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ABSTRACT
Background: Thoracotomy is one of the surgical operations which causes severe pain. In fact, this pain is one of the most
excruciating pains caused by surgical operations.
Different procedures are performed to decrease this pain which is associated with significant physiologic, mental and
pathologic complications. Each of these procedures has its own advantage and disadvantages.
In many centers, the most common treatment method used, is considered as the first choice. In this study, common methods
of analgesia after thoracotomy were compared.
Materials and Methods: During this meta-analysis, “Visual Analogue Scale” (VAS) of patients in epidural group was
compared with those in four groups of systemic opioids , intercostal block, para- vertebral block and intrapleural infusion in
the first 24 hours after surgery.
Data obtained from 28 randomized clinical trials (RCT) which compared the procedures in 1697 patients after thoracotomy
were gathered using random effect model, effect size index and the standardized difference average. Statistical values were
evaluated and the results obtained using standard error, 5% maximum confidence limit and 5% minimum confidence limit.
The obtained data were evaluated using studies performed between 1987 and 2005.
After evaluating 314 titles and 185 abstracts, 28 articles were entered in the meta- analysis considering inclusion criteria.
Four groups of epidural with systemic opioids, epidural with para-vertebral, epidural with intercostal and epidural with
intrapleural analgesia were studied.
Results: It was noticed that the epidural method in total 24 hours with 95% CI= -0.9802 to -0.3844 was a better procedure
compared with systemic opioids. Epidural method did not show any difference with intercostal method in 24 hours mean with
95% CI= -0.2171 to +0.5906. Epidural method was also better than intrapleural in 24 hours mean with 95% CI= -1.1166 to 0.0106. When comparing epidural with para-vertebral, epidural was better with 95% CI= +0.1744 to -0.4527.
Conclusion: According to the evaluations performed, epidural method is recommended as the method of choice to reduce
pain after thoracotomy. (Tanaffos 2005; 4(16): 29-39)
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INTRODUCTION

Thoracotomy is a surgical operation associated
with severe postoperative pain. This pain not only
bothers the patient but also has many physiologic and
pathologic complications that affect the prognosis
and outcome of surgery.
Patients try to move less because of pain leading
to shallow breathing which causes hypoxia and
pulmonary dysfunction.
Pulmonary dysfunction after surgery can delay the
healing process and threatens the patient's life.
Hypoxia can also delay healing of lesion and
causes cognitive disorders.
Immobility causes atelectasis which makes the
patient susceptible to infection and pulmonary
insufficiency (1).
Severe postoperative pain is one of the significant
complications of this operation and many efforts
have been made in this regard. These include
different analgesic procedures using systemic or local
(regional) methods. Each of these has their own
advantages and disadvantages.
The more common ones are: using intravenous
drugs such as opioids, non-steroidal antiinflammatory drugs (NSAIDs) or regional methods
such as using anesthetic drugs or opioids inside the
epidural or spinal spaces, using intercostal nerve
blocks, anesthetic infiltration inside the lesion, paravertebral blocks, opioids infusion or intrapleural
anesthetic drugs and cryoanalgesia.
In most studies, a specific method has been
compared with another one and the analgesic effect
and complications of two or three methods are
evaluated.
In order to ascertain which procedure has the best
effect, data obtained from these comparisons must be
combined, which has not been performed till now
and each center has selected one method as the
method of choice considering its own conditions (2).
By using meta- analysis, various studies having

comparable characteristics are compared with each
other.
DIFFERENT METHODS OF ANALGESIA

Systemic Analgesia:
This is one of the most common procedures
causing analgesia after surgery. In fact, the
traditional method of postoperative analgesia is
intravenous or intramuscular injection of opioids.
Major problem in using this method is the narrow
therapeutic window of drug. Average doses cause
side effects including nausea, vomiting, drowsiness,
itching, respiratory distress and etc.
The last complication is usually the most
important one which is often the most important
complication especially after general anesthesia and
might be due to remaining of the vaporizing
anesthetic effect of drugs and is accompanied by
pulmonary dysfunction.
This is generally a simple method with its own
complications. This is why in many researches this
method has been compared with other methods of
analgesia and different results have been obtained in
which the quality of analgesia and complications
have been compared with those of other procedures.

