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Abstract

Background: Pleural empyema (PE) is a frequent disease, associated with a high morbidity and mortality. Surgical
approach is the standard of care for most patients with Il-lll stage PE. In the last years, the minimally invasive surgical
revolution involved also thoracic surgery allowing the same outcomes in terms of safety and effectiveness combined
to better pain management and early discharge. The aim of this study is to demonstrate through our experience on
uniportal-video-assisted thoracoscopy (u-VATS) the effectiveness and safety of its approach in treatment of stage Il PE.
As secondary endpoint, we will evaluate the different pattern of indication of u-VATS in adult and elderly patients with
literature review.

Methods: We retrospectively reviewed our prospectively collected database of u-VATS procedures from November
2018 to February 2022, in our regional referral center for Thoracic Surgery of Regione Molise General Surgery Unit of
“A. Cardarelli"Hospital, in Campobasso, Molise, Italy.

Results: A total of 29 patients underwent u-VATS for Il stage PE. Fifteen (51.72%) patients were younger than 70 years
old, identified as“adults,” 14 (48.28%) patients were older than 70 years old, identified as "elderly” No mortality was
found. Mean operative time was 104.68 +39.01 min in the total population. The elderly group showed a longer opera-
tive time (1154 53.15 min) (p =0.369). Chest tube was removed earlier in adults than in elderly group (5.56 = 2.06 vs.
10.1445.58 p=0.038). The Length of Stay (LOS) was shorter in the adults group (6.44 +2.35 vs. 12.29+6.96 p=0.033).
Patients evaluated through Instrumental Activities of Daily Living (IADL) scale returned to normal activities of daily
living after surgery.

Conclusion: In addition, the u-VATS approach seems to be safe and effective ensuring a risk reduction of progression
to stage Ill PE with a lower recurrence risk and septic complications also in elderly patients. Further comparative multi-
center analysis are advocated to set the role of u-VATS approach in the treatment of PE in adults and elderly patients.
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Background

Pleural empyema (PE) is a clinical condition defined
as the presence of purulent fluid in the pleural cavity
and characterized by high morbidity and an estimated
mortality rate of 15% [1].

The surgical approach to PE is determined by its
evolutive stage and it is the standard of care in the
36-65% of patients [2].

Empyema thoracis is classified into three stages,
according to the European Association for Cardio-
Thoracic Surgery (EACTS) guidelines [3]: the exuda-
tive phase (stage I) is characterized by a collection of
flowing fluid into the pleural cavity in the absence of
positive culture. The fibrinopurulent phase (stage II), a
turbid and frankly infected fluid, with loculations and
fibrinous septa formation. Lastly, the chronic organ-
izing phase (stage III), with scar adhesions and a pro-
gressive constriction, process that leads to a “trapped
lung”

EACTS guidelines recommend parenteral antibiotics
combined to image-guided pleural drain placement for
the first stage of PE, instead, surgery should be con-
sidered the first-line approach in the management of
the last stages when single lung ventilation is tolerated
either in minimally invasive approach, either through
open surgery [1, 3]. In cases where such surgical inter-
vention or ventilation cannot be tolerable for the
patient, intrapleural fibrinolysis may be an alternative
approach [3].

The advent of minimally invasive surgery (MIS)
approaches and technological improvements have led
to significant amelioration in peri-operative patients’
outcomes also in complex surgical fields [4—8]. Follow-
ing the general surgery experience in MIS approaches
also thoracic surgery have demonstrated the safety and
efficacy of surgical approach through minimally inva-
sive video-assisted thoracoscopy (VATS).

Nowadays, multiportal VATS (m-VATS), and its evo-
lution uniportal-VATS (u-VATS), gained a key role in
diagnosis and treatment of pulmonary and non-pul-
monary morbidities [9, 10].

Furthermore, also the u-VATS approach to pulmo-
nary cancers and pleural disease seemed to be related
to enough safe and effective allowing better postopera-
tive outcomes when compared to standard thoracot-
omy [2, 11, 12].

Although an increasing number of centers have
reported VATS approach to treat intermediate stages

of PE a lack of published data still persists on the use
of u-VATS.

