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Abstract
Introduction: Caffeine is commonly used as a respiratory stimulant for the treatment of apnea of prematurity in 
neonates. However, there are no reports to date of caffeine used to improve respiratory drive in adult patients with 
acquired central hypoventilation syndrome (ACHS). Presentation of case series: We report two cases of ACHS who 
were successfully liberated from mechanical ventilation after caffeine use, without side effects. The first case was 
a 41-year-old ethnic Chinese male, diagnosed with high-grade astrocytoma in the right hemi-pons, intubated and 
admitted to the intensive care unit (ICU) in view of central hypercapnia with intermittent apneic episodes. Oral 
caffeine citrate (1600mg loading followed by 800mg once daily) was initiated. His ventilator support was weaned 
successfully after 12 days. The second case was a 65-year-old ethnic Indian female, diagnosed with posterior circula-
tion stroke. She underwent posterior fossa decompressive craniectomy and insertion of an extra-ventricular drain. 
Post-operatively, she was admitted to the ICU and absence of spontaneous breath was observed for 24 hours. Oral 
caffeine citrate (300mg twice daily) was initiated and she regained spontaneous breath after 2 days of treatment. She 
was extubated and discharged from the ICU. Conclusion: Oral caffeine was an effective respiratory stimulant in the 
above patients with ACHS. Larger randomized controlled studies are needed to determine its efficacy in the treat-
ment of ACHS in adult patients.
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 �Introductions
Acquired central hypoventilation syndrome (ACHS) 
occurs when the respiratory centers in the brainstem, 
specifically the medulla oblongata and pons, are in-
jured [1]. It is sometimes referred to as Ondine’s Curse 
after a Nordic myth about a man who died in his sleep 
because he needed to actively control his breathing af-
ter being cursed by a water nymph [2]. ACHS poses 
a challenge to intensivists in weaning patients off ven-
tilatory support, as these patients are unable to main-
tain an adequate minute ventilation due to a reduced 
respiratory rate which invariably leads to hypoxia and 
hypercarbia. 

Caffeine has been established for the treatment and 
prevention of apnea of prematurity in preterm neo-
nates [3,4]. Its stimulatory action on the respiratory 
centres in the brainstem and diaphragm contractility 

could help alleviate some of the symptoms of central 
hypoventilation in adults and promote the success of 
non-invasive ventilation strategies [5]. We describe the 
successful use of caffeine in 2 patients with ACHS.

 �Presentation of Case Series

Case 1

A 41-year-old ethnic Chinese male with no significant 
medical history was admitted to a tertiary hospital for 
an acute onset of left-sided weakness and numbness. 
He had increasingly slurred speech and unsteady gait 
for the past two weeks. Physical examination showed 
he had a left facial droop and tongue deviation to the 
right. He displayed left-sided weakness and dysdia-
dochokinesia. Magnetic resonance imaging (MRI) of 
brain showed an 11mm nodular-enhancing lesion in 
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the right hemi-pons with adjacent edema, which was 
suspicious for neoplasm. There was no other suspicious 
enhancing supra-tentorial lesion. Histopathological 
report of a stereotactic biopsy of the right pontine le-
sion confirmed a high-grade astrocytoma, which was 
deemed by the neurosurgeon to be unsuitable for sur-
gical intervention. Two weeks after the biopsy, the pa-
tient’s oxygen requirement increased from 40% oxygen 
via a facemask to 100% via non-rebreatheable mask. 
His respiratory rate was 35 – 40 per minute and he 
was using his accessory muscles of inspiration. Arte-
rial blood gas (ABG) prior to intubation showed type 
2 respiratory failure (pH 7.314 pCO2 60.5 mmHg pO2 
84.9 mmHg SaO2 96.1%).  He was intubated and trans-
ferred to the neurosurgical intensive care unit (ICU) 
and treated for nosocomial pneumonia.

After 1 week of mechanical ventilation, he under-
went tracheostomy and was ventilated with SIMV-PC 
(synchronized intermittent mandatory ventilation-
pressure control) mode. The settings were Pi (inspira-
tory pressure) 12 cmH2O, PEEP (positive end-expir-
atory pressure) 5 cmH2O, FiO2 (fraction of inspired 
oxygen) 30%. His Glasgow Coma Scale (GCS) re-
mained E4VTM6 throughout his ICU stay. To facili-
tate weaning from ventilatory support, the ventilatory 
mode was changed to pressure support ventilation. The 

settings were PS (pressure support) 15 cmH2O, PEEP 5 
cmH2O, FiO2 30%. However, SIMV-PC mode was soon 
resumed, due to frequent apneic episodes, bradypnea 
(5 – 7 breaths per minute) and hypercarbia (pH 7.398 
pCO2 50.0 mmHg pO2 165.3 mmHg SaO2 99.5%). 

