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Background: Thoracoscopic surgery (TS) has been performed as a minimally invasive pro-
cedure since the beginning of the 1990s. This has led to a dramatic change in the postoperative
condition of these patients, facilitating early ambulation and easier management of postoperative
pain. However, empirical evidence on postoperative pain management after TS is limited. The
aims of this study were to determine the efficacy and adequacy of postoperative analgesic medi-
cations and to simplify the choice of additional drugs based on a numerical rating scale (NRS).
Materials and methods: A retrospective study of patients who underwent TS was performed
to evaluate postoperative pain, analgesia requirements, and the number of drugs needed during
the perioperative period based on the NRS score.

Results: Of the 524 patients, mild pain was noted in 87% patients on the day of the operation
and in 75.6% patients on ambulation. The mean NRS score was 1.83£1.49 on the day of the
operation and 2.73%1.75 on ambulation. An NRS score of 3 on both the day of operation and on
ambulation was defined as the necessary condition for improved pain management. Multivariate
analysis showed that high surgical stress significantly influenced pain scores. Reduction in pain
with an NRS score of 21 was significant with the addition of pentazocine hydrochloride (»p<0.01)
and flurbiprofen (p<0.01). Interestingly, the addition of tramadol was borderline efficacious
(»p=0.05) in patients with an NRS score of >3 on ambulation.

Conclusion: A small number of patients have moderate-to-severe pain after TS. Tramadol dem-
onstrated borderline efficacy in controlling postoperative intense pain with an NRS score of >3.
Keywords: tramadol, thoracoscopic surgery, ambulation, NRS, postoperative pain

Introduction

Early ambulation after thoracoscopic surgery (EATS) based on the concepts of enhanced
recovery after surgery (ERAS) was introduced to our institution from June 2013 with the
dual purpose of improving patient confidence in perioperative restoration and preventing
postoperative complications.! Although the clinical outcomes of pain management after
surgery were technically influenced by EATS, which has been widely studied, there is
a paucity of relevant information on early and definite pain management in the ward.
This includes postoperative analgesic requirements, adequate number of analgesic
medications, and the efficacy of each drug for further pain management.>?

The current tendency to use non-opioid drugs for perioperative analgesia as a sub-
stitute for opioids has been emphasized.* ¢ Opioid-related adverse events contribute to
the failure of early ambulation and delayed discharge.* Interestingly, some authors report
that thoracoscopic surgery (TS) could be safely performed in lung cancer lobectomy
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patients and seemed to reduce postoperative complications
and length of hospital stay.” Das-Neves-Pereira et al” reported
that their analgesia method for first-track rehabilitation was
the oral administration of opioid-free analgesic drugs in com-
bination with thoracic epidural patient-controlled analgesia.
In our EATS program, we usually manage postoperative
pain by intraoperative intercostal nerve block alone. Oral
administration of opioid-free medications was minimized
during the perioperative period.

A detailed analysis of analgesia drugs for patients who
underwent TS has not been described. In this study, the
primary aim was to investigate the most effective analgesia
drugs in the clinical course of our population and to simplify
the choice of alternative medications corresponding to a
numerical rating scale (NRS) score.

Materials and methods
EATS

In wards, EATS is worth the early physical exercise. Once
the patient is fully awake, subsequently pain and vital signs
are under control, EATS protocol is started 2—4 hours after
operation. Then, patients are accommodated in seated posi-
tion and immediately encouraged the physical exercises
and deep breathing for 10 minutes. If patients had no severe
symptoms, the patients were stimulated to walk around the
thoracic surgical ward with the nursing staff and thoracic
surgeons. The sufficient pain management could play a key
role in EATS.

Patients

We performed a retrospective analysis on 524 patients who
underwent TS at Aichi Cancer Center between June 2013 and
March 2016. This series included consecutive patients who
were preoperatively selected for inclusion to the EATS pro-
tocol. The selection criteria for EATS included TNM clinical
stage A lung cancers, pulmonary metastasis, any lung cancer
stage in a patient >75 years old, can possibly tolerate general
anesthesia, and provision of informed consent for EATS.®
Patients were followed-up for 4 days after the TS in order to
evaluate the adequacy of postoperative pain management.
Patient’s pain was evaluated using NRS graded from O to 11
(the worst pain imaginable). Serial monitoring (eight to 12 per
day) of NRS score was assessed through completion of the
questionnaire by nursing staff in the thoracic specific ward.
These data were especially drawn a parallel before and after
the analgesics administered postoperatively, on ambulation
in the wards, and until discharge.

