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Purpose: Neuropathic, chronic pain is a common and severe complication following
thoracic surgery, known as post-thoracotomy pain syndrome (PTPS). Here we evaluated
the efficacy of an ultrasound-guided serratus anterior plane block (SAPB) on pain control
compared to traditional pain management with intravenous opioids and nonsteroidal anti-
inflammatory drugs (NSAIDs) six months after thoracic surgery.

Patients and Methods: In this retrospective observational study, we analyzed data from
a questionnaire survey. We interviewed all patients who underwent elective video-assisted
thoracoscopy surgery (VATS) at Soroka University Medical Center between December 2016
and January 2018. The responses of ninety-one patients were included.

Results: Participants reported PTPS in both groups, 43% of patients in the SAPB group and
57% of patients in the standard group, which failed to reach significance. However, we
demonstrated that the percentage of pain occurrence trended lower in the SAPB group. There
was significantly less burning/stitching or shooting, shocking, pressure-like, and aching pain
in SAPB patients compared to the standard protocol group. Patients in the SAPB group had
significantly less pain located in the upper and lower posterior thorax anatomical regions
compared to the standard protocol group. Moreover, we found a significant difference in
occurrence of PTPS depending on the type of thoracic surgery. From both study groups, 69%
of patients who underwent lobectomy reported pain, compared with 41.9% of those in the
segmental (wedge resection) procedure, and 42.1% of patients in other procedures.
Conclusion: While the present study did not demonstrate a statistically significant reduction
of PTPS after SAPB concerning postoperative pain control, there was a trend of a decrease.
We also found significance in the type of pain and location of pain after thoracic surgery
between the two groups, as well as a significant difference between pain occurrence in types
of thoracic surgeries from both groups.

Keywords: chronic pain, post-thoracotomy pain syndrome, PTPS, regional anesthesia block,
serratus anterior, thoracic surgery

Introduction

Chronic pain, or pain lasting for at least 12 weeks,"*? is the highest contributor to
long-term disabilities and the third most problematic issue facing global health in
recent years.' It has been estimated that one out of every ten people is diagnosed
with chronic pain each year.” Many surgeries are associated with severe chronic
post-surgical pain originating from several factors. These factors can include
peripheral sensitization via inflammation and/or nerve injury; maladaptive central
neural plasticity at spinal and higher levels (central sensitization), caused by
opioids (particularly when given preoperatively), stress, or other variables;
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pathological descending nociceptive facilitation; or cog-
nitive factors such as anxiety or stress.® Chronic pain can
cause insomnia and loss of appetite and may incapacitate
patients, making daily activities difficult or impossible.*

Chronic, neuropathic pain is particularly common fol-
lowing thoracic surgery, known as post-thoracotomy pain
syndrome (PTPS). The incidence of PTPS has been esti-
mated to be as high as 57% and 47% at 3 and 6 months
post-surgery, respectively.' > This severe complication can
last for months or years, and is associated with symptoms
such as burning pain or shooting, shocking, pressure-like,
and aching pain.>® Although there are several mechanisms
that contribute to the development of PTPS, intercostal
nerve damage and subsequent dysfunction have been
well established.® Risk factors for the development of
chronic pain after thoracic surgery are multifactorial, but
can include inadequate postoperative pain control.’
Furthermore, Homma et al’ found that preoperative use
of hypnotic medication, the type of thoracotomy approach,
and a surgery lasting more than 2.5 hours are associated
with increased risk of PTPS. A complete video-assisted
thoracoscopy surgery (VATS) may decrease the incidence
of postoperative neuropathic pain, regardless of the dura-
tion of surgery. However, chronic pain after VATS has still
been observed in 20-25% of patients.*

