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Critical care nurses and physicians are familiar with the principles of patient controlled analgesia and the opioid
analgesics' regimens and observations necessary for pain control in the postoperative cardiac surgical patients. The ob-
jective of the study was to compare the eŠects of morphine, fentanyl, meperidine, remifentanil and tramadol which were
administered by patient controlled analgesia and continuous intravenous infusion combination on the various
parameters. This study was designed as prospective randomised trial. Fifty patients undergone open heart surgery with
sternotomy were entered equally into ˆve randomized groups. Visual analog scale was used by researcher nurse to assess
the patient' pain status. Respiratory rate, heart rate and blood gases (pO2, pCO2, SaO2), radial arterial blood pressures
were measured in the ˆrst 24 hrs postoperatively. Bolus requirements were determined by physicians and side eŠects of
the analgesics were documented. Fentanyl group showed statistically higher levels of mean pO2 (p＝0.002). Meperidine
had the lowest number of bolus doses (p＝0.001). There were no signiˆcant diŠerences between the groups for pain
management except higher visual analog scales on tramadol. Headache, stomachache and, palpitations were observed in
our patients. Remifentanil, meperidine, fentanyl and morphine showed similar eŠect with each other for pain relief ex-
cept tramadol.
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LITERATURE REVIEW

The expected outcome for a postoperative cardiac
surgical patient is complete relief of pain such that the
patient indicates that he or she is comfortable. Criti-
cally ill patient in early postoperative period of open
heart surgery is not always able to communicate ex-
pressions of pain.

A major challenge to the critical care nurse (CCN)
is assessment of the presence and amount of pain as
well as the eŠectiveness of treatment for the pain.
Since the subjective expression of pain by the cardiac
surgical patient is not always possible, the nurse must
anticipate pain, interpret pain signals, and rely on less
reliable objective indicators of pain.1―8)

Pain relief must be achieved without any adverse
and side eŠects of treatment. It is important for the
CCN to establish a regular routine of pain medication
administration while the cardiac surgical patient is
still in critical care unit (CCU). This will encourage

the patient to be aware of his or her nursing care and
to be an active participant in activities to help in con-
valescence. With patient controlled analgesia (PCA),
cardiac surgical patients are able to self-administer
their analgesic medications. The patient makes a
judgement about pain and sedation levels and can
choose a balance between them. If patient feel ``in
control'' of his/her pain management, anxiety and
distress associated with pain can be easily mini-
mized.1―7)

Although some researchers have established the
eŠectiveness of PCA,9) little researches have been
conducted of PCA use in critically ill patient.

Purpose We aimed to investigate and compare
the eŠects of morphine, fentanyl, meperidine,
remifentanil and tramadol administered to patients
with continuous perfusion and PCA methods for
analgesic, hemodynamic, respiratory and side eŠects
to help convalescence in early postoperative period.

Hypothesis
Remifentanil, meperidine, fentanyl and mor-

phine had maximal pain relief used doses in the
study.
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Fentanyl eŠects higher pO2 levels than other
opioid analgesics' eŠects.

Design This study was designed as prospective
randomised trial.

Sample Fifty patients undergoing open heart
surgery with standard midline sternotomy were in-
cluded in our study.

The patients were eligible for inclusion in the study
if:

they were co-operated and agreed about research
goals when treatment plan is presented.

they were ready for extubation procedure.
their movements and facial expressions, blood

pressures, heart and respiratory rates were
thought to be the possible causes of pain.

their visual analog scale (VAS) values were
higher than 5 or 6.

Two patients in fentanyl, 3 patients in remifentanil,
1 patient in morphine, 2 patients in meperidine group
were excluded from the study. None of the patients
were excluded from tramadol group.

The patients were excluded in the study if:
their extubation time was more over than 8 hrs in

early postoperative period,
their respiratory functions had lower than nor-

mal rates,
they supported by positive inotropic agents such

as dopamine, dobutamine, adrenaline, etc...,
their haemorrhagic drainages were more than

300 cc. during the ˆrst hr in of early postopera-
tive period (4 hrs),

their heart rates were higher than 130 per minute,
their blood gases (pCO2 50 mmHg↑, pO2 80

mmHg↓) were found hypoxemic and SaO2

values were lower than 90.

