Review Article

Impact of regional analgesia techniques on the long-term
clinical outcomes following thoracic surgery

ABSTRACT

Continuous monitoring of clinical outcomes after thoracotomy is very important to improve medical services and to reduce
complications. The use of regional analgesia techniques for thoracotomy offers several advantages in the perioperative period
including effective pain control, reduced opioid consumption and associated side effects, enhanced recovery, and improved
patient satisfaction. Postthoracotomy complications, such as chronic postthoracotomy pain syndrome, postthoracotomy
ipsilateral shoulder pain, pulmonary complications, recurrence, and unplanned admission to the intensive care unit are
frequent and may be associated with poor outcomes and mortality. The role of regional techniques to reduce the incidence
of these complications is questionable. This narrative review aims to investigate the impact of regional analgesia on the

long-term clinical outcomes after thoracotomy.
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Background

General anesthesia combined with either thoracic epidural
analgesia (TEA) or other regional analgesia techniques is the
most frequently used techniques for thoracic surgery. There
are thousands of publications from the literature addressing
only pain after thoracic surgery without focusing on the other
important long-term clinical outcomes.

Many of the randomized controlled trials are comparing
apple with orange (e.g., multimodal approaches with placebo
or intermittent rescue analgesics with patient-controlled
analgesia (PCA)." The benefits of the use of regional analgesia
techniques on long-term clinical outcomes are debatable. This
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review would present the current debate on the comparative
efficacy of TEA with the different regional analgesic
techniques on the long-term outcomes after thoracic surgery.

Methods

A review of relevant published articles in peer-reviewed
journals from 2000 to October 2020 was conducted. The
databases, i.e., PubMed and BioMed Central, were searched by
two independent expert librarians familiar with the literature
search. The databases were searched using the following

” “chronic pain,

MeSH search terms: “pain,”
function,” “pulmonary complications,” “hospital stay,”

”

pulmonary
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“intensive care unit admission,” “intensive care unit stay,”
“epidural,” “paravertebral,” “intercostal,” “intrapleural,”
“serratus anterior plane block,” “erector spinae block,”
“latissimus dorsi block,” “pectoralis block,” “truncal block,”
“peripheral nerve block,” “thoracotomy,” “thoracoscopy,”
and “thoracic surgery”. No language restriction was imposed.
Also, references cited by the retrieved articles were analyzed
manually to select further relevant studies. This narrative
review aims to review the supporting evidence for the
impact of the different regional analgesic techniques on the
long-term clinical outcomes after thoracic surgery.

” e

It Is Not Just Pain Relief!

The World Health Organization defines health outcomes as
“changes in the health of individuals or communities that
are attributable to interventions or measures.”? Continuous
monitoring and analysis of clinical outcomes have the potentials
to improve the quality of provided medical services, patient
safety, patient satisfaction, and reduce health care services cost.

Thoracic surgery for lung cancer can result in major
morbidity in 30% of patients.” Thoracoscopic lung resections
might also be followed by postoperative pulmonary
complications (PPCs).*! Major postoperative morbidities
(e.g., need for reoperation or reintubation, anastomotic
leak, prolonged postoperative ventilation, pneumonia, and
renal failure) have been reported in one-third of patients
undergoing esophagectomy who was included in the Society
of Thoracic Surgeons General Thoracic Surgery Database.?!

The clinical outcomes after thoracic surgery can be divided
into short-term and long-term outcomes. The short-term
outcomes like acute postoperative pain, improvement of
respiratory functions, intensive care unit (ICU) and hospital
stay, readmission to the ICU, postoperative cognitive
dysfunction, and cost of healthcare. Long-term outcomes
include recurrence of the original pathology, chronic
postthoracotomy pain, shoulder pain, cancer recurrence rate,
and survival rate after thoracic surgery.

The majority of the studies on postoperative pain following
thoracic surgery have been designed to measure the changes
in pain scores as the main outcomes.!"

Thoracic Epidural Analgesia Is Better Than Regional
Analgesia Techniques in Term of the Long-Term Outcomes
After Thoracic Surgery [Table 1]

1. Chronic Pain Syndrome after Thoracic Surgery

Chronic postthoracotomy pain syndrome (PTPS), defined as
recurrent or persistent pain lasting more than 2 months at the

site of surgery,® is a common phenomenon after amputation,
herniotomy, and thoracic surgery.”

