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Background: Effective postoperative pain control for thoracic surgery is very important, not only because
it reduces pulmonary complications but also because it accelerates the pace of recovery. Moreover, it
increases patients’ satisfaction with the surgery. In this study, we present a simple approach involving the
safe placement of intercostal catheter (ICC) after single port video-assisted thoracoscopic surgery (VAT'S)
anatomic resection and we evaluate postoperative analgesic function with and without it.

Methods: We identified patients who underwent single port anatomic resection with ICC placed
intraoperatively as a route for continuous postoperative levobupivacaine (0.5%) administration and
retrospectively compared them with a group of single port anatomic resection patients without ICC.
The operation time, postoperative day 0, 1, 2, 3 and discharge day pain score, triflow numbers, narcotic
requirements, drainage duration and post-operative hospital stay were compared.

Results: In total, 78 patients were enrolled in the final analysis (39 patients with ICC and 39 without).
We found patients with ICC had less pain sensation numerical rating scale (NRS) on postoperative day 0, 1
(P=0.023, <0.001) and better triflow performance on postoperative day 1 and 2 (P=0.015, 0.032). In addition,
lower IV form morphine usage frequency and dosage (P=0.009, 0.017), shorter chest tube drainage duration
(P=0.001) and postoperative stay (P=0.005) were observed in the ICC group.

Conclusions: Continuous intercostal nerve blockade by placing an ICC intraoperatively provides effective
analgesia for patients undergoing single port VATS anatomic resection. This may be considered a viable

alternative for postoperative pain management.
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Introduction

For acute stage postoperative pain control, various
modalities including oral analgesic agents, intramuscular
morphine injection, intercostal nerve blockade, and epidural
analgesia have been used in thoracotomy and video-assisted
thoracoscopic surgery (VATS) patients (1-3). Effective
pain control can reduce not only postoperative pulmonary
complications but also patients’ fear of surgery. However,
high potency opioid drugs may bring about gastrointestinal
dysfunction while epidural analgesia might carry considerable
risks of epidural hematoma, dural perforation, urinary
retention and increase the risk of adverse cardiovascular
outcomes in high risk patients (4). The complications
mentioned above, though rare, prompt us to improve
currently existing postoperative analgesia. With the
improvement of endoscopic surgical instruments and
skills, comparable therapeutic results have been achieved
in selected patients with a smaller incision wound (5-8).
Single port thoracoscopic surgery has been reported
since 2004 (9), and, although it is still controversial with
regard to postoperative pain outcome when compared
with conventional VATS (10), it does allow for a smaller
intercostal incision wound and nerve injury area. Intercostal
nerve block has been proven useful in thoracotomy and
VATS patients (11-12). We hypothesized that a targeted
local analgesic technique aimed at the location of pain
generation could eliminate postoperative pain, and that
continuous single intercostal nerve block might be effective
in single port VATS patients. In this study, we present a
simple approach involving the placement of an intercostal
catheter (ICC) in the sub pleural space during single port
VATS anatomic resection to determine its utility in post
operation pain control.

Methods

The study was approved by the institutional review board
of Chang Gung Memorial Hospital IRB No. 104-1204 B).
Preoperative examinations included blood routine,
pulmonary function test, bronchoscope, chest radiography,
chest computed tomography, positron emission
tomography, and brain computed tomography or brain
magnetic resonance. A retrospective database of all patients
who received single port VAT'S between March 2014 and
January 2016 was used to identify patients who underwent
single port VATS anatomic resections. Starting from May
2015, we began to place an ICC intraoperatively as a route
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for postoperative levobupivacaine (0.5%) administration.
Exclusion criteria for single port VAT'S with ICC insertion
included (I) empyema; (I) patients’ pleural surface having
tumor seeding; (III) patients having allergy history to amide-
type local anesthetic. Originally, 84 patients were slated to
receive single port VATS anatomic resection during this
period, however, one case converted to thoracotomy due
to catastrophic intraoperative bleeding, while initial five
cases had to be excluded due to the learning curve effect. In
total, seventy-eight cases were enrolled in the final analysis.
Thirty-nine patients received single port VATS anatomic
resections without ICC insertion, while the remaining
thirty-nine patients received single port VATS anatomic
resections with ICC insertion in the period since May
2015 (Figure 1). Age, gender, body mass index, operation
time, blood loss, postoperative complications, average daily
numerical rating scale (NRS), incentive spirometry numbers
(triflow ball numbers), and pathological report were
collected from the hospital information system. Surgical
mortality was defined as death occurring during the same
hospitalization or within 30 days after the operation.

