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Comparative efficacy of continuous infusion of bupivacaine/fentanyl and 
ropivacaine/fentanyl for paediatric pain control after the Ravitch procedure and 

thoracotomy. A prospective randomized study
Lucyna Tomaszek, Dariusz Fenikowski, Danuta Gawron, Halina Komotajtys

Aims. (1) To compare the efficacy of bupivacaine/fentanyl and ropivacaine/fentanyl for postoperative pain control (2). 
To identify the predictors of acute post-operative pain at rest, during deep breathing and coughing.
Methods. The study was performed in patients aged 6-18 years after thoracic surgery. The subjects were randomized 
to the bupivacaine 0.125%/fentanyl 5.0 μg/mL (n=46) or ropivacaine 0.2%/fentanyl 5.0 μg/mL (n=48) group; analgesic 
mixtures were administered through epidural catheter. All the patients received paracetamol and non-steroidal anti-
inflammatory drugs. The observation period after surgery lasted 72 h. Pain intensity was assessed at rest, during deep 
breathing and coughing and was based on the Numerical Rating Scale and the FLACC scale (range 0-10). If the pain 
was above 2/10, the analgesia was modified. 
Results. Median pain scores at rest (0.4 vs. 0.5), during deep breathing (0.3 vs. 0.3) and coughing (0.6 vs. 0.6) were 
comparable in BF and RF group. The intensity of pain at rest was associated with the number of drains inserted into the 
thorax (β=0.39), the number of pain intensity measurements (β=0.36) and the number of nursing interventions under-
taken to relieve pain (β=0.16). Pain intensity at rest determined the intensity of pain during deep breathing (β=0.60), 
which in turn decided on the severity of pain during coughing (β=0.80). The intensity of pain was increased by age.
Conclusions. Thoracic epidural bupivacaine/fentanyl provided adequate pain relief and similar analgesia to ropiva-
caine/fentanyl. The effectiveness of analgesia depended on the number of pain measurements and interventions by 
nurses to relieve the pain.
Trial Registration: ClinicalTrials.gov; Multimodal Analgesia in Children and Adolescents After the Ravitch Procedure 
and Thoracotomy; NCT03444636; https://clinicaltrials.gov/ct2/show/NCT03444636
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INTRODUCTION 

The modified Ravitch surgery is one of the techniques 
used to treat the deformity of the anterior wall of the 
chest1. Surgical treatment in diseases of the lungs, pleu-
ral cavity, mediastinum and diaphragm is thoracotomy2,3. 
Due to extensive tissue injury and the consequent severe 
postoperative pain3,4 thoracic surgery requires effective 
analgesia. The authors of the Polish paediatric guidelines 
on postoperative pain with a predicted intensity > 7/10 on 
the numerical rating scale (NRS) and a duration longer 
than 3 days, the criteria met by thoracic surgeries, recom-
mend multimodal analgesia5.

The multimodal pain management concept involves 
influencing multiple levels of pain induction and its pro-
cessing (peripheral action, spinal cord). For this purpose, 
the combinations of local anaesthetics, opioids and non-
opioid analgesics (paracetamol, metamizol, non-steroidal 
anti-inflammatory drugs) are used5-7.

Analgesic mixtures containing bupivacaine and fen-

tanyl or ropivacaine and fentanyl administered through a 
thoracic epidural catheter (TEC) are effective in relieving 
pain after thoracic surgery8-10. However, bupivacaine is 
much cheaper than ropivacaine11.

The intensity of pain experienced by the patient after 
surgery is a measure of the effectiveness of analgesia. The 
efficacy of analgesia is determined not only by the right 
analgesic ordered by the doctor in the appropriate dose7, 
but also by the route of drug administration12, the assess-
ment of pain intensity by the nurse13 and whether nurses 
have the opportunity to adjust analgesic treatment in the 
scope of the doctor’s order12. Identifying factors that de-
termine the effectiveness of analgesia can help to optimize 
the quality of patient care in terms of postoperative pain 
and to prevent clinical, psychological, and socioeconomic 
adverse consequences of insufficient pain relief. It is well 
documented that inadequate pain control may delay re-
covery, increase morbidity and mortality, increase anxiety, 
decrease patient satisfaction, and lead to chronic persis-
tent postsurgical pain14,15. Unfortunately, results of many 
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studies conducted in different countries show that the 
treatment of postoperative pain in children is inadequate 
– too many children still experience intense pain16-21. 

