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Intravenous Patient-Controlled Morphine and Intrathecal Morphine
Analgesia After Tibial Fracture Surgery Under Spinal Anesthesia
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Background: Physiological responses to pain and trauma have negative and dangerous effects on all organs.
Objectives: This study aimed to compare intravenous patient-controlled analgesia (PCA) and intrathecal morphine in patients undergoing
tibial fracture surgery under spinal anesthesia.
Patients and Methods: This double-blind clinical trial was conducted on 80 patients undergoing tibial fracture surgery, aged 20 - 50
years and under class I and II of American Society of Anesthesiologists (ASA). They were randomly divided into two equal groups. Patients
in the first group received spinal anesthesia with 3 mL marcaine 0.5% and 2 µg/kg (1 mL) morphine. Patients in the second group received
the same, but instead of morphine we used 1 mL of distilled water. In the second group, immediately after the spinal anesthesia, 1 mg/hour
morphine PCA pump was connected to the patients. In both groups, the following variables were assessed every hour for 12 hours by a
third party (a trained anesthesiologist assistant): pain through visual analog scale, nausea, vomiting, pruritus, respiratory complications,
mean arterial pressure, and heart rate. Data were collected using a questionnaire and then analyzed by Student’s t-test, repeated measures
analysis of variance (ANOVA) and chi-squared tests in SPSS software.
Results: The ANOVA test showed that there was no meaningful difference in pain between the two groups within the 12 hours after the
surgery, based on visual analogue scale (VAS) (despite a slightly higher VAS in group one) (P = 0.17). There was no meaningful difference
between the patients in pruritus, nausea, vomiting and respiratory complications in the two groups.
Conclusions: Given the similar level of pain, complications, and the hemodynamic signs postoperatively in both groups, we concluded
that it is better to use a single dose of intrathecal morphine instead of morphine PCA pump.
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1. Background
Reducing postoperative pain, especially with appropriate analgesic regimens, leads to reduced postoperative mortality. The transmission of painful stimuli to
the central nervous system produces neuroendocrine
stress responses and increases the local and systemic
inflammatory substances. Neuroendocrine responses
to pain include increased secretion of catecholamines
as well as increased catabolic hormones such as cortisol, glucagon, aldosterone, rennin, angiotensin, and
antidiuretic hormone and reduced anabolic hormones,
all of which will lead to increased water and sodium retention, blood glucose, ketone and lactate bodies and
fatty acids and ultimately leads to a hypermetabolic
and catabolic state (1).
Stress response also leads to the rejection of artery bypass graft and myocardial ischemia. Stress response suppresses immunity associated with intensity of surgery
trauma, which causes hyperglycemia and reduced healing of the wound. It also leads to postoperative hypercoagulability in the form of reduced level of anticoagulants

and increased procoagulants and ultimately increased
incidence of deep vein thrombosis and cerebral and pulmonary thromboembolism. Increased catecholamines
due to uncontrolled pain will lead to increased myocardial oxygen consumption, coronary vasoconstriction, and
ultimately ischemia and heart attack. Stimulation of the
sympathetic system causes a delay in bowel movements
and ileus. Moreover, pain causes shallow breathing and
reduces coughing, followed by exacerbation of pulmonary complications (2, 3).
Depending on the type of surgery, chronic postoperative pain occurs in 10 - 65% of patients and lack of effective
management of acute postoperative pain is an important
predicting factor for it.
Preventing these changes by analgesic treatment causes
beneficial short-term effects such as reducing the postoperative acute pain and accelerating the recovery as well as
long-term effects such as reduced postoperative chronic
pain and improved quality of life (4).
Pain control methods include intravenous (IV) and in-
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tramuscular administration of drugs, patient-controlled
analgesia (PCA) and nerve blocking (5).
PCA pump can be programmed in terms of bolus doses, intervals between doses, and continuous infusion,
so that an optimal dose can be determined which is not
too low or not too high to cause complications. The optimal dose for a patient (who had not previously used
opioids) weighing 70 kg is 1 mg/hour of morphine and
40 µg/hour of fentanyl, and the most common intervals
between injections are 5 - 10 minutes. PCA pump does
not reduce hospital stay, but reduces the need for nursing services and increases the acceptability by patients.
Moreover, this method involves fewer incidences of
respiratory depression (1). PCA pump may be installed
both intravenously and as intra-epidural.
This technique prevents any delay in drug administration. It provides the highest flexibility in regulating drug
doses and is the best match with physiological differences in patients. It is suitable for both adults and children
and is preferred to intramuscular injection in controlling postoperative pain. Today, IV PCA with morphine (as
the drug of choice) is considered a mainstream of postoperative analgesia (6).
Other methods include intrathecal administration of
morphine. A single intrathecal administration of 0.2 - 1
mg of morphine controls pain for 24 hours. Possible respiratory depression is an important side effect of intrathecal morphine. However, such cases are more common
in doses above 5 µg/kg weight (4).

