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ABSTRACT 

Severe postoperative pain affects most patients after thoracotomy and is a risk factor for post-

thoracotomy pain syndrome (PTPS). This randomized controlled trial compared preemptively 

administered ketamine versus paravertebral block (PVB) versus control in patients undergoing 

posterolateral thoracotomy. The primary outcome was acute pain intensity on the visual analog 

scale (VAS) on the first postoperative day. Secondary outcomes included morphine 

consumption, patient satisfaction, and PTPS assessment with Neuropathic Pain Syndrome 

Inventory (NPSI). Acute pain intensity was significantly lower with PVB compared to other 

groups at four out of six time points. Patients in the PVB group used significantly less morphine 

via a patient-controlled analgesia pump than participants in other groups. Moreover, patients 

were more satisfied with postoperative pain management after PVB. PVB, but not ketamine, 

decreased PTPS intensity at 1, 3, and 6 months after posterolateral thoracotomy. Acute pain 

intensity at hour 8 and PTPS intensity at month 3 correlated positively with PTPS at month 6. 

Bodyweight was negatively associated with chronic pain at month 6. Thus, PVB but not 

preemptively administered ketamine decreases both acute and chronic pain intensity following 

posterolateral thoracotomies. The trial was prospectively registered at the Australian New 

Zealand Clinical Trial Registry (https://www.anzctr.org.au/; ACTRN12616000900415; 07 July 

2016). 
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INTRODUCTION 

Even with recent advances in pain management, moderate to severe postoperative pain still 

affects many patients after open-chest surgeries or thoracotomies [1]. Factors contributing to the 

development of postoperative pain include skin incision, damage to ribs and muscles, intercostal 

nerve injury, and pleural irritation [2]. Moreover, severe pain is a risk factor for post-

thoracotomy pain syndrome (PTPS). PTPS affects 50% of patients at six months after surgery 

[3]. 

The combination of systemic analgesics with regional anesthesia techniques is the most preferred 

pain management approach in patients undergoing thoractomies [4]. Among the different 

regional analgesia techniques, thoracic epidural analgesia (TEA) is most commonly performed 

by anesthesiologists [5,6]. Paravertebral block (PVB) appears to be as effective as TEA for 

postoperative pain control after lung surgery [7]. Although regional anesthesia techniques are 

advantageous to systemic analgesia during the perioperative period after thoracic surgery, 

alternative approaches are used because of failed blocks, lack of patient consent, and 

contraindications for this procedure [8,9]. 

Ketamine is a general anesthetic with analgesic properties. Its action is mediated via NMDA-

receptors [10]. Many recent studies endorse the analgesic features of ketamine [11-14], but only 

a few trials directly compare ketamine with regional anesthesia techniques in patients undergoing 

thoracic surgery [15-17].  

This study aimed to compare pain intensity in patients after preemptive ketamine versus PVB 

during scheduled posterolateral thoracotomy, with further analysis of morphine consumption, 

patient satisfaction, and chronic pain evaluation. 
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MATERIALS AND METHODS 

Ethical considerations 

The randomized, controlled trial was conducted in a thoracic surgery department of a teaching 

hospital. The study protocol was approved by the Institutional Review Board of the Medical 

University of Lublin, Lublin, Poland (permit number KE-0254/84/2016), and registered with the 

Australian New Zealand Clinical Trial Registry (ACTRN12616000900415) before patient 

recruitment. Written informed consent was obtained from each patient, and the study was 

conducted in accordance with the tenets of the Declaration of Helsinki for medical research 

involving human subjects. 

Patient selection 

The inclusion criteria identified patients scheduled for posterolateral thoracotomy and those 

whose age was >18 and <75 years. Patients with known coagulopathy, poorly-controlled 

diabetes mellitus, depression or other psychiatric disorders that required antidepressant drugs, 

alcohol or recreational drug addiction, and allergy to the studied drugs were excluded. Before 

study inclusion, each patient was tested for the capability to understand the visual analog scale 

(VAS), operate patient-controlled analgesia (PCA) pump, answer the phone call, and 

comprehend the Neuropathic Pain Syndrome Inventory (NPSI). Patients who did not fulfill these 

criteria were excluded from the study. Individuals older than 75 years were presumed to have 

difficulties with answering phone calls and describing chronic pain on the NPSI. 
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Study groups and intervention 

The patients were randomly allocated to one of three groups (detailed below) by computer-

generated randomization conducted by a team member who was not involved in patient 

assessment or surgery. The same team member prepared opaque envelopes in which the 

intervention type was concealed. These envelopes were opened when the patient was present in 

the operating theater. 