The aim of the study was (1) to evaluate the efficacy 
of pain control provided by the multimodal approach that 
involved continuous bupivacaine/fentanyl vs. ropivacaine/
fentanyl infusion through thoracic epidural catheters in 
children and adolescent after Ravitch surgery and thora-
cotomy; (2) to identify the predictors of acute post-oper-
ative pain at rest, during deep breathing and coughing.  

METHODS

Trial design, participants
The prospective randomized study was conducted in 

the Department of Thoracic Surgery of the Institute of 
Tuberculosis and Lung Diseases in Rabka Zdrój, between 
March 2015 and December 2016, in the group of 94 sub-
jects aged 6-18 years. 

The study was designed as an interventional random-
ized controlled trial with 1:1 parallel assignment to the 
intervention and control arms. No important changes 
were made to the methods after the trial began.

The following patients were qualified: aged 5-18 years; 
of both sexes; after obtaining the informed written con-
sent of both patients (from the age of 16) and their legal 
guardians; those who were qualified for the correction 
of the anterior thoracic wall by the Ravitch modified 
method or for thoracotomy through the lateral access 
in diseases of the lungs, pleural cavity and mediastinum; 
those who were planned to receive postoperative epidural 
analgesia; whose physical condition was determined at 
the level of I-III according to the American Society of 
Anaesthesiologists (ASA).

The study excluded the following patients: diagnosed 
with psychiatric disorders, treated oncologically, experi-
encing pain before surgery, with impaired verbal commu-
nication, and the lack of postoperative chest drainage.

Ethics
The study was carried out according to the ethical 

principles of the Helsinki Declaration. Participation in 
the study was voluntary. The protocol of the study was 
granted approval by the Local Bioethics Committee at the 
National Institute of Tuberculosis and Lung Diseases in 
Warsaw (decision no. KB-2/2015), and written informed 
consent to participate in the study was sought from legal 
guardians of all the study subjects. This study was regis-
tered in the ClinicalTrials.gov (Identifier: NCT03444636).

Randomization
The type of postoperative analgesia was a criterion 

to divide patients into groups. The day before surgery 
subjects were consecutively enrolled and randomized in 
strict order as assigned by the allocation sequence to the 
bupivacaine 0.125%/fentanyl (n=46) or ropivacaine 0.2%/
fentanyl (n=48) group. 1 mL of each analgesic solution 
contained 5 μg of fentanyl. The randomized sequence was 
determined at the beginning of the study and generated by 
a random number generator (simple randomization). The 
Participant, Care Provider, Investigator and Outcomes 
Assessor were not blinded for control or intervention 
conditions.

General anaesthesia
To perform the thoracic surgical procedure the pa-

tients received general anaesthesia combined with tho-
racic epidural anaesthesia. All the children were given oral 
midazolam (0.2-0.5 mg/kg) as premedication. General 

Table 1. Demographic and clinical data of patients.

Parameter Group BF (n=46) Group RF (n=48) P

Age (years) 14 (10-15) 13 (9-15) Z=0.718 0.472
Body height (cm) 167 (144-175) 163 (129-173) Z=0.593 0.552
Body weight (kg) 51 (40-54) 49 (26-58) Z=0.272 0.785
BMI (kg/m2) 19 (17-19) 17 (15-20) Z=0.805 0.420
Duration of anaesthesia (min) 200 (170-225) 187 (160-217) Z=1.418 0.156
Duration of surgery (min)
Duration of epidural analgesia (h)

130 (150-165)
70 (50-90)

130 (102-147)
73.0 (65-97)

Z=0.544
Z=–1.682

0.585
0.092

Sex (%) Girls 13 (28.3%) 13 (27.1%) χ2=0.016 0.898
Boys 33 (71.7%) 35 (72.9%)

