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Abstract: Background: Opioid analgesics are commonly used along with propofol during general
anesthesia. Due to the dearth of data on the quality of anesthesia achieved with this combination,
the present meta-analysis was carried out.

Methods: Electronic databases were searched for appropriate studies using a suitable search strat-
egy. Randomized clinical trials comparing the combination of remifentanil/sufentanil/alfentanil
with propofol with fentanyl and propofol, were included. The outcome measures were as follows:
total propofol dose to achieve the desired general anesthesia; time of onset and duration of general
anesthesia; depth of general anesthesia; and recovery time (time for eye-opening and time taken for
extubation). Risk of bias was assessed and Forest plots were generated for eligible outcomes. The
weighted mean difference [95% confidence intervals] was used as the effect estimate.
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DOI: analysis. Statistically significant differences were observed for remifentanil in comparison to fen-

10.2174/1567201816006190313160438 tanyl when combined with propofol: Propofol dose (in mg) -76.18 [-94.72, -57.64]; time of onset of

@ CrossMark anesthesia (min) -0.44 [-0.74, -0.15]; time taken for eye-opening (min) -3.95 [-4.8, -3.1]; and time

for extubation (min) -3.53 [-4.37, -2.7]. No significant differences were observed for either sufen-

tanil or alfentanil about the dose of propofol required and due to scanty data, pooling of the data
could not be attempted for other outcome measures for either sufentanil or alfentanil.

Conclusion: To conclude, we found that remifentanil has a statistically significant anesthetic profile
than fentanyl when combined with propofol. Scanty evidence for both alfentanil and sufentanil
precludes any such confirmation.
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1. INTRODUCTION anesthesia [5]. The main attributes of fentanyl are pain relief
and sedation that are equally applicable to other drugs in the
series such as remifentanil, alfentanil and sufentanil. Studies
have shown that the combination of opioid analgesics with
propofol decreases the incidence of propofol related pain as
well as the severity [6]. Interestingly, the addition of propo-
fol also decreases the incidence of fentanyl-induced cough
[7]. Remifentanil is a highly potent opioid drug with the
fastest onset of action (of about one minute) and a shorter

Propofol is a general anesthetic drug widely used for day-
care surgeries with the advantages of faster onset and shorter
duration of anesthesia [1]. The main drawback associated
with the administration of propofol alone is the injection-
related pain reported in nearly 60% and even slightly more
(85%) in children [2, 3]. Other adverse events related to pro-
pofol include systemic hypotension, allergy, hypertriglyc-

eridemia and pancreatitis [4].

Fentanyl is a potent synthetic opioid analgesic used in
combination with other drugs for producing balanced general
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elimination half-life of 10 minutes [8]. Similar activity has
been observed with alfentanil and sufentanil [9]. Amidst the
studies comparing pharmacodynamic effects of the above
opioids, there is a dearth of data regarding the onset, duration
and the extent of general anesthesia attained with the combi-
nation of opioid analgesics and propofol. Hence, we under-
took the systematic review and meta-analysis to compare the
profile of general anesthesia of remifentanil, sufentanil and
alfentanil with fentanyl when combined with propofol.

© 2019 Bentham Science Publishers
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2. METHODS
2.1. Information Sources and Search Strategy

The protocol for this review was registered with the In-
ternational prospective register of systematic reviews
(PROSPERO) with the registration number CRD
42016045622, The review protocol can be accessed at
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?l
D=CRD42016045622. A thorough literature search was
conducted and was completed on 14 August 2016. The pri-
mary database used was Medline (via PubMed), Cochrane
central register of clinical trials (CENTRAL), Database of
Abstracts of Reviews of Effects (DARE) and Google
Scholar. The keywords used were Propofol [tiab] AND fen-
tanyl [tiab]. This search was further supplemented by manual
searching of relevant references from review articles and
other eligible studies. We did not pose any limitation to any
language or date in the present study.

2.2. Eligibility Criteria

Studies with randomized controlled design meeting the
following requirements were included in the present study:

1. Type of participants- Any patient undergoing surgery or
endoscopy under general anesthesia.

2. Type of intervention- A combination of either remifen-
tanil or sufentanil or alfentanil with propofol.

3. Comparison- Combination of fentanyl and propofol.

4. Outcome- Total dose of propofol required to achieve the
desired general anesthesia, time of onset and duration of
general anesthesia, depth of general anesthesia and re-
covery time (time for eye-opening and time taken for ex-
tubation).