The estimated incidence of PTPS after thoracic surgery is
about 10-50%, of them, 10% of patients suffer from severe
chronic pain.”!

The mechanism of PTPS is not clear. Nociceptive myofascial
musculoskeletal pain might be the result of skin incision,
muscle splitting, rib retraction or excision, or injury to
parietal or visceral pleurae, bronchi, and pericardium.
Release of prostaglandins, histamine, bradykinin, and
other inflammatory mediators may lower pain threshold
through continuous sensitization of pain centers and pain
receptors. Additionally, intercostal nerve injury might result
in neuropathic pain.

Patients who are suffering from severe pain before thoracic
surgeries and during the first 5 days after the surgery seem
to be the strongest predictors for the development of PTPS
and the associated physical and mental health problems.®

Preoperative TEA results in a less incidence of PTPS and
better patients’ satisfaction."” However, that study was not
statistically powered to test the difference in the incidence
of PTPS.

TEA, the standard regional analgesic technique for
thoracotomy, was found to be superior to the intercostal
nerve block in reducing the incidence of PTPS at 6 months
after lung cancer surgery.'!l

2. Postthoracotomy Ipsilateral Shoulder Pain

The overall incidence of postthoracotomy ipsilateral shoulder
pain (PTISP), defined as referred pain to the shoulder
through the phrenic nerve, is 53.7% that is common among
patients undergoing open thoracotomy and video-assisted
thoracoscopic surgery (64.5% and 70%, respectively).'?!

Irritation of the parietal pleura or pericardium, improper
positioning during surgery, and pressure on the shoulder
joint ligaments may result in PTISP.

The high level of epidural catheter placement can potentially
reduce the incidence of PTISP which is related to phrenic
nerve innervation.!"!

The combination of ipsilateral phrenic nerve with TEA may
be an effective approach to reduce the incidence of PTPS and
ipsilateral shoulder pain after thoracotomy.!
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3. Postoperative Pulmonary Function and Postoperative
Pulmonary Complications

The use of TEA is associated with better forced expiratory
volume in the first second (FEV,) and forced vital capacity (FVC)
values after lobectomy than with the use of systemic
analgesia.l"!

Inadequate analgesia after thoracotomy is the leading cause of
PPCs." TEA is associated with rapid recovery of bowel function,
early mobilization, decrease the incidences of ineffective cough,
atelectasis, pulmonary infections, and mortality rate.l'”!8!
Additionally, compared with systemic analgesia, the use of TEA
can be associated with reduced PPCs and mortality in patients
undergoing thoracic surgery!"®' particularly those with severe
chronic obstructive pulmonary diseases."®!

4, Ventilation-Free Days and Intensive Care Unit and Hospital
Stays

TEA shortens the duration of postoperative mechanical
ventilation."'8 Timing of TEA can play a role in shortening
the duration of postoperative ventilation after lung
transplantation. However, in that study TEA was offered to
patients who did not receive TEA before surgery only when
the patients meet the readiness criteria for extubation, which
could lengthen the duration of ventilation. The use of TEA has
the potential to shorten the length of hospital and ICU stays./

5. Unplanned Intensive Care Unit Admission

Unplanned ICU admission after lung surgery increases the risk
of mortality.?' Type of anesthesia may impact the incidence
of unplanned intensive care admission after surgery.
Pain, ineffective coughing, retention of secretions, renal
impairment, poor physical fitness, and poor preoperative
respiratory functions are strong predictors for the unplanned
ICU admission. The use of TEA reduces the incidence of
unplanned admission after thoracotomy.”??! This can be
explained by the efficacy of TEA in controlling postoperative
pain and improvement of pulmonary functions.

6. Cancer Recurrence Rate and Survival

In general, the type of analgesic technique used after surgery
for lung cancer is not associated with better 2-year or 5-year
recurrence-free survival or overall survival rates.”!

