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Abstract
Background: After major surgeries, such as abdominal or thoracic surgery, the majority of patients experience moderate to severe
pain that may not be optimally controlled. Inadequate pain relief may lead to complications that can hinder rehabilitation and
slow recovery.
Objectives: Post-operative pain is one of the most common complaints in surgery wards especially in open cardiac surgeries. The
current study compared effectiveness of the patient controlled anesthesia (PCA) method, intravenously with morphine (MO) and
dexmedetomidin (DEX) to reduce post-operative pain after open cardiac surgery.
Patients and Methods: The study was a double blind randomized clinical trial. One hundred candidates for open cardiac surgery
were enrolled in the study and randomly assigned into two groups of MO and DEX. The patient-controlled intravenous analgesia
(PCIA) pump was administered to all of the subjects, post-recovery, after insertion of catheter and filled with selected MO or DEX.
Then visual analogue scale for pain severity was measured and recorded at 2, 4, 6, 8,10,12, 14, 16 and 18 hours post-operatively. SPSS
V.16 was used for data analysis.
Results: Findings of the study showed a significant difference regarding the level of pain among the patients under treatment of
MO and DEX at 2, 4, 6, 8, 10 and 12 hours after the surgery, whereas there was no significant difference at 14, 16 and 18 hours. However,
the pain score was lower during the first 12 hours of follow-ups in both groups. Furthermore, intubation time in DEX-PCA group was
shorter than that of MO group. It was also observed that the DEX pump group had required less intravenous morphine than MO
pump group in the intensive care unit (ICU).
Conclusions: The study findings showed that post-operative pain was favorably reduced in both DEX and MO-PCIA groups after
open cardiac surgery. Dexmedetomidin provides beneficial effects on pain control after cardiac surgery, with less adverse effects
such as nausea, itching, atelectasis, intubation time, respiratory depression and intravenous morphine consumption.
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1. Background
After major surgeries, such as abdominal or thoracic
surgery, the majority of patients experience moderate to
severe pain that may not be optimally controlled. Inadequate pain relief may lead to complications that can hinder rehabilitation and lengthen the recovery.
Analgesic methods vary and include intravenous, oral,
rectal and regional that by peripheral nerve block are used
for decades. The patient-controlled methods are considered by the recent trials. PCA is a method of allowing a
person in pain to administer his own pain-relief. The in-

fusion can be programed by the prescriber. If it is programmed and functioned as intended, the machine is
unlikely to deliver an overdose of medication (1). These
devices have various subtypes such as patient-controlled
intravenous analgesia (PCIA), patient-controlled regional
analgesia (PCRA) and patient-controlled epidural analgesia (PCEA). The initial investigations demonstrated good
control of post-operative pain with a reduced incidence of
side effects reported by patient-controlled analgesia (PCA)
(2).
Hence, morphine is the most commonly used opioid
for the relief of post-surgical pain. Despite widespread
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use of morphine, it is associated with significant side effects such as respiratory depression, nausea and vomiting,
urinary retention, prolonged and severe sedation and decreased gastrointestinal motility and ileus and accumulation of bile ducts in the liver and even in rare cases kidney failure. Nowadays, one of the preferred administration methods of this analgesic is patient-controlled intravenous analgesia (PCIA) (3).
Pain after cardiac surgery is serious due to multiple
sources including: sternotomy and removal of the grafting
vessels (4). Poor pain management in patients can cause
significant complications such as cardiac ischemia due to
stimulation of the sympathetic system, pulmonary complications such as atelectasis and pneumonia due to reduced ability to cough, venous thrombosis due to reduced
and ultimately delayed mobility.
Moreover, non-steroidal anti-inflammatory drugs
(NSAIDS) are other drug categories used as adjuvant therapy after cardiac surgery to control pain. These medicines
may also cause significant complications that include
increased risk of post-operative bleeding, gastrointestinal
complications and renal dysfunction.
As mentioned above, adequate pain control after major surgeries such as cardiac surgery is so important that
various methods such as continuous infusion administered by patients’ desire or by patient controlled anesthesia (PCA) machines are tested (4). Nowadays, PCA method
seems to be a good choice to control pain and effective to
reduce consumption of opioid in the patients (3).
Dexmedetomitine is a potent, sedative, highly selective α-2 adrenergic receptor agonist which exhibits sympatholytic and analgesic effects with eight times more potent for the alpha-2 receptor than clonidine (5). The drug
was approved by food and drug administration (FDA) as
a short-term sedative (less than 24 hours) and analgesic
in the critical care setting, particularly for use in the early
post-operative period (6). As a sedative, dexmedetomidine
has several advantages as follows: does not cause respiratory depression (7), causes easy arousability in the treated
patients and they remain calm and cooperative (5). It is
used to pre-medicate and sedate patients undergoing day
care procedures with less adverse effects, and patients, typically, remain cooperative albeit being sedated (8, 9). The
mean distribution half-life and the mean terminal half-life
of dexmedetomidine are 8.6 minutes and 3.14 hours, respectively. Dexmedetomidine is metabolized in the liver,
and excreted in urine (95%) and feces (4%) (10, 11).
Small-dose infusion of this drug in healthy volunteers
has demonstrated sedation that can be easily reversed with
verbal stimuli (12). Findings of the study by Candiotti et al.,
showed reduction of opioid analgesic and other anesthetic
drugs in addition to dexmedetomidine in pain relief proto2