ASA (%) 1 38 (82.6%) 42 (87.5%) χ2=0.560 0.755
2
3

6 (13.0%)
2 (4.3%)

4 (8.3%)
2 (4.2%)

Type of surgery

Drain

Ravitch
Thoracotomy
One
Two*

32 (69.6%)
14 (30.4%)
40 (87.0%)
6 (13.0%)

26 (54.2%)
22 (45.8%)
44 (91.7%)
4 (8.3%)

χ2=2.356

χ2=0.548

0.124

0.518

Results presented as medians (upper and lower quartile) or numbers (percentages); ASA – American Society of Anaesthesiologists; BF – epidural 
infusion of bupivacaine 0.125% with fentanyl 5 μg/mL; RF – epidural infusion of ropivacaine 0.2% with fentanyl 5 μg/mL
* Two drains in the pleural cavity had 10 (10.6%) patients after thoracotomy, 8 (30.8%) girls and 2 (2.9%) boys.
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anaesthesia was induced using fentanyl (1-5 μg/kg) and 
propofol (3-5 mg/kg).  Neuromuscular blockade was ob-
tained with rocuronium (1 mg/kg in children < 10 years 
old) or pancuronium (0.1 mg/kg). The anaesthesia was 
maintained using suprane in an oxygen/air mixture ad-
ministered through an endotracheal tube. Analgesia was 
provided with a TEC - after intubation an epidural cath-
eter was placed in the Th4-Th8 intervertebral space by the 
midline approach and using the loss of resistance tech-
nique. On completion of the surgical procedure, tracheal 
extubation was performed in the operating room and the 
patients were transferred to the postoperative intensive 
care unit. 

Pain management protocol
In the operating theatre, before anaesthesia induc-

tion – as pre-emptive analgesia – the patients received 
intravenous paracetamol (15 mg/kg) and non-steroidal 
anti-inflammatory drugs (children up to 14 years of age 
rectal ibuprofen: 10 mg/kg and children above 14 years of 
age ketoprofen: 1 mg/ kg intravenously). 

Immediately after the insertion of epidural catheter, 
2% lidocaine (2 mg/kg) was administered extradurally. 
Then after 15 min, the patients in the BF group received 
0.5% bupivacaine (0.5-1 mg/kg) and those in the RF 
group 1% ropivacaine (1-3 mg/kg). After 60 min 0.125% 
solution of bupivacaine with fentanyl or 0.2% ropivacaine 
solution with fentanyl was infused with a flow rate of 0.1 
mL/kg/h. 

Depending on the allocation to the group, postopera-
tive analgesia was continued either with 0.125% bupiva-
caine and fentanyl, or with 0.2% ropivacaine and fentanyl, 
based on the concentration and the flow rate described 
above. In addition, intravenous paracetamol was admin-
istered as standard every 6 h (the maximum of 60 mg/kg 

daily) along with non-steroidal anti-inflammatory drugs. 
In children > 14 years of age, ketoprofen was injected in 
a dose of 1 mg/kg (the maximum of 200 mg daily) and 
in younger children ibuprofen (orally or rectally, up to 30 
mg/kg daily) every 8 h.

Pain intensity
Pain intensity was measured using the Numerical 

Rating Scale (NRS) in children ≥ 7 years old and the 
FLACC scale in younger children22. The former tool is 
self-descriptive, the second is a behavioural scale. In both 
cases, the scale range includes 0-10 pts (0 = no pain and 
10 = worst pain imaginable).

Postoperative pain was assessed using the dynamic 
three-step method, i.e. at rest, during deep breathing and 
coughing (Fig. 1). The measurement always started from 
the assessment of pain intensity at rest. If the patient re-
ported pain at rest, the pain intensity was evaluated in the 
scale adequate to the patient’s age. If the patient did not 
feel pain, or the pain was rated at 1-2 pts then the patient 
was asked to take a deep breath in order to re-evaluate the 
pain intensity. The absence of pain during deep breathing 
or its intensity at 1-2 points was an indication for pain 
measurement while coughing. If the patient reported pain 
after coughing, its intensity was determined in the same 
way as before23. 

