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Abstract. – OBJECTIVE: In this prospective 
randomized controlled study, we aimed to evalu-
ate the effects of the administration of equal dos-
es of bupivacaine and morphine (BM) at high vol-
ume and low concentration (HV-LC) or low volume 
and high concentration (LV-HC) on the number of 
drugs consumed, pain scores and side effects. 

PATIENTS AND METHODS: We randomized 
64 patients who underwent thoracotomy into 
two groups. Group 1 received a solution pre-
pared with 0.12% bupivacaine and 0.05 mg/cc 
morphine, administered with a basal infusion 
rate of 4 cc/h, a 2-cc bolus dose, and a 30-min-
ute lockout time. Group 2 received a solution 
prepared with 0.48% bupivacaine and 0.2 mg/
cc morphine, administered with a basal infusion 
rate of 1 cc/h, a 0.5-cc bolus dose, and a 30-min-
ute lockout time. We compared patient-con-
trolled epidural analgesia (PCEA) usage doses, 
pain scores, sensory and motor block, hemody-
namic effects, side effects, and patient satisfac-
tion in the postoperative periods. 

RESULTS: An increase in drug consumption 
with PCEA was found in the first 24 hours postop-
eratively in Group 2 (p<0.05). Resting visual ana-
log scale (VAS) scores were statistically signifi-
cantly higher at hours 2, 28, 32, 36, 44 and cough-
ing VAS scores were also higher at hours 2 and 20 
in Group 2. Heart rates in Group 2 were lower than 
in Group 1 at hours 16, 24, 44 and 48 (p<0.05). The 
cephalic spread of the sensory block in Group 1 
was more extensive (p<0.05). The groups demon-
strated no significant differences regarding side 
effects and patient satisfaction (p>0.05).

CONCLUSIONS: The HV-LC approach resulted 
in better analgesia, less drug consumption, and 
greater cephalic spread of sensory block than the 
LV-HC approach. Both applications were effective 
and safe in terms of analgesia and side effects.
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pain, Thoracic surgery, Local anesthetic opioid com-
bination, Sensory block, Patient-controlled analgesia.

Abbreviations
BM: bupivacaine and morphine, DBP: diastolic blood 
pressure, HR: heart rate, HV-LC: high volume-low con-
centration, iv: intravenously, LA: local anesthetics, LV-
HC: low volume-high concentration, MABP: mean arte-
rial blood pressure, PCA: patient-controlled analgesia, 
PCEA: patient-controlled epidural analgesia, RR: respi-
ratory rate, SBP: systolic blood pressure, SD: standard 
deviation, SpO2: peripheral oxygen saturation, VAS: 
visual analog scale, V/C: volume/concentration.

Introduction

A posterolateral thoracotomy is the standard 
approach for pulmonary operations. However, 
this incision is associated with severe postopera-
tive pain, which can negatively affect pulmonary 
function1. Epidural analgesia provides effective 
pain relief after thoracotomy2-4. Combining opio-
ids and local anesthetics (LAs) has been shown5 

to produce a synergistic anti-nociceptive effect 
in epidural analgesia. Such combinations allow 
lower doses of both drug groups while reducing 
the potential side effects of these drugs, which 
have various side effect profiles6-8.

The relative effects of dose, volume and con-
centration of LA solutions are still not fully 
understood. Bromage9 showed that the total dose 
of local anesthetic, rather than the volume, deter-
mines sensory block spread and analgesic quality. 
Studies10-16 on the use of combinations of LAs and 
opioids have yielded contradictory results com-
pared to those on the use of LAs alone. Studies 
evaluating the effects of various volumes and 
concentrations of the agents administered using 
the patient-controlled epidural analgesia (PCEA) 
method are limited. PCEA trials11,13 involving 
patients undergoing lower abdominal surgery and 
gynecological surgery14 have demonstrated that 
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PCEA is safe and does not result in excessive sen-
sory block. Whiteside et al14 showed that the high 
volume, low concentration (HV-LC) approach to 
PCEA reduced drug consumption.

Few studies15,17,18 have been conducted on the 
dosage, volume and concentration effects of LA 
and opioid combinations in thoracic surgery. The 
optimal LA-opioid combination has not yet be-
en determined. Adding morphine to epidurally 
administered bupivacaine has been shown19 to 
produce better analgesia than bupivacaine alone. 

In our study, we aimed to compare the 24-hour 
consumption of bupivacaine and morphine (BM) 
administered at a high volume and a low concen-
tration (HV-LC) to that of the same combination 
administered at a low volume and a high concen-
tration (LV-HC) with PCEA. Additionally, we 
evaluated pain scores, sensory block, additional 
analgesic consumption, hemodynamic effects, 
side effects, patient-controlled analgesia (PCA) 
total volume, bolus, demands and patient sati-
sfaction with using PCEA for thoracotomy pain.

