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Diagnosis and treatment of neonatal 
cardiorespiratory events

The fetal to neonatal transition is associated with abrupt 
transformations in lung function, pulmonary circulation and 
respiratory control. This is clearly most challenging in the 
very preterm infant in whom immature respiratory control 
is superimposed upon an immature lung (1). However, the 
late preterm and term infants are also not exempt from 
this challenge. In 2019 I reviewed the short- and longer-
term consequences of immature respiratory control in 
preterm infants (2) for this journal, and this remains an area 
of intense interest, while beyond this review, they range 
from retinopathy of prematurity (ROP) intraventricular 
hemorrhage and bronchopulmonary dysplasia (BPD) to 
longer term disability and mortality (2). It is important 
to recognize that these are associations with resultant 
intermittent hypoxic episodes and not necessarily causal. 

In this review I now seek to address diagnostic challenges 
associated with such episodes and focus on therapeutic 
options, both in the preterm and term neonate.

Monitoring respiration

There is widespread agreement that immature respiratory 
control leading to apneic episodes is the precipitant for 
most cardiorespiratory episodes leading to monitor alarms 
in preterm infants (Figure 1). Unfortunately, respiratory 
impedance monitoring has significant limitations, hence, 
it needs to be typically associated with heart rate monitors 
to detect accompanying bradycardia. The latter is probably 
a reflex response to hypoxemia in the absence of lung 
inflation, although bradycardia may occur in the absence of 
measurable desaturation.

Impedance is widely used to non-invasively measure 
respiratory movements during hospitalization (3). 
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Impedance monitoring has  the advantage that  i t 
allows long-term measurements of respiration from 
electrocardiogram electrodes, although it is limited by its 
inability to distinguish normal respiration from obstructive 
efforts. This presents a considerable challenge as longer 
apneic episodes in preterm infants are most commonly 
mixed episodes comprising both central and obstructive 
components. Therefore, current bedside impedance 
monitors are limited to detection of central apnea.

A solution would be to measure airflow directly, or at 
least indirectly. For semi-qualitative measurements of flow, 
end-tidal CO2 or thermistor/thermocouples are alternative 
options. Devices placed on the face are, unfortunately, 
irritating to the infant. These devices have poor correlations 
with quantitative measures of flow and have, therefore, 
been limited to sleep lab settings where, when used in 
conjunction with chest wall motion sensors, can distinguish 
the presence or absence of flow occurring during central and 
obstructive apnea. Respiratory inductance plethysmography 
uses two bands placed around the rib cage and abdomen 
from which tidal volume can be inferred by the arithmetic 
sum of the displacements of these two compartments. 
Unfortunately, this methodology continues to be limited to 
short-term laboratory studies and has not found its way to 
routine clinical care settings (4).

Monitoring oxygenation

While arterial sampling is the “gold standard” for 
quantifying oxygenation, the high incidence of intermittent 
hypoxemia or desaturation events makes noninvasive 
continuous measurements imperative in most preterm 
infants. Transcutaneous PO2 was developed in the 
1970s as the initial method of non-invasive monitoring. 

Unfortunately, measurements are adversely affected 
by increasing skin thickness with advancing postnatal 
maturation, peripheral hypoperfusion, and need for 
heating the electrode to at least 43 ℃, as well as frequent 
calibrations. While the electrode response times are 
relatively slow at about 16 seconds, this methodology does 
have a place for ensuring levels of PaO2 are in range (5).

Given these reservations, pulse oximetry has become the 
most commonly used modality of non-invasive oxygenation 
monitoring in the NICU setting. The advantage of pulse 
oximetry is that it does not require heating of the skin, has 
a rapid response time, and is easy to apply. It can provide 
reliable values of oxygen saturation although the accuracy 
decreases with severe hypoxemia <70% owing to the 
inability to acquire physiological data for calibration curves 
beyond that range. Accuracy may also be affected by probe 
position, motion, light interference, low perfusion, skin 
pigmentation and variations in hemoglobin, the presence of 
fetal hemoglobin, and calibration algorithms.

Averaging times for pulse oximetry can be varied 
between the research and clinical settings. Longer averaging 
times may be preferred in the clinical setting to reduce 
the number of short desaturation events and false alarms. 
However, longer averaging times have been shown to 
falsely increase the number of prolonged events >20 s) (6).  
Although standards for both oxygen saturation targets 
and pulse oximeters vary somewhat between NICUs, this 
technique is a mainstay for detection of cardiorespiratory 
events and determining their potential consequences (7).