2.3. Study Procedure

Two authors independently screened the databases and
reviewed the identified abstracts for suitability. Full-text
articles were obtained following abstract screening for those
found to be eligible to be included in the review. A pre-
tested data extraction form was created and both the authors
independently extracted the following data from each of the
eligible studies as follows: trial site, year, trial methods, par-
ticipants, interventions, and outcomes. Disagreement be-
tween the authors was resolved through discussion. The ex-
tracted data were analyzed using non-Cochrane mode in
RevMan 5.3 software. The methodological quality of the
trials was assessed using The Cochrane collaboration’s tool
for assessing the risk of bias across the following six do-
mains: sequence generation, allocation concealment, blind-
ing (of participants, personnel, and outcome assessors), in-
complete outcome data, selective outcome reporting, and
other sources of bias. The judgment was categorized into the
low, high or unclear risk of bias [8]. For continuous outcome
measures, mean differences (MD) were considered for the
final assessment from individual studies with 95% confi-
dence interval (95% CI) as a measure to represent the devia-
tion from the point estimate. Heterogeneity between the
studies was assessed using Forest plot visually, I” statistics
wherein more than 30% was considered to have moderate to
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severe heterogeneity and Chi-square test with a statistical P-
value of less than 0.10 to indicate statistical significance.
Random-effect models were chosen in cases of moderate to
severe heterogeneity otherwise, fixed-effect models were
used. The present meta-analysis was conducted and pre-
sented in compliance with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [9].

3. RESULTS
3.1. Search Results

A total of 2879 articles were obtained, of which 14 stud-
ies [10-23] were found eligible to be included in the system-
atic review (Fig. 1). Except one [10], all were also included
in the meta-analysis. The key characteristics of the included
studies are mentioned in Table 1. A summary of the risk of
bias of the included studies is depicted in Fig. (2).

3.2. Pooled Results
3.2.1. Total Propofol Dose

Seven studies (284 participants) assessed the dose (in
mg) of propofol required to achieve general anesthesia. The
pooled estimate {mean difference of -76.18 [-94.72, -57.64]}
favored the combination of remifentanil than fentanyl when
combined with propofol (Fig. 3). Similarly, three studies
(340 participants) compared the total propofol dose required
with alfentanil and fentanyl; and two studies (85 partici-
pants) compared the same between sufentanil and fentanyl
groups. No significant differences were observed with the
pooled estimates for either alfentanil {-6.32 [-13.23, 0.60]}
or sufentanil {-4.01 [-9.85, 1.84]} when combined with pro-
pofol.

3.2.2. Time for Induction of Anesthesia

Three studies (94 patients) compared the induction time
for anesthesia when remifentanil was combined with propo-
fol to fentanyl. The pooled estimate was found to favor
remifentanil {-0.44 [-0.74, -0.15]} (Fig. 4). There were no
studies comparing the induction time for alfentanil or sufen-
tanil when combined with propofol.

3.2.3. Duration of Anesthesia

Three studies (110 patients) compared the duration of
anesthesia (in minutes) for remifentanil compared to fentanyl
when combined with propofol. The pooled estimate was not
found to be significantly different between the groups {2.37
[-2.52, 7.25]}. Only one study compared the duration of an-
esthesia with alfentanil and sufentanil and hence pooling of
the results was not attempted.

3.2.4. Time Taken for Eye-opening

Three studies (120 participants) compared the time taken
for eye-opening (in minutes) when remifentanil was com-
bined with propofol compared to fentanyl and propofol. The
pooled estimate was observed to favor remifentanil with the
mean difference [95% confidence interval] of -3.95 [-4.8, -
3.1] (Fig. 5). Two studies (300 patients) compared the time
taken for awakening when alfentanil was combined with
propofol compared to fentanyl and propofol combination but
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2879 articles were obtained
with the search strategy

A

19 studies found eligible by
title and abstract screening

Y

14 studies included in the
qualitative systematic review

A
13 studies included in the
quantitative meta-analysis

Sridharan and Sivaramakrishnan

5 studies excluded for the
following reasons:
Non-randomized - 4 and not a
suitable comparator - 1

Fig. (1). Study flow diagram. A total of 2879 studies obtained with the outlined search strategy and finally 14 were included in the system-
atic review and 13 in the meta-analysis. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

the pooled estimate was not found to be statistically signifi-
cant {-0.27 [-0.89, 0.34]}. Unfortunately, only one study
compared this outcome parameter for sufentanil and so data
pooling was not attempted.