Surgical techniques of single port video assisted thoracoscopic
anatomic resections

A single operation surgeon (Ching Feng Wu) and two fixed
assistants (Ming Ju Hsieh, Ching Yang Wu) completed
the whole single port VATS anatomic resections. After
intravenous induction, double lumen endotracheal tube was
intubated to accomplish one lung ventilation with patients
was placed in the lateral decubitus position. In single port
VAT'S anatomic resections, a 3—4 cm incision was created in
the fourth or fifth intercostal space at the anterior axillary
line. For upper lobe lesions, the incisions were created
at the fourth intercostal space. For middle or lower lobe
lesions, the incisions were made at the fifth intercostal
space. Then a plastic wound protector (Alexis®, USA) was
applied in the wound without rib-spreading. A 30-degree
10 mm thoracoscope was placed at the top of the incision
wound. The endoscope instruments (Scanlan®, USA) and
curved electric hook were used for tissue dissection using
techniques learned from Gonzalez-Rivas D. The vein, artery
and bronchus were divided separately by using endoscopic
staplers (Covidien, USA, or Ethicon, USA). The division
order varied case by case. For upper lobe lesions, the artery
was divided first, then the bronchus, and finally the vein.
In cases of middle or lower lobe lesions, the dissection
order was vein, artery and then bronchus. The specimen
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313 patients underwent
single port VATS

Exclusion:
1. 43 decortication;

2. 50 mediastinal tumor resection; <
3. 122 wedge resection; 4
4. 14 p-p window. . .
84 patients attempted single
port anatomic resection
Exclusion:

five initial cases and one converted |«
to thoractomy

\ 4

78 patients underwent single
port anatomic resection

Y

Y

39 patients with intercostal 39 patients without intercostal
catheter implantation catheter implantation

Figure 1 Flowchart of the study enrollment. VATS, video-assisted

thoracoscopic surgery.

Figure 2 ICC was placed in the sub-pleural space, which was the same intercostal space of wound. ICC, intercostal catheter.

was retrieved with a plastic bag through the incision wound.
After removal of the specimen, systemic lymph dissection was
performed. At the end of the operation, one Fr 20 chest tube
was inserted and not removed until there was no air leakage
and the drainage amount was below 200 mL per day.

Analgesia techniques

Before the Fr 20 chest tube was placed in the chest cavity,
a dilating catheter (8 Fr Angiotech) was used to dissect the
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wound associated sub pleural space, and then a guidewire
was passed through the dilating catheter. After we removed
the dilating catheter, a 7 F, 20-cm-length radio-opaque
polyurethane catheter with side holes was passed over the
guidewire and fixed at 15 cm (Figure 2). Finally, 10 mL
levobupivacaine (0.5%) was injected through the catheter
into the sub pleural space (Figure 3). All procedures were
done under endoscope. When the patients were returned
to the ordinary ward or intensive care unit, the ICC was
connected to an infusion pump with levobupivacaine

jtd.amegroups.com F Thorac Dis 2016;8(12):3563-3571
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Figure 3 Injection levobupivacaine before and after ICC was inserted through subpleural space. (A) Before and (B) after 10 mL

levobupivacaine (0.5%) was injected through the catheter into the sub-pleural space. ICC, intercostal catheter.

Infusion pump

| Intercostal catheter

Chest bottle

Figure 4 With the help of continuous intercostal nerve block, patients could easily ambulate in the ward on postoperative day 1.

(0.5%) 2.5 mL/hour (Figure 4), a dosage suggested by the
anesthesiologist (Hung Pin Liu); this dose is about one third
of the maximum dose. The duration of ICC depends on
patients. We removed ICC and chest tube at the same time
when the chest tube drainage was smaller than 200 mL/day.

For patients without ICC insertion, 10 mL levobupivacaine
(0.5%) was injected into the intercostal space at the end of
the operation. All analyzed patients took Ultracet® Q6H
(Tramadol 37.5 mg + acetaminophen 325 mg, Johnson, USA)
as postoperative oral anodyne. IV form morphine (0.1 mg/kg)
was given on request if patients’ NRS was >3 at rest or NRS
>5 during activity.

