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Abstract

Background: Post-thoracotomy pain syndrome (PTPS) is pain that recurs or persists along a thoracotomy incision for at least two
months following surgery. Dexmedetomidine (dex) is an α-2 agonist that also has analgesic, sedative-hypnotic, and sympatholytic
properties.
Objectives: To determine the effect of pre-emptive dexmedetomidine on the incidence of PTPS in patients undergoing coronary
artery bypass grafting (CABG).
Patients andMethods: This randomized clinical trial enrolled 104 candidates for elective coronary artery bypass grafting (CABG)
and randomly assigned them to either a dex group or a control group. In the dex group, dexmedetomidine 0.5 µg/kg/hour was
infused from the initiation of anesthesia until postoperative extubation in the intensive-care unit. Two months after surgery, the
patients were contacted by telephone and interviewed to determine the presence of pain at the thoracotomy scars.
Results: Fifty-four patients were placed in the control group, and 50 patients were assigned to the dex group. The age, sex, and body
mass index were not significantly different between the two groups of study (P > 0.05). The incidence of PTPS was 11/50 (22%) patients
in the dex group and 28/54 patients (52%) in the control group. A chi-square test revealed a significant difference in the incidence of
PTPS after two months between the dex and control groups (P = 0.032).
Conclusions: PTPS is a common problem following CABG, and pre-emptive therapy with dex may decrease neuropathic pain.
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1. Background

Post-thoracotomy pain syndrome (PTPS) is a pain syn-
drome that occurs within two months following thoraco-
tomy at the site of the surgical scar. The international as-
sociation for the study of pain (IASP) has defined PTPS as
pain that recurs or persists along a thoracotomy incision
for at least two months after surgery (1). The incidence of
this syndrome is approximately 50% in thoracotomies (2).
PTPS affects patients’ quality of life and also their postop-
erative condition.

The origin of PTPS is attributed to trauma to and com-
pression of the intercostal nerves, fractured and com-
pressed ribs, inflammation of the chest muscles, or neuro-
mas located on injured nerve endings. In contrast, features
of neuropathic pain reported by individuals with PTPS sug-
gest that intercostal nerve injury may be the main contrib-
utor (3).

Another issue in chronic pain syndrome is the role

of the sympathetic nervous system. A sudden discharge
from silent neuromas originating from nerve ending pro-
liferations after an injury could induce neuropathic pain.
Sympathetic nerve growth in the dorsal root ganglion due
to chronic neuropathic pain may also precipitate sympa-
thetic mediated pain.

Treatment of PTPS is of particular importance not only
to keep the patient comfortable but also to minimize post-
operative pulmonary complications (4). PTPS often in-
duces psychosocial stress and anxiety or depression. Pre-
emptive analgesia is a multi-potential method of prevent-
ing pain prior to its occurrence (5). Although some in-
terventions (both procedural and pharmacologic) have
been investigated to prevent and treat PTPS, the benefits
of these interventions have not yet been determined (6,
7). Dexmedetomidine (dex) and clonidine are α-2 agonists
that have analgesic, sedative-hypnotic, and sympatholytic
properties (8, 9). In this study, we investigated whether
dexmedetomidine could be used to control both hemody-
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namic changes and PTPS.

2. Objectives

To determine the effect of pre-emptive dex on the inci-
dence of PTPS in patients undergoing coronary artery by-
pass grafting (CABG).

3. Patients andMethods

3.1. Ethics Declaration

The study was reviewed and approved by the Shahid
Beheshti University of Medical Sciences ethics committee
and was performed in accordance with its regulations. In-
formation about the study was given comprehensively in
both oral and written form to all patients or their accompa-
nying adult. The participants gave their written informed
consent prior to their inclusion in the study.

3.2. Patient Selection

This randomized clinical trial enrolled 104 patients
who were candidates for elective CABG and randomly as-
signed them to either the dex group or the control group.
Randomization was carried out using numbers that were
assigned to each patient by a computer. The patients were
diagnosed with PTPS if they described their pain syndrome
as a continuous burning and aching in the area of the inci-
sion that had persisted for at least two months after tho-
racotomy based on the IASP definition. All patients were
contacted two months after the surgery and interviewed.