On the first postoperative day, for the first four hours, 
the pain was evaluated every hour, then at least every 4 h, 
and from the second postoperative day at least four times 
a day. Pain was also assessed 30 min after the adminis-
tration of an additional analgesic. Because of variability 
of the number of pain scores recorded for each patient, 
mean pain scores for each patient were calculated over 
the 72-h study period at rest, during deep breathing and 
coughing.  

Fig. 1. The three-step pain assessment method (the pain assessment range: 0-10 pts; the therapeutic goal of pain relief: 0-2 pts 
during coughing).
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Modification of analgesia 
If a patient experienced pain > 2 pts at rest, during 

deep breathing and coughing, the nurse was obliged to 
relieve it. This could be done by increasing the flow rate 
of the analgesic mixture by 10-30% and/or administration 
of this mixture in bolus (half-hourly dose) and/or giving 
metamizol ("rescue drug"; 20 mg/kg; a maximum of 2.5 g 
daily). The therapeutic purpose of the analgesic treatment 
was to obtain 0-2 pts during coughing.

Patient satisfaction
After 72 h of observation, all patients were asked to de-

termine their level of satisfaction. Satisfaction was evalu-
ated on a 4-item scale: analgesia was rated as insufficient, 
poor, good or very good. 

Evaluated parameters and outcomes
The following variables were recorded: demographic 

data, ASA, the duration of anaesthesia/surgery/epidural 
analgesia, type of surgery, drainage, the consumption of 
drugs administered into the epidural space, the number 
of nursing interventions undertaken to relive pain > 2/10 
pts, the frequency of assessing pain scores, mean pain 
intensity, maximal pain. 

The primary outcome measurements were pain inten-
sity scores between 0 and 72 h postoperatively. Secondary 
outcome measures included predictors of pain intensity.

Statistical analysis 
Qualitative variables are expressed as absolute num-

bers and percentages. Medians (Me), upper and lower 
quartiles were used as appropriate. The normality of 
distribution of quantitative variables was tasted by the 
Shapiro–Wilk test. Differences between the two independ-
ent groups were assessed using the Mann–Whitney U test. 
Cross-group differences between categorical variables 
were evaluated with the chi2 or exact Fisher test. The cor-
relation between numerical values was determined by the 
Spearman's rank correlation coefficient (a correlation 
coefficient below 0.3 was a week correlation, a correlation 
coefficient between 0.3 and 0.7 a moderate correlation, 
while a correlation coefficient higher than 0.7 correspond-
ed to a high correlation)  (ref.24).

Multivariable linear regression models were used to 
find the relation between pain intensity (mean pain within 
72 h of observation) and both demographic (gender, age) 
and clinical parameters (ASA, duration of surgery, type 
of surgery, the number of drains inserted into the tho-
rax, the number of pain measurements, the number of 
nursing interventions). A separate regression model was 
constructed for pain at rest, pain during deep breathing 
(pain intensity at rest added as an independent clinical 
variable) and pain during coughing (pain intensity dur-
ing deep breathing added as an independent clinical vari-
able). Only independent variables (demographic, clinical) 
highly and moderately correlated with pain intensity were 
included in the progressive step-wise regression. Due to 
the high and moderate correlations between independent 

variables, the variance inflation factor (VIF) was used to 
detect multicollinearity in all final regression models (VIF 
< 1.3 was assumed as acceptable) (ref.25,26). Standardized 
regression coefficients and 95% confidence intervals (CI) 
were calculated for each predictor in model. 

Statistical analysis was performed using the tests avail-
able in the Statistica 12 program (StatSoft®, Poland). The 
level of statistical significance was assumed at P=0.05.

Sample size estimation
The minimal sample size was estimated based on 

the results of the preliminary study using t – test. We 
compared mean pain scores at rest (M1=0.7; M2=0.4), 
during deep breathing (M1=0.5; M2=0.2) and coughing 
(M1=0.9; M2=0.6) in BF (n=10) and RF (n=10) group.  