Patients and Methods 

The study was initiated after being approved 
by the Ethics Committee of the Atatürk Chest 
Diseases Thoracic Surgery Training and Research 
Hospital (its new name is Ankara Atatürk Sana-
toryum Training and Research Hospital) of the 
University of Health Sciences (decision number 
158, dated 27/05/2009). The study complied with 
the Declaration of Helsinki and was conducted 
after informed consent was obtained from all par-
ticipants. Sixty-four patients aged 18-75 years wi-
th American Society of Anesthesiologists (ASA) 
scores of 1-3 who were scheduled for elective tho-
racotomy participated in the study and were divi-
ded into two groups. The sealed envelope method 
was used for randomization. Patients with si-
gnificant endocrine/metabolic disorders, coronary 
artery disease, congestive heart failure, psychia-
tric disorders, bronchial asthma, chronic pain, a 
history of analgesic use, allergies to opioids or 
LA, contraindications to regional anesthesia (local 
infection and coagulopathy), those who rejected 
epidural catheterization, those with lesions due to 
trauma or metastasis in the thoracic vertebrae and 
those who could not cooperate with the use of the 
PCA device were excluded from the study.

At a visit the day before their operation, each 
patient was informed about the study and the vi-
sual analogue scale (VAS) which would be used 

to assess postoperative pain while coughing and 
resting. Each patient underwent intramuscular 
administration of 0.07 mg/kg midazolam and 
0.01 mg/kg atropine for premedication 30 min 
before the operation. Electrocardiography, peri-
pheral oxygen saturation (SpO2) and non-invasive 
blood pressure and heart rate (HR) monitoring 
were performed in the operating room. Each pa-
tient received an infusion of 500 ml of crystalloid 
through a peripheral intravenous (IV) catheter. 
The patients were seated for epidural catheteri-
zation, and then skin asepsis and draping were 
performed. After prilocaine (2%, 60 mg) was 
applied, the catheter was placed through the T4-
7 intervertebral spaces using the hanging drop 
technique. After catheter placement, each patient 
received a test dose of 3 cc (60 mg) of 2% lidocai-
ne and 5 mcg/ml adrenaline (1/200,000).

All patients received 0.1 ml/kg of 0.250% 
bupivacaine through their epidural catheters be-
fore their surgical incisions and while their tho-
raxes were closed. We assessed bilateral sensory 
blockade with a pinprick test, whereas motor 
blockade was evaluated using the Bromage scale. 
Anesthesia was induced using 2 mg/kg of propo-
fol, 0.1 mg/kg of vecuronium bromide and 1-1.5 
mcg/kg of fentanyl. Anesthesia was maintained 
using 1-2% sevoflurane in a mixture of 50% air 
and 50% O2 and 0.03 mg/kg vecuronium bromi-
de. During anesthesia, all patients were intubated 
with a double-lumen tube after induction. The 
patients were monitored with a pulse oxime-
ter, an electrocardiograph, an arterial catheter, a 
central venous catheter, urine output (measured 
manually each hour) and a capnograph. The tu-
be’s placement was confirmed using fiberoptic 
bronchoscopy before each patient was shifted 
into the lateral decubitus position. A standard 
lung-protective ventilation protocol was applied 
to all patients when switching to single-lung 
ventilation. If a patient’s HR increased by 30% 
or more from the baseline and their mean arterial 
blood pressure (MABP) increased by 20% or 
more from the baseline, 50-100 mcg of fentanyl 
was administered during the operation. The le-
vel of epidural catheter insertion, duration of 
surgery, time of thoracic closure and amount of 
fentanyl used during the operation were recorded 
for each patient. Crystalloid or colloid fluid was 
infused if the MABP decreased by 20% or more 
during the operation. If there was no response, 
the patient underwent IV administration of ephe-
drine (5 mg). If a patient’s HR dropped below 
50 beats/min, IV atropine sulphate (0.5 mg) was 
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administered. At the end of the operation, the 
neuromuscular blockade was reversed using IV 
administration of 0.03 mg/kg of neostigmine and 
0.5 mg of atropine sulphate. After extubation, the 
patients were transferred to the surgical intensive 
care unit. During the postoperative period, a de-
crease in systolic blood pressure (SBP) of 20% or 
more from baseline or an SBP value lower than 
90 mm Hg was defined as hypotension.

When each patient regained consciousness (co-
operative), postoperative pain treatment began 
with solutions prepared for PCEA according to 
randomization. In the HV-LC group (Group 1, 
n=32), a solution prepared with 0.12% bupivacai-
ne and 0.05 mg/cc morphine was administered 
via PCEA with a basal infusion rate of 4 cc/h, a 
2-cc bolus and a 30-min lockout time. This solu-
tion consisted of 5 mg (1 cc) of morphine, 24 cc 
of 0.5% bupivacaine and 75 cc of saline.

The LV-HC group (Group 2, n=32) received a 
solution prepared with 0.48% bupivacaine and 0.2 
mg/cc of morphine via PCEA with a basal infusion 
rate of 1 cc/h, a 0.5-cc bolus and a 30-min lockout 
time. This solution comprised 20 mg of morphine 
(2 cc), 96 cc of 0.5% bupivacaine and 2 cc of saline.

Thus, these solutions at two different con-
centrations were administered to both groups 
in equal doses of bupivacaine (9.6 mg/h) and 
morphine (0.4 mg/h).