NRS and triflow numbers

Triflow numbers of all patients were recorded by the
same observer (Ching Feng Wu) before operation and on
postoperative day 1, 2, 3 and discharge day. At the same
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time Dr. Wu also educated patients on how to use triflow
correctly. Pain assessments were made regularly by nursing
staff at least once on each shift (3 times/24 hrs) and on
physician rounds (Ching Feng Wu). A chart card containing
a 10-cm horizontal line with word anchors at each end,
ranging from O= “no pain” to 10= “worst pain” was used
to query patients about the degree of pain they had on
postoperative day 0, 1, 2, 3 and discharge day. Finally, we
took nursing records and physician‘s records to express the
average daily NRS.

Analysis

Continuous data are expressed as mean value with a range
of one standard deviation (SD). Before comparison, two
groups’ continuous variables were examined by Levene
test. If the variances were not equal, we used the Brown-
Forsythe test to detect any significant difference between

7 Thorac Dis 2016;8(12):3563-3571
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Clinical features ICC (n=39) No ICC (n=39) P value Total (n=78)
Age 60.87+£12.33 60.21+£10.38 0.797 60.54+11.32
Gender 0.645

Male 24 22 46 (59.0)

Female 15 17 32 (41.0)
Body mass index 23.86+2.12 23.91+3.15 0.932 23.89+2.67
FEV, 2.17+0.64 2.26+0.60 0.561 2.21+0.62
Smoking history 1.000

Yes 13 13 26 (33.3)

No 26 26 52 (66.7)
APM history* 0.467

Yes 14 11 25 (32.1)

No 25 28 53 (67.9)
Tumor location -

Right upper lobe 10 10 20 (25.6)

Right middle lobe 5 4 9(11.5)

Right lower lobe 7 13 20 (25.6)

Left upper lobe 8 8 16 (20.5)

Left lower lobe 8 5 13 (16.7)
Histology -

AD 23 23 46 (59.0)

SC 2 3 5(6.4)

Other* 14 13 27 (34.6)
Tumor size (cm) 2.39+1.24 2.43+1.52 0.883 2.41+1.38
Fissure 0.495

Development 16 19 35 (44.9)

No development 23 20 43 (55.1)

Continuous data are expressed as mean + SD (interquartile range).

*

, including metastatic malignancy, Centro located benign lesions.

FEV,, forced expiratory volume in the first second; APM, additional primary malignancy; SC, squamous cell cancer; AD, adenocarcinoma;

ICC, intercostal catheter; SD, standard deviation.

the two groups. If the variances were equal, one way
ANOVA was used to examine the variables. All data analysis
was done by SPSS version 19 (IBM, USA). A P value <0.05
was considered statistically significant.

Results

Between March 2014 and January 2016, a total of 84 patients
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were scheduled to receive single port VATS anatomic
resections. After exclusion of the initial five cases and one
who converted to thoracotomy, seventy eight patients
(39 patients with continuous intercostal nerve block and
39 patients without continuous intercostal nerve block)
were enrolled in the final analysis. The clinical features of the
seventy eight patients are listed in 7able 1. The average wound
length, operation time and blood loss were similar in both ICC

F Thorac Dis 2016;8(12):3563-3571
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Table 2 Comparison of perioperative outcomes and postoperative pain evaluation

