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Abstract
Comparisons between the Uses of Remifentanil and Fentanyl
in Coronary Artery Bypass Graft

: A Meta-Analysis of Randomized Controlled Trials

Sun-Kyung Park
Medicine, Clinical Medical Sciences
The Graduate school

Seoul National University

Objectives: The objective of this meta-analysis was to evaluate whether
remifentanil could reduce postoperative recovery time and improve intraoperative
hemodynamic stability in patients undergoing coronary artery bypass graft (CABG).
Search methods: We extensively searched randomized controlled trials comparing
remifentanil with fentanyl in patients undergoing CABG until May 2015 using the
electronic databases such as MEDLINE, CINAHL, EMBASE, CENTRAL of
Cochrane Library, Web of Science, and KoreaMed.

Selection criteria: We included randomized controlled trials (RCTs) comparing
remifentanil with fentanyl for adult patients undergoing CABG.

Data collection and analysis: Two review authors independently assessed study
quality and extracted the data. Continuous variables were presented as standardized
mean differences (SMDs) with 95% confidence intervals (CIs) and dichotomous

variables as risk ratios (RRs) with 95% Cls. Assessments for statistical heterogeneity



and publication bias, and sensitivity analyses were performed.

Results: Our meta-analysis showed that remifentanil was associated with reduced
postoperative mechanical ventilation time compared with fentanyl [SMD (95% CI) -
0.46 (-0.88, -0.05), P = 0.03, 12=91%, n = 1309 in 9 RCTs] but there were no
significant differences in the lengths of intensive care unit and hospital stay.
Although intraoperative heart rate and cardiac index were comparable between the
remifentanil and fentanyl arms, mean blood pressure was significantly lower at
tracheal intubation [SMD (95% CI) -0.35 (-0.62, -0.08), P = 0.010, I = 61%, n =
709 in 9 RCTs] and at the sternotomy [SMD (95% CI) -0.53 (-0.69, -0.36), P <
0.00001, 1> = 0%, n = 593 in 7 RCTs]. The incidence of postoperative hypotension
was also higher in the use of remifentanil [RR (95% CI) 2.25 (1.47, 3.42), P =
0.0002, 1> = 9%, n = 912 in 3 RCTs]. The incidences of postoperative atrial
fibrillation, myocardial ischemia, and nausea or vomiting were comparable between
the two arms.

Conclusions: Our meta-analysis showed that the use of remifentanil decreased
postoperative mechanical ventilation time in patients undergoing CABG as
compared with fentanyl. However, because the use remifentanil may have a higher
risk of lower blood pressure, care should be taken to avoid the inadvertent

hypotension during the perioperative period of CABG.

Keywords: remifentanil; coronary artery bypass; fentanyl; meta-analysis;
Respiration, Artificial, Intensive Care Units, Length of Stay, Arterial Pressure

Student Number: 2014-22205



Contents

ADSITACT ..ottt enee s I
(000 01 (=] 01 1T TP TP UPRPPRTOTRRPPN ii
List of Figures and TabIes ..o 1\
INTFOTUCTION .ottt nre s 1
METNOAS ...ttt nne s 3
RESUIES ...t ns 6
D oW 5] o] OSSR 23
(OF0] 0 od (113 [0 o OSSPSR 25
RETEIENCES ...ttt re et nne s 26
T I ettt r 31
iii . |



List of Figures and Tables

Figures
Figure 1.Flow diagram of study SEIECLION ........cecveieiicc e 7
Figure 2.Risk 0f Dias SUMMAIY .......covoiiiiiiiiie s 14

Figure 3.Risk of bias graph showing the proportion of the judgment of the risk of bias in

LT 1ol 11 [0 0T V1 OSSO 15
Figure 4.Forest plot for duration of mechanical ventilation.............ccccooevvininiininniieen 18
Figure 5.Forest plot for the length of ICU Stay ........cccccveiviiiiie e 18
Figure 6.Forest plot for the length of hospital stay ..........ccccccveiiiiiiie v 18

Figure 7.Forest plot for mean blood pressure at tracheal intubation, surgical incision,
sternotomy, chest closure, and end OF SUFGEIY. ..o 19
Figure 8.Forest plot for heart rate at tracheal intubation, surgical incision, sternotomy, chest
closure, and €N OF SUMGEIY. ....ccvi ettt be e eraesreas 20
Figure 9.Forest plot for cardiac index at tracheal intubation, sternotomy, chest closure, and
LT a0 o) TN =] Y USSR 21

Figure 10.Forest plots for postoperative adverse events such as hypotension, atrial fibrillation,

myocardial ischemia, and Nausea or VOMItING. ......ccviiriiiiniiieese e 22
Tables
Table 1.Characteristics of included randomized controlled trials. .........cc..ccocvevvviiieeennnne 9-12
v
P ol



Introduction

Coronary artery bypass graft (CABG) is the mainstay of treatment for severe
coronary artery diseases.” In the anesthesia for CABG, maintaining hemodynamic
stability is strongly required because the patients undergoing CABG have a high risk
of postoperative major adverse cardiac and cerebrovascular events.”? Moreover,
endocrine stress reactions induced by inflammation may increase postoperative
morbidity and mortality,® thus attenuation of neurohumoral responses is crucial for
anesthesia of CABG.*

Fentanyl is one of most common opioids used for anesthetic maintenance and
postoperative analgesia of cardiac surgery.” Fentanyl is used as an adjuvant for
intravenous or inhalational anesthesia, reducing hormonal and metabolic responses
to perioperative stress. However, its use for the long perioperative period of cardiac
surgery may prolong the duration of postoperative recovery.®

Remifentanil is an ultra-short-acting opioid metabolized by plasma
cholinesterases, thus, it has characteristics of rapid onset and short duration
compared with other opioids.* Titrating the dose of remifentanil is relatively ease, so
it seems beneficial to maintain intraoperative hemodynamic stability and to shorten
recovery period after CABG.* However, remifentanil may cause some adverse
events such as intraoperative hypotension’ or postoperative hyperalgesia,® thus
usefulness of remifentanil in anesthesia of CABG seems to be controversial.