The pain was evaluated using a 10-point (0=no 
pain and 10=unbearable pain) VAS. Motor block 
was assessed according to a modified Broma-
ge scale (0=no motor block, 1=inability to raise 
legs, 2=inability to flex knees, and 3=inability 
to flex ankle joints). The patients’ sedation levels 
were evaluated using the Ramsay Sedation Scale 
(1=anxious, agitated and restless; 2=cooperative, 
oriented and tranquil; 3=responsive to commands 
only and prone to sleep; 4=sleeping but responds 
quickly to a light glabellar tap or a loud auditory 
stimulus; 5=sleeping but responds slowly to a light 
glabellar tap or a loud auditory stimulus; 6=slee-
ping and produces no response to a light glabellar 
tap or loud auditory stimulus). 

If patients experienced nausea and vomiting, 
they received IV metoclopramide. If the posto-
perative follow-up revealed inadequate analgesia 
(VAS>4), they received two doses of metamizole 
(500 mg each). If adequate analgesia was still not 
achieved, the patients received an additional 50 
mg of tramadol. The patients’ satisfaction with 
their analgesic treatment was evaluated using a 
four-point satisfaction scale (1=not satisfied at all, 
2=not satisfied, 3=satisfied and 4=very satisfied) 

during the postoperative period. Before and after 
the start of treatment via the epidural catheter, 
at 30 min and at hours 1, 2, 6, 12, 16, 24, 28, 32, 
36, 40, 44 and 48, systolic blood pressure (SBP), 
diastolic blood pressure (DBP), heart rate (HR), 
respiratory rate (RR), sedation score, SpO2 and 
VAS scores at rest and when coughing were eva-
luated and recorded. Metamizole and tramadol 
requirements (VAS>4) and cephalic and caudal 
block levels showing the distribution of sensory 
block were also evaluated and recorded.

The pinprick test was used for sensory block 
evaluation. Patient-controlled analgesia (PCA) 
total volume, PCA demand, PCA bolus doses, 
sedation score, and the Bromage scale score were 
recorded, as were occurrences of side effects 
such as nausea, vomiting, dizziness, dry mouth, 
itching, rash, constipation, headache, shoulder 
pain, respiratory depression, hypoxia and hypo-
tension. Instances of patients receiving ephedrine 
and metoclopramide were recorded as well. Re-
spiratory depression was defined as a RR of fewer 
than 10 breaths/min and SpO2 of less than 90%. 
After each patient spent one night in the intensi-
ve care unit, their arterial line was removed, and 
invasive arterial pressure monitoring was termi-
nated. Then, they were sent to the ward, where 
follow-up continued for up to 48 h.

Statistical Analysis 
We used the SPSS package program (Version 

22.0, SPSS Inc., Armonk, NY, USA) for statisti-
cal analysis of the data. We reported descriptive 
statistics as mean ± standard deviation (SD) or 
median (interquartile range) according to the 
normal distribution of continuous variables, and 
we provided descriptive statistics of categorical 
data in the forms of numbers and percentages. 
We evaluated the normality distribution of the 
data using the Kolmogorov-Smirnov test and 
the homogeneity of variances using Levene’s 
test, whereas we used the Mann-Whitney U test 
to compare the non-normal numerical data and 
Student’s t-test to compare the normal data. We 
used a Chi-squared or Fisher’s exact test to eva-
luate the categorical data. We considered p-values 
lower than 0.05 as statistically significant.

We calculated the sample size for our study 
using the G*Power© software (version 3.1.9.2; 
Institute of Experimental Psychology, Heinrich 
Heine University, Dusseldorf, Germany). In our 
study, we aimed to calculate the sample size ac-
cording to the 24-hour drug consumption amount, 
as was done in Whiteside et al14 study. However, 
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the arithmetic mean and standard deviation va-
lues of the 24-hour values were not evaluated for 
the patient groups in Whiteside’s study. Because 
no other similar studies had provided equivalent 
data for comparison, we conducted a pilot stu-
dy including 10 individuals for our two patient 
groups. Based on the 24-h results of the patients 
in our pilot study, with a two-sided type I error of 
0.05 and a power of 90% (1-β=0.9) and an effect 
size factor of 0.859, at least 30 subjects should have 
been included in each of our patient groups.

Results 

We randomized 64 patients who were about 
to undergo posterolateral thoracotomy into two 
groups. Figure 1 shows the CONSORT flow dia-
gram for our study. The two patient groups de-
monstrated no statistically significant differences 
in terms of demographic data, diagnosis, surgical 
type, operation time, ASA scores, intraoperative 

fentanyl consumption, or patient satisfaction 
(p>0.05; Table I). Moreover, they demonstrated 
no significant differences in terms of epidural 
insertion level (T4-T7) or thoracic closure times 
(p>0.05). The resting VAS score was statistically 
significantly higher in the LV-HC group (Group 
2) than in the HV-LC group (Group 1) at hours 
2, 28, 32, 36 and 44 (p<0.05; Table II). Group 2’s 
cough VAS scores were statistically significantly 
higher than those of Group 1 at hours 2 and 20 
(p<0.05, Table III). In Group 2, the SBP and DBP 
values at hour 40 were significantly lower than 
those in Group 1 (p<0.05). The same was noted 
for Group 2’s HR values at hours 16, 24, 44 and 
48 (p<0.05; Table IV). The RR value at hour 48 
in Group 2 was significantly lower than that of 
Group 1 (p<0.05). No patient had an RR value 
lower than 10 rates/min. The groups demonstra-
ted no significant difference in terms of SpO2 
(p>0.05). The PCA total volume, demands and 
boluses were compared between two groups at 
hours 1, 2, 6, 12, 24, 36 and 48. PCA total volume 