Perioperative and postoperative parameters ICC (n=39) No ICC (n=39) P value Total (n=78)
Operation time 167.64+48.50 185.53+47.43 0.104 176.58+48.50
Wound size (cm) 3.29+0.54 3.47+0.51 0.139 3.38+0.53
Operation method
Segmentectomy 14 10 24 (30.8)
Lobectomy 23 27 50 (64.1)
Bilobectomy 2 2 4(5.1)
Blood loss (mL) 68.33+110.06 48.97+35.59 0.299 58.65+81.84
Numbers of N1 lymph node 8.09+5.29 7.42+4.80 0.594 7.75+£5.02
Numbers of N2 lymph node 13.28+6.76 13.37+9.37 0.964 13.32+8.11
NRS
Day 0 2.94+1.77 3.84+1.64 0.023 3.39+1.76
Day 1 1.53+1.14 2.89+1.90 <0.001 2.21+1.70
Day 2 1.30+1.02 1.46+0.88 0.481 1.38+0.95
Day 3 0.63+0.78 0.73+0.92 0.594 0.68+0.85
Discharge day 0.35+0.58 0.43+0.71 0.531 0.38+0.65
Triflow numbers
Pre operation 2.71+0.45 2.89+1.90 0.175 2.78+0.41
Day 1 2.30+0.65 1.89+0.78 0.015 2.10+0.74
Day 2 2.58+0.49 2.28+0.72 0.032 2.43+0.63
Day 3 2.66+0.47 2.64+0.48 0.815 2.65+0.47
Discharge day 2.71+0.46 2.69+0.46 0.864 2.69+0.46
IV form morphine usage frequency (times) 0.43+0.55 0.97+1.13 0.009 0.70+0.92
IV form morphine dose (mg) 2.61+3.55 5.48+6.39 0.017 4.05+5.33
Chest tube drainage duration 3.20+1.80 5.02+2.86 0.001 4.11+2.55
Postoperative hospital stay 4.23+1.93 6.30+4.04 0.005 5.26+3.31

Continuous data are expressed as mean + SD (interquartile range). ICC, intercostal catheter; NRS, numerical rating scale; SD, standard

deviation.

and no ICC group (P=0.139, 0.104, 0.299 respectively). The
comparison of perioperative results is shown in Table 2.

We further analyzed postoperative day 0, 1, 2, 3,
and discharge day NRS and postoperative day 1, day 2, day 3,
and discharge day triflow numbers, chest tube drainage
duration, and postoperative hospital stay. We found patients
with ICC had less pain sensation (NRS) on postoperative
day 0, 1 (P=0.023, <0.001) and similar pain sensation on
postoperative day 2, 3, and discharge day (P=0.481, 0.594,
0.531, Figure 5A). In addition, patients with ICC had
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better triflow performance on postoperative day 1 and
2 (P=0.015, 0.032) and similar triflow performance on
postoperative day 3 and discharge day (P=0.815, 0.864,
Figure 5B). IV form morphine use frequency and dose were
lower in the ICC group (P=0.009, 0.017, Figure 5C). The
average chest tube drainage duration and postoperative
hospital stay was 3.20+1.80 and 4.23+1.93 days in the
ICC group and 5.02+2.86 and 6.30+4.04 days in the non-
ICC group (P=0.001, 0.005, Figure 5C). No mortality was

recorded in either group. However, a total of six patients
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Figure 5 Patients with ICC had less pain, less postoperative analgesia drug demand, better triflow performance, shorter drainage duration

and hospitalization compared with patients without ICC. (A) Pain score for patients who received continuous intercostal nerve block (ICC)
or single shot intercostal nerve analgesia (No ICC) on postoperative day 0, 1, 2, 3, discharge day (P=0.023, 0.001, 0.481, 0.594, 0.531); (B)
triflow rehabilitation performance for patients who received continuous intercostal block or single shot intercostal nerve analgesia (no ICC)
on pre op, day 1, 2, 3, discharge day (P=0.175, 0.015, 0.032, 0.815, 0.864); (C) postoperative IV form morphine demand, chest tube drainage
duration, hospital stay on ICC and no ICC group (P=0.017, 0.001, 0.005). ICC, intercostal catheter.

suffered from complications (three each in the ICC and
non-ICC group), including five with prolonged air leakage and
one with postoperative lymph node dissection area oozing.

Discussion

Continuous regional nerve block has proven useful in total knee
arthroplasty (13), hernia repair (14), living liver donors (15),
multiport VATS (16), uniport VATS non anatomatic
resection (17), and so on. In this retrospective study, we
try to evaluate the benefit of continuous intercostal nerve
block in single port VATS anatomic resection patients.
We found patients with ICC had less pain sensation on
postoperative day 0 and 1, better postoperative day 1 and
2 triflow rehabilitation, lower IV form morphine usage
frequency and dose, shorter chest drainage duration and
postoperative hospital stay. Better triflow performance,
shorter chest drainage duration and hospitalization might
result from less postoperative pain sensation in patients
with ICC. Consequently, patients with ICC had more
willing and no fear to do triflow rehabilitation and had
better mobility. Under such circumstances, patients with
ICC were easier to meet the criteria of removal drainage
and discharged from hospital early. These preliminary
results inspire us to pursue more delicate and individualized
postoperative pain management for each patient. Various
kinds of postoperative analgesia have been tried by surgeons
and anesthesiologists; each with its pros and cons. When a
new procedure is adopted, safety cannot be overemphasized.
In our experience, no analgesia related complications, such
as vomiting, dizziness, seizure, or chest wall hematoma