Each patient was anesthetized in the same manner. The drugs used for induction of general 

anesthesia were propofol (1–2 mg/kg, Propofol 1% Fresenius, Fresenius Kabi Deutschland 

GmbH, Bad Homburg, Germany), fentanyl (1–3 µg/kg, Fentanyl WZF, Warszawskie Zakłady 

Farmaceutyczne Polfa S.A., Warszawa, Poland), rocuronium (0.6–1.0 mg/kg, Rocuronium Kabi, 

Fresenius Kabi Polska Sp. z o.o., Warszawa, Poland). Suxamethonium was used (1.0 mg/kg, 

Chlorsuccillin, PharmaSwiss Česká Republika s.r.o., Prague, Czech Republic) if required. A 

double-lumen endotracheal tube was inserted, and the ipsilateral lung was deflated during the 

procedure. Maintenance was provided with continuous infusion of propofol (4–8 mg/kg/h) and 

additional boluses of fentanyl and rocuronium. 

In the PVB group, an ipsilateral block was performed by the same anesthesiologist before the 

induction of general anesthesia. The loss of resistance technique was used for identifying the 

PVB space and catheter (Perifix 701, B. Braun, Melsungen, Germany) placement. The solution 

of bupivacaine (30 mL, 0.25 %, Bupivacainum Hydrochloricum WZF, Warszawskie Zakłady 

Farmaceutyczne Polfa S.A., Warszawa, Poland) with fentanyl (2 µg/mL) was deposited after 

proper identification of the PVB space. 
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In the KET group, after the induction of general anesthesia but before the first incision, patients 

received a bolus of ketamine (1 mg/kg, Ketalar, Pfizer Europe MA EEIG, Bruxelles, Belgium) 

intravenously. Patients in the control group (CON) did not receive any additional intervention. 

Approximately 30 minutes before the end of the surgery, each patient received morphine (0.15 

mg/kg, Morphini sulfas WZF, Warszawa, Poland) and metamizole (2.0 g, Pyralgin, Zakłady 

Farmaceutyczne POLPHARMA SA, Starogard Gdański, Poland) intravenously. 

Postoperative pain control 

Each patient was admitted to the postoperative care unit where vital signs—respiratory rate, 

plethysmography, oxygen saturation, heart rate, blood pressure—were monitored. Postoperative 

pain was treated with morphine and metamizole. Morphine was administered via the PCA pump 

(bolus 1.0 mg, lockout period 5 minutes; Perfusor space PCA, B.Braun, Melsungen, Germany). 

In case of severe pain or ≥40 mm on the VAS, up to two doses of morphine (5 mg) were 

administered based on the nurse’s discretion. In the PVB group, the local anesthetic (5–8 mL/h) 

solution was continued in the postoperative period. 

Outcomes 

The primary outcome of the study was to evaluate pain severity on the VAS scale (0–100 mm) in 

patients after three types of analgesic approaches. Pain severity was assessed after patient 

transfer to the postoperative care unit and at hours 2, 4, 8, 12, and 24 after the surgery 

completion by nurses not directly involved in the study (blinded).  

The secondary outcomes included total morphine consumption via PCA pump during the first 

postoperative day, and patient satisfaction with pain management assessed at the time of 

discharge from the hospital. Patients could describe their satisfaction with pain management as 
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perfect (5), good (4), moderate (3), poor (2), or very poor (1). Moreover, PTPS was evaluated via 

a telephone interview after 1, 3 and 6 months from patients’ discharge. For chronic pain analysis, 

the NPSI by Bouhassira et al. was utilized [18]. This inventory was used in our previous study to 

detect persistent postsurgical pain [19]. 

Statistical analysis 

Normal distribution was checked for all continuous variables with the Shapiro–Wilk test. The 

analysis of variance (ANOVA) was used for normally distributed parameters. Normally 

distributed variables were presented as means (95 % confidence intervals). The Kruskal–Wallis 

test by ranks was used to compare parameters with non-normal distribution. If the results of the 

Kruskal–Wallis test showed statistical significance, a pairwise comparison was performed with 

the Mann–Whitney U test and Bonferroni correction was applied. Medians [interquartile ranges] 

were used to present these data. Qualitative variables were compared with Fisher’s exact test. 

