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Introduction

Anesthesia with pure µ-receptor agonists such as mor-
phine or fentanyl has been used for major surgery in
poor-risk patients [1–3]. Because noxious surgical
stimuli vary both in their intensity and mechanisms [4]
and the minimally effective dose of opioids has not been
determined [5,6], the titration of opioids according to
the surgical stimuli is a reasonable approach for obtain-
ing better anesthetic control. However, such titration
often results in very large amounts of total opioid use,
justifying concerns about prolonged respiratory depres-
sion after surgery.

A pharmacological treatment strategy for avoiding
opioid-induced respiratory depression is reversal with
naloxone. Naloxone, at a clinically relevant single dose,
effectively normalizes the depressed respiration even
when it is caused by very high doses of opioids [7].
However, postoperative naloxone use can involve sev-
eral adverse effects, including renarcotization due to the
short duration of action of this agent, and symptoms
that are, presumably, related to “acute abstinence”
from the opioid effects, such as pain, psychological
stimulation, or sympathomimetic responses, of which
the most severe is pulmonary edema [7–9]. To avoid
such disadvantages, several studies have previously
evaluated the effectiveness of continuous naloxone in-
fusion after high-dose opioid anesthesia [10–12]. How-
ever, because of the relatively small number of subjects
and limited extent of the surgical procedures, as well as
the fixed-dose protocols of both the opioid and the
naloxone administration in these studies, a clinically
relevant regimen for postoperative naloxone infusion
remains to be clarified. In this clinical study, we sought
to determine whether naloxone infusion with titrated
doses could establish and maintain adequate spontane-
ous respiration and consciousness level after high-dose
fentanyl anesthesia, and whether there was a possible
pharmacokinetic relationship between fentanyl and
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naloxone in the respiratory reversal in patients under-
going major abdominal surgery.

Subjects and methods

With the approval of our Institutional Ethics Commit-
tee, patients with an American Society of Anesthesiolo-
gists (ASA) physical status of II or less, scheduled for
elective major abdominal surgery for visceral cancer
from June 2001 to May 2002, were enrolled in this study
after providing written informed consent. Exclusion cri-
teria were the presence of significant cardiovascular,
pulmonary, hepatic, or renal dysfunction, significant
obesity, previous opioid medication, a history of psychi-
atric diseases or drug or alcohol abuse, and disturbances
in hearing or speech. The patients were asked to
express their pain intensity, using four-step categorical
terms (none, mild, moderate, and severe) at any time
postoperatively.

Anesthetic protocol

Patients were brought to the operating room non-
premedicated. An intravenous catheter for fluid re-
placement and drug administration, and a radial artery
catheter for measuring arterial pressure and blood sam-
pling were inserted prior to the induction of anesthesia.
A standard three-lead electrocardiagram, end-tidal par-
tial pressure of CO2 (PETCO2

), the train-of-four response
of the adductor pollicis muscle induced by electrical
stimulation on the ulnar nerve (AS/3 Anesthetic Moni-
tor; Datex, Helsinki, Finland), and the bispectral index
(BIS), derived from bispectral analysis of the electroen-
cephalogram (BIS A-1050; Aspect Medical System,
Natick, MA, USA) were monitored throughout the pe-
riod of anesthesia. All drugs used during anesthesia
were administered intravenously. Anesthesia was in-
duced with fentanyl (8–10µg·kg�1) and a minimal sleep-
ing dose of propofol (40–60mg) according to the verbal
responsiveness of each patient. Tracheal intubation was
facilitated with vecuronium (0.1 mg·kg�1) and adequate
mechanical ventilation was immediately established.
Fentanyl at 40 µg·kg�1 was loaded for more than 30 min
before skin incision to ensure an adequate depth of
anesthesia, unless the patient’s hemodynamic response
was profoundly depressed. Basal infusion of fentanyl at
a rate of 4 µg·kg�1·h�1 was continued until the end of
surgery. This protocol has been validated previously in
a fixed-dose study of fentanyl-oxygen anesthesia for
cardiac surgery [13]. Propofol was also infused, at a rate
of 0.5mg·kg�1·h�1, throughout the surgical procedure.
This dose was chosen based on the previously reported
minimal sedative doses of propofol for patients receiv-
ing mechanical ventilation [14]. During surgery, the par-