Therefore, our aim is to demonstrate through our
experience on u-VATS the effectiveness and safety of
its approach in treatment of stage II PE. As secondary
endpoint we will evaluate the different pattern of indi-
cation of this both in adult and elderly patients with an
extensive literature review.

Methods

We retrospectively reviewed our prospectively collected
database of u-VATS procedures from the institution of a
dedicated thoracic surgical team on November 2018 to
February 2022, according to Strengthening the Report-
ing of Observational studies in Epidemiology (STROBE)
[13], in our regional referral center for Thoracic Surgery
of Regione Molise General Surgery Unit of “A. Cardarelli”
Hospital, in Campobasso, Molise, Italy (Fig. 1).

Grade of eligibility was defined by the presence of a
stage II PE fitting for surgery, according to the American
Association of Thoracic Surgery (AATS) classification,
evaluated through biochemical investigations, such as the
alterations of flogosis indices, and instrumental investi-
gations, like ultrasound (US), chest-XR and computed
tomography (CT) scan [1] (Fig. 2).

Surgical exclusion criteria were: lack of patient compli-
ance, the presence of lung cancer, chest trauma, non-pul-
monary surgery and stage III PE.

Anesthesiological exclusion criteria were: lack of
patient compliance, right ventricular dysfunction, hemo-
dynamic instability, severe chronic obstructive pulmo-
nary disease (COPD), severe pulmonary hypertension
and other comorbidities which make it impossible to per-
form a single lung ventilation (Fig. 1).

Study exclusion criteria were: patients managed by
general surgeons not involved in thoracic team before its
institution, any data not prospectively collected.

A team composed of thoracic surgeons, anesthesiolo-
gist, infectious disease specialist and internist/pulmo-
nologist discussed all cases, placing surgical indication,
according to the EACTS guidelines [3]. American Soci-
ety of Anesthesiologist (ASA) score was used to evaluate
intraoperative risk [14].

Before surgery, all patients performed routine blood
samples, electrocardiogram (ECG), and start a broad-
spectrum antibiotic therapy including metronidazole
with parental second or third cephalosporin generation
(more frequent ceftriaxone) or parental aminopenicillin
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Patients accessed in General
Surgery Unit

Exclusion criteria:

Thoracic surgery not required
® Lack of patients’ compliance

Thoracic surgery required
(n=317)

Excluded (n=197):
Chest tube (n=113)

A

Open approach (n=9)
Multiportal-VATS (n=5)
Lack of patients’ compliance

Patients underwent
u-VATS (n=120)

Excluded (n=91):
® Primitive Lung Cancer (n=46)
® Lung Metastases (n=12)

v

® Pleural Mesothelioma (n=4)
® Stage lll Pleural Empyema (n=5)
® Chest trauma (n=24)

Stage Il empyema underwent
u-VATS (n=29)

Adults (age <70 years) n=15

Elderly (age =70 years) n=14

Fig. 1 STROBEline flowchart. u-VATS, uniportal-video-assisted thoracoscopy; COPD, chronic obstructive pulmonary disease

Fig. 2 Computed tomography scan of the chest showing a right
pleural effusion

with f3-lactamase inhibitor (more frequent ampicillin/
sulbactam) according to AATS guideline [1].

Due to the high incidence of the severe acute respira-
tory syndrome corona virus-2 (SARS-CoV-2) over the
years of this study, all patients performed a rhino-phar-
yngeal molecular swab before the admission in the gen-
eral surgery ward.

After surgery, all patients performed a chest-XR or CT
scan to visualize lung re-expansion.

To achieve a rapid recovery of patient’s conditions, the
enhanced recovery after surgery (ERAS) program was
used [15].

Postoperative complications were assessed according
to the Clavien—Dindo classification [16].
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Treatment of postoperative anemia, a frequent compli-
cation during thoracic surgery, was performed according
to our general surgery unit protocol (Additional file 1).

Postoperative pain was evaluated, every morning,
through Visual Analogue Scale (VAS) [17].