Logistic regression was applied to detect parameters affecting chronic pain presentation, and the 

odds ratio (OR) was used to describe PTPS predictors included in the model. The receiver 

operating characteristic (ROC) curve was calculated for the best model. All measurements were 

performed using Statistica 13.1 software (Stat Soft. Inc., Tulsa, OK, United States). 

Power analysis 

The sample size analysis was calculated for the primary outcome of the current study. A 

preliminary study was performed to assess the sample size. Twenty patients (CON group = 10, 

PVB group = 10) were included. Mean VAS results for the CON and PVB groups were 59 and 

40, respectively. Thus, 40 patients were to be recruited, 20 in each group, for significance level 
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(α) = 0.05 and power = 0.8. Because three groups were used in the study, we decided to 

randomize 120 patients. 

RESULTS 

This single-center study was conducted in a thoracic surgery department of a teaching hospital 

between July 2016 and November 2018. Patient demographics are presented in Table 1. The 

detailed description of the screening, randomization, and follow-up process is presented in 

Figure 1. 

Table 1. Patient demographics. Results are presented as means (95% confidence intervals) or n [%]. 

Features PVB (n = 37) KET (n = 36) CON (n = 38) p value 

Age, years 62.3 (59.3-65.2) 56.4 (52.2-60.5) 58.2 (54.7-61.8) 0.06 

Weight, kg 71.7 (68.6-74.8) 72.0 (68.0-76.0) 67.4 (64.2-70.6) 0.1 

Height, cm 166.4 (163.3-169.6) 169.0 (166.2-171.8) 165.9 (163.0-168.8) 0.27 

BMI, kg/m2 26.0 (24.9-27.1) 25.2 (24.0-26.4) 25.0 (23.4-25.8) 0.25 

Women 14 [38] 9 [25] 16 [42] 0.53 

Surgery time, min 106.1 (90.4-121.8)  105.0 (86.3-123.7) 107.4 (92.2-122.5) 0.98 

n denotes sample size, CON denotes control group, KET denotes ketamine group, PVB denotes 

paravertebral block group. 
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Figure 1. Study flowchart 
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Primary outcome 

The pain intensity measured by VAS was significantly different between the PVB group and 

other groups at four out of six time points, while no difference was found between the KET and 

CON groups. The detailed description of VAS measurements is presented in Table 2.  

Table 2. The table presents subsequent results of visual analog scale intensity  in mm after lateral 

thoracotomy. Data are shown as medians [interquartile ranges].  

Hours of surgery PVB KET CON p value 

0h 38 [21-61]** 64.5 [51-84] 72 [54-84] <0.001 

2h 29 [19-42]** 45 [41-53.5] 55 [42-63] <0.001 

4h 26 [21-40]* 35 [22.5-50] 40 [28-52] 0.014 

8h 25 [21-35] 30.5 [19-40.5] 32.5 [21-40] 0.28 

12h 20 [11-29] 23 [11-35.5] 25 [14-33] 0.68 

24h 16 [10-23]** 21.5 [14-31] 27.5 [19-35] 0.001 

Probability was calculated with the Kruskal–Wallis test by ranks. If this test showed a significant result, a 

pairwise comparison was made with the Mann–Whitney U test. A significant calculated probability was 

set at 0.017 after Bonferroni correction. * CON is significantly higher than PVB; ** CON and KET are 

significantly higher than PVB. CON denotes controlled group, KET denotes ketamine group, PVB 

denotes paravertebral block group. 

Secondary outcomes 

Morphine consumption: Patients in the PVB group (13 [7-21]) had significantly less morphine 

consumption via PCA than individuals in the KET (34.5 [15-49], p = 0.004) and CON (25 [24-

39], p = 0.0001) groups. Moreover, patients required significantly less rescue doses of morphine 

in the postoperative period after continuous PVB (0 [0-0]) compared to participants in the KET 

(5 [0-5], p = 0.0004) or CON (0 [0-8], p = 0.001) groups. No difference in postoperative 
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morphine consumption was noticed between the KET and CON groups either via PCA or rescue 

boluses. 

