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Abstract 

Purpose: To compare the efficacy and safety profiles of epidural analgesia (EA) and opioid analgesia 
(OA) in Chinese patients with thoracic trauma (TT). 
Methods: Patients with confirmed diagnosis of thoracic trauma were given either EA (via a catheter) or 
slow-release OA. The following efficacy variables were assessed in the two treatment groups: pain 
score, and changes in cytokine and catecholamine levels from baseline after treatment. Moreover, 
respiratory parameters were determined before and after treatment. The safety associated with each 
anesthesia was also evaluated. Quantitative data were analyzed either with Student’s t-test or Mann-
Whitney test, while categorical data were analyzed using Fisher exact or Chi-square test, based on data 
size. 
Results: A total of 200 patients completed the study (100 patients in each group). Pain, as assessed by 
verbal rating scale (VRS), was slightly lower in patients after treatment with EA, when compared to the 
patients treated with OA. However, the difference was not statistically significant (p < 0.05). Maximum 
inspiratory force (cmH2O) and tidal volume (liters) were slightly improved in patients treated with EA, 
when compared to OA-treated patients, although the difference was not statistically significant (p < 
0.05). Moreover, the two treatments produced comparable levels of cytokines and catecholamines. 
Conclusion: The efficacy and safety data for EA and OA in Chinese non-obese patients with TT 
indicate numerically favorable outcome for EA, when compared to OA. 
 
Keywords: Epidural analgesia, Opioid analgesia, Chinese patients, Thoracic trauma 
 

This is an Open Access article that uses a fund-ing model which does not charge readers or their 
institutions for access and distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly credited. 

Tropical Journal of Pharmaceutical Research is indexed by Science Citation Index (SciSearch), Scopus, 
International Pharmaceutical Abstract, Chemical Abstracts, Embase, Index Copernicus, EBSCO, African 
Index Medicus, JournalSeek, Journal Citation Reports/Science Edition, Directory of Open Access Journals 
(DOAJ), African Journal Online, Bioline International, Open-J-Gate and Pharmacy Abstracts 

 

INTRODUCTION 
 
Thoracic trauma (TT) is one of the foremost 
causes of death worldwide. It ranks 2nd after 
head injury as the most frequent cause of death 
in USA [1-3]. In TT, impairment of respiratory 
function may lead to hypoxemia, proliferation in 

shunt segment and pneumonia, which may 
require mechanical ventilation [4-8]. Moreover, 
there is need for adequate therapeutic aid to 
the thoracic region to ensure intense inhalation 
so as to clear discharges efficiently and prevent 
respiratory difficulties. Earlier reports have 
revealed that epidural analgesia offers 
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advantages over intrapleural route of 
administration of analgesic agents, and further 
improves respiratory function in TT patients [5-
10]. Any kind of damage produces a variety of 
physiologic reactions. The neuroendocrine 
structure reacts through augmented action 
which comprises sympathetic and 
parasympathetic activities, including cardiac 
tissue-related impairment [11-14]. Sensory pain 
is produced by activation of nociceptor via 
inducements. The impulses travel through 
afferent nerves and reach the brain via the 
spinal cord where they release substance P in 
CNS. Then, the pain impulses travel from CNS 
to the injured site via the spinal cord, causing 
activation of sympathetic nerve-facilitated 
vasoconstriction and discharge of CRF 
(corticotrophin-releasing factor). It has been 
reported that patients undergoing thoracotomy 
had decreased levels of catecholamine [7-9]. 
 
Cytokines such as TNF (tumor necrosis factor-
alpha), and interleukin (IL) -1, IL-2, Il-6 and IL-8 
are released immediately after tissue/cell 
damage. The levels of TNF increase 
immediately after injury, whereas IL-2 levels 
decrease after injury. Moreover, the levels of IL-
1, IL-6 and IL- 8 are increased immediately 
after injury, and they remain elevated for a few 
days [6-11]. 
 
Several reports have shown the potential benefit 
of using epidural analgesia (EA) in TT, relative 
to palliative care, thereby promoting the use of 
EA in TT. However, the clinical use of EA has 
been restricted due to unfavorable risk-benefit 
ratio. The most common safety concern 
associated with EA is site reactions. Apart from 
site reactions, lack of efficacy is the second 
most common safety concern reported in 
several publications [10-15]. 
 