Follow-up was planned at 1 week after discharge, using
lung US, and 30 days, using chest-XR, after discharge. In
either adult and elderly patients, Instrumental Activities
of Daily Living (IADL) scale was administered in order to
understand the return to normal activities of daily living
[18].

All individuals included in this study signed an
informed consent for the scientific anonymous use of
clinical data. The study was conducted according to the
guidelines of the Declaration of Helsinki and approved
by the Institutional Review Board of the University of
Molise (protocol number 10/21, approved date: May 12,
2021).

Technical Notes
u-VATS Technique
All procedures were performed under general anesthe-
sia and single lung ventilation, using a double-lumen
endotracheal tube. The patient was put in lateral decu-
bitus position with the arms flexed toward the head. To
allow a better intercostal space extension, the operating
table was flexed into a wedge position with the patient’s
head and lower limbs slightly inclined.

After careful skin disinfection with iodopovidone
10%, an ultrasound-guided block of the serratus ante-
rior plane (SAP block with ropivacaine 0.25%, 30 ml) was

Fig. 3 Ultrasonographic evaluation in serratus plane block (SAP
block) during uniportal video-assisted thoracoscopy (u-VATS) surgery
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Fig. 4 A, B Stage Il of pleural empyema at uniportal video-assisted
thoracoscopy (u-VATS) approach characterized by a exudative
thickening and dense fibrin depositions in pleural space

performed to achieve a better postoperative pain man-
agement (Fig. 3).

The operating surgeon and the assistant stand in front
of the patient and the video-monitor.

At the level of the fifth intercostal space, in the cor-
respondence of the mid axillary line, a single incision of
2-3 cm, preserving the muscular structure, was made.
Subsequently, to ensure incision enlargement and protec-
tion of the structure, a wound protector was inserted. At

Fig.5 A, BVisceral and parietal decortication in patient affected by
stage Il pleural empyema
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this point, a 5 mm or 10 mm 30° thoracoscope and endo-
scopic instruments were introduced (Fig. 4).

To achieve a complete lung re-expansion, the operation
continued with debridement and removal of all adhe-
sions, septa, and inflammatory effusion from both the
visceral and the parietal pleura (Fig. 5).

In case of difficulty in operating management through
thoracoscopy, an anterolateral thoracotomy was
performed.

Multiple washings with warm physiological solution
(NaCl 0.9% solution) were performed to eliminate the
residual effusion and organized pus from the visceral
pleura. The operation proceeded with decortication
with an electrocautery device.

Parenchymal re-expansion was evaluated with lung
inflation, and at the same time an accurate aerostasis’
control was carried out.

At the end of surgery, one or two chest tube drainages
(28-32 French) were placed.

The timing of chest tube removal was inspired by post-
surgical factors (no air leak, drained fluid of clear appear-
ance, whose quantity in 24 h was less than 450 ml) [15],
clinical aspects (quantitative decrease of inflammatory
indices, fever) and radiological evidence of complete lung
re-expansion.

Postoperatively, patients continued with the antibiotic
regimen instituted preoperatively and analgesics, such as
paracetamol (1000 mg/100 ml) or ketorolac (30 mg/ml),
as needed for pain control. Gradually then, patients were
referred to respiratory physiotherapy.

Statistical analysis

Statistical analysis was designed to better define the
safety and effectiveness of u-VATS in both adults
(age <70 years) and elderly (age > 70 years).

A two-tailed p value<0.05 was accepted as statistically
significant.

First, we applied the Shapiro—Wilk test, to test the nor-
mal distribution of quantitative elements. Later, inde-
pendent samples, whose distribution was normal, were
tested using the unpaired t-test. The Mann—Whitney test
was used in case of non-normal distributions of values.

Quantitative data were expressed like mean + standard
deviation (SD). We used the random-effects model to cal-
culate summary 95% confidence interval (C.I.).

Chi-square test (x?) or Fisher’s exact test was used for
qualitative data.