Patient satisfaction: Patients in the PVB group were more satisfied with their pain management 

than individuals in other groups. The results of satisfaction presented as medians [interquartile 

ranges] for patients in PVB, KET and CON groups were 4 [4-5], 4 [4-4] (p < 0.001) and 4 [3-4] 

(p < 0.001), subsequently. 

Chronic postsurgical pain: PTPS severity was significantly lower in the PVB group compared to 

the KET and CON groups after 1, 3, and 6 months from hospital discharge. No difference in 

PTPS severity was noticed between KET and CON groups (Table 3). A number of patients who 

perceived PTPS did not vary between groups at months 1 and 3. However, significantly fewer 

patients in the PVB group had PTPS at month 6 (Table 4). 

Table 3. The severity of post-thoracotomy pain syndrome detected with NPSI (0-10) as medians 

[interquartile ranges].  

After discharge PVB KET CON p value 

1 month 17.5 [10-21]* 24 [14-39] 21.5 [16.5-29.5] <0.001 

3 months 6 [2-8]* 16 [9-24] 9.5 [5-17] <0.001 

6 months 3.5 [0-8]* 11.5 [8-18] 10 [4-21] <0.001 

Probability was calculated with the Kruskal–Wallis test by ranks. If this test showed a significant 

result, a pairwise comparison was made with the Mann–Whitney U test. A significant calculated 

probability was set at 0.017 after Bonferroni correction.*CON and KET are significantly higher than 

PVB. CON denotes the control group, KET denotes ketamine group, PVB denotes paravertebral block 

group. 
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Table 4. The table presents the number of patients who perceived chronic postsurgical pain at 1, 3, and 6 

months after thoracotomy. Probability was calculated with the Freeman-Halton extension of Fisher’s 

exact test.  

Time after surgery Number of patients (%) Probability 

PVB KET CON 

1 month 32 (91) 30 (100) 32 (100) 0.1 

3 month 29 (83) 31(97) 30 (97) 0.1 

6 month 16 (48) 26 (90) 28 (90) <0.001 

CON denotes the control group, KET denotes ketamine group, PVB denotes paravertebral block group. 

Acute and chronic pain association with the type of surgery: Seven types of surgical procedures 

were performed in the study including wedge resection (46), lobectomy (28), decortication (20), 

pneumonectomy (7), segmentectomy (6), tumor resection, and exploratory thoracotomy (2). 

Because only four patients had tumor resections and exploratory thoracotomies, they were 

excluded from statistical analysis. Only a single pairwise comparison showed a significant result. 

Pain intensity was significantly higher after lung decortication than segmentectomy after 

patients’ admission to the postoperative unit (0 h) and after two postoperative hours (2 h). The 

median pain severity was 73.5 [58-86] and 46.5 [42-56] after decortication, and 44 [22-51] and 

23.5 [16-28] after segmentectomy. Bonferroni correction was applied for multiple pairwise 

comparisons and probability was set at 0.0051 to present significant results. No difference was 

found between the surgery type for postoperative morphine consumption. Moreover, the surgery 

type did not affect PTPS intensity in our study. 

Post-thoracotomy pain syndrome prediction: Logistic regression analysis detected three 

variables to predict PTPS occurrence during the sixth month after hospital discharge. Acute pain 
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intensity at hour 8 and chronic pain intensity at month 3 had a positive correlation with PTPS 

presence during month 6. The OR and 95% CI for acute pain at hour 8 and PTPS intensity at 

month 3 were 1.085 (1.025–1.148) and 1.182 (1.064–1.312), respectively. In contrast, patients’ 

weight had a negative association with PTPS occurrence with OR = 0.962 (0.939–0.986). The 

area under the ROC curve was 0.889 for this predictive model including three variables. 

DISCUSSION 

The results of this study confirm the effectiveness of PVB in alleviating acute postoperative pain 

in patients undergoing posterolateral thoracotomy. Preoperative PVB lowers pain intensity on 

VAS and hence the patients used less morphine via PCA and were more satisfied with their pain 

management during the perioperative period. However, acute postoperative pain results were not 

different between patients treated with ketamine or no ketamine. The surgery type following 

thoracotomy had some impact on the acute but not chronic pain severity. Patients experienced 

higher pain severity on VAS during the first two postsurgical hours after decortication 

procedures compared to lung segmentectomies. 