Given that ACHS likely caused a failure to wean 
from mechanical ventilation, a trial of oral caffeine was 
commenced for respiratory centers stimulation. An 
initial loading dose of caffeine citrate (1600mg) was 
administered via a nasogastric tube (NGT), followed 
by a maintenance dose of 800mg once daily. On day 
2 of caffeine treatment, his respiratory rate improved 
(Table 1). He subsequently tolerated gradual weaning 
from a controlled ventilator mode to pressure support 
ventilation and finally to spontaneous breathing with 
a tracheostomy mask (FiO2 28%) during the daytime, 
while resuming nocturnal ventilator support on SIMV-
PC mode. The ventilator settings were Pi 10 cmH2O, 
PS 10 cmH2O, PEEP 5 cmH2O, FiO2 30%. No adverse 
effects of caffeine, such as tachyarrhythmia and insom-
nia, were observed. Due to significant improvement in 
his respiratory effort, he was transferred to the general 
ward and granted several hours of home leave, accom-
panied by a medical team (doctor, nurse and a respira-
tory therapist). He was breathing spontaneously on 
oxygen (5 L/min) via tracheostomy during the home 

Table 1: Daily changes in mechanical ventilator setting and respiratory rate during caffeine treatment
(a) Case 1

Parameters Baseline
Oral caffeine treatment

Day 1 Day 
2

Day 
3

Day 
4

Day 5 Day 
6

Day 
7

Day 
8

Day 
9

Day 
10

Day 
11

Day 
12

Day 
13

Ventilator mode SIMV SIMV PSV PSV TM PSV TM PSV TM SIMV TM TM TM TM
Pi 12 12 - - - - - - - 10 - - - -
PS 12 12 12 10 - 10 - 15 - 10 - - - -
PEEP 5 5 5 5 - 5 - 5 - 5 - - - -
FiO2 0.3 0.3 0.3 0.3 0.28 0.3 0.28 0.3 0.28 0.3 0.28 0.28 0.28 0.28
Vent set RR 10 10 - - - - - - - 10 - - - -
Total RR 11 11 17 19 15 15 26 10 27 13 26 28 32 28

(b) Case 2

Parameters Baseline
Oral caffeine treatment

Day 1 Day 2 Day 3 Day 4
Ventilator mode SIMV SIMV PSV VM VM
Pi 8 8 - - -
PS 8 8 8 - -
PEEP 5 5 5 - -
FiO2 0.4 0.4 0.3 0.5 0.5
Vent set RR 14 12 - - -
Total RR 14 12 10 15 12

FiO2, fraction of inspired oxygen; NRM, non-rebreathable mask; PEEP, positive end-expiratory pressure; Pi, inspiratory pressure; PS, pressure support; PSV, pressure support ventilation; RR, respiratory rate; 
SIMV, synchronized intermittent mandatory ventilation; TM, tracheostomy mask; VM, venturi mask
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visit, without any desaturation or hypoventilation and 
returned to the hospital uneventfully on the same day.

A month later, the patient had another episode of 
nosocomial pneumonia, necessitating full mechanical 
ventilation. Caffeine citrate was weaned off gradually to 
avoid withdrawal syndrome – 400 mg every morning 
for 5 days followed by 200 mg for 5 days before com-
plete cessation. Further attempt at weaning off ventila-
tory support was not attempted, as the patient’s neuro-
logical status deteriorated further due to the aggressive 
nature of astrocytoma. He passed away two months 
later. 

Case 2

A 65-year-old ethnic Indian female with a medical 
history of diabetes mellitus, hyperlipidemia, previous 
left cerebellar infarct (good functional recovery), pre-
sented to the hospital with severe giddiness and vomit-
ing. She was intubated at the emergency department 
for airway protection in view of her depressed GCS 
(E2V1M5).  Computed tomography, including angiog-
raphy of the brain revealed thrombosis in the basilar 
and left posterior cerebellar artery. An MRI showed 
acute non-hemorrhagic infarcts involving bilateral 
cerebellar hemispheres. There were also midbrain, left 
occipital lobe and hippocampus infarcts with hemor-
rhagic conversion. A diagnosis of posterior circulation 
stroke with a tip of the basilar artery thrombosis was 
made. The patient underwent posterior fossa decom-
pressive craniectomy and insertion of an extra-ventric-
ular drain within 48 hours of admission to the hospital.