The efficacy and safety profiles of EA have not 
yet been compared with those of the opioid 
analgesia (OA) in Chinese TT patients. Thus, 
the present preliminary investigation was 
designed to compare the efficacy and safety 
profiles of EA and OA in Chinese patients with 
TT. 
 
METHODS 
 
Patients and ethics 
 
Chinese TT patients having at least 3 rib side 
fractures with segmented flap chest and 
respiratory bruise, who met all eligibility criteria 
had the study procedures explained to them, as 
well as the roles and responsibilities of the 
patients and investigator. Then, they were 

enrolled at Yulin No. 2 Hospital, China after 
obtaining their written informed consent. All 
study-related documents including protocols, 
ICFs and CRFs were approved. The study was 
initiated after prior ethical approvals from the 
institutional ethic committee of Yulin Hospital 
(vide approval no. IEC-YH-SX-2019/04-Y). The 
study was carried out in line with the ethical 
principles laid down in the Declaration of 
Helsinki and its later amendments [16]. 
Subjects with infection or sepsis or sign of SCI 
injury, and other contraindications at catheter 
site for EA were excluded. Moreover, obese 
patients with adrenal deficiency who were 
concomitantly on steroids in the previous six 
months, were excluded. Patients requiring 
vasoconstriction agents for control of blood 
pressure, HIV patients, pregnant patients, and 
those incapable of talking efficiently, as well as 
patients with history of aversion for LA and/or 
opioids, were excluded. In addition, subjects 
with severe lung diseases, lung cancer or any 
other type of lung cancer, were excluded. 
 
Treatment procedures and assay 
protocols 
 
Subjects who met eligibility criteria were 
randomly assigned to epidural analgesia (EA) 
or opioid analgesia (OA) group, with allocation 
ratio of 1:1. Fentanyl, an opioid antagonist, was 
administered in both groups as pre-anesthetic 
agent. Epidural analgesia was administered 
through an epidural catheter, whereas opioid 
analgesia (iv morphine, 1mg/kg) was 
administered using patient-controlled analgesia 
technique. 
 
All subjects who were in OA groups were 
instructed and trained on dose administration 
system of morphine. Epidural analgesia 
contained lidocaine and ephedrine as pain-
relieving agents. Ephedrine was added to 
lidocaine since it increases the duration of 
anesthetic action, leading to longer duration of 
pain relief. In both groups, blood samples were 
collected for assay of cytokine levels. The blood 
samples were centrifuged immediately at 2000 
rpm and kept below 80 oC before the start of 
cytokine estimation. 
 
Moreover, the levels of catecholamines 
(noradrenaline and adrenaline) were measured 
before and after treatment. 
 
Efficacy and safety assessment 
 
Data on demography and baseline 
characteristics were collected for the two study 
groups. The following variable indices were 
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determined in the two treatment groups: pain 
score as index pain relief, changes in cytokine 
levels from baseline after treatment, and 
changes in catecholamine levels from baseline 
after treatment. Moreover, respiratory 
parameters were measured before and after 
treatment. The safety of each study drug was 
assessed by taking note of the number of 
patients who experienced adverse events, 
including site reactions. The treatment efficacy 
variables such as pain relief, cytokine levels, 
catecholamine levels and respiratory 
parameters were determined at days 1, 2 and 3. 
Thereafter, comparison was made between EA 
and OA with respect to efficacy and safety 
parameters. 
 
Statistical analysis 
 
The present pilot/preliminary investigation was 
designed to evaluate and compare efficacy and 
safety profiles of EA and OA in Chinese non-
obese TT patients. Hence, there was no formal 
calculation of sample size. A total of 100 
Chinese TT patients were enrolled in each 
treatment group. Numerical data showing bell-
shaped curve were analyzed using unpaired t-
test, while numerical category data that did not 
produce bell shaped curve were analyzed using 
Mann-Whitney test after normality assessment. 
Quantitative data are presented as mean ± SD, 
while categorical data are presented as 
percentage/proportion of patients, and were 
analyzed using Fisher exact test or chi-square 
test, based on data size. 
 
