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Abstract

In the present study, we analyzed the safety and efficacy of non-intubated video-assisted thoracoscopy (NI-VATS) for the
diagnosis and palliation of malignant pleural effusion in the elderly population using erector-spinae plane block (ESPB) as
single loco-regional anesthesia. From January 2016 to December 2020 a consecutive series of 158 patients who underwent
surgery for malignant pleural effusion was analyzed. Of these, 20 patients were operated using ESPB NI-VATS, while 138
were operated under general anesthesia (GA). After propensity score matching, the NI-VATS population was older (81 vs.
76 years p 0.006), and had more severe pre-existing comorbidities, evaluated using Charlson Comorbidity Index (p =0.029)
and ASA score (p <0.001). GA and NI-VATS patients did not differ in terms of postoperative opioid consumption, com-
plication rate and postoperative hospitalization. Both short- and long-term efficacy of talc poudrage was equal in the two
populations. The overall length of stay in the operative room was significantly shorter for the NI-VATS than for the GA-VATS
group (67.5 vs. 105 min, p <0.001), and operative time significantly differed in the two groups (35 vs. 47.5 min, respectively,
p<0.001). ESPB NI-VATS can be a safe and effective option for the diagnosis and palliation of malignant pleural effusion
for elderly and frail patients.
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Introduction

In the last decades, the general population has faced a grow-
ing life expectancy, due to improving socio-economical con-
ditions and to a more profound knowledge and treatment
options for many conditions affecting the elderly. Conse-
quently, many patients who might have been considered
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unfit for surgical procedures and chemotherapy treatment for
oncological conditions because of their age and comorbidi-
ties can be actually treated with new and targeted therapies
[1].

Elderly and frail patients with pleural effusion suspicious
for advanced oncological disease can be therefore candidates
to targeted and molecular therapy [2], or at least to surgical
palliation despite their general conditions, thanks to new
minimally invasive techniques such as non-intubated video-
assisted thoracic surgery (NI-VATS) [3-5].

One of the key points of multi-modal approach in mini-
mally invasive surgery is perioperative analgesia. In the last
years, different thoracic blocks have been introduced in order
to provide a safe and long-lasting analgesic effect in patients
who underwent VATS surgery. In particular, erector spinae
plane block (ESPB) was first described in 2016 [6] and rep-
resents a valid and safe alternative in pain management of
VATS patients [7, 8]. However, except for anecdotal reports
[9-11], its systematic use as the only loco-regional anesthe-
sia in NI-VATS has not yet been investigated.
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In this paper, we compared retrospectively collected data
and outcomes of 20 elderly “unfit” patients treated with
diagnostic and palliative NI-VATS for malignant pleural
effusion to 138 patients who underwent the same procedure
under general anesthesia.

Materials and methods

Since the introduction of our thoracic surgery unit in ASST-
Brianza, Vimercate Hospital in 2016, until December 2020,
all patients who consecutively underwent VATS for pleural
biopsies and talc pleurodesis for suspected malignant pleu-
ral effusion were included in the study. Demographic data,
details of patients’ comorbidities including Charlson Comor-
bidity Index, American Society of Anesthesiologist (ASA)
score, characteristics of surgery, operative times, details of
postoperative course, postoperative morbidity and mortality
rates, and length of hospitalization were collected and retro-
spectively analyzed. Surgical failure was defined as effusion
relapse as documented on preoperative X-ray by an experi-
enced radiologist, or as recurrence of dyspnea at discharge,
at 15-, or 30-day follow-up.

Routinely, general anesthesia was offered to all patients,
unless they were declared unfit by the anesthesiologist based
on age, ASA score, pre-existent respiratory failure with need
of continuous nasal-flow oxygen, pre-existent comorbidi-
ties or unless refusal of intubation by the patient. Patients
with neurological impairment (such as dementia), that might
compromise proper autonomic ventilation and collaboration
of the patient throughout the procedure, where excluded
from ESPB NI-VATS. Difficulty in maintaining lateral decu-
bitus because of orthopedic conditions or persistent cough-
ing was not an exclusion criterion, as in that case the patient
was kept in a 30 to 45 degrees supine position.