Regional analgesia:
This type of analgesia includes intercostal blocks,
epidural blocks, para-vertebral blocks, intraspinal
blocks, intrapleural blocks and cryoanalgesia.
- Epidural analgesia:

This method is described as injecting the opioid
or local anesthetic drug into the epidural space. In
this method we reach the epidural space by a
particular procedure using a special needle and drug
will be injected in this area.
In this method, a catheter enters the space during
or after the operation and drug is injected through
this after the surgery.
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This catheter can enter the lumbar or thoracic
space and the drug (opioid, local anesthetic or both)
will be injected through it. This is a common method
of analgesia as well.
Optimal analgesia and lesser drug complications
are of the advantages of this method (1,3) .
Complications of this method mainly include:
systemic
complications
of
drugs
(opioid
complications) such as nausea, vomiting, itching,
respiratory depression or complications of the local
anesthetic drugs such as tinnitus, seizure and
cardiovascular toxicity, and complications due to
sympathetic block such as hypotension, urine
retention and etc.
Wrong injection due to displacing the catheter tip
into the spinal space or into the veins is another
complication of this method. A pump can be used as
patient-controlled or infusion for drug injection.
In many centers, epidural method is used as the
method of choice because of optimal analgesia and
possibility of using catheter after the operation (1, 4).
Numerous studies have been performed regarding
the epidural as the best method of analgesia
compared with other methods. Most of these
researches have been conducted in the form of
comparing two or three different methods with each
other or as a systematic review which various results
have been obtained (3,4,5,6).
- Intercostal nerve block:

In this method, intercostal nerve is blocked at the
site by using local anesthetic drugs during or after the
surgery. In this procedure, some other nerves
superior or inferior to the incision site are usually
anesthetized.
Some of the advantages of this procedure are
optimal analgesia and its simple technique, but rapid
absorption of the anesthetic drug usually occurs
which is associated with the risk of drug toxicity and
pneumothorax.

Another disadvantage of this procedure is the
need for frequent injections. To obviate this
difficulty, extra pleural catheters are used.
Many researchers have compared this procedure
with other methods and some considered this as a
proper method for analgesia after thoracotomy.(6)
- Intrapleural block:

Intrapleural analgesia is resulted from placing a
catheter into the pleural space between the parietal
and visceral pleura.
This method was first presented in 1981 by
Reiestoal and Kvalhemi and the results were reported
in 1986. This method has been used successfully to
relieve pain after cholecystectomy, kidney and breast
surgeries and reducing the pain due to rib fractures
(7, 8).
Analgesia results by diffusing the drug from the
pleural space through parietal pleura and intercostal
muscles to the intercostal space and blocking the
nerves.
The effect of intrapleural injection of opioids is
based on activation of the opioid receptors on the
intercostal nerves directly by the opioid so that the
pain is decreased (9, 10, 11).
Complications of this method including
complications of local anesthetic drugs and/or
opioids are either due to the block of thoracic
sympathetic chain or phrenic nerve palsy (9, 10, 12).
This method is simple to perform and results in an
optimal analgesia. Therefore, many researchers have
compared this method with other common methods
of analgesia such as systemic prescription of opioids
or intercostal and epidural blocks; and have reported
interesting results in this regard.
- Para-vertebral block:

Para vertebral block is usually performed by
entering a needle into the para-vertebral space.
Placing the para-vertebral catheter is possible during
the surgery and under direct supervision of the

Tanaffos 2005; 4(16): 29- 39

32 Pain Relief after Thoracotomy

surgeon before the operation or after it.
This method was first used by Hugo Sellhiem in
1905, (13) and is often performed unilaterally.
Therefore, it is mainly used in unilateral surgeries
such as lateral thoracotomy, cholecystectomy, hernia
and kidney surgeries as well as thoracic trauma.
However, it sometimes might be used bilaterally as
well. This method results in an optimal analgesia
during or after the operation. It is quite simple and
catheter can be used as well. There is also a minor
possibility of side effects in this method.
This type of analgesia is contraindicated if any of
the following conditions exists:
- Presence of regional sepsis at the site of injection
- Presence of tumor at the site of injection
- Presence of tumor at the site of injection in paravertebral space (13)
Side effects of this procedure (which are less than
5%) (13) are: possible failure, hypotension,
intravascular injection, intrapleural injection and
pneumothorax. Unilateral Horner’s syndrome may
occur by increased level of block.
Some researchers are in favor of using this
method for analgesia after thoracotomy and have
compared it with other methods including
intravenous opioids, epidural block and… (13).