ticipating anesthesiologists were asked to maintain the
patients’ hemodynamics in as stable a manner as pos-
sible, defined by �20% changes of baseline values for
both mean arterial pressure and heart rate. The baseline
hemodynamic values were determined at least 1 day
preoperatively. Although the reliability of BIS monitor-
ing for opioid anesthesia has been controversial [15], in
practice, our targeted intraoperative BIS value was less
than 50. Increases in the hemodynamic parameters in
response to surgical stimulation were treated by re-
peated bolus doses of fentanyl (200–400µg) to keep the
BIS value at less than 50 and, when needed, nicardipine
or propranolol was used. Hypotension that remained
after appropriate fluid replacement was treated with
phenylephrine. Atropine was used to treat bradycardia
(heart rate �40 beats·min�1). The train-of-four re-
sponse was maintained at less than 20% with supple-
mental vecuronium. Increased BIS without significant
hemodynamic changes was also treated by supplemen-
tal fentanyl accompanied, when needed, by bolus
propofol (20–30 mg).

Naloxone reversal protocol

Supervision of the recovery from anesthesia, and the
postanesthetic care in each patient were performed by
anesthesiologists who were not aware of the total doses
of fentanyl used. After the completion of surgery, the
sustained neuromuscular blockade was completely re-
versed with neostigmine and atropine. The extubation
criteria included: (1) uneventful surgical course, (2) ad-
equate response to verbal commands, with a BIS value
of more than 95, (3) spontaneous respiratory frequency
with 8 or more breaths·min�1, (4) PaO2

/FIO2
 of 300mmHg

or more, with PaCO2
 of 55mmHg or less under spontane-

ous respiration through an endotracheal tube, (5) arte-
rial-blood pH of 7.30 or more after significant metabolic
acidosis was corrected, if it had existed. When these
criteria were not fulfilled after the reversal of the neuro-
muscular blockade, naloxone was repeatedly adminis-
tered in separate 50-µg doses at 2-min intervals until the
patients fulfilled the extubation criteria. Naloxone was
prepared at a concentration of 50 µg·ml�1 in saline and
administered in 1 ml using an infusion pump (Terumo,
Tokyo, Japan). Once adequate consciousness level and
respiration were established, continuous infusion of
naloxone was started at a rate consistent with the sum
of the bolus doses (50µg � the number of separate
administrations) per hour. The endotracheal tube was
removed after 10-min observation to ensure that no
unacceptable change had occurred in the patient’s con-
dition. When the maximal 600 µg (12 separate adminis-
trations) of naloxone failed to reverse the respiratory
depression, mechanical ventilation was continued and
the patients were dropped out of the protocol. When
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patients indicated significant pain (moderate or severe)
before extubation, naloxone infusion was terminated
and mechanical ventilation was continued with supple-
mental fentanyl when needed. These patients were also
dropped out. Subsequently, all patients were brought to
the Post Anesthetic Care Unit (PACU).

Up-and-down titration protocol of naloxone infusion
in the PACU

In the PACU, humidified oxygen at an appropriate flow
rate was administered via a nasal cannula or a face mask
to maintain SpO2

 at 95% or more. Side-stream PETCO2
was continuously monitored. Arterial blood gases were
analyzed at 3-h intervals, as well as when the physicians
considered it necessary. A PETCO2

 value of 60 mmHg or
more was always followed by blood gas analysis. The
infusion rate of naloxone was increased by 25% (mini-
mally, 50µg·h�1) following administration of the hourly-
equivalent bolus dose when any of the following
conditions were observed: respiratory rate 7 or fewer
breaths·min�1 or respiratory interval 15s or more, PaO2
less than 60mmHg with PaCO2

 of more than 46 mmHg,
PaCO2

 more than 55mmHg or arterial blood pH more
than 7.30 without metabolic acidosis, and an inadequate
response to verbal commands. The rate of the naloxone
infusion was also decreased by 25% stepwisely (mini-
mally, 50µg·h�1) according to criteria that included
an increase in the self-reported pain intensity by at
least one categorical term, acute sympathomimetic
or psychomimetic symptoms under adequate hemo-
dynamic and metabolic treatment, or a stable condition
lasting for 4h without any of the symptoms described.
The patients were reevaluated after 30min when the
infusion rate was changed. Failure to maintain adequate
spontaneous respiration was immediately followed by
exclusion of the patients from the protocol, and alterna-
tive treatment, including mechanical ventilation, given
at the discretion of the anesthesiologists. Increased
pain intensity after decrease or termination of the
naloxone infusion was treated with nonsteroidal anti-
inflammatory drugs (NSAIDs), such as intravenous
flurbiprofen, or diclofenac in suppository form. When
the NSAIDs failed to relieve pain, supplemental opioid
was used. Unless there was some untoward event, the
patients were discharged from the PACU within 12h
after naloxone termination. The patients were followed
up until they were able to walk.