Ultrasound-guided erector spinae plane block

After arrival in the preoperative room, patients were placed
in a sitting position on the operating bed. The T4 spinous
process was identified by palpation of the spinous processes
from C7 downward. Using an ultrasound linear array trans-
ducer, the erector spinae muscle plane was identified by
placing the probe in a paramedian sagittal plane at the T4
level. With aseptic technique, a 90-mm 22-gauge needle was
inserted in-plane to the ultrasound beam in the cranio-to-
caudal direction to contact the interfascial plane between the
erector spinae muscle and the transverse process.

Once the correct location of the tip of the needle was con-
firmed, 20 mL of ropivacaine cloridrate 0.75% was injected,
with subsequent extensive spread of local anesthetic lifting
the erector spinae muscle. All ESPB were performed by the
same experienced anesthesiologist (P.R.). All procedures did
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not exceed 10 min. ESPB block was performed 20-40 min
before entering operative room.

Once the patient was placed in the correct position and
the intervention got started, a-la-demande mild sedation was
obtained using midazolam or propofol with a target bispec-
tral index (BIS) score between 70 and 80 [12], if the patient
was feeling anxiety or discomfort due to surgical manipula-
tion or prolonged lateral decubitus. No local anesthesia was
used in the site of surgical incision.

If patients presented with persistent cough, aerosol with
of saline solution with 5 mL of 2% lidocaine was given after
ESPB was performed.

Low-flow oxygen with Venturi mask was given through
the whole intervention.

During surgical intervention the patients were monitored
using ECG registration, non-invasive arterial pressure, pulse
oximetry and BIS.

General anesthesia

After anesthesia induction and neuromuscular blockade with
rocuronium, patients were intubated using a double-lumen
tube under flexible bronchoscopy guidance. Anesthesia was
maintained with sevoflurane and remifentanil infusion. Intra-
operative monitoring was obtained with ECG registration,
peripheral pulse oximetry, end-tidal carbon dioxide detec-
tion and non-invasive arterial blood pressure.

Before extubation, an intravenous bolus of 3—-5 mg mor-
phine was administered to the patient. Postoperative nasal-
flow oxygen was given both to NI and general anesthesia
(GA)-VATS patients for at least 24 h after surgery (2 or 4 L/
min). If the patient underwent GA, ESPB block was not per-
formed, and standard postoperative opioid-based analgesia
was administered.

Surgical setup

Patients with suspected malignant pleural effusion were
enrolled. If the patient was symptomatic for dyspnea, or
massive pleural effusion was detected, 24 h prior to surgery
a chest drain tube was inserted in the 5th or 6th intercostal
space in order to drain the effusion and get lung expansion.

Once in the operating room, the patient was placed in
lateral decubitus, using a vacuum mattress that helped the
patient to maintain the proper position throughout the whole
intervention effortlessly. Occasionally, the procedure was
performed with the patient in a 30-45° supine position if
the patient could not maintain lateral decubitus because of
coughing or orthopedic conditions. In one case, 60° sitting
position was adopted due important cough if the patient tried
to lay furtherly down.

After general anesthesia was induced and the indicated
lung excluded, or after ESPB was performed and the patient
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positioned, a 3 cm incision in the 5th or 6th intercostal space
along the midaxillary line was performed. Usually, a second
port in the 8th intercostal space along the posterior axillary
line was inserted. Pleural-parenchymal adhesiolysis was
performed unless tight adhesions were retrieved, and resid-
ual effusion removed. Posterior and lateral parietal partial
pleurectomy of at least 4 cm?, or multi-site parietal pleura
biopsies were performed, and pleurodesis was obtained by
instillation of 8 g of talc powder. At the end of the inter-
vention, two 28 Chevrel chest tubes were left the anterior-
apical drain was inserted through the first incision, while
the posterior-basal through the latter one. In both ESPB NI-
VATS and GA-VATS the identical surgical technique and
setup were used.