Assuming the same standard deviation for mean pain 
scores at rest 0.5 and an alpha level of 0.05, 45 patients 
per group were required to detect significant difference 
with 80% power. 

In the case of mean pain scores during deep breathing, 
at least 23 patients in each group were needed to obtain 
90% power of difference detection (assuming alpha of 
0.05 and the same SD=0.3 for both groups).

The 80% power of difference detection in mean pain 
scores during coughing required at least 45 patients in 
each group with the assumption of the same standard 
deviation of 0.5 in both groups and alpha = 0.05. 

RESULTS 

The data from 94 patients were subjected to the final 
analysis (Fig. 2). The median age of patients was 14 years 
old. The majority of the subjects were male (72.3%) and 
operated due to deformity of the anterior wall of the chest 
(61.7%). Usually, one drain was inserted into the patients’ 
chest - 10 (10.6%) patients after thoracotomy had two 
drains. The exact demographic and clinical characteristics 
are shown in Table 1. 

The consumption of drugs administered 
into the epidural space

Over the whole period of observation, the BF group 
consumed 237 (149-279) mL 0.125% bupivacaine, while 
the RF group 220 (150-284) mL 0.2 % ropivacaine. 
Overall, over 72 h, 1185 μg (746-1355) vs. 1100 μg (752-
1420) fentanyl were given extradurally in both groups, 
respectively (Z = -0.207; P = 0.835). 

Modification of analgesia 
Over the whole period of observation, the nurses mod-

ified analgesia 582 times, including 312 times (53.6%) on 
the first day, 169 times (29.0%) on the second day, and 
101 times on the third day (17.3%). The sum of doses of 
metamizol as a "rescue drug" was similar in the BF and 
RF group (Me: 1 [0-2] vs. 1 [0-2], Z = -0.593, P = 0.552). 
There was also no difference between BF vs. RF in terms 
of the total number of interventions (Me: 6 [3-8] vs. 6 
[4-7]; Z = 0.540; P = 0.588). 
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The number of pain measurements 
During the entire observation period, the nurses took 

pain measurements 5947 times, including 2214 (37.2%) 
at rest, 1912 (32.1%) during deep breathing and 1821 
(30.6%) while coughing. There was no significant differ-
ence between the BF and the RF group in terms of the 
number of pain measurements at rest (Me: 22 [20-25] vs. 
24 [21-26.5], Z = -1.285, P = 0.197), during deep breathing 
(Me: 20 [18-22] vs. 20.5 [17.5-22], Z = -0.239, P = 0.810) 
and coughing (Me: 20 [18-21] vs. 19.5 [17-22], Z = 0.234, 
P = 0.813).

Pain intensity
Table 2 provide descriptive statistics for pain intensity 

(mean, maximal). There was no significant difference be-
tween the BF and the RF group in terms of pain intensity 
at rest, during deep breathing and coughing. The analysis 
of pain intensity depending on the type of surgical ap-
proach and performed at rest showed the significantly 
higher values of pain intensity in patients treated with 
thoracotomy than in those subjected to the Ravitch proce-
dure. Significantly more severe pain at rest was recorded 
in girls than in boys.

Predictors of pain intensity 
Table 3 shows the linear regression models for mean 

pain intensity at rest, during deep breathing and cough-
ing in patients after thoracic surgery. All presented mod-
els are statistically significant (P<0.01). The number 
of drains inserted into the thorax, the number of pain 
measurements and the number of nursing interventions 
were positively associated with pain intensity at rest. Pain 
intensity at rest and age were positively associated with 
pain intensity during deep breathing. Pain intensity dur-
ing breathing and age were positively associated with pain 
intensity during coughing - this model is very well fitted, 
and the coefficient of determination is 71%.

Satisfaction with postoperative analgesia 
No significant inter-group difference (χ2 = 0.570, P 

= 0.450) was found in terms of patient satisfaction with 
postoperative analgesia - 79 (84.0%) patients rated the 
efficacy of analgesia as very good and 15 (16.0%) as 
good.