Plasma concentrations of fentanyl and naloxone

To evaluate possible pharmacokinetic correlations be-
tween fentanyl and naloxone at effective reversal levels,
the plasma concentrations of these two compounds
were analyzed, using high-performance liquid chroma-

tography (HPLC), in 12 consecutive patients who were
included in the study. Heparinized blood was sampled
at the preinduction of anesthesia, immediately before
tracheal intubation, immediately after the initial fenta-
nyl loading, 1h after skin incision, at the termination of
fentanyl infusion (end of surgery), immediately after
tracheal extubation, and 3h, 6 h, and 15h after fentanyl
termination. Each sample was immediately centrifuged
and the plasma was stored at �80°C for later analysis.
Electrochemical detection was performed in each
sample, using a commercial HPLC system (Coul Array;
ESA, Chelmsfold, MA, USA). Detection limits in these
measurements were 0.2ng·ml�1 for fentanyl and
0.6ng·ml�1 for naloxone. The interassay coefficient of
variation was less than 10% for both compounds.

Statistical analysis

Values for results were expressed as means � SD. Post-
operative changes in the arterial blood gas determinants
were analyzed using repeated measures analysis of vari-
ance (ANOVA). The elimination rate constant (kel) for
fentanyl was determined by linear regression analysis of
the relationship between the logarithmic plasma con-
centration and the time after the cessation of the infu-
sion in each patient. The terminal elimination half-life
(t1/2) for fentanyl was calculated from t1/2 � ln2/kel.
The plasma fentanyl concentration at the termination of
naloxone infusion was determined by interpolation of
the logarithmic concentration-time profile for each pa-
tient. The correlation between the logarithmic plasma
concentrations of fentanyl and naloxone was analyzed
by linear regression. The paired Student’s t-test was
used to compare the plasma naloxone concentrations at
tracheal extubation and 3-h postoperation.

Results

Patient profiles and anesthetic course

Fifty-nine patients who fulfilled the inclusion criteria
participated in the study. Two patients were dropped
out of the protocol, due to a complicated surgical course
in one, and, in the other, due to failure to establish
adequate spontaneous respiration with the maximal
dose of naloxone for extubation. In these patients, early
extubation was not attempted and mechanical ventila-
tion was continued in the PACU. Profiles of the remain-
ing 57 patients are summarized in Table 1.

In all of the 57 patients, extubation was successfully
completed in the operating room, at 34 � 14 min after
fentanyl termination. All the patients needed naloxone
for the extubation (3.4 � 2.6 µg·kg�1, total bolus dose).
Single bolus doses of propranolol (40–80µg·kg�1) were
administered for hypertension accompanied by tachy-
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Postanesthetic course

The duration of naloxone infusion in the PACU was
10.8 � 6.7h (range, 3–19.5 h). The total administered
dose of naloxone was 26.9 � 23.2µg·kg�1. Table 2 shows
the postanesthetic changes in PaO2

, PaCO2
, and base ex-

cess. PaCO2
 decreased significantly during the postopera-

tive 12 h. The other two determinants were stable in the
PACU. Unacceptable changes in the arterial blood gas
determinants, resulting in dropping out of the study,
were not observed in any patients throughout the obser-
vation period. Table 3 summarizes the events that ne-
cessitated the up-and-down titration of postoperative
naloxone infusion. Changing the naloxone infusion
rates resolved every symptom. All patients were dis-
charged from the PACU on the second postoperative
day (POD). No surgery-related complication occurred
during the observation period. The mean duration until
patients were able to walk in the ward was 3.1 � 1.9
POD (range, 2–5 PODs). Twenty-six patients (46%)
required NSAIDs (1.8 � 0.8 times per patient for 3
PODs), but none received supplemental opioids for
postoperative pain after naloxone termination through-
out the observation period. Figure 1 demonstrates the
self-reported pain intensities after surgery. No patient
reported severe pain during the observation period.
Nausea and vomiting were observed in 14 patients
(25%; 2.4 � 1.1 times per patient for 3 PODs), but no
specific treatment was required in any of these patients.
No patient developed intraoperative memories.