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

occurred in our patients

In 2004, Rocco G first published their experience of single
port VATS wedge resection (7). Since then, a series of articles
have discussed its safety and feasibility in relatively simple
procedures. Subsequently, Gonzalez-Rivas et al. expanded
the applications of single port VATS to lobectomy (18),
segmentectomy (19), pneumonectomy (20), and sleeve
lobectomy (21). Recently, single port VATS has become
more widely accepted with surgical indications similar to
conventional VATS. However, regardless of its growing
acceptance and applications, the benefit of single port VATS
has remained controversial with regard to postoperative
pain outcome (10) and long term oncological result.
However, it does seem that single port VATS is a good
candidate for continuous intercostal nerve block having
been found to cause less intercostal nerve injury in our
study. Since over 90% of patients have needed a hospital
stay of more than one day, single shot intercostal nerve
analgesia levobupivacaine (0.5%) has been insufficient for
postoperative pain control. Epidural analgesia carries the
risk of rare but undesirable complications, while liposomal
bupivacaine is not easily accessible everywhere (22).
Intraoperatively placing an ICC through the sub-pleural
space is a feasible and easily practiced procedure for
postoperative pain control. But, how long to continue giving
intercostal analgesia is an interesting issue worth studying in
depth. Our study might just provide a hint. It seems that the
benefit of the continual intercostal nerve block dissipated
after postoperative day 2. To remove the ICC or to stop
levobupivacaine (0.5%) administration on postoperative
day 3 might be a reasonable choice. Due to the limitation

F Thorac Dis 2016;8(12):3563-3571
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of this study, we dare not to jump to conclusion. A further
prospective study is warranted

Initially, five cases were excluded from this study due to
learning curve effects since every procedure needs a certain
number of cases to reach relatively stable performance
(23,24). In our surgical team, the operator and two assistants
are all experienced surgeons who have done more than one
hundred cases of conventional VATS anatomic resection.
Given the dedication of this surgical team, only one case was
converted to thoracotomy due to left truncus anterior artery
bleeding. With accumulated single port VATS experience,
we were able to handle accidental pulmonary artery injury
without conversion (Figure 6). Even we could complete
the minimal invasive thoracic surgery safely, however, still
a few patients were suffering from postoperative pain so
that they dared not to do rehabilitation or ambulation after
single port VATS in our clinical observation. This clinical
observation also evoked the idea that we want to improve
the improve patients’ pain experience after surgery. From
the viewpoint of preliminary result, management of acute
postoperative pain with continuous intercostal nerve block
after single port VAT is a feasible and effective method

The retrospective design and relatively small case
numbers are the main limitations of this study. However, the
use of a single operator with standardized operation method,
the single data collector, and the postoperative oral and IV
form analgesia regimen could all strengthen the validity of
this study. Additionally, we also averaged physician’s records
and nursing records to express the reality of pain perception
in each patient. Although our assessments of analgesia on
NRS were not collected on prospective protocol, we used
the same collecting method between both groups. It was
unlikely to have statistical bias in favor of one group over

© Journal of Thoracic Disease. All rights reserved.
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another. In addition, all involved nursing staff was trained in
a standardized way to inquire about patients’ pain with the
timing of pain assessment standardized for all patients. The
NRS were not measured dynamically or statically. For pain
evaluation, a prospective protocol was more convincing
and objective. Nevertheless, we still attempt to present a
rigorous, quantitative evaluation of postoperative pain and
rehabilitation in an observational cohort, which could serve
as the basis for further prospective, randomized study.

Conclusions

Continuous intercostal nerve block in single port VATS
anatomic resection patients is both safe and feasible. By
placing an ICC through the sub-pleural space in single
port VATS patients we were able to lower postoperative
pain, improve postoperative rehabilitation, shorten chest
tube drainage duration and hospital stay in our preliminary
report. This might serve as a suitable alternative choice in
postoperative pain management.
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