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Background: Pain management after cardiac surgery has been based on parenteral long-acting opioids such as morphine. The other 
alternatives are paracetamol and remifentanil.
Objectives: In this prospective, double-blind, randomized study, we compared the efficacy of intravenous patient-controlled analgesia 
(IV-PCA) paracetamol and remifentanil for post cardiac surgery pain relief.
Materials and Methods: One-hundred patients scheduled for elective coronary artery bypass grafting from May to October 2011, were 
randomized into two groups after the surgery. For the first group (group R, n = 50, with mean age of 58.16 ± 11.80), the IV-PCA protocol was 
remifentanil infusion 100 μg/h; bolus of 25 μg and lockout time of 15 minutes. In the second group (group P, n = 50, with mean age of 53.8 
± 15.08), patients received paracetamol 15 mg/kg as a bolus at the end of surgery and then IV-PCA protocol was 100 μg/h, bolus of 25 μg; and 
lockout time of 15 minutes. Pain was assessed with visual analog scale score (VAS) in the first 24 hours after surgery for seven times.
Results: The trend of pain scores did not have any significantly difference between group R and group P except for hour 8 and hour 18 
after surgery that VAS was significantly lower in group P than group R (P = 0.031, P = 0.023, respectively). Respiratory rate (RR) was also 
statistically lower in group R comparing to group P in all seven evaluating times. The groups were similar in terms of hemodynamic, ABG 
results (except for PaO2, which was significantly lower in group R than group P at 6 evaluating times), intubation time, renal function tests, 
and incidences of atelectasis, myocardial infarction or adverse effects.
Conclusions: Both PCA techniques provided effective pain scores (< 3) after cardiac surgery; but generally, PCA-paracetamol infusion has 
a better analgesic effect.
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1. Background
The pain after cardiac surgeries is due to different rea-

sons. The most important reasons include sternotomy, 
different drains insertion, and saphenous vein harvest-
ing (1). Poor pain management can lead to important 
post-operative complications such as myocardial isch-
emia following sympathetic nervous system stimula-
tion, pulmonary events, atelectasis and pneumonia, vein 
thrombosis - because of the post-operative decreased mo-
tility of the patients and prolonged intensive care unit 
admission time. Therefore, pain management plays an 
important role in post-operative complications (2). Now-
adays, in order to provide post-operative pain relief, in-
travenous long-acting opioids such as morphine are the 
most frequently used analgesics, which are performed 
with different techniques including manually titrated 
continuous infusion or intra venous patient-controlled 

analgesia (IV-PCA). However, some important side effects 
of these analgesics are drowsiness, prolonged and exces-
sive sedation, respiratory depression, nausea and vomit-
ing (2). Furthermore, non-steroidal anti-inflammatory 
drugs (NSAIDs) are used as alternative therapy in postcar-
diac surgeries' pain management. These analgesics are 
related to different complications (increased post-opera-
tive bleeding, renal dysfunction) (1). Nowadays, the PCA 
method results into better postoperative pain manage-
ment and less analgesics requirement (1). Remifentanil is 
an analgesic, which is used with this method (3). This se-
lective µ-opoid agonist has a fast onset and an ultra-short 
duration of action with peak of effect in the first 15s and 
its duration of its effect is in 3-4 minutes. Remifentanil is 
metabolized by non-specified esterase and is not depen-
dent on liver or renal metabolism. In order to control the 
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possible incidence of overdose toxicity of this analgesic, 
the dosage can be decreased rapidly and the situation of 
the patient returns to normal level in a short time, since 
remifentanil is not concentrated in organs (4, 5). Howev-
er, the safety of remifentanil in awake and spontaneously 
breathing patients in post-operative period is still a con-
troversy and it can cause respiratory depression in some 
cases (3). In addition, the cessation of this opioid can re-
sult into hyperanalgesia in first few minutes because of 
withdrawal of the analgesic effect (3, 6-8). Paracetamol is 
another safe analgesic, which is used to control the pain 
after the surgeries in patients. This analgesic can also be 
used by PCA. The onset of analgesia is 5-10 minutes and 
its half-life is 1-4 hours. The recent findings suggest that it 
is highly selective for COX-2 (9) and is primarily metabo-
lized in liver into non-toxic products. The adverse effects 
caused by opioids or NSAIDs are not reported in this an-
algesic (3).