Figure 1. Flowchart of the patients. HV-LC: High volume-Low concentration, LV-HC: Low volume-high concentration.
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Table I. Distribution of patients according to demographic characteristics, operation type, ASA, diagnosis and operation times, 
intraoperative fentanyl requirement, and patient satisfaction.

 Group 1 Group 2 p

Ageβ years, mean±SD 47.34±14.59 49.22±11.03 0.564
BMIβ kg/m2, mean±SD 24.33±3.43 23.50±3.66 0.349
GenderΦ, n (%)   
Female 26 (81.3%) 25 (78.1%) 0.756
Male 6 (18.8%) 7 (21.9%) 
SurgeryΦ, n (%)   
Lobectomy 15 (46.9%) 15 (46.9%) 
Pneumonectomy 6 (18.8%) 6 (18.8%) 
Cystotomy 5 (15.6%) 5 (15.6%) 0.999
Ligation of Bullae 2 (6.3%) 2 (6.3%) 
Wedge Resection 2 (6.3%) 2 (6.3%) 
Decortication 2 (6.3%) 2 (6.3%) 
ASAΦ, n (%)   
1 - 4 (12.5%) 0.137
2 18 (56.3%) 17 (53.1%) 
3 14 (43.8%) 11 (34.4%) 
DiagnosisΦ, n (%)   
Lung Mass 18 (56.3%) 19 (59.4%) 
Bronchiectasis 5 (15.6%) 3 (9.4%) 0.999
Hydatid cyst 4 (12.5%) 5 (15.6%) 
Pneumothorax 2 (6.3%) 2 (6.3%) 
Pleural thickening 3 (9.4%) 3 (9.4%) 
Operation durationβ, minutes, mean±SD  168.13±40.99 163.13±48.61 0.754
İntraoperative Fentanylβ, microgram, mean±SD  102.34±30.69 107.03±34.92 0.698
Satisfaction, Day 1β, mean±SD 3.41±0.56 3.38±0.55 0.811
Satisfaction, Day 2β, mean±SD 3.44±0.50 3.47±0.51 0.803

Continuous variables are expressed as the mean±standard deviation (SD) and categorical variables are expressed as either 
frequency or percentage. Continuous variables were compared with a Student t-test β and categorical variables were compared 
using Pearson’s Chi-square test or fisher exact testΦ. Statistically significant p-values are in bold. BMI: Body mass index. ASA: 
American Society of Anesthesiologist. p<0.05: Significant statistical difference among groups.

Table II. Comparison of groups based on Resting VAS scores.

               Group 1            Group 2

Resting VAS Mean ± SD   Med (IQR) Mean ± SD   Med (IQR) p

Baseline* 4.22±1.93 4.00 (2.00) 4.53±1.95 4.00 (3.00) 0.452
30 m* 3.28±1.55 3.00 (1.00) 3.75±1.65 4.00 (2.00) 0.093
1 h* 2.72±1.14 3.00 (1.00) 2.88±1.31 3.00 (1.00) 0.626
2 h* 2.06±1.05 2.00 (1.00) 2.84±0.99 3.00 (1.00) 0.005
6 h* 1.78±0.91 2.00 (1.00) 2.28±0.85 2.00 (1.00) 0.075
12 h* 1.59±0.87 2.00 (1.00) 2.06±1.52 2.00 (1.00) 0.302
16 h* 1.34±0.87 1.00 (1.00) 1.66±0.75 2.00 (1.00) 0.183
20 h* 1.09±0.96 1.00 (2.00) 1.34±0.79 1.00 (1.00) 0.138
24 h* 0.97±0.74 1.00 (0.50) 1.31±0.97 1.00 (1.00) 0.112
28 h* 0.84±0.77 1.00 (1.00) 1.38±1.10 1.00 (1.00) 0.033
32 h* 0.81±0.78 1.00 (1.00) 1.38±1.13 1.00 (1.00) 0.018
36 h* 0.78±0.87 1.00 (1.00) 1.31±0.97 1.00 (1.00) 0.008
40 h* 0.84±0.92 1.00 (1.00) 1.22±1.04 1.00 (1.00) 0.071
44 h* 0.66±0.79 0.50 (1.00) 1.13±0.83 1.00 (0.50) 0.013
48 h* 0.53±0.57 0.50 (1.00) 0.78±0.66 1.00 (1.00) 0.127

Continuous variables are expressed as the mean±standard deviation (SD) and median (interquartile range). Continuous variables 
were compared with the Mann-Whitney U test*. Statistically significant p-values are in bold. VAS: Visual analog scale. p<0.05: 
Significant statistical difference among groups.
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was statistically significantly lower during all 
follow-up hours in Group 2 (p<0.05). In Group 2, 
both PCA demand and bolus number at hours 24, 
36, and 48 were statistically significantly higher 
than in Group 1 (p<0.05; Table V).