DISCUSSION

The results of the study showed that thoracic epidural 
0.125% bupivacaine with 5.0 μg/mL fentanyl provided 
excellent pain relief and similar analgesia to 0.2% ropi-
vacaine with 5.0 μg/mL fentanyl in children and adoles-
cent after the Ravitch procedure and thoracotomy. The 

Fig. 2. CONSORT Flow Diagram of patients’ enrolment.
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effectiveness of analgesia depends on the number of pain 
measurements and the number of interventions under-
taken by nurses to relieve pain. 

In our study the type of analgesic mixture adminis-
tered to the epidural space did not affect the level of post-
operative pain intensity at rest, during deep breathing or 
coughing. Walaszczyk et al.27 found that 0.0625% epidural 
bupivacaine has no advantage over 0.1% epidural ropiv-
acaine for pectus excavatum repair in children. Pain scores 
requiring intervention ( > 2/10 according to NRS) were 
recorded with similar frequency in both groups. Macias et 
al.28 reported similar observations in adult patients after 
a thoracotomy using 0.1% bupivacaine/fentanyl 5 μg/mL 
and 0.15% ropivacaine/fentanyl 5 μg/mL. 

With the intent of improving pain control, we added to 
analgesic treatment adjunctive medications such as non-
steroidal anti-inflammatory drugs, paracetamol and meta-
mizol. Multimodal analgesia, which combines analgesics 
from different classes and uses analgesic techniques that 
target different mechanisms of pain, is an effective meth-
od for postoperative pain relief5,7. In our study, regardless 
of the conditions of measurement, average pain intensity 
scores were below 1/10 pts in all patients which justifies 
the appropriateness of using epidural anaesthesia. We 
obtained a better quality of analgesia than, for instance, 
Murphy et al.29 who used the para-vertebral route. Such 
good results were due, among others, to correct diagnosis 
of pain intensity made by the nurses and their high com-
mitment to interventions aimed at relieving pain rated 
above 2/10 pts. This is probably the reason why patients 

in our study reported significantly lower pain intensity 
than those after plastic surgery of the chest in the study 
conducted by Choudhry et al.30 where the patients were 
subjected to epidural anaesthesia with 0.2% ropivacaine 
and hydromorphone. In these patients, the therapeutic 
goal of pain relief was 4 or lower. 

Good cooperation of doctors and nurses is one of the 
crucial components of proper pain control. In our depart-
ment, only nurse anaesthetists31 modify analgesia within 
the scope of the doctor’s order12. In the medical log, the 
doctor records the minimum and maximum analgesic 
dosage for each patient and a "rescue drug" to be given 
in case of breakthrough pain. Based on the result of the 
evaluation of pain and sedation as well as the guidelines 
available in the department, nurses may, for example, 
reduce or increase the flow rate of analgesic mixture ad-
ministered by an epidural catheter and/or give a "rescue 
drug". This management shortens the time from the onset 
of pain until it is resolved. Twycross et al.32 points out 
that pain scores, even if recorded, not always guide the 
nurses' choice of postoperative pain-relieving interven-
tions. Therefore, in order to prevent this wrong clinical 
practice, we supervise the proper implementation of an-
algesic guidelines. 

In our study patients after thoracotomy felt more se-
vere pain than those after plastic surgery of the chest. 
This probably resulted from the number of inserted chest 
drains (only 2 drains were installed in thoracotomy), the 
way they were set up and the duration of drainage. In 
patients after thoracotomy, air and fluid from the pleural 

Table 2. Postoperative pain intensity in dynamic conditions (range 0-10 pts).

Group Pain At rest During breathing During coughing

BF vs. RF Mean 0.4 (0.2-0.8) vs. 
0.5 (0.3-0.8)

0.3 (0.1-0.6) vs. 
0.3 (0.1-0.5)

0.6 (0.3-1.1) vs. 
0.6 (0.3-1.0)

Maximal 4 (3-5) vs. 4 (3-5) 3 (2-3) vs. 3 (1.5-3.5) 3 (2-4) vs. 3 (2-4)
Girls vs. Boys Mean 0.7 (0.3-1.2) vs. 