RESULTS 
 
A total of 200 patients completed the study (100 
patients in each group). Data on demography 
and baseline characteristics were similar in both 
treatment groups (Table 1). 
 

Pain score after treatment with EA and OA in 
Chinese non-obese TT patients is presented in 
Figure 1. Using VRS, pain after treatment with 
EA was slightly less, when compared to pain in 
patients who were treated with OA. However, 
the difference was not statistically significant. At 
baseline, there was no significant difference in 
pain score. On day 1, patients treated with EA 
experienced slightly less pain sensation than 
patients treated with OA, although the difference 
was not statistically significant. Similar trends in 
results were observed for day 2 and day 3. 
Overall, treatment with EA offered slightly better 
relief of pain associated with TT than treatment 
with OA. 
 

 
 
Figure 1: Pain score after treatment with EA and OP 
in Chinese non-obese TT patients 
 
Maximal Inspiratory force (cmH2O) values after 
treatment of Chinese non-obese TT patients 
with EA and OA are presented in Figure 2. Max 
Inspiratory force (cmH2O) after treatment with 
EA was slightly improved, when compared to 
the corresponding value for patients who were 
treated with OA. However, again, the difference 
was not statistically significant. At baseline, 
there was no significant difference in inspiratory 
force. 
 

 
Table 1: Characteristics of Chinese non-obese TT patients 
 

Outcome 
variable 

EA group 
(n=100) 

OA group 
(n=100) 

Age (years) 42.5 (2.1) 41.2 (3.1) 
BMI (kg/m2) 24.1 (1.1) 23.6 (2.4) 
Gender (M/F) 70/30 75/25 
Severity score (injury score) 25.7 (2.1) 26.8(1.1) 
Severity score (Thoracic injury abridged score) 3.6 (1.5) 3.4 (1.2) 
Duration of hospital stay 8.3 (1.9) 10.6 (1.3) 
Duration of stay (days) ICU 3.1(1.1) 4.2 (1.8) 
Duration of stay (days ward 5.4 (1.3) 6.2 (2.1) 

Values are as mean ± SD for all variables except gender. For each parameter, p > 0.05 vs IA group using 
appropriate statistical test 
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On day 1, patients treated with EA experienced 
slightly better maximal inspiratory force than 
patients who were treated with OA. However, the 
difference was not statistically significant. A 
similar trend in results was observed for day 2 
and day 3. On day 3, improvement in maximal 
inspiratory force was significantly greater in 
patients treated with EA than in patients treated 
with OA. Overall, treatment with EA offered 
slightly better maximal inspiratory force than 
treatment with OA. 
 

 
 
Figure 2: Maximum inspiratory force (cmH2O) after 
treatment with EA and OP in Chinese non-obese TT 
patients 
 
The effects of EA and OA treatments on tidal 
volume (TV) (liters) in Chinese non-obese TT 
patients are presented in Figure 3. Tidal volume 
(liters) after treatment with EA was slightly 
improved, when compared the corresponding 
tidal volume associated with OA treatment. 
However, the difference was not statistically 
significant. At baseline, there was no significant 
difference in inspiratory force. However, on day 
1, patients treated with EA had slightly better TV 
than those who were treated with OA. However, 
the difference was not statistically significant. 
On day 2, patients treated with EA experienced 
slightly better TV than those who were treated 
with OA, although the difference was not 
statistically significant. On day 3, patients 
treated with EA had slightly better TV than 
patients who were treated with OA, although the 
difference was not statistically significant. The 

same pattern of results was obtained on the 
other days (day 1, day 2 and day 3) after 
treatment. On day 3, improvement in TV was 
significantly greater in patients treated with EA 
than in those treated with OA. Overall, EA 
treatment resulted in slightly better TV than 
treatment with OA. 
 

