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Abstract

Background: The association between thoracotomy and intense
acute post-surgical pain, as well as the development of post-thora-
cotomy pain syndrome (PTPS), is well-described. This single-center,
double-blinded, randomized controlled trial compared pain and dis-
ability after intracostal suture closure versus pericostal suture closure
techniques for elective thoracotomy (NCT01898468). Patients were
randomized to either intracostal or pericostal closure groups. The
primary endpoint was post-surgical acute and chronic pain metrics.
Secondary endpoints were patient postoperative opioid consumption,
pain-related measures, and quality of life between the groups.

Methods: Adult surgical patients receiving a posterolateral thoracot-
omy incision were recruited for this study. Exclusion criteria included
diagnosis or treatment for: substance use disorder, chronic pain syn-
dromes, acute exacerbation of psychiatric illness, renal impairment,
and mesothelioma. Also excluded were patients with a life expectan-
cy of less than 1 year, planned chest wall resection, and elevated rib
fracture risk. Standardized anesthesia and analgesic regimens were
implemented. Unless contraindicated, all patients received thoracic
epidural analgesia. Pain, psychosocial, psychophysical, and quality of
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life measures were assessed on admission, on hospital discharge, and
at 3 months post-surgery.

Results: Thirty-six participants (15 female, mean age = 55.5 (stand-
ard deviation (SD) = 16.6)) were recruited and randomized into in-
tracostal and pericostal suture thoracotomy closure groups. Twen-
ty-nine participants completed questionnaires at discharge, and 22
participants completed questionnaires 3 months after surgery. Due
to the non-normal distribution of dependent variables (pain intensity,
pain-related disability, and morphine milligram equivalent (MME)),
non-parametric analyses were performed. There were no differences
between groups in opioid consumption during the first 3 days after
surgery. Likewise, participants from both closure groups did not dif-
fer in pain intensity or pain-related disability at discharge or 3 months
after surgery. Pain catastrophizing scores did not differ between
groups at any time-point (F(2, 20) = 1.45, P=0.25).

Conclusion: This study found no difference between the intracos-
tal or pericostal closure groups when measuring pain intensity, pain-
related disability, or pain catastrophizing at discharge and 3 months
post-discharge. Closure technique did not affect opioid consumption
in the first 3 postoperative days.

Keywords: Neuropathic pain; Elective thoracotomy; Intracostal clo-
sure; Pericostal closure; Acute post-thoracotomy pain; Postoperative
opioid consumption; Pain-related disability; Chronic post-surgical pain

Introduction

A thoracotomy incision carries a significant risk of intense
acute post-thoracotomy pain and the development of chronic
post-surgical pain (CPSP) [1-7]. It has been estimated that the
incidence of chronic pain after thoracotomy may be as high
as 30% to 70%, which may be attributable to a combination
of the acute pain that precedes it and underlying nerve injury.
Strategies to improve the acute post-surgical pain experience
and limit the development of chronic postoperative pain syn-
dromes are extremely variable, encompassing a variety of re-
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gional techniques and analgesic regimes [8-13].

The technique used for rib approximation has been identi-
fied as a potential means of improving postoperative pain [14].
Namely, the intracostal closure technique has been recognized
as a possible course to avoid pain associated with intercostal
nerve impingement. Intracostal rib approximation is accom-
plished by drilling holes in the inferior rib involved in the clo-
sure. Sutures are passed through these holes and over the top of
the superior rib involved in the rib approximation. In contrast,
pericostal rib approximation is accomplished by securing in-
terrupted sutures over the top of the superior rib and under the
inferior rib of the thoracotomy site [15].

The present study compared pericostal and intracostal
rib approximation techniques and pain outcomes after poste-
rolateral thoracotomy. The primary endpoint examined how
these closure techniques affected the acute post-surgical pain
and CPSP. Secondary endpoints examined the comparison of
postoperative analgesic consumption, pain-related measures,
and quality-of-life metrics of the two surgical closure tech-
niques.

