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Introduction

Endoscopic surgery is a less invasive approach than conven-
tional surgery that reduces postoperative pain.1Video-assisted
thoracic surgery (VATS) has been widely performed to treat
lung cancer.1 Several technical approaches, including pure
VATS and hybrid VATS, have been applied depending on the

facilities and surgeons1; however, a few reports have evaluated
the differences in postoperative pain between pure and hybrid
VATS approaches.

Postoperative pain is commonly evaluated in a subjective
manner by assessments, such as the numerous rating scale
(NRS), visual analogue scale, or pain scale. While these
assessments are convenient and widely used, they have an
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Abstract Background Postoperative pain is commonly evaluated using the numerous rating
scale (NRS), visual analogue scale, or pain scale; however, these assessments are easily
affected by various subjective factors. We measured the degree of postoperative chest
pain among different thoracic surgery approaches using NRS and electrical stimulation
measurements.
Methods Seventy patients who underwent lobectomy or segmentectomy were
enrolled. Concomitant with NRS, pain scores were quantitatively measured on postop-
erative day 2 using an electrical neurostimulator to compare the degree of pain among
three different surgical approaches: pure video-assisted thoracic surgery (VATS), hybrid
VATS, and conventional thoracotomy. The risk factors associated with postoperative
pain were also analyzed.
Results Thirty patients underwent lung resectionwith pure VATS,while 30 had hybrid VATS,
and 10 had conventional thoracotomy. Among the three surgical approaches, analyzing the
pain score indicated statistically significant differences (pure, 159.50 � 26.22; hybrid,
269.36 � 30.49; thoracotomy, 589.40 � 141.11; p ¼ 0.003); however, NRS did not obtain
a statistically significant difference between the three approaches (pure, 4.26 � 0.27; hybrid,
4.96 � 0.30; thoracotomy, 5.50 � 0.68; p ¼ 0.105). Amultivariate analysis showed that the
surgical approach was an independent risk factor for postoperative pain as determined by the
pain score (pure vs. hybrid, p ¼ 0.076; pure vs. thoracotomy, p < 0.001).
Conclusion For lung surgery, the differences in surgical approach were an indepen-
dent risk factor for postoperative pain. In the early postoperative period, pure VATS was
shown to be the least painful of the three surgical approaches.
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upper limit regarding the pain scale, and the outcomes are
easily affected by race, sex, age, psychological factors, and
other factors.2 Therefore, considerable individual variation
exists regarding the evaluative criteria for pain, making
comparisons with other individuals difficult. In addition, it
is uncertain whether the surgical approach is the only cause
of postoperative pain; various factors, such as the type of
drain and operating time, may also be associated with post-
operative pain.

To address some of these questions, using electrical stim-
ulation (Pain Vision, Nipro, Osaka, Japan), a pain score was
used to quantitatively measure postoperative pain, so as to
determine the magnitude of pain in a new way, involving
painless electrical stimulation without an upper pain scale
limit. Electrical stimulation is not easily influenced by other
factors and can measure pain more accurately than conven-
tional tools. In addition, previous studies have shown that
electrical stimulation is useful for the quantitative evaluation
of sensory nerve fibers associated with postoperative chest
pain,2 diabetic neuropathy,3 postherpetic neuralgia,4

peripheral nerve injury,5 lumbar radiculopathy,6 and chronic
sciatica.7 In this study, we compared the degree of postoper-
ative chest pain among different surgical approaches, includ-
ing two types of VATS, and investigated the risk factors for
postoperative pain.

Patients and Methods

Ethics Statement
This study was approved by the National Hospital Organiza-
tion Kure Medical Center and Chugoku Cancer Center Insti-
tutional Review Board Ethics Committee (approval number:
23–46) that waived the requirement for the provision of
written informed consent from individual patients.