 
 
Figure 3: Tidal volume after treatment with EA and 
OA in Chinese non-obese TT patients 
 
The effects of EA and OA on cytokine levels of 
Chinese non-obese TT patients are shown in 
Table 4. Levels of IL-1, IL-1b and IL-2 and TNF-
α were decreased in the two treatment groups 
at day 1, day 2 and day 3 after treatment. From 
day 1 to day 3, levels of the cytokines were 
similar in both groups, whereas IL-6 level was 
higher at day 1, 2 and 3 in both treatment 
groups. 
 
The level of IL-6 was slightly lower in patients 
treated with EA than in those treated with OA. 
However, the difference was not statistically 
significant. In addition, IL-8 levels were 
significantly lowered in both treatment groups, 
when compared to baseline levels. There was 
higher reduction in IL-8 from baseline in patients 
treated with EA than in those treated with OA, 
and the reduction in EA group was statistically 
greater than that in OA group. Low levels of IL-8 
are helpful in reducing infection and 
inflammatory reaction at trauma sites. 

 
Table 4: Cytokines levels after treatment with EA and OP in Chinese non-obese TT patients 

 
Outcome variable 
(pg/mL) 

EA group 
(n=100) 

OA group 
(n=100) 

TNF-α 8.5±2.4 9.6±2.1 
IL-1 4.4±2.3 5.6±2.8 
IL-1b 12.2±4.6 14.3±4.3 
IL-2 16.7±5.3 17.3±4.7 
IL-6 119.2±12.6 117.3±14.3 
IL-8 9.2±2.1 11.3±3.3 

Values are presented as mean ± SD for all variables except gender. P >0.05, vs OA group for all comparisons 
for each parameter using appropriate statistical test 
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      Table 5: Catecholamine levels after treatment with EA and OP in Chinese non-obese TT patients 
 

Outcome variable EA group 
(pg/mL) (n=100) 

OA group 
(n=100) 

Blood levels of catecholamines (ug/L) 
Adrenaline 24.7±6.8 25.6±7.8 
Nor-adrenaline 174.4±12.8 179.2±17.3 

Urine levels of catecholamines (ug/L) 
Adrenaline 22.2±4.8 24.3±5.6 
Nor-adrenaline 185.7±15.8 187.8±19.4 

Values are presented as mean ± SD for all variables except gender. P > 0.05 vs OA group for all comparisons 
for each parameter using appropriate statistical test 
 
These results indicate that EA produced slightly 
better and favorable outcome through 
regulation of cytokine levels, when compared to 
OA. However, there was no statistically 
significant difference between the two treatment 
groups in terms of cytokine levels. 
 
The effects of EA and OA on catecholamine 
levels in urine and blood of Chinese non-obese 
TT patients are shown in Table 5. 
Catecholamine levels (epinephrine and 
norepinephrine) were decreased in both 
treatment groups at days 1, day 2 and day 3 
after treatment, when compared to baseline 
values. From day 1 to day 3, levels of 
catecholamine in plasma and urine in both 
treatment groups were similar i.e., there were 
no statistically significant differences between 
the two treatment groups. 
 
The levels of epinephrine and norepinephrine 
were slightly lower in patients treated with EA 
than in those given OA. The reductions in 
epinephrine and norepinephrine from baseline 
were more in patients treated with EA than in 
those given OA, and the reduction in EA group 
was statistically greater than the reduction in 
OA group. Overall, treatment with EA produced 
slightly better and more favorable outcome via 
regulation of epinephrine and norepinephrine 
levels than treatment with OA. However, there 
was no statistically significant difference 
between the two treatment groups in terms of 
catecholamine levels. 
 
DISCUSSION 
 
The present study is the first preliminary 
investigation that evaluated the efficacy and 
safety profiles of EA and OA in Chinese non-
obese patients with TT. Opioid analgesia is one 
of standard interventions for the management 
of TT. Earlier reports have revealed that 
epidural analgesia offers advantages over 
intrapleural route of administration of analgesic 
agents, through improvement of respiratory 
function in TT patients. However, the benefits of 

epidural analgesia in Chinese patients with TT 
were not established before now. Moreover, the 
effect of epidural analgesia on biomarkers such 
as cytokines (TNF, IL-1. IL-2, IL-6 and IL-8) and 
catecholamines (adrenaline and nor-adrenaline) 
were not evaluated. In the present study, the 
effects of EA and OA on biomarkers involved in 
inflammatory reaction of TT were compared. 
The results showed that pain after treatment 
with EA was slightly reduced when compared to 
pain in patients who were treated with OA. 
However, the difference was not statistically 
significant. At baseline, there was no significant 
difference in pain score. A similar trend in 
results was observed for day 2 and day 3. 
 