Providing analgesia for thoracic surgery is challenging
for a variety of reasons. Narcotic-based patient-controlled
analgesia (PCA) may not provide adequate pain relief, and
the side effects of respiratory depression and impaired men-
tal status can outweigh its benefits. Thoracic epidural
analgesia is associated with serious risks due to its signifi-
cant resultant hemodynamic instability.” Thus, many new
methods of regional anesthesia techniques, such as paraver-
tebral blocks, intercostal nerve blocks, interscalene blocks,
erector spinal blocks and pectoralis and serratus anterior
plane blocks for postoperative pain management have been
tested after thoracic surgery.® Semyonov et al’ have vali-
dated ultrasound-guided serratus anterior plane block
(SAPB) as an effective and safe technique for postoperative
pain relief after different types of thoracic surgery.'*'?

In this retrospective observational study, we evaluated
the efficacy of an ultrasound-guided SAPB on pain control
compared to traditional pain management with intravenous
opioids and nonsteroidal anti-inflammatory  drugs
(NSAIDs) six months after thoracic surgery. Ultimately,
we hope this study assists in better understanding the
utilization of SAPB as an alternative treatment modality
for post-thoracotomy pain control.

Patients and Methods

The study was conducted according to the recommenda-
tions of the Declaration of Helsinki and was approved by
the Human Research and Ethics Committee at Soroka
Medical Center (RN-0345-16.SOR). The formal informed
consent for the survey was obtained from each patient who
was recruited in a previous prospective study.’ In this
study, we interviewed all the patients who underwent
elective VATS at Soroka University Medical Center,
a 1000-bed tertiary-care, Trauma Level I university teach-
ing hospital located in Beer Sheva, Israel, between
December 2016 until January 2018. Responses from
ninety-one patients were included.

Inclusion Criteria

All patients over the age of 18 who underwent elective
VATS at Soroka University Medical Center between
December 2016 until January 2018 and received SAPB
or standard pain control for postoperative pain manage-

ment were included.

Exclusion Criteria

Patients were excluded if they refused to participate in the
survey or did not respond to several phone calls, or if they
died within six months of the VATS procedure.

Data Survey
Each patient was interviewed via a phone call by a staff
anesthesia physician six months after surgery. We admi-
form

nistered a questionnaire to each participant

(Appendix A) that included a modified version of the
McGill Pain Questionnaire administered in Hebrew.'?
Data ascertained by the survey included characteristics of
pain, intensity, anatomic localization and also pain man-
agement for six months post-procedure. Chronic pain was
defined as pain that persisted for more than three months

after surgery.

Variables and Measurements

In addition to the survey, we collected data from electronic
records from the hospital and intensive care unit including
demographics of gender, age, weight, ethnicity, area of
residence; American Society of Anesthesiologists physical
status classification (ASA class) from I-III; duration of the
surgery; type of surgery; and duration of hospital stay.
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Protocols and Surgical Approach’
All patients underwent thoracoscopy for anatomic or non-
anatomic lung resection performed under general anesthesia.
The standard thoracoscopy approach in our institution
includes the three holes technique. This consists of two
incisions of 1 ¢cm each and one utility incision of 4 cm. In
the case of a technical impossibility of tumor extraction or
bleeding, thoracotomy is performed. The standard thoracot-
omy is posterior-lateral thoracotomy which divides the latis-
simus dorsi muscle but spares the serratus anterior muscle.
The patients interviewed for this study were previously
divided into two different protocols for postoperative pain
management.” Group 1 (“standard group™) patients
received standard pain control that included treatment by
NSAIDs
Patients in Group 2 received ultrasound-guided SAPB

opioids, and acetaminophen (paracetamol).
immediately after induction and positioning for surgery
(0.25% bupivacaine hydrochloride in a dose of 2 mg/kg
in addition to a standard pain control protocol).