Therefore, we performed this systematic review and meta-analysis of

randomized controlled trials (RCTs) to extensively investigate whether remifentanil



has a benefit in reducing postoperative recovery time and maintaining intraoperative

hemodynamic stability in patients undergoing CABG compared with fentanyl.



Methods

This systematic review and meta-analysis was performed depending on a pre-
specified protocol that outlined the aim, search strategy, eligibility criteria, data
extraction strategy, and statistical analysis. The protocol was registered in
PROSPERO (Registration number, CRD42015025268). The reporting of this review
was in accordance with the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses Statement.’

Selection Criteria

We included any RCTs comparing the uses of remifentanil and fentanyl in adult
patients undergoing CABG. We included both off-pump CABG and on-pump
CABG. We did not restrict kind of other anesthetic drugs (inhalational or
intravenous) and type (bolus or continuous) or timing (anesthetic induction,

maintenance, and recovery) of study drug administration.

Search Strategy

We searched RCTs comparing the uses of remifentanil and fentanyl during the
perioperative period of CABG until May 2015 using electronic databases of
MEDLINE, CINAHL, EMBASE, CENTRAL of Cochrane Library, Web of Science,
and KoreaMed using several keywords such as CABG, remifentanil, and fentanyl.
We also searched additional electronic databases including IndMED, LILACS,
IMSEAR, WPRIM, IMEMR, SciELO. Moreover, we searched ClinicalTrials for

ongoing clinical trials, and proceedings of relevant anesthetic conferences such as

3



American Society of Anesthesiologists, European Society of Anaesthesiology,
Korean Society of Anesthesiologists, and Korean Society of Cardiothoracic and
vascular Anesthesiologists from 2000 to 2015. In addition, we performed backward
snowballing by scanning of references of retrieved articles. We did not restrict

language, date, or location of publications.

Study Selection
Two investigators independently examined titles and abstracts of the retrieved
articles according to the selection criteria. Differences in the selection between the

two investigators were resolved by discussion or consultation to another investigator.

Data extraction

Two investigators extracted data regarding patients characteristics, study design,
anesthetic and surgical managements, and clinical outcomes. The primary endpoint
was the duration of postoperative mechanical ventilation. Secondary endpoints were
lengths of intensive care unit (ICU) and hospital stay, intraoperative mean arterial
blood pressure (MBP), heart rate (HR), cardiac index (CI) in various time points.
We also extracted any data with regard to perioperative adverse events such as

hypotension, arrhythmia, myocardial ischemia, and nausea or vomiting.

Assessment of risk of bias

We assessed the quality of each study by using the Cochrane Collaboration’s risk of

bias tool with seven domains: random sequence generation, allocation concealment,



blinding of participants and personnel, blinding of outcome assessments, incomplete
outcome data, selective reporting, and other bias. Each domain was graded with high,
low or unclear risks. If the studies have domains of high risk of bias, sensitivity

analyses were conducted to evaluate the effects of the study on the pooled results.

Data synthesis and analysis

Data synthesis and analysis were performed using RevMan 5.3 (Cochrane
Collaboration, Oxford, UK). Dichotomous outcomes were presented as risk ratios
(RR) with 95% confidence intervals (Cls) and continuous outcomes as standardized
mean differences (SMDs) with 95% Cls. Considering the potential heterogeneity
among the included studies, data were combined using the random-effects model.
Statistical heterogeneity was assessed using the 12 statistic and chi-squared test.
Sensitivity analysis was conducted to the studies with high risk of bias or poor
quality of data. Publication bias was evaluated with funnel plots and Egger’s test.'
Statistical significance was determined with two-tailed P-value = 0.05 for the null-

hypothesis testing and with P-value = 0.10 for heterogeneity testing.



Results

Search results

We retrieved 2428 articles via the literature search and excluded 1153 duplications,
and 1220 articles because they were not eligible by reviewing titles and abstracts.
Afterward, we checked full-texts of 55 eligible studies and 49 studies were excluded
by various reasons (Fig.1). Further searching and screening for proceedings of
anesthesia conferences yielded additional 9 studies, thus 15 RCTs were finally

included in our analysis (Fig. 1).



)
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Figure 1.Flow diagram of study selection.
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Characteristics of included studies

The 15 included studies randomized 1635 patients into the remifentanil arm (n = 776)
and the fentanyl arm (n = 859). Five studies clearly described the type of surgery as
off-pump CABG™ ** or on-pump CABG,* ' put ten studies™?* reported only
CABG without describing its specific type. Dose and administration type of

remifentanil and fentanyl were various among the included studies (Table 1).



Table 1. Characteristics of included randomized controlled trials.