In this study, most patients perceived PTPS at months 1, 3 and 6 after hospital discharge. 

Patients who received PVB experienced less PTPS intensity compared to controls and ketamine 

administration. Thus, preemptive ketamine did not alleviate PTPS severity and was comparable 

to the control group. Also, the surgery type did not affect PTPS intensity. Acute pain intensity at 

hour 8, PTPS intensity at month 3, and low body weight of the patient influenced chronic pain 

occurrence during month 6. 

In a meta-analysis of 14 studies, Yeung et al. reported equal efficacy of PVB and TEA in 

postoperative pain alleviation [7]. Moreover, minor complications such as hypotension, nausea 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 February 2020                   doi:10.20944/preprints202002.0093.v1

Peer-reviewed version available at J. Clin. Med. 2020, 9, 793; doi:10.3390/jcm9030793

https://doi.org/10.20944/preprints202002.0093.v1
https://doi.org/10.3390/jcm9030793


 

and vomiting, pruritis, and urinary retention occurred less frequently after PVB. In our previous 

study, during the first postoperative hours, patients after posterolateral thoracotomies percieved 

severe pain which was comparable to upper abdominal surgery [20]. However, with continuous 

PVB, the pain intensity reduced drastically at postoperative hour 12 and was comparable in 

severity to the less painful procedures of the head and neck or lower abdominal surgeries. 

In a systematic review of ketamine effect on acute and chronic postsurgical pain after 

thoracotomies by Moyse et al., most studies used intravenous ketamine as a bolus or infusion 

[16,17,22-27], while others used intramuscular or epidural ketamine [16, 28-30]. A standard 

regime for ketamine administration is not available. Some authors used ketamine while others 

used the dextrorotatory enantiomer, S(+)-ketamine. In most studies, the effect of ketamine on 

acute postoperative pain was only moderate based on pain intensity measured by VAS or NRS 

[16,22,28,29]. Three studies showed a decrease in opioid consumption with ketamine [25,30,31], 

of which one study used PVB as a pain treatment strategy [25].  

None of the seven studies showed a beneficial effect of preemptive ketamine administration on 

PTPS, even though some studies used NPSI to evaluate chronic pain intensity similar to this 

study [16,22,27]. Duale et al. reported a positive NPSI score in 58% of patients in the fourth 

month after the surgery. Tena et al. reported similar results at three months after hospital 

discharge, and approximately 30% of patients continued to experience PTPS during the sixth 

month. In this study, 63.1% of all patients had signs of persistent pain in the sixth month (Table 

4), and pain severity was notably lower in patients after PVB (48%) by NPSI. 
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In the current study, PVB decreased PTPS intensity more significantly than ketamine. Weinstein 

et al. compared regional anesthesia with conventional treatment to study the incidence of 

persistent pain in a meta-analysis [32]. Interestingly, only a single study presented significant 

difference between epidural anesthesia and conventional treatment supporting regional 

anesthesia techniques [33]. Moreover, Kairaluoma et al. reported a reduction of chronic pain 

intensity by preemptive PVB in breast surgery patients [34]. In this study, a single preemptive 

injection of local anesthetic was performed. 

Our study has some limitations. Although statistical significance was reached, the number of 

participants was limited. Ketamine was administered as a single dose only and this might be a 

reason for ketamine’s lack of effectiveness on acute pain intensity. Pain intensity was evaluated 

at rest but not during coughing. Pulmonary function test were not performed in this study. Only 

ward nurses were blinded in our study.  

To conclude, PVB as a pain treatment strategy, reduces acute and chronic pain intensity in 

patients after thoracotomy. A single dose of ketamine does not decrease pain intensity after 

thoracic surgery. 

Funding: Authors declare no founding source 

Acknowledgments: We would like to thank Elseveir Language Editing service 

Author Contributions: Conceptualization, MB. and MC.; Data curation, AH; Formal analysis, 

MB;  Methodology, MB.; Supervision, MC; Writing – original draft, MB, AH; Writing – review 

& editing, MC.; Project Administration, MC 

Conflicts of Interest: The authors declare no conflict of interest. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 February 2020                   doi:10.20944/preprints202002.0093.v1

Peer-reviewed version available at J. Clin. Med. 2020, 9, 793; doi:10.3390/jcm9030793

https://doi.org/10.20944/preprints202002.0093.v1
https://doi.org/10.3390/jcm9030793