3.2.5. Time for Extubation

Three studies (120 patients) compared the time taken for
extubation for remifentanil and fentanyl. The pooled mean
difference [95% confidence interval] was -3.53 [-4.37, -2.7]
favoring remifentanil (Fig. 6). Only one study compared the
time for extubation for alfentanil and sufentanil and so pool-
ing of the results was not attempted.

3.2.6. Bispectral Index

Two studies (67 patients) compared the bispectral index
when remifentanil was combined with propofol to fentanyl
combination and the pooled estimate was not statistically
significant {1.69 [-0.28, 3.65]}. Only one study compared
the bispectral index with alfentanil and sufentanil and hence
no pooling of the results was not attempted.

4. DISCUSSION

We conducted the present study to assess the profile of
general anesthesia with remifentanil, sufentanil and alfen-
tanil when combined with propofol and compared to fentanyl
with propofol combination. A total of 14 studies were in-
cluded in this review, and we observed that when remifen-
tanil was combined with propofol, a significantly low dose
of propofol was required to achieve general anesthesia. Mo-

erover,the duration, onset and depth of general anesthesia
were significantly more compared to fentanyl combination.

Combination of opioid analgesic with propofol has been
shown to be an effective and safe method of analgosedation
for patients undergoing mechanical ventilation [24]. Propo-
fol has also been shown to be a better general anesthetic
agent for successful insertion of laryngeal mask airway as it
sufficiently suppresses the laryngeal reflexes leading to
minimal coughing, gagging, and laryngospasm [25]. How-
ever, the incidence of pain following propofol administration
is a major disadvantage, reducing the quality of anesthesia.
The combination of opioid analgesics with propofol has been
shown to prevent pain with a number needed to treat (NNT)
of 3 to 4 in comparison to lidocaine where NNT was found
to be 2.4 [26]. Combination of opioids with propofol has also
been shown to improve the success of laryngeal mask airway
insertion [27]. Additionally, the combination of propofol
with fentanyl has been shown to decrease the incidence of
fentanyl-induced cough more than lidocaine and NMDA-
receptor antagonists in a meta-analysis [28]. Weisenberg et
al. have observed a 31% increase in the mean number of
hypotensive or bradycardia episodes requiring interventions
with an increase of 0.3 mg/kg dose of propofol [25]. Com-
bining an opioid analgesic lowers the total dose of propofol
that is required, thereby reducing the risk of propofol-
induced cardiac adverse events. We also found that the dose
of propofol required to produce general anesthesia is signifi-
cantly lower with remifentanil than fentanyl. In addition to
duration, remifentanil also has a faster onset and recovery of
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Table 1.
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Key characteristics of the studies included in this systematic review.

Study Id; Year and Country of
Conduct of the Study

Participants

Intervention

Control

Outcomes

Hui et al. [10]; 2002, Hong Kong

ASA /11 patients who have been
scheduled for minor surgery. Those
with anticipated difficult airway as

determined by Mallampati score of >

3 were excluded.

Alfentanil (10 pg/kg) with
propofol (2.5 mg/kg) 90 sec-
onds prior to laryngeal mask

airway insertion to 73 patients.

Fentanyl (1 pg/kg) with
propofol (2.5 mg/kg) 90
seconds prior to laryngeal
mask airway insertion to 67

patients.

Six variable scores for each
of mouth opening, ease of
insertion, swallowing,
coughing, movement and
laryngospasm was used to

assess insertion conditions.

Mannine et al. [11]; 2006, Canada

Patients undergoing awake

craniotomy.

Propofol infusion at the dose
of 75 to 100 pg/kg/min with
remifentanil infusion at a dose
0f 0.03-0.05 pg/kg/min to 25
participants.

