Original Article

L))

Check for
updat

The comparison of ultrasound-guided thoracic paravertebral
blockade and internal intercostal nerve block for non-intubated

video-assisted thoracic surgery

Hanyu Yang"’, Qinglong Dong’, Lixia Liang’, Jun Liu’, Long Jiang’, Hengrui Liang’, Shiyuan Xu'

'Department of Anesthesiology, Zhujiang Hospital of Southern Medical University, Guangzhou 510282, China; *Department of Anesthesiology,

"Department of Cardiothoracic Surgery, The First Affiliated Hospital of Guangzhou Medical University, Guangzhou 510120, China

Contributions: (I) Conception and design: H Yang, Q Dong, S Xu; (II) Administrative support: H Yang, Q Dong, J Liu; (III) Provision of study

materials or patients: H Yang, H Liang, L Jiang; (IV) Collection and assembly of data: H Yang, H Liang, L Jiang, ] Liu; (V) Data analysis and

interpretation: L Liang, H Yang, H Liang, L Jiang; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Shiyuan Xu, MD. Department of Anesthesiology, Zhujiang Hospital of Southern Medical University, No. 253 Gongye Ave.,

Guangzhou 510282, China. Email: xsy998@smu.edu.cn.

Background: To compare the safety and feasibility of ultrasound-guided thoracic paravertebral blockade
(TPVB) and internal intercostal nerve block (IINB) for non-intubated video-assisted thoracic surgery
(NIVATS).

Methods: Thirty-four patients who underwent NIVATS from April 2016 to May 2017 were retrospectively
reviewed and divided into two groups consecutively according to local analgesia treatment, of which 20
patients received TPVB (P group) and the remaining 14 received IINB (I group). A Propensity Score
Matching (PSM) analysis was performed to control the selection bias due to nonrandom assignment.
Results: The procedure of propensity scores yielded 2 matched cohorts of 14 patients. There were no
significant differences between the two groups regarding gender, age, BMI, and surgical types (P>0.05).
Blood-gas analysis 15 minutes after opening the chest showed significantly lower PaCO?2 in the P group
compared to the I group (P=0.004). The consumption of propofol from anesthesia induction to 15 minutes
after opening the chest was also lower in the P group compared with the I group (P=0.012). There were no

significant differences in the duration of surgery and visual analogue scale (VAS) pain scores between the two

groups (P>0.05).

Conclusions: Ultrasound-guided TPVB can provide safe and reliable local anesthesia for NIVATS.
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Introduction

Non-intubated thoracic anesthesia is not an innovative
technique. During the period of 1940-1950, hundreds of
major thoracic surgery procedures, including major lung
resections and esophagectomies, have been successfully
performed using local anesthesia techniques in awake
patients (1). Subsequently, the development of double-
lumen tube ventilation by Bjork and Carlens in 1950s (2)
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led to the birth of modern thoracic surgery. The use of
general anesthesia (GA) and single-lung ventilation rapidly
became the gold-standard.

With the rapid development of enhanced recovery
protocols and cost-containment, the past experience of
awake thoracic surgery has been re-examined with the
increasing understanding of the complications of GA for

tracheal intubation and mechanical ventilation. As a result,
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the concept of non-intubated thoracic surgery is gaining
renewed attention. In 2004, Pompeo first reported a case of
video-assisted thoracic surgery (VATS) wedge resection of
non-intubated anesthesia with spontaneous breathing (3).
Subsequently, a growing number of thoracic surgical
procedures using non-intubated thoracic anesthesia
techniques have been reported.

The anesthetization protocol of NIVATS combines
moderate sedation with local anesthesia, with the latter being
the more crucial aspect. Although thoracic epidural anesthesia
(TEA) is considered to be the gold standard of postoperative
analgesia in VATS, it has many complications, including
dural puncture, neurological injury, and paraplegia (4).
Therefore, thoracic paravertebral blockade (TPVB) and
intercostal nerve block (ICNB) are effective alternatives
with fewer contra-indications, having been successfully used
in NIVATS (5,6). The team of National Taiwan University
Hospital summarized the safe and effective use of internal
intercostal nerve block (IINB) and vagal block in NIVAT'S (5).
However, this method requires opening a small observation
port in the chest to perform internal intercostals block.
We hypothesized that the establishment of local anesthesia
such as TPVB before thoracotomy would reduce the use
of intravenous anesthesia and better preserve the patient’s
spontaneous breathing. Consequently, the aim of this study
was to analyze and compare the perioperative results of the

two methods in NIVATS.

