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Aminophylline reversal of prolonged postoperative sedation induced 
by propofol
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reverses propofol-induced sedative/hypnotic effects as 
assessed by BIS in human volunteers. Presented at the 
American Society of Anesthesiologists, 2004 Annual 
Meeting, and at the 13th Annual Meeting of the Inter-
national Society for Anaesthetic Pharmacology, Las 
Vegas, 2004.) To our knowledge, the two case reports 
presented here are the fi rst successful cases wherein the 
clinical use of intravenous (IV) aminophylline demon-
strated a rapid reversal and effective postoperative 
recovery from prolonged propofol-induced sedation/
anesthesia. The fi ndings in these patients suggest that 
aminophylline could be a useful antagonistic agent 
when delayed postoperative recovery from propofol 
sedation/anesthesia occurs.

Case reports

Case 1

A 19-year-old man (60 kg; 173 cm) was scheduled for 
open reduction of a jaw fracture after a motor vehicle 
accident. The patient was premedicated with intramus-
cular midazolam (2.5 mg) 30 min before the induction 
of anesthesia. Because of severe trismus, fi beroptic 
nasotracheal intubation was facilitated with IV fentanyl 
(100 µg) and propofol (1 mg·kg−1) injections. Anesthesia 
was maintained with continous propofol infusion at 
9 mg·kg−1·h−1 for the fi rst 55 min, and then the dose 
of the propofol infusion was gradually reduced to 
6 mg·kg−1·h−1 and was maintained at this level until the 
end of surgery. The duration of the propofol infusion 
was 150 min and the total dose administered was 855 mg. 
Supplemental fentanyl (150 µg) and regional infi ltration 
analgesia with 2% lidocaine were also added during the 
surgery. After the conclusion of the surgical procedure 
and discontinuation of anesthesia, the patient remained 
unconscious, and was breathing slowly, but with a good 
tidal volume. Although we called his name loudly and 
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Introduction

Propofol is frequently used for intravenous sedation 
and/or anesthesia in ambulatory and offi ce-based anes-
thesia. Although awakening is usually rapid, there are 
instances when delayed emergence and recovery from 
propofol anesthesia can occur. Aminophylline (theoph-
ylline ethylenediamine), known as an adenosine recep-
tor antagonist and also a potent bronchodilator, has 
been reported to antagonize the sedative effects of 
several anesthetic and analgesic drugs, including benzo-
diazepines [1–4], barbiturates [5,6], volatile anesthetics 
[7], and opioid analgesics [8]. Furthermore, we recently 
found that aminophylline antagonized the sedative/
anesthetic effects of propofol in human volunteers. (S. 
Sakurai et al. ATP potentiates and aminophylline 
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repeatedly, he did not respond for more than 20 min. 
Therefore, IV naloxone (0.3 mg) was administered in an 
attempt to antagonize the action of fentanyl. Five 
minutes later, fl umazenil (0.3 mg) was given to antago-
nize the activity of midazolam. Neither drug was suc-
cessful, as there was no change in the level of 
responsiveness. After another 15 min had elapsed, IV 
aminophylline (5 mg·kg−1) was given slowly. The patient 
awoke within a couple of minutes after this injection 
and became responsive to verbal commands, with 
greatly improved ventilation, allowing the safe removal 
of the endotracheal tube. Although his heart rate 
increased transiently, from 75 to 90 beats per min, the 
systolic blood pressure (120–130 mmHg) and the dia-
stolic blood pressure (80–90 mmHg) remained stable 
before and after the aminophylline injection. The 
patient was then taken to the recovery room safely. He 
remained alert and responsive and was well-oriented, 
with stable vital signs and without the need for further 
medical intervention in the following 90-min observa-
tion period. The patient was discharged from the recov-
ery room without any other subsequent discomfort.

Case 2

A 30-year-old woman (54 kg; 131 cm) underwent extrac-
tion of impacted teeth under propofol general anes-
thesia. Anesthesia was induced with IV propofol 
(2.2 mg·kg−1), and nasotracheal intubation was facili-
tated with vecuronium bromide (6 mg). The lungs were 
ventilated using a mechanical ventilator. Anesthesia 
was maintained with a continuous propofol infusion, at 
9 mg·kg−1·h−1 for the fi rst 30 min, and then at 6 mg·kg−1·h−1 
until the end of the surgery. Regional infi ltration anal-
gesia with 2% lidocaine was also added. The duration 
of the propofol infusion was approximately 55 min, and 
the total dose of propofol was 350 mg. No premedica-
tion or additional muscle relaxant was used. After the 
end of the surgery and discontinuation of the propofol 
infusion, the patient remained deeply sedated, with slow 
spontaneous ventilation, and she was unresponsive to 
any stimuli, including loud verbal commands, for more 
than 30 min. In an attempt to expedite recovery, IV 
aminophylline (5 mg·kg−1) was slowly administered. 
Within 1 min after the injection, the patient awoke and 
responded to verbal commands, and showed marked 
improvement in her ventilation. Systolic blood pressure 
(90–100 mmHg), diastolic blood pressure (60–70 mmHg), 
and heart rate (60–70 beats per min) remained stable 
during the procedure. After the safe removal of the 
tracheal tube, she was transferred to the recovery room. 
There she remained awake, alert, and responsive, with 
stable vital signs, for an observation period of over 
60 min, and she was subsequently discharged from the 
recovery room safely.