Because individual patients were not identified, the insti-
tutional review board of Aichi Cancer Center approved this
study without the requirement of obtaining informed consent
(No.2016-1-051). The patient records and information were
anonymized prior to analysis.

Analgesics protocols

Intraoperative course

Intraoperative intercostal nerve block using ropivacaine
hydrochloride hydrate (0.2% at 20 mg/kg body weight)
was performed without epidural anesthesia or paravertebral
block (PVB).’

Postoperative course

Following extubation and awakening from anesthesia,
patients were transferred to the thoracic specific ward where,
according to the defined protocol to use analgesics by the
thoracic surgical team, the nursing staff administered oral
loxoprofen 180 mg/day after the confirmation of reliable oral
intake immediately. Additional analgesics as following based
on repeated assessment of NRS pain scores were provided
by the judgments of nursing staff, if the patients wanted to
reduce the postsurgical pain: intravenous drip (pentazo-
cine [15-30 mg/day], flurbiprofen [50-150 mg/day]), oral
administrations (tramadol [25-100 mg/day] and pregabalin
[75-150 mg/day]), and suppository (diclofenac [S0—200 mg/
day]). For the requirement of the further painkilling release,
the nursing staff corresponded to the dose escalation of previ-
ous medication or an additional new analgesic for synergy
effect (Figure 1).

This variety of management choices potentially detracts
from the reliability of the results regarding pain scores and
rate of usage of additional analgesics. Therefore, the aims
of this retrospective study were to determine the efficacy
and adequacy of postoperative analgesic medications and
to clarify the most effective additional analgesics based on
an NRS.

Statistical analysis

Data were analyzed using SPSS software (version 17.0;
SPSS Inc., Chicago, IL, USA). We investigated the NRS
score to identify the ideal necessary situation of more than
two analgesic drugs using receiver operating characteristic
(ROC) curves and measured areas under the receiver operat-
ing characteristic curves (AUROC:). Differences between
two groups were assessed using the Mann—Whitney U-test.
Multiple logistic regression analysis was performed to
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Loxoprofen (60) 3 tablets/day
postoperative days

\

If patients wish additional medication, ward staff could choose the analgesic
from the following medications according to their judgment:

\

Intravenous drip
Pentazocine 15-30 mg/day
Flurbiprofen 50-150 mg/day

Oral administration
Tramadol 25-100 mg/day
Pregabalin 75-150 mg/day

Suppository
Diclofenac 50—200 mg/day

according to the situation

If patients wish further additional medication, ward staff could select the remnant drugs

Figure | Postoperative course of postoperative pain after TS in our hospital.
Abbreviation: TS, thoracoscopic surgery.

assess the effect of several factors on postoperative pain.
Statistical significance was considered to be achieved at
p<0.05.

Results

The clinical characteristics of the 524 study patients are
summarized in Table 1. The median age was 66 years
(range, 19-87 years), and the proportion of men was 52.1%
(273/524). The surgical procedures performed were lobec-
tomy and segmentectomy in 67.6% patients (four-port TS,
maximum incision of 30 mm) and wedge and mediastinal
tumor resection in 32.4% patients (three-port TS, maximum
incision of 20 mm). Mean operative time was 18381 min-
utes; 11.6% of patients had >1 mL of bleeding per kilogram
body weight.

Individual pain scores were classified as no and mild
(0-3/10), moderate (4—6/10), and severe (7-10/10). Inci-
dence of mild pain was 87.0% (n = 456) on the day of
operation, 75.6% upon ambulation, and 89.9% on settling
(n = 471; Figure 2A). Mean NRS score was 1.83%+1.49
on the day of operation, 2.73£1.75 upon ambulation,
and 1.87x1.33 on settling, after several analgesic drugs.
In our hospital, all patients who underwent open thora-
cotomy received PVB. However, the mean NRS score
was 3.05x1.51 upon ambulation in the patients with open
thoracotomy, which was significantly higher than in those
with TS (p<0.01).