A continuous 20 cmH,O suction was applied to both
drains for 4 days to facilitate pleurodesis, and they were
removed on the 4th postoperative day (POD). The patient
was then discharged on PODS5 unless clinical needs arose
meanwhile.

Postoperative pain control was obtained by administra-
tion of intravenous ketorolac 30 mg three times a day, plus
on-demand subcutaneous 5 mg morphine for no more than
4 times daily if pain control was not achieved.

Both general and loco-regional patients received the same
postoperative analgesia regimen.

Statistical analysis

Based on the different types of anesthesia, the sample
was split into general anesthesia (GA)-VATS and ESPB
NI-VATS groups. Data were recorded in a computerized
spreadsheet (Microsoft Excel 2016; Microsoft Corporation,
Redmond; WA) and analyzed with statistical software IBM
Corp. Released 2017. IBM SPSS Statistics for Windows,
Version 25.0. Armonk, NY). Propensity Score Matching
(PSM) was performed to adjust for differences in the base-
line characteristics in the two groups. A one-to-one, near-
est neighbor, logistic regression matching model was built
setting the maximum tolerated difference between matched
subjects (caliper) at 0.2 standard deviations (SD). Univariate
analysis was carried out to identify variables responsible for
pre-match imbalance. Age, ASA score and Charlson Comor-
bidity Index were selected as potential confounders and
entered in the model. Graphical (histogram of propensity
score, dot-plot of standardized differences) and mathemati-
cal (standardized differences, L1 test) balance diagnostics
were evaluated before and after matching for an accurate
assessment of the goodness of our model.

The distribution of the sample per each variable of inter-
est was assessed with Shapiro—Wilk test. Differences in pro-
portions were evaluated with Pearson’s y* or Fisher’s test,
whereas independent samples Mann—Whitney test was used
to compare continuous variables.

Primary and secondary endpoints

The primary endpoint of the study was to assess the safety
of ESPB NI-VATS compared to GA-VATS. It was defined as
the incidence of any postoperative complication according
to the Clavien—Dindo classification.

As secondary endpoints, we analyzed the efficacy of
ESPB NI-VATS and compared it to GA-VATS. As secondary
outcome variables we selected the relapse of pleural effusion
at discharge, 15-, and 30-days, and the need for postopera-
tive opioid analgesia. This latter variable was defined as the
number of on-demand morphine administrations each post-
operative day.

Furthermore, as exploratory outcomes we wanted to
assess possible differences in operative times and length
of hospitalization between the two groups. A two-tailed p
value < 0.05 was considered statistically significant.

Due to the retrospective nature of the study, an ethical
review board approval was not deemed necessary.

Results

Data of 279 patients consecutively treated at our Center dur-
ing the study period were collected. According to the exclu-
sion criteria mentioned above, 158 patients were selected
from the registry, 138 of whom were in the standard GA-
VATS group and 20 in the ESPB NI-VATS group.

Median age was higher in the ESPB NI-VATS than in
GA-VATS group (81 years, IQR: 73-89 vs. 76 years IQR:
70-81; p 0.006). The incidence of specific pre-existing
comorbidities (i.e. atrial fibrillation, congestive heart fail-
ure, respiratory insufficiency, chronic kidney disease, type
II diabetes, autoimmune diseases), Charlson Comorbidity
Index (p=0.029) and ASA score (p <0.001) were signifi-
cantly higher in patients undergoing awake surgery than gen-
eral anesthesia. However, postoperative morbidity rates were
equivalent in the two groups (»p =0.53). No complications
related to ESPB were registered in the NI-VATS patients.

Further characteristics of the sample are reported in
Table 1.

Eighteen couples of patients were eligible after propen-
sity score matching. Graphical assessment of balance before
and after matching is displayed in Fig. 1.

For a more objective evaluation of balance diagnostic, we
computed pre- and post-matching standardized differences
of the selected confounders. For all covariates, we observed
a small effect size, defined by a standardized difference value
below 0.2 after matching (Table 2).