Materials and Methods

This was a single-center, double-blinded, randomized con-
trolled trial that compared pain and disability after either in-
tracostal suture closure or pericostal suture closure technique
following posterolateral thoracotomy. After Research Ethics
Board approval by the University Health Network (REB # 13-
5894-B) and registered in CinicalTrials.gov (NCT01898468),
patients aged 18 years and older undergoing posterolateral
thoracotomy for lung resection at the Toronto General Hos-
pital (a single quaternary care center) between February 2014
and August 2018 were the target population of this study. This
study was conducted in compliance with the ethical standards
of the responsible institution on human subjects, as well as
with the Helsinki Declaration.

All patients provided informed written consent in order to
participate in the current study. Patients with a diagnosed drug
misuse disorder and those receiving chronic opioid therapy, as
well as those with chronic pain syndrome, and psychiatric ill-
ness (except depression), were excluded. Patients with chronic
renal impairment (a serum creatinine > 104 umol/L), a life
expectancy of less than 12 months, assessed as needing chest
wall resection (e.g., those with a diagnosis of mesothelioma),
and those deemed to have a higher-than-normal risk of rib frac-
tures (e.g., osteoporosis) were also excluded.

Potential candidates were identified during their clinical
appointments with the thoracic surgery and anesthesia pre-
surgical assessment clinics at the Toronto General Hospital
(Toronto, Ontario). Patients, the research coordinator, and
other study personnel were blinded to each patient’s closure
group allocation. Members of the surgical team, operating
room nurses, and the intraoperative anesthesia team could not
be blinded to each patient’s group allocation. However, these
persons were not involved in data collection or analysis of the
study data.

Closure group allocation (pericostal or intracostal) was

randomized. A randomization schedule was created using a
web-based randomization program [16] with patients being
allotted into the two study arms (pericostal sutures and intra-
costal sutures).

The surgeon performed the closure technique as de-
scribed in the randomization log. The patient codes and their
group allocations were retained by a statistician not involved
in the study. The patient allocations were only revealed after
data collection and data entry were completed. Basic demo-
graphic and medical history (e.g., comorbidities, operative
diagnosis, and planned surgery), as well as baseline pain,
psychosocial, depression, and quality of life measures, were
recorded. Whenever possible, this information was collected
immediately after participant recruitment, with question-
naires being sent home with participants. The initial study
questionnaires were collected when patients presented to the
hospital for surgery, and the study coordinator was available
to assist as needed.

Anesthesia

Participating patients had routine preoperative surgical and
anesthesia assessment confirming fitness for surgery. Pa-
tients were administered 200 mg of celecoxib by mouth 2
h before surgery. For surgery, large-bore intravenous (IV)
access and an arterial line were established. Prior to the in-
duction of anesthesia, a thoracic epidural catheter was placed
to facilitate postoperative analgesia. If an epidural could not
be placed, it was replaced by IV patient-controlled analgesia
(IV PCA) and an extra-pleural catheter for local anesthesia
(placed during surgical closure). Barring any contraindica-
tions, all patients were administered 1,300 mg of acetami-
nophen per rectum.

Standard American Society of Anesthesiologists (ASA)
monitoring was used during the operations, including both in-
vasive and non-invasive blood pressure monitoring. Induction
was accomplished with fentanyl 2 pg/kg, propofol 3 - 5 mg/
kg, and rocuronium 1 mg/kg. Sevoflurane was used to main-
tain anesthesia with a target minimum alveolar concentration
(MAC) of 0.8 - 1.2. Intraoperative analgesia consisted of fen-
tanyl titrated to a target of 10 pg/kg, with additional hydro-
morphone being administered at the discretion of the patient’s
anesthesiologist. Intraoperative fluid targets, as well as the de-
cision to administer additional muscle relaxant, were left to the
discretion of the patient’s anesthesiologist. Dexamethasone 8§
mg IV and granisetron 1 mg IV were used for the prevention
of postoperative nausea and vomiting. Patients were not con-
sidered for extubation until their measured temperature was at
least 36.5 °C.