Post-operatively, she was managed in the ICU on 
SIMV-PC mode (Pi 8 cmH2O, PS 8 cmH2O, PEEP 5 
cmH2O, FiO2 40%). Her GCS improved to E3VTM3 but 
spontaneous breaths were absent for 24 hours. She was 
prescribed caffeine citrate solution 300mg twice daily 
via a NGT on day 4 of ICU admission. After two days 
of caffeine therapy, she was found to be spontaneously 
breathing (Table 1) with GCS E4VTM6. She was weaned 
to pressure support ventilation when her respiratory 
rate increased (PS 8 cmH2O, PEEP 5 cmH2O, FiO2 
30%). Her ABG prior to extubation was pH 7.435 pCO2 
49.4 mmHg pO2 140 mmHg SaO2 99.3%. She was ex-
tubated and transferred to the general ward with 15 L/
min of oxygen via non-rebreathable mask. 

As her family opted not for further escalation of care 
in view of a poor neurological recovery, the patient 
gradually declined and passed away a week later. Caf-
feine was continued up to the day of her demise.

 �Discussion 

The primary area for producing rhythmic synaptic 
drive for motor neurons controlling respiratory mus-
cles is the central pattern generator located in the 
brainstem, specifically in the ventrolateral area of the 
medulla [6]. Destruction to the ventrolateral medullary 
region results in decreased respiratory drive. If severe, 
it can be fatal and explains the inability to wean from 
ventilator support [7]. To date, there is no standard 
treatment for ACHS besides supportive ICU care. This 
condition often results in prolonged intubation, me-
chanical ventilation and ICU stay as well as increased 
risk of nosocomial infection, leading to increased costs 
and healthcare resources. 

Schrader et al. reported a 52-year-old male who un-
derwent resection of left frontal grade III astrocytoma, 
received 500 mg IV caffeine after slow emergence 
from anesthesia, to facilitate intraoperative language 
mapping [8]. In a randomized, double blind, placebo-
controlled study that involved 60 patients by Gouda et 
al., it was found that individuals who received caffeine 
500 mg had significantly faster time to extubation and 
fewer post-extubation respiratory complications [9]. In 
a retrospective study of 151 patients admitted to post-
anesthesia care unit (PACU), Warner et al. found that 
intravenous caffeine enhanced the speed of recovery 
following general anesthesia after a median dose of 
150 mg, without adverse cardiac events including tach-
yarrhythmia or myocardial ischemia [10]. Fong et al. 
randomized 8 patients to receive IV caffeine at 7.5 mg/
kg or saline and demonstrated caffeine resulted in sig-
nificantly faster emergence from isoflurane anesthesia 
[11]. 

Caffeine is commonly used in neonates for the treat-
ment of apnea of prematurity. It is a neuro-stimulant 
that stimulates central respiratory drive, increasing 
medullary respiratory centers sensitivity to carbon di-
oxide and improving diaphragmatic contractility [12]. 
It decreases but does not eliminate apnea [13]. Caffeine 
also provides pain relief when used together with com-
mon analgesics [14]. It can be administered via both 
oral and intravenous routes. It is rapidly absorbed with 
minimal to no first pass metabolism. The peak plasma 
concentration usually occurs within 1 hour and its half-
life is 5 hours in adults [12]. Therapeutic drug moni-
toring for caffeine is available but it is not commonly 
practiced in view of its wide therapeutic index. The de-
sired therapeutic range for caffeine is 3 – 15 mg/L and 
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the expected toxic dose is ≥ 50 mg/L [7]. Symptoms of 
overdose include tachycardia, restlessness, nausea and 
vomiting.