Exclusion criteria included bleeding diasthasis either
during or after surgery, patients with more than four
grafts, patients with hypotension (systolic blood pressure
< 90) prior to surgery, cardiopulmonary bypass (CPB) du-
ration of more than two hours, a heart rate less than 50, an
intubation time greater than 12 hours, and kidney or liver
failure.

In the dex group, 0.5 µg/kg/hour of dexmedetomidine
was infused from the initiation of anesthesia until extuba-
tion in the intensive care unit (ICU). In the control group,
patients received a corresponding volume of 0.9% saline.

3.3. Monitoring and Anesthesia

All customary monitoring procedures were per-
formed, including pulse oximetry, invasive blood pressure
monitoring, electrocardiogram, capnography, bispecteral
index (BIS), and cerebral oximetry. Anesthesia was admin-
istered using the standard method. BIS monitoring was
carried out to ensure an adequate depth of anesthesia,
and isofluorane maintenance accompanied by fentanyl
infusion was continued to maintain a BIS:40 - 60.

Hemodynamic parameters (systolic arterial pres-
sure, heart rate, and peripheral oxygen saturation) were
recorded by an anesthesiologist who was blinded to the
patient group at 0, 30, 60, and 120 minutes after the
infusion of dex had been initiated.

Upon establishing full cardiovascular monitoring,
general anesthesia was induced with fentanyl 2 µg/kg, mi-
dazolam 0.05 mg/kg, lidocaine, and etomidate 1 - 2 mg/kg
until the loss of the eyelid reflex. Orotracheal intubation
was facilitated using 0.1 mg/kg Cis-atracurium. Routine
airway and ventilator management were used as appropri-
ate for the type of surgery. Anesthesia was maintained with
oxygen and isofluorane (1% - 1.2% end-tidal concentration)
and a continuous infusion of fentanyl until the patient
was transferred to the open-heart ICU. Neuromuscular
relaxation was ensured through the continuous infusion
of Cis-atracurium 1 - 2 µg/kg/min to maintain 90% - 95%
twitch inhibition under inhalational anesthesia.

At the completion of surgery, muscle relaxation was
not reversed. Instead, the infusion of dexmedetomidine
continued, and the patient was transferred to the ICU.
Weaning criteria were if the patients could maintain their
oxygen saturation above 97% with a normal breathing
rhythm (no tachypnea) and no tachycardia. No patient was
extubated until he or she was completely awake and free of
arrhythmias and bleeding. All patients were transferred to
the post-surgical units in a pain-free state.

The target range for sedation was light or moderate se-
dation, which is 2 and 3, respectively, on the ramsey seda-
tion scale. The protocol for supplemental sedation if the
patient became agitated before extubation was an infusion
of midazolam in the control group and an infusion of dex
at the same rate of 0.5 µg/kg/hour in the dex group.

3.4. Data Collection

All intraoperative data were collected from patients’
files and monitoring records. Follow-up was performed
through a telephone interview. The patients were con-
tacted via telephone two months after surgery. The tele-
phone interview was performed using the Brief Pain In-
ventory questionnaire, which was based on that used in
Brulotte et al.’s study (10). The patients were asked about
the presence of pain at their thoracotomy scars, allodynia,
and the location and nature of any pain. Pain was evalu-
ated using the numeric rating scale (NRS) during the study.
The telephone interview was performed by one of the re-
searchers who was unaware of the patients’ group assign-
ment. Patient satisfaction was assessed using the same
questionnaire (brief pain inventory) based on questions
with yes/no answers.
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3.5. Statistical Analysis

Statistical calculations were conducted using the sta-
tistical package for the social sciences (SPSS), version 22
(Chicago, IL, USA). The parametric variables were presented
as mean± SD and were analyzed by t-test or Mann-Whitney
U-test; non-parametric variables were assessed with the
Chi-Square or Fisher’s exact test. P < 0.05 was considered
statistically significant. The sample size was estimated us-
ing sample size calculator software with a 95% confidence
interval, P = 0.05, a power of 80%, and a frequency of 62% in
the experimental group and 37% in the control group for
the primary outcome (PTPS) based on the Brulotte study.