When analyzing the primary endpoints of the study, addi-
tional overall opioid consumption did not vary in the GA-
VATS and the ESPB NI-VATS patients. Moreover, opioids
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Table 1 Demographic and

. . X - Variables GA-VATS ESPB NI- Total (158) )4
epidemiological data in (138) VATS (20)
GA-VATS, ESPB NI-VATS
groups, and overall population Value % Value % Value %
Age (median—IQR) 76 70-81 81 73-89 77 70-82 0.006
Gender 0.81
Male 85 61.6 13 65 98 62
Female 53 384 7 35 60 38
Comorbidities
Atrial fibrillation 19 13.8 7 35 26 16.5 0.025
Congestive heart failure 21 15.2 10 50 31 19.6 0.001
Respiratory failure 6 43 6 30 12 7.6 0.001
Chronic kidney disease 13 94 6 30 19 12 0.018
Type 1I diabetes 16 11.6 3 15 19 12 0.71
Autoimmune diseases 7 5.1 1 5 8 5.1 1
Disease leading to pleural effusion 0.57
Chronic inflammation 41 29.7 8 40 49 31
Mesothelioma 41 29.7 2 10 43 27.2
Metastases from lung carcinoma 29 21 6 30 35 222
Metastases from pancreatic carcinoma 2 1.4 1 5 3 1.9
Metastases from breast cancer 8 5.8 1 5 9 5.7
Metastases from gastric cancer 3 2.2 0 0 3 1.9
Metastases from urothelial carcinoma 3 2.2 1 5 4 2.5
Metastases from ovarian carcinoma 4 2.9 0 0 4 2.5
Lymphoma 3 2.2 1 5 4 2.5
Sarcoma 4 29 0 0 4 2.5
ASA score <0.001
I 45 32.6 1 5 46 29.1
I 92 66.7 15 75 100 67.7
1AY 1 0.7 4 20 5 32
Charlson comorbidity index (Median—IQR) 7 5-9 8 6-10 7 5-9 0.029
Significant values are reported in italics
consumption at any specific time point (i.e., postoperative Discussion

day 0, 1, 2 and 4), was equivalent in the two groups.

Furthermore, the incidence of pleural effusion relapse at
discharge (5.6% vs. 11.1%, p=1), at 15 (5.6% vs. 22.2%,
p=0.338) and 30 (16.6% vs. 22.7%, p=1) days did not
increase in the ESPB NI-VATS patients compared to GA-
VATS. Likewise, the postoperative complication rate accord-
ing to Clavien—Dindo [13] classification was similar in both
groups (p=0.53) (Table 3).

Patients who underwent locoregional anesthesia had
shorter preoperative time (22.5 min, IQR: 10—-40 vs. 45 min,
IQR: 25-50; p=0.004), intraoperative time (35 min, IQR:
30-40 vs. 47.5 min, IQR: 40-55; p=0.005), postopera-
tive/awakening time (10 min, IQR: 10.0-10.0 vs. 20 min,
IQR: 15-25; p<0.001) and overall stay in the operative
room (67.5 min, IQR: 60-85 vs. 105 min, IQR: 90-125;
p <0.001). No difference in length of stay between the two
groups was found (I-VATS 5 days, IQR: 5-5; ESPB NI-
VATS 6 days, IQR: 5-6; p 0.252).
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Elderly and frail patients with advanced cancer have often
been considered unfit for oncological treatments because
of their age and comorbidities; in particular, palliation of
malignant pleural effusion is usually not taken into consid-
eration because of high surgical risks in a population with
little or no treatment options. However, the introduction of
new and targeted therapies for different cancers, such as
immunotherapy in lung cancer [2], can make this specific
population eligible for selected drug regimens. Moreover,
quality of life is nowadays a very important goal in oncologi-
cal patients, and clearance of respiratory insufficiency due
to abnormal pleural effusion in advanced cancer ought to be
pursued, whenever possible [14, 15].