This procedure is mainly used in cases in whom
long term pain is expected. Cryoanalgesia has turned
into one of the main complementary methods of
analgesia after thoracotomy as the result of strong
pain relief and long-term analgesia (2).
This method is non-expensive and simple to
perform, resulting in long term analgesia.
Risks of possible anesthesia and numbness or
hyperesthesia at the site are of the disadvantages of
this procedure that may last for 2 to 3 months.
Another advantage of this method is the absence
of any drug usage; therefore, there would be no risk
of toxicity by opioids or local anesthetics.
In some studies this method has been compared
with others and various reports have been published
in this regard (1).
In most of them, these methods have been
compared as two studies compared with each other or
one comparing with the control group and a limited
number of patients in these groups have been
evaluated.
The question “Which of these procedures can
result in a more favorable analgesia?” will be
answered by evaluating all these procedures together.

- Cryoanalgesia:

Considering the importance of this subject,
numerous researches have been performed in the
field of postoperative analgesia and as we mentioned
before, they were mostly comparative studies.
Generally, there was no research as a meta-analysis
to specifically study the analgesia after surgery
(Searching Medline, Google, Elsevier and reliable
accessible journals).
In 1998, a study was performed by Ballantyne and
colleagues regarding methods of postoperative
analgesia in which the effects of these procedures on
patient’s pulmonary function were evaluated (1).
It was a cumulative meta-analysis with no curve

Cryoanalgesia is also one of the non
pharmaceutical methods of analgesia after
thoracotomy. This method was first introduced by
Lioyd and his colleagues in 1976 (14).
In this method, the temperature of nerve is
decreased to -20°C during the operation under direct
supervision using a probe and an inclusion of
nervous tissue is formed inside a frozen ball which
causes a nerve block for almost 6 months. In this
procedure usually a nerve at the incision site, one
superior to the incision and one inferior to it are
frozen.

REVIEW OF LITERATURES
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for analgesic effects of these methods.
Most of these researches in this regard have been
reported as review article; among them, a few have
been mentioned here (2,4,6,15-26).
Another meta-analysis was conducted in 2004 in
which the effect of some analgesic methods (some
drugs) were evaluated as preemptively and
postoperatively (27).
An interesting point in this meta-analysis was the
optimal analgesic effect of epidural preemptively
which had not been seen in NSAIDs and opioids.
Also, doses of opioids and NSAIDS used in
epidural local anesthesia were smaller when used
preemptively (comparing postoperatively).
In a study by Richardson et al. in 1999, the effect
of analgesic methods on pulmonary tests was
evaluated and the para-vertebral method was selected
as a method with the best pulmonary outcome (21).

Main Object:
The aim of this study was to compare the effects
of analgesic methods after thoracotomy.
In this study randomized clinical trial were used
and the obtained data were combined to find out
whether these methods differ from each other and to
see which one is better (meta-analysis).
Specific objects of this study were to compare
analgesia in the first 24 hours after thoracotomy (in
different hours) in the epidural method with systemic
opioids, and with para-vertebral, intrapleural and
intercostal blocks.
MATERIALS AND METHODS