4. Results

In all, 110 patients were enrolled in this study and ran-
domly assigned to one of the two groups. After exclusions
were made, 54 patients remained in the control group, and
50 patients were enrolled in the dex group. A flow diagram
of the study is depicted in Figure 1. The age, sex, and body
mass index were not significantly different between the
two groups of study (P > 0.05) (Table 1).

110 Patients

Randomized to Each Group

1 Excluded 5 Excluded

54 Control 50 Dex

Follow-Up for PTPS

Figure 1. Flow Diagram of the Study

The variables of coronary artery disease (CAD), ejec-
tion fraction, and history of chronic disease (including hy-
pertension (HTN), diabetes mellitus (DM), and hypothy-
roidism) were not significantly different between the two
groups included in this study (P > 0.05) (Table 2).

After two months, the patients were followed up us-
ing a telephone interview. The patients’ NRS score if they
were experiencing PTPS pain at two months, the presence
of allodynia, and the level of patient satisfaction in the two
groups of study were compared; the differences were not
significantly different (P > 0.05) (Table 3).

The pain score reflects the amount of pain in patients
with PTPS and not that of patients who were pain free (cor-
rected in text). Allodynia was significantly higher in the
control group compared to the dex group (Table 3). Pa-
tient satisfaction was not significantly different between
the two groups (P = 0.35).

The incidence of PTPS in the dex group was 11/50 (22%)
patients, while 28 of 54 (52%) patients in the control group
reported PTPS. Chi-square test revealed a significant differ-
ence in the incidence of PTPS two months after surgery be-
tween the dex and the control groups (P = 0.032) (Figure 2).

p = 0.032
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Figure 2. Incidence of PTPS in Patients Undergoing CABG in the Dexmedetomidine
and the Control Groups

5. Discussion

The true incidence and pathogenesis of PTPS is still un-
known, and results from human studies vary, which can be
reasonably explained by the complexity of the methodol-
ogy and systematic nature of previous studies that cause
several variables to change (11). Our investigation of 104
patients showed that the incidence of PTPS was about 52%
in the control group. One previous report was consistent
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Table 1. Demographic Variables of Patients in the Dexmedetomidine Group and the Control Group

Variable Dexmedetomidine (n = 50) Control (n = 54) P Value

Age 57.3 ± 9.7 55.4 ± 8.8 0.28

Sex ,male/female 34/16 37/17 0.39

BMI 24.6 ± 4.7 25.1 ± 4.5 0.29

Duration of CPB 52.6 ± 15.4 55.7 ± 16.2 0.30

Duration of Surgery 4.8 ± 2.5 4.45 ± 2.7 0.24

Abbriviations: BMI, body mass index; CPB, cardiopulmonary bypass.

Table 2. Variables of Coronary Artery Disease, Ejection Fraction, History of Diseases

Variable Dexmedetomidine (n = 50) Control (n = 54) P Value

Number of CADs 0.057

LAD artery 15 12

2 vessels 17 14

3 vessels 18 28

Ejection fraction (EF) 51.7 ± 9.5 52.6 ± 8.7 0.33

History of chronic diseases 0.19

HTN 9 12

DM 12 15

Hypothyroidism 2 1

Abbriviations: CAD, coronary artery disease; LAD, left anterior descending; HTN, hypertension; DM, diabetes mellitus.

Table 3. NRS Scores, Allodynia, and Patient Satisfaction After Two Months

Variable Dexmedetomidine (n = 50) Control (n = 54) P Value

NRS score in PTPS patients, (Mean± SD) 5.7 ± 2.1 5.5 ± 2.8 0.43

Allodynia, No. (%) 9 (18) 24 (44) 0.003

Patient satisfaction, No. (%) 32 (64) 37 (68) 0.35

Abbriviation: NRS, numeric rating scale.