2. Objectives

Considering the importance of controlling postoperative pain and increasing the use of PCA, as well as the involving problems including proper patient and nurse
training and lack of cooperation between the two, heavy
cost of the pump, possibility of venous catheter dislodgment, etc., it was decided to compare the analgesic effects
of IV-PCA and single dose of intrathecal morphine, which
is cheaper, easier, and less time-consuming.

3. Patients and Methods

This clinical trial was conducted in 2013 in Shahid Rajaie
Hospital affiliated to Qazvin University of Medical Sciences between 20 and 70 years of age under American Society
of Anesthesiologists (ASA) class I and II, undergoing tibia
fracture surgery. The sample size was determined to comprise 80 patients, based on 95% confidence, 20% relative
accuracy, and 20% withdrawal possibility, who were then
randomly divided into equal intervention and control
groups using balanced block randomization. Patients
who had regularly and in large amounts used opioids, analgesics, or tranquilizers before surgery, and those with a
history of pulmonary and liver problems were excluded
from the study.
This study was approved by the Ethics Committee of
vice-chancellor for research Qazvin University of Medi2

cal Sciences and registered at the Iranian Registry of
Clinical Trials IRCT2013051513340N1. After briefing the
patients and obtaining the patients’ consents and in the
absence of contraindications for spinal anesthesia, all
the patients received 0.02 µg/kg weight of IV midazolam,
infused through 500 mL of normal saline. Thereafter, the
first group received spinal anesthesia with 3 mL of marcaine 0.5% plus 1.5 - 2 µg/kg of morphine (1 mL in volume).
This group also received pethidine with muscular dose
of 0.5 µg/kg based on visual analogue scale (VAS) of 4 or
higher, or when the patient prompted. The same method
was used for the second group, but 1 mL of distilled water
was added instead of morphine, and immediately after
spinal anesthesia, PCA pump was installed at a dose of 1
mg/hour at 15-minute intervals.
The level of pain was assessed in both groups according to VAS every 1 - 12 hours by a third party (trained
anesthesiologist assistant). Finally, VAS every hour and
IV-PCA in the first 12 hours were statistically analyzed
in both groups. The study was conducted in a doubleblind format, where neither the patients nor the project executer were aware of grouping of patients or
drugs administered.
Data were collected according to the study checklists,
including levels of anesthesia due to intrathecal and
IV-PCA use of morphine, nausea and vomiting, reduced
heart rate (HR) and blood pressure (BP), and respiratory
complications. Statistical analysis was carried out in SPSS
software using chi-squared, t-test, and repeated measures
analysis of variance (ANOVA) tests.