Regional Analgesia Techniques Have Comparative Impacts
to Thoracic Epidural Analgesia on the Long-Term Outcomes
After Thoracic Surgery [Table 1]

1. The incidence of Postthoracotomy Pain Syndrome.

In general, the evidence regarding the beneficial effects of
TEA in terms of reducing the incidence of chronic pain after
thoracic surgery is insufficient.

The use of adjuvants to TEA does not result in less occurrence
of PTPS. The addition of a low epidural infusion rate of
ketamine (1.5 mg/h) does not result in a less frequent PTPS
at 3 months after thoracotomy.”?* Further studies are needed
to compare the efficacy of using a higher dose of ketamine
or using other adjuvants like clonidine or dexmedetomidine
with the other regional analgesia techniques on the incidence
of chronic pain after thoracic surgery.

Both thoracic TEA and paravertebral analgesia techniques
used to manage acute postthoracotomy pain show efficacy
in reducing the incidence of PTPS in 20-25% of lung cancer
patients.!?! However, caution should be exercised in
interpreting the results of that Cochrane review because
of few patients included, performance bias, attrition, and
incomplete outcome data especially at 12 months after
surgery.?!

TEA has comparable incidences of PTPS with both paravertebral
block®! and intercostal nerve cryoanalgesia after thoracic
surgery.””l Overall, the majority of studies support the
consideration that treating the acute postoperative pain
accurately would help to decrease the incidence and intensity
of PTPS.8l

Compared with PCA, the use of ultrasound-guided serratus
anterior plane block (SAPB) was effective in decreasing the
incidence of PTPS up to 12 weeks after thoracotomy for
chest malignancies. That study did not compare the efficacy
of SAPB with other commonly used regional blocks for open
thoracotomy (e.g., TEA and paravertebral block).*”!

The comparative efficacy of different analgesic techniques
on the incidence of chronic postoperative pain after thoracic
surgery can be explained with the more important role of
the surgical closure techniques particularly with preservation
of the intercostal neurovascular bundle.B®3! Additionally,
most of the studies which supported the roles of regional
analgesic techniques to reduce the incidence of PTPS included
a short follow-up duration for up to 6 months postoperatively
whereas the PTPS can last beyond this period.

2. Postthoracotomy Ipsilateral Shoulder Pain
The problem of PTISP is not a big issue; rarely, it is becoming

chronic. Few patients’ complaints of PTISP after the
second day postoperatively. The nature of PTISP is usually
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Table 1: Summary of PRO and CON viewpoints on the impacts of regional analgesia techniques on long-term outcomes

Outcome PRO CON
Postthoracotomy Initiation of TEA preoperatively might result in less incidence of Epidural infusion of ketamine (1.5 mg/hr.) does not result in a
pain PTPS.0® less frequent PTPS at 3 months after thoracotomy./?*!

syndrome (PTPS)

Postthoracotomy
ipsilateral shoulder
pain (PTISP)

Postoperative
pulmonary
function and PPCs

Unplanned ICU
admission

Ventilation-free
days and ICU and
hospital stays

Cancer
recurrence rate

In general, the use of TEA is associated with a significant reduction
in the incidence of PTPS.'22

The level of the TEA may have a role in the management of PTISP."3
The combined use of TEA and ipsilateral phrenic nerve infiltration is
an effective approach to reduce the incidence of PTPS and PTISP'

The use of TEA is associated with

higher FEV1 and FVC values after lobectomy.["!

early mobilization

decreases incidences of ineffective cough, atelectasis, pulmonary
infections, and mortality rate.[''®

less incidence of PPCs and mortality in patients undergoing
thoracic surgery particularly those with severe chronic obstructive
pulmonary diseases.!"s'?

However, the use of TEA is associated with hypotension and
prolonged hospital stay after thoracotomy.?2%")

The use of TEA is associated with a low risk for unplanned ICU
admission after thoracotomy.??

TEA shortens the duration of postoperative mechanical
ventilation,""”'® and even after lung transplantation.?”!

The use of TEA has the potential to shorten the length of hospital
and ICU stays.’?

The type of analgesic technique used after surgery for

lung cancer is not associated with better 2-year or 5-year
recurrence-free survival or overall survival rates.!