Propofol infusion at the dose
of 75 to 100 pg/kg/min with
fentanyl infusion at a dose of
0.5-1 pg/kg bolus to 25
participants.

Total propofol dose, sedation
and pain scores, mean arte-
rial pressure, heart rate,
SpO,, respiratory rate and

intra-operative complications.

Haytural e al. [12]; 2015, Turkey

ASA I-11I patients who are undergo-
ing elective endoscopic retrograde
cholangiopancreatography aged
between 18 and 70 years. Pregnant
women, epileptics, those who have
allergy to opioids or sedatives or
underwent any surgery within the

past 72 hours were excluded.

Remifentanil (0.05 pg/kg) with
propofol (1.5 mg/kg) to 30

patients.

Fentanyl (1 pg/kg) with
propofol (1.5 mg/kg) to 30
patients. Another group of
patients were administered
only propofol (1.5 mg/kg)

but the data from this popu-
lation was not considered for

this review.

Total propofol dose, systolic,
diastolic and mean arterial
pressures, Ramsey scores

and pain levels.

Yong-hua et al [13]; 2005, China

Patients who have been scheduled for

colonoscopy.

Remifentanil (0.05 pg/kg/min)
with propofol 0.4 mg/kg
loading dose and 0.2 mg/kg
boluses intermittently to 15

patients.

Fentanyl (1 pg/kg) bolus
with propofol 0.4 mg/kg
loading dose and 0.2 mg/kg
boluses intermittently to 15

patients.

Induction time of anesthesia,
intubation time for colono-
scopy, recovery time, stay in
post anesthetic care unit,
mean arterial pressure, heart
rate, pulse oxygen saturation

and respiratory rate.

Srivastava et al. [14]; 2008, India

Patients of either sex, aged between
40 and 75 years requiring direct
laryngoscopy under general anesthe-
sia were recruited. Those with lipid
allergy, difficult or long procedures

were excluded.

Propofol (2.5 mg/kg) with
sufentanil (0.25-0.5 pg/kg) to
22 patients.

Propofol (2.5 mg/kg) with
fentanyl (1-1.5 pg/kg) to
23 patients.

Conditions of insertion
technique, recovery time,
propofol dose, adverse
events, mean arterial pres-

sure and heart rate.

Ryu et al. [15]; 2008, South Korea

ASA I/II women aged between 18
and 60 years undergoing routine
hysteroscopic procedures were in-
cluded. Those with chronic use of
opioids or analgesics or history of
sedative abuse or allergy were ex-
cluded.

Remifentanil at a bolus of 0.5
ng/kg followed by a continu-
ous infusion of 0.05 pg/kg/min
to 15 patients. Propofol was
administered to achieve BIS of
60 to 80.

Fentanyl at | pg/kg bolus
with an additional 0.5 pg/kg
bolus dose in case of insuffi-
cient analgesia to 15 patients.
Propofol was administered to

achieve BIS of 60 to 80.

Total dose of propofol,
systolic, diastolic and mean
arterial pressures, adverse

events, satisfaction score.

Lysakowski et al. [16]; 2001,

Switzerland

ASA V/1I patients scheduled for
elective surgery were included. Those
on psychotropic drugs or obese were

excluded.

Alfentanil, remifentanil and
sufentanil were administered
individually to three groups of
patients (15 patients each) to
produce the effect-site concen-
trations of 100 ng/ml for
alfentanil, 6 ng/ml for remifen-
tanil and 0.2 ng/ml for sufen-
tanil. Target controlled infu-
sion of propofol was started to
increase predicted plasma
concentration stepwise to 1, 2
and 4 pg/min using a pump
with the kinetic set of Marsh
for propofol.

Fentanyl was administered at
a dose to obtain the effect-
site concentration of 1.5
ng/ml to 15 patients. Target
controlled infusion of propo-
fol was started to increase
predicted plasma concentra-
tion stepwise to 1, 2 and 4
png/min using a pump with
the kinetic set of Marsh for
propofol.

BIS, effect-site concentra-
tions and alertness and

sedation scores.

