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Summary
Purpose of Investigation: The purpose was to evaluate the effects of aminophylline on returning of spontaneous respiration and

recovery profiles during propofol-fentanyl-sevoflurane anesthesia without muscle relaxants in patients undergoing day care gynecological
surgery. Materials and Methods: Sixty-six patients were enrolled. Either aminophylline 3 mg/kg (group A) or saline (group C) was
administered to each patient. Tidal volume (Vt), respiratory rate (RR), and end tidal carbon dioxide (ETCO2), apneic time, recovery
time, discharge time and modified observer’s assessment of alertness/sedation scale (MOAA/S) were evaluated. Results: Apneic time
and recovery time were significantly shorter in Group A than in Group C (P < 0.01). MOAA/S, tidal volume (P = 0.02) and ETCO2(P
= 0.03) were significantly improved in Group A compared with Group C. Conclusion: Aminophylline effectively reduced apneic and
recovery time, thereby improving respiratory and recovery profiles during anesthesia with propofol, fentanyl, and sevoflurane in brief
day care surgeries.
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Introduction

Day care surgeries are becoming increasingly common
due to benefits including shorter hospital stays, lower mor-
bidity rates, and relatively inexpensive costs. Because
these procedures are brief and superficial, clinical anes-
thetic maintenance is usually performed using a technique
that allows spontaneous breathing through a face mask or
laryngeal mask airway (LMA). The use of muscle relaxants
in short surgeries is inappropriate because succinylcholine
has well-known side effects, and a minimum effective dose
of non-depolarizing muscle relaxants can lead to postoper-
ative residual paralysis after brief operations.

To guarantee immobility of patients without using mus-
cle relaxants, we use a single bolus containing fentanyl,
propofol, and a high concentration of sevoflurane during
induction of anesthesia. The combination of these anes-
thetic agents often causes respiratory depression that may
lead to delayed recovery of spontaneous breathing, hyper-
capnia, or hypoxemia; therefore, attempts to restore respi-
ratory effort and maintain normocapnia are required during
propofol-fentanyl-sevoflurane anesthesia.

Aminophylline is currently used as the drug of choice
for bronchospasm, offering the effect of direct relaxation of
the smoothmuscles of the bronchial airways and pulmonary

blood vessels. Along with a bronchodilating effect, amino-
phylline presents an arousal effect [1-3] and a preventive
effect of apnea in neonates [4, 5]. Aminophylline is also
a muscle agonist. This is important as a healthy patient
may not experience a significant amount of bronchodila-
tion of smooth muscles that would account entirely for the
changes seen in recovery of spontaneous breathing but a
muscle agonist affects would. Evidence in literature also
supports muscular effects such as increases in contractility
and action and whole animal evidence [6, 7, 8].

We designed this study to evaluate the effects of amino-
phylline on restoration of spontaneous respiration and re-
covery profiles during propofol-fentanyl-sevoflurane anes-
thesia without muscle relaxants in patients undergoing brief
gynecological surgery.

Materials and Methods

The present study protocol was reviewed and ap-
proved by the ethics committee of the Catholic Univer-
sity of Korea, St Vincent Hospital, Seoul, Korea (IRB No.
VC15MISI0078). Written informed consent was obtained
from all participants. Sixty six patients classified by the
American Society of Anesthesiologists (ASA) as status I
or II, aged 30 to 70 years, who were scheduled for brief
gynecological day care surgery - loop electrosurgical exci-
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sion procedure (LEEP) - were enrolled in this study and ran-
domly assigned to two groups (Group C: control group, n =
33; GroupA: aminophylline group, n = 33). Randomization
was computer generated and kept in opaque envelops until
just before anesthesia. Patients were blinded as to which
group they were allocated. Patients with severe cardiovas-
cular, pulmonary, neurologic, renal, hepatic, upper airway
disorder or who were taking psychoactive drugs were ex-
cluded from this study.
Procedure