Further investigation of the optimal cutoff value of NRS
score that necessitated administration of a third analgesic
drug was performed. As shown in Figure 2B, the AUROCs
was 0.69 (95% CI: 0.64—0.75) on the day of operation, 0.74

Table | Patient characteristics

Value

65.5+11.3 (19-87)

Variables (n = 524)

Age (years)
Mean2SD (range)

Male/female

Ratio 273/251 (52.1%)
Respiratory function
<70/>70 (ratio)

Procedure/operative time

54/470 (10.3%)

Lobectomy/segmentectomy, operative
time (minutes)

Ratio

MeantSD (range)
Wedge/mediastinal resection, operative

354 (67.6%)
224.2+60.7 (59-487)

time (minutes)
Ratio
MeanzSD (range)
Body mass index
Mean+SD (range)
Bleeding/body weight
>|/<1 (ratio)
Placement of drainage tube
MeanzSD (range)

170 (32.4%)
99.9+46.2 (34-323)

22.4+3.6 (19.7-44.1)
61/463 (11.6%)

1.3+1.4 (0-12)

(95% CI: 0.69—0.78) upon ambulation, and 0.63 (95% CI.:
0.57-0.68) on settling after medications.

There was a moderate correlation between number of
necessary analgesic drugs and NRS on ambulation (r=0.451,
p < 0.01; Figure 3A). Reduction in pain with NRS score
>1 was significant with the addition of pentazocine hydro-
chloride (p<0.01) and flurbiprofen (p<0.01; Figure 3B). In
addition, we identified the most effective additional analgesic
drug for the 253 patients (47.8%) with NRS score of >3 upon
ambulation. Significant differences were observed in the
efficacy of desirable pain control regarding dramatic NRS

Journal of Pain Research 2017:10

submit your manuscript

2645

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Kuroda et al Dove

A B
300 1.0
2
%0 0.8
B2]
c
@ 200
® > 06
2 0.
2 s
© 150 D
2 o
[= N 04
=}
= 100
0.2
50
0 0.0
0 T2 3 4 5 6 7 8 9 10 0.0 0.2 0.4 0.6 0.8 1.0

Maximum NRS score
1 — specificity

Figure 2 Postoperative pain after TS.

Notes: (A) Distribution of the maximum NRS score for pain on postoperative day (blue), upon ambulation (red), and on settling after medications (black). (B) ROC curve
analyses for pain on postoperative day (blue), upon ambulation (red), and on settling after medications (black dotted). Arrows indicate the cutoff values.

Abbreviations: TS, thoracoscopic surgery; NRS, numerical rating scale; ROC, receiver operating characteristic.
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Figure 3 Number and efficacy of analgesic drugs for postoperative pain after TS.

Notes: (A) Correlation between the number of analgesic drugs and the NRS score (r=0.451, p<0.01). (B) Comparison of the need for additional diclofenac, tramadol,
pentazocine, pregabalin, and flurbiprofen to reduce pain with an NRS score of >1. (C) Comparison of the need for additional diclofenac, tramadol, pentazocine, pregabalin,
and flurbiprofen to reduce pain with an NRS score of 23 upon ambulation dramatically.

Abbreviations: TS, thoracoscopic surgery; NRS, numerical rating scale; In, including the applicable analgesic, Ex, excluding the applicable analgesic.

score reduction of 23; tramadol had a borderline tendency  stress group; lobectomy/segmentectomy) were significantly
of efficacy as an additional prescription (p=0.05; Figure 3C).  influenced in the patients with NRS score of 23 upon ambu-
Multivariate analysis showed that procedures (high surgical  lation (Table 2).
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Table 2 Multivariate analysis in patients with an NRS score of
>3 on ambulation

p Odds 95% ClI
ratio
Age (years) 0.69 0.99 0.98-1.01
Gender (male) 0.34 1.20 0.82-1.75
FEV, 0.73 1.00 0.98-1.03
Procedure (lobectomy/segmentectomy)  <0.01* 1.84 1.24-2.75
Bleeding/body weight (>1 mL/kg) 0.48 0.8l 0.44-1.47
BMI 0.64 0.98 0.94-1.04
Placement of drainage tube 0.50 0.96 0.84-1.09

Note: *p<0.05.
Abbreviations: NRS, numerical rating scale; Cl, confidence interval; FEVI, forced
expiratory volume in | second; BMI, body mass index.

Discussion

In this study, we included a study population of >500 patients,
the largest among previous studies on postoperative pain after
TS. Furthermore, we believed that the actual postoperative
pain scale was accurately reflected, because only intercostal
nerve block was used during the intraoperative course. Our
study revealed that pain after TS was not robust in compari-
son with that after open thoracotomy, at a mean maximum
NRS score of 2.73 on ambulation. Although all patients with
open thoracotomy used PVB, the mean maximum score on
ambulation showed lower score after TS than those after open
thoracotomy (p<0.01).