Study ID Interventions  Drug dosage Period of study  Age Type of Premedication Induction Maintenance drugs
(No. of drug (years) surgery (route) drugs
patients) administration
Askin 2013 Remi (20) Remi 1 ug/kg + Induction~end of ~ 52+12 OPCAB diazepam 10 mg midazolam Midazolam
0.1-1 ug/kg/min surgery (oral), morphine 0.1-0.15 mg/kg  maintenance
0.1-0.15 mg/kg infusion 0.4-1
FTN (20) FTN 10-15 58+15 (IM) pg/kg/min
mcg/kg + 0.1-1
ug/kg/min
Bedirli 2007  Remi (25) Remi 3mcg/kg +  Before 6310 on pump ranitidine midazolam Not described
1mcg/kg/min intubation~ CABG 150mg*2(oral), 0.15mg/kg
maintenance diazepam
FTN (25) FTN 10mcg/kg + 59+12 10mg(oral),
5meg/kg/h morphine
5mg(IM)
cheng 2001 Remi (150) Remi before 63110 on pump midazolam 1- PPF 0.5mg/kg  (after intubation~at
Imcg/kg/minand  intubation~ CABG 3mg(1V), +10mg bolus the end of CPB)
titrated continued until morphine every 10s until  isoflurene end-tidal
FTN (154) FTN 10mcg/kg patients were 63+10 0.05mg/kg(1V) LOC conc. 0.5% + (from
settled in ICU rewarming~) PPF
initial rate of 2
mg/kg/h and titrated
Gurbet 2004  Remi (25) Remi from 58.2+2.6 OPCAB morphine TPT 3mg/kg 2% SEVO in 40%
0.05mcg/kg/min,  immediately after 0.1mg/kg (IM) fentanyl oxygen
0.5mcg/kg bolus  the completion of 5mcg/kg
FTN (25) FTN 1mcg/kg/h,  the surgery 60.5+2.3
10mcg bolus
Howie 2001 Remi (150) Remi 1Imcg/kg +  Induction ~ at 63+10 elective midazolam 1-3mg PPF 0.5mg/kg Isoflurane at a
1mcg/kg/min ICU CABG (1V), morphine + additional concentration of




FTN (154) FTN 10mcg/kg + 63110 0.05mg/kg (1V) bolus of 10mg  0.5% end-tidal
normal saline of PPF iv were
infusion given every
30s until LOC
Knapik 2006  Remi (20) Remi before intubation ~ 57.2+6.1 CABG midazolam (oral)  etomidate isoflurane initial
0.5mcg/kg/min ->  ~ during 0.2mg/kg + 1%  concentration of 1%,
0.25 pg/kg/min operation isoflurane then adjusted within
FTN (20) FTN Spg/kg  -> 54.448.1 the range of 0.6% to
2.5mcg/kg/h 1.5%
Maddali Remi (58) (intraop) Remi after induction of  57.3+7.6 CABG midazolam TPT 1- PPF 2-5 mg/kg/hr
2006 Imcg/kg/min + anesthesia ~ on 0.15mg/kg(oral) 1.5mg/kg +
(postop) FTN transfer to the midazolam
bolus 1mcg/kg PCSU, 0.05-0.1mg/kg
discontinued +FTN 1-
. . . 3mcgl/kg
FTN (59) (intraop) FTN after induction of  57.8+8.9
0.025- anesthesia ~ until
0.15mcg/kg/min meet weaning
+ (postop) FTN criteria
0.25-
1.5mcg/kg/hr
FTN + postop  (intraop) FTN On transfer to the  53.418.6
diclofenac bolus 2mcg/kg PCSU, and
(59) (total < 20 repeated after 12
mcg/kg) + hours
(postop)
diclofenac 75mg
* 2 times
Mekis 2004 Remi (27) 1. Remi during induction ~ 61.3+8.7 CABG midazolam midazolam PPF 4.5 mg/kg/h
0.5mcg/kg/min-> 10mg(oral) 2mg + pofol
(after intubation) 6mg/ka/h
0.3 pg/kg/min
FTN (27) 2. FTN 5mcg/kg 60.5+9.9
10 = 3



Mollhoff Remi (172) 1. Remi placebo before 62+8.8 Elective diazepam midazolam PPF maintenance
2001 loding + Remi intubation~until CABG 10mg(oral) + 0.05mg/kg + infusion 3mg/kg/h
1mcg/kg/min meet weaning Midazolam 0.05 PPF 0.5mg/kg
FTN (149) 2. FTN 15mcg/kg  criteria 63+8.4 mg/kg (1V) + PPF infusion
loading + placebo 3mg/kg/h
infusion + FTN
bolus 2mcg/kg, if
needed
myles 2002 Remi (29) Remi 0.83 Induction~end of  64+7.5 Elective temazepam PPF 8 mg/kg/h  PPF infusion 5
ug/kg/min surgery CABG 10mg(oral) + mg/kg/h, then
morphine dosage adjustements
low dose FTN  (induction) FTN induction, and 61+10 5mg(IM) were standardized by
(24) 8 ug/kg + (before  before porpofol
sternotomy) FTN  sternotomy
4 ug/kg + saline
placebo infusion
high dose (induction) FTN induction, and 62+7.6
FTN (24) 16 ug/kg + before
(before sternotomy
sternotomy)FTN
8 ug/kg + saline
placebo infusion
Nasiri 2010 Remi (24) 1. Remi 5 mcg/kg during induction ~ 66+5.7 CABG Not reported Not reported not described
FTN (17) 2. FTN 8 mcg/kg 65+4.8
routine FTN 3. routine FTN 65.7£6
(23)
von Dossow Remi (15) Remi 0.3-0.6 after 6615.9 elective flunitrazepam 1- midazolam 1- SEVO1.0-2.0
2008 pa/kg/min induction~until CABG 2mg(oral), 4mg, fentanyl vol%
2hr after ICU midazolam 0.07-  4-7mcg/kg,
arrival 0.1mg/kg(oral) etomidate
FTN (18) FTN 5-7 pg/kg/h  after 6518.9 0.15-0.3mg/kg
induction~end of
surgery
11 3 ~



wang 1999 Remi (20)