While most of thoracic interventions are preferably con-
ducted under general anesthesia, still mechanical ventilation
can cause different problems such as lung injuries, which
may in turn be worsened by prolonged surgical procedure
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Fig. 1 Graphical assessment of balance between GA-VATS and NI-VATS patients. A Density plot of propensity score; B dot plot of propensity

score; C standardized differences

Table.2 Propensity score Means treated Means control SD control Std. mean diff.

covariates and coefficients after

matching Before After Before After Before After Before After
Propensity 0.291 0.196 0.103 0.193 0.089 0.141 0.759 0.015
Age 80.65 78.375 73.804 79.75 10.501 7.497 0.71 —0.143
ASA score 3.15 3 2.681 2.938 0.483 0.443 0.958 0.128
Charlson Comor- 7.8 7.313 6.964 7.313 2.64 2.983 0.316 0

bidity Index

and extent of lung resection. Moreover, single lung ventila-
tion naturally generates pulmonary atelectasis with intrapul-
monary artero-venous shunt in the excluded lung, which may
not fully recover at the end of the intervention if the lung
is not carefully re-expanded using positive end-expiratory
pressure (PEEP) [6]. Pulmonary atelectasis might, in turn,
worsen during the first postoperative days especially in the
elderly, who are less prone to early mobilization and cough-
ing than young and fit patients. Keeping both lungs venti-
lated with loco-regional anesthesia might help to avoid lung
injuries intraoperatively as well as pulmonary atelectasis in
the postoperative period, thus favoring a quicker recovery of
the patient [4, 5, 16].

Local anesthesia may cause some discomfort both to the
patient and the surgeon during intervention. In particular,
its efficacy is limited to the surgical incision area, and
therefore parietal pleural sensitivity during adhesiolysis

and pleural biopsies can cause significant pain to the
patient and may represent a technical challenge for the
surgeon. On the other hand, epidural anesthesia as locore-
gional anesthesia may lead to some complications, such
as epidural hematoma, dural puncture, hypotension, or
urinary retention [17].

In the last years, different thoracic blocks such as para-
vertebral, erector spinae plane, serratus plane and intercostal
plane blocks have been described and they represent a novel
and rapidly expanding field of regional anesthesia [18].

Among these, ESPB plays an important role in pain
management after breast, cardiac and abdominal surgery
[19-21], where it can be used as single shot, intermittent or
continuous infusion.

It also seems to improve control of chronic thoracic pain
in different situations such as multiple rib fractures, there-
fore improving respiratory outcomes [22].
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Table 3 Primary and secondary endpoints evaluation: pleural effu-
sion relapse, complication incidence, operative time, and length of
stay

Variables GA-VATS (18) ESPB NI- P
VATS (18)
Value % Value %
Pleural effusion relapse
Discharge 1 5.6 2 11.1 1
15 days 1 5.6 4 222 034
30 days 3 16.6 4 222 1
Clavien—-Dindo complica- 0.53
tions
0 15 83.3 15 83.3
1 0 0 1 5.6
2 1 5.6 2 11.1
3 1 5.6 0 0
4 0 0 0 0
5 1 5.6 0 0
Total 3 16.7 3 16.7
Operative times (Median—IQR)
Preoperative time 45 25-50 225 1040 0.004
Intraoperative time 475 40-55 35 3040 0.005
Postoperative time 20 15-25 10 10-10 <0.001
Total time 105  90-125 67.5 60-85 <0.001

Length of stay (Median— 5 5-5 6 5-6  0.25
IQR)

Significant values are reported in italics

Although ESPB provides excellent postoperative anal-
gesia, so far its use as the only anesthesia in non-intubated
surgery is only anecdotal [9, 11].