Statistical Analysis

In order to meet the main objective of the study, we calcu-
lated sample based on means comparison with WINPEPI
11.65 1
a significance level of 0.05 and power level of 90%, and

software. Sample size was calculated for
a standard deviation of 2.2 for the standard group and 3.6 for
the SAPB group, based on data from previous research.’
A difference of 1.5 between mean VAS was considered
clinically significant. The sample size that matches such
data is 168 patients (84 in each group). Data summaries
will be performed using SPSS (version 16.01 or higher).
Data collected in this study were summarized using fre-
quency tables, summary statistics, confidence intervals, and
p-values as appropriate. Continuous variables were com-
pared by t-tests. For continuous variables with non- normal
distribution, comparisons were evaluated for significance
with the use of the Wilcoxon rank-sum test. For continuous
variables, the 95% confidence interval were calculated using
means and standard errors from Student’s #-test statistics.
Variable selection in multivariable modeling was based on
clinical and statistical significance. Laboratory test values at

admission were included.

Results
Ninety-one patients who underwent elective thoracic sur-
gery from December 2016 to January 2018 were included

in this survey. The patients consisted of 38 men and 53
women. The demographic data (age, gender, weight,
Jewish or Arab ethnicity, urban or village region, ASA
classification, and length of hospital stay) are summarized
in Table 1. There were no significant differences found
between any of these measured data.

Table 2 demonstrates the type of thoracic surgery and
duration of the procedure. The duration of the procedure
(including anesthetic preparation) was significantly longer
in the SAPB group with a mean procedure time of 142.67
minutes compared to the standard group with a mean
procedure time of 111.54 minutes (p<0.05). No differences
in the type of thoracic surgery were found.

Table 3 shows data of occurrence of PTPS as well as
different types of pain. The overall occurrence of PTPS
was not statistically significant between the study groups
(57.4% in the SAPB group and 43.2% in the standard
protocol group). However, this data reflects a trend of
a decreased percentage of pain syndrome occurrence in
the SAPB group.

The types of pain observed between the two group
were significant. The data demonstrated a significantly
lower percentage of burning/stitching and other pain
(shooting, shocking, pressure-like, and aching) in the
SAPB group patients, at 45% and 7%, respectively, com-
pared to standard pain control protocol group at 57% and
15% (p<0.05, see Table 3). Patients in the SAPB group
had a significantly less percentage of pain syndrome loca-
lized in upper and lower posterior thorax anatomical
regions (11%) compared to the standard protocol group
(28%, with a p value<0.05).

Moreover, we found a significant difference in occur-
rence of pain syndrome dependent on the type of thoracic
surgery. From both study groups, 20 patients (69%) who
underwent lobectomy, 18 patients (41.9%) who underwent
a segmental procedure (wedge resection), and 8 patients
(42.1%) who underwent other types of thoracic surgeries
suffered from PTPS. There were no differences in intensity
of pain between both study groups. There were no patients
who described their chronic pain as “insufferable”.

There was no difference in therapeutic management of
PTPS between both study groups for occurrence of any
drug treatment (43.2% for SAPB and 57.4% for the stan-
dard group) or type of medication prescribed (Table 4).

Table 5 shows the results of multivariate logistic
regression analysis of chronic post-thoracoscopy pain syn-
drome. Male gender, Jewish ethnicity and lobectomy as
a type of thoracic surgery were found to be independent
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Table | Demographic Data, ASA Classification and Length of
Hospital Stay

Standard Group SAPB Group P value*
(n=47) (n =44)
Age (years)
(Mean1SD) 55.17 £ 17.763 60.36 = 15.791 0.17
Gender (male)
(n, %) 17 (36.1%) 21 (47%) 0.1
Weight
(kg, mean ¥SD) 70.9 £ 14.06 76.11 £ 1853 0.29
ASA classification
(meantSD)
| 9 6 0.2
1l 31 32 0.6
1] 6 7 0.7
Ethnicity (n, %)
(Jews/Arabs) 38/9 (81%/19%) 40/4 (91%/9%) 0.87
Geographical
region (n, %)
(Urban/village) 32/13 (68%/32%) 36/8 (81%/9%) 0.12
Length of hospital
stay
(Days, mean SD) 472 £ 1.07 52+ 1.02 0.08

Note: *P value has been considered to be statistically significant when less than
0.05.

risk factors for development of chronic pain syndrome. All
patients were able to return to their typical lifestyle within
one month of the procedure.