The main variable in this study is the severity of
pain after surgery which was measured by “Visual
Analogue Scale” (VAS) and has been used in all
studies evaluated (28).
Another variable was the time at which pain was
evaluated after surgery. In most studies, the pain has
been evaluated and noted at the first, forth, eighth,

twelfth, sixteenth, and 24th hour after surgery.
In this study, articles regarding thoracotomy pain
from 1987 to 2005 were evaluated using all
accessible sources. Articles used in this study had the
following criteria:
1- All were randomized clinical trials.
2- All were blind studies.
3-VAS had been used in all of them.
4- Minimum sample size was 10 or more.
All manuscripts had the above mentioned criteria;
therefore, the study quality was considered the same
in all of them.
A total of 25 manuscripts were used in metaanalysis and 1697 patients in 4 groups were
compared with each other regarding postoperative
pain.
After classifying the data obtained from
comparative studies, differences of means were
calculated and a new difference average was
obtained using random effect model. Probability
level of difference average was calculated separately
for each hour in both direct and indirect stages using
the Chi-square test.(By using non-directional zeroeffect model it will be proved whether any difference
exists between the methods)
If, even in one case P-value< 0.05, the effects of
two methods of analgesia are not the same.
In the direct zero-effect model it is evaluated
whether the difference in the two groups is the same.
Then, by obtaining the standard error, 95% upper
confidence limit and 95% lower confidence limit for
each hour and for the total hours as well, the
significance of the understudy method was evaluated
using CI.
In fact, if the distance between the upper and
lower confidence limits is above or below zero(not
including zero itself) the difference between the two
groups is significant.(e.g. If VAS in one group is
totally higher, the quality of analgesia in that group is
lower). But, if the distance between upper and lower
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VAS

1.039

0.5991

1.4897

1

39

16

VAS

1.039

0.5995

1.4897

3

41

24

VAS

-0.4725

-0.79

-0.151

Overall

VAS

0.1868

-0.2171

0.5906

36
28-37

VAS

-0.3789

-0.132

0.3747

16

VAS

-0.3703

-1.23

0.3851

24

VAS

-1.40

-0.98

-0.48

-0.98

-0.3484

Table 2. Results of the comparison between epidural method and

Method

In total 24 hours

At 24th hour

At

At 16th hour

hour
8th

At

At 12th hour

hour
4th

At 1st hour

systemic opioids.

Time of evaluation

Epidural

NS

NS

+

NS

NS

+

+

Systemic opioids

NS

NS

-

NS

NS

-

-

+ : More advantageous
- : Less advantageous

limit

In total 24 hours

12

Overall

NS
NS

NS
NS

+

+

+
-

Ns
NS

-0.7067

Intercostal
Epidural
+ : More advantageous
- : Less advantageous
NS: No Significant

Table 5. General comparison of epidural and intrapleural methods

2
5

44-46

1

VAS

0.068

-2.0553

2.4489

4

VAS

0.0120

0.0465

1.9535
0.1410

42-43-4546-47

limit

30-31-34-

-1.28

95% Upper confidence

37

-0.2934

limit

28-29-32-

VAS

At 24th hour

Time of evaluation

95% lower confidence

8

32-35-36

Difference average

Table 4. Final comparison of the effects of epidural and inercostal
methods on VAS.

Method

29-30-31-

limit

12

95% Upper confidence

38-40

95% lower confidence

3

At 16th hour

0.4708

0.6971

At 12th hour

-1.65

1.385

-1.02

At 8th hour

-0.5942

-0.585

-0.1642

Difference average

10

VAS

0.3996

VAS

variable

4

4

VAS

8

Time of evaluation

7

34-37

4

38-40

Reference number

6

29-32-33-

0.200

38-40

3

Number of comparisons

6

-1.6044

3

At 4th hour

-0.7022

variable

Difference average

VAS

limit

variable

1

95% Upper confidence

Time of evaluation

28-29-37

limit

Reference number

10

95% lower confidence

Number of comparisons

Table 1. Comparison of epidural method with systemic opioids.

Time of evaluation

These methods were compared with each other
and the obtained results were recorded in related
tables 1-9.

Reference number

RESULTS AND DISCUSSION

Table 3. Comparison of intercostal with epidural block (primary data)
Number of comparisons

confidence limits includes zero, no significant
difference exists between the two methods under
study.