In all, treatment with EA offered slightly better 
relief of pain associated with TT than treatment 
with OA. Thoracic injury abridged score and 
other scores were comparable between both 
groups at baseline. In addition, there was no 
significant difference in inspiratory force at 
baseline. Maximal inspiratory force after 
treatment with EA was slightly improved, 
relative to the corresponding value in patients 
who were treated with OA. However, the 
difference was not statistically significant. 
Overall, treatment with EA offered slightly better 
maximal inspiratory force than treatment with 
OA. Tidal volume (liters) after treatment with EA 
was slightly improved, when compared to 
treatment with OA, but the difference was not 
statistically significant. At baseline, there was 
no significant difference in inspiratory force. 
 
Overall, treatment with EA resulted in slightly 
better tidal volume than treatment with OA. The 
level of IL-6 was slightly lower in patients 
treated with EA than in those treated with OA. 
However, the difference was not statistically 
significant. In addition, the level of IL-8 was 
significantly lower after treatment in both 
groups, when compared to baseline. Reduction 
in IL-8 from baseline was more in patients 
treated with EA than in those treated with OA, 
and the reduction in EA group was statistically 
greater than that in OA group. Low levels of IL-
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8 are beneficial in reducing infection and 
inflammatory reaction at trauma sites. 
 
Overall, EA produced slightly better and 
favorable outcome via regulation of cytokine 
levels, when compared to OA, although there 
were no statistically significant differences 
between both treatment groups in terms of 
cytokine levels. Moreover, catecholamine levels 
in plasma and urine in both groups were 
comparable. The observed efficacy of EA is 
similar to results from previous published 
studies which showed positive effect of EA on 
TT [8-15]. The efficacy of EA in TT was 
supported by decreased levels of cytokines and 
catecholamines. Moreover, the efficacy in terms 
of decrease in pain score was comparable with 
gold standard therapy. Based on the efficacy 
results, the use of EA may be recommended for 
Chinese patients with TT. 
 
Comparison of safety outcome parameters such 
as incidence of complications/adverse events 
between both groups revealed that they were 
comparable. In the two groups, there were 
changes in vital signs, but there were no 
abnormalities in either group. The finding in the 
present study with respect to OA is consistent 
with results of previous studies, irrespective of 
type of injury or trauma. Intravenous analgesia 
is costly and may aggravate substantial 
postoperative pain. It is very evident that the 
choice of appropriate analgesic agent with anti-
inflammatory properties has a significant 
influence on TT. 
 
Overall, efficacy and safety evaluation of EA 
and OA in Chinese non-obese patients with TT 
showed numerically favorable outcome for EA, 
when compared to OA. This finding may be of 
benefit to scientific community in the design of 
large clinical trials for evaluating the efficacy 
and safety profiles of EA and OA in Chinese 
non-obese patients with TT across the globe. 
 
Limitations of the study 
 
Since the present preliminary trial was 
conducted in a single hospital in China, the 
findings cannot to be generalized to the 
Chinese population. However, the results 
should form a basis for conducting large multi-
centric clinical trials with large sample sizes for 
verification and confirmation of the findings. 
 
CONCLUSION 
 
Comparison of the efficacy and safety of EA and 
OA in Chinese non-obese patients with TT 
indicate a numerically favorable outcome for EA. 

DECLARATIONS 
 
Conflict of interest 
 
No conflict of interest is associated with this 
work. 
 
Contribution of authors 
 
We declare that this work was done by the 
authors named in this article and all liabilities 
pertaining to claims relating to the content of this 
article will be borne by the authors. Xiaoping 
Yang, Danjie Zhang, Deling Kong, Jin Zhang 
carried out the literature survey, and Bingwen 
Dang analysed and compiled the data. All the 
authors read the paper thoroughly and approved 
it for publication. 
 