Thoracotomy technique

All the surgeons involved in this study were capable of per-
forming both intracostal suture closure and pericostal suture
closure techniques. Skin incision occurred approximately at
the level of the patient’s sixth rib. Incision length was equiva-
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lent to the patient’s latissimus dorsi muscle at that level. The
muscle was cut, and the underlying serratus anterior muscle
was spared with chest entry over the top of the unresected,
unshingled, and otherwise intact sixth rib. Electrocautery was
used to undercut the top of the sixth rib from the erector spinae
fascia to the internal mammary artery. Nerves were injected
with bupivacaine via a needle placed into the intercostal mus-
cle surrounding them. After this, the chest retractor was placed
and opened slowly to the minimum width required to facilitate
surgery. Any rib fractures that occurred were documented and
collected by the study personnel. Rib closure (the intervention
for this study) was accomplished via classic pericostal suture
or intracostal suture. Completion of the appropriate surgical
procedure also included placement of one or two 28 French
soft chest tubes.

Surgical closure: pericostal sutures

Rib closure was achieved by placing sutures around the ribs
in the standard pericostal fashion, with one end of the stitches
placed over the top of the fifth rib and the other end of the
stitches under the sixth rib.

Surgical closure: intracostal sutures

Evenly placed holes were drilled into the bed of the sixth rib
using a 5 mm bit attached to a Stryker drill. Sutures were
placed through these holes and looped over the top of the fifth
rib before being tied and approximating the rib space.

Postoperative pain management

Postoperative analgesia was administered using epidural pa-
tient-controlled epidural analgesia (PCEA) via the patient’s
thoracic epidural catheter. In patients who did not receive a
thoracic epidural, IV PCA hydromorphone with no basal infu-
sion was administered. All PCA was connected to the patient
on their arrival in the post-surgical recovery room or prior to
leaving the operating room. IV PCA delivered 0.2 - 0.4 mg of
hydromorphone on demand up to a maximum of 10 mg in 4 h.
All patients also received celecoxib 200 mg by mouth twice a
day for their first 3 postoperative days (unless contraindicat-
ed). Further analgesic intervention was left to the discretion of
the acute pain service and the managing surgical team. Ambu-
lation and rehabilitation were guided by the surgical team and
started as early postoperatively as was appropriate, with day 1
postoperative initiation of these activities being the ideal.

Data collection

The patients enrolled in this study submitted their baseline
questionnaires prior to surgery. Pain, pain-related measures,
and quality of life metrics were repeated via questionnaire
again at discharge, or on the seventh postoperative day (which-

ever was earlier). At routine follow-up, 3 months postopera-
tively, all the questionnaires were repeated.

Metrics used for data collection in this study included: 1)
the numeric rating scale (NRS). The NRS consists of a series
of numbers ranging from 0 to 10 with endpoints representing
the most extreme pain experiences (0 = “no pain” and 10 =
“worst possible pain” for intensity; and 0 = “not unpleasant”
to “most unpleasant sensation imaginable” for pain unpleas-
antness). Patients choose the number that best corresponds to
the intensity and unpleasantness of their pain. The NRS has
good reliability and validity and is sensitive to change follow-
ing pharmacological intervention and to identify genes hav-
ing a role in chronic pain [17]. 2) McGill Pain Questionnaire-
Short Form-2 (SF-MPQ-2). The SF-MPQ-2 [18] is a 22-item,
expanded and revised version of the SF-MPQ [19] designed
to measure the qualities of neuropathic and non-neuropathic
pain. Exploratory and confirmatory factor analyses revealed
the presence of the following four factors or subscales: con-
tinuous pain, intermittent pain, neuropathic pain, and affec-
tive pain descriptor. Preliminary analyses indicate that the
SF-MPQ-2 has very good to excellent psychometric proper-
ties. 3) Pain catastrophizing scale (PCS). Pain catastrophiz-
ing is a negative cognitive-affective response to pain (actual
or anticipated) that has been linked to pain-related outcomes
[20]. The PCS examines three components of catastrophiz-
ing (rumination, magnification, and helplessness) using a
13-item questionnaire [21]. 4) Pain disability index (PDI).
The PDI is a 7-item questionnaire assessing the magnitude
of self-reported disability due to pain in areas such as work,
leisure, and sports. This questionnaire has moderate-to-good
reliability and good concurrent validity with the Oswestry
Disability Questionnaire [22].

Outcomes

Primary outcome

The primary outcome compared the intensity of acute post-
surgical pain and CPSP between pericostal and intracostal sur-
gical closure techniques.

Secondary outcomes

Secondary outcome measures sought to compare postoperative
opioid consumption during the first 3 days after surgery, differ-
ences in psychological measures, and quality of life.