Methods
Subjects

We retrospectively collected the clinical information of
34 consecutive patients who underwent non-intubated
thoracoscopic surgery with specialized anesthetization from
April 2016 to May 2017. Twenty patients received TPVB
(P group), and the other 14 received IINB (I group). The
exclusion criteria were the following: the American Society
of Anesthesiologists (ASA) physical status classification
greater than 3; body mass index (BMI) >30 kg/m’; and
presence of coagulopathy, neurological disorders, or other
anatomical abnormalities. The study was approved by the
Institutional Ethics Committee and informed consent was
obtained from all patients.

Preoperative procedures

On arrival in the operating room, the vein access of the
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upper limbs was first established. Electrocardiography
(ECG), blood pressure (BP), pulse oxygen saturation
(SpO,), respiratory rate (RR), and bispectral index (BIS)
of the patient were monitored. Anesthesia was induced
using 0.1 pg/kg of sufentanil, along with a target-controlled
infusion (T'CI) of propofol with a target effective-site
concentration (Ce) of 3-4 pg/mL via a T'CI infuser pump
(Fresenius Kabi). When the BIS index was less than 50,
LMA (laryngeal-mask airway; Royal Fornia Medical
Equipment Co., Ltd, China) was inserted into the patient.
Using synchronized intermittent mandatory ventilation
(SIMV) mode for ventilation, the tidal volume, frequency
and p-support were maintained at 6-8 mL/kg, 15 bpm
and 10-13 mmHg respectively. The SIMV was stopped
at the beginning of the operation, and the patient was
induced to resume spontaneous breathing. The radial artery
was catheterized for continuous invasive BP. When the
operation was expected to exceed 3 hours, a central venous
catheter was inserted into the right internal jugular vein.
After completing the above procedures, the patient was
placed in a lateral position.

Procedure of paravertebral block

Paravertebral blockade was performed between the thoracic
segments 14-5 and T7-8, using ultrasound guidance. A
linear ultrasound transducer (HITACHI Arietta 60) was
placed intercostally to identify the thoracic paravertebral
space (TPVS), and a 20-gauge needle was inserted into
the plane of the transducer. When the needle tip reached
TPVS, 10 mL 0.375% ropivacaine was injected at each
level, making the total amount 20 mL.

Procedure of IINB

After local infiltration with 2% lidocaine, an observation
port, operation port and an auxiliary port were made.
Under thoracoscopic guidance, IINB was induced with 1%
lidocaine and 0.375% ropivacaine mixture (1.5 mL for each
intercostal space) from the 3rd to the 8th intercostal nerve
under the parietal pleura, 2 cm lateral to the sympathetic
chain using a 25-G infusion needle (Figure I).

Surgery

The surgical procedure was the same in both groups.
Surgical techniques for thoracoscopic wedge resection,
lobectomy, and bullae resection have been described
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Figure 1 Thoracoscopic vagus nerve block and internal intercostal nerve block.

previously (7,8). Briefly, a three-port method was used
to perform thoracoscopic surgery, and the observation
port was located between the 6™ and 8" intercostal. The
auxiliary port and the operation port were located at the
same area between the 4™ and 5™ intercostal cartilages. The
observation port marked the starting point for opening the
chest. A 1-cm 30° thoracoscope was used for visualization,
and under direct thoracoscopic vision, 5 mL of 1%
lidocaine and 0.375% ropivacaine mixture was injected into
the trunk surrounding the vagus nerve (Figure I). After
the surgery, the pleural cavity was closed, the wound was
sutured, and the intravenous anesthetic was stopped. The
patient was sent to the post-anesthesia care unit (PACU).
When the patient was conscious and the deglutition reflex
was restored, the LMA was removed. One hour after the
patient showed full recovery from the anesthesia, the visual
analog scale (VAS) (scores 0= no pain to 10= unbearable
pain) was used to assess the degree of pain.

Data collection

The blood-gas analysis was performed 15 minutes after
opening the chest. The consumption of propofol and
remifentanil from the beginning of anesthesia induction to
15 minutes after opening the chest was recorded.

Statistical analysis

To minimize the effect of selection bias, we performed
Propensity Score Matching (PSM) for clinical characteristics.
The propensity score was calculated using a logistic
regression analysis with the dependent variable being the type
of imaging procedure and the independent covariates being
the following baseline clinical and demographic variables:
age, gender, BMI, and types of thoracoscopic operation.