Open Access  
 
This is an Open Access article that uses a fund-
ing model which does not charge readers or their 
institutions for access and distributed under the 
terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/ 
4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution, 
and reproduction in any medium, provided the 
original work is properly credited. 
 
REFERENCES 
 
1. Barbara AC, Nancy R. Sleep and trauma: an overview. 

Issues Ment Health Nurs 2005; 26(7): 721-738. 

2. Mackersie RC, Shackford SR, Hoyt DB, Karagianes TG. 

Continuous epidural fentanyl analgesia: ventilatory 

function improvement with routine use in treatment of 

blunt chest injury. J Trauma 1987; 27(11): 1207-1212.  

3. Ullman DA, Fortune JB, Greenhouse BB, Wimpy RE, 

Kennedy TM. The treatment of patients with multiple rib 

fractures using continuous thoracic epidural narcotic 

infusions. Reg Anesth 1989; 14(1):43-47.  

4. Cicala RS, Voeller GR, Fox T, Fabian TC, Kudsk K, 

Mangiante EC. Epidural analgesia in thoracic trauma: 

effects of lumbar morphine and thoracic bupivacaine on 

pulmonary function. Crit Care Med 1990; 18(2): 229-

231.  

5. Luchette FA, Radfshar MR, Kaiser R, Flynn W, Hassett 

JM. Prospective evaluation of epidural versus 

intrapleural catheters for analgesia in chest wall trauma. 

J Trauma 1994; 36(6): 865-869.  

6. Ilse V, Greet VB. The neuroendocrine response to critical 

illness is a dynamic process. Crit Care Clin 2006; 22(1): 

1-15. 



Yang et al 

Trop J Pharm Res, December 2020; 19(12): 2689 
 

7. Jones MT, Gillham B. Factors involved in the regulation 

of adrenocorticotropic hormone/beta-lipotropic hormone. 

Physiol Rev 1988; 68: 743–750.  

8. Bachmann-Mennenga B, Biscoping J, Kuhn DF, et al. 

Intercostal nerve block, interpleural analgesia, thoracic 

epidural block or systemic opioid application for pain 

relief after thoracotomy. Eur J Cardiothorac Surg 1993; 

7(1):12-18. 

9. Sumin L, Alex A, Kumar S, Ninu P, Ahmar A, Raghavan 

R. Alteration of cytokine profile following hemorrhagic 

shock. Cytokine 2016; 81: 35–38. 

10. Ayala A, Perrin MM, Ertel W, et al. Differential alterations 

in plasma IL-6 and TNF levels after trauma and 

hemorrhage. Am J Physiol 1991; 260: 167–171.  

11. Ertel W, Keel M, Bonaccio M, Steckholzer U, Gallati H, 

Kenney JS, Trentz O. Release of anti-inflammatory 

mediators after mechanical trauma correlates with 

severity of injury and clinical outcome. J Trauma 

1995;39(5):879-885.  

12. Svoboda P, Kantorova I, Ochmann J. Dynamics of 

interleukin 1, 2, and 6 and tumor necrosis factor alpha in 

multiple trauma patients. J Trauma 1994; 36: 336–340.  

13. Pullicino EA, Carli F, Poole S, Rafferty B, Malik ST, Elia 

M. The relationship between the circulating 

concentrations of IL-6, TNF, and the acute phase 

response to elective surgery and accidental injury. 

Lymphokine Res 1990; 9(2): 231–238. 

14. Abraham E, Tanaka T, Chang YH. Effects of hemorrhagic 

serum on IL-2 generation and utilization. Crit Care Med 

1988; 16(4): 307-311.  

15. Donnelly TJ, Meade P, Jagels M, Cryer HG, Law MM, 

Hugli TE, Shoemaker WC, Abraham E. Cytokine, 

complement, and endotoxin profiles associated with the 

development of the adult respiratory distress syndrome 

after severe injury. Crit Care Med 1994; 22(5): 768-776. 

16. World Medical Association. World Medical Association 

Declaration of Helsinki: ethical principles for medical 

research involving human subjects. JAMA 2013; 

310(20): 2191-2194. 

 