Data analysis

All outcome variables were evaluated for normality prior to
analysis. Examination of skewness and kurtosis revealed that
participant responses on the MPQ-SF-2, PDI, and PCS were
not normally distributed. As such, analyses involving these
variables were conducted using non-parametric independent-
samples Kruskal-Wallis tests. For normally distributed out-
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Figure 1. CONSORT flow diagram of the study population.

come variables, linear mixed effects models were used to
examine the impact of closure types on perioperative and post-
operative outcomes. In all mixed effects models, closure type
was included as a between-groups factor, and time was entered
as a repeated factor (three levels: postoperative days 0 - 2 or
baseline, discharge, 3 months) with a first-order autoregressive
covariance structure.

Results

Sample characteristics

Thirty-six participants (15 female, mean age = 55.5 (standard
deviation (SD) = 16.6) were randomized to intracostal suture
closure (group 1, n = 17) or pericostal suture closure (group
2, n = 19) (Fig. 1) and completed measures before surgery.
Twenty-nine participants (14 female) completed measures at
discharge, and 22 participants (13 female) completed meas-
ures 3 months after surgery. The majority of participants in
both groups were diagnosed with primary lung cancer (80%),
followed in frequency by lung metastases (14%), thymoma
(3%), and hydatid cyst (3%). Relevant health history included
hypertension (34%), hypercholesterolemia (8%), myocardial
infarction (6%), congestive heart failure (3%), angina (8%),
and smoking history (56%). Health history did not differ be-
tween groups (P > 0.05). No differences were found between
the groups for the intraoperative drugs used, including analge-
sics and muscle relaxants. On average, patients ambulated less

than 2 days after surgery and stayed in the hospital for 6 days
after surgery. There were no differences between closure tech-
niques (Table 1). Ninety-three-point nine percent of patients
were seen by the acute pain service for an average of 3.5 days.
Across groups, eight participants (26.2%) reported, on aver-
age, moderate or severe pain (NRS > 4) during the first 2 days
after surgery, and the average daily consumption of opioids
was 13.4 MME (Table 1).

Pain intensity ratings (SF-MPQ-2), pain-related disability
(PDI), and pain catastrophizing (PCS) at baseline, discharge,
and 3-month follow-up are demonstrated in Table 2. Six pa-
tients (20.7%) reported moderate to severe pain intensity at
discharge, whereas zero patients reported moderate or severe
pain after 3 months. The majority of patients (65.5%) reported
at least moderate pain-related disability at discharge (PDI >
27), and three (9%) patients maintained these ratings 3 months
later. Four participants (12%) scored above a risk cutoff on the
PCS (total score > 24) at baseline, and two of these patients
(6%) continued to score above this cutoff at discharge and 3
months later.

Impact of surgical closure on pain outcomes

Linear mixed effects models were used to examine the impact
of closure type on pain at rest and during movement over the
first 3 postoperative days. Pain at rest did not differ between
closure type groups over the first 3 days after surgery (F(2,
59.54) = 1.61, P =0.21). Similarly, there were no differences
in pain during movement between closure type groups over the
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Table 1. In-Hospital Descriptive Statistics

Intracostal suture group  Pericostal suture group P value® % Not applicable

In-hospital

Days to ambulation 2.00 (1.6) 1.56 (1.0) 0.33 0

Days to first bowel movement 2.93 (1.7) 2.77 (1.3) 0.79 0

Days on acute pain service 347 (1.4) 3.56 (2.4) 0.9 6.1

Days at hospital 6.00 (3.0) 6.00 (2.9) 1 0

Days with chest tube 3.31(5.94) 2.69 (1.8) 0.41 0

N (%) >4 or 90 MME

Pain intensity at rest 3.11 (1.9) 2.57 (2.2) 0.45 9(27)
Pain intensity during movement 3.09 (2.1) 3.10 (2.3) 0.99 11 (33)
Daily opioid consumption 17.42 (28.8) 9.56 (15.9) 0.34 1(3)

2lndependent-Samples t-test. MME: morphine milligram equivalent.

first 3 days after surgery (F(2, 58.22) = 2.23, P = 0.12). Pain
intensity did not differ between groups at baseline (X*(1) =
0.23,P=0.81), discharge (X3(1) =0.01, P = 0.86), or 3 months
after surgery (X?(1) = 1.22, P=0.27).