FTN (20)
Winterhalter  Remi (21)
2008

FTN (21)
Zeydanoglu Remi (20)
2005

FTN (20)

Remi 0.5mcg/kg
+

0.025mcg/kg/min
+ SEVO 5%-
>3%

FTN 10.5mcg/kg
+ etomidate
0.2mg/kg +
isoflurane 1%

(induction) FTN
8mcg/kg +
(intaop) Remi
0.25 mecg/kg/min
+ (at
sternotomy) remi
bolus 0.3mcg/kg
(induction) FTN
8mcg/kg +
(intraop) FTN 4
mcg/kg bolus
every 30 min
Remi 1mcg/kg ->
0.1-
0.4mcg/kg/min
FTN 7-10mcg/kg
->1-
2mcg/kg/min

during induction

after induction~
during surgery

induction~during
maintenance

61+8

6310

55.15+6.96

61.45+7

elective lorazepam 2-
CABG 4mg/kg

elective midazolam(oral)
on-pump

CABG

CABG Not reported

SEVO 5%-
>3%

etomidate
0.2mg/kg + 1%
isoflurane

PPF 10mg/kg/h
+ FTN 8mg/kg

etomidate

sevo 2%

isoflurane 1%

SEVO end-tidal
concentration of 1
2% (stopped during
CPB) + (During
CPB) PPF infusion
3-5 mg/kg/h

SEVO

Data of patient age are shown as mean + SD.

Remi = remifentanil, FTN=fentanyl, CABG=coronary artery bypass graft, OPCAB=off-pump CABG, intraop=intraoperative,

postop=postoperative, SEVO=sevoflurane, PPF=propofol, TPT=thiopental, CPB=cardiopulmonary bypass, LOC=loss of consciousness
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Assessment of risk of bias

Risk of bias evaluation revealed that methodological quality of included trials was
relatively moderate (Fig 2; Fig 3). We could not assess the risk of bias in two
RCTs* #* owing to the lack of data regarding the methodological detail. Thirteen

311-2022 23

studies were evaluated as low risk of bias in most of the domains (Fig 2).

Sensitivity Analysis

172123 24

A sensitivity analysis excluding four studies that had unclear blinding risk

showed no significant difference in the summary effect size with overlapping 95%

2124 that had the unknown

Cls. Another sensitivity analysis excluding two studies
risk of bias also showed a similar treatment effect with overlapping 95% Cls.

Therefore, the inclusion of these studies did not bias the pooled results significantly.

13
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Quantitative Data Synthesis

Postoperative recovery times

A meta-analysis of 9 RCTs showed that the use of remifentanil was associated with

a significant reduction in the duration of mechanical ventilation [SMD (95% ClI) -

0.46 (-0.88, -0.05), P = 0.03, 1> = 91%, n = 1309 in 9 RCTs] (Fig 4).3 1114 151719202224
However, no difference was found in the length of ICU stay [SMD (95% ClI) -

0.09 (-0.32, 0.14), P = 0.45, I> = 72%, n = 1359 in 10 RCTs] (Fig 6, Fig 7)°* Y

19202224 and hospital stay [SMD (95% CI) -0.01 (-0.19, 0.17)], P = 0.92, 1 = 47%, n

= 1056 in 6 RCTs] (Fig 5, Fig 6).213° 192

Intraoperative vital signs

Our meta-analyses showed that the use of remifentanil was associated with lower
MBP after tracheal intubation [SMD (95% CI) -0.35 (-0.62, -0.08), P = 0.010, I° =
61%, n = 709 in 9 RCTs]*! 131216 1820212324 5 sternotomy [SMD (95% CI) -0.53 (-
0.69, -0.36), P < 0.00001, 1> = 0%, n = 593 in 7 RCTs]> 1 131°16 2024 35 compared
with fentanyl (Fig. 7). There were no significant difference in MBP at surgical
incision, chest closure, and end of surgery (Fig.7).

There was no evidence of differences in heart rate between remifentanil and

31113 15 16 18-21 23 24 11 1516 19 24

fentanyl at tracheal intubation, at surgical incision, at

31113151619 20 24 11131516 19 20

sternotomy, at chest closure, and at the end of surgery

H 11131516 19 20 24
(F|98)3 3151619 20

In addition, there was no evidence of differences in intraoperative cardiac index

at several time points between remifentanil and fentanyl (Fig 9). No differences

16



13 16 20 13 16 20 16 20

were noted at tracheal intubation, at sternotomy, at chest closure,

and at the end of surgery.***®

Postoperative adverse events

1112 14 1519 20

Six studies reported various adverse events. A meta-analysis of three

14 15 19

studies showed higher incidence of postoperative hypotension, which was

defined as systolic blood pressure lower than 80 mmHg for more than 1 s, in the
remifentanil arm as compared with the fentanyl arm [RR (95% CI) 2.25 (1.47, 3.42),

P =0.0002, 1> = 9%, n = 912 in 3 RCTs)] (Fig 10).** ** ** There were no significant

differences in the incidences of other adverse events such as atrial fibrillation,°