4. Results
He mean age was 45 years in the PCA group and 47 years
in the intrathecal group and there was no significant difference in age between the two groups (P = 0.60). There
were no significant differences between the two groups
in terms of gender, weight, or height (P > 0.05) (Table 1).
The levels of nausea and vomiting were similar in the
two groups and no significant differences were found (P
= 0.50). This also applied to the level of pruritus in the
two groups and no significant difference was found between them. The difference between the two groups in
terms of respiratory problems was also insignificant (P
= 0.56). Furthermore, the results showed no significant
difference between the two groups in use of analgesia to
reduce postoperative pain (P = 0.06) (Table 2).
Assessing the hemodynamic symptoms revealed no
significant differences between the two groups in mean
arterial pressure or heart rate (P = 0.05) (Table 3).
The level of pain in the two groups based on VAS was
compared before the surgery and every hour after the
surgery for 12 hours using repeated measure ANOVA
test, which showed no significant difference between
the two groups. Furthermore, the mean VAS in the two
groups was similar at the assessment times (P = 0.17)
(Table 4).
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Table 1. Comparison of the Two Groups in Terms of Demographic Details and Use of Analgesics a,b
Demographic Details
Gender
Male

Female

Age, y

Weight, kg

Height, cm

PCA
Group

Intrathecal
Group

P Value

30 (85)

28 (64)

0.60

48.8 ± 1.47

48.8 ± 14.6

175.2 ± 7.2

172 ± 8.1

10 (15)

76.4 ± 8.1

12 (35)

75.3 ± 8.7

a Abbreviation: PCA, patient-controlled analgesia.
b Data are presented as Mean ± SD or No. (%).

0.60
1

0.63
0.17

Table 2. Frequency Distributions of Postoperative Nausea
and Vomiting, Pruritus, and Respiratory Problems in the Two
Groups a,b
Intrathecal
Complications
PCA Group
P Value
Group
Nausea and
4 (10)
6 (15)
0.50
vomiting
Pruritus
6
6
1
Respiratory
0 (0)
1 (2.5)
0.56
problems
Pethidine
6 (15)
11 (27.5)
0.12
a Abbreviation: PCA, patient-controlled analgesia.
b Data are presented as No. (%).

Table 3. The Comparison of Mean Arterial Pressure and Heart
Rate Between the Two Groups a,b
Hemodynamic Items
Mean arterial blood
pressure
Heart rate

PCA Group

Intrathecal
Group

P Value

69.6 ± 7.93

70.8 ± 10.83

0.56

80.37 ± 6.91

81.80 ± 4.51

0.74

a Abbreviation: PCA, patient-controlled analgesia.
b Data are presented as Mean ± SD.

Table 4. Comparison Between the Two Groups in Terms of
Same-Time Visual Analog Scale Levels a,b
VAS
Time, h
PCA Group
Intrathecal Group
1
1 ± 0.0
1 ± 0.0
2
1 ± 0.0
1.05 ± 0.22
3
1.02 ± 0.15
1.12 ± 0.33
4
1.17 ± 0.38
1.2 ± 0.63
5
1.37 ± 0.54
1.4 ± 0.5
6
1.62 ± 0.66
1.72 ± 0.67
7
1.9 ± 0.74
2.02 ± 1.02
8
1.85 ± 0.66
2 ± 0.32
9
1.9 ± 0.74
2.02 ± 0.57
10
2 ± 0.81
2.22 ± 0.61
11
1.85 ± 0.56
2 ± 0.32
12
1.68 ± 0.76
1.71 ± 0.63