Impact of surgical closure on analgesic use, pain-related dis-
ability, and pain catastrophizing

Linear mixed effects models were used to examine the impact
of closure type on opioid consumption over the first 3 postop-
erative days. Opioid consumption did not differ between clo-
sure type groups over the first 3 days after surgery (F(2,70.63)
=0.57,P=0.57).

Pain-related disability did not differ between groups at
baseline (X%(1) = 0.48, P = 0.49), discharge (X*(1) = 0.33, P
= 0.57), or 3 months after surgery (X*(1) = 1.56, P = 0.21).
Pain catastrophizing did not differ between groups at baseline

(X3(1)=2.64, P=0.10), discharge (X*(1) = 0.04, P=0.84), or
3 months after surgery (X?(1) = 0.06, P = 0.81).

Discussion

Pain after thoracotomy has been described as intense and is
known to be associated with a high incidence of post-thoracot-
omy pain syndrome (PTPS). PTPS in particular is estimated to
have an incidence of 15% to 67% [1-3]. Post-thoracotomy pain
is likely the result of a complex process involving intraopera-
tive and postoperative nociception, central sensitization, and
nerve injury [9, 23]. The intercostal nerve has been observed as
being potentially vulnerable to injury during the rib retraction
and rib approximation necessary for thoracotomy. Because of
this, strategies and techniques have evolved to limit intercostal
nerve injury and potentially reduce its contribution to the acute
and chronic postoperative pain experience of thoracotomy pa-

Table 2. Pain Intensity, Pain Disability, and Pain Catastrophizing at Baseline, Discharge, and 3 Months Post-Surgery

Group 1 intracostal sutures

Group 2 pericostal sutures

Mean (SD) % >0 Mean (SD) % >0 Paluet

Pain intensity®

Baseline 0.24 (0.7) 25 0.51 (1.0) 333 0.81

Discharge 1.94 (1.93) 93.7 228 (2.3) 83.3 0.86

3 months post-surgery 0.37 (0.5) 68.7 0.51 (1.3) 38.9 0.27
Pain disability

Baseline 2.53(5.9) 28.7 441 (8.9) 333 0.49

Discharge 35.69 (22.02) 93.7 33.16 (23.2) 83.3 0.57

3 months post-surgery 10.22 (15.24) 68.7 4.75 (11.5) 44.4 0.21
Pain catastrophizing

Baseline 13.69 (13.0) 93.7 7.65 (7.0) 83.3 0.10

Discharge 10.07 (5.09) 100 12.81 (12.1) 94.4 0.84

3 months post-surgery 6.18 (7.3) 81.2 6.54 (8.7) 322 0.81

alndependent-Samples Kruskal-Wallis test; PMcGill Pain Questionnaire-Short Form-2.
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tients [23].

Due to the above-mentioned incidence of thoracotomy in-
cisions causing CPSP, our thoracic surgery division changed
its practice to circumvent the thoracotomy incision and moved
almost exclusively to video-assisted thoracoscopic procedures.
This resulted in difficulty recruiting patients to our study. As
pointed out in an editorial by Katz [24], unanticipated changes
to the way thoracic surgery was practiced during the course
of the trial appear to have contributed to greater difficulty re-
cruiting the required number of participants, as mentioned in
clinicaltrial.org (NCT01898468). It is surprising to note that
between 30% and 50% of clinical trials never get published
[25, 26]. Consistent with this literature, Katz reported that the
most common reasons for trial discontinuation and non-publi-
cation are difficulty recruiting the required sample size [27].
Non-publication can result in publication bias characterized by
the presence of non-random differences between the published
and non-published literature.

For example, studies reporting statistically significant re-
sults are twice as likely to get published as those with non-
significant findings, and effect sizes of published studies are
greater than unpublished studies. The consequences of this
publication bias include inaccurate results of systematic re-
views, wasted resources, a threat to the evidence-based litera-
ture, and potential harm to patients [28, 29].