A 1:1 nearest neighbor matching algorithm that pairs
patients with the closest propensity scores was used. A
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caliper width of 0.2 units was used. The procedure of
propensity scores yielded 2 matched cohorts of 14 patients.
We compared standardized differences for all covariates
between prematch and postmatch.

Continuous variables were presented as mean = standard
deviation and compared using the independent samples
t- test. Categorical variables were presented as numbers and
were compared by Chi-square test or Fisher’s exact test.
All data were analyzed with SPSS software (SPSS version
25.0; IBM Corp., Armonk, NY, USA). P values <0.05 were
considered statistically significant.

Results

The clinical characteristics of the two matched groups
extracted by propensity analysis are presented in Table 1.
There were no significant differences between the two
groups in terms of gender, age and BMI (P>0.05). The types
of thoracoscopic operations that were performed, including
bullae surgery, pulmonary wedge resection, lobectomy, and
thymoma resection are summarized in 7izble 1, and were not
significantly different between the P and I groups (P>0.05).

Blood-gas analysis of 15 minutes after opening the
chest is shown in Table 1. The PaCO, in the P group
was significantly lower than the I group (P=0.004). The
operative and anesthetic results are summarized in Table 1.
The consumption of propofol from the beginning of
anesthesia induction to 15 minutes after opening the chest
in P group was also significantly less compared to the I
group (P=0.021). There were no significant differences
between the two groups in terms of surgery duration and
VAS scores. None of the cases involved switching to one
lung ventilation with endotracheal intubation.

Discussion

Multiple studies in the last decade have shown the
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Table 1 Clinical characteristics and anesthetic results of patients who underwent NIVATS with TPVB or IINB
Before Propensity Score Matching After Propensity Score Matching
Variables
P group (n=20) | group (n=14) P P group (n=14) | group (n=14) P
Gender, males/females 15/5 9/5 0.70 10/4 9/5 1.00
Age, years 39.40+16.42 38.64+17.41 0.42 34.21+£13.47 38.64+17.41 0.46
BMI 20.72+2.74 20.22+2.69 0.39 19.75+2.44 20.22+2.69 0.63
Types of thoracoscopic operation
Bullae surgery 14 0.19 8 7 0.76
Pulmonary wedge resection 4 3 1
Lobectomy 2 3 5
Thymoma resection 0 0 1
Blood-gas analysis 15 minutes
after opening the chest
PaCO, 62.48+8.28 70.92+7.85 0.01 61.88+7.07 70.92+7.85 0.004
PaO, 234.30+109.25 237.93+128.06 0.93 231.71+98.39 237.93+128.06 0.89
Lac 0.63+0.56 0.34+0.12 0.15 0.71+0.65 0.34+0.12 0.11
PH 7.25+0.05 7.20+0.45 0.01 7.25+0.03 7.20+0.45 0.002
Operative and anesthetic results
Propofol consumption (mg/kg/h) 3.81+0.48 4.47+0.45 0.012 3.79+0.54 4.47+0.45 0.021
Remifentanil consumption 0.041+0.01 0.47+0.01 0.096 0.041+0.01 0.47+0.01 0.096
(Hg/kg/min)
Duration of surgery (min) 70.25+60.99 104.29+65.66 0.13 88.57+66.72 104.29+65.66 0.605
VAS 2.08+0.51 3.16+1.17 0.073 2.75+0.701 3.16+1.17 0.097

VAS: visual analog scale scores (0-10, 0= no pain, 10= unbearable pain) 1 h after full recovery from anesthesia P group, the patients
received thoracic paravertebral blockade; | group, the patients received internal intercostal nerve block. NIVATS, non-intubated video-
assisted thoracic surgery; TPVB, thoracic paravertebral blockade; IINB, internal intercostal nerve block; BMI, body mass index.

advantages of using non-intubated video-assisted thoracic
surgery (NIVATS) over GA with endotracheal intubation,
including avoiding intubation related airway injury and one
lung ventilation induced lung injury, as well as obviating the
effect of residual neuromuscular block (9-12). A few studies
have shown that postoperative recovery may be better
in patients with NIVATS than in patients with GA with
endotracheal intubation (8,12,13).

According to previous studies and our experience,
the physiological changes after NIVATS thoracotomy:
following opening of the thorax, atmospheric air enters into
the chest cavity, the lung on the surgical side will gradually
collapse (Figure 2). However, if the patient has an apnea,
or a glottic closure caused by pain, this may result in the
lungs on the surgical side cannot collapsing. Therefore, it is
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important to preserve the patient's spontaneous breathing
during the NIVAT'S process to ensure the operation space.