1419 20 11121419

myocardial ischemia and nausea or vomiting (Fig.10).
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Remifentanil Fentanyl Std. Mean Difference Std. Mean Difference
Study or Subaroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random., 95% CI
Zeydanoglu 2005 279.5 1916 20 41125 178 20 3T7% -7.81 [9.35,-59.67] —
Asgkin 2013 380 192 20 618 222 20 10.3% -1.08[F1.74,-0.41] -
‘Winterhalter 2008 240 182 21 418 212 21 1048% -0.88 [1.582,-0.29] -
von Dogsow 2008 405 2487 14 450 263 18 101% -0.17 [-0.86, 0.51] -
hhyles 2002 438 348 29 486 3408 48 12.0% -0.14 [-0.60, 0.32] -
Cheng 2001 216 912 150 223 444 154 135% -0.01 [-0.23,0.22] T
Howie 2001 216 918 150 223 444 1584 135% -0.01 [-0.23, 0.22] T
Mallhoff 2001 306  TB 145 262 300 148 1348% 010013, 0.33] il
Maddali 2006 B47 273 58 542 3588 118 130% 0.35[0.03, 0.66]
Total {95% CI) 608 701 100.0% -0.46 [-0.88, -0.05] +
Heterogeneity: Tau?= 0.32; Chi*= 86.83, df= 8 (P = 0.00001); F= 81% 10 5 t

Testfor overall effect: Z= 218 (P = 0.03)

Favours [Remifentanil] Favours [Fentanyl]

Figure 4. A forest plot for the duration of mechanical ventilation.

Remifentanil

Study or Subgroup  Mean SD Total Mean SD Total Weight

Zeydanogly 2005 33.15
von Dogsow 2008 49
Eedirli 2007 408
Maddali 2006 B0
Howie 2001 16.8
Winterhalter 2008 el
Myles 2002 23
Cheng 2001 26.4
Maollhoff 2001 26.4
Askin 2013 207

Total (95% CI)

Std. Mean Difference

IV, Random, 95% Cl

5td. Mean Difference

o+

IV, Random, 95% Cl

Fentanyl

4.04 20 3865 413 20 6.3%
141 15 TS §1.9 18 6.5%
28.8 25 504 264 25 8.3%
M2 58 624 396 118 124%
408 150 192 456 154 140%
38 21 2113 1 TI%
141 29 225 126 43 9.8%
456 150 24 408 154 14.0%
4008 145 M6 24 148 139%
6.5 20 146 67 20 T.0%

633 T26 100.0%

Heterogeneity Tau®= 0.08; Chi*= 3227, df= 9 (P = 0.0002); F= 72%
Testfor overall effect; Z= 0.75 (F = 0.48)

-1 56 |2.28,-0.84]
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0.09 [0.32, 0.14]

Figure 5. A forest plot for the length of ICU stay.

Std. Mean Difference

IV, Random, 95% CI
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Favours [Remifentanil] Favours [Fentanyl]

5td. Mean Difference

Remifentanil Fentanyl
Study or Subgroup  Mean SD Total Mean SD Total Weight
hyles 20032 49 21 29 58 12 43 111%
Winterhalter 2008 9 2 21 10 23 1 T.3%
Cheng 2001 5 10 150 49 76 154 247%
Howie 2001 44 102 150 4 32 154 247%
Maollhoff 2001 69 B8 139 B4 145 140 239%
Bedirli 2007 88 29 25 T4 26 25 BI%
Total (95% CI) 514 542 100.0%

Heterogeneity: Tau®= 0.02; Chi*=9.36, df= 5 (P=0.10); F= 47%
Testfor overall effect Z=0.10(F = 0.92)

-0.46 0,82, 0.01]

IV, Random, 95% CI

|

-0.46 [1.07, 0.16]
0.01 [0.21,0.24]
0.05[-0.17,0.28]
0.07 [0.16,0.31]
0.50 [-0.06, 1.08]

0.01[.0.19, 0.17]
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Figure 6. A forest plot for the length of hospital stay.
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Remifentanil Fentanyl Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Tofal Weight IV, Random. 95% CI IV, Random, 95% Cl
14.4.1 Tracheal intubation

Knapik 2008 91.4 128 200 857 20 20 9.2% -0.83F1.48,-0.18]

Eedirli 2007 B1 ] 248 71 15 25 10.3% -0.80F1.37,-0.27]

Mekis 2004 733 1648 27 BB.Z2 205 27 10.8% -0.69[-1.24,-0.14]

hyles 2002 62 9 249 0 134 43 12.2% -066[-1.14,-0.19]

Masgiri 2010 7r1B 24 B9 237 a0 11.4% -0.58 [-1.10,-0.08]

Howyie 2001 TaE .1 150 FYE 178 154 1T4% -0.11 [-0.34,0.11] T

Agkin 2013 933 333 20 833 332 20 9h% 0.00 [F0.62, 0.62] T
Wiang 1999 799 171 0 771 142 20 9.6% 0.17 [-0.45, 0.680] —
Zeydanaogly 2005 4449 134 0 948 17 20 4.5% 0.32[0.31,0.94] -
Subtotal {95% CI) 335 374 100.0% -0.35[-0.62, -0.08]

Heterogeneity: Tau®= 0.09; Chi*= 2027, df=8 (P=0.009); F=61%
Test for overall effect Z=258 P=0.010)

14.4.2 Surgical incision

Howie 2001 90 133 180 956 178 154 305% -0.991.23,-0.79]
Agkin 2013 o 14 20 92 22 20 229% -0.64 [-1.27,-0.00]
Knapik 2008 100 187 20 100 187 20 23.3% 0.00[0.62, 0.62] —
Zeydanoglu 2005 499 17 0 B89 17 20 233% 0.00[0.62 0.62] —
Subtotal (95% CI) 210 214 100.0% -0.45[-1.02,0.12]

Heterogeneity: Tau®= 0.26; Chi*=15.22, df= 3 (P=0.002), F=280%
Test for overall effect Z=155(FP =013

14.4.3 Sternotomy

Knapik 2006 9249 11.4 20 101.4 157 0 BT -0.61 [1.24,0.03]

Myles 2002 7510 24 82 13 43 12.21% -0.58 [-1.05,-0.11]

Haowie 2001 TAE 133 150 B44 178 154 515% -0.56 [-0.79,-0.33]

