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A b s t r a c t

Objectives: This study was designed to compare the intrathecal morphine and 
paravertebral block with bupivacaine given before induction of anesthesia for 
intra‑operative and post‑thoracotomy pain relief for 48 hours using patient controlled 
paravertebral analgesia in post‑operative period. Methods: After taken an approval from 
the ethics committee of the University, 40 patients were randomly assigned to receive 
either preservative‑free intrathecal morphine 0.3 mg in 3 ml normal saline together with 
paravertebral block (group I) or paravertebral block alone using bupivacaine (group II) 
before an induction of anesthesia. No continuous infusion of bupivacaine was started 
in both groups. Primary outcomes were Visual Analogue Score (VAS) at rest and on 
coughing. Hemodynamic and respiratory effects, bupivacaine consumption, patient’s 
satisfaction, and side effects like nausea, vomiting, urinary retention, and itching were 
considered as secondary outcomes. All patients in both groups received paracetamol 
1 gram (gm) IV every 6 hourly for the 1st 24 hr. Amount of rescue analgesic (pethidine 
0.5 mg/kg IV) in both groups and total bupivacaine cumulative doses in 48 hrs were 
calculated. Results: VAS at rest and on coughing did not differ significantly between the 
2 groups at 0, 1, 6, 12, 18, 24, and 48 hours (P=>0.1). At 24 hours, VAS increased 
in both the groups, but the increase in VAS was comparable in both groups. There were 
insignificant incidences of nausea, purities, and urinary retention in intrathecal group 
compared with paravertebral group. The other side effects and patient satisfaction did 
not show any statistical significant difference between 2 groups. Conclusion: Intrathecal 
morphine 0.3 mg is safe and effective way to improves pain control for thoracic surgery 
and was comparable to paravertebral patient control analgesia (PPCA) with bupivacaine 
for the 1st 48 hours post‑thoracotomy.

Key words: Bupivacaine, intrathecal morphine, paracetamol, paravertebral patient 
control analgesia, post-operative pain, thoracic surgery

Address for correspondence: 
Dr. Ahsan Khaliq Siddiqui, 
Department of Anesthesiology,  
King Fahd Hospital of the University, 
University of Dammam,  
Dammam, Saudi Arabia. 
E‑mail: ahsanksiddiqui@hotmail.com

atelectasis and pulmonary infections due to additionally 
prolonged immobility related to pain.[2] Several analgesic 
techniques, including intercostal, paravertebral, interpleural 
and epidural blocks with local anesthetics and opioids, 
have been used to provide pain relief  after thoracotomy.[3]

A survey of  analgesic techniques after thoracotomy in 
Australian hospitals showed that 79% of  respondents 
regarded epidural blockade as the best available 
technique.[4] However, thoracic epidurals were associated 
with significantly higher adverse effects such as block 
failure, hypotension, urinary retention, pulmonary 
complications, and nausea than paravertebral analgesia.[5] 
Thoracic paravertebral block (PVB) has enjoyed resurgence 
in recent years. Continuous thoracic paravertebral 

Introduction

Pain after thoracic surgery may be the most recognized pain 
syndrome associated with a specific surgery.[1] Inadequate 
pain control might lead to postoperative pulmonary 
complications, such as mucous plugging, hypoxia, 
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analgesia is as effective as epidural blockade in controlling 
post‑thoracotomy pain; in addition, it is associated with 
less hemodynamic effects.[6]