 

REFERENCES 

1. Sparks A., Stewart J. Review of Pain Management in Thoracic Surgery Patients. J Anesth 

Clin Res. 2018; 9: 817. DOI: 10.4172/2155-6148.1000817 

2.  Mesbah A., Yeung J., Gao F. Pain after thoracotomy. BJA Education. 2016; 16:1–7. 

https://doi.org/10.1093/bjaceaccp/mkv005 

3. Bayman E., Brennan T. Incidence and severity of chronic pain at 3 and 6 months after 

thoracotomy: meta-analysis. J Pain. 2014; 15:887–897. doi: 10.1016/j.jpain.2014.06.005. 

4. Kolettas A., Lazaridis G., Baka S., Mpoukovinas I., Karavasilis V., Kioumis I., Pitsiou 

G., Papaiwannou A., Lampaki S., Karavergou A., Pataka A., Machairiotis N., 

Katsikogiannis N., Mpakas A., Tsakiridis K., Fassiadis N., Zarogoulidis K., Zarogoulidis 

P. Postoperative pain management. J Thorac Dis. 2015;Suppl 1:S62-72. doi: 

10.3978/j.issn.2072-1439.2015.01.15. 

5. Helley B, Macfie A, Kinsella J. Anesthesia for thoracic surgery: a survey of UK practice. 

J Cardiothorac Vasc Anesth. 2011;25:1014–1017.  doi: 10.1053/j.jvca.2011.06.018. 

6. Gayraud G., Bastien O., Taheri H., Schoeffler P., Dualé C.  [A French survey on the 

practice of analgesia for thoracic surgery]. Ann Fr Anesth Reanim. 2013;32:684-690. doi: 

10.1053/j.jvca.2014.11.006.  

7. Yeung J., Gates S., Naidu B., Wilson M., Gao Smith F. Paravertebral block versus 

thoracic epidural for patients undergoing thoracotomy. Cochrane Database of Systematic 

Reviews 2016. doi: 10.1002/14651858.CD009121.pub2. 

8. Ready L. Acute pain: lessons learned from 25,000 patients. Reg Anesth Pain Med. 

1999;24:499-505. DOI: 10.1016/s1098-7339(99)90038-x 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 February 2020                   doi:10.20944/preprints202002.0093.v1

Peer-reviewed version available at J. Clin. Med. 2020, 9, 793; doi:10.3390/jcm9030793

https://doi.org/10.20944/preprints202002.0093.v1
https://doi.org/10.3390/jcm9030793


 

9. Naja Z. and Lönnqvist P. Somatic paravertebral nerve blockade Incidence of failed block 

and complications. Anaesthesia. 2001;56:1181-1201. DOI: 10.1046/j.1365-

2044.2001.02084-2.x 

10. White J., Ryan C. Pharmacological properties of ketamine. Drug Alcohol Rev. 

1996;15:145-155. DOI: 10.1080/09595239600185801 

11. Chumbley G., Thompson L., Swatman J., Urch C. Ketamine infusion for 96 hr after 

thoracotomy: Effects on acute and persistent pain. Eur J Pain. 2019;23:985-993. doi: 

10.1002/ejp.1366. 

12. Motov S., Mann S., Drapkin J., Butt M., Likourezos A., Yetter E., Brady J., Rothberger 

N., Gohel A., Flom P., Mai M., Fromm C., Marshall J. Intravenous subdissociative-dose 

ketamine versus morphine for acute geriatric pain in the Emergency Department: A 

randomized controlled trial. Am J Emerg Med. 2019;37:220-227. doi: 

10.1016/j.ajem.2018.05.030. 

13. Abd El-Rahman A., Mohamed A., Mohamed S., Mostafa M. Effect of Intrathecally 

Administered Ketamine, Morphine, and Their Combination Added to Bupivacaine in 

Patients Undergoing Major Abdominal Cancer Surgery a Randomized, Double-Blind 

Study. Pain Med. 2018;19:561-568. doi: 10.1093/pm/pnx105. 

14. Nielsen R., Fomsgaard J., Siegel H., Martusevicius R., Nikolajsen L., Dahl J., Mathiesen 

O. Intraoperative ketamine reduces immediate postoperative opioid consumption after 

spinal fusion surgery in chronic pain patients with opioid dependency: a randomized, 

blinded trial. Pain. 2017;158:463-470. doi: 10.1097/j.pain.0000000000000782. 