2. Objectives
The aim of this study was to evaluate and compare the 

effects of IV-PCA of remifentanil and paracetamol and to 
determine patient satisfaction with these treatments.

3. Materials and Methods
After approval of the study protocol by the institutional 

review board, and obtaining written informed consent, 
100 patients (male: 51, female: 49 with mean age of 56 ± 
13.65) who had American Society of Anesthesiologists 
(ASA) physical status classification of I to III were sched-
uled to undergo elective primary CABG at Shahid Rajaei 
Heart Hospital. These patienrs were randomly divided 
into two groups prospectively from May to October 2011. 
Randomization was performed with the closed envelope 
technique. All patients were blinded to their treatment 
group. The inclusion criteria were as follows: pre-opera-
tive ejection fraction (EF) > 30%, ASA class < III, or not hav-
ing concomitant valve surgery, emergency procedures, 
pre-operative liver function tests two times higher than 
the reference range, chronic renal insufficiency (a serum 
creatinin level of > 2 mg/dL), no use of intra-aortic bal-
loon pump (IABP) during the surgery, opium addiction, 
diabetes mellitus, intra-operative sternal or rib fracture, 
pre-operative neurological symptoms or complications 
and not having impaired level of consciousness. The pa-
tients received the same premedication (morphine 0.1 
mg/kg/IM and lorazepam 1 mg/po). After ECG monitoring 
and arterial line insertion, anesthesia was induced for all 
patients with remifentanil (1 µ/kg), midazolam (0.1 mg/
kg) and then atracurium (0.15 mg/kg). Afterwards, intra-
tracheal intubation was performed; central vein (CV) line 
and Foley catheter were also inserted for all the patients. 
The anesthesia was maintained with a remifentanil infu-
sion (0.05 -0.1 µg/kg/minute), midazolam (0.02-0.05 µg/
kg/minute) and then atracurium and infusion of propo-
fol if necessary. The surgeries were done uniformly by 

only one surgical unit and according to standard proce-
dures (midline sternotomy and moderate hypothermia). 
Before and during the cardiopulmonary bypass (CPB), ac-
tivated clotting time (ACT) was maintained over 480 sec-
onds. The patients were weaned from CPB under standard 
protocol and epinephrine was used as an alternative ino-
trope in case of necessity. After the operation, the patients 
were randomly divided in two equal groups. The drugs 
were prepared by an anesthesiologist and before transfer-
ring the group A patients (male: 22, female: 28, with mean 
age of 58.16 ± 11.80) to the intensive care unit (ICU), remi-
fentanil (25 µg/cc) was administered with IV-PCA infusion 
pump (4 cc/hour - Royal Fornia M.E, China-US). In contrast 
the group B patients (male: 29, female: 21 with mean age 
of 53.8 ± 15.08) received a bolus dose of paracetamol (15 
mg/kg/IV) and then the infusion of paracetamol (25 µg/
cc, 4 cc/hour) was administered. Afterwards, the patients 
were transferred to the ICU, where they were sedated by 
bolus dose of midazolam and weaned from mechanical 
ventilation after achieving the standard criteria. During 
the first 24 hours after the surgery, all patients received 
continuous IV-PCA opioid infusions (group A: remifent-
anil, group B: paracetamol). For all the patients who suf-
fered from pain, the analgesics were also administered 
as a bolus dose of analgesics (1 cc) and a locked out time 
of 15 minutes. The intensity of pain, hemodynamic crite-
ria (BP: blood pressure, HR: heart rate), arterial blood gas 
(ABG) results and serum lactate level were assessed for all 
the patients two hours after transferring the cases to the 
ICU with 2-6 hours’ time intervals (two, four, six, 12, 18 and 
24 hours after transferring the cases to the ICU). The in-
tensity of pain was assessed by visual analog scale. In this 
method the patients were asked to determine the score 
of their pain from one to 10 and for whom that could not 
participate in this method, one registered nurse deter-
mine the pain score based on the facial expression of the 
patients and their related figures in an illustrative score 
system. The other evaluating criteria in 24 hours after the 
surgery were analgesics’ adverse effects (itching, nausea 
and vomiting), respiratory depression (RR: respiratory 
rate < 8), duration of intubation, the incidence of postop-
erative liver and/or renal dysfunction (liver dysfunction: 
results of the liver function test 2 times more than the ref-
erence range, renal dysfunction: a serum creatinin level 
of > 2 mg/dL), the incidence of post-operative myocardial 
infarction (MI) and atelectasis, which was visible in chest 
X-rays (CXR).