The intrathecal administration of  morphine in post‑operative 
patients was 1st reported in 1979,[7] whereas epidural opioid 
analgesia has enjoyed widespread popularity, the intrathecal 
route is associated with inferior safety, primarily because of  
a higher reported incidence of  respiratory depression and 
somnolence.[8] However, this analgesic modality stood the 
test of  time and was shown to provide effective analgesia 
of  long duration in the post‑operative period. When 
patients assessed timely, small‑dose of  intrathecal opioids 
are safe, effective, and relatively inexpensive modalities 
for the routine management of  acute post‑operative pain 
after a variety of  major surgical procedures.[9] Nevertheless, 
intrathecal opioid administration has been investigated 
more recently in the context of  major surgery, especially 
cardiac.[10] Recently, lumbar spinal opioid analgesia is now 
considered as an alternative and comparable to thoracic 
epidural analgesia.[5] Thoracic paravertebral block (PVB) is 
used frequently in our department as a perioperative pain 
relief  technique for thoracic surgery. This technique may 
have some advantages such as a unilateral analgesia with 
unilateral sympathetic block, which may have less effect on 
patient’s hemodynamics. Comparison between intrathecal 
administration of  morphine and paravertebral block with 
local anesthetics for post‑operative pain management 
after thoracotomy was not yet studied. Intrathecal opioid 
administration could be an easy technique to perform and 
simple alternative way to relief  the intra‑operative and 
post‑thoracotomy pain in the 1st 48 hours. We hypothese 
that intrathecal morphine technique has equal an analgesic 
effect as paravertebral technique in thoracic surgical 
procedures.

Our aim in this prospective study was to compare the 
analgesic efficacy of  intrathecally administered morphine 
with that of  patient control paravertebral analgesia for 1st 
48 hours post‑thoracotomy and patient satisfaction.

Methods

This study was started in March  2009 and completed 
in April  2011 in King Fahd Teaching Hospital of  the 
university, University of  Dammam, Dammam, Saudi 
Arabia. After an approval of  the local Ethics Committee 
of  the King Fahd Hospital of  the university, a written 
informed consent was obtained from 40  consecutive 
patients undergoing thoracotomy. Patients, who were 
American Society of  Anesthesiologists (ASA) physical 
status I‑III and aged between 18 – 72 years, were included 
in the study. Patients were randomly allocated by sealed 

opaque envelopes method into 2 groups (group): Group I; 
who received intrathecal preservative‑free morphine 
0.3 mg in 3 ml normal saline plus paravertebral patient 
control analgesia (PPCA) with bupivacaine and group II; 
paravertebral patient control analgesia (PPCA) with 
bupivacaine alone in sitting position. In our institution, the 
blocks for both thoracic and lumber paravertebral block 
are carried out with patient in sitting position. Because of  
this ration, we gave spinal block using morphine in group 1.

Exclusion criteria included cardiac diseases, hepatic 
insufficiency, and renal failure. Infection at the operation 
site, coagulation disorders, and use of  any analgesics during 
the last 48 hours before surgery, patients with a history 
of  chronic pain, psychiatric disease, and allergy to local 
anesthetics, morphine, or drugs used in the study were 
also excluded.

During pre‑operative visit, the potential benefits and side 
effects of  both intrathecal morphine and paravertebral 
techniques were explained to the patients. VAS scoring 
system and the use of  patient‑controlled analgesia pump 
were also explained to every patients included in this 
study. All patients received premedication in the form 
of  lorazepam 1‑2 mg orally the night before surgery. On 
an arrival to operating room, a 0.05 mg/kg midazolam 
was injected intravenously 15  minutes before starting 
anesthetic procedure. Before an induction of  general 
anesthesia and according to the randomization, group I 
patients received 0.3 mg preservative‑free morphine in 
3 ml normal saline intrathecally at the level of  L3‑4 or 
L4‑5 interspinous space while in sitting position (via 
midline approach using 25‑gauge spinal needle). Following 
intrathecal morphine administration and to ensure assessor 
blindness, a paravertebral catheter was inserted at the level 
of  T5 using Touhy needle (Touhy needle‑18G; Minipack 
epidural‑catheter, Portex ltd, England). Sterile dressing 
was used to cover L3‑4 interspace to ensure blindness of  
the assessor. Patients in group II received 4 paravertebral 
injections (5 ml each of  0.25% bupivacaine) after which 
an epidural catheter was inserted in paravertebral space 
at T5 level. Sterile dressing was used to cover L3‑4 
interspace without skin puncture to ensure blindness of  
the assessor. For paravertebral space identification, midline 
was identified with by noting the spinous processes, and 
then the low‑frequency ultrasound probe was used to scan 
laterally until the transverse processes, the costotransverse 
ligament, and the pleura could easily be identified. An 
18  gauge, tuohy needle was advanced in‑plane under 
ultrasound visualization. Once the paravertebral space was 
entered and we feel lose of  resistance, a bolus of  5 ml 0.25 
% bopivacaine was given. Tenting of  the pleura could be 
seen and moving with the injection, which is the endpoint 
we use to confirm proper location in the paravertebral 
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space. A 21 gauge catheter was then placed through the 
needle 5 cm beyond the needle tip.