TEA was not associated with better recurrence-free or overall
survival in patients receiving surgical resection for stages I-lll
non-small-cell lung cancer.*!

PVB can effectively reduce the incidence of PTPS. 1252

The use of cryotherapy of intercostal nerves might have a
comparable incidence of the PTPS with TEA.!?"!

Serratus anterior plane block can potentially reduce the
incidence of PTPS.12

Surgical closure techniques play an important role to reduce the
incidence of PTPS.[%031]

Multimodal intravenous analgesics have a role in the prevention
of PTISP'Z

There is no beneficial role for using a high-level TEA at the T6
level in reducing the PTISP®

Erector spinae plane block might open new treatment merits for
the PTISP.B4

Phrenic nerve infiltration is an effective technique for
management of PTISP as compared to other systemic analgesics
without any side effects.*

The PVB is superior to PCA in terms of the postoperative
pulmonary functions.®

PVB, is effective in reducing the incidence of PPCs at a lower
risk of hypotension and urinary retention than TEA.5
Intercostal nerve block has comparable effects with the TEA
on the postoperative pulmonary function tests for the first 6
postoperative days®®

There are other players on the ground than the regional analgesic
techniques which can predict unplanned ICU admission including
age, fragility, uncontrolled comorbidities, poor PFT, poor physical
tolerance, renal impairment, surgical approach, duration of
surgery.'?

PVB results in a shorter time to extubation after lung
transplantation.“

PVB can result in shorter hospital stays. 3!

PVB may have a beneficial effect on the overall survival of
patients with lung cancer.?

PTPS: Post-thoracotomy pain syndrome, TEA: Thoracic epidural analgesia, PVB: Paravertebral block, PTISP: Post-thoracotomy ipsilateral shoulder pain, PPCs: postoperative pulmonary
complications, FEV1: Forced expiratory volume in the first second, FVC: Forced vital capacity, PCA: Patient-controlled analgesia, ICU: Intensive care unit, PFT: Pulmonary function

tests

nociceptive somatic myofascial pain rather than referred
pain. A multimodal therapeutic approach including the use
of acetaminophen; nonsteroidal anti-inflammatory drugs;
periphrenic fat pad injection of ropivacaine; and postoperative
phrenic nerve, interscalene, or stellate ganglion blockade may
play a role in the prevention of PTISP.'?

The reported efficacy of high TEA level in the study of
Misiolek et al." is limited with the few patients included
and retrospective design of that study. Similarly, a previous
study demonstrated no role of the TEA at the T6 level in
reducing the PTISP? Phrenic nerve infiltration is an effective
technique for management of PTISP as compared to the other
systemic analgesics without any side effects.”!

Erector spinae plane (ESP) block, performed at two separate
levels to ensure coverage of the entire area from the shoulder
to the upper abdomen, might open new treatment merits
for the PTISP. A series of ESP blocks are performed at the
T2/T3 level to treat chronic shoulder pain in an elderly male
patient.B

3. Postoperative Pulmonary Functions and Postoperative
Pulmonary Complications

Intercostal nerve block has comparable effects with the TEA
on the postoperative pulmonary function tests for the first
6 postoperative days.” The paravertebral block is superior
to PCA in terms of the postoperative pulmonary functions.?®!
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We should weight the benefits versus the risks of
regional anesthesia, TEA may be associated with serious
complications like spinal cord injury, infection, and
hematoma formation. Also, using TEA is associated
with hypotension and prolonged hospital stay after
thoracotomy. 37

The implementation of enhanced recovery after surgery
protocol for thoracotomy requires substituting the TEA
with a multimodal analgesic approach for postoperative
analgesia that to decrease the incidences of postoperative
pulmonary and cardiac complications and hence the
hospital stay.l®

Paravertebral block, an alternative to the commonly used
TEA after thoracotomy, has similar efficacy in reducing
the incidence of PPCs at a lower risk of hypotension and
urinary retention.”’ However, that retrospective study was
performed over a 4-year period where the clinical practice
has been changed significantly.