To the best of our knowledge, local wound infiltration,
selective ICNB, TPVB and TEA are some of the anesthetic
techniques that can be considered for NIVATS (12).
TEA is the gold standard of VATS anesthesia as it can
provide a longer analgesic effect. However, it has various
complications such as dural puncture, neurological injury
and paraplegia that should be considered (14).

Hung ez al. successtully used internal ICNB, vagal block,
and targeted sedation in the NIVATS of 109 patients (5).
Furthermore, they proved that multiple ICNBs exerted
an anesthetic-sparing effect in the NIVATS (15). The
advantages of this method include its accuracy and
reliability under the guidance of thoracoscopy. However,
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Figure 2 Collapsed lung tissue provides space for surgical procedures.

we found that it was necessary to use intravenous and local
wound anesthesia to prevent pain and body movements
before inducing IINB. The dose of intravenous anesthesia
should be regulated as an overdose can inhibit the patient's
breathing. Furthermore, the concentration of local
anesthetics at the site of surgical incision should also be
controlled since excessive amounts can leave too much fluid
in the incision, which will affect the operation of the electric
knife. In 2010, Piccioni et al. first reported the successful
use of thoracic PVB in the VAT of two cancer patients (6).
However, no previous study has compared PVB and IINB
for NIVATS. We hypothesized that pre-established local
anesthesia could better maintain the patient’s spontaneous
breathing than perform peripheral nerve block after
entering the thoracic cavity. To investigate this hypothesis,
we retrospectively analyzed 34 patients who received either
TPVB or IINB before NIVATS.

The procedure uses regional anesthesia to prevent
incisional pain and cough reflex, and intravenous anesthesia
to keep the patient sedated. However, the excessive use of
anesthetic drugs can cause respiratory depression (16,17). In
addition, surgical pneumothorax, respiration of one lung on
the non-surgical side, and intravenous anesthetization, can
result in retention of carbon dioxide. Also, hypercapnia may
cause deep breathing and a large shift of the mediastinum,
consequently impacting surgery. Furthermore, severe
hypercapnia may lead to intracranial hypertension and
myocardial depression. Therefore, optimal regional
anesthesia is an important part of NIVATS for maintaining
spontaneous respiration during the operation, and avoiding
severe hypercapnia.

In this study, the PaCO, of the P group was significantly
lower than that of the I group 15 minutes after the opening
of the chest cavity, owing to the lower amount of propofol
used in the P group. Furthermore, since the patients in
the P group had obtained a sufficient anesthetic effect on
the chest, the anesthetist was not concerned about the
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movement and awareness of the patient at the time of skin
incision and injection of local anesthetic.

Our results showed that ultrasound-guided TPVB
can provide a sufficient and accurate analgesic effect on
the chest wall with minimal complications, which can
accordingly lessen the use of anesthetics at the beginning
of the surgery (skin incision and insertion into the first
thoracic trocar). Lower anesthetic use would in turn better
maintain spontaneous breathing.

According to a meta-analysis by Davies ez al. (4),
although TPVB and TEA provide comparable pain relief
after thoracic surgery, TPVB has fewer side-effects. In
this study, ultrasound-guided thoracic paravertebral nerve
block was used. TPVB can be performed using anatomical
landmarks or ultrasound guided techniques. Ultrasound-
guided TPVB can improve the success rate, shorten the
puncture time, and reduce complications of pneumothorax
and vascular puncture (18). In 2009, Ben-Ari and Shibata
described using an intercostal approach in ultrasound
guided TPVB (19,20). This study is based on this puncture
technique. Among the patients in this study, there were
no complications such as local anesthetic poisoning and
pneumothorax, which confirmed that this method can be
safely and effectively used in NIVAT'S.

There are certain limitations to our study. First, it was
a retrospective study with a small sample size and the
findings therefore have to be confirmed with a larger RCT.
Second, since a single dose of TPVB can provide sufficient
pain relief, inserting a catheter into the paravertebral space
for continuous infusion of local anesthetics may provide
protracted post-surgery analgesia. Furthermore, different
doses and drugs between TPVB and IINB may cause bias of
the results. More studies have to be conducted to clarify this
question.

In conclusion, ultrasound-guided TPVB can provide
safe and reliable local anesthesia for NIVAT by reducing
the effective dosage of intravenous anesthetics and more
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effectively maintaining spontaneous breathing.
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