General anesthesia was induced using fentanyl 2 mg/kg, 
propofol 2 mg/kg, and rocuronium 0.6 mg/kg, and a left 
appropriate size double lumen tube (SumiÒ,Poland) was 
inserted for one lung anesthesia using fiberoptic scope. 
Anesthesia was then maintained with sevoflurane 1‑1.5 
MAC with 50% oxygen in air or according to oxygen 
requirements intra‑operatively to keep patients oxygen 
saturation above 95%. All patients were anesthetized 
by anesthesiologists who were blinded to the analgesic 
technique and the study protocol. Total intra‑operative 
fentanyl consumption was recorded in both groups.

In Post Anesthesia Care Unit (PACU), all patients were 
continuously monitored for hemodynamics, respiratory 
rate, hemoglobin oxygen saturation with pulse oximetry. 
Patients received post‑operative supplemental oxygen via 
oxygen mask 5 liter/min. 1 gram paracetamol intravenously 
(perfalganÒ; Bristol Meyers Squibb‑France) was given 
during closure of  the wound and then every 6  hourly 
regularly for 48 hours to all patients in both groups. In 
both study groups, paravertebral catheters were connected 
to (PCA) pumps 15 minutes before end of  surgery, no 
continuous background paravertebral bupivacaine infusion 
was given. A  bolus of  5 ml bupivacaine 0.25% with 
10 minutes lock‑out time with maximum 20 ml/4 hours 
was used according to the patient's demand.

Primary outcomes like Visual Analogue Score (VAS) at rest 
and on coughing and post‑operative analgesic requirements 
were recorded by a trained nurse who was not informed 
about patient group assignment on arrival to recovery area 
0 hour, 1 hour and then in ward or in surgical intensive 
care unit (SICU) at 6 hours, 12 hours, 18 hours, 24 hours, 
and 48 hours.

Side effects like nausea, vomiting, urinary retention, 
and itching with hemodynamic effects, and respiratory 
parameters were considered as secondary outcomes. 
Patients were discharged from recovery area to ward as 
soon as they reached a Modified Aldrete score of  9 points. 
Strict continuous monitoring and close observation were 
extended in the ward. Patients with complicated surgical 
course or with ASA physical status III were transferred to 
SICU. The degree of  sedation was assessed using Ramsey 
Score graded from 1 to 6 where 1 is anxious or restless 
and 6 exhibits no response. Patients who develop sedation 
>4 were recorded. Post‑operative nausea and vomiting 
(PONV) was scored by the same nurse who recorded VAS 
values, at the same intervals, by using a system of  0 ‑ 2 
where 0 means no nausea, 1 means nausea without vomiting 
and 2 for vomiting. Nausea lasting >10 min or vomiting 

was treated with 1 mg granisetron intravenously. Number 
of  patients who developed urine retention was recorded.

Rescue analgesic regimen in the form of  pethidine 
0.5 mg/Kg intravenously was given if  the VAS on cough 
was >4. The number of  patients who received rescue 
analgesic and frequency of  rescue analgesic needed was 
recorded. Patient satisfaction was evaluated and recorded 
at the 48 hours after operation, rating 0% to 100%, varying 
from very unsatisfied to a very satisfied, respectively.

Statistical analysis
Statistical analysis was performed using SPSS 14 software 
(SPSS Inc., Chicago, Illinois). Data were tested for 
normality using Kolmogorov‑Smirnov test. Un–paired 
Student’s t test and Mann‑Whitney U test were used as 
appropriate. For Comparison of  the incidence of  side 
effects, Chi‑ square test was required. Data were expressed 
as mean±SD, percentage, or median (range). A value of  
P<0.05 was considered to represent statistical significance.