4, Ventilation-Free Days and Intensive Care Unit and Hospital
Stays

Compared with continuous wound infiltration with a local
anesthetic, the use of paravertebral block results in a shorter
time to extubation after lung transplantation that study
included few patients.*) The nonuse of TEA technique,
particularly the paravertebral block, can result in shorter
hospital stays.P7-3

5. Unplanned Intensive Care Unit Admission

There are several identified predictors for unplanned
ICU admission including age, fragility, uncontrolled
comorbidities, poor preoperative pulmonary function, poor
physical tolerance, renal impairment, surgical approach (open
thoracotomy versus thoracoscopy), duration of surgery, and
type of anesthesia.”® These predictors might have more
impact on the incidence of unplanned ICU admission than
the analgesic technique used.

6. Cancer Recurrence Rate and Survival

Contradictory to TEA,*!! paravertebral block may have
a beneficial effect on the overall survival of patients
with lung cancer.*? Additionally, the administration
of postoperative mp-opioid agonists was found to be
associated with shorter overall survival and disease-free
survival in early-stage non-small-cell lung cancer after
pulmonary resection.!

Conclusion

Although TEA remains the gold standard technique for open
thoracotomy, its use is associated with several unwanted
effects and life-threatening complications. Other regional
analgesic techniques like paravertebral block or truncal
blocks can stand as alternatives to TEA with similar impacts
on the different clinical outcomes like chronic and shoulder
pain, PPCs, hospital stays, unplanned ICU admission, and
recurrence-free days. Systemic analgesia combined with
regional analgesic techniques can help improve the outcomes
after thoracic surgery. Further studies are needed to test
the efficacy of different truncal blocks on the postoperative
clinical outcomes rather than the quality of pain control.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Sentiirk M, Savran Karadeniz M. Postoperative pain: (how) can scientific
research solve the problem? Minerva Anestesiol 2016;82:1250-1252.

2. Definitions: Emergencies. World Health Organization website.
Available from: https://www.who.int/hac/about/definitions
/en/. [Last accessed on 2020 Dec 12].

3. Detillon D, Veen EJ. Postoperative outcome after pulmonary surgery
for non-small cell lung cancer in elderly patients. Ann Thorac Surg
2018;105:287-93.

4. Agostini PJ, Lugg ST, Adams K, Smith T, Kalkat MS, Rajesh PB,
et al. Risk factors and short-term outcomes of postoperative pulmonary
complications after VATS lobectomy. J Cardiothorac Surg 2018;13:28.

5. Raymond DP, Seder CW, Wright CD, Magee MJ, Kosinski AS,
Cassivi SD, et al. Predictors of major morbidity or mortality after
resection for esophageal cancer: A society of thoracic surgeons general
thoracic surgery database risk adjustment model. Ann Thorac Surg
2016;102:207-14.

6. Classification of chronic pain. Descriptions of chronic pain
syndromes and definitions of pain terms. Prepared by the International
Association for the Study of Pain, Subcommittee on Taxonomy. Pain
Suppl 1986;3:51-226.

7. Schnabel A, Pogatzki-Zahn E. [Predictors of chronic pain following
surgery. What do we know?]. Schmerz 2010;24:517-31.

8.  Kampe S, Geismann B, Weinreich G, Stamatis G, Ebmeyer U,
Gerbershagen HJ. The influence of type of anesthesia, perioperative
pain, and preoperative health status on chronic pain six months
after thoracotomy-a prospective cohort study. Pain Med
2017;18:2208-13.

9. Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: Risk factors
and prevention. Lancet 2006;367:1618-25.

10. Senturk M, Ozcan PE, Talu GK, Kiyan E, Camci E, Ozyalcin S,
et al. The effects of three different analgesia techniques on long-term
postthoracotomy pain. Anesth Analg 2002;94:11-5.

11.  Khoronenko V, Baskakov D, Leone M, Malanova A, Ryabov A,
Pikin O, et al. Influence of regional anesthesia on the rate of chronic
postthoracotomy pain syndrome in lung cancer patients. Ann Thorac
Cardiovasc Surg 2018;24:180-6.

Saudi Journal of Anesthesia / Volume 15 / Issue 3 / July-September 2021 339



16.

17.

18.

19.

20.

21.

22.

23.

25.

25.

26.

27.

28.