Preoperative medication was not used. On arrival at
the operating room, 3 mg/kg of aminophylline or an equal
volume of isotonic saline was administered intravenously
to patients in Groups A and C, respectively. Prior to in-
duction of anesthesia, routine monitors of electrocardiogra-
phy, non-invasive blood pressure, pulse oximetry, and end-
tidal carbon dioxide were connected to patients, and base-
line values were recorded. Anesthesia was induced using
a mixture of 2.0 mg/kg of 1% propofol and 1 µ/kg of fen-
tanyl without a neuromuscular blocker. No additional opi-
oid was provided after inducing anesthesia. After loss of
consciousness, patients were mechanically ventilated with
sevoflurane 8 vol% in 100% oxygen to maintain an end-
tidal carbon dioxide partial pressure (ETCO2) of 35 mmHg.
Once end-tidal sevoflurane reached 2.5 vol% [9], mechani-
cal ventilation was discontinued, and an LMAwas inserted.
After LMA was inserted, patients were allowed to breathe
spontaneously with patients placed in lithotomy position.
And then, anesthesiawasmaintainedwith 2.0% sevoflurane
in 50% nitrous oxide in oxygen. Positive pressure ventila-
tion was applied only if desaturation (SpO2 less than 95%)
or hypercapnia (ETCO2 > 50 mm Hg) occurred. Sevoflu-
rane and nitrous oxide were simultaneously discontinued
at the end of surgery. After confirming appropriate patient
emergence, the LMA was removed.
Assessment

Demographic data of age, bodyweight, height, and dura-
tion of anesthesia were recorded. Oxygen saturation, heart
rate (HR), and mean arterial blood pressure (MBP) were
monitored in all patients before anesthesia and at 5-minute
intervals during anesthesia (T1, T2, T3, T4, T5; baseline,
5, 10, 15, and 20 minutes after induction of anesthesia, re-
spectively). Tidal volume (Vt), respiratory rate (RR), and
ETCO2 were also measured from the beginning of anesthe-
sia at 5-minute intervals. Time elapsed to reach sevoflu-
rane 2.5 vol% from induction of anesthesia was noted. Ap-
neic time was defined as the interval between mechani-
cal ventilation discontinuance and the time at which the
first effort of spontaneous respiration was detected and was
recorded. Recovery profiles including recovery time (the
time interval from cessation of anesthetics to eye open-
ing in response to verbal command), discharge time, and
modified observer’s assessment of alertness/sedation scale
(MOAA/S) were evaluated (Table 1). MOAA/S was evalu-
ated at 15-minute intervals starting from arrival at the post-
anesthesia care unit (PACU). The number of hypoxic or hy-

percarbic events in each group was recorded.

Statistical analysis
Data are presented as mean ± SD. Continuous vari-

ables (age, weight, height, duration of anesthesia, apneic
time, recovery time, time to reach sevoflurane 2.5 vol%)
were analyzed with Student’s t-test. The categorical vari-
able (MOAA/S scale) was compared using a chi-square test.
Changes in HR, MBP, Vt, RR, and ETCO2 were analyzed
by repeated measures ANOVA. A P-value< 0.05 was con-
sidered statistically significant in all tests. Statistical anal-
yses were performed using SPSS version 21 (SPSS Inc.,
Chicago, IL, USA).

Results

A total of 66 patients was enrolled in this study and ran-
domly assigned to Groups A (n = 33) and C (n = 33). There
were no significant differences between the two groups re-
garding age, body weight, height, or duration of anesthe-
sia (Table 2). Recovery and respiratory profiles are pre-
sented in Table 3. Discharge time was not significantly
different between two groups; however, recovery time was
significantly shorter in Group A than in Group C (6.1 ±
2.8 min vs. 8.2 ± 3.0 min, P < 0.01). On arrival at the
PACU, the MOAAS scale score was not significantly dif-
ferent between groups, but MOAAS scale scores measured
15 and 30 minutes after arrival at the PACU were signifi-
cantly higher in Group A compared with Group C. Time to
reach sevoflurane 2.5 vol% was not significantly different
between groups. Group A showed a significantly shorter
apneic time compared with Group C (68.8± 25.2 s vs. 93.9
± 29.7 s, P < 0.01). Respiratory variables are presented
in Figure 1. Change over time of tidal volume was signif-
icantly increased in Group A compared with Group C (P
= 0.02). Difference in respiratory rate between Groups A
and C had no clinical relevance. ETCO2 values of the two
groups were not statistically different at the beginning of
anesthesia; however, overall changes in ETCO2 over time
was significantly lower in Group A compared with Group
C (P = 0.03). No patient in Group A needed assistant venti-
lation to correct hypoxemia or hypercapnia, while ETCO2

temporarily exceeded 50 mm Hg in one patient of Group
C during the operation. Hemodynamic variables includ-
ing HR and MBP showed no statistical differences between
groups (Table 4).

Discussion

This study demonstrated the effectiveness of amino-
phylline in reducing apneic and recovery times and in im-
proving respiratory and recovery profiles during anesthesia
with propofol, fentanyl, and sevoflurane in brief day care
surgeries. For short operations, anesthesia is usually ad-
ministered by mask or laryngeal mask airway without mus-
cle relaxants, allowing patients to breathe spontaneously.
However, the synergistic effect of fentanyl, propofol, and
high concentration of sevoflurane could decrease the venti-
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Table 1. —Modified Observer’s Assessment of Alertness/Sedation Scale (MOAA/S).