(Table 1) contd....
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Study id; Year and Country of
Conduct of the Study

Participants

Intervention

Control

Outcomes

Kwak et al. [17]; 2006, South

Korea

ASA V/1I patients scheduled for third molar
extraction under local anesthesia were in-
cluded. Those with significant cardiovascular,
respiratory or hepatic diseases, hypersensitivity
to opioids, alcohol or drug abuse were ex-
cluded.

Alfentanil infusion was
administered to 16 study
participants. Propofol was
administered in addition and
the dose titrated based on the
level of alertness and sedation

scale.

Bolus fentanyl at a dose
of 100 pg to 24 patients.
Propofol was adminis-
tered in addition and the
dose titrated based on
the level of alertness and

sedation scale.

Duration of anesthesia,
duration of surgery, total
dose of propofol, hemo-

dynamic changes, sedation

and co-operation scores.

Ho et al. [18]; 2012, Taiwan

Consecutive patients undergoing diagnostic
esophagogastroduodenoscopy and colonoscopy
were included. Those who were < 20 years of
age, pregnant, ASA IV, history of allergies to
propofol, soy beans or eggs, chronic lung
disease, history of drug allergy or alcohol
abuse, seizure disorder, sleep apnea or history
of complications with previous sedation and
inability to provide informed consent were

excluded.

Alfentanil 0.5 mg with initial

bolus of propofol (0.5 mg/kg)

and dose titrated based on the
level of sedation to 129

patients.

Fentanyl 0.05 mg with
initial bolus of propofol
(0.5 mg/kg) and dose
titrated based on the
level of sedation to 131

patients.

Propofol dose, awake
time, recovery time, total
anesthetic costs and

hemodynamic parameters.

Takayama et al. [19]; 2012,

Japan

ASA /11 with age between 34 and 60 years
within 15% ideal body weight, scheduled to
undergo elective oral surgery or extraction of
impacted teeth or cystectomy or open reduction
of fractures or sequesterectomy or resection of
leukoplakia under total intravenous anesthesia.
Those with history of cardiac, pulmonary,
hepatic or renal disease or disabling neuropsy-

chiatric disorders were excluded.

Remifentanil infusion at a
dose of 0.3 pg/kg/min to 20
patients. Propofol was initi-

ated and the dose was ad-

justed based on the values of
BIS.

Fentanyl 3 pg/kg bolus
and 1 pg/kg every 30
minutes during surgery
to 20 patients. Propofol
was initiated and the
dose was adjusted based
on the values of BIS.

BIS, number of dots
missed, maximum dis-
tance of the dots missed
and average distance of
the dots missed, duration
of surgery and duration of

anesthesia.

Wilhelm et al. [20]; 2002,

Germany

Patients with ASA I-III scheduled for vertebral
surgery were included. Those with history of
cardiovascular or disabling central nervous
system disease, hypersensitivity to opioids or
substance abuse, pre-existing treatment with
opioids, any psychiatric medication, history of
difficult intubation or clinical signs of difficult

airway management were excluded.

Propofol 2 mg/kg with
remifentanil infustion at 0.5

png/kg/min to 12 patients.

Propofol 2 mg/kg with
fentanyl 1.5 pg/kg bolus
to 12 patients.

Time to drop syringe, time
for loss of eyelash reflex,
induction dose of propo-

fol, quality of induction of
anesthesia and hemody-

namic parameters.

Ahonen et al. [21]; 2000, Fin-
land

Patients undergoing coronary artery bypass
graft surgery were included. Those with left
ventricular ejection fraction of less than 40%,
significant valvular dysfunction, renal or liver
insufficiency, uncontrolled hypertension,
treatment with either cytochrome P450 induc-
ers or inhibitors, morbid obesity, anesthesia
duration of more than 6 hours and re-operation

were excluded.

Alfentanil 75 pg/kg and
sufentanil 0.75 pg/kg were
administered to independent
groups (20 each) along with
propofol 1-1.5 mg/kg.

Fentanyl 7.5 pg/kg with
propofol 1-1.5 mg/kg to
20 patients.

Total propofol dose, total
opioid dose, duration of
anesthesia, time taken for
shifting the patient from
intensive care unit to
ward, quantity of crystal-
loids administered and

hemodynamic parameters.