BM consumption in the first 24 h was statisti-
cally significantly lower in Group 1 (bupivacaine 
147.60±17.87 mg and morphine 6.15±0.74 mg) 
than in Group 2 (bupivacaine 162.45±25.47 mg 
and morphine 6.77±1.06; p<0.05; Table V). In 
the second 24-h period (hours 24-48), the groups 
demonstrated no statistically significant differen-
ce (Group 1: bupivacaine 137.10±17.46 mg and 
morphine 5.71±0.73 mg; Group 2: bupivacaine 
145.20±22.11 mg and morphine 6.05±0.92 mg; 
p>0.05; Table V). Cephalic sensory block spread 
was statistically significantly higher in Group 1 
than in Group 2 at 15 min, 30 min, 2 h, 6 h, 20 h, 
24 h, 28 h, 32 h, 36 h, 40 h, 44 h and 48 h (p<0.05; 
Figure 2). Excess in this spread was around 0.5-1 
segment when mean values were considered. The 
groups demonstrated no significant differences in 
terms of caudal extension (p>0.05; Figure 1). The 
groups demonstrated no significant difference in 
sedation levels (p>0.05). Neither motor block nor 
hypoxia was observed in either group (p>0.05). 
Hypotension and the related use of ephedrine 
were observed in two patients in Group 1, but the 
difference between the groups was not statistical-
ly significant (p>0.05). The groups demonstrated 
no significant difference in terms of the need 

for additional analgesics (metamizole and trama-
dol; p>0.05; Table VI). No significant difference 
was observed between groups regarding side 
effects such as nausea, vomiting, dizziness, dry 
mouth, itching, rash and constipation (p>0.05; 
Table VI). The percentages of patients requiring 
metoclopramide were 6.3% in Group 1 and 9.4% 

Table III. Comparison of groups based on Cough VAS scores.

                 Group 1       Group 2

Cough VAS Mean ± SD   Med (IQR) Mean ± SD   Med (IQR) p

Baseline* 4.41±2.01 4.00 (2.00) 4.69±2.16 4.00 (3.00) 0.579
30 m* 3.56±1.63 3.00 (1.50) 3.72±1.71 4.00 (2.50) 0.465
1 h* 2.94±1.22 3.00 (1.50) 3.00±1.39 3.00 (2.00) 0.899
2 h* 2.34±0.97 2.00 (1.00) 2.97±1.12 3.00 (2.00) 0.029
6h * 2.09±0.96 2.00 (1.00) 2.63±0.91 2.00 (1.00) 0.125
12 h* 1.88±1.18 2.00 (1.50) 2.23±0.92 2.00 (1.00) 0.483
16 h* 1.59±1.04 2.00 (1.00) 2.07±0.74 2.00 (0.00) 0.108
20 h* 1.25±1.08 1.00 (1.00) 1.69±0.90 2.00 (1.00) 0.029
24 h* 1.06±0.88 1.00 (1.00) 1.53±1.19 1.00 (1.00) 0.069
28 h* 1.22±1.21 1.00 (2.00) 1.53±0.95 1.00 (1.00) 0.119
32 h* 1.13±0.98 1.00 (2.00) 1.50±0.95 1.00 (1.00) 0.128
36 h* 1.13±1.16 1.00 (2.00) 1.38±1.04 1.00 (1.00) 0.239
40 h* 1.16±1.22 1.00 (2.00) 1.41±0.91 1.00 (1.00) 0.148
44 h* 1.00±0.92 1.00 (2.00) 1.19±0.82 1.00 (1.00) 0.321
48 h* 0.91±0.86 1.00 (1.50) 1.13±0.87 1.00 (1.50) 0.312

Continuous variables are expressed as the mean±standard deviation (SD) and median (interquartile range). Continuous variables 
were compared with the Mann-Whitney U test*. Statistically significant p-values are in bold. VAS: Visual analog scale. p<0.05: 
Significant statistical difference among groups.

Table IV. Comparison of groups based on heart rate changes.

 Group 1 Group 2

HR Mean ± SD Mean ± SD p

Baselineβ 72.56±13.33 67.53±12.26 0.110
30 mβ 73.84±13.90 71.41±14.36 0.795
1 hβ 74.81±13.13 73.91±14.56 0.271
2 hβ 81.25±13.51 77.59±12.81 0.064
6 hβ 86.81±10.46 81.13±13.47 0.141
12 hβ 89.03±10.23 84.75±12.63 0.174
16 hβ 93.00±13.36 88.38±13.54 0.039
20 hβ 96.66±11.87 89.53±15.03 0.067
24 hβ 92.59±11.99 87.19±11.22 0.009
28 hβ 93.41±12.50 85.91±9.49 0.209
32 hβ 90.66±10.78 87.44±9.46 0.285
36 hβ 89.66±11.01 86.91±9.32 0.451
40 hβ 90.63±12.84 86.94±7.57 0.300
44 hβ 91.75±11.32 86.28±7.32 0.026
48 hβ 91.69±12.63 85.28±6.28 0.014

Continuous variables are expressed as the mean±standard 
deviation (SD). Continuous variables were compared with a 
Student’s t-test β. Statistically significant p-values are in bold. 
p<0.05: Significant statistical difference among groups.
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in Group 2, with no significant difference betwe-
en the groups (p>0.05). The groups were similar 
regarding shoulder pain and related suprascapular 
block application (p>0.05).