Study Population and Surgical Procedures
Between June 2010 and May 2013, 80 patients underwent
lobectomy or segmentectomy via one of the three different
surgical approaches. The parameters for each approach
were precisely defined. Pure VATS was performed via a 3
to 4 cm access thoracotomy without a rib retractor. During
this type of surgery, the operative field of view was strictly
accessed via a single monitor without enlarging the inter-
costal space to reduce operative stress on the chest wall.
Three other 0.5 to 1.0 cm ports were used for assistance and
scope.1,8 Hybrid VATS was performed via a 6 to 8 cm
anterolateral muscle-sparing small thoracotomy without
a rib retractor. The intercostal muscle was dissected almost
the same length as for conventional thoracotomy. This type
of surgery was performed using both television monitoring
and direct visualization that uses the thoracoscope as a
light source.9 Conventional thoracotomy group was per-
formed via a > 8 cm skin incision in an anterolateral
thoracotomy using a rib spreader. The latissimus dorsi
was partly divided, if necessary, and the serratus anterior
muscle was split.

In addition, regarding closure of the thoracotomy, the
procedure was different for each approach. For pure VATS

and hybrid VATS, the access thoracotomy was closed without
suturing of ribs; however, for conventional thoracotomy, both
sides of the ribs were sutured together to narrow the inter-
costal space.

The surgical approach was chosen using the following
criteria: pure VATS was performed for patients with a small-
sized lung cancer (tumor size < 30 mm) but without any
clinical lymph node metastases; conventional thoracotomy
was performed for patients requiring complicated procedures
for treating locally advanced lung cancer; hybrid VATS was
performed for patientswith other types of lung cancer or those
requiring segmentectomy. Patients who underwent wedge
resection were excluded because most wedge resections
were performed via pure VATS, giving the potential for bias.
In addition, patients who underwent pneumonectomy or
extended resections (e.g., chest wall resection) were also
excluded because these procedures often require larger
incisions and further invasiveness.

In our institution at the time, Blake drain (Ethicon,
Somerville, NJ) was our standard instrument for chest
drainage; however, for patients with a high risk of postop-
erative air leakage or hemorrhage, a flat type drain (Sumi-
tomo Bakelite, Tokyo, Japan) was preferred.

Management of Postoperative Pain
All patients were administered with a continuous infusion
of 0.2% ropivacaine (200 mL) plus fentanyl (300 μg) through
a patient-controlled epidural analgesia pump after surgery
until postoperative day (POD) 2. The epidural analgesia was
stopped in 29 patients on POD 1 because they developed
adverse effects such as nausea, vomiting or low
blood pressure (12 [36%], 12 [34%] and 5 [41%] in the
pure VATS, hybrid VATS, and thoracotomy groups, respec-
tively). In addition, all patients were administered with a
nonsteroid anti-inflammatory drug from POD 1, and pre-
gabalin or tramadol was added as required after pain
assessment.

Measurement Procedure of Postoperative Pain
The degree of postoperative pain was evaluated by NRS and
the pain score was determined by electrical stimulation.
The NRS is more frequently applied in clinical practice as it
is an established, reliable, and valid measure of pain
intensity.10–12 For the NRS, the patients rated their pain
on a scale of 0 to 10 either verbally or by placing a mark on a
line indicating their level of pain. Zero indicated the ab-
sence of pain, while 10 represented the most intense pain
possible.

Electrical stimulation delivers a sinusoidal constant
alternating current (50 Hz; 0–250 μA, pulse width, 0.5
milliseconds). To eliminate individual differences resulting
from factors, such as contact with electrodes, skin condi-
tions, and sensory nerve distribution, different types of
current perception thresholds (CPT) were measured. The
first was the minimum perception threshold (MPT), at
which a patient starts to perceive the current applied to a
normal forearm. The second was the pain equivalent
threshold (PET), which is the current threshold that a
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patient perceives as equivalent in strength that of the
postoperative pain, causing the patient to worry. The
pain score was calculated as follows: (PET – MPT) / MPT.
If no pain existed, this value was 1 and increased with the
degree of pain, without an upper limit.