Based upon previous studies data, a prior power analysis 
indicated that 17  patients in each group would be a 
sufficient sample size to detect a 20% reduction in 
post‑operative analgesic requirements, with type‑I error of  
0.05 and a power of  approximately 80%. To compensate 
for possible dropouts, we increased the sample size to 
20 patients in each group.

Result

Patients in the 2 treatment groups had similar demographic 
characteristics [Table  1]. Pre‑operative diagnosis and 
surgical procedures are listed in Table 2. After an induction 
of  anesthesia, no patient in both groups needed additional 
fentanyl doses throughout the surgery.

Table 1: Patient characteristics
Intrathecal 

morphine (n=20)
Paravertebral 
block (n=20)

P value 

Age (yr) 38.1 (±15.2) 38.5 (±12.1) 0.426

Sex (M/F) (16/4) (14/6) 0.157
Weight (kg) 76.3 (±16.6) 74.6 (±13.0) 0.174

Height (cm) 171.1 (±8.44) 169.4 (±5.12) 0.098

Operative time (min) 156.75 (±40.23) 161.25 (±31.49) 0.333

Rescue drug 4 patients 2 patients 0.0256* 
Pethidine 
consumptions

73.75 (±8.5) 65 (±12) 0.0256* 

Total bupivacaine 
consumption in 
1st 24 h (mg)

86±28 438±78

Total bupivacaine 
consumption in 
2nd 24 h (mg)

104±32 493±69

Data are expressed as mean±SD, P value < 0.05 is considered significant
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On arrival to recovery room, up to 18 hours, there were no 
statistical differences in the visual analogue score (VAS) at 
rest [Figure 1] and on coughing [Figure 2] between both 
groups. However, VAS was significantly higher in both 

groups at 24 hours at rest and on coughing (P<0.001), 
respectively.

In group  I (intrathecal morphine group), the total 
bupivacaine dose consumption in the 1st 24  hours was 
86±28 mg and in next 24 hours, 103±41 mg, and also the 
bupivacaine consumption was significantly higher in 2nd 
24 hours in comparison to 1st 24 hours. The total bupivacaine 
consumption in group II (PPCA) was 438±78 mg in the 
1st 24  hours and (493±69 mg) in the next 24  hours. In 
comparison to group  I, bupivacaine consumption was 
statistically highly significant in group  II in 1st 24 hours 
as well as in 2nd 24 hours. (P<0.001). No patients in both 
groups required further analgesic rescue at 1, 6, 12 hours after 
operation. At 18 hours, 2 patients in group I required rescue 
pethidine vs. only 1 patient in group II (P>0.05). Only 2nd 
half  of  24 hours, as a total 6 patients (30 %), required rescue 
analgesia while in group II, only 2 patients (10%) required 
rescue analgesia (P>0.05). This is statistically not significant.

There was no incidence of  hemodynamic instability in both 
groups throughout the study, and no patient developed 
desaturation (SaO2<95%) at any time through the study 
period. None of  the patients in group I had post‑dural 
puncture headache (PDPH) during hospital stay. Nausea 
and vomiting were higher in group I (25%) vs. in group II 
(10%) (P>0.05), which is statistically not significant.

In group I, 4 patients experienced pruritis that was treated 
once with promethazine 0.25 mg/kg intramuscularly, and 
2  patients (10% of  patients) developed mild sedation 
(score  2 with Ramsey score) but did not need any 
pharmacological intervention. 2 patients (10% of  patients) 
in group I developed urinary retention and needed bladder 
catheterization [Table  3]. No signs of  local anesthetic 
toxicity were detected in any of  our patients who were 
under close observation, either those in SICU or those 
in the surgical ward during the 48 hours. At the end of  
48 hours post‑operatively, the degree of  satisfaction did 
not show any statistical significance between both groups 
(P>0.05) [Table 3].