Discussion

Although physostigmine has been reported to be effec-
tive in reversing propofol-induced unconsciousness in 
healthy volunteers [9], its clinical use as an anesthetic 
antagonist has been reported to have many undesirable 
side effects, such as nausea/vomiting, abdominal pain, 
and cadiac arrhythmias [10,11].

In the two patients we have described here, a rela-
tively large dose of aminophylline was used successfully 
to rapidly antagonize and expedite postoperative recov-
ery from propofol-induced residual sedation, without 
any acute side effects. However, it could be argued that 
the delayed postoperative awakening may have not nec-
essarily been that of antagonism to propofol sedation in 
the fi rst place. In our fi rst patient, for whom we admin-
istered several drugs, including fentanyl, midazolam, 
and propofol, during surgery, we initially used nalox-
one, the most commonly used opioid antagonist, but 
could not reverse the sedative effect. We then adminis-
tered fl umazenil, a benzodiazepine antagonist, also 
without success. Based on these fi ndings, we hypothe-
sized that propofol was responsible for the delayed 
awakening in both of our patients. When aminophylline 
was administered, the deep sedation was successfully 
reversed.

Aminophylline, a theophylline derivative, exerts mul-
tiple pharmacological effects, either through phospho-
diesterase inhibition (i.e., a potent bronchodilating 
action, which is often used for the treatment of bron-
chial asthma) or via adenosine receptor blockade [12]. 
It is generally considered that the majority of actions 
ascribed to therapeutic doses of xanthines (caffeine and 
theophylline) are due to their action as adenosine recep-
tor antagonists [13]. The role of adenosine in sleep and 
its sedative/hypnotic activities are well known [14–18]. 
In our volunteer study noted above, we demonstrated 
the antagonistic actions of aminophylline on propofol 
sedation; these actions were assessed using both the 
bispectral index (BIS) and behavioral responses to 
verbal commands. Continuous propofol infusion, tar-
geted at a plasma concentration of 1 µg·ml−1, produced 
a signifi cant reduction in BIS values (60–65) associated 
with the sedative/hypnotic behavioral responses, and 
co-administration of propofol and ATP (an adenosine 
precursor) further decreased the BIS values (50–55), 
suggesting that ATP enhanced the propofol sedation. 
During stead-state propofol sedation, and IV dose of 
aminophylline, at the same dose as the one used in the 
present study (5 mg·kg−1), effectively reversed and totally 
eliminated the sedative/hypnotic activities of propofol, 
despite the continued administration of the propofol 
infusion. These results suggested that the sedative/
hypnotic effects of propofol may have been mediated, 
at least in part, via central adenosinergic mechanisms, 



88 S. Sakurai et al.: Aminophylline antagonism of propofol sedation

because ATP potentiated and aminophylline reversed 
the sedative/hypnotic actions of propofol. Thus, the 
antagonistic action of aminophylline on the residual 
postoperative sedation seen in our two patients could 
be attributable, at least in part, to its action as an ade-
nosine receptor antagonist.

Previous reports vary as to the toxic and effi cacious 
dose of aminophylline and the modes of administering 
it safely. In conscious subjects, aminophylline can poten-
tially produce a number of side effects, such as insom-
nia, anxiety, anorexia, abdominal discomfort, nauses, 
and vomiting. Serious toxicity has been reported to 
occur when aminophylline is given at very high doses as 
a continuous intravenous infusion for a prolonged time, 
and when the plasma concentration of theophylline 
exceeds 20 mg·l−1 [19]. Some studies have suggested that 
low doses of aminophylline (1–2 mg·kg−1) safely reversed 
the sedation induced by benzodiazepines, barbiturates 
or opioids [1–4,6,8]. Other reports, on the other hand, 
recommended the use of higher doses (4–6 mg·kg−1) 
[5,7,12] for awakening anesthetized patients effectively, 
because the lower doses produced only partial or incom-
plete reversal of the sedative and hypnogenic actions of 
the anesthetics. In our carefully monitored postopera-
tively sedated patients, a single injection of a relatively 
high dose of aminophylline (5 mg·kg−1) was safely used 
to reverse the sedative effects after propofol anesthesia. 
The arousal response to aminophylline was prompt, and 
was not associated with any apparent side-effects, such 
as nausea or vomiting, or cardiovascular, respiratory, or 
central nervous system dysfunction that could cause 
delay in the patient’s postoperative discharge. Further-
more, with the dose used, it was possible to prevent 
delayed resedation, because of the long mean half-life 
of theophylline (9.5 h) [20].

In conclusion, rapid reversal of residual postopera-
tive sedation induced by propofol was achieved with 
IV aminophylline, without undesirable side-effects or 
delayed resedation. Aminophylline may be a clinically 
useful propofol antagonist in humans. However, further 
studies are necessary to elucidate the appropriate doses 
that would be adequeate for antagonizing a determined 
level of sedation; the best method of aminophylline 
administration; and its desired plasma concentrations. 
Further studies are also needed to elucidate the mecha-
nisms of action responsible for the antagonistic action 
of aminophylline on the sedative activity of propofol.
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