Discussion
PTPS is a serious complication of thoracic surgery, lasting
months or years, and is accompanied by a range of painful

Table 2 Type of Thoracic Surgery and Duration of Procedure

Standard SAPB P value
Group (n=47) | Group (n=
44)

Length of
surgery® (min)
(MeantSD) 111.54 £15.1 142.67+10.2 0.04
Type of thoracic
surgery (n)
Segmental

(Wedge resection) 25 (58.1%) 18 (40.9%) 0.2
Lobectomy 11 (23.4%) 18 (40.9%) 0.09
Other® 11 (23.4%) 8 (18.2%) 0.3

Notes: “The duration of the procedure includes anesthetic preparation. ®Other
procedures include lung biopsy, thymomectomy, mediastinoscopy, decortication, or
pleural biopsy.

sensations.™® This chronic pain can lead to disruption of
daily life and long-term disability."* Bayman et al* found
that the chronic pain related to thoracic surgery was asso-
ciated with more severity of average acute pain during the
first 3 days after surgery. Furthermore, a meta-analysis of

1,' revealed

randomized, controlled trials by Weinstein et a
that the intraoperative use of regional anesthesia in addi-
tion to general anesthesia reduced the risk of PTPS.
Univariate statistical analysis showed the overall percent
of PTPS occurred in 43% of SAPB patients and 57% of
patients undergoing standard protocol. Bayman et al*
yielded similar incidence of 44% of patients suffering
chronic pain at 3 months after surgery. They also did not
reach significance when comparing the percent of PTPS
after either type of thoracic surgery.* Our study, however,
did demonstrate a significantly increased incidence of
PTPS after lobectomy (69% of patients) compared to
other types of thoracic procedures.

Furthermore, we found a significantly low percentage
of burning/stitching or shooting, shocking, pressure-like,
and aching pain in the SAPB group patients compared to
group.
Surprisingly, our data revealed a lower incidence of the

the patients in the standard pain control
sensation of pain specifically located in the upper and
lower posterior thorax anatomical regions among partici-
pants from the SAPB group compared to the standard
protocol group. Those findings may result from the bene-
fits of patient placement on the operating table when
administered the SAPB.

The incidence of chronic pain after surgery varies
markedly between different studies and between individual
procedures, from 5% to 65% for patients after thoracot-
omy or/thoracoscopy.'®'® A single operation may lead to
a number of different pain conditions. Thoracotomy is
associated with post-operative pain potentially arising
from the musculoskeletal system from rib retraction, neu-
ropathic pain from trauma to intercostal nerves, damage to
internal organs producing visceral pain and pain due to the
placement of chest drains.?’

Moreover, we showed that only male gender, Jewish
ethnicity and lobectomy as a type of thoracic surgery were
found to be independent predictors of development of
chronic pain syndrome after thoracic surgery. In contrast to

our findings, McHugh et al*'

demonstrated pre-treatment
differences in opioid dependence severity: women reported
significantly greater functional and psychiatric impairment

and a higher likelihood of using opioids to cope with negative
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Table 3 Characteristics of Post-Thoracoscopy Chronic Pain
Syndrome (PTPS)