Table 1. Patient and surgical profiles (n � 57)

Sex (male/female) 34/23
Age (years) 63 � 12
Body weight (kg) 61 � 10
Surgical procedure

Gastric resection 29
Liver resection 6
Pancreatic resection 4
Colorectal resection 10
Extended gynecological and urogenital 8

surgery
Surgical time (min) 215 � 133
Anesthesia time (min) 292 � 156
Total fentanyl dose (µg·kg�1) 127 � 64
Additional treatment

Propofol 15 (26)a

Nicardipine 18 (32)b

Propranolrol 0
Phenylephrine 12 (21)
Atropine 3 (5)

Data values are expressed as numbers of patients (%) or means � SD
a One to three separate bolus administrations
b All of these patients had a history of hypertension and previous
medication with antihypertensive drugs, and five patients were
treated with continuous infusion

Table 2. Postanesthetic changes in PaO2, PaCO2, and base excess (n � 57)

Time after tracheal extubation (h)

0 1 3 6 12

PaO2 (mmHg) 98.4 � 28.7 104.4 � 31.2 99.1 � 18.8 94.6 � 13.6 89.5 � 11.1
PaCO2 (mmHg)* 51.2 � 8.3 49.6 � 7.5 45.6 � 7.0 45.9 � 6.4 43.3 � 5.2
Base excess (mEq·l�1) 0.3 � 4.0 0.4 � 3.2 �0.2 � 2.9 �0.1 � 2.5 0.6 � 3.0

Data values are expressed as means � SD. The decrease in PaCO2
 was statistically significant (repeated measures analysis of variance [ANOVA],

* P � 0.01)

Table 3. Events that necessitated postoperative titration of the naloxone infusion rate

Number of patients Number of events
Event (% in total of 57 patients)a (% of total events)

Rate increase
Suppressed respiration 7 (12) 9 (69)
Suppressed consciousness level 3 (5) 4 (31)
Total 10 (17) 13 (100)

Rate decrease
Increased pain intensity 47 (82) 87 (55)
Sympathomimetic response 5 (9) 7 (4)
Psychomimetic response 3 (5) 3 (2)
None (every 4 h) 38 (67) 61 (39)
Total 93 (163) 158 (100)

a Some patients had more than one event

cardia during the naloxone titration for extubation in 9
patients (16%). No patient complained of more than
mild pain in the operating room after extubation. Nau-
sea, vomiting, or other adverse symptoms were not ob-
served in this period.
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Plasma concentrations of fentanyl and naloxone

Blood was sampled in 12 consecutive patients (8 male
and 4 female; 62 � 14 years; 62 � 10 kg) among the 57
enrolled patients for measuring fentanyl and naloxone
concentrations in the plasma; 120 � 40µg·kg�1 of fenta-
nyl was administered during surgery and 4.3 �
1.8µg·kg�1 of naloxone was used for tracheal extubation
in these patients. The patients were extubated at 32 �
17min after fentanyl termination. The total postopera-
tive dose of naloxone was 23.9 � 12.1 µg·kg�1 over a
period of 10.7 � 3.2 h (range, 7–16 h). These profiles did
not differ significantly from those in the other 45 pa-
tients (data not shown). Figure 2 shows the changes in
plasma fentanyl concentration in each of the 12 patients
during and after surgery. The average t1/2 for fentanyl,
calculated from the individual plasma concentration-
time profiles after the cessation of infusion, was 6.5 �
3.2h. The estimated plasma fentanyl concentration at
the termination of naloxone infusion was 2.6 �
1.5ng·ml�1. The calculated time for the fentanyl levels
to decrease by 2ng·ml�1 was 13.1 � 4.8 h. The plasma
naloxone concentrations were 6.9 � 4.1 ng·ml�1 at extu-
bation and 5.7 � 3.7ng·ml�1 at 3 h postoperation (not
significant vs the value at extubation), with the infusion
being maintained at a mean rate of 4.2 � 2.0µg·kg�1·h�1.
No correlation was found between the plasma concen-
trations of fentanyl and naloxone at either sampling
period (Fig. 3).