6

42-47

8

VAS

-0.0216

-1.98

1

46

12

VAS

0.1968

-2.055

2.448

3

43-44-47

16

VAS

-1.33

-2.684

-0.0117

24

VAS

-0.78

-1.7345

0.1672

-0.3636

-1.1166

-0.0106

5

42-43-4445-47

NS: No Significant

Overall
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At 12th hour

At 16th hour

At 24th hour

In total 24 hours

NS
NS

NS
NS

NS
NS

NS
NS

NS
NS

NS
NS

+

+ : More advantageous
- : Less advantageous
NS: No Significant

VAS

0.80

0.0091

0.9909

12

VAS

0.6516

-0.3238

1.026

Brichon

1994

16

VAS

0.0311

0.638

0.7006

20

VAS

0.19883

0.1483

0.2483

Miguel
Berrisford

1993
1990

24

VAS

0.3489

-0.7620

1.4598

Joucken

1987

ove
rall

Roxburgh

1987

VAS

0.3136

0.1744

0.4527

Time

+ : More advantageous
- : Less advantageous
NS: No Significant

hour

hour
At

At 8th hour

At 12th hour

At 16th hour

At 20th hour

At 24th hour

In total 24 hours

Epidural
Paravertebral

4th

Method

At

Time of valuation

1st

Table 8. Final comparison of paravertebral and epidural methods

NS
NS

+
-

NS
NS

NS
NS

NS
NS

+
-

NS
NS

+
-

Yang MK

2004

Moorjani

2001

Reference

8

2005

Number

0.76
1.5217

Year

-0.36
0.0866

Author

0
0.804

variable
VAS
VAS

49
49-50-51
48-49-5051
48-50
48-49-5051
49-50
48-49-5051

D Yi Jun

Advantageous

4

95% Upper confidence
limit

2

95% lower confidence
limit

4

Difference average

2

0
4

Reference number

Number of comparisons
4

articles and abstracts it was understood that there
were limited number of accessible articles and they
had not any inclusion criteria for meta-analysis (no
validity score).
Therefore, we only mentioned the abstracts here
and the results were presented as review (table 9).
Table 9. Comparison of cryoanalgesia method in a few studies
performed

Table 7. General comparison of paravertebral and epidural methods

1
3

Another method which is rarely used is
cryoanalgesia which is usually used when there is a
possibility of long term pain. First we managed to
use it in the meta-analysis but after searching the

Comparison
types

Intrapleural
Epidural

At 8th hour

Method

At 4th hour

Time of evaluation

At 1st hour

Table 6. Final comparison of epidural and intrapleural methods

Cryo - PCEA
Cryo- epidural and
epidural alone
Histologic study to
reduce chronic pain
Cryo- intercostalsepidural
Cryo- epidural
Cryo and control
Cryo- intercostal
and control
Cryo and control

NS

20-20

52

-

45-43

53

+

200

54

+

40-40-40

55

-

15-15
63

56
57

NS

?

58

NS

53

59

In evaluating 4 groups of meta-analysis the results
were as follows:
In comparison between the epidural and systemic
opioid methods, the epidural method had a better
pain relief at the 8th and 24th hour but there was no
statistically significant difference at the first, 4th, 12th
and 16th hour. In total 24 hours, epidural method had
a better pain relief. In comparison between the
epidural and para-vertebral methods, epidural had a
better pain relief at the 4th and 20th hour. There was
no significant difference at 8, 16 and 24th hour
between the two groups but epidural method was
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better in this regard in total 24 hours.
In comparison between the two methods of
epidural and intercostal, intercostal was better in 24th
hour time, epidural was better at the 12th and 16th
th

hour time and there was no difference at 4th and 8
hour time. In total 24 hours there was no significant
difference between the epidural and intercostal
methods regarding pain relief.
In comparison between the intrapleural and
epidural methods, in total 24 hours mean epidural

group showed a better pain relief (although we could
not report the difference at 1,4,8,12,16 and 24th hours
because it was not statistically significant).
Evaluating
cryoanalgesia
(comparing
cryoanalgesia with other groups or with the control
group) in one study, cryoanalgesia was better
compared with intercostal but weaker comparing
with epidural. In 3 other studies the difference was
not statistically significant. In 3 studies cryoanalgesia
was weaker than the control.(52,59)
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