METHODS

Patient education on eŠective postoperative pain
relief was carried out in the preoperative period. It
took place in the pre-anaesthetic screening clinic.
Pamphlets on intravenous PCA were given to rein-
force the information provided by the anaesthe-
siologist and researcher nurse. Researcher nurse in the
pre-screening clinic demonstrated the functions of in-
travenous PCA and explain the concept of PCA. A
short videos postoperative analgesia are viewed by
patients while they are waiting to be interviewed. In
the postoperative period patient education is rein-
forced by researcher nurse and other members of

research team. The patients are counselled on the im-
portance of communicating about inadequate pain
relief and the usage of PCAs.

Patients who had extubated in 4―8 hrs postopera-
tively were selected randomly. Patients were divided
equally into ˆve diŠerent groups each having a diŠer-
ent kind of postoperative analgesia namely; mor-
phine, fentanyl, meperidine, remifentanil and
tramadol (10 patients in each group; n＝10). Patients
in ˆve groups were treated with the same institutional
narcotic anaesthesia protocol, which included fen-
tanyl (35 mg/kg), propofol (7 mg/kg) and pancuro-
nium (0.1 mg/kg).

In each group, particular analgesic agent was given
intravenously in a loading dose followed by a con-
stant maintenance dose. PCA pumps allowed for ad-
ditional boluses of the drugs as well as keen scrutiny
of the perfusion doses and durations. Table 1 depicts
loading and maintenance doses of the analgesics used
as well as the locking times of the PCA pumps.

At the end of the ˆrst 24 hrs in postoperative
period, the e‹cacy of each analgesic treatment (pain
status) after coughing determined with VAS (charac-
terized pain status 0―10, 10 being the maximum pos-
sible-deˆned as the worst pain ever experienced) for
pain intensity. At the end of the ˆrst 24 hrs postoper-
atively, minute ventilation rate, heart rate (heart beat
/minute), arterial blood gases (pO2, pCO2, SaO2),
systolic blood pressure (SBP-radial) and side eŠects
of the analgesics were observed by research team and
noted by researcher nurse. Additionally, the number
of bolus doses of the analgesics at the end of 24 hrs
were noted.

McGill Melzack Pain Question Form (MPQF) was
used as a data collecting tool for pain assessment in
the study.10) The validity and reliability of this form
was tested for using in Turkey.11)

The validity of factor of the form was analyzed by
using the analysis of factor. It was seen that all items
were collected on three factors in the rotation of the
factor matrix. The accounted reliability of co-e‹cien-
cy with Cronbach alpha was found as 0.98. The item
reliability coe‹cients are; 0.52―0.72 second part
(pain assessment), 0.50―0.70 third part (pain rela-
tion with time), 0.50―0.58 fourth part (pain severi-
ty) of the form‚11)

Analysis of Data Statistical analysis were done
using Kruskall-Wallis test for variables with scores
VAS and One-way ANOVA for continuous variables
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Table 1. Loaded, Maintenance and Bolus Doses of Analgesics, Locking Times of the PCA Pumps

Demographics
/

Analgesics
Morphine Fentanyl Meperidine Remifentanil Tramadol

Sex (M/F) 8/2 6/4 8/2 7/3 7/3

Age 58.8±7.96 55.1±6.98 49±15.18 57.12±11.99 55.33±12.75

Weight 68.6±9.94 72.5±10.98 70.2±0.7 74.25±11.08 70.77±12.60

Bolus number 12.9±5.21 12.9±2.99 2.3±1.84 10.75±6.23 12.6±4.99

Loaded dose 1 mg 100 mcg 100 mg 80 mcg 50 mg

IV infusion dose
(kg/hr) 0.1 mg 0.3 mcg 0.7 mg 0.6 mcg 0.07 mg

Locking time 20′ 15′ 10′ 5′ 20′

Bolus dose (kg/hr) 1 mg 25 mcg 10 mg 10 mcg 10 mg

Total dose 24±5.12 mg 922.5±71.15 mg 863.21±24.1 mg 1157.5±178.21 mg 278.8±34.43 mg