340

Khidr, et al.: Regional analgesia after thoracic surgery

MacDougall P. Postthoracotomy shoulder pain: Diagnosis and
management. Curr Opin Anaesthesiol 2008;21:12-5.

Misiolek H, Karpe J, Copik M, Marcinkowski A, Jastrzebska A,
Szelka A, et al. Tpsilateral shoulder pain after thoracic surgery procedures
under general and regional anesthesia-a retrospective observational
study. Kardiochir Torakochirurgia Pol 2014;11:44-7.

Scawn ND, Pennefather SH, Soorae A, Wang JY, Russell GN. Ipsilateral
shoulder pain after thoracotomy with epidural analgesia: The influence
of phrenic nerve infiltration with lidocaine. Anesth Analg 2001;93:260-4.
Bauer C, Hentz JG, Ducrocq X, Meyer N, Oswald-Mammosser M,
Steib A, et al. Lung function after lobectomy: A randomized,
double-blinded trial comparing thoracic epidural ropivacaine/sufentanil
and intravenous morphine for patient-controlled analgesia. Anesth Analg
2007;105:238-44.

Sabanathan S, Eng J, Mearns AJ. Alterations in respiratory mechanics
following thoracotomy. J R Coll Surg Edinb. 1990;35:144-50.
Feltracco P, Bortolato A, Barbieri S, Michieletto E, Serra E, Ruol A, et al.
Perioperative benefit and outcome of thoracic epidural in esophageal surgery:
A clinical review. Dis Esophagus 2018;:31. doi: 10.1093/dote/dox135.
Licker MJ, Widikker I, Robert J, Frey JG, Spiliopoulos A, Ellenberger C,
et al. Operative mortality and respiratory complications after lung
resection for cancer: Impact of chronic obstructive pulmonary disease
and time trends. Ann Thorac Surg 2006;81:1830-7.

Popping DM, Elia N, Van Aken HK, Marret E, Schug SA, Kranke P, ez al.
Impact of epidural analgesia on mortality and morbidity after surgery:
Systematic review and meta-analysis of randomized controlled trials.
Ann Surg 2014;259:1056-67.

McLean SR, von Homeyer P, Cheng A, Hall ML, Mulligan MS, Cain K,
et al. Assessing the benefits of preoperative thoracic epidural placement
for lung transplantation. J Cardiothorac Vasc Anesth 2018;32:2654-61.
Pilling JE, Martin-Ucar AE, Waller DA. Salvage intensive care following
initial recovery from pulmonary resection: Is it justified? Ann Thorac
Surg 2004;77:1039-44.

Shelley BG, McCall PJ, Glass A, Orzechowska I, Klein AA, Association
of Cardiothoracic A, et al. Association between anaesthetic technique
and unplanned admission to intensive care after thoracic lung resection
surgery: The second Association of Cardiothoracic Anaesthesia and
Critical Care (ACTACC) National Audit. Anaesthesia 2019;74:1121-9.
Cata JP, Gottumukkala V, Thakar D, Keerty D, Gebhardt R, Liu DD.
Effects of postoperative epidural analgesia on recurrence-free and
overall survival in patients with nonsmall cell lung cancer. J Clin Anesth
2014;26:3-17.

Ryu HG, Lee CJ, Kim YT, Bahk JH. Preemptive low-dose epidural
ketamine for preventing chronic postthoracotomy pain: A prospective,
double-blinded, randomized, clinical trial. Clin J Pain 2011;27:304-8.
Andreae MH, Andreaec DA. Regional anaesthesia to prevent chronic
pain after surgery: A Cochrane systematic review and meta-analysis.
Br J Anaesth 2013;111:711-20.

Wong J, Cooper J, Thomas R, Langford R, Anwar S. Persistent
postsurgical pain following thoracotomy: A comparison of thoracic
epidural and paravertebral blockade as preventive analgesia. Pain Med
2019;20:1796-802.

JuH, Feng Y, Yang BX, Wang J. Comparison of epidural analgesia and
intercostal nerve cryoanalgesia for post-thoracotomy pain control. Eur
J Pain 2008;12:378-84.

Senturk M. Acute and chronic pain after thoracotomies. Curr Opin
Anaesthesiol 2005;18:1-4.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

38.