a Abbreviations: PCA, patient-controlled analgesia; VAS, visual analog
scale.
b Data are presented as mean ± SD.
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5. Discussion
The study results showed no significant differences in
level of pain between the PCA and intrathecal morphine
groups. Furthermore, the two groups were also similar
in mean hemodynamic symptoms, pruritus, respiratory
complications, nausea and vomiting and no significant
difference was observed between them.
Morphine sulfate is usually the first choice in IV pump
method, because it has been more extensively used and
studied compared with other opioids. Although it produces an appropriate analgesia, due to its side-effects
such as nausea and vomiting, respiratory depression,
sedation, confusion, and urinary retention, there is a
tendency to reduce the need and use an alternative. In
this study, intrathecal pump was used as an alternative
method (6).
In a study by Mukherjee et al. using IV pump and intrathecal pump, they were shown to reduce postoperative pain and complications in patients, and using these
pumps together, compared to IV pump alone, reduced
the morphine use, but no significant difference was
found between the two groups in postoperative pain and
complications or satisfaction with operation (P < 0.05)
(7). A study by Khalili et al. showed that pain was better
controlled by IV-PCA morphine pump than by epidural
pump and the overall satisfaction was higher in this
method. In epidural method, pain was not fully controlled and patients experienced reduced BP on specific
occasions and higher levels of pruritus (8). Greater attention should be paid to control reduced level of consciousness in IV morphine method.
In the present study, the VAS level of pain was similar
in both PCA and intrathecal methods and their difference was insignificant (P = 0.17). However, the mean VAS
in both methods over 12 hours following surgery did not
fall below 3, and in some cases it was higher than 3. On
the contrary, in a study by Momeni et al. investigating the
level and control of pain using PCA and local methods,
the VAS level of pain was less than 3 in both methods, but
pain was better controlled by the PCA method (9).
Today, PCA pump is one of the most common postoperative analgesia methods, used in many hospitals countrywide. Nonetheless, prolonged exposure of patients to
opioids has significant side effects. In a study by Ghahiri
et al. comparing intramuscular pethidine and PCA methods for controlling postoperative pain and complications, intramuscular pethidine had better effect than PCA
method (P = 0.02) and satisfaction was also greater in the
intramuscular method (10).
The incidence of nausea and vomiting due to the stimulation of chemical receptors is in the trigger region and
using opioids such as morphine cause nausea by stimulating the nausea center. Local reactions to morphine
injection can occur due to histamine release or preservatives; one of these reaction include itching which is
greater around the nose (11, 12).
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Assessing postoperative complications, Ghehiri et al. reported higher levels of nausea, vomiting and pruritus in
intramuscular method compared to PCA pump method.
However, in a study by Trikoupi et al. the mean level of
nausea and vomiting in PCA was less than that in intramuscular method (13). However, in Mukherjee’s study (7),
postoperative nausea and vomiting were similar in PCA
and intrathecal methods, while in the present study, levels of postoperative nausea, vomiting and pruritus in PCA
and intrathecal methods were not significantly different.
In a study by Devys et al. postoperative complications in
intrathecal method were less compared to PCA and the
difference was statistically significant (14).
Opiates interfere with respiratory regulation centers
such as the brain stem and the medulla oblongata. All
opiates stimulating μ receptors including morphine
cause dose-dependent respiratory depression through
direct effect on respiratory centers in the brain stem. The
effect of morphine on the respiration pattern includes
reduced respiratory rate, increased apnea, delayed exhalation, and irregular breathing. Respiratory depression
peaks during 15 - 30 minutes following a single analgesic
dose of morphine. Morphine also reduces arterial blood
pressure, which is more seen in people with reduced volume of body fluids, with subsequent bradycardia. Arterial vasodilatation is also a direct effect of morphine on
vascular smooth muscles.
In the present study, severe hemodynamic symptoms
were not observed in any of the patients 12 hours after the
surgery; and mean arterial BP, HR and respiratory complications were similar in both groups with no significant
differences between them (P = 0.05).
Although the use of IV PCA pump is a common and acceptable method of reducing postoperative pain providing increased patient satisfaction and earlier patient discharge, it imposes huge costs due to procurement of the
pump and patient and nurse training. It is also associated
with problems such as venous catheter dislodgment and
improper control.
The present study demonstrated similar analgesic effects and postoperative complications in both IV-PCA
pump and single intrathecal dose of morphine. Therefore, the intrathecal method that has the same complications and effects, but costs less and requires less control,
can be used as an alternative to IV-PCA pump.
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