3.1. Statistical Analysis
Statistical analyses were performed with SPSS software 

version 15. Clinical data are expressed as mean values ± 
standard deviation. Differences were analyzed with inde-
pendent student’s T-test for the values of a scaling term 
and Pearson’s chi square test for nominal values. Mann-
Whitney-U test was used for comparing the values with-
out normal distribution between two groups.
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4. Results
All 100 patients (50 in group R: Remifentanil and 50 in 

group P: Paracetamol) were accepted as study subjects. 
Preoperative characteristics and risk assessment and 
intra-operative data were similar in both groups (Table 
1). The duration of mechanical ventilation was similar in 
both groups (group R: 8.63±3.3 h vs. 9.24 ± 2.8 h in group 
P) (P = 0.468). The mean dose of remifentanil administra-
tion was 2.35 ± 0.25 mg and the mean dose of paracetamol 
administration was 3.48 ± 0.67 g in 24 hours of the study 
period. There were no significant differences in mean 
values of hemodynamic variables (Blood pressure: BP, 
Heart rate: HR) between groups at different seven evalu-
ating times (Table 2). Table 2 also shows that respiratory 
rate (RR) was significantly lower in group R comparing 
to group P at all seven evaluating times (P < 0.005). The 
mean values of visual analog scale score (VAS) were sig-
nificantly lower in group comparing to group R at 8 and 
18 hours after the surgery (1.08 ± 1.92 in group R vs 0.28 
± 0.60 in group P at 8 hours and 1.04 ± 1.80 in group R 
vs 0.30 ± 0.78 in group P at 18 hours, P < 0.005).No sig-
nificant differences were observed between the 2 groups 
with regard to VAS scores at other evaluating times (Table 
3). The ABG analysis results showed that PaO2 was signifi-
cantly lower in group R than group P (P < 0.005) at 6 dif-
ferent evaluating times (hours 2, 4, 6, 8, 12, 18); however, 
there was no significant difference regarding this vari-
able between groups at hour 24 (Table 4). Also, there were 
no significant differences between groups with regard to 
(PH, PaCO2) during 24 hours study period but the mean 

values of serum lactate level was statistically higher in 
group R at 2, 4, 6, 18, 24 hours after the surgery (P < 0.005). 
The number of complications in the postoperative peri-
ods did not differ statistically between the groups during 
24 hours study period (Table 5). Post-operative first day 
chest radiograph revealed atelectasis in 15 (30%) in group 
R patients vs 13 (26%) in group P patients, but no interven-
tion other than routine chest physiotherapy was needed 
in these individuals. Also postoperative first-day myocar-
dial ischemia was occurred in five patients of each group. 
The intervention for these patients was based on the 
same protocol without analgesics administration.