As is evident in Table 2, no significant differences were
found between the surgical closure techniques in terms of pain
intensity, pain-related disability, or pain catastrophizing. This
may suggest that the rib approximation technique alone does
not play a major role in the development of CPSP. However,
we concede that this finding may be due to a lack of adequate
sample size, given the change in practice at our institution at
the outset of this work. Consequently, the ideal way to achieve
complete pain relief for patients after thoracotomy remains un-
known. At present, the best approach would be to start pain
relief for patients preoperatively and continue throughout the
perioperative and postoperative stages, including after dis-
charge, through the care that is provided via the implementa-
tion of transitional pain services [30-33].

There have been several studies examining the effect of
rib approximation technique on post-thoracotomy pain out-
comes [12, 34, 35]. However, many of these studies have been
small, and very few have been blinded or randomized.

One of the largest studies examining pain outcomes and
thoracotomy closure technique was conducted by Cerfolio et
al (2003). This study recruited 280 consecutive patients under-
going thoracotomy. The first 140 patients had pericostal rib
approximation, while the remaining 140 patients had intracos-
tal rib approximation. All patients received pre-induction epi-
dural placement. Patients with non-functioning epidurals or no
epidurals were excluded from the study, as were patients with
chronic pain conditions. Pain scores in the pericostal group
were significantly higher 2 weeks, 1 month, 2 months, and
3 months after surgery. The pericostal group was also more
likely to describe their pain as hot/burning, shooting, or stab-
bing [34].

Leandro et al (2014) compared pericostal and transcostal
(intracostal) rib approximation for thoracotomy closure in a
prospective, randomized, double-blind study consisting of 30

patients (pericostal n = 16, transcostal n = 14). Their primary
outcomes were postoperative pain and lung function. They
noted significantly greater perioperative pain, as recorded by
visual analogue scale (VAS) and McGill Pain Questionnaire
metrics, in the pericostal group [35].

Bayram et al (2011) randomized patients into an intracos-
tal group or a group with holes drilled into the superior and
inferior rib involved in rib approximation. In the latter, group
sutures were passed through the hole in the superior and infe-
rior rib and used to approximate the ribs. Thirty patients were
enrolled in each arm of the study, and all patients had pre-
induction epidural placement and postoperative PCEA. This
study reported that patients in the non-intracostal group had
significantly lower PCEA analgesia consumption, VAS scores
at rest and with coughing, and observer verbal ranking scale
(OVRS) compared to the other group. The investigators con-
cluded that thoracotomy closure that further avoided intercos-
tal nerve injury (by approximating ribs through superior and
inferior holes drilled in them) significantly decreased post-
thoracotomy pain [12].

The studies described above are similar to the one pre-
sented in this paper. These studies suggest that avoidance of in-
tercostal nerve compression should reduce postoperative pain
and that greater effort to avoid intercostal nerve compression
may have additional benefit. However, these findings were not
reproduced in our study, with both the intracostal and pericos-
tal groups showing similar pain-related outcomes. Of impor-
tance, it should be noted that none of these studies took pain-
related measures or quality of life metrics into consideration.

Limitations

Our study was limited by its small sample size, as well as due
to difficulty recruiting a sample size due to the above-men-
tioned reasons. There also may have been uncontrolled but
significant differences between the intracostal and pericostal
study populations. A much larger sample size would be re-
quired to determine the significance of the two thoracotomy
closure techniques on pain outcomes.

Conclusions

In conclusion, we present the results of a double-blinded ran-
domized controlled trial comparing pain and pain-related dis-
ability outcomes after either pericostal or intracostal rib ap-
proximation techniques for posterolateral thoracotomy. The
pericostal and intracostal closure groups were comparable.
There was no significant difference between the demographic
data and pain catastrophization of these groups in the preoper-
ative period. A uniform anesthetic and surgical technique was
delivered to both groups. Ultimately, no significant difference
was found between the rib approximation groups regarding
opioid consumption, pain intensity, or pain-related disability
measures. Our results suggest that during thoracotomy, inter-
costal nerve injury and nociception that occur prior to rib ap-
proximation may be of greater significance to pain and pain-re-
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lated disability outcomes than the rib approximation technique
alone. However, given the complexity of post-thoracotomy
pain and varying findings from other studies, strategies aimed
at protecting the intercostal nerve and removing its contribu-
tion deserve future investigation.
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