with our study and showed that PTPS occurs in approxi-
mately 50% of patients following thoracotomy and is usu-
ally mild to moderate; only 5% reported severe symptoms
(12). In another study, severe, disabling PTPS was present
in 25 (11%) patients: 10/20 (50%) chest wall resections, 5/25
(20%) pleurectomies, and 10/193 (5%) pulmonary resections
(13). Out of 149 patients in a different study, the overall inci-
dence of PTPS was 52% (32% mild, 16% moderate, and 3% se-
vere) (14). In an interesting investigation, 70% of patients
reported persistent pain a month after surgery, while 41%
of patients were still experiencing persistent pain one year
postoperatively (15). In another study conducted in 110 pa-
tients, the incidence of PTPS was 80% at three months, 75%
at six months, and 61% one year after surgery; the incidence

of severe pain was 3% - 5% (16).

Due to variations in pathogenesis, several mechanisms
have been suggested for PTPS in this patient population.
The role of the sympathetic nervous system in the progres-
sion of neuropathic syndromes has been noted. Sympa-
thetic overstimulation could induce a sympathetic pain-
related syndrome. Increased inflammatory processes in
neuropathic pain syndromes might also be aggravated
by sympathetic stimulation (17). Sympathetic ganglion
blocks have been recommended to treat sympathetic-
related neuropathic pain syndromes, such as complex re-
gional pain syndrome (18). Dexmedetomidine exhibits
sympatholytic activity and prevents sympathetic stimula-
tion, which could be an effective pre-emptive therapy that
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hinders the development of neuropathic pain syndrome
in PTPS.

Pre-emptive strategies for post-operative pain syn-
drome are the mainstay of current pain control. However,
few studies have investigated pre-emptive therapy. Cen-
tral nervous system hypersensitization in response to tis-
sue injury may contribute to the development of PTPS (19).
Many researchers have focused on methods to prevent cen-
tral sensitization from occurring through the use of pre-
emptive analgesic techniques. Effective pre-emptive anal-
gesia may be more useful than palliative post-surgical ther-
apies (20). Our study of 104 patients indicated that the in-
cidence of PTPS decreased from 52% in the control group to
22% in the dexmedetomidine group.

Some previous reports on pre-emptive analgesia have
revealed that ketamine had no effect compared with a
placebo in the prevention of PTPS at three and six months
postoperatively (21). Another study showed the effects of
adding ketamine to fentanyl plus acetaminophen on post-
operative pain as a form of patient-controlled analgesia
in abdominal surgery (22). Anesthestic drugs have also
proven effective on reducing the incidence of PTPS (23).
TIVA with propofol and remifentanil may reduce the inci-
dence of PTPS three and six months after surgery compared
to inhalational anesthesia (24). In another study that used
preoperative morphine, diclofenac, and intercostal nerve
blocks, there were no significant differences between the
groups at the 12-month follow-up (25).

Treatment of PTPS is still a challenge for clinicians (26).
Although it has been proven effective for neuropathic pain
syndromes, perioperative pregabalin did not reduce the
incidence of PTPS (10). Future research on PTPS should fo-
cus on the impact of regional analgesia on central sensiti-
zation. Percutaneous intercostal nerve cryoablation may
result in a few months of pain relief in cases of intractable
PTPS (27); however, pre-emptive analgesia may be more ef-
fective (28). Based on the results of our study, the effects
of pre-emptive analgesia appeared to be of clinical signifi-
cance.

Prior to our study, postoperative pain control was not a
mainstay of treatment for CABG patients at our hospital. In
fact, only suboptimal doses of morphine or non-steroidal
anti-inflammatory drugs were prescribed by the surgeon
to control postoperative pain. However, our study showed
a high incidence of PTPS syndrome in these patients and
their corresponding need for pain control, which led to
better planning for adequate postoperative pain control.

In conclusion, PTPS is a common problem following
CABG, and pre-emptive therapy with dexmedetomidine
may reduce neuropathic pain by decreasing the intense in-
put from nociceptive neurons to the central nervous sys-
tem. The effect of pre-emptive intraoperative dexmedeto-

midine appeared to be relatively modest in terms of pre-
venting PTPS.