Score

Agitated 6
Responds readily to name spoken in normal tone (Alert) 5
Lethargic response to name spoken in normal tone 4
Responds only after name is called loudly and/or repeatedly 3
Responds only after mild prodding or shaking 2
Does not respond to mild prodding or shaking 1
Does not respond to deep stimulus 0

Table 2. — Patient characteristics.

Group A (n = 33) Group C (n = 33) P

Age (yrs) 46.5 ± 11.3 47.6 ± 12.5 0.71
Body weight (kg) 57.4 ± 9.2 56.8 ± 8.4 0.81
Height (cm) 160.6 ± 4.7 158.8 ± 4.8 0.13
Duration of anesthesia (min) 26.9 ± 10.5 23.4 ± 15.9 0.29

Data are presented as mean ± SD. Group A, aminophylline group; Group C, control group.

Figure 1. — Perioperative changes of respiratory variables. (A) Tidal volume (B) Respiratory rate (C) End tidal carbon dioxide (ETCO2).
Group A, aminophylline group; Group C, control group. T2, 5 minutes after induction of anesthesia; T3, 10 minutes after induction of
anesthesia; T4, 15 minutes after induction of anesthesia; T5, 20 minutes after induction of anesthesia. *P < 0.05 compared to Group C.
Overall changes over time of tidal volumes and ETCO2 were significantly higher in Group A compared with Group C, while there was
no significant difference in respiratory rate between the groups.

latory response, resulting in hypercapnia. It is, therefore,
necessary to modify the respiratory profiles by whether
pharmacological or mechanical means. Controlled venti-
lation in a patient anesthetized without muscle relaxants is

inappropriate for use since it could induce auto-peep. As
a pharmacological means, respiratory stimulant could be a
proper option, as it expects to antagonize the hypnotic or
depressive respiratory effect of sedatives.
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Table 3. — Recovery and respiratory profiles.

Group A Group C P

(n = 33) (n = 33)
Recovery

Recovery time (min) 6.2 ± 2.8 8.2 ± 3.0 < 0.01
Discharge time (min) 32.2 ± 4.8 33. ± 5.3 0.23

MOAA/S on arrival at PACU 0.6 ± 0.7 0.4 ± 0.6 0.38
MOAA/S at 15 min 4.0 ± 0.7 3.4 ± 0.7 0.02
MOAA/S at 30 min 4.8 ± 0.6 4.3 ± 0.5 0.01

Respiratory
Apneic time (sec) 68.8 ± 25.2 93.9 ± 30.0 < 0.01
TSevo2.5 (sec) 104.2 ± 40.0 96.5 ± 39.1 0. 43

Data are presented as mean± SD. Group A, aminophylline group; Group C, control group. MOAA/S, modified
observer’s assessment of alertness/sedation scale. TSevo2.5; time to reach end tidal sevoflurane 2.5 vol%.

Table 4. — Perioperative changes of hemodynamic variables.

Heart rate (bpm) Mean arterial blood pressure (mmHg)

Group A (n = 33) Group C (n = 33) Group A (n = 33) Group C (n = 33)

T1 64.9 ± 7.4 61.8 ± 7.0 80.7 ± 14.5 80.1 ± 13.9
T2 71.3 ± 9.5 67.2 ± 9.6 91.3 ± 16.2 86.6 ± 12.0
T3 65.2 ± 8.8 64.5 ± 8.5 79.8 ± 13.2 80.7 ± 13.5
T4 64.3 ± 8.1 62.6 ± 6.1 80.0 ± 12.2 80.6 ± 13.6
T5 65.5 ± 8.2 65.1 ± 6.2 77.2 ± 11.3 80.9 ± 17.2

Data are presented as mean± SD. Group A, aminophylline group; Group C, control group. T1, baseline; T2,
5 minutes after induction of anesthesia; T3, 10 minutes after induction of anesthesia; T4, 15 minutes after
induction of anesthesia; T5, 20 minutes after induction of anesthesia. Overall hemodynamic changes over
time demonstrated no significant difference in heart rate or mean arterial blood pressure between two groups.