Discussion

In our study, two different volumes and con-
centrations of equal doses of bupivacaine and 
morphine (BM) were administered via PCEA 
using an epidural catheter placed at the mid-tho-
racic level (T4-T7) in patients undergoing thora-
cic surgery. We investigated the dose, concen-
tration, and volume effects of this combination, 
with our study’s result showing that the quality of 
analgesia at rest was better in the HV-LC group 
on the first and second postoperative days. Addi-
tionally, cough VAS scores and BM combination 
consumption were lower in the HV-LC group 
than in the LV-HC group on the first postopera-
tive day. Although the caudal spread was similar 
in the two groups, the cephalic spread was higher 

in the HV-LC group than in the LV-HC group. In 
the LV-HC group, although blood pressure and 
HR values were lower than those of the HV-LC 
at some measurement times, this change was not 
clinically significant, and the patients in both 
groups were hemodynamically stable.

A limited number of volume and concentra-
tion studies15,17,18 on thoracic surgery have been 
conducted. Despite the existence of studies de-
monstrating that total dose is more effective in 
determining the quality of analgesia than LAs’ 
volume and concentration, conflicting results 
have also been found. Laveaux et al17 administe-
red continuous thoracic epidural infusion with 
bupivacaine and sufentanil (0.5% bupivacaine 
and 4 mcg/ml of sufentanil; 1.5-2 ml/h) in the 
LV-HC group in thoracotomy cases in which a 
catheter was placed at a high epidural level. The 
authors compared this group with their HV-LC 
group (0.125% bupivacaine and 1 mcg/ml of su-
fentanil; 6-8 ml/h) and observed similar results 
in terms of analgesic effect (resting VAS), side 
effects and additional bolus requirements. These 

Table V. Comparison of groups based on patient-controlled analgesia demands, boluses and analgesic consumption.

                      Group 1         Group 2

PCA demands Mean ± SD Med (IQR) Mean ± SD   Med (IQR) p

1 h* 32.50±55.65 13.00 (17.00) 44.03±52.56 19.00 (72.50) 0.361
2 h* 60.84±106.88 20.50 (33.50) 68.16±73.02 33.00 (96.00) 0.271
6 h* 90.50±125.43 35.50 (97.00) 141.56±131.66 117.50 (189.50) 0.082
12 h* 104.47±146.47 39.50 (113.50) 159.81±154.15 97.50 (228.50) 0.112
24 h* 130.00±167.38 53.50 (133.50) 215.50±175.18 163.50 (282.50) 0.012
36 h* 152.03±178.18 69.00 (138.50) 259.31±213.78 171.50 (385.00) 0.017
48 h* 177.59±190.82 80.50 (245.50) 285.94±238.76 184.00 (420.00) 0.027

PCA boluses         

1 h* 1.88±0.34  2.00 (0.00) 1.78±0.42 2.00 (0.00) 0.324
2 h* 3.19±0.78  3.00 (1.00) 3.06±0.91 3.00 (1.50) 0.655
6 h* 6.25±2.76  5.50 (4.00) 7.88±3.66 8.00 (7.50) 0.059
12 hβ 8.72±4.06  8.00 (6.00) 11.66±5.86 12.00 (8.00) 0.023
24 h* 13.50±7.44  11.00 (10.50) 19.69±10.61 19.50 (17.00) 0.019
36 hβ 18.63±9.55  17.50 (16.50) 26.19±13.99 28.00 (22.00) 0.014
48 hβ 22.63±11.68 21.00 (17.00) 32.19±16.74 30.00 (23.50) 0.010

0-24 h 
Bupivacaineβ, mg 147.60±17.87 141.60 (25.20) 162.45±25.47 162.00 (40.80) 0.019
Morphineβ, mg 6.15±0.74  5.90 (1.05) 6.77±1.06 6.75 (1.70) 0.019

24-48 h
Bupivacaineβ, mg 137.10±17.46 138.00 (24.00) 145.20±22.11 141.60 (25.20) 0.109
Morphineβ, mg 5.71±0.73  5.75 (1.00) 6.05±0.92 5.90 (1.05) 0.109