Data analysis was carried out with IBM Statistical
Package for the Social Sciences (IBM SPSS®).
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Results

Twenty-nine patients, 21 (72.41%) male and 8 (27.59%)
female, underwent u-VATS surgery from November 2018
to February 2022. Fifteen (51.72%) patients were younger
than 70 years old defined as “adults,” and 14 (48.28%)
were elderly than 70 years defined as “elderly” Total pop-
ulation mean age was 67.13 £9.96 years (95% C.I. 63.34—
70.91). In the adults group, the mean age was 59.84+5.34
(95% C.I. 56.88-62.79); meanwhile, in the elderly group
the mean age was 76.51 +5.25 (95% C.I. 73.47-79.54). A
statistically significant difference was found between the
average ages of the two groups (p < 0.001).

Hypertension (68.96%) was the most frequent comor-
bidity, both in adults (66.67%) and in elderly (71.42%).
According to the ASA score, 12 (41.38%) patients were
ASA 2, 11 (37.93%) were ASA 3, and 6 (20.69%) were
ASA 4 (p=0.017). ASA score according to age is reported
in Table 1.

All PE (100%) were stage II affecting left hemithorax in
the 68.97%.

The main patient’s demographic and clinical character-
istics are shown in Table 1.

Five (17.24%) patients had parapneumonic empyema
related to an ongoing acute pulmonary infectious pro-
cess, 3 (20.00%) of these patients were adults.

Fever, at the admission, was the main symptom in
44.83% of the series, as shown in Table 2.

The difference in the presence of fever between adults
and elderly has been found as statistically significant
(p=0.005). The presence of a cough as a clinical presen-
tation was observed in 4 (100%) patients, all included in
the elderly group (p=0.042).

All patients (100%) were treated with broad-spectrum
antibiotic therapy; 5 (33.33%) adults patients were also
administered a corticosteroid therapy.

Mean operative time was 104.68+39.01 (95% C.L
89.84-119.52) min in the total population. The elderly
group showed a longer operative time (115453.15 min,
95% C.I. 84.31-145.69) without any statistical signifi-
cance (p=0.369) (Table 2).

Only in 1 (3.45%) adult case conversion was necessary.

Table 2 illustrates the main preoperative, intraop-
erative, and postoperative characteristics. All patients
(100%) achieved optimal lung re-expansion, and no
air leaks were reported in any patient, at radiographic
control.

No intraoperative or postoperative hemotransfusions
were required.

No intraoperative mortality was reported.

No intensive care unit (ICU) admission was necessary
(Table 2).
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Table 1 Baseline characteristic of patients
Variables N. (%) and/or Mean +=-SD
Total population (n.=29) Adults (age<70; n.=15) Elderly (age>70; n.=14) p value
Age (years) 67.13£9.96 59.84+534 76.51+£525 <0.001
Gender 0.035
Male 21 (72.47) 8(53.33) 13(92.86)
Female 8(27.59) 7 (46.67) 1(7.14)
ASA 0.017
Il 12 (41.38) 8(53.33) 4(28.57)
Il 11(37.93) 7 (46.67) 4(2857)
% 6 (20.69) 0(0) 6 (42.86)
Smoker 13 (44.83) 7 (46.67) 6 (42.86) 0873
Comorbidities
Hypertension 20 (68.96) 10 (66.67) 10(71.42)
COPD 10 (34.48) 2(13.33) 8(57.14) 0021
Heart disease 10 (34.48) 2(13.33) 8(57.14) 0.021
Diabetes 4(13.79) 2(13.33) (1429)
SARS-CoV-2 swab positivity 0(0) 0(0) 0(0)
Pleural empyema stage
| 0(0) 0(0) 0(0)
Il 29 (100) 15 (100) 14 (100)
Il 0(0) 0(0) 0(0)
Affected lung
Left 20 (68.97) 12 (80.00) 8(57.14)
Right 9(31.03) 3(20.00) 6 (42.86)

SD, standard deviation; ASA, American Society of Anaesthesiologists Physical Score; COPD, chronic obstructive pulmonary disease; SARS-CoV-2, severe acute

respiratory syndrome coronavirus 2

Postoperative complications according to Clavien—
Dindo classification are depicted in Table 2.

Minor complications occurred in 18 (62.07%) patients,
atelectasis was the most reported minor complication, 7
(46.67%) cases in the adults group, and 8 (57.14%) in the
elderly group (p=0.573) (Table 3).