Coskun et al. [22]; 2010, Turkey

Patients with ASA I or II undergoing elective
septorhinoplasty were included. Those less
than 18 years or more than 65 years of age,

receipt of analgesics or sedatives in the past 24
hours, diastolic blood pressure > 100 mmHg or
systolic blood pressure < 100 mm Hg or signs

of bradyarrhythmia were excluded.

Remifentanil bolus at 1 pg/kg
followed by continuous
infusion at 0.15 pg/kg/min to
20 patients. Propofol infusion
was then commenced with a 3
ng/ml effect site concentra-

tion.

Fentanyl 3 pg/kg bolus
with continuous infusion
at 0.03 pg/kg/min to 20
patients. Propofol infu-
sion was then com-
menced with a 3 pg/ml

effect site concentration.

Onset and duration of
anesthesia, total doses of
propofol, fentanyl and
remifentanil, duration of
surgery and hemodynamic

parameters.

Del Gaudio et al. [23]; 2006,
Italy

Patients scheduled for elective supratentorial
craniotomy with Glasgow coma scale score of
15 with ASA I/II were included. Those who
had undergone prior craniotomy and those with
clinically serious pre-operative systemic

diseases were excluded.

Remifentanil 0.25 pg/kg/h to
20 patients. Propofol infusion
was initiated to achieve a
plasma level of 3 pg/mlin 15

minutes.

Fentanyl 2-3 pg/kg/h to
20 patients. Propofol
infusion was initiated to
achieve a plasma level
of 3 pg/ml in 15 min-

utes.

Hemodynamic parameters,
total doses of propofol,
fentanyl and remifentanil,
duration of anesthesia,
time for extubation and
time for responding after

completion of anesthesia.

ASA — American Society of Anesthesiologist; BIS — bispectral index.
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Yong-hu 2005

Fig. (2). Risk of bias of the included studies. Red circle with minus symbol indicates the absence of reporting that specific element while
green circle with plus symbol indicates the reporting of the same. (4 higher resolution / colour version of this figure is available in the elec-
tronic copy of the article).



122 Current Clinical Pharmacology, 2019, Vol. 14, No. 2

Remifentanil + propofol

Fentanyl + propofol

Mean Difference
1V, Fixed, 95% CI
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Mean Difference
IV, Fixed, 95% CI

Study or Subgroup Mean SD Total Mean SD Total Weight
Coskun 2010 905.6  287.1 20 1,399.8 508.1 20 0.5%
Del Gaudio 2006 1,925 94.7 20 2,371 87.3 20 10.8%
Haytural 2015 150 67.5 30 245 1125 30 15.6%
Manninen 2006 468 247 25 777 896 25  0.3%
Ryu 2008 279.5 61.4 15 2563 425 15 24.1%
Takayama 2012 957 258 20 830 274 20 1.3%
Wilhelm 2002 88.4 26 12 1248 3938 12 47.5%
Total (95% Cl) 142 142 100.0%

Heterogeneity. Chi’= 218.67, df= 6 (P < 0.00001); |*= 97%

Test for overall effect: Z= 8.05(P < 0.00001)

-494.20 [-749.97, -238.43]
-446.00 [-502.45, -389.55]
-95.00 [-141.95,-48.05]
-309.00 [-673.33, 55.33]
24.20 [-13.59,-61.99]
127.00 [-37.94, 291.94]
-36.40 [-63.30,-9.50]

-76.18 [-94.72, -57.64]

—_
-
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||
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Favours remifentanil Favours fentanil

Fig. (3). Forest plot of total propofol dose (mg) required to achieve general anesthesia when combined with either remifentanil and fentanyl.
A statistically significant decrease in the required total dose of propofol was observed with remifentanil than fentanyl to achieve general anes-
thesia. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

Remifentanil + prppofol

Study or Subgroup Mean

Fentanil +prppofol

Mean Difference

Mean Difference

SD Total Mean SD Total Weight IV, Fixed, 95%CI 1V, Fixed, 95%CI
Coskun 2010 4 3.2 20 32 23 20 3.0% 0.80[-0.93,2.53]
Wilhelm 2002 064  0.19 12 113 05 12 96.3% -0.49[-0.79,-0.19] B
Yong-hua 2005 10.5 4 15 10 55 15 0.7%  0.50 [-2.94,3.94]
Total (95% CI) 47 47 100.0% -0.44[-0.74, -0.15] <
Heterogeneity: ChP= 2.37, df= 2 (P = 0.31); I’= 16% 4 2 5 2 j‘
Test for overall effect: Z = 2.93 (P = 0.003) Favours remifentanil Favours fantanyl