Continuous variables are expressed as the mean±standard deviation (SD), the median (interquartile range). Continuous variables 
were compared with the Student’s t-testβ or the Mann-Whitney U test*. Statistically significant p-values are in bold. PCA: 
Patient-controlled analgesia. p<0.05: Significant statistical difference among groups.
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authors showed that the total drug dose is more 
important than the concentration or volume of 
an LA solution. Snijdelaar et al15 reported that 
significantly more patients in their LV group 
required epidural bolus doses at rest on the 
first postoperative day, but their groups de-
monstrated no differences during exercise. The 
authors also showed that the number of patients 
with VAS scores above 4 was higher in the LV 
group (n=12) than in the HV group (n=6) on the 
first postoperative day, but this result was not 
statistically significant. Snijdelaar et al15 found 
different results than Laveaux et al17 despite 
using similar study protocols. They attributed 
the difference in their results to the small sample 
size and unequal patient distribution in Lave-
aux’s study. Snijdelaar et al15 also reported that 
the differences in the infusion doses applied in 
the LV group (0.75% bupivacaine and 4 mcg/ml 
of sufentanil; 1.0-1.3 ml/h) and the HV group 

(0.125% bupivacaine and 0.7 mcg/ml of sufen-
tanil; 6-8 ml/h) may have changed the results. 

In our study, LV patients’ pain scores were higher 
at rest on the first and second postoperative days 
than those of our HV patients. Unlike Snijdelaar 
et al15’s study, the higher resting pain scores on the 
second postoperative day in our LV group may be 
attributed to the dose difference of continuously in-
fused bupivacaine and the usage of various opioids.

Mendola et al18 continuously infused a mixture 
of levobupivacaine and sufentanil via PCEA fol-
lowing thoracic surgery and allowed an epidural 
rescue bolus in situations in which a patient had 
a VAS score greater than 4 at a 1-h lockout. Their 
study, using three different concentrations of levo-
bupivacaine, primarily evaluated side effects. The 
authors reported that their groups were similar in 
terms of pain scores and drug consumption. In 
Mendola’s study18, epidural infusion began before 
the patients were awakened. Moreover, all patients 

Figure 2. Mean cephalic and caudal sensory dermatomal levels in the two groups of patients during the 48-h study period. 
Cephalic sensory levels were higher in the low concentration group at 15 min, 30 min, 2 h, 6 h, 20 h, 24 h, 28 h, 32 h, 36 h, 40 
h, 44 h, and 48 h time points (p<0.05). Caudal sensory levels were similar at all time points (p>0.05). HV-LC: High volume- 
Low concentration, LV-HC: Low volume-high concentration.
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received additional analgesics administered using 
a multimodal approach. Their applications might 
have masked analgesic differences resulting from 
volume and concentration properties.

Kunitoku et al20 administered epidural bupiva-
caine (4.8 mg/kg) combined with fentanyl (12 mcg/
kg) in patients undergoing gynecological laparo-
tomy. They compared the LV-HC group (96 ml 
total volume and 2 ml/h of infusion rate) with the 
HV-LC group (240 ml total volume and 5 ml/h of 
infusion rate). The authors reported that their HV 
group had lower pain scores than those of their LV 
group on the first postoperative day. They did not 
find a significant difference between the groups in 
terms of the incidence of side effects. Similar to 
our study, Kunitoku et al20 showed that increasing 
volume rather than concentration was most benefi-
cial when equal doses were administered.

A few studies13,14 have compared the effects of 
changing volume and concentration while main-
taining equal doses in PCEA. Liu et al13 admi-
nistered, in lower abdominal surgery patients, 
a mixture of ropivacaine and fentanyl at three 
different concentrations for PCEA via an epidural 
catheter inserted at the T12-L1 level. Althou-
gh similar analgesia was provided, more motor 

blockade was observed in the highest concentra-
tion group. This study showed that the concen-
tration of ropivacaine solution was the primary 
determinant of motor blockade.

Whiteside et al14 used the same combination 
after gynecological surgery via epidural catheteri-
zation at the T9-12 level. They observed a decrease 
in the doses used with PCEA in the first 24 h in 
the HV-LC group compared to the LV-HC group. 
Similarly, in our study, we found 24-hour epidural 
drug consumption to be lower in the HV-LC group.

Whiteside et al14 applied equal doses at different 
volumes and concentrations, demonstrating the im-
portance of volume and concentration in compa-
rison with the total dose. They suggested that the 
therapeutic ratio of LA would be expanded if an 
HV-LC solution was used. The authors observed 
no significant difference between the groups con-
cerning VAS scores. The higher VAS scores in the 
LV-HC group in our study may be because thora-
cotomy is more painful than gynecological surgery.

Existing PCEA studies10,12 evaluating concen-
tration have been conducted with opioid-free 
single levobupivacaine bolus applications or ro-
pivacaine and fentanyl bolus applications14. In 
other studies11,13, opioid-free levobupivacaine11 

Table VI. Postoperative side effects and additional drug requirements.