Providing ventilatory support

The definitive treatment for apnea/bradycardia/desaturation 
events during the NICU course of very preterm infants 
is intubation and mechanical ventilation. However, this 
is a step that we try to avoid where possible (Figure 2). 
Therefore, we typically resort to non-invasive ventilatory 
support. Continuous positive airway pressure (CPAP) has 
remained a mainstay of neonatal respiratory support, and 
has proven safe and effective since the 1970s (8). CPAP 
serves to maintain lung volume and enhance airway patency 
by means of low level positive pressure. This ensures 
patency of the upper airway during episodes of mixed 
and obstructive apnea. It, therefore, has a dual function 
to stabilize lung volume and improve airway patency by 
limiting upper airway closure. It is now clear that longer 
episodes of mixed apnea are compounded by pharyngeal 
or laryngeal upper airway obstruction. Thus, splinting of 

Figure 1 Apnea of prematurity has its origin in decreased 
respiratory drive with consequential changes in oxygenation and 
heart rate.
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Figure 2 Various therapeutic techniques that are widely employed or under study to decrease the incidence of apnea of prematurity and its 
resultant consequences.

Management of 
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* Automated adjustment still under study in USA
** Under study in Europe

the upper airway by positive pressure becomes important. 
At the lower functional residual capacity characteristic of 
many preterm infants with residual lung disease, pulmonary 
oxygen stores are diminished, and the time from cessation 
of breathing to onset of desaturation and bradycardia can 
be quite short. Therefore, CPAP is likely to reduce this 
vulnerability to episodic desaturation. Although nasal CPAP 
is well tolerated in most preterm infants, low- or high-flow 
nasal cannula therapies are being increasingly used as an 
alternative and may allow CPAP delivery while enhancing 
mobility of the infant. Infants may benefit from the comfort 
of a nasal cannula over CPAP, but documentation of the 
pressure delivered is clearly comprised.

A non-invasive alternative is nasal intermittent positive 
pressure ventilation (NIPPV) which has been shown to 
decrease the risk of extubation failure (9). Such success 
may, however, depend on the ability to synchronize 
spontaneous and ventilator delivered breaths. Data from 
a smaller study that investigated a synchronized nasal 
ventilation system in 19 infants at a mean postmenstrual 
age of 30 weeks reported a decrease in bradycardia  
(<80 min-1) and desaturation rates (<80%) from 6.1 h-1 
with CPAP to 2.9 h-1 with S-NIPPV (10). Unfortunately, 
synchronization of spontaneous breaths with ventilator 
delivered breaths remains a challenge. The alternatives 
include flow, pressure or neural stimuli from the infant to 
trigger the ventilator breath. Currently neurally assisted 
ventilatory support via an esophageal catheter seems to 
hold the most promise despite technical challenges (11).

Optimizing oxygenation

Intermittent hypoxemia or desaturation episodes are 
almost always the result of respiratory pauses, apnea, 
or ineffective ventilation (12). Lower oxygen saturation 
baseline predisposes to more frequent or profound 
intermittent hypoxemic episodes, although persistent 
baseline levels exceeding a 95% saturation should probably 
be avoided. Despite some controversy from earlier studies, 
administration of packed red blood cells (pRBC) in the face 
of anemia does decrease desaturation episodes. In infants 
with a hematocrit of 20–42%, pRBC transfusions were 
observed to decrease the incidence of intermittent hypoxia. 
This did not occur when infants only received a non-pRBC 
transfusion. This finding led to the obvious conclusion 
that the benefit of RBC transfusions is mediated through 
enhanced oxygen carrying capacity (13).

Automated control of inspired oxygen is an evolving 
approach whereby oxygenation saturation triggers delivery 
of supplemental oxygen (14). This automated technique 
has been compared to routine adjustments of inspired 
oxygen as performed by clinical personnel. During the 
automated period, time with oxygen saturation within 
the intended range increases significantly. This has been 
associated with modest reductions in both hyperoxemic 
and hypoxemic periods (15). It is important to acknowledge 
that if intermittent hypoxemia is the result of apnea, it 
may be more important to restore respiratory drive rather 
than just delivery of supplemental oxygen. Administration 
of excessive supplemental oxygen should be avoided when 
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ventilatory support needs to be initiated because of its well-
documented adverse effects.

