relative propor-
tion of the body, which has a high proportion of water and 
a low proportion of fat24.

Additionally, there are age-related changes in the develop-
ment of plasma proteins, with a downregulation of albumin, 
total protein, and alpha-1-acid glycoprotein. Lower levels of 
plasma proteins reduce the ability of plasma protein binding 
drugs, especially in premature newborns24. Thus, premature 
infants retain a higher concentration of drugs and experience 
greater effects of drugs with high protein binding.

Metabolism
The pathways responsible for metabolism and substance elim-
ination do not mature at the same rate25. The main route for 
metabolism is hepatic, in which active metabolites can be 
formed, yielding therapeutic or toxic results. This process is 
divided into phases I and II. In phase I, the reactions involve 
cytochrome P450 isoenzymes, which begin to be produced as 
of gestational week 25, with different maturation times for iso-
enzymes26. For this reason, the possibility of drug interactions 

during the course of treatment must be considered in prema-
ture infants.

Enzymes that catalyze phase II reactions also undergo an 
age-dependent maturation process. The activity of 5’-diphos-
pho-glucuronosyltransferase (UGT) uridine, which has differ-
ent isoforms, is downregulated by up to 30% in the livers of 
neonates. It remains downregulated until postnatal day 10 and 
may manifest clinically as unconjugated hyperbilirubinemia27.

UGT deficiency also has other implications for certain med-
ications, such as morphine and the antimicrobial chlorampheni-
col: the inability to conjugate does not render them metabolites 
inactive, but accumulates them. Chloramphenicol can result 
in gray baby syndrome, and morphine is more active and thus 
potentially toxic at otherwise therapeutic levels23.

Elimination
At birth, renal clearance is compromised due to incomplete 
functional and anatomical development of the kidneys in 
neonates, which remain underdeveloped until several months 
postpartum. Thus, in the premature infants, tubular secretion 
is insufficient, mainly due to poor perfusion28. As such, cor-
rected gestational age after birth is a better indicator of glomer-
ular filtration rate (GFR) than is chronological age. Premature 
infants develop tubular function more slowly in the first weeks 
of life than do full-term newborns, and maximum GFR is 
achieved at 48 weeks of corrected gestational age29. The GFR 
is 2–4 mL/min in full-term babies and 0.6–0.8 mL/min in 
premature babies21.

Pharmacodynamics
Developmental changes in premature infants affect drug 
pharmacokinetics and other physiological processes, includ-
ing the activity of receptors or therapeutic targets that medi-
ate the action and response of the drug (i.e., pharmaco-
dynamics)30. Due to their intrinsic vulnerabilities and the 
associated ethical concerns, pediatric populations are often 
excluded from biomedical research. The scarcity of studies 
with newborn populations is made evident by the fact that 
40–80% of drugs used in Neonatal Intensive Care Units are 
off-label or unlicensed31.

Moreover, the first month of life is a time of rapid devel-
opmental changes, which limits the generalizability of results 
from studies on neonates. Furthermore, receptors, transport-
ers, and other enzymes are also subject to ontogenic mat-
uration. Thus, investigating the inter- and intra-individual 
variability in the various pharmacodynamic responses char-
acteristic of neonates would be insightful32. Table 1 sum-
marizes the main pharmacodynamic changes observed in 
premature infants.
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Table 1. Pharmacodynamic changes in preterm infants.

Physiological Change Pharmacodynamic Repercussion

Changes in blood flow.
The minimum alveolar concentration for almost all 

vapors is lower in neonates than in infancy.
The amount of drug reaching the brain is reduced.

Increased volume of distribution and reduced NBD clearance. Increased sensitivity to the effects of NBD.

Reduction in myelination, spacing
of nodes of Ranvier, and length of nerve exposed.

Amide local anesthetic agents induce
shorter blocking duration and require a higher weight-
scaled dose to achieve similar dermatomal levels when 

given by subarachnoid block.

Age-dependent expression of intestinal motilin receptors and 
modulation of antral contractions.

Prokinetic agents may not be useful in very preterm 
infants, partially useful in older preterm infants, and 

useful in full-term infants.

Paucity of bronchial smooth muscle. Bronchodilators are ineffective.

Cardiac calcium stores in the endoplasmic reticulum are 
reduced in the neonatal heart, the exogenous calcium has 

greater impact on contractility in this age group.

Calcium channel blocking drugs can cause life-
threatening bradycardia and hypotension.

Reduction in contractile structures, innervation, and function 
of the adrenergic heart receptor.

Reduced response to vasoactive drugs, decreased ability 
to increase contractility and inadequate response to 

standard preload handling techniques.

β-receptor maturation lags behind α-receptor maturation 
during the development of the adrenergic system.

Systemic vasoconstriction is greater than pulmonary 
vasoconstriction in neonates given dopamine.

NBD: neuromuscular blocking drugs from Anderson BJ et al.23. 
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