Discussion

In the present study, naloxone, at a total dose of 3.4 �
2.6µg·kg�1, titrated in repeated small doses (0.8µg·kg�1,

approximately) successfully established sufficient spon-
taneous respiration and levels of consciousness that en-
abled tracheal extubation immediately after surgery in
57 of the 59 enrolled patients. Subsequent naloxone
infusion, started at the rate of the sum of the bolus doses
(in µg) per hour, maintained the arterial blood gas de-
terminants stably within acceptable ranges in all extu-
bated patients throughout the observation period, with
minimal adverse effects. Although this was an uncon-
trolled study, the findings that, during their postopera-
tive course the patients had a low overall level of
postoperative pain, needed no supplemental analgesics
during the naloxone infusion, and used small doses of

Fig. 1. Self-reported categorical pain intensities during post-
operative 3 days. Rate (% in total of 57 patients) of the maxi-
mum intensities in each evaluated period are presented. No
patient reported severe pain during the observation period.
Bars show maximum pain intensity. Dark gray, moderate; pale
gray, mild; very light gray, none

Fig. 2. Individual plasma concentration versus time profiles of
fentanyl in 12 patients. Time 0 represents the end of surgery

Fig. 3. Scatter plots of plasma naloxone and fentanyl concen-
trations in 12 patients immediately after extubation and 3h
after surgery. The closed circles represent the concentration at
2 min post-extubation and the open circles represent that at 3h
postoperation. No correlation was found between the two
agents at either sampling period
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NSAIDs without opioids until they were walking on the
third POD seemed to be clinically acceptable. Post-
operative naloxone infusion may facilitate early tra-
cheal extubation, making high-dose opioid anesthesia a
potentially useful alternative not only for very poor-risk
patients but also for other patients undergoing major
surgery.

The effectiveness of continuous naloxone infusion for
the reversal of high-dose opioid anesthesia has been
evaluated previously in three studies. Johnstone et al.
[10] reported that, in 7 healthy volunteers, naloxone
infused at a dose of 3.66 µg·kg�1·h�1 effectively reversed
the decreased CO2 response induced by 2mg·kg�1 of
morphine. Shupak and Harp [11] successfully main-
tained each of 10 neurosurgical patients without me-
chanical ventilation after 20-µg·kg�1 sufentanil or
100-µg·kg�1 fentanyl, using bolus naloxone followed by
infusion at doses of 4–5µg·kg�1·h�1 for 16 h postopera-
tively. Takatori [12] extubated the tracheae of 20
cardiac patients within 5 h after 150-µg·kg�1 fentanyl
anesthesia, using naloxone infusion at a rate of 4–
8 µg·kg�1·h�1. It is interesting that the initial dose of
naloxone used in the present study (3.4-µg·kg�1 bolus
followed by 3.4-µg·kg�1·h�1 infusion on average), which
resulted from individual titration, was similar to that
used in these fixed-dose studies.

Although the effectiveness of BIS for monitoring the
levels of consciousness during opioid anesthesia has
been controversial [15], a BIS value of less than 60 is
often regarded as the criterion for adequate anesthesia
[16]. We used a BIS value of 50 as the practical target
threshold for preserving a safety margin against wake-
fulness, based on our own clinical experience of single-
agent anesthesia with fentanyl. In the present study,
supplemental fentanyl easily yielded a BIS value of less
than 50 in most patients, and no patients developed
intraoperative memories.

The pharmacokinetic profiles obtained from the 12
patients examined (Fig. 2) demonstrated that the
plasma fentanyl levels exceeded 10 ng·ml�1 on average
throughout the surgical procedures and decreased with
a t1/2 of 6.5 � 3.2h after terminating the administration.
The present t1/2 values were within the range (5–8 h)
reported in previous investigations of high-dose fenta-
nyl anesthesia [17–19]. Although fixed-dose studies
have failed to demonstrate the minimally effective dose
for opioids [5,6], it has generally been accepted that a
dose range of 50–150 µg·kg�1 and a plasma concentra-
tion range of 10–15 ng·ml�1 are required to accomplish
satisfactory hemodynamic control using single-agent
anesthesia with fentanyl in cardiac surgery [5,6,13]. The
total doses and plasma concentrations of fentanyl ob-
tained in the present study as a result of the discretional
titration were surprisingly consistent with these
findings. The results therefore suggest that the clinical

practice of fentanyl anesthesia for cardiac surgery can
be extended to major abdominal surgery and can yield
similar benefits related to the opioid.