15. Tseng W., Lin W., Lai H., Huang T., Chen P., Wu Z. Fentanyl-based intravenous patient-

controlled analgesia with low dose of ketamine is not inferior to thoracic epidural 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 February 2020                   doi:10.20944/preprints202002.0093.v1

Peer-reviewed version available at J. Clin. Med. 2020, 9, 793; doi:10.3390/jcm9030793

https://doi.org/10.20944/preprints202002.0093.v1
https://doi.org/10.3390/jcm9030793


 

analgesia for acute post-thoracotomy pain following video-assisted thoracic surgery: A 

randomized controlled study. Medicine (Baltimore). 2019;98:e16403. doi: 

10.1097/MD.0000000000016403. 

16. Tena B., Gomar C., Rios J. Perioperative epidural or intravenous ketamine does not 

improve the effectiveness of thoracic epidural analgesia for acute and chronic pain after 

thoracotomy. Clin J Pain. 2014;30:490-500. doi: 10.1097/AJP.0000000000000005. 

17. Yazigi A., Abou-Zeid H., Srouji T., Madi-Jebara S, Haddad F, Jabbour K. The effect of 

low-dose intravenous ketamine on continuous intercostal analgesia following 

thoracotomy. Ann Card Anaesth. 2012;15:32-38. doi: 10.4103/0971-9784.91479. 

18. Bouhassira D., Attal N., Fermanian J., Alchaar H., Gautron M., Masquelier E., Rostaing 

S., Lanteri-Minet M., Collin E., Grisart J., Boureau F. Development and validation of the 

Neuropathic Pain Symptom Inventory. Pain. 2004;108:248-257. DOI: 

10.1016/j.pain.2003.12.024 

19. Borys M., Potręć-Studzińska B., Wiech M., Piwowarczyk P., Sysiak-Sławecka J., 

Rypulak E., Gęca T., Kwaśniewska A., Czuczwar M. Transversus abdominis plane block 

and quadratus lumborum block did not reduce the incidence or severity of chronic 

postsurgical pain following cesarean section: a prospective, observational study. 

Anaesthesiol Intensive Ther. 2019;51,4:257–261. doi: 10.5114/ait.2019.88071.  

20. Borys M., Zyzak K., Hanych A., Domagała M., Gałkin P., Gałaszkiewicz K., Kłaput A., 

Wróblewski K., Miękina J., Onichimowski D., Czuczwar M. Survey of postoperative 

pain control in different types of hospitals: a multicenter observational study. BMC 

Anesthesiol. 2018; 18:83.  doi: 10.1186/s12871-018-0551-3. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 February 2020                   doi:10.20944/preprints202002.0093.v1

Peer-reviewed version available at J. Clin. Med. 2020, 9, 793; doi:10.3390/jcm9030793

https://doi.org/10.20944/preprints202002.0093.v1
https://doi.org/10.3390/jcm9030793


 

21. Moyse D., Kaye A., Diaz J., Qadri M., Lindsay D., Pyati S. Perioperative Ketamine 

Administration for Thoracotomy Pain. Pain Physician. 2017;20:173-184.  

22. Mendola C., Cammarota G., Netto R., Cecci G., Pisterna A., Ferrante D., Casadio C., 

Della Corte F. S+ -ketamine for control of perioperative pain and prevention of post 

thoracotomy pain syndrome: A randomized, double-blind study. Minerva 

Anestesiologica. 2012;78:757-766.  

23. Hu J., Liao Q., Zhang F., Tong J., Ouyang W. Chronic postthoracotomy pain and 

perioperative ketamine infusion. Journal of Pain & Palliative Care Pharmacotherapy. 

2014;28:117-121. doi: 10.3109/15360288.2014.908992. 

24. Joseph C., Gaillat F., Duponq R., Lieven R., Baumstarck K., Thomas P., Penot-Ragon C., 

Kerbaul F. Is there any benefit to adding intravenous ketamine to patient-controlled 

epidural analgesia after horacic surgery? A randomized double blind study. European 

Journal of Cardiothoracic Surgery. 2012;42:e58-e65. doi: 10.1093/ejcts/ezs398 

25. Argiriadou H., Papagiannopoulou P., Foroulis CN., Anastasiadis K., Thomaidou E., 

Papakonstantinou C., Himmelseher S. Intraoperative infusion of S(+)-ketamine enhances 

post-thoracotomy pain control compared with perioperative parecoxib when used in 

conjunction with thoracic paravertebral ropivacaine infusion. Journal of Cardiothoracic 

and Vascular Anesthesia. 2011; 25:455-461. doi: 10.1053/j.jvca.2010.07.011. 