0.4 (0.1-0.7)*
0.4 (0.2-0.8) vs.
 0.3 (0.1-0.5)

0.8 (0.4-1.4) vs. 
0.6 (0.3-1.0)

Maximal 5 (4-6) vs. 4 (3-5)** 3 (2-4) vs. 3 (1.5-3) 3 (2-4) vs. 3 (2-4)
Thoracotomy
vs. Ravitch

Mean 0.6 (0.3-1.1) vs. 
0.4 (0.1-0.7)***

0.3 (0.1-0.6) vs. 
0.3 (0.1-0.5)

0.7 (0.3-1.2) vs. 
0.5 (0.3-1.1)

Maximal 5 (4-6) vs. 4 (3-5)**** 3 (2-3) vs. 3 (2-3) 3 (2-4) vs. 3 (2-4)

Results presented as medians (upper and lower quartile); BF - epidural infusion of bupivacaine 0.125% with fentanyl 5 μg/mL; RF - epidural infu-
sion of ropivacaine 0.2% with fentanyl 5 μg/mL
*Z = 2.523, P = 0.011; **Z = 3.038, P = 0.002; ***Z=2.737; P = 0.006; **** Z=2.453; P = 0.012

Table 3. The final models of linear regression by the progressive stepwise method for postoperative pain.

Pain Model Predictors β (95% Cl)

At rest R2 = 0.47; 
P<0.001

The number of drains inserted into the thorax 
The number of pain measurements 
The number of nursing interventions

0.39 (0.23 to 0.55)
0.36 (0.19 to 0.53)
0.16 (0.001 to 0.33)

During breathing R2 = 0.40; 
P<0.001

Pain intensity at rest 
Age

0.60 (0.44 to 0.77)
0.27 (0.10 to 0.42)

During Coughing R2 = 0.71; 
P<0.01

Pain intensity during breathing 
Age

0.80 (0.68 to 0.90)
0.17 (0.05 to 0.28)

R2, adjusted determination coefficient; ß, standardized regression coefficient; Cl, confidence interval
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cavity were evacuated through drain (s) introduced via an 
additional skin cut in the chest wall. On the other hand, 
in patients after correction of deformity of the anterior 
chest wall, a drain was led through the lower pole of the 
wound. The purpose of drainage in these patients was to 
remove serous-bloody fluid that accumulated in the retros-
ternal space and/or air if the pleural cavity was opened. In 
addition, in the case of thoracotomy, drains in the chest 
were generally kept longer (3-4 days) than after plastic 
surgery (2 days). Researchers point out that the factors 
associated with surgical trauma, such as the extent of op-
eration, duration of trauma and the presence of drainage, 
are responsible for postoperative pain3. 

Our study showed that the intensity of pain increased 
with age. Similar observations are made in the study 
conducted by Schnabel et al.4, who reported more severe 
pain in adolescents than in younger children. The authors 
noted that adolescents received a smaller number of addi-
tional analgesics. Therefore, due to the risk of insufficient 
analgesia, special attention should be paid to this group 
of patients. 

Study limitations. The Participant, Care Provider, 
Investigator and Outcomes Assessor were not blinded 
for control or intervention conditions.

Relevance to clinical practice 
The basis for effective pain relief in patients after tho-

racic surgery is the possibility of modifying analgesia by 
nurses within the scope of doctor’s order based on the 
three-step pain assessment method. For this purpose, it is 
necessary for teams of doctors and nurses to develop uni-
form pain management guidelines, including evaluation, 
treatment and documentation of pain. It is also crucial to 
educate medical staff and patients and properly supervise 
the procedures. 

CONCLUSIONS 

The analgesic mixture of 0.125% bupivacaine and 
5.0 μg/mL fentanyl given in the continuous infusion into 
the thoracic epidural space is as effective as the admin-
istration of 0.2% ropivacaine solution with 5.0 μg/mL 
fentanyl. The effectiveness of epidural analgesia depends 
on the number of pain measurements and the number of 
interventions undertaken by nurses to relieve pain. 
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