Enhancing respiratory drive

During intrauterine life inspiratory efforts by the fetus may 
contribute to lung maturation, but they are not contributing 
to gas exchange. Such intermittent inspiratory efforts need 
to become continuous postnatally for an effective fetal 
to neonatal transition; this may not occur in the preterm 
infant. The primary therapeutic focus, in parallel with 
enhancing lung maturation and minimizing lung injury, is 
to enhance respiratory drive.

Caffeine is the “gold standard” and the most common 
therapy used to treat apnea and intermittent hypoxemia (16).  
Methylxanthines have been prescribed in preterm infants 
for over 40 years and have been shown to reduce apnea 
and the need for ventilation. The largest trial of caffeine 
(Caffeine for Apnea of Prematurity Trial) randomly 
assigned 2006 infants with birth weights between 
500 and 1,250 gm to caffeine or placebo in the first  
10 days of life. There was no attempt to measure apnea of 
prematurity in this study. However, therapy with caffeine 
reduced duration of positive-pressure support, oxygen 
supplementation, and the incidence of BPD (17). Survival 
without neurodevelopmental disability was also significantly 
improved at 18 to 21 months, and motor benefit was still 
noted at age 11 in the caffeine treated cohort (18).

Caffeine has a large variety of pharmacologic effects, 
although these are not well studied in the neonatal 
period. These include blockade of adenosine A1 and A2A 
receptor subtypes resulting in excitation of respiration 
neural output (19). A loading dose of caffeine showed 
a rapid (within 5 min) and prolonged (2 h) increase in 
diaphragmatic activity that was associated with an increase 
in tidal volume (20). Of particular interest, caffeine may 
exhibit anti-inflammatory properties directed toward the 
immature lung. For example, rat pups exposed prenatally 
to lipopolysaccharide had improved lung resistance and 
cytokine profiles after postnatal caffeine treatment (21). 

Optimal strategies of caffeine therapy have yet to be 
determined. For example, common practice entails a 
caffeine citrate loading dose of 20 mg/kg followed by 5 to  
10 mg/kg/day with potential side effects including 
t achycard i a ,  dy s rhy thmia ,  f eed ing  in to l e rance , 
gastroesophageal reflux disease, jitteriness, irritability, 
or rarely observed seizures. Excessive doses have been 
associated with an increased incidence of cerebellar 

hemorrhage (22). Therefore, only modest increases in 
dosing should be considered in selected patients.

There is a paucity of information from randomized 
control trials to address the optimal time to start or 
stop caffeine treatment. Such data are based on a few 
retrospective cohort studies. Early caffeine administration 
during the first 2 to 3 days of life was associated with 
reduction of BPD (23), patent ductus arteriosus requiring 
treatment, and duration of positive-pressure ventilation. 
This has resulted in widespread very early prophylactic 
administration of caffeine.  American Academy of 
Pediatrics guidelines suggest discontinuing caffeine when 
cardiorespiratory events are insignificant for 5 to 7 days 
or 33 to 34 weeks’ postmenstrual age, whichever comes  
first (24). However, it is important to realize that preterm 
infants born at very young gestational ages may continue to 
have apnea and intermittent hypoxemia events even beyond 
33 to 34 weeks’ postmenstrual age and prolonged therapy is 
under investigation (25).

Doxapram is a therapy which is being studied intensively 
in Europe (26). It stimulates peripheral and central 
chemoreceptors that result in augmentation of breathing. 
Significant reductions in apnea have been shown with 
increasing doses of doxapram. However, higher doses 
have been accompanied by elevations in blood pressure; 
prolonged use in the neonatal period has been associated 
with an adverse outcome in earlier studies. Because of the 
possibility of adverse effects of doxapram, this therapy 
should have limited appeal pending ongoing efficacy/safety 
studies.

Finally, non-pharmacologic approaches to enhancing 
respiratory drive have appeal because adverse effects 
are unlikely, even though efficacy appears limited. Such 
approaches have included kinesthetic stimulation using 
oscillating mattresses for prevention of apnea. In a meta-
analysis that included 154 infants there was no clear evidence 
of effect of this therapy on apnea or bradycardia (27).  
By contrast, in a more recent study of preterm infants, 
stochastic (random) stimulation reduced desaturation 
episodes (28). There may well be a future for such novel 
modes of kinesthetic or related stimulation to improve 
respiratory drive.

Providing less evidence-based therapies

A variety to less evidence-based approaches have been 
attempted to decrease the frequency of cardiorespiratory 
events, especially as preterm infants approach discharge. 
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These include enhancement of sensory stimulation as 
with skin-to-skin contact and music therapy (29). While 
beneficial data are very limited, preterm infants should 
be exposed to voices of family members, which includes 
reading, and the ambient noise levels in the NICU should 
be controlled so the infant can hear and discriminate human 
voices (30). 