Table 1.  Characteristics of the Patients, Risk Assessment and 
Intraoperative Data a,b

Group R (n 
= 50)

Group P (n 
= 50)

P Value

Age, y 58.16 ± 11.80 53.8 ±15.08 0.111
Height, cm 165.24 ± 10.08 161.78 ± 7.91 0.061
Weight, kg 70.06 ± 13.08 70.06 ± 13.38 1.000
Sex, male, % 22 (44) 28 (56) 0.161
Hypertension, % 28 (56) 30 (60) 0.263
Ejection fraction 47.40 ± 7.70 47.55 ± 9.07 0.906
Bypass time, min 90.57 ± 37.69 98.83 ± 10.96 0.599
Cross-clamp time, min 66.26 ± 31.01 80.16 ± 11.08 0.285
Total operation time, 
min

275.85 ± 69.24 282.71 ± 60.08 0.164

a Abbreviations: R, Remifentanil; P, Paracetamol.
b Values are reported as Mean ± Standard deviation, frequency, or No. (%).

Table 2.  Post-Operative Hemodynamic Variables a,b

BP, mmHg P Value HR, beat/min P Value RR, breath/min P Value
2nd hour 0.993 0.292 < 0.001

Group R 117.59 ± 23 94.30 ± 19 11.8 ± 1.70
Group P 117.62 ± 23 90.38 ± 18 15 ± 12.45

4th hour 0.772 0.434 < 0.001
Group R 117.89 ± 15 93 ± 16.6 13.18 ± 5.6
Group P 117.02 ± 15 90.44 ± 17 17 ± 12.80

6th hour 0.300 0.344 < 0.001
Group R 119.9 ± 24 93.80 ± 19.13 13.80 ± 3.45
Group P 115.8 ± 13.3 90.36 ± 17 18.80 ± 13.10

8th hour 0.525 0.162 0.001
Group R 123.17 ± 17.7 85 ± 20.57 15.6 ± 4.08
Group P 120 ± 12.7 90.4 ± 17.7 19.54 ± 11.76

12th hour 0.529 0.748 < 0.001
Group R 120 ± 15.6 87.40 ± 13.7 16 ± 3.67
Group P 118 ± 13.4 86.34 ± 18.8 20.32 ± 11.70

18th hour 0.515 0.814 0.002
Group R 121.71 ± 17.65 84.86 ± 13.50 17.14 ± 3.46
Group P 120 ± 12.60 85.60 ± 16.50 0.319 21 ± 11.70

24th hour 0.079 0.027
Group R 123.52 ± 18.06 87 ± 12 18 ± 2.30
Group P 118 ± 12.2 84.30 ± 14.31 20.9 ± 12.30

a Abbreviations: BP, Blood Pressure; HR, Heart Rate; RR, Respiratory rate; P, Paracetamol; R, Remifenranil.
b Values are reported as Mean ± Standard Deviation.
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Table 3.  The Intensity of Intensity of Pain After Coronary Artery 
Bypass Grafting Surgery, visual Analog Scale Assessment a,b

VAS, Group R 
(n = 50)

VAS, Group P 
(n = 50)

P Value

2nd hour 0.68 ± 1.80 0.60 ± 1.01 0.425
4th hour 1 ± 2 0.34 ± 0.71 0.085
6th hour 1.10 ± 1.91 0.48 ± 0.76 0.329
8th hour 1.08 ± 1.92 0.28 ± 0.60 0.031
12th hour 0.86 ± 1.52 0.34 ± 0.74 0.133
18th hour 1.04 ± 1.80 0.30 ± 0.78 0.023
24th hour 0.76 ± 1.51 0.26 ± 0.63 0.194
a Abbreviations: R, Remifentanil P, Paracetamol, VAS, Visual Analog 
Score.
b Values are reported as Mean ± Standard deviation.