Bedirli 2007 74 16 i 2220 25 A% -0.48 [-1.08,0.07] T
Agkin 2013 g8 14 20 94 19 20 B.8% -0.47 [1.10,0.1€] T
Zeydanoglu 2005 ge8 17 20 1074 17 20 B69% -0.43[-1.06,0.20] T
Winterhalter 2008 e 12 21 & n 21 T.3% -0.34 [-0.95,0.27] T
Subtotal (95% CI) 285 308 100.0% -0.53 [-0.69, -0.36]

Heterogeneity, Tau®= 0.00; Chit= 0.67, df= 6 (P = 1.00); F= 0%
Test for overall effect: Z=6.28 (P = 0.00001)

14.4.4 Chest closure

B ‘HH*H W MHH

Myles 2002 66 8 28 71 B5 48 355%  -057 F1.04,-0.10]

Huowie 2001 733 133 150 786 111 154 333% 019 [-0.41,0.04]

Knapik 2006 764 BB 20 757 86 20 209% 0.08 [0.54, 0.70] -—

Askin 2013 85 248 20 711 111 20 203% 0.71[0.07,1.35] —
Subtotal (95% CI) 219 242 100.0%  -0.05[-0.48,0.38] ~—

Heterogeneity: Tau®=0.13; Chi*=10.59, df= 3 (P=0.01); F=72%
Testfor overall effect: Z=0.22 (P = 0.83)

14.4.5 End of surgery

Eedirli 2007 Bg 11 25 TE 12 25 1656% -0.60F1.17,-0.03] -
Howie 2001 711 11 150 T5E 111 154 ITT% -0.40F0.63,-0.18] =
Winterhalter 2002 | 13 Al TN 21 14.5% -0.33[-0.94,0.28] e R
Knapik 2006 TE4 86 0 75T B4 20 14.2% 0.09[0.583 0.71] N I —
Askin 2013 85 248 20 80 16.8 200 141% 0.23 [-0.39, 0.685] -
Zeydanoglu 2005 825 48 20 78F 112 20 14.0% 0.42[-0.21,1.04] T
Subtotal (95% CI) 256 260 100.0% -0.15 [-0.46, 0.16] -
Heterogeneity: Tau®= 0.08; Chi*=11.07, df=5 (P=0.05); F=55%
Test for overall effect: Z=0.94 (P=0.35)

k1 y i

emife - - "
Testfor subaroun differences: Chi*=7.51. df= 4 (P=0.11). F= 46.7% Favours [Remifentanil] Favours [Fentanyl

Figure 7. Forest plots for mean blood pressure at tracheal intubation, surgical

incision, sternotomy, chest closure, and the end of surgery.
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Remifentanil Fentanyl Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total VWeight IV, Random, 95% CI IV, Random, 95% CI
14.5.1 Tracheal intubation
Knapik 2006 71 11 20 |on 20 B.6% -0.62 [-1.26,0.01]
Eedirli 2007 61 12 25 B9 16 29 TI% -0.86[-1.12,0.01] - ]
Mekis 2004 B0.2 11.2 a7 66 131 27 2.1% -0.47 [-1.01, 0.07] e
Askin 2013 733 T3 20 756 144 20 6.8% -0.20[-0.82 0.43] - 1
Wang 1999 B1.2 15 0 637 137 20 6.9% -0A7 [-0.79, 0.45] - T
Winterhalter 2002 55 8 Al a6 12 1 TA% -0A0 070, 0.51] I E—
hiyles 20032 B5 12 28 655 117 48 97% -0.04 [-0.50, 0.43] - T
Howie 2001 578 111 150 578 111 154 158% 0.00[-0.22,0.23] -
Mollhaff 2001 667 14 1458 644 14 149 158% 0.16 [-0.06, 0.39] T
Zevydanoglu 2005 901 15.2 20 8.8 1582 20 6.7% 0.54 F0.10,1.17] 0
MNasiri 2010 954 1.7 24 779 127 40 6% 0.60[0.08,1.12] e —
Subtotal (95% CI) 504 544 100.0% -0.05 [-0.25, 0.16] <
Heterogeneity: Tau®= 0.05; Chi*=21.01, df=10(P=0.02); F=52%
Testfor overall effect: 2= 0.44 (P = 0.66)
14.5.2 Surgical incision
Knapik 2006 71 12 20 a4 16 20 13.0% -0.801.65,-0.25] -
Askin 2013 B6T T3 20 639 11.7 20 138% -0.22[-0.84, 0.40] - 1
Howie 2001 856 111 150 556 1141 154 299% 0.00[0.22,0.23] ——
Mollhoff 2001 B6T 276 148 644 27T 149 298% 0.08[0.14,0.31] —
Zeydanoglu 2005 734 1512 20 65 152 20 136% 0.54 [-0.08,117] 0
Subtotal (95% CI) 358 363 100.0% -0.05 [-0.34, 0.24] -

Heterogeneity: Tau®= 0.06; Chi*=11.11, df=4 (P=0.03); F= 64%

Test for overall effect Z=033 P =074

14.5.3 Sternotomy

Askin 2013 B7 8 20
Winterhalter 2002 54 B 21
Knapik 2006 7413 20
yles 2002 Ba 10 29
Eedirli 2007 B5 14 25
Wollhoff 2001 B6T 14 148
Howie 2001 878 133 150
Feydanoglu 2005 T84 1872 20
Subtotal {95% CI) 433

12 0 92%
16 21 9.9%
15 20 97%
115 43 131%
126 28 11.2%
14 148 18.4%
133 1584 185%
112 20 499%
457 100.0%