26. D’Alonzo R., Bennett-Guerrero E., Podgoreanu M., D’Amico T., Harpole D., Shaw A. A 

randomized, double blind, placebo controlled clinical trial of the preoperative use of 

ketamine for reducing inflammation and pain after thoracic surgery. Journal of 

Anesthesia. 2011;25:672-678. doi: 10.1007/s00540-011-1206-4. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 February 2020                   doi:10.20944/preprints202002.0093.v1

Peer-reviewed version available at J. Clin. Med. 2020, 9, 793; doi:10.3390/jcm9030793

https://doi.org/10.20944/preprints202002.0093.v1
https://doi.org/10.3390/jcm9030793


 

27. Duale C., Sibaud F., Guastella V., Vallet L., Gimbert Y., Taheri H., Filaire M., Schoeffler 

P, Dubray C. Perioperative ketamine does not prevent chronic pain after thoracotomy. 

European Journal of Pain. 2009; 13:497-505. doi: 10.1016/j.ejpain.2008.06.013. 

28. Feltracco P., Barbieri S., Rizzi S., Ori C., Groppa F., De Rosa G. Brief report: 

Perioperative analgesic efficacy and plasma concentrations of S+ -ketamine in continuous 

epidural infusion during thoracic surgery. Anesthesia and Analgesia. 2013; 116:1371-

1375. doi: 10.1213/ANE.0b013e31828cbaf0  

29. Suzuki M., Haraguti S., Sugimoto K., Kikutani T., Shimada Y., Sakamoto A. Lowdose 

intravenous ketamine potentiates epidural analgesia after thoracotomy. Anesthesiology. 

2006;105:111-119. DOI: 10.1097/00000542-200607000-00020 

30. Ozyalcin N., Yucel A., Camlica H., Dereli N., Andersen O., Arendt-Nielsen L. Effect of 

pre-emptive ketamine on sensory changes and postoperative pain after thoracotomy: 

Comparison of epidural and intramuscular routes. British Journal of Anaesthesia. 2004; 

93:356-361. DOI: 10.1093/bja/aeh220 

31. Chazan S., Buda I., Nesher N., Paz J., Weinbroum A. Low-dose ketamine via intravenous 

patient-controlled analgesia device after various transthoracic procedures improves 

analgesia and patient and family satisfaction. Pain Management Nursing. 2010;11:169-

176. DOI: 10.1016/j.pmn.2009.06.003 

32. Weinstein E., Levene J., Cohen M., Andreae D., Chao J., Johnson M., Hall C., Andreae 

M.. Local anaesthetics and regional anaesthesia versus conventional analgesia for 

preventing persistent postoperative pain in adults and children. Cochrane Database of 

Systematic Reviews 2018. doi: 10.1002/14651858.CD007105.pub3 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 February 2020                   doi:10.20944/preprints202002.0093.v1

Peer-reviewed version available at J. Clin. Med. 2020, 9, 793; doi:10.3390/jcm9030793

https://doi.org/10.20944/preprints202002.0093.v1
https://doi.org/10.3390/jcm9030793


 

33. Lu Y., Wang X., Lai R., Huang W., Xu M. Correlation of acute pain treatment to 

occurrence of chronic pain in tumor patients after thoracotomy. Aizheng. 2008;27:206–

209.  

34. Kairaluoma P., Bachmann M., Rosenberg P., Pere P. Preincisional paravertebral block 

reduces the prevalence of chronic pain after breast surgery. Anesthesia and Analgesia. 

2006;103:703–708. DOI: 10.1213/01.ane.0000230603.92574.4e 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 February 2020                   doi:10.20944/preprints202002.0093.v1

Peer-reviewed version available at J. Clin. Med. 2020, 9, 793; doi:10.3390/jcm9030793

https://doi.org/10.20944/preprints202002.0093.v1
https://doi.org/10.3390/jcm9030793