40.

41.

42.

43.

Reyad RM, Shaker EH, Ghobrial HZ, Abbas DN, Reyad EM, Abd
Alrahman AAM, et al. The impact of ultrasound-guided continuous
serratus anterior plane block versus intravenous patient-controlled
analgesia on the incidence and severity of post-thoracotomy
pain syndrome: A randomized, controlled study. Eur J Pain
2020;24:159-70.

Hong K, Bae M, Han S. Subcostal closure technique for prevention
of postthoracotomy pain syndrome. Asian Cardiovasc Thorac Ann
2016;24:681-6.

Tbrahim M, Menna C, Andreetti C, Puyo C, Maurizi G, D’ Andrilli A,
et al. Does a multimodal no-compression suture technique of the
intercostal space reduce chronic postthoracotomy pain? A prospective
randomized study. J Thorac Oncol 2016;11:1460-8.

Barak M, Ziser A, Katz Y. Thoracic epidural local anesthetics are
ineffective in alleviating post-thoracotomy ipsilateral shoulder pain.
J Cardiothorac Vasc Anesth 2004;18:458-60.

Manzoor S, Khan T, Zahoor SA, Wani SQ, Rather JM, Yaqoob S, et al.
Post-thoracotomy ipsilateral shoulder pain: What should be preferred
to optimize it-phrenic nerve infiltration or paracetamol infusion? Ann
Card Anaesth 2019;22:291-6.

Forero M, Rajarathinam M, Adhikary SD, Chin KJ. Erector spinae plane
block for the management of chronic shoulder pain: A case report. Can
J Anaesth 2018;65:288-93.

Meierhenrich R, Hock D, Kuhn S, Baltes E, Muehling B, Muche R,
et al. Analgesia and pulmonary function after lung surgery: Is a single
intercostal nerve block plus patient-controlled intravenous morphine
as effective as patient-controlled epidural anaesthesia? A randomized
non-inferiority clinical trial. Br J Anaesth 2011;106:580-9.

Yeying G, Liyong Y, Yuebo C, Yu Z, Guangao Y, Weihu M, et al. Thoracic
paravertebral block versus intravenous patient-controlled analgesia for
pain treatment in patients with multiple rib fractures. J Int Med Res
2017;45:2085-91.

Elsayed H, McKevith J, McShane J, Scawn N. Thoracic epidural or
paravertebral catheter for analgesia after lung resection: Is the outcome
different? J Cardiothorac Vasc Anesth 2012;26:78-82.

Van Haren RM, Mehran RJ, Mena GE, Correa AM, Antonoff MB,
Baker CM, et al. Enhanced recovery decreases pulmonary and cardiac
complications after thoracotomy for lung cancer. Ann Thorac Surg
2018;106:272-9.

Blackshaw WJ, Bhawnani A, Pennefather SH, Al-Rawi O, Agarwal S,
Shaw M. Propensity score-matched outcomes after thoracic epidural or
paravertebral analgesia for thoracotomy. Anaesthesia 2018;73:444-9.
Lenz N, Hirschburger M, Roehrig R, Menges T, Mueller M, Padberg W,
et al. Application of continuous wound-infusion catheters in lung
transplantation: A retrospective data analysis. Thorac Cardiovasc Surg
2017;65:403-9.

Wu HL, Tai YH, Chan MY, Tsou MY, Chen HH, Chang KY. Effects
of epidural analgesia on cancer recurrence and long-term mortality
in patients after non-small-cell lung cancer resection: A propensity
score-matched study. BMJ Open 2019;9:¢027618.

Lee EK, Ahn HJ, Zo JI, Kim K, Jung DM, Park JH. Paravertebral
block does not reduce cancer recurrence but is related to higher overall
survival in lung cancer surgery: A retrospective cohort study. Anesth
Analg 2017;125:1322-8.

Wang K, Qu X, Wang Y, Shen H, Liu Q, Du J. Effect of mu agonists on
long-term survival and recurrence in nonsmall cell lung cancer patients.
Medicine (Baltimore) 2015;94:¢1333.

Saudi Journal of Anesthesia / Volume 15 / Issue 3 / July-September 2021