col (13).
Another study in 2003 by Herr et al., showed that DEX
might be able to provide a safe sedation and lead to a significant reduction in the consumption of analgesics, betablockers, antiemetic, epinephrine, and diuretics (14).
In the current study, the analgesic effects of MO and
DEX by PCIA method were compared for pain control after cardiac surgery. It was hypothesized that DEX provides
beneficial effects on pain control after cardiac surgery,
with less adverse effect. This hypothesis comes from the
fact that using short-acting drugs is accompanied with less
complication (especially respiratory depression) and accelerating the patient discharged from the intensive care
unit.
2. Objectives
The review of literature demonstrated that none of
the studies evaluated the effectiveness of continuous infusions of dexmedetomidine on the patients with open
cardiac surgery by PCIA method; therefore, it is unclear
whether MO or DEX is a better choice for the pain relief in
these patients.
3. Patients and Methods
One-hundred candidates for open cardiac surgery with
mean age of 46.86 ± 11.50 years old were studied. According to the American society of anesthesiologists’ (ASA)
physical status grading, these patients were graded I to
III. The ASA physical status classification system was initially created in 1941 by ASA. Normal healthy patients were
scored I and patients with mild and severe systemic disease
were scored II and III, respectively (15).
Before operation, patients were instructed on the use
of the PCA machine. The visual analogue scale (VAS: 0
= no pain, 10 = worst imaginable pain) was used for
pain rate estimation. The patients were brought to the
operation room after receiving the equal premedication
which was the administration of morphine 0.1 mg/kg/IM
with oral lorazepam 1 mg. Also, the anesthesia was inducted by remifentanil 1 µ/kg, midazolam 0.1 mg/kg and
cisatracurium 0.15 mg/kg.
Anesthesia was maintained with remifentanil 0.1 - 0.05
µ/kg/minute, propofol 50 - 75 µg/kg/minute, midazolam
0.02 - 0.05 µ/kg/minute, cisatracurium and low dose of
sevoflurane.
After surgery, patients were randomly divided into two
groups. In the control group, before being transferred to
the ICU ward, the intravenous patient-controlled anesthesia (IV-PCA) pump containing 0.2 mg morphine was inserted. The rate of morphine infusion in this pump was
Arch Crit Care Med. 2015; 1(3):e6453.
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4 mL per hour. In the second group, before being transferred to the ICU ward, the IV-PCA pump containing 0.2 µg
dexmedetomidine was inserted.
The patients were transferred to ICU ward and extubated when they were hemodynamically stable, and then
all the patients could receive infusion of medication via a
PCIA pump in the first 24 hours. The setup regimen of pain
relief with these devices was bolus doses of the drug with
the locked out of time of 1 mL per 15 minutes, respectively.
Pain severity of the patients was evaluated via visual
analog score two hours after extubation in ICU and with
two hours intervals for six times. In this case, the patients
presented the severity of their pain by a number from 1 to
10 of visual analogue scale (VAS) and the subjects who were
not able to do this, the nurse selected the desired number
according to the mimic of the patients’ face denoting the
illustration of VAS.
The other items investigated during the first 24 hours,
included: Adverse effects of opioids (nausea, vomiting,
pruritus, respiratory depression), time of extubation, the
total amount of drug administered per subject, liver and
kidney function tests, hemodynamic status of patients
(blood pressure and heart rate), arterial blood gas (ABG)
and chest X-ray (CXR). Finally, based on the collected data
and statistical computations, the analgesic effects of MO
and DEX and their complications were compared.
In the current study, patients with the following characteristics were excluded: ejection fraction (EF) < 30%,
ASA > III, candidates of emergency surgery, intra-operative
(ABPI) use, combined valvular surgery, impaired liver function (more than two folds of liver enzymes), renal dysfunction (cr > 2), drug addiction, sternum or rib fracture during surgery, presence of neurological complications, continuous unconsciousness and patients who did not cooperate with the authors.