5. Discussion
Adequate analgesia within the first hours of early post-

operative period in order to control the pain is very 
important for a good prognosis of pain syndrome and 
to prevent its progression to its chronic form (10). Dif-
ferent analgesics are used and different techniques are 
performed in order to achieve this goal. One of these 
analgesics is remifentanil. The pharmacodynamic and 
pharmacologic characteristics of remifentanil make this 
opioid work as a proper as other analgesic after cardiac 
surgery. Remifentanil is an ultra-short-acting opioid with 
more analgesic effect than morphine. It is metabolized 
by non-specific esterase and its metabolism is not de-
pendent on liver or renal function (3). The other analge-
sic is paracetamol which is a non-opioid analgesic. The

Table 4.  Post-Operative Arterial Blood Gas Variables a,b

PH P Value PaCO2, mmHg P Value PaO2, mmHg P Value Lactate, mmol/L P Value
2nd hour 0.877 0.246 0.007 0.048

Group R 7.34 ± 0.08 32.47 ± 7.05 107.76 ± 33.82 5.35 ± 12.31
Group P 7.34 ± 0.05 34.32 ± 6.46 127.50 ± 37.98 4.46 ± 2.25

4th hour 0.115 0.145 0.037 0.005
Group R 7.35 ± 0.06 33.72 ± 6.04 109.96 ± 30.89 5.20 ± 13.77
Group P 7.33 ± 0.06 34.10 ± 5.45 123.10 ± 31.21 4.24 ± 2.25

6th hour 0.943 0.940 0.019 0.049
Group R 7.36 ± 0.05 34.72 ± 6.09 104.08 ± 30.32 9.32 ± 32.56
Group P 7.36 ± 0.05 34.62 ± 7.16 118.78 ± 31.54 5.83 ± 14.88

8th hour 0.080 0.354 0.003 0.698
Group R 7.37 ± 0.04 33.90 ± 5.60 93.72 ± 26.02 3.11 ± 2.23
Group P 7.38 ± 0.04 34.98 ± 5.98 111.58 ± 33.21 2.90 ± 1.38

12th hour 0.235 0.053 0.007 0.981
Group R 7.40 ± 0.08 34 ± 4.59 89.28 ± 26.21 3.01 ± 2.69
Group P 7.38 ± 0.06 35.96 ± 5.39 105.56 ± 32.89 2.44 ± 1.34

18th hour 0.730 0.141 0.021 0.047
Group R 7.40 ± 0.55 34.30 ± 7.14 79.62 ± 24.29 2.54 ± 1.72
Group P 7.34 ± 0.42 36.16 ± 5.23 89.76 ± 25.85 1.92 ± 1.31

24th hour 0.844 0.433 0.268 0.033
Group R 7.42 ± 0.05 34.44 ± 6.83 81.18 ± 26.33 2.01 ± 1.45
Group P 7.42 ± 0.03 35.38 ± 4.95 87.14 ± 27.19 1.53 ± 1.37

a Abbreviations: R, remifentanil; P, paracetamol; PaO2, partial pressure of arterial oxygen; PaCO2, partial pressure of arterial carbon dioxide.
b Values are reported as Mean ± Standard Deviation.