Footnote

Authors’ Contribution: Morteza Hashemian, sug-
gested the study design and data collection; Morteza
Jabbary Moghaddam, performed data collection; Alireza
Mirkheshti, carried out a critical revision and manuscript
approval; Ali Barkhori, performed the data analysis and
interpretation; Seyed Amir Mohajerani, calculated the
statistics and drafted the manuscript; all authors dis-
cussed the results and commented on the manuscript.

References

1. Duale C, Sibaud F, Guastella V, Vallet L, Gimbert YA, Taheri H, et al.
Perioperative ketamine does not prevent chronic pain after thoraco-
tomy. Eur J Pain. 2009;13(5):497–505. doi: 10.1016/j.ejpain.2008.06.013.
[PubMed: 18783971].

2. Hopkins KG, Rosenzweig M. Post-thoracotomy pain syndrome: as-
sessment and intervention. Clin J Oncol Nurs. 2012;16(4):365–70. doi:
10.1188/12.CJON.365-370. [PubMed: 22842687].

3. Maguire MF, Ravenscroft A, Beggs D, Duffy JP. A questionnaire
study investigating the prevalence of the neuropathic compo-
nent of chronic pain after thoracic surgery. Eur J Cardiothorac
Surg. 2006;29(5):800–5. doi: 10.1016/j.ejcts.2006.02.002. [PubMed:
16581259].

4. Samantaray A, Rao MH, Chandra A. The effect on post-operative
pain of intravenous clonidine given before induction of anaesthe-
sia. Indian J Anaesth. 2012;56(4):359–64. doi: 10.4103/0019-5049.100817.
[PubMed: 23087458].

5. Alimian M, Imani F, Hassani V, Rahimzadeh P, Sharifian M, Sa-
fari S. Effects of single-dose pregabalin on postoperative pain in
dacryocystorhinostomy surgery. Anesth Pain Med. 2012;2(2):72–6. doi:
10.5812/aapm.4301. [PubMed: 24223341].

6. Khelemsky Y, Noto CJ. Preventing post-thoracotomy pain syndrome.
Mt Sinai J Med. 2012;79(1):133–9. doi: 10.1002/msj.21286. [PubMed:
22238046].

7. Imani F, Rahimzadeh P, Faiz SH. Comparison of the efficacy of adding
clonidine, chlorpromazine, promethazine, and midazolam to mor-
phine pumps in postoperative pain control of addicted patients.
Anesth Pain Med. 2011;1(1):10–4. doi: 10.5812/kowsar.22287523.1336.
[PubMed: 25729649].

8. Menda F, Koner O, Sayin M, Ture H, Imer P, Aykac B. Dexmedetomidine
as an adjunct to anesthetic induction to attenuate hemodynamic re-
sponse to endotracheal intubation in patients undergoing fast-track
CABG.AnnCardAnaesth. 2010;13(1):16–21. doi: 10.4103/0971-9784.58829.
[PubMed: 20075530].

9. Taghipour Anvari Z, Afshar-Fereydouniyan N, Imani F, Sakhaei
M, Alijani B, Mohseni M. Effect of clonidine premedication on
blood loss in spine surgery. Anesth Pain Med. 2012;1(4):252–6. doi:
10.5812/aapm.2197. [PubMed: 24904810].

10. Brulotte V, Ruel MM, Lafontaine E, Chouinard P, Girard F. Impact of
pregabalin on the occurrence of postthoracotomy pain syndrome:
a randomized trial. Reg Anesth Pain Med. 2015;40(3):262–9. doi:
10.1097/AAP.0000000000000241. [PubMed: 25899956].