patients referred to cardiac ward of Shahid Rajaei Hospital
in Tehran after official admission.

4. Results
One-hundred candidates for open cardiac surgery
were studied, MO group patients (50 cases) with a mean
age of 66.76 ± 6.08 (range 56 - 81 years) and DEX group (50
cases) with a mean age of 65.44 ± 5.22 (range 54 - 79 years).
Therefore, most of the patients were 40-60 years and there
was no significant difference between the groups regarding the age (P = 0.247). The summary of the results are
shown in Table 1. According to Table 1, in case of pain scale,
there was a significant difference among the patients under treatment between the groups at 2, 4, 6, 8, 10 and 12
hours measurements, after surgery. But this variable was
not significantly different at 14, 16 and 18 hours. The results
indicated that the reduction of pain was higher when DEX
was used.
The analgesic effects of MO and DEX were compared in
the patients according to the gender. As a result, DEX significantly reduced the pain among the male patients at 2,
4, 6, 8 and 10 hours after surgery. While, there was no significant difference between the genders at 14, 16 and 18 hours
after surgery.
Among the female patients, DEX significantly reduced
the pain at 2, 4, 6, 8, 10 and 12 hours after surgery. There was
no significant difference between DEX and MO at 14 hours
after surgery and variables related to 16 and 18 hours after
surgery were not possible to examine. The summarized results in Figure 1 indicate the reduction of pain curves in
the groups. According to Figure 1, injection of DEX reduced
pain more than MO.
Figure 1. The Comparison Between the Two Studied Groups Regarding the Reduction of Pain

3.1. Statistical Analysis
Time (h)

Collected data were transferred into SPSS version 16
and descriptive and analytical methods were used. Descriptive statistics included means, standard deviation
and frequency distribution tabulations. In the current
study, T-test and Chi-square test were used to gain analytical statistics.

6

Reduction of Pain
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3.2. Ethical Consideration
Every participant signed the informed consent letter and they were assured of the confidentiality of their
recorded information. The trial was approved by committee of research ethics of Tehran University of Medical Sciences, as well. It was a randomized clinical trial conducted
by sampling based on the target group selected from the
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Table 1. Evaluation of Pain in the First Eighteen Hours After Surgerya

Post-Operation Time, h

Rate of Pain

2
MO

5.48 ± 0.974

DEX

4.60 ± 1.09

4
MO

5.44 ± 0.907

DEX

3.80 ± 0.833

MO

4.40 ± 0.808

DEX

3.28 ± 0.970

MO

4.04 ± 0.493

DEX

2.84 ± 0.997

6

8

10
MO

3.40 ± 0.926

DEX

2.20 ± 0.728

12
MO

2.24 ± 0.657

DEX

2.00 ± 0.404

MO

2.0 ± 0.000

DEX

2.08 ± 0.566

MO

2.00 ± 0.000

DEX

1.96 ± 0.493

14

16

18
MO

2.00 ± 0.000

DEX

1.92 ± 0.566

T

df

P

4.26

98

0.000

9.41

98

0.000

6.27

98

0.000

7.62

98

0.000

7.20

98

0.000

2.20

98

0.030

1.00

98

0.320

0.573

98

0.568

1.00

98

0.320

Abbreviations: DEX, dexmedetomidine group; MO, morphine.
a
t-test for independent groups.