The primary aim of this study was to simplify postopera-
tive pain management, especially in a ward setting in which
the protocol for titration of medications for pain control is
performed by nursing staff. Certainly, postoperative pain
would appear to be less after TS compared with after thora-
cotomy; nevertheless, surgical trauma during TS may cause
postoperative pain that usually lasts for the first 3—4 days until
surface reepithelialization occurs.? In our ward, all patients
received oral administration, with 180 mg of loxoprofen
per day after oral intake of water and either nonsteroidal
anti-inflammatory drugs (NSAIDs) or others as additional
analgesic drugs were altered by the nursing staff depending
on patient requirements. As shown in Figure 3B, additional
pentazocine hydrochloride and flurbiprofen significantly
reduced pain with an NRS score of >1. Therefore, these two
drugs might suffice in improving postoperative analgesia;
however, additional medications were needed to reduce severe
pain (NRS score > 3) on ambulation dramatically.

In this study, patients who needed careful treatment were
those who required more than two analgesic prescriptions
(26.7%) and those with moderate-or-severe pain on the day
of operation (13.0%) and upon ambulation (24.4%). Interest-
ingly, our study postulated that tramadol could be effective

as an additional analgesic drug compared with NSAIDs in
patients with severe postoperative pain (NRS score > 3), but
not as significantly as for general clinical use. This study
showed that the surgical stress had a significant influence
for this pain (Table 2). According to previous reports on
the perioperative period, the use of tramadol was influenced
by pain intensity after surgical treatment for breast cancer
and after hemicolectomy.!®!! Similar to this study, the latter
authors did not use a visual analog scale to evaluate the influ-
ence of tramadol on postoperative pain intensity.'' Therefore,
tramadol might be administered for pain prevention or for
severe postoperative pain refractory to NSIADs. We believe
this to be relevant to the intension given to the local strategy
developed by the small population of refractory uncontrolled
postoperative pain cases observed.

Tramadol targets two types of postoperative pain: nocicep-
tive and neuropathic pain (intercostal neuralgia). After surgical
incision, the first pain sensation is usually nociceptive; there-
fore, one might question the use of NSAIDs, known to trigger
potential intercostal neuralgia.'>!* In another prospective and
randomized study of 34 patients, pregabalin was considered
as an effective and safe drug for the treatment of pain after
thoracotomy.'* Several authors have described the superior
effects of pregabalin for neuropathic pain.'*" In our study,
pregabalin was used in few patients, but reduction in pain
intensity by NRS was negligible. In addition, we considered the
possibility that tramadol exerts similar effects with pregabalin
in terms of targeting both nociceptive and neuropathic pain.
Despite advances, intercostal neuralgia remains a frequent
reason for persistent postsurgical pain 3 months after hospital
discharge.''Recently, several authors have reported that acute
postoperative pain progressed to chronic pain in 11-21 patients
after TS.!!7 Optimal control of potential intercostal neuralgia
might be pivotal to heighten long-term outcome referring to
postsurgical satisfaction as a result of preventing persistent pain.

Some limitations of this study should be taken into
consideration when interpreting the results. First, the retro-
spective and single institutional design may have imposed
patient selection bias. Second, we used a concise and widely
used NRS score to measure postoperative pain. However, it
is important to note that NRS score may vary among patients
and circumstances.'® In addition, the NRS pain score inad-
equately represents the complexity and idiosyncratic nature
of the pain experience or improvements owing to symptom
fluctuations.!” Nevertheless, our study had several strengths:
1) sufficient statistical power with a larger sample; 2) the
frequent assessment of pain scores in order to reflect postop-
erative pain accurately, especially during the early phase; and
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3) our nursing staff during this study period tended to prefer
oral administration or diclofenac suppositories to intravenous
drip of pentazocine hydrochloride and flurbiprofen. Further
accumulated data must be required to clarify whether our
results were representative of those in multiple institutions.

Conclusion

A small number of patients had moderate-to-severe pain after
TS, and these patients were frequently permitted to tolerate
postoperative pain without adequate analgesia. Additional
pentazocine hydrochloride and flurbiprofen significantly
reduced postoperative pain with an NRS score of 21, whereas
tramadol had a borderline efficacy in reducing postoperative
pain with an NRS score of 23. Our study suggested the pos-
sibility that tramadol contributed to the effective postopera-
tive pain management in the TS patients without PVB or
epidural anesthesia.
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