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CASE REPORT

Evidence of an active Cushing reflex 
in a preterm neonate with hyaline membrane 
disease: a case report
Alan D. Rothberg1* , Johan Smith2 and Welma Lubbe3 

Abstract 

Background: The Cushing reflex does not appear to have been described in preterm neonates. This case report 
shows the presence of an active Cushing reflex in a 32-week preterm neonate with hyaline membrane disease.

Case presentation: The 1.94 kg Caucasian infant was delivered by caesarean section following concerns about 
possible maternal infection and fetal compromise. Chest X-ray showed mild-to-moderate hyaline membrane disease 
and treatment was initiated with supplemental oxygen and nasal continuous positive airway pressure. It is probable 
that a pneumothorax occurred at 5–6 hours of age, with progression during the day. Interstitial air, pneumomediasti-
num, and tension pneumothorax were diagnosed on subsequent X-ray, and ultrasound of the brain showed a grade 
IV intraventricular hemorrhage. A review of the nurses’ recordings of heart rate, blood pressure, and respiratory rate 
showed a progressive increase in blood pressure accompanied by slowing of the heart rate and irregular respiration. 
These are features of the Cushing reflex that is elicited in response to raised intracranial pressure.

Conclusion: While well-described in older children and adults, in neonates the Cushing reflex has mainly been 
described in animal experiments and infants who have developed hydrocephalus. It is likely that in this case, the reflex 
was elicited as a result of a progressive increase in intracranial pressure due to the combination of elevated intratho-
racic pressure, obstructed venous return from the brain, and concurrent intraventricular hemorrhage.
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The case presented shows the clinical course of a 32-week 
neonate with hyaline membrane disease (HMD) admitted 
in 2008 to a Level 2 Neonatal Intensive Care Unit (NICU) 
in a mid-sized South African city. In the absence of spe-
cialist neonatologists in that city, care was provided by a 
generalist pediatrician. In 2018, after 10 years of discus-
sion between various parties, the case found its way into 
the courts and the authors of this article were engaged 
to provide expert opinion. From a clinical perspective, 

the uniqueness of this report is the evidence of an active 
Cushing reflex in a preterm neonate.

Presentation of the case
The mother was admitted in preterm labor. Corticoster-
oids were immediately administered but a cesarean sec-
tion was performed 10  hours later following concerns 
about a non-reassuring cardiotocographic tracing. The 
female infant, weighing 1.94 kg, was delivered with Apgar 
scores of 9 and 10 at 1 and 5 minutes, respectively. The 
attending pediatrician ordered immediate admission to 
the NICU, a unit staffed by nurses operating under the 
direction of pediatricians in private practice, not based 
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in the hospital but available at any time if and when 
required.

On admission, the infant was noted to be grunting 
with a respiratory rate of 72 breaths per minute. Nasal 
continuous positive airway pressure (NCPAP) was 
applied at 5  cm  H2O, and inspired oxygen  (FiO2) set at 
0.6. Oximetry showed saturation  (SpO2) of 95%. Venous 
blood gas was recorded as pH  7.24;  pCO2 56  mmHg; 
 pO2 72 mmHg; bicarbonate 21.9 meq/l. Chest X-ray was 
reported as showing mild-to-moderate HMD. Based on 
experience with previous infants of similar weight and 
gestational age, the attending pediatrician elected to con-
tinue with NCPAP, maintaining  SpO2 between 87% and 
95% with  FiO2 ≤  0.45. Routine admission blood tests 
including blood cultures were non-contributory. Routine 
observations included general assessment of neurologi-
cal function and palpation of the anterior fontanelle. As 
shown in Fig. 1, for the ±  5 hours following admission, 
the routine hourly observations of respiratory parameters 
(rate,  FiO2,  SpO2) did not raise specific concerns. Occa-
sional mild desaturations and brief periods of increasing 
oxygen requirements were noted, all of which responded 
to adjustments in  FiO2. However increasing oxygen 
requirements from around 11:30 were reported to the 
attending doctor, who at 13:00 prescribed caffeine.