Discussion

This study showed that intrathecal administration of  
morphine 0.3 mg before an induction of  anesthesia for 
patients undergoing thoracotomy resulted in satisfactory 
reduction in visual analogue score (VAS), both at rest 
and on coughing, and the pain relieve is comparable to 
patients (group  II) with paravertebral patient control 
analgesia (PPCA) with bupivacaine 0.25% in the 1st 48 hours 
post‑operatively. In intrathecal morphine group (group I), 
the consumption of  bupivacaine is almost 5  times less 

Table 2: Preoperative diagnosis and surgical 
procedures in each group
Surgical 
procedure

Group
I                   II

Total 
number

% P 
value

Pulmonary 
resection 
(pneumonectomies, 
lobectomies, 
Segmentectomies)

5 712 30 NS

Pericardiectomies 3 2 5 12.5 NS
Decortications 3 4 7 17.5 NS
Lung cyst excision 4 4 8 20 NS
Esophageal 
surgery

3 2 5 12.5 NS

Mediastinal mass 
excision

2 1 3 7.5 NS

Surgical procedure 
(total number)

40 Procedures
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in 1st 24 hours postoperatively and about 4  time less in 
2nd 24 hours. This is because in this group, patients were 
comfortable with the spinal morphine and they seldom 
used PCA. But, in group I, if  we compare 1st 24 hours VAS 
and bupivacaine consumption to 2nd 24 hours, bupivacaine 
consumption by PPCA is significantly higher in 2nd 24 hours. 
It shows that after 24 hours, the effect of  epidural morphine 
was not good enough to provide analgesia alone and 
require an addition of  paravertebral block by bupivacaine. 
This idea to use intrathecal morphine with or without 
paravertebral block in order to know the effectiveness of  
intrarthecal morphine was suggested before in an editorial 
published in British Journal of  Anesthesia in 2007.[5] Jebara 
et  al. compared the analgesic efficacy of  intrathecally 
administered combination of  morphine and sufentanil with 
that of  thoracic epidural for post‑thoracotomy pain relief  
and showed that intrathecal opioid administration offered 
analgesia that is comparable with that of  thoracic epidural 
infusion of  bupivacaine and fentanyl.[11]

The thoracic paravertebral block was compared with 
thoracic epidural for post‑thoracotomy pain relief  in 
many previous studies.[12‑16] In a recent systematic review 
and meta‑analysis for comparison between thoracic 
epidural and paravertebral block for thoracotomy, it 
was found that there was no difference between both 
techniques in term of  analgesia, however; paravertebral 
blockade was considered superior to thoracic epidural 
in terms of  pulmonary function and reduction of  
complications.[17] Another systematic review by Joshi 
et al. as a part of  “The Procedure‑Specific Postoperative 
Pain Management” (PROSPECT) working group in 
collaboration of  anesthesiologists and surgeons who are 
working to formulate evidence –based recommendations 
for pain management that are specific for different surgical 
procedures stated that paravertebral block provide a 
comparable pain relief  to thoracic epidural with superior 
side effect profile.[18] This study is the 1st  prospective, 
randomized study that compared intrathecal morphine 

and thoracic paravertebral in terms of  analgesia and side 
effects on patients undergoing thoracotomy for different 
procedures. Our results showed that lumbar intrathecal 
morphine, combined with intravenous paracetamol, 
provided an excellent level of  analgesia both at rest and 
on cough for 24 hours and even comparable to group II in 
2nd 24 hours. After 24 hours postoperatively in intrathecal 
morphine group, there were more consumption of  pethidine 
in comparison to paravertebral block group, but pethidine 
consumption was comparable and not significantly high. It 
may be because, we used 0.3 mg of  morphine instead of  
0.2 mg morphine as used in previous randomized control 
trail in 30 patients given intrathecal morphine 0.2 mg with 
sufentanil 20 micro gram, and this randomized control trail 
was associated with significant reduction in pain intensity 
for 24  hours.[19] But, when the study period extended 
to 48  post‑operative hours, IV morphine consumption 
using PCA was found to be decreased only during the 1st 
24 hours.[20] A longer lasting analgesia, extending for an 
average of  30 hours, was reported with the use of  a dose 
of  500 mg intrathecal morphine in patients undergoing 
coronary artery bypass grafting surgery. However, more 
side effects were encountered.[21]