p＝0.001

Table 2. EŠects of the Analgesic Drugs

Analgesics Morphine Fentanyl Meperidine Remifentanil Tramadol

Parameters
(Mean) Mean; SD Mean; SD Mean; SD Mean; SD Mean; SD

SBP 137±12.51 134±6.99 115.2±38.05 125.81±10.25 138.88±13.64

HR 91.9±7.15 90.4±10.47 83.8±7.95 91.56±11.29 95.55±7.17

PCO2 37.1±2.7 37.2±2.65 37±2.49 35.5±1.41 37.66±2.12

PO2 131.7±22.62 162.9±26.01 133.1±25.77 118.31±14.58 128.66±18.66

SaO2 98 98 97 98 97

Respiratory
rate 14.1±1.44 14.4±0.96 14.2±1.31 14±1.71 14.88±1.45

SBP: Systolic Blood Pressure (mmHg), HR: Heart Rate (min), SaO2: Arterial O2 Saturation, Respiratory Rate (min) p＝0.002
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(p＜0.05).
Ethics Permission to conduct the study was ob-

tained from the local ethical committee of our
Hospital. The nature of the study was explained to all
unit consultants and members of the multidisciplinary
team who have signiˆcant input into the critical care
unit's pain control protocol. Anonymity of par-
ticipants was guaranteed and protection of the par-
ticipants was of paramount importance. Relatives of
the patients included in the study were informed by
research team and informed consents were taken
from patients and their families' members.

FINDINGS

Groups were compared for demographically. Age
(mean), body weight (mean), sex were demonstrated
no signiˆcance (Table 1).

Ninety percent of the patients (n: 45) underwent
aortocoronary bypass grafting (CABG) procedures
and 10％ patients (n: 5) had mitral valve replacement
procedures.

Mean levels of minute ventilation rate, heart rate,
pCO2, SaO2 and systolic blood pressure at the end of
the ˆrst 24 hrs postoperatively did not show any sig-
niˆcant diŠerence among groups. However, we ob-
served tramadol group showed slightly higher heart
rates, whereas meperidine group had more acceptable
SBP and heart rates (Table 2).

Fentanyl group showed statistically higher levels of
mean pO2 levels at the end of the ˆrst 24 hrs postoper-
atively (p＝0.002), as shown in Table 2. Tramadol
group, however had signiˆcantly lower median value
of VAS scores (p＝0.001); this ˆnding was supported
in the clinical practice (Fig. 1).
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Fig. 1. Comparison of VAS Values for the Five Analgesic Drugs
()p: 0.001.
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Possible side eŠects of the analgesics used in the
study are observed. Low quantity of the side eŠects
experienced hindered a statistical analysis. In the
remifentanil group, 1 patient had headache and 1
patient had stomachache, and palpitations were seen
in equal frequencies in fentanyl and tramadol groups.
No signiˆcant diŠerences were seen among 5 groups
in median scores of sedation at the end of the ˆrst 24
hrs postoperatively.

Analysis of the PCA doses yielded that meperidine
group had the lowest number of additional bolus
doses of the particular analgesic (twice in average in
24 hrs), (p＝0.001) followed by the remifentanil
group (Table 1).

DISCUSSION

There are several reports in the medical literature
on postoperative pain control using opioid
analgesics.7,9,12,13) However, most of those reports
were designed to compare diŠerent routes of adminis-
tration of one or two agents.

It was reported that continuous drug perfusion and
PCA is superior to conventional intermittent doses of
analgesics,12) however, other researchers,13) noted in
their report that such a comment still needs further in-
vestigations. Some researchers compared epidural
route and the above mentioned method and noted
that there exists no diŠerence in e‹ciency, but former
route is more advantageous for additional doses and
that both methods are superior to intermittent
dosing.14) It was reported that intravenous analgesia
with PCA after CABG operations is superior to con-
ventional nurse determined analgesic administration
as signiˆcantly less postoperative atelectasis with the
former method.9) In previous researches, it had been
shown that patients in PCA group after CABG proce-

dures had more rapidly decreasing VAS scores than
those in conventional analgesia group.15) The authors
had also advocated that VAS scores were lower in the
former group at the time of extubation and on 3rd
postoperative day, and thus lower incidences of my-
ocardial ischemia were found.15)

In the present study, continuous infusion and PCA
administration methods were used on patients that
have undergone sternotomy in widely accepted dosing
regimens. In addition to continuous infusion, ap-
proximately 12 times of bolus doses of the analgesics
had to be used in all 4 groups except the meperidine
group. The fact that infusion doses of the analgesics
were adequate. It re‰ected that their minimal eŠective
concentrations were also adequate. Need for addi-
tional bolus doses of the analgesics seemed to be due
to cough- or movement-induced pain.