Fig. (4). Forest plot of time taken for induction of anesthesia for remifentanil and fentanyl, in combination with propofol. A statistically
significant difference was observed in the time taken for inducing anesthesia for remifentanil combination with propofol than fentanyl
combination. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

Remifentanil + prppofol

Fentanil +prppofol

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95%CI 1V, Fixed, 95%ClI
Coskun 2010 4.6 2.9 20 6.7 2.6 20 24.7% -2.10[-3.81,-0.39] —

Del Gaudio 2006 5.8 1.6 20 105 1.7 20 68.8% -4.70[-5.72,-0.68] —

Takayama 2012 10 3 20 13 7 20 6.5% -3.00[-6.34,-0.34]

Total (95% Cl) 60 60 100.0% -3.95 [-4.80, -3.10] <D

Heterogeneity: Ch? =6.89, df =2 (P = 0.03); P=71% 4 2 5 2 Z
Test for overall effect: Z=9.12 (P < 0.00001)

Favours remifentanil Favours fantanyl

Fig. (5). Forest plot of eye opening time (in minutes) for remifentanil compared to fentanyl with propofol. Time taken for opening eyes was
found to be significantly lower with remifentanil when combined with propofol in comparison to fentanyl. (4 higher resolution / colour ver-

sion of this figure is available in the electroni

Remifentanil + prppofol

¢ copy of the article).

Fentanil +prppofol

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95%CI IV, Fixed, 95%CI
Coskun 2010 4.7 3.7 20 7.3 2.6 20 17.7% -2.60[-4.58,-0.62] T

Del Gaudio 2006 5.5 1.6 20 9.3 1.5 20 75.3% -3.80[-4.76, -2.84] =

Takayama 2012 14 4 20 17 6 20 7.0% -3.00[-6.16, 0.16] i

Total (95% CI) 60 60 100.0% -3.53 [-4.37, -2.70] -

Heterogeneity: Ch? = 1.26, df = 2 (P = 0.53);1 = 0% 4 2 5 2 i
Test for overall effect: Z = 8.30 (P < 0.00001)

Favours remifentanil Favours fantanyl

Fig. (6). Forest plot of extubation time for remifentanil in comparison to fentanyl combination with propofol. A statistically significant reduc-
tion in the time taken for extubation was observed with remifentanil in comparison with fentanyl in combination with propofol. (4 higher
resolution / colour version of this figure is available in the electronic copy of the article).

anesthesia when compared to fentanyl. Other favorable
pharmacological aspects of remifentanil include minimal
alteration of the pharmacokinetics, in patients with extremes
of age or renal or hepatic dysfunction and ease of drug ad-
ministration and titration [29]. Similarly, Kawano et al. [30]

have also shown that co-administration of remifentanil re-
duces the intra-operative blood loss significantly than fen-
tanyl. Despite having a better anesthetic profile, Beers et al.
have shown that the perioperative drug cost for remifentanil
was $§ 17.72 more than fentanyl [31]. However, cost-
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effectiveness data of the combination of opioid analgesics
with propofol is lacking.

The strength of this review is that this is the first system-
atic compilation and pooled analysis of the existing literature
regarding the use of opioids as adjuvants with propofol for
obtaining general anesthesia. However, the review was also
limited by the following: our search databases did not in-
clude EMBASE due to access constraints; dose variations in
the propofol and individual opioids were not accounted for;
due to paucity in the total number of studies with alfentanil
and sufentanil, valid estimates could not be obtained; and
most of the included studies had a high risk of bias in at least
one of the domains.

CONCLUSION

To conclude, we found that remifentanil has a statisti-
cally significant anesthetic profile than fentanyl when com-
bined with propofol. Scanty evidence for both alfentanil and
sufentanil precludes any such confirmation.
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