Apnea of prematurity with resultant desaturation 
and gastroesophageal reflux are both causally related. It 
is true that if refluxate reaches as high as the larynx or 
pharynx, an apneic response might result. Although this is 
theoretically possible, our data indicate that only about 3% 
of cardiorespiratory events (comprising apnea, bradycardia, 
and desaturation) are preceded by reflux (31). Furthermore, 
it is possible that concurrent reflux and apnea/desaturation 
are triggered by the hypoxic event, in which case reflux 
should not be the primary focus of therapy.

Inter-institutional and inter-provider variability in 
discharge monitoring is being increasingly addressed. A 
large study evaluated the effect of implementation of an 
institutional protocol for very low birth weight infants to 
reduce such inter-provider variability (32). This protocol 
determined standard definition of cardiorespiratory events 
and duration of monitoring in response to cardiorespiratory 
events. The result of the standardized protocol was not 
effective on length of stay, however, demonstrated a 
significant reduction in re-admission rate for apnea-related 
events. Similar protocols, when instituted as part of a quality 
improvement methodology, replicated improvements in 
reduction of variability, and found benefits to provider, 
nursing, and family satisfaction (33). With these measures 
we seek to avoid excessive duration of hospitalization 
without compromising safety. Fortunately, the use of 
home cardiorespiratory monitoring is discouraged and has 
declined over several decades as it can be highly disruptive 
in the home and provides little predictive data to guarantee 
infant safety.

Diagnosing and managing term infants with 
apnea

At or near term an infant should be developmentally and 
physiologically prepared for life beyond birth, given a more 
mature central respiratory control network and adequate 
airway size and lung development. Nonetheless, infants 
may require a NICU admission after an apneic or cyanotic 
episode is observed in the first days of life, often by a parent 
during an early feed (34). Unlike apnea of prematurity, 

which is well studied, there is much less information in 
the term or near term infant as this phenomenon is less 
common. Therefore, clear diagnostic criteria are inadequate 
with great variability in diagnostic testing and therapeutic 
approach. It should be noted that apnea in this population 
may well be an initial manifestation of a seizure.

Apnea in the delivery room may be the result of brain 
injury from hypoxia and ischemia (when associated 
with hypotension, hypoxemia, and metabolic acidosis), 
intrapartum maternal drug (e.g., narcotic or magnesium) 
administration, or general anesthesia and early onset 
sepsis. Other conditions should be considered in the early 
neonatal period, including neonatal stroke, central nervous 
system malformations, or metabolic causes (abnormalities 
in glucose, electrolytes, calcium). Sepsis always remains a 
potential concern. Poets et al. investigated the incidence 
of unexplained and sudden unexpected infant death in the 
first 24 hours of life in pediatric departments in German 
hospitals. When infants were placed in a potentially 
asphyxiating position this was identified as the significant 
risk factor (35).

It is imperative to obtain a thorough history and perform 
a detailed examination on any term infant presenting 
with an apneic or cyanotic episode. A careful review of 
the maternal, prenatal, intrapartum, resuscitation, and 
postpartum histories may provide important insight. 
This should include a detailed feeding history in all such 
infants. The extent of laboratory studies may vary, but 
should include the following: glucose, electrolytes, calcium, 
complete blood count, and blood gas determinations. 
Observation with cardiorespiratory and pulse oximetry 
monitoring in a  NICU is  usual ly  recommended. 
More extensive investigation, such as neuroimaging, 
electroencephalogram, Otololaryngology consultation, and 
a Genetics evaluation should be considered based on the 
infant’s history, clinical course, and physical findings.

Gastroesophageal reflux has often been implicated 
as a cause of apnea in infancy. However, there is rarely 
a temporal relationship and, when one exists, it may 
well be the apnea-induced hypoxemia that results in 
relaxation of the lower esophageal sphincter and resultant 
gastroesophageal reflux (31,36). Acid suppression therapy 
is rarely indicated as the refluxate is often non-acidic (37). 
Furthermore, there is an increased risk of sepsis after acid 
suppression therapy (38). 

In summary, apnea in the term infant is an unusual 
occurrence that requires consideration of a number of 
etiologies depending on whether it is central or obstructive 
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and the presentation. Clinical judgment will be needed 
to dictate the extent of a diagnostic work-up and need for 
extended observation.
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