Based on these considerations, we have decided to adopt
ESPB as standard loco-regional anesthesia approach for
patients who were considered unfit for GA. Our first goal
was to assess the feasibility and safety of this approach:
in our series, all patients eligible for ESPB NI-VATS were
able to get through surgical intervention with no need to
switch to GA, and no complications related to ESPB was
registered. The first advantage of ESPB compared to local
anesthesia and to epidural anesthesia is that it carries less
procedures-related complications, as well as providing
excellent pain control of visceral pleura during biopsies or
partial pleurectomy. This might be explained by anatomi-
cal investigations that show how ESPB works through two
mechanisms: the paravertebral block (PVB) pathway and
the lateral pathway [23]. First, the PVB pathway involves
both ventral and dorsal spinal rami. Second, the lateral
pathway involves the lateral cutaneous branch and small
branches of intercostal nerves. The blockade of these cuta-
neous branches of intercostal nerves can provide a certain
level of analgesia for the hemithorax.
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The second aspect is intraoperative timing: a prolonged
awake surgery in an elderly and frail patient might represent
a tremendous effort in terms of physical and psychological
stress. Keeping the same position for several minutes, trying
not to cough while having an induced pneumothorax, and
tolerating a general discomfort with possibly some degree
of pain might be overwhelming.

In our study, both preoperative, intraoperative, and post-
operative times were significantly reduced in the NI-VATS
group compared with the GA-VATS patients: in particular,
surgical timing was reduced by one third (35 vs. 48 min).

In awake surgery, the use of the vacuum mattress is cru-
cial in helping the patient to maintain the same position for
a prolonged time, without relying only on his own effort and
consistency. This tool provides great comfort for the patient
throughout the whole intervention, as well as guaranteeing a
greater stability of the operative field, thus avoiding sudden
and dangerous changes in the patient position.

Postoperative pain control in thoracic surgery patients
is crucial to obtain a good coughing strength to avoid pul-
monary atelectasis, and to get a rapid recovery. Typically,
the longer a frail and old patient stays in bed, the higher
the risk of pneumonia, respiratory failure and decubitus
wounds. In a recent randomized-controlled trial by Fiorelli
and colleagues, 60 patients who were candidates to mini-
thoracotomy for general anesthesia thoracic surgery were
given either preoperative ESPB or intraoperative intercostal
nerve block: in the former group pain control was signifi-
cantly better and opioids consumption significantly lower
than in the latter, thus leading to a less respiratory muscle
length impairment (measured by maximum inspiratory and
expiratory pressure) in the ESPB group [24]. These results
were confirmed by Chaudhary et al., who found that com-
pared to intercostal nerve block in patients who underwent
VATS or robotic-assisted thoracic surgery under GA, ESPB
improved acute and chronic pain control and preserved lung
function, measured with bedside spirometry right after sur-
gery and 24 h postoperatively [25].

Although in the present study opioid consumption did
not vary between GA-VATS and NI-VATS patients, thus
suggesting that pain control and patient satisfaction did not
improve in the latter group, still ESPB provides excellent
pain control during surgical intervention, with no pitfalls in
the postoperative period.

Finally, postoperative complications, length of stay and
rate of effusion relapse did not vary between the two groups:
these results demonstrated not only that ESPB NI-VATS sur-
gery can be safely performed in frail patients, but also that
it can be accomplished with a high quality and long-lasting
level of efficacy.

In 2014, Mineo et al. compared non-intubated surgery
versus intubated VATS for malignant pleural effusion [26]:
in his paper 231 patients who underwent non intubated
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surgery with intercostal nerve block experienced the same
efficacy as intubated patients, with better surgical outcome
and improved quality of life. However, in this studio the
choice of whether to undergo local or general anesthesia
was made by the patient himself. To our knowledge, this
is the first studio where loco-regional anesthesia was given
specifically to frail patients who were not eligible to general
anesthesia because of their comorbidities.

Our results are therefore even more meaningful if we take
into consideration that, although post-matching analysis
has been conducted on similar groups, baseline comparison
demonstrated that mean age, ASA score and CCI were sig-
nificantly higher in ESPB NI-VATS patients: diagnostic and/
or palliative thoracoscopy can therefore be safely and effec-
tively offered to elderly and frail patients using loco-regional
anesthesia, with very little anesthesiologic risk.

This study has some limitations: first, its retrospective
nature, and secondly its relatively small sample size. Moreo-
ver, specific variables, such as postoperative patient mobili-
zation, respiratory performance and patient satisfaction has
not been specifically studied. This could represent the start-
ing point for further, more comprehensive research about the
potential advantages of this innovative technique.
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