Concomitant with the NRS, the pain score was measured
on POD 2. As the degree of postoperative pain needs to be
assessed under identical condition, we stopped the admin-
istration of analgesic medications 8 hours and epidural
anesthesia 2 hours before the measurement, and a single
chest drainage tube was placed for all patients (►Fig. 1).
Patients who used analgesic medications because of the
unbearable pain on POD 2, 8 hours after stopping adminis-
tration of analgesic medications and 2 hours after stopping
epidural anesthesia, were excluded because each score
might have been underestimated. The pain score and NRS
were compared among pure VATS, hybrid VATS, and con-
ventional thoracotomy. In addition, the risk factors related
to postoperative pain as determined by the pain score were
also analyzed.

Statistical Analysis
Data were summarized and are presented as numbers, medi-
an (25–75% interval), or means � standard deviation. Cate-
gorical variableswere compared using the χ2 test. Continuous
variables were compared using the two tests: the Kruskal–
Wallis test is for comparison of two independent groups and
theMann–WhitneyU test is for comparing three independent
groups. Variables that had a p value of < 0.2 upon a univariate
analysis were considered for a multivariate linear regression
for pain score to identify the risk factors for postoperative

pain. Data were analyzed using JMP statistics software
(Version 9.0, SAS Institute, Inc., Carty, NC, USA).

Results

Of the 80 patients, 33 underwent pure VATS, 35 underwent
hybrid VATS, and 12 underwent conventional thoracotomy. In
this study, no patients converted from VATS approach to con-
ventional thoracotomy. For those patients who used analgesic
medications because of the unbearable pain on POD 2, 8 hours
after stopping administration of analgesic medications and 2
hours after stopping epidural anesthesia, the NRS and pain score
were not measured; these patients included 3 (9.1%) for pure
VATS, 5 (14.3%) for hybrid VATS, and 2 (16.7%) for conventional
thoracotomy. A total of 70 patients had their postoperative pain
measured using theNRS andpain score. The characteristics of 70
patients are summarized in►Table 1. More females underwent
pure VATS than the other two surgical procedures. Flat drains
wereusedmore frequently for patientsundergoing conventional
thoracotomy.

The median pain score measured by electrical stimula-
tion was 202 (25–75% interval, 87–368). The median NRS
was 5.0 (25–75% interval, 4–9). Regarding the pain score, a
statistically significant difference among the three surgical
approaches was revealed (pure VATS, 159.50 � 26.22;
hybrid VATS, 269.36 � 30.49; conventional thoracotomy,
589.40 � 141.11; p ¼ 0.003) (►Fig. 2A). Differences in NRS
among the three approaches did not reach statistical sig-
nificance (pure VATS, 4.26 � 0.27; hybrid VATS,
4.96 � 0.30; conventional thoracotomy, 5.50 � 0.68;
p ¼ 0.105) (►Fig. 2B).

Fig. 1 Pain Vision (arrow) was used to measure postoperative chest pain by assessing current perception threshold (CPT) on POD 2.
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The pain score tended to be higher for patients who were
older, were female, had hybrid VATS, had conventional thoracot-
omy, had segmentectomy, or were using flat drains (as com-
pared with Blake drains); in contrast, the NRS did not
significantly differ for differences among these parameters
(►Table 2). A multivariate linear regression for pain score
analysis is summarized in ►Table 3. The model intercept of
estimated regression coefficient was 25.04. Adjusted R-squared
was 0.308.Open thoracotomywas a significant independent risk
factor for postoperative pain (p < 0.001) (►Table 3). In addition,
pure VATS tended to result in lower postoperative chest pain
than hybrid VATS (p ¼ 0.076).

Discussion

This study showed that postoperative chest pain after pure
VATSwas the lowest of the three different surgical approaches
as assessed by electrical stimulation, whereas assessment by
NRS did not reveal statistically significant differences among
the three approaches. In addition, the surgical approachwas a
significant independent risk factor for postoperative pain. Of
the two VATS methods, although a statistically significant
difference was not detected, postoperative chest pain tended
to be lower for patients who underwent pure VATS than in
hybrid VATS.