Shortly after the administration of caffeine there was 
a drop in respiratory rate, followed by improvements in 
 SpO2 and the ability to again reduce  FiO2. Nursing staff 

attributed the subsequent increases in respiratory rate 
to >100  breaths per minute to the caffeine. The pedia-
trician examined the infant again at around 15:00 and 
was satisfied with the condition. At no time were nurses 
alerted by monitoring device alarms to significant brady-
cardia, apnea, or hypotension, and based on the param-
eters shown in the figure, were not duly concerned about 
clinical deterioration until shortly before 02:50 when the 
infant collapsed. Resuscitation was initiated by the nurs-
ing staff, emergency department doctors were immedi-
ately summoned to assist, and the attending pediatrician 
was called to come in urgently. Resuscitation included 
intubation, initiation of mechanical ventilation, and 
administration of sodium bicarbonate, calcium, adrena-
line, and midazolam. Chest X-ray at the time of collapse 
showed a left tension pneumothorax, pneumomediasti-
num, and significant pulmonary interstitial emphysema. 
An intercostal drain was inserted on the left. Subsequent 
ultrasound of the brain showed a grade IV intraventricu-
lar hemorrhage (IVH) [1]. The infant was discharged 
from hospital after 3  weeks but was subsequently diag-
nosed with cognitive impairment and cerebral palsy.

Sick preterm neonates with significant and progressive 
disease typically present with evidence of falling blood 
pressure and episodes of bradycardia and apnea dur-
ing deterioration. In this infant, regular observations of 
cardiorespiratory and general neurological status from 
the time of admission, as well as the infant’s responses 

Fig. 1 ‘Continuous’ respiratory rate, inspired oxygen, and oxygen saturation traces derived from hourly recordings on nursing charts.  SpO2 
maintained between 87% and 95%;  FiO2 maximum 0.45; dark line for respiratory rate = 60 breaths per minute
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to their interventions, therefore appeared to the nursing 
staff to be satisfactory prior to the collapse shortly before 
03:00. However, when cardiovascular parameters of heart 
rate and blood pressure were superimposed on the res-
piratory traces, a very different picture emerged. Five dis-
crete phases appeared to be identifiable (Fig. 2):

• Phase 1: 06:30–13:00; post-admission stabilization 
but increasing oxygen requirements from 11:30

• Phase 2: 13:00–16:00; a clinical event pre- or post-
caffeine administration (most likely pneumothorax)

• Phase 3: 16:00–20:00; post-event stabilization
• Phase 4: 20:00–00:30; disturbances typical of Cushing 

reflex
• Phase 5: Decompensation and collapse.

At the onset of Phase 2, three aberrations occurred 
that are clearly visible on the composite graph: heart rate, 
respiratory rate, and blood pressure all decreased. These 
changes have been described and are consistent with 
the onset of pneumothorax [2]. However, even in the 
absence of intervention, the heart rate and blood pres-
sure returned to previous levels, while respiratory rate 
increased dramatically. With the added benefit of hind-
sight (provided by the subsequent radiological confirma-
tion of air leaks), the aberrations at the onset of Phase 2 
were interpreted by the authors as most likely the result 
of acute pneumothorax. This was possibly precipitated 

by the caffeine, although the increasing oxygen require-
ments prior to the administration of caffeine might have 
been signs of a developing air leak and not simply pro-
gression of the HMD.

As shown in Fig.  2, the infant appears to have tem-
porarily accommodated the pathology during Phase 3, 
but the subsequent changes in Phase 4 were dramatic. 
Heart rate slowed to low (∼100 beats per minutes), sys-
tolic blood pressure increased, and respiratory peaks 
became higher. These are features of the Cushing reflex, 
which is a response to raised intracranial pressure (ICP) 
and is characterized by the triad of slowing of the heart 
rate, elevations of blood pressure, and irregular respira-
tion [3]. One can only speculate on what was transpiring 
intracranially between 19:30 and 00:30, but since tension 
pneumothorax and IVH were subsequently confirmed, it 
is reasonable to propose that both were present during 
Phase 4 and played a role in raising ICP, with the tension 
pneumothorax possibly predisposing to the IVH [4].

Discussion
The outcome in this case would most likely have been 
different if surfactant had been administered. While 
not strictly in accordance with prevailing international 
guidelines recommending that surfactant should be 
administered to smaller preterm infants with HMD if 
 FiO2 requirement exceeded 0.3 [5], faced with a 32-week 
neonate weighing 1.94  kg, the pediatrician was justified 

Fig. 2 ‘Continuous’ heart rate and blood pressure traces derived from hourly recordings on nursing charts and superimposed on the respiratory 
parameters in Fig. 1. Text boxes on left provide reference levels
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in initiating treatment with NCPAP and upper  FiO2 limit 
of 0.45. This approach is supported by a Danish retro-
spective review of neonates born between 2000 and 2013 
after 32–34  weeks gestation, treated with early NCPAP 
and  FiO2 threshold of 0.4–0.5 [6]. In the absence of early 
surfactant administration, intervention in this case would 
have been appropriate towards the end of Phase 1, when 
the oxygen requirements were increasing. An X-ray 
might have shown a developing pneumothorax, while 
absence of such pathology would have been an indication 
to administer a ‘rescue’ dose of surfactant. Either or both 
of these interventions would likely have avoided the clini-
cal situation that ultimately elicited the Cushing reflex.