Caffeine citrate 20mg/mL solution was prepared 
by our pharmacy laboratory. Our patient in case 1 
was loaded with 1600 mg of caffeine (20mg/kg body 
weight), maintained on 800mg once daily (10 mg/
kg body weight) while the patient in case 2 was pre-
scribed caffeine 300mg twice daily (10 mg/kg adjusted 
body weight in view of BMI 35). There was no loading 
dose administered for the patient in case 2, as she had 
NGT feeds intolerance prior to caffeine therapy. With a 
normal gastrointestinal function and ability to tolerate 
feeding via NGT, the absorption of oral caffeine is likely 
to be complete. Assuming drug clearance follows that of 
the general population, the steady state maximum con-
centration (Cmax) and minimum concentration (Cmin) 
are expected to be 17.3 mg/L and 0.6 mg/L, respectively 
for the patient in case 1. Caffeine serum concentration 
was estimated to fall within therapeutic range for ap-
proximately 12 hours after each maintenance dose.  Case 
2 patient’s steady state Cmax and Cmin were expected to 
be 9.3 mg/L and 1.0 mg/L respectively. Caffeine serum 

concentration was estimated to fall within therapeutic 
range for approximately 16 hours a day.

In both patients, apart from the cerebral lesions, 
other factors causing respiratory depression such as 
opioids, hypothermia and metabolic conditions were 
absent. Cerebral inflammation and edema occur with 
the primary insult [15]. These may cause initial defi-
cits that improve with time [16] due to resolution of 
inflammation and blood resorption in cases of hemor-
rhage. It is possible that the increased respiratory drive 
after caffeine administration could have coincided with 
the resolution of cerebral inflammation and edema that 
occurred with the primary insult. However, the time 
sequence of caffeine administration and ability to be 
weaned from mechanical ventilation suggests a pos-
sible correlation that caffeine facilitated this. These 2 
cases have demonstrated the potential role of caffeine 
treatment in facilitating earlier liberation from me-
chanical ventilation, reducing ICU length of stay and 
cost, as well as allowing better utilization of hospital 
manpower and resources. Besides, it allowed the pa-
tient in case 1 to spend quality time with family during 
his home leave.

Table 2: Respiratory stimulants

Agent Pharmacological class Mechanism of action Key findings from human study
Almitrine Chemoreceptor  

stimulant
A piperazine derivative that 
increases the slope of respira-
tory response to carbon dioxide 
through its long-lasting stimula-
tion of ventilation [18].

Reversed fentanyl induced respiratory depres-
sion [19]
Its marketing license was withdrawn in 2013 
by the European Medicines Agency due to its 
association with potentially serious and long-
lasting peripheral neuropathy [20]

Aminophylline Phosphodiesterase 
(PDE) enzyme inhibitor

Inhibits PDE-3 and PDE-4 and 
results in bronchodilation [8]

Shortened the time to spontaneous ventila-
tion from propofol and remifentanil anesthe-
sia in post-operative patients [21]

Buspirone 5-HT agonist High affinity for serotonin 
5-HT1A and 5-HT2 receptors [8]

No effect on morphine-induced respiratory 
depression in healthy volunteers [22]

CX717 Ampakine Stimulates respiration through 
its action at AMPA receptors 
[23]

Prevented alfentanil induced respiratory de-
pression without affecting analgesia, albeit an 
increase in sedation [24]

Doxapram Chemoreceptor stimu-
lant

stimulates respiration through 
its action at K2P channels at 
type 1 glomus cells of the 
carotid bodies [25]

Reversed opioids induced respiratory depres-
sion as well as shortening of time to sponta-
neous ventilation after propofol and remifent-
anil anesthesia [26-28] 
Caused an increase in blood pressure [29] and 
side effects such as anxiety, panic attack and 
QTc prolongation [30-32] 

Esketamine NMDA receptor antago-
nist

Nonselective, noncompetitive 
NMDA receptor antagonist [8]

Reversed alfentanil induced respiratory de-
pression [33]

GAL021 Calcium-activated po-
tassium (BKCa) channel 
blocker

Inhibits BKCa channels primar-
ily working through the carotid 
body [34]

Reversed alfentanil induced respiratory de-
pression [35,36]
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We chose caffeine for these 2 cases due to its avail-
ability at our institution. Besides caffeine, there are 
other respiratory stimulants available. These are largely 
divided into two main classes based on their site of ac-
tion: brainstem respiratory network and carotid bodies. 
Table 2 summarizes the different respiratory stimulants 
that have been studied in human subjects [17]. These 
studies involved mainly surgical patients who received 
general anesthesia. In view of the dearth of evidence 
for caffeine use in the adult ICU, future studies should 
focus on examining its dosage regimen and efficacy in 
the treatment of ACHS, as well as conditions associated 
with depressed GCS in adult patients.

 �Conclusion
ACHS is frequently associated with prolonged me-
chanical ventilation. Caffeine citrate can facilitate 
weaning through its neuro-stimulant effect on the res-
piratory centers. More randomized controlled trials are 
required to determine its efficacy.
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