Heterogeneity: Tau®= 0.08; Chi*= 2170, df= 7 (F=0.003); F= 8%

Test for overall effect: Z=1.71 (P =0.09)

14.5.4 Chest closure

Bedirli 2007 g4 22 25 88 20 25 B.2%
Myles 2002 83 16 29 855 117 43 9.0%
Knapik 2006 a0 13 20 91 10 20 5.0%
Howie 2001 822 146 150 8332 1332 154 38.0%
Mollhoff 2001 867 14 148 844 14 149 37.0%
Askin 2013 75 6.8 20 711 114 20 4.9%
Subtotal (95% CI) 392 416 100.0%
Heterogeneity: Tau®= 0.00; Chi*= 4.32, df= 5 (P = 0.500; = 0%

Test for overall effect: 7= 069 (P = 0.49)

14.5.5 End of surgery

Knapik 2006 88 14 20 93 10 20 69%
Zeydanoglu 2005 1034 11.2 20 1084 152 20 69%
Maollhoff 2001 822 137 148 644 14 149 262%
Winterhalter 2008 g8 14 21 90 12 2 T3%
Howie 2001 822 156 150 822 133 154 265%
yles 2002 76 18 29 T3 146 43 11.2%
Eedirli 2007 90 22 25 82 20 29 2.3%
Askin 2013 783 1041 20 733 1A 20 6.8%
Subtotal (95% CI) 433 457 100.0%

Heterogeneity: Tau®= 0.02; Chi®=9.88, df=7 (P=0.19); F=30%

Test for overall effect Z=0.18 (P = 0.85)

Testfar subaroun differences: Chi*= 3.49. df = 4 (P = 0.48). F= 0%

115 11.83,-0.48]
-0.73 F1.36,-0.10]
-0.70 F1.34, -0.08]
-0.23 [0.69,0.24]
-0.08 [0.63, 0.45]
0.00 [0.23,0.23]
0.00 [0.22,0.23]
048015, 1.11]
0.24 [-0.51, 0.03]

019 [0.74,0.37]
-0.18 [-0.65, 0.29]
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0.00 [0.22,0.23]
016 [-0.06, 0.39]
042 [0.21,1.04]
0.05[-0.09, 0.19]

-0.40[1.03,0.22]
-0.37 [0.99, 0.26]
-0.16 [0.39, 0.07]
-0.15 [-0.76, 0.48]
0.00[-0.22,0.22]
0.18 [-0.28, 0.64]
0.37 [0.19,0.93]
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Figure 8. Forest plots for heart rate at tracheal intubation, surgical incision,

sternotomy, chest closure, and the end of surgery.
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Remifentanil Fentanyl Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SO Total Mean SO Total Weight IV, Random, 95% CI IV, Random, 95% Cl
14.6.1 Tracheal intubation
Myles 2002 24 05 29 26 05 48 379% -0.40 [-0.86, 0.07] —
Bedirli 2007 26 08 a5 28 04 25 328% -0.30 [-0.85, 0.26] —
Knapik 2008 22 04 20 204 200 293% 0.43[-0.19,1.06] I
Subtotal (95% CI) 74 93 100.0% 0.12 [-0.60, 0.36] ~alip-
Heterogeneity: Tau?= 0.10; Chi*= 4 64, df= 2 (F= 010, F= 57%
Testfor overall effect Z= 049 {P =063
14.6.2 Sternotomy
Bedirli 2007 26 05 25 28 03 25 328% -0.48 [-1.04, 0.049] — =
Myles 2002 24 04 29 26 05 48 370% -0.43 [-0.89, 0.04] —a—
Knapik 2008 24 04 20 12 04 200 301% 0.43[-0.19, 1.06] T
Subtotal (95% CI) 74 93 100.0% 0.18[-0.72,0.35] —a—
Heterogeneity: Tau== 0.15; Chit= 5.70, df= 2 (P = 0.06); F= 65%
Testfor overall effect: Z= 067 {F=0.50)
14.6.3 Chest closure
Knapik 2006 3oy 20 28 04 20 356% 0.32 [-0.30, 0.85] I e —
Wyles 2002 307 29 25 05 48 BL4% 0.34 [0.12, 0.80] -——
Subiotal {95% CI) 49 68 100.0% 0.33 [-0.04, 0.71] g
Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 {F = 0.96); P=0%
Testfor overall effect: Z=1.75 (P =0.08)
14.6.4 End of surgery
Bedirli 2007 29 08 i 248 02 25 498% -1.69[2.34,-1.04] —
knapik 2006 28 04 20 29 04 20 502% 0.00 [-0.562, 0.62] ——
Subtotal (95% CI) 45 45 100.0% 0.84[2.50,0.81] —————
Heterogenaity, Tau?=1.32; Chif=13.51, df =1 (P = 0.0002); F= 93%
Testfor overall effect Z=1.00{F =032

i t t t
-2 -1 1 z
Testfor subaroun differences: Chi*= 454 df=3(P =021 F= 34.0% Favours [Remitentanil] Favours [Fentany]
Figure 9. Forest plots for cardiac index at tracheal intubation, sternotomy, chest
closure, and the end of surgery.
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Remifentanil Fentanyl Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H. Random, 95% Cl M-H. Random, 95% CI
14.7.1 Hypotension
Cheng 2001 a0 150 18 1584 51.4% 1.71 [1.00, 2.83] i
Haowie 2001 32 142 10 145 351% 327 [1.67 6.349] ——
Mallhoff 2001 11 172 4 149 1358% 2381077, 7.32] B
Subtotal (95% CI) 464 448 100.0% 2.25[1.47, 3.42] & =
Total events 73 32