The plasma concentration analysis also revealed that,
for extubation, fentanyl levels as high as 9.3 �
4.3 ng·ml�1 (range, 5–11 ng·ml�1) could be effectively
antagonized by naloxone at total sum doses of 4.3 �
1.6 µg·kg�1. In clinical practice, separate, repeated
injections of naloxone at a bolus dose not exceeding
1–1.5 µg·kg�1 have been recommended to avoid the ad-
verse symptoms that are probably related to acute and
excessive reversal of opioid effects [20]. Using such re-
peated dosing with naloxone, at 116µg in total, Shupak
and Harp [11] successfully extubated patients immedi-
ately after neurosurgery performed under 100-µg·kg�1

fentanyl anesthesia. Their average plasma fentanyl lev-
els were approximately 5 ng·ml�1 at extubation. In con-
trast, we needed much higher doses (280 � 120 µg) of
naloxone for tracheal extubation. The difference may be
accounted for by the higher plasma concentration of
fentanyl in our patients when extubation was attempted.
However, we found no correlation between fentanyl and
naloxone, either in the doses used or in the plasma
concentrations (Fig. 3). These results indicate the large
interindividual variability in the balance between fenta-
nyl and naloxone for respiratory reversal, supporting the
practical recommendation that intravenous naloxone
should be titrated in separate small doses until patients
establish sufficient spontaneous respiration.

To our knowledge, a pharmacokinetic profile for
continuous naloxone infusion after high-dose opioid
anesthesia has not yet been determined. In the present
study, analysis of the concentration-time relationships
for naloxone could not be accomplished because our
protocol of up-and-down titration resulted in wide
interindividual variability both in the duration (3–
19.5 h) and the total dose (8–56µg·kg�1) of this agent. In
previous single-dose studies, rapid elimination of nalox-
one from the plasma (with t1/2 ranging from 50 to
110 min) has been demonstrated [21–23]. The range of
plasma naloxone concentrations 5 min after injection
with clinically relevant doses (400 µg) was 4.3 � 1.3 (SE)
ng·ml�1 [21]. The present protocol of naloxone adminis-
tration achieved a similar plasma concentration range at
the time of tracheal extubation (7ng·ml�1) and main-
tained the concentration in a stable manner for several
hours (Fig. 3). Without an initial loading, Rawal et al.
[24] reported a steady-state concentration of 4 ng·ml�1

obtained after 5-h naloxone infusion at a rate of
5 µg·kg�1·h�1. Therefore, naloxone infusion with an ap-
propriate initial loading would appear to be important
for reversing postoperative respiratory depression.

In the plasma concentration-time profiles, the aver-
age plasma fentanyl level at naloxone termination in
our study was similar to those previously reported as the
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threshold level for clinically relevant respiratory de-
pression (2–3ng·ml�1) [25]. Thus, we believe that decre-
mental titration according to the clinical symptoms can
be used to effectively terminate the naloxone infusion.
In fact, in the present study, the average duration of the
postoperative naloxone infusion (11h) and the total
naloxone dose (27 µg·kg�1) were much smaller than
those reported in the previous fixed-dose studies (67–
75µg·kg�1 for 17–20h) in which similar doses of fentanyl
(100–150µg·kg�1) were administered [10–12].

In the present study, an increase in the self-reported
pain intensity was the major determinant for decreasing
the infusion rate of naloxone (reduced at least once in
82% of the patients, representing 55% of the total
events; Table 3). Reduction of the naloxone infusion
rate successfully relieved the pain in all of these patients
without suppressing respiration. These results suggest
that the reappearance of pain can be a sensitive indica-
tor for reducing naloxone infusion. However, it might
be more difficult to terminate naloxone infusion with
the appropriate timing in patients who show no specific
symptoms. The obtained pharmacokinetic profiles re-
vealed that the plasma fentanyl levels remained at 5 (3–
8) ng·ml�1 during the first 4h. Therefore, the 25%
reduction of the naloxone rate during this 4-h period
might have been done too early, at least in some pa-
tients, although none of the patients in this study, devel-
oped respiratory depression after decreasing of the rate.
Because the plasma fentanyl levels were calculated to
have decreased to less than 2ng·ml�1 after 13 � 5 h, we
assume that naloxone can be terminated without the
risk of renarcotization in most patients by the morning
of the second POD at the dose range of fentanyl used in
the present study.

In conclusion, naloxone, at titrated loading followed
by subsequent continuous infusion, maintained ad-
equate spontaneous respiration and consciousness lev-
els in patients who received major abdominal surgery
under high-dose fentanyl anesthesia throughout the
postoperative period. Decremental titration, performed
mostly according to over-reversal-related symptoms,
effectively terminated the naloxone infusion without
any serious adverse effects. The results suggest that
naloxone infusion can enable the use of opioids at a
high-dose range in a large patient population. However,
the plasma concentration analysis revealed large
interindividual variability in the balance between fenta-
nyl and naloxone for respiratory reversal, highlighting
the importance of individual naloxone titration. Further
studies are warranted for validating the benefits of high-
dose opioid anesthesia in noncardiac surgery.
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