Moreover, the reduction of pain curves in male and female groups were compared. Based on Figure 1, in male
and female groups, DEX affected the reduction of pain
more than MO and in male-DEX group reduction of pain
was more than the other groups.
Furthermore, three age groups were created, merging
the five-year groups, to compare the effect of MO and DEX
in terms of the age. Twenty patients in the age group of 51 60, sixty five patients in the age group of 61 - 70 and fifteen
patients in the age group of 71 - 80 were evaluated. Based
on the results of T-test for these independent groups, there
was a significant difference among the 51 - 80 year old pa4

tients under the treatment of MO and DEX at 2, 4, 6, 8, and
10 hours after the surgery. But there was no significant difference between the groups at 12, 14, 16 and 18 hours after
the surgery.
According to P < 0.001, the difference between the intravenous morphine consumption of the two groups was
significant. Figure 2 indicates that the DEX pump group
(4.22 ± 3.48) required less intravenous morphine than MO
pump group (7.50 ± 4.15) in ICU.
According to Table 2, the relationship between the incidence of nausea and MO and DEX consumption was significant according to χ2 = 19.39 and P = 0.000. According
Arch Crit Care Med. 2015; 1(3):e6453.
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Figure 2. Amount of Intravenous Morphine in the Patients of Both Groups

to the adaptive Cramer coefficient, the rate of this relationship was C = 0.44.

sumption was significant according to χ2 = 12.70 and P =
0.000. According to the adaptive Cramer coefficient, the
rate of this relationship was C = 0.356.

Table 2. The Comparison Between the Adverse Effect in the Patients of the Study
Groups

The comparison between adverse effects in DEX and
MO groups suggest that in the DEX group, the nausea, itching and atelectasis decreased. Therefore, it could be concluded that the adverse effects in the DEX group were lower
compared to the MO group.

Adverse Effect

No. (%) in the DEX Group

No. (%) in the MO Group

Yes

13 (26)

35 (70)

No

37 (74)

15 (30)

Nausea

Vomiting
Yes

0 (0)

3 (6)

No

50 (100)

47 (94)

Yes

4 (8)

19 (38)

No

46 (92)

31 (62)

Yes

23 (46)

34 (68)

No

27 (54)

16 (32)

Itching

Atelectasis

Abbreviations: DEX, dexmedetomidine group; MO, morphine.

The relationship between incidence of vomiting and
MO and DEX consumption was marginally significant according to χ2 = 3.093 and P = 0.079. The relationship between incidence of itching (pruritus) and MO and DEX conArch Crit Care Med. 2015; 1(3):e6453.

Regarding atelectasis, the difference between the rate
of atelectasis and MO and DEX consumption was significant. It was observed that the patients with MO pump experienced significantly more atelectasis (P = 0.026) than DEX
group.
In the current study, the intubation time varied (in
terms of minutes) between MO (437.50 ± 31.97) and DEX
(377.06 ± 25.43) groups by T-test for independent groups.
Based on the t2 = 10.37 and P = 0.000, differences between
the two groups were significant. This time in DEX group
was shorter than MO group.
According to T = 1.59 and P = 0.115, the differences of EF
in the two groups of MO (45.61 ± 2.62) and DEX (46.66 ±
3.80) were not significant.
Although, ASA variable could have 6 levels and was suitable for sequential methods (Mann-Whitney U test), since
the current study had only two stages in practice, the Chisquare method was performed. According to Table 3, the
relationship between ASA and MO and DEX consumption
5
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was not significant based on χ2 = 1.19 and P = 0.275.
Table 3. The Comparison Between the Groups Based on ASA Grading

Variables
ASA

Grade

No. (%) DEX Group

No. (%) MO Group

II

10 (20)

40 (80)

III

6 (12)

44 (88)

Abbreviations: ASA, American society of anesthesiologists; DEX, dexmedetomidine; MO, morphine.