Heterngeneity: Tau*=001; Chi*= 220, df= 2 (F=033); F= 9%
Testfor averall effect: 2= 3.77 (P = 0.0002)

14.7.2 Atrial fibrillation

Askin 2013 o 20 1 20 1.5% 0.331[0.01, 7.72]
Cheng 2001 26 180 29 184 BS1% 0.921[0.57, 1.449]
wallhoff 2001 16 172 18 148 33.4% 0.92[0.47, 1.80]
Subtotal (95% CI) 342 323 100.0% 0.91 [0.62, 1.34]
Total events 42 45

Heterageneity: Tau®=0.00; Chi*= 040 df=2(F=082); F=0%
Testfor overall effect: Z=0.49 (P = 0.62)

14.7.3 Myocardial ischemia

Cheng 2001 g 180 5 154 54.0% 1.031[0.30, 3.47]
Mallhoff 2001 4 146 3148 367% 1.351[0.31, 5.93]
Myles 2002 o 29 3 48 9.4% 0.23[0.01, 4.36]
Subtotal {95% CI) 325 350 100.0% 0.99 [0.40, 2.42]
Total events 9 11

Heterageneity: Tau®=0.00; Chi*=114, df=2 (P =057); F= 0%
Testfor overall effect: £=0.03 (P = 0.98)

14.7.5 Nausea or vomiting

Askin 2013 5 20 4 2 A% 1.25[0.39, 3.99] —
Cheng 2001 71 180 62 154 44.5% 1.18[0.81,1.52]

Gurbet 2004 5 25 21 50 9.2% 0.48[0.20, 1.11]

Mullhof 2001 g2 172 58 148 41.2% 0.84[0.71,1.24]

Subtotal (95% Cl) 367 373 100.0% 0.99 [0.75, 1.30]

Total events 144 145

Heterogeneity: Tau®=0.03; Chi*= 4.76, df= 3 (P=019); F= 37%
Testfor averall effect: Z= 0.07 (P = 0.95)

%
——
-

\
o1
Favours [Remifentanil]

0.01
Test for subaroun differences: Chi®=12.40. df = 2 (P =0.008). F=75.8%

Figure 10. Forest plots for postoperative adverse events such as hyp

fibrillation, myocardial ischemia, and nausea or vomiting.
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Discussion

Although pharmacokinetic elimination of remifentanil is more rapid than that of

fentanyl >

there has been controversy in clinical benefits in reducing recovery
time after CABG.?™ Y7924 Thjs systematic review and meta-analysis of 15 RCTs
comparing the uses of remifentanil and fentanyl in patients undergoing CABG
provided the evidence that remifentanil had advantage in shortening the duration of
mechanical ventilation as compared with fentanyl. The aims of fast-track cardiac
anesthesia via early extubation are decreased length of intensive care unit (ICU) and
hospital stay, improved postoperative prognosis, and subsequent cost reduction of

medical cost®*3

and fast-track anesthesia in cardiac surgery is known to be safe and
cost-effective.®® *3" However, in our meta-analysis, there were no significant
differences in lengths of ICU and hospital stay. Therefore, the use of remifentanil
may affect only immediate postoperative period, but not have long-term effects.
Because continuous infusion rate or target effect-site concentration of
remifentanil are easily controlled and its response is prompt, remifentanil seems to
be effective for maintaining intraoperative hemodynamic stability. In our meta-
analysis, HR and CI were comparable between the uses of remifentanil and fentanyl
during the anesthesia for CABG. However, lower MBP was shown at tracheal
intubation and sternotomy in the use of remifentanil than that of fentanyl. The
incidence of postoperative hypotension was also higher in the remifentanil arm than
the fentanyl arm. Generally, the patients undergoing CABG have marginal cardiac

reserve,” so their hemodynamic responses to administration of opioids are

vulnerable.? Therefore, remifentanil should be carefully titrated to avoid inadvertent
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hypotension during the perioperative period.

Advantages of remifentanil with short-acting characteristics should be balanced
with increased risk of postoperative pain, which may increase the risk of myocardial
ischemic events. Thus, postoperative pain was our major concerns. However,
unfortunately, no studies included in our meta-analysis reported outcomes regarding
postoperative pain, so we could not evaluate it. Nevertheless, we showed that there
was no significant difference in the incidence of postoperative myocardial ischemia
between the uses of remifentanil and fentanyl. Moreover, there were no significant
differences in other adverse events, such as atrial fibrillation and nausea or vomiting.
Therefore, remifentanil seems to be safely used for perioperative period of CABG.

There were some limitations in our study. Although the use of intraoperative
cardiopulmonary bypass is an influential factor for perioperative outcomes, only five

studies® 14

clearly reported on- or off-pump CABG, thus we could not categorize
the analysis according to the type of CABG. Moreover, moderate heterogeneity was
found because of various type of anesthetic agents or timing of study drug
administration. However, the effect sizes were unchanged in the relevant subgroup
analyses. In addition, although several studies had unclear risk of bias, the pooled
effect sizes were robust in the sensitive analysis. In addition, we could not guarantee
whether equipotent doses of remifentanil and fentanyl were used in each study.

However, our meta-analysis included only randomized trials, thus potential bias may

be minimized in pooling each effect size of each study.
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Conclusion

This meta-analysis provided the evidence that the use of remifentanil significantly
decreased the duration of mechanical ventilation after CABG as compared with the
use of fentanyl. Moreover, there was no difference in the incidence of postoperative
myocardial ischemia between the uses of remifentanil and fentanyl. However, the
patients undergoing CABG have poor cardiac reserve and remifentanil seems to be
more associated lower blood pressure during the perioperative period, therefore care
should be taken in the use of remifentanil to avoid inadvertent perioperative

hypotension.
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