Table 1 Patient characteristics

Pure Hybrid Thoracotomy p-Value

n ¼ 30 (%) n ¼ 30 (%) n ¼ 10 (%)

Age � 70 14 (46.7) 13 (43.3) 4 (40) 1

Sex 0.925

Male 16 (53.3) 22 (73.3) 7 (70)

Female 14 (46.7) 8 (26.7) 3 (30)

Presence of diabetes 4 (13.3) 3 (10) 2 (20) 0.711

Pathological diagnosis < 0.001

Adenocarcinoma 25 (83.3) 20 (66.7) 2 (20)

Squamous carcinoma 2 (6.7) 6 (20) 8 (80)

Others 3 (10.0) 4 (13.3) 0 (0)

Surgical procedure 0.015

Lobectomy 28 (93.3) 21 (70) 10 (100)

Segmentectomy 2 (6.7) 9 (30) 0

Type of drain < 0.001

Blake drain 28 (93.3) 22 (73.3) 3 (30)

Flat drain 2 (6.7) 8 (26.7) 7 (70)

Operating time > 180 min 23 (76.7) 19 (63.3) 8 (80) 0.421

Fig. 2 The relationship among the pain score (A), NRS (B), and surgical approaches.
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Previous reports have shown that VATS contributed to a
reduction in postoperative pain,1,13–17 which is consistent
with the results of our study. In addition, the proportion of
patients who were excluded from the NRS and pain score
assessments in this study because of the administration of
analgesics for intolerable painwas lowest for pure VATS among
the three approaches, indicating that postoperative chest pain
with pureVATSwas lower than thatwith theother approaches.
These findings might be explained by differing degrees of
intercostal nerve injury that depends on the length of the
intercostal muscle dissection and the rib retractor use. The
difference in postoperative pain between patients who under-
went the hybrid and pure VATS is explained by the larger
intercostal muscle resection with hybrid VATS. The preserva-
tion of the intercostal nerves has been shown to reduce
postoperative pain.18,19Differential use of a rib retractor could

also account for differences in postoperative pain among the
different surgical approaches. Further, several reports have
shown that the use of a rib retractor induces intercostal nerve
damage because of direct ischemic injury and stretch injury,
causing post-thoracotomy pain.2,20,21

Electrical stimulation can evaluate sensory nerve fibers
quantitatively and selectively.2 This method was applied for
measuring pain associated with diabetic neuropathy3 and
chronic sciatica,7 showing that the Aβ and Aδ fibers play a
significant role in the development of intercostal nerve
damage.2 In the same way, the pain score can also help
quantify peripheral nerve dysfunction by measuring detec-
tion thresholds for constant current stimulation. The sensi-
tivity of this instrument revealed a statistically significant
difference in postoperative pain between the three surgical
approaches. The NRS did not significantly differ among the