11. Wildgaard K, Ravn J, Kehlet H. Chronic post-thoracotomy pain:
a critical review of pathogenic mechanisms and strategies

Anesth Pain Med. 2016; 6(3):e36344. 5

http://dx.doi.org/10.1016/j.ejpain.2008.06.013
http://www.ncbi.nlm.nih.gov/pubmed/18783971
http://dx.doi.org/10.1188/12.CJON.365-370
http://www.ncbi.nlm.nih.gov/pubmed/22842687
http://dx.doi.org/10.1016/j.ejcts.2006.02.002
http://www.ncbi.nlm.nih.gov/pubmed/16581259
http://dx.doi.org/10.4103/0019-5049.100817
http://www.ncbi.nlm.nih.gov/pubmed/23087458
http://dx.doi.org/10.5812/aapm.4301
http://www.ncbi.nlm.nih.gov/pubmed/24223341
http://dx.doi.org/10.1002/msj.21286
http://www.ncbi.nlm.nih.gov/pubmed/22238046
http://dx.doi.org/10.5812/kowsar.22287523.1336
http://www.ncbi.nlm.nih.gov/pubmed/25729649
http://dx.doi.org/10.4103/0971-9784.58829
http://www.ncbi.nlm.nih.gov/pubmed/20075530
http://dx.doi.org/10.5812/aapm.2197
http://www.ncbi.nlm.nih.gov/pubmed/24904810
http://dx.doi.org/10.1097/AAP.0000000000000241
http://www.ncbi.nlm.nih.gov/pubmed/25899956


Jabbary MoghaddamM et al.

for prevention. Eur J Cardiothorac Surg. 2009;36(1):170–80. doi:
10.1016/j.ejcts.2009.02.005. [PubMed: 19307137].

12. Rogers ML, Duffy JP. Surgical aspects of chronic post-thoracotomy
pain. Eur J Cardiothorac Surg. 2000;18(6):711–6. [PubMed: 11113680].

13. Keller SM, Carp NZ, Levy MN, Rosen SM. Chronic post thoracotomy
pain. J Cardiovasc Surg (Torino). 1994;35(6 Suppl 1):161–4. [PubMed:
7775532].

14. Pluijms WA, Steegers MA, Verhagen AF, Scheffer GJ, Wilder-Smith OH.
Chronic post-thoracotomy pain: a retrospective study. Acta Anaes-
thesiol Scand. 2006;50(7):804–8. doi: 10.1111/j.1399-6576.2006.01065.x.
[PubMed: 16879462].

15. Gotoda Y, Kambara N, Sakai T, Kishi Y, Kodama K, Koyama T.
The morbidity, time course and predictive factors for persis-
tent post-thoracotomy pain. Eur J Pain. 2001;5(1):89–96. doi:
10.1053/eujp.2001.0225. [PubMed: 11394926].

16. Perttunen K, Tasmuth T, Kalso E. Chronic pain after thoracic surgery:
a follow-up study. Acta Anaesthesiol Scand. 1999;43(5):563–7. [PubMed:
10342006].

17. Schlereth T, Drummond PD, Birklein F. Inflammation in CRPS: role
of the sympathetic supply. Auton Neurosci. 2014;182:102–7. doi:
10.1016/j.autneu.2013.12.011. [PubMed: 24411269].

18. Rocha Rde O, Teixeira MJ, Yeng LT, Cantara MG, Faria VG, Liggieri V, et
al. Thoracic sympathetic block for the treatment of complex regional
pain syndrome type I: a double-blind randomized controlled study.
Pain. 2014;155(11):2274–81. doi: 10.1016/j.pain.2014.08.015. [PubMed:
25149143].

19. Reuben SS. Chronic pain after surgery: what can we do to prevent it.
Curr Pain Headache Rep. 2007;11(1):5–13. [PubMed: 17214915].

20. Baumrucker SJ. Post-thoracotomy pain syndrome: an opportunity
for palliative care. Am J Hosp Palliat Care. 2002;19(2):83–4. [PubMed:

11926449].
21. Mendola C, Cammarota G, Netto R, Cecci G, Pisterna A, Ferrante D, et

al. S+ -ketamine for control of perioperative pain and prevention of
post thoracotomy pain syndrome: a randomized, double-blind study.
Minerva Anestesiol. 2012;78(7):757–66. [PubMed: 22441361].

22. Imani F, Faiz HR, Sedaghat M, Hajiashrafi M. Effects of adding ke-
tamine to fentanyl plus acetaminophen on postoperative pain by
patient controlled analgesia in abdominal surgery. Anesth Pain Med.
2014;4(1):12162. doi: 10.5812/aapm.12162. [PubMed: 24660145].