It is understood from the literature that, there is a
good relationship especially between pain relief
scales,16) so that, we used pain categories in numerical
scores for pain relief and checked these scores by
comparison with concurrent VAS measurement.

In spite of the fact that only tramadol group
showed to be signiˆcantly higher VAS scores, clinical-
ly observed lower VAS scores in the other groups can
be due to appropriateness of perfusion doses of the
analgesics as well as a possible rise in the postopera-
tive levels of endogenous morphine conˆrming with
the studies of researchers.17,18)

The eŠects of intravenous tramadol and morphine
given with PCA after mammary surgery were com-
pared where they used similar bolus doses and locking
times as well as other characteristics such as sedation,
nausea and vomiting.19) In their study, it was reported
that both analgesics had similar VAS scores,19)

whereas in the present study, we observed that mor-
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phine and the other analgesics showed statistically
and clinically lower VAS scores than tramadol did.
The ˆndings in a previous research supported our
ˆndings.20) Other researchers reported similar results
to our ˆndings in postoperative eŠects of tramadol,
meperidine and nalbuphine on nausea, vomiting and
headache;21) in the present study we observed more
cases of nausea and vomiting with tramadol and
remifentanil group had one case of headache and one
case of abdominal pain, although not statistically
shown to be signiˆcant. We concluded that two cases
of palpitations in tramadol group arose from the
agent's monoaminergic eŠects. Other researchers had
also reported a higher incidence of nausea and vomit-
ing with tramadol.22)

Similar side eŠects for tramadol and morphine
were reported earlier.23) Tramadol caused a higher in-
cidence of nausea and vomiting, which concurred
with our ˆndings except that meperidine group
showed a higher tendency for sedation. In the present
study, it was observed that side eŠects such as nausea
and vomiting were more often in tramadol group than
morphine, fentanyl and meperidine group. We have
not seen nausea and vomiting in remifentanil group.
These number of side eŠects might be depended on
drug doses used in the present study.

We have seen PO2 value in fentanyl group was sig-
niˆcantly higher than the other groups. This result
might be depended on other cardiopulmonary
changes in the postoperative period and less pulmo-
nary depression of fentanyl dose.

Reports reminded that comparison of diŠerent
agents and diŠerent routes of administration carry
some di‹culties.24) The fact that some of the ˆndings
in the present study showed clinical, but no statistical
signiˆcance can be due to low number of patients in-
volved.

To minimize pain and discomfort after open heart
surgery with sternotomy, analgesia combined with
PCA and continuous infusion is easy and eŠective
with low minimal eŠective concentrations. Meperi-
dine showed to be superior for pain relief by less bo-
lus among the drugs. Remifentanil had also shown
less superiority than meperidine for pain relief. When
regarding IV bolus doses, meperidine is the most
eŠective choice by the dosages used as analgesic and
remifentanil is the second choice. Tramadol showed
the highest VAS value as far as pain intensity are con-
cerned by doses used in the study. Meperidine and

remifentanil caused less side eŠects and fentanyl
showed superiority as far as pO2 levels are concerned.

It is concluded that, there were no signiˆcant diŠer-
ences among the groups for pain management except
the highest VAS value on tramadol. The side eŠects
such as nausea, vomiting, headache, stomachache
and respiratory depression of the narcotic analgesics
were observed in this study. Remifentanil and meperi-
dine in the study had shown less side eŠects than other
three drugs. All these side eŠects need to be checked
frequently and form the basis for the nursing inter-
ventions in the postoperative period.

Further studies with higher number of patients are
needed to establish statistically more reliable results,
especially for side eŠects.
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