A sedative dose of propofol can induce decreases in tidal
volume and ventilatory response to CO2 by 58% of base-
line awake control while increasing respiratory rate to 30%
higher than that at baseline [10]. Propofol’s estimated con-
centration of effect site for inducing respiratory depression
is 3.8 mcg/mL, slightly higher than that required to induce
loss of consciousness with a 50% probability when used
alone [11, 12]. In contrast, the respiratory pattern caused
by the opioid is characterized by a decrease in breathing
frequency. A change in respiratory rate is the most sen-
sitive aspect of opioid-induced respiratory depression [13],
whereas the change of tidal volume varies according to opi-
oid dose [14]. Ferguson and Drummond reported that fen-
tanyl 0.5 mcg/kg prolonged the durations of inspiration and
expiration by 30% and 95%, respectively [15]. Fentanyl-
mediated depression at this low dose may be further exac-
erbated when combined with propofol and lead to a syn-
ergistic interaction of respiratory depressant effects [16].
Sevoflurane at 1 MAC also causes respiratory depression
in a dose-dependent manner. Furthermore, in conditions
similar to our study, high concentrations of sevoflurane (6-
8 vol%) may augment the respiratory depressant effects of
opioid and propofol [17, 18] and may delay the recovery
of spontaneous respiration. In this study, one patient in

Group C required assistance ventilation due to retention of
CO2 during anesthesia compared with no patients in Group
A, but there was no significant difference between the two
groups.

Aminophylline is a xanthine derivative that directly
relaxes bronchial smooth muscle by inhibiting phospho-
diesterases, thereby relieving bronchospasm and asthma.
Aminophylline-induced augmentation of ventilation is at-
tributed to improving effects on central neural drive and
contractility of respiratory muscles by increasing intracel-
lular calcium content [19, 20]. Aminophylline induced
increase of diaphragm contractility was revealed in one
in vitro animal study [8]. This muscle agonist effects of
aminophylline may play a role in turning the central stim-
ulus into actual respiratory action as well as a underlying
mechanism of the drug. Previous studies have presented
various outcomes regarding the effects of aminophylline
on respiratory variables. Aminophylline promotes larger
tidal volume and faster breathing frequency [7, 20], al-
though Okubo et al. reported that aminophylline did not
produce a significant increase in tidal volume or respira-
tory frequency despite an increase in maximum inspiratory
pressure [21]. In this study, improvement of Group A pa-
tient respiratory profiles was achieved by a significant in-
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crease in tidal volume rather than an effect on respiratory
rate, which did not correspond with some results from pre-
vious studies [20]. Aminophylline is also effective in pre-
venting apnea of prematurity [22]. Apnea in preterm infants
is related to immaturity of the central respiratory control
[23], which contributes to an obtunded respiratory response
to CO2 [24]. The main role of aminophylline in this the-
ory is to increase the central ventilatory drive, which could
explain the shorter apneic time in patients receiving amino-
phylline in this study [25].

Aminophylline has been shown to reduce the depth of
sedation by antagonizing adenosine receptors [26, 27] and
inhibiting GABA-ergic neurotransmission [28]; hence, it
acts as a stimulant of the central nervous system to induce
vigilance [29]. Previous studies have reported that amino-
phylline increased the propofol dose needed to induce loss
of consciousness and contributed to a reduction in depth of
propofol anesthesia [3]. Aminophylline’s effects are not re-
stricted to intravenous anesthetics but extend to inhalational
anesthetics [30, 31]. It has been suggested that amino-
phylline can produce an anti-hypnotic effect and hasten re-
covery time [27, 32]. Our data showed that aminophylline
has a favorable effect on fast awakening and sedation scale
score, although there was no significant difference in dis-
charge time between groups.

Aminophylline is well known to have positive inotropic
and chronotropic effects; however, studies on the cardio-
vascular effect of aminophylline show conflicting results
depending on the research subjects or the study approach
[33, 34]. Previous studies have reported that aminophylline
caused a decrease in MBP with an improvements in effect
on coronary circulation [35], while Rutherford JD et al.
reported moderately increased vascular resistance (except
for the renal bed) with aminophylline administration in an
animal study [33]. Interestingly, they noted that the vaso-
constrictive effect of aminophylline in the coronary bed at
low doses was reversed as the dose increased. Regarding
HR, most authors report coincident results that verify the
increasing effect of aminophylline [33, 35, 36], whereas
Conrad and Prosnitz demonstrated no clinically significant
change in HR in a human study [34]. In the present study,
there were no statistically significant differences in HR and
MBP between groups, although the overall heart rate of
Group A patients slightly exceeded that of Group C patients
over time.

Conclusion

In conclusion, our results showed that administration of
aminophylline effectively shortened apneic time and im-
proved respiratory profiles, thereby offering advantages in
prevention of apnea or hypercapnia in patients undergo-
ing brief day care surgery. In addition, the arousal effect
of aminophylline enhanced early recovery from propofol-
fentanyl-sevoflurane anesthesia and reduced the depth of
sedation without any adverse effects on hemodynamic sta-
bility.
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