Some discussion around the administration of caffeine 
and its possible role in pneumothorax is warranted. Caf-
feine is considered to be a safe drug and pneumothorax is 
not specifically recognized as a complication of its admin-
istration. However, caffeine is known to increase minute 
ventilation through increases in tidal volume and respira-
tory muscle activity [7]. In the presence of moderate and 
deteriorating HMD, where there is unequal expansion of 
alveoli and transpulmonary pressure is potentially being 
driven by caffeine, it is plausible that there may be rup-
ture of overdistended alveoli, passage of air into perivas-
cular sheaths, and development of pneumomediastinum 
and/or pneumothorax [8]. In the context of spontaneous 
pneumothorax in the term newborn, transpulmonary 
pressure may be as high as 120 cm  H2O [8]. It is therefore 
conceivable that in a 1.94 kg surfactant-deficient neonate 
whose respiration is not only being driven by HMD but 
also by caffeine, transpulmonary pressure superimposed 
on a non-compliant and unevenly-aerated lung may have 
been sufficient to cause the air leaks that were subse-
quently seen on X-ray. A question arises in this case as 
to whether caffeine should have been administered at all. 
The answer is that it probably should not. As per Fig. 1, 
which shows the  FiO2 rising to 0.45 after 5–6  hours, 
NCPAP was failing and treatment with surfactant should 
have been administered at that time. Also worth pointing 
out is that the elevated respiratory rates shown in Fig. 1 
between 15:00 and 16:00 were not consistent with a caf-
feine effect. While the drug drives minute ventilation, it 
does so by increasing tidal volume and not by driving res-
piratory rate [7].

In patients older than the neonate under discussion, 
the Cushing’s triad of an increase in systolic blood pres-
sure, slowing of the heart rate, and respiratory irregular-
ity is recognized as an indication of raised ICP. Generally 
attributed to the body’s response to acutely elevated ICP 
within a rigid cranial vault and a sign of impending her-
niation, data are limited for neonates. The open sutures 
of the neonatal skull no doubt allow some accommoda-
tion if/when there is raised ICP, but there are likely limits 

to the accommodation and it is reasonable to assume 
that cerebral blood flow may be compromised if there is 
a significant acute to sub-acute increase in ICP. There is 
evidence that the reflex exists in neonatal rabbits, mani-
festing as hypertension, bradycardia, and decreased res-
piration in response to progressive increases in ICP [9]. 
The reflex has also been demonstrated in an 11-day old 
neonate with a rapidly expanding brain tumor [10] and 
in slightly older infants with hydrocephalus [11, 12]. In 
the infant under discussion, as shown in Fig.  2, there 
was a progressive slowing of the heart rate (albeit not to 
levels that nursing staff would classify as bradycardia) 
accompanied by progressively increasing blood pressure. 
During this period there were also wide swings in the 
respiratory rate, but without any episodes of apnea. We 
postulate that these changes reflect progressively increas-
ing ICP in response to the accumulations of intrathoracic 
air and pressure, and the consequential impact on return 
of venous blood from the brain [4]. As elegantly shown 
by others, there is also congruence between development 
of pneumothorax and subsequent IVH [4]. Under these 
circumstances, a loss of cerebral vascular autoregula-
tion may compound the problem [4]. Of particular inter-
est during this infant’s deterioration is the  SpO2, which, 
at around 22:30, reached the highest level of the day, 
while the  FiO2 was actually being dialed down (Fig.  2). 
We propose that this was the result of greater periph-
eral perfusion in response to the elevated blood pressure. 
From a nursing perspective, these subtle manifestations 
of the Cushing reflex (the ‘settling’ of the heart rate and 
increases in blood pressure) were incorrectly read as 
reassuring signs, effectively masking the indicators of 
clinical deterioration. One can only speculate what tran-
spired after midnight and ultimately led to the infant’s 
collapse, but based on the aforementioned animal experi-
ments, it is likely that the ICP became critical and initi-
ated coning [9].

Conclusion
It is certainly possible that the Cushing reflex only mani-
fested in this case because the opportunity was missed to 
treat the infant at ±  6  hours of age, thereby allowing a 
pathological situation to progress to the point of critically 
raised ICP. Nonetheless, it is important to note that there 
may be subtle manifestations of the reflex in a critically 
ill preterm infant such as this, even in the presence of a 
compliant cranium with open fontanelles and sutures.
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