Standard SAPB P value
Group Group

(n = 47) (n=44)
PTPS® (n, %) 27 (57.4%) | 19 (43.2%) 0.125
Anatomical region of pain syndrome (n, %)
Cervical, mid-sternum and 5 (11%) 0 NA
deltoid (1, 2,3, 4,8, 11, 13)°
Antero-lateral part of thorax | 22 (46.8%) 18 (41%) 0.4
(5.6,7,9
Postero-lateral part of 22 (46.8%) 18 (41%) 0.4
thorax (14, I5, 16, 18)
Upper and lower posterior 13 (28%) 5 (11%) 0.03
thorax (10, 12, 17)
Type of pain (n, %)°
Burning/stitching 27 (57%) 20 (45%) 0.04
Dull/squeezing 13 (28%) 9 (21%) 0.3
Other? 7 (15%) 3 (7%) 0.03
Intensity of pain (n, %)
Mild 13 (28%) 10 (23%) 0.4
Disturbing 10 (21%) 8 (18.1%) 0.25
Moderate 2 (4.3%) | (2.27%) 0.153
Strong 2 (4.3%) 0 NA

Notes: *Within 6 months of procedure. "Number of segments related to anato-
mical region. Please also see Appendix A. Please note that one patient might have
pain syndrome in different anatomical localizations. “Please note that one patient
might feel different types of pain. “Other types of pain include shooting, shocking,
pressure-like, and aching.

side effects and pain than men did. However, the same
authors®! showed that once the study treatment was initiated,
women and men exhibited similar opioid use outcomes.

Table 4 Therapeutical Management of Post-Thoracoscopy
Chronic Pain Syndrome

Standard SAPB P value
Group (n= 44)

(n = 47)
Drug prescribed (n, %) 27 (57.4%) 19 (43.2%) 0.125
Type of medicine (n, %)
NSAIDs* 10 (21.2%) 9 (20.4%) 0.23
Oxycodone/paracetamol 8 (17.02%) 6 (13.7%) 0.09
(Percocet)®
Pregabalin (Lyrica)® 7 (15%) 4 (9.1%) 0.08
Other? 2 (4.3%) 0 N/A

Notes: *NSAID drugs include Optalgin syrup Igr, Celcox (Celecoxib) 200 mg.
POxycodone/paracetamol (Percocet) 5 mg. “Pregabalin (Lyrica) 75 mg. Fentanyl
patch 25 mg.

Table 5 Multivariate Logistic Regression Analysis for Risk

Factors of Chronic Post-Thoracoscopy Pain Syndrome
Development for Both Study Groups
OR | 95% Cl of OR | P value
Gender (male) 15 | (1.253-1.718) 0.008
Ethnicity (Jews) 13 | (1.164-1. 487) 0.03
Type of surgery (Lobectomy) | 1.17 | (1.007-1.214) 0.013
Similarly, Manubay et al*? did not find differences between

males and females in age, race, education, marital status or
employment status regarding the prescription of opioids for
chronic pain. Huang,” and Wyatt,”* demonstrated
a significant gap between the evaluation and treatment of
pain in white people and its evaluation and treatment in Black
Americans and Hispanics. Hispanics and Black Americans
are more likely to report any pain and severe pain, respec-
tively, than white Americans.”>*> Women have been shown
to treat pain more often than men, but are less likely to be
taken seriously about their pain.*®

Our study has a number of limitations. As a retrospective,
observational questionnaire design, this study utilized
a phone call survey only for collecting relevant data, but
answers were based on the subjective experience of the
participant and the clinician. No clinical or imaging assess-
ment was able to be provided. We did not perform an addi-
tional SAPB or other regional anesthesia procedures during
the postoperative period for patients after thoracic surgery.
Thus, it may be that the clinical and pharmacological effects
of SAPB are limited to the early postoperative time. Future
studies could examine SAPB pain control earlier than six

months after the procedure.

Conclusion

While the present study did not demonstrate a statistically
significant reduction of PTPS after a SAPB for postoperative
pain control, there was a trend that the incidence of PTPS
decreased compared to the standard group. We also observed
a significant difference in the type of pain and anatomical
location of pain after the surgery between the two groups.
While this method holds many promising aspects for the
future of pain management, especially for PTPS, we feel
that further studies are needed to better understand the clin-
ical significance of SAPB approach for postoperative pain
control after thoracic surgery.
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