5. Discussion
The present study aimed to evaluate the comparison of
analgesic effect of PCIA-MO infusion and PCIA-DEX infusion
on adequate pain control after cardiac surgery. It was observed that during the first 14 hours after the surgery, DEX
reduced post-operative pain more than MO.
In agreement with the present study, Yacout et al. studied thirty adult ASA I-III patients admitted for the abdominal surgery under general anesthesia. They demonstrated
that post-operative pain score was significantly lower in
DEX group compared to placebo group during the early
post-operative period with smaller amount of analgesic
requirements in DEX group. DEX also reduced the postoperative pain score without delaying recovery from anesthesia (16).
The findings of Maldonado et al. suggested that postoperative sedation with DEX was associated with significantly lower rates of post-operative delirium and lower
care costs (17).
Also, Gomez-Vazquez et al. reported that DEX provided
a modest analgesic effect after knee arthroscopy, but the
side effects of this drug, such as bradycardia and hypertension, may restrict the use of large bolus doses (18).
In another study, Mahmoud et al. evaluated the effect
of DEX as an adjunct to PCA with morphine. They found
out that post-operative 24-hour DEX infusion as an adjunct
to PCIA with opioids might have a morphine-sparing effect as evidenced by the increase in morphine use on postoperative two days after the DEX infusion was stopped (19).
According to Hall et al., in a small population of volunteers with healthy cardiovascular systems, small doses of
DEX provided sedation that could be easily reversed with
verbal or physical stimuli (20).
In the present study, nausea, itching and intubation
time were significantly lower in the DEX group than the
MO group. While, vomiting, EF and ASA relation with DEX
and MO were not significantly different. Compared to MO,
DEX might be advantageous, especially in pain reduction.
In addition to that, DEX had less adverse effect than MO.
6

Furthermore, DEX group had significantly lower rate
of atelectasis that based on the above statements is justified and is a desirable outcome. Martin et al. and Flacke et
al. reported that adverse effects and atelectasis, occurred
more frequently in the control group, while it occurred
more frequently in the dexmedetomidine group of the
study (21, 22), and decrease in atelectasis was observed in
other species following the administration of dexmedetomidine. That was corresponding with the current study
findings.
One of the most important complications of opioids is
respiratory depression via effects on the respiration center. Respiratory depression along with lower autonomic efforts of the patients’ respiration which rises from the chest
pain can lead to atelectasis, pulmonary collapse and increased risk of respiratory infections. Considering the fact
that, patients with DEX pump need less intravenous morphine than the control group indicates the positive effect
of DEX on reducing pain is more than that of morphine
and consequently, the required intravenous morphine is
less. Lin et al. studied the effect of combining dexmedetomidine and morphine for incremental PCA (IPCA) method
in elderly people. Compared with group MO, patients in
group DEX required 29% less morphine during the 0-24
hours post-operative period. The 4-24 hours incidence of
nausea was significantly lower in DEX group. There was no
bradycardia, hypotension, oversedation or respiratory depression. The addition of dexmedetomidine to IV PCA morphine resulted in superior analgesia, significant morphine
sparing, less morphine-induced nausea and devoid of additional sedation and untoward hemodynamic changes
(23). These findings are consistent with the current study
results.
5.1. Conclusion
The results indicated that in a small population of
volunteers with open cardiac surgery, small doses of
dexmedetomidine provided more analgesia than morphine. Also, this supports the findings of the present study
that DEX administration resulted in lower levels of nausea,
itching, atelectasis, intubation time, respiratory depression and intravenous morphine response markers after
surgery. This effect might prove useful in a post-operative
setting or in the intensive care unit. It seems to be a safe
method, with additional analgesic effects provides a satisfactory sedation level without any serious adverse effects
after surgery.
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