 Group 1  Group 2

Side Effects n (%) n (%) p

NauseaΦ 5 (15.6%) 4 (12.5%) 0.999
VomitingΦ 2 (6.3%) 1 (3.1%) 0.999
DizzinessΦ 2 (6.3%) 1 (3.1%) 0.999
Dry MouthΦ 3 (9.4%) 2 (6.3%) 0.999
ItchingΦ 2 (6.3%) 1 (3.1%) 0.999
Rash 0 - 0 - -
ConstipationΦ 2 (6.3%) 2 (6.3%) 0.999
Headache 0 - 0 - -
Hypoxia 0 - 0 - -
HypotensionΦ 2 (6.3%) 0 - 0.492
Suprascapular blockΦ 5 (15.6%) 2 (6.3%) 0.426
Presence of malignancyΦ 16 (51.6%) 17 (53.1%) 0.999
Mortality 0 - 0 - -
Drug Requirements 
Metamizol
 500 mg 4 (12.5%) 8 (25.0%) 0.344
 1,000 mg 12 (37.5%) 8 (25.0%) 
TramadolΦ

 50 mg 7 (21.9%) 2 (6.3%) 0.086
 100 mg 0 - 2 (6.3%) 
EphedrineΦ 2 (6.3%) 0 - 0.492
MetoclopramideΦ 2 (6.3%) 3 (9.4%) 0.999

Categorical variables are expressed as either frequency or percentage. Categorical variables were compared using Pearson’s 
Chi-square test or Fisher’s exact testΦ. p<0.05: Significant statistical difference among groups.
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and ropivacaine and fentanyl mixtures have be-
en administered using a bolus and background 
infusion13. It is challenging to compare these 
studies because they use different agents in 
different surgical groups. Two studies11,14 have 
evaluated both the cephalic and caudal spread 
of the sensory block, revealing no difference 
among the groups in terms of the upper or 
lower sensory block levels.

Previous studies21 have suggested, for theore-
tical reasons, that analgesia could be improved 
with the dilution of bupivacaine, a lipid-soluble 
LA. Administration of a bupivacaine dose in the 
HV-LC format may result in a more extensive 
sensory block due to the use of a larger solution 
volume. Compared to concentrated opioid solu-
tions, diluted solutions may affect more opioid 
receptors with a more extensive anatomical spre-
ad17,22. Opioids also limit the regression of sen-
sory block observed with LA alone and increase 
pain quality11,13,14,17,22. Morphine-induced cephalic 
spread may be greater17,23. In our study, the cepha-
lic extension width was not clinically significant.

Some authors12,24 have reported equal analgesia 
quality despite higher cephalic spread levels at the 
HV-LC group than at the LV-HC group. Postope-
rative multimodal analgesia applied to both groups 
in these studies may have masked the analgesic 
difference between the groups. These study results 
do not support Bromage’s findings9 that analgesic 
spread depended on the dose effect of the LA.

Sensory block primarily spreads caudally after 
high thoracic epidural injection, cephalically after 
lower thoracic injection and equal parts caudally 
and cephalically after mid-thoracic injection25,26. 
Although the same total dose of LA applied in 
different volumes causes a similar neural blocka-
de spread, the intensity of the blockade can vary 
depending on the concentration10,27. Reports25 on 
perioperative epidural analgesia with bupivacaine 
have shown that different patients had varying 
preferences for volume and concentration combi-
nations in terms of analgesia. Additionally, in our 
study, both groups exhibited adequate analgesia 
and similarly sufficient levels of patient satisfaction. 
The differences between our two groups in terms 
of drug consumption and analgesia may also stem 
from differences in neural blockade intensity. Ac-
cording to the results found in the literature on 
the distribution of epidural blockade, especially in 
thoracic epidural analgesia, the total dose of LA 
seems to be the most crucial factor in determining 
the intensity of the sensory, sympathetic and motor 
neural blocks. However, contradictory study results 

are available25,28,29. Research30 on PCEA shows that 
self-titrating analgesia allows most patients to achie-
ve similar comfort levels despite differences in 
analgesic solutions. In our study, we anticipated that 
the effects on analgesia due to volume/concentra-
tion (V/C) differences could be demonstrated more 
clearly with the use of PCEA than with continuous 
epidural infusion. We chose the combination of 
bupivacaine and morphine because of its strong 
analgesic effect and low cost31.

Bupivacaine is a long-acting amide-type LA. 
Its adverse cardiac effects have been found32 to 
be related to its interaction with calcium channels 
and intracellular calcium influx and its effects on 
ATP synthesis in mitochondria. Its effects, such 
as ventricular arrhythmia and myocardial depres-
sion, are more significant than those of other LAs. 
Bupivacaine causes decreases in systolic and 
diastolic left ventricular function33. We observed 
no hemodynamically disturbing side effects at the 
doses used in our study. We observed hypoten-
sion, which was thought to be due to sympathetic 
block, in only two patients in the HV-LC group. 
The blood pressure and HR declines in the LV-
HC group were within normal limits. This study 
has some limitations. We studied patients who 
underwent thoracotomy with high pain severity 
in a single center. The volume, concentration and 
dose effects of similar drug combinations may 
differ for treatment following various operation 
types. Additionally, such comparison studies may 
need to be conducted with larger numbers of pa-
tients to achieve more generalizable results.

Conclusions

This study showed that the BM combination 
with PCEA provided reduced drug consump-
tion, better analgesia and higher cephalic sensory 
block in the HV-LC group than in the LV-HC 
group. Both groups achieved effective and safe 
analgesia, as well as similar results in terms of 
side effects and patient satisfaction.
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