23. Salengros JC, Huybrechts I, Ducart A, Faraoni D, Marsala C, Barvais
L, et al. Different anesthetic techniques associated with different
incidences of chronic post-thoracotomy pain: low-dose remifen-
tanil plus presurgical epidural analgesia is preferable to high-dose
remifentanil with postsurgical epidural analgesia. J Cardiothorac Vasc
Anesth. 2010;24(4):608–16. doi: 10.1053/j.jvca.2009.10.006. [PubMed:
20005744].

24. Song JG, Shin JW, Lee EH, Choi DK, Bang JY, Chin JH, et al. In-
cidence of post-thoracotomy pain: a comparison between total
intravenous anaesthesia and inhalation anaesthesia. Eur J Cardio-
thorac Surg. 2012;41(5):1078–82. doi: 10.1093/ejcts/ezr133. [PubMed:
22290901].

25. Doyle E, Bowler GM. Pre-emptive effect of multimodal analgesia in
thoracic surgery. Br J Anaesth. 1998;80(2):147–51. [PubMed: 9602575].

26. Strebel BM, Ross S. Chronic post-thoracotomy pain syndrome. CMAJ.
2007;177(9):1027. doi: 10.1503/cmaj.061196. [PubMed: 17954890].

27. Koethe Y, Mannes AJ, Wood BJ. Image-guided nerve cryoablation
for post-thoracotomy pain syndrome. Cardiovasc Intervent Radiol.
2014;37(3):843–6. doi: 10.1007/s00270-013-0718-8. [PubMed: 23954965].

28. Minor AA. Alternative management for post-thoracotomy pain syn-
drome. Can J Surg. 1996;39(5):430–1. [PubMed: 8857996].

6 Anesth Pain Med. 2016; 6(3):e36344.

http://dx.doi.org/10.1016/j.ejcts.2009.02.005
http://www.ncbi.nlm.nih.gov/pubmed/19307137
http://www.ncbi.nlm.nih.gov/pubmed/11113680
http://www.ncbi.nlm.nih.gov/pubmed/7775532
http://dx.doi.org/10.1111/j.1399-6576.2006.01065.x
http://www.ncbi.nlm.nih.gov/pubmed/16879462
http://dx.doi.org/10.1053/eujp.2001.0225
http://www.ncbi.nlm.nih.gov/pubmed/11394926
http://www.ncbi.nlm.nih.gov/pubmed/10342006
http://dx.doi.org/10.1016/j.autneu.2013.12.011
http://www.ncbi.nlm.nih.gov/pubmed/24411269
http://dx.doi.org/10.1016/j.pain.2014.08.015
http://www.ncbi.nlm.nih.gov/pubmed/25149143
http://www.ncbi.nlm.nih.gov/pubmed/17214915
http://www.ncbi.nlm.nih.gov/pubmed/11926449
http://www.ncbi.nlm.nih.gov/pubmed/22441361
http://dx.doi.org/10.5812/aapm.12162
http://www.ncbi.nlm.nih.gov/pubmed/24660145
http://dx.doi.org/10.1053/j.jvca.2009.10.006
http://www.ncbi.nlm.nih.gov/pubmed/20005744
http://dx.doi.org/10.1093/ejcts/ezr133
http://www.ncbi.nlm.nih.gov/pubmed/22290901
http://www.ncbi.nlm.nih.gov/pubmed/9602575
http://dx.doi.org/10.1503/cmaj.061196
http://www.ncbi.nlm.nih.gov/pubmed/17954890
http://dx.doi.org/10.1007/s00270-013-0718-8
http://www.ncbi.nlm.nih.gov/pubmed/23954965
http://www.ncbi.nlm.nih.gov/pubmed/8857996

	Abstract
	1. Background
	2. Objectives
	3. Patients and Methods
	3.1. Ethics Declaration
	3.2. Patient Selection
	3.3. Monitoring and Anesthesia
	3.4. Data Collection
	3.5. Statistical Analysis

	4. Results
	Figure 1
	Table 1
	Table 2
	Table 3
	Figure 2

	5. Discussion
	Footnote
	Authors' Contribution

	References