Patients were satisfied with this level of  analgesia during 1st 
24 hours postoperatively, based on the low frequency of  
rescue analgesic request. Usually, pain is most severe within 
the first post‑operative day, and intrathecal opioids found 
to be efficacious for analgesia during this time. The 2nd 
24 hours in spinal morphine group (group I) when effect of  
spinal morphine decreased, and VAS was increased, patients 
in this group started using PCA more and more, and total 
bupivacaine requirement was increased in 2nd 24  hours. 
Using of  PCA to gather with intrathecal morphine was 
also suggested before, in an editorial discussing the optimal 
technique for post‑thoracotomy pain relief.[5]

Multimodal post‑operative analgesia is a cornerstone 
of  treatment for major thoracic and upper abdominal 
surgery.[12] For this reason, we added paracetamol IV for 
both groups, and this may have contributed to the improved 
quality of  analgesia during the 1st 24 hours in the intrathecal 
group. Concomitant parenteral opioid administration is a 
known risk factor for respiratory depression with the use of  
neuraxial opioids.[22] Therefore, we relied on a non‑opioid 
analgesic (paracetamol) 15 mg/kg/IV as regular analgesic 
supplement while pethidine 0.5 mg/kg IV was given only 
when the pain persists after paracetamol administration.

The incidence and severity of  side effects in our study 
were acceptable and easily‑controlled. There were no 
serious or life‑threatening complications. Compared 
to complications of  other techniques (as epidural 
hematomas, epidural abscess, and spinal cord injury in 

Table 3: Secondary outcome in intrathecal and 
paravertebral groups

Intrathecal 
morphine gp

Paravertebral 
gp

P value 

Nausea 4/20 1/20 0.436
Vomiting 1/20 1/20 0.436
Pruritis 4/20 0/ 20 0.333
Hypotension (>20% 
decrease)

0/20 0/20 NS

Sedation 2/20 0/20 0.333
Respiratory depression 0/20 0/20 NS
Urinary retention 2/20 0/20 0.333
ICU admission 17/20 14/20 0.157
Patient satisfaction 79% 86% NS
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case of  thoracic epidural,[16] or dural puncture‑leading 
total spinal anesthesia, post‑dural puncture headache[23] 
and pulmonary hematomas[24] that have been occasionally 
reported after thoracic paravertebral approach), intrathecal 
opioid administration is considered simple, easy, and safe 
alternative technique for pain relief  after thoracotomy. 
In addition, these techniques need some level of  skills 
and experiences to be performed safely. Added to the 
limitations with thoracic epidural or paravertebral catheters 
insertion, management of  analgesia with these techniques 
need careful follow‑up and observation and more 
manpower for refilling procedure. Also, dealing with these 
techniques need educated and dedicated nursing staff  that 
are trained in the use of  standardized acute pain service 
and can deliver the treatment properly.

The nausea and vomiting in our study is in the normal range 
of  incidence compared with previous studies. One previous 
study, involving 5969 patients, reported the incidence of  
intrathecal opioid side effects like pruritis, nausea were 37, 
25, and respiratory depression 3%, respectively.[9] Nausea and 
vomiting in group II occurred in the same patient, and it was 
related to intravenous pethidine given to that patient. Not all 
patients admitted to intensive care unit as routine. Only those 
patients who need intensive care based on his ASA status or has 
comorbid diseases is the one admitted for closer observation.

In conclusion, intrathecal morphine 0.3 mg given 
preoperatively with concomitant paracetamol 1 gram 
intravenous every 6 hourly could be easy, safe, and adequate 
technique for post‑operative pain relief  for 48  hours 
after thoracic surgery with no significant side effects. The 
simplicity of  this technique gives a solution in case of  other 
techniques, like thoracic epidural or thoracic paravertebral 
block is not feasible due to lack of  experience or difficulties 
in performance of  these techniques.
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