Table 2 Univariate analysis for risk factors of postoperative chest pain

Factors NRSa p Value Pain scoreb p-Value

Age 0.971 0.094

< 70 4.67 � 1.71 276.70 � 28.56

� 70 4.82 � 1.75 257.83 � 60.19

Sex 0.315 0.098

Male 4.58 � 1.88 255.55 � 43.39

Female 5.02 � 1.35 290.40 � 37.36

Diabetes 0.469 0.544

Yes 4.22 � 1.92 301.67 � 69.47

No 4.81 � 1.69 263.03 � 33.98

Side 0.922 0.436

Right 4.72 � 1.77 287.76 � 59.78

Left 4.76 � 1.66 263.03 � 31.69

Surgical approach 0.105 < 0.001

Pure VATS 4.26 � 1.48 159.50 � 26.22

Hybrid VATS 4.96 � 1.69 269.36 � 30.49

Conventional thoracotomy 5.50 � 2.17 589.40 � 141.11

Surgical procedure 0.474 0.032

Lobectomy 5.09 � 1.22 272.04 � 35.41

Segmentectomy 4.67 � 1.79 341.72 � 44.89

Type of drain 0.904 0.007

Blake drain 4.69 � 1.60 214.73 � 24.95

Flat drain 4.88 � 2.08 434.05 � 90.93

Operating time 0.391 0.160

< 180 min 4.42 � 1.63 196.75 � 41.17

� 180 min 4.87 � 1.75 296.50 � 39.37

Amount of blood loss 0.513 0.985

< 100 g 4.59 � 1.72 241.61 � 30.87

� 100 g 4.89 � 1.72 295.94 � 54.49

Abbreviation: NRS, numerous rating scale; VATS, video-assisted thoracic surgery.
aNumerous rating scale.
bPostoperative chest pain measured using electrical stimulation.
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three approaches. In addition, theNRS of the VATS groupswas
relatively higher in this study, than in the previous
studies,13,22 perhaps because of the following reasons. Post-
operative pain was assessed after stopping pain therapy
including epidural anesthesia, whereas such pain was evalu-
ated without stopping pain therapy in previous studies.
Obtaining reliable results from the small sample of patients
in this study was difficult because various factors affected the
NRS. In fact, this conclusion should be interpreted with care
considering that the power and required sample size for NRS
were 0.53 and 132, respectively. As previous studies have
found that NRS assessments of pain significantly differ among
surgical approaches,13–16 the difference in NRS might reach
significance with a larger patient cohort in this study.

Our study demonstrated that the surgical approach was a
significant independent risk factor for postoperative chest
pain as determined by the pain score. These findings also
indicate that early postoperative chest pain was largely
attributed to intercostal nerve damage. Although several
investigators have evaluated the differences in postoperative
chest pain among approaches,13–17 postoperative pain might
be affected not just by the surgical approach but also by other
factors such as age, sex, surgical procedure, operating time, or
drain type. This study revealed that these factors were not
independent risk factors for postoperative chest pain. As the
pain score measured theminimum electrical stimulation that
patients sense as pain, individual differences in pain

sensation caused by factors, such as age or sex, may not
have confounded the results.

In this study, we measured postoperative pain only on
POD 2 when all patients had a chest drainage tube because
we routinely removed the chest drains after POD 2; therefore,
the degree of postoperative pain was assessed under identi-
cal conditions for all eligible patients. In addition, epidural
analgesia, which is known to be one of the most effective
methods for pain control after thoracic surgery,23–25 was
generally ceased on POD 2. We considered that an assess-
ment of postoperative pain on POD 2 was important for
clinical outcomes. If postoperative pain is severe during this
period, effective coughing, deep breathing, and movement
can be inhibited, which could lead to delayed recovery after
surgery.

This study had several limitations. While the data were
prospectively collected, this studywas not a randomized trial.
As the surgeons conducted the chest painmeasurements, this
study was not blinded; therefore, this might have led to a
potential bias in this study. The number of patients was small
and differed among the groups. Since the patients decided on
the use of analgesic medications, this study depended partly
on the patient choice, so the statistical accuracy might be
weak. Moreover, this study did not evaluate pain in the late
postoperative period, complications, or the duration of hos-
pital stays. However, none of the patients had a prolonged
hospital stay because of uncontrollable chest pain.

Table 3 Multivariate linear regression analysis for the risk factors of postoperative pain measured by pain score

Factors Estimated
regression coefficient

95% CI p-Value

Age

< 70 y reference

� 70 y 13.74 �97.67 to 125.16 0.806

Sex

Male reference

Female 85.63 –27.99 to 199.25 0.137

Surgical approach

Pure VATS reference

Hybrid VATS 113.37 �2.45 to 239.20 0.076

Conventional thoracotomy 427.91 241.28 to 614.53 < 0.001

Surgical procedure

Lobectomy reference

Segmentectomy 92.88 �62.30 to 248.07 0.236

Type of drain

Blake drain reference

Flat drain 31.42 �122.71 to 185.55 0.685

Operating time

< 180 min reference

� 180 min 104.09 �25.83 to 234.00 0.114

Abbreviations: CI, confidence interval; VATS, video-assisted thoracic surgery.
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In summary, the results of this study indicate that the
surgical approach used in lung cancer treatment was an
independent risk factor for postoperative chest pain. Patients
who had undergone pure VATS experienced the least pain on
POD 2. Although, additional studies with larger number of
patients that include analyses on other postoperative days
and the relationship between the degree of postoperative
pain and complications are necessitated to evaluate clinical
differences in surgical invasiveness among different surgical
approaches; these findings can help in the management of
postoperative pain after thoracic surgery.
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