Table 5.  Patient Complications a,b

Group R (n = 50) Group P (n = 50) P Value
Atelectasis 15 (30) 13 (26) 0.656
Respiratory Depression - - -
Nausea 14 (28) 8 (16) 0.148
Vomiting 4 (8) 2 (4) 0.400
Itching - - -
Myocardial ischemia 5 (10) 5 (10) 1.000
Liver dysfunction - - -
Renal dysfunction 14 (28) 12 (24) 0.647
a Abbreviations: R, Remifentanil; P, Paracetamol.
b Values are reported as No.(%).
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adverse effects caused by opioids are not reported after 
paracetamol administration. However, the efficacy of 
paracetamol used in cardiac surgery is not well-estab-
lished in the literatures and the results of the studies are 
conflicting (10). In this study, the intensity of pain was as-
sessed in two groups (group R: remifentanil and group P: 
paracetamol) by VAS in the first 24-hour period after the 
surgery. In both group of our study, there were effective 
pain reduction, which showed adequate pain relief abil-
ity in both analgesics. Pettersson et al. compared oral and 
intravenous administration of paracetamol in reducing 
the use of opioids after cardiac surgery and they con-
cluded that less opioids were needed in group of patients 
with intravenous paracetamol administration due to the 
adequate pain relief effect of intravenous paracetamol 
(11). Also, the study of Baltali et al. revealed that PCA-
remifentanil technique provided the effective pain score 
< 3 in patients underwent CABG (3). The results of our 
study also showed that the mean value of VAS was lower 
in group P comparing to group R in all seven evaluating 
times, but only at 8 hours when most of the patients were 
weaned from mechanical ventilation and 18 hours after 
the surgery, this difference was significant. The mean val-
ue of hemodynamic variables; BP and HR were similar be-
tween groups, though the mean value of RR was signifi-
cantly lower in all seven evaluating times in group R than 
group P, that is because of remifentanil is reported as a 
potent respiratory depressant agent in different studies 
(3). However, in our study, no respiratory depression (RR 
< 8) was reported. The same results were observed in the 
study by Gurbet et al. (4) and Krishnan et al. (5) that no 
episodes of respiratory depression were reported in their 
study after administration of PCA-remifentanil. The du-
ration of intubation did not statistically differ between 
groups in our study. This suggests that remifentanil with 
IVPCA does not prolong the time to intubation after CABG 
like the results of the study of Gurbet et al. (4). Also IVPCA-
paracetamol does not have side effects with regard to the 
duration of intubation. 

The results of the ABG analysis revealed that the mean 
values of post-operative PH and PaCo2 were similar be-
tween groups. On the other hand, the mean value of PaO2 
was significantly lower in group R in 2, 4, 6, 8, 12, 18 hours 
after the surgery. This variable was also reported lower in 
group R comparing to group P in 24 hours after the opera-
tion but with no significant difference. In addition; there 
were no significant differences in the incidence of adverse 
effects between groups. In group R, 28% of the patients suf-
fered from nausea vs. 14% in group P similar to the study 
of Baltali et al., that the incidence of nausea in the first 24 
hours after the surgery in group of patients who received 
remifentanil was reported 28.9% (3) and in the study of 
Gurbet et al. this complication was reported 20% in the 
remifentanil group (4). The incidence of vomiting in the 
first postsurgical 24 hours in our study was higher in 
group R (8%) than group P (4%) with no significant differ-
ence; however the incidence of this variable was reported 

higher in remifentanil group (14.8%) in the study of Bal-
tali et al. (3) than our study. The incidence of atelectasis 
in the first 24 hours after the surgery was observed in 
30% in remifentanil group vs. 26% in paracetamol group 
with no significant difference, as in the study of Baltali 
et al. this complication was reported lower (14%) in remi-
fentanil group (3). Postoperative myocardial ischemia 
was observed in 10% of the patients in each group. This 
event was reported higher in the study of Checketts et al. 
(12) which was 19% in the group of patients who received 
alfentanil instead of morphine. Postoperative serum Cr 
level > 2 was reported in 24% of the patients in group P 
vs. 28% in group R with no significant difference. None 
of the patients suffered from renal failure that resulted 
into dialysis. Hepatic dysfunction was also not occurred 
in our study groups. Based on the results of this study, 
we concluded that both PCA techniques (remifentanil 
and paracetamol) provided the effective pain score < 3 
with no significant complications. Both PCA remifentanil 
and paracetamol are safe alternatives for the patients in 
whom PCA morphine is not suitable after CABG surgery. 
The results of this study also showed that paracetamol 
had better pain relief effect and outcomes than remifent-
anil and it may be administered as a proper analgesic fol-
lowing cardiac surgeries. To become certain of this mat-
ter we suggest to conduct a study with more cases and 
follow up the patients to the time of the ICU discharge.
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