No surgical wound infections or local paresthesia
occurred, as shown in Table 3.

Mean pain duration after surgery was 2.80+0.83 days
(95% C.I. 2.49-3.11). Seventeen (58.62%) patients, 7
(46.67%) in the adults group, and 10 (71.43%) in the
elderly group required additional postoperative antalgic
coverage.

Chest tube was removed after 7.56 £4.50 days (95%
C.I. 5.85-9.27); in the adults group, the mean chest
tube removal was 5.56 +2.06 days (95% C.I. 4.42-6.70);
for the elderly group, it was 10.14+5.58 days (95% C.I.
6.92-13.36). After statistical analysis, we found a statis-
tically significant difference (p =0.038).

The mean postoperative length of stay (LOS) in
the total population was 9.00+5.59 days (95% C.L

6.87-11.12), greater in the elderly group (12.29 +9.70,
95% C.I. 8.27-16.31), and shorter in the adults group
(6.44£2.35, 95% C.I. 5.14-7.74). A statistically signifi-
cant difference was found (p = 0.033) (Table 2).

After over-30-day of follow-up, 26 (89.65%) patients
returned to normal activities of daily living, with a
mean IADL score equal to 8, without any recurrence of
disease and without any significant difference between
group. Three (10.35%) patients, all elderly, had a mean
IADL score equal to 6.

Discussion

Our study demonstrates the safety of minimally inva-

sive u-VATS procedure in the treatment of stage II PE.
The postoperative results achieved by the thoraco-

scopic approach were remarkable, fully satisfying the

two main goals of PE treatment:
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Table 2 Pre-, intra- and postoperative course and characteristics
Variables N. (%) and/or Mean +-SD
Total population (n.=29) Adults (age<70; n.=15) Elderly (age>70; n.=14) p value
Preoperative characteristic
Preoperative pulmonary infection 5(17.24) 3(20.00) 2(14.29)
Clinical presentation
Fever 13 (44.83) 3(20.00) 10 (71.42) 0.005
Cough 4(13.79) 0(0) 4(28.57) 0.042
Dyspnea 6(20.69) 2(13.33) 4(2857) 0.390
Preoperative flogosis indices
WBC count (x 10°/ul) 10844433 11544334 10.14£531 0.565
PCR (mg/L) 142.26+131.77 87.60£128.70 210.604+114.06 0.190
PCT (ng/mL) 2.16+3.10 3.50+4.66 149+2.64 0.533
Preoperative treatment
Antibiotic therapy 29 (100) 15 (100) 14 (100)
Corticosteroids 5(17.24) 5(3333) 0(0)
Preoperative chest tube 9(31.03) 7 (46.67) 2(14.29) 0.109
Preoperative fibrinolytic therapy 0(0) 0(0) 0(0)
Preoperative lung re-expansion 0 (0) 0(0) 0(0)
Intraoperative course
Conversion to thoracotomy 1(3.45) 1(6.67) 0(0)
Number of chest tube
1 25 (86.20) 13 (86.67) 12 (85.71)
2 4(13.80) 2(13.33) 2(14.29)
Estimated blood loss (ml) 1184735 1104+63 126+84
Re-expansion of the lung 29 (100) 15 (100) 14 (100)
Operating time 104.68 +39.01 96.67 £23.84 1154£53.15 0.369
Postoperative course
Clavien-Dindo classification
| 18(62.07) 6 (40.00) 12 (85.71)
Il 0(0) 0(0) 0(0)
Il 0(0) 0(0) 0(0)
% 0(0) 0(0) 0(0)
ICU admission 0(0) 0(0) 0(0)
Postoperative antibiotic therapy 29 (100) 15 (100) 14 (100)
Postoperative Hb value (g/dL) 8.80+0.96 9404087 8.20+1.06
LOS (days) 9.00+5.59 644+ 2.35 12.294+6.96 0.033
Mean pain duration (days) 2.804+0.83 2.5040.70 3.004£1.00 0.591
Painkillers needed 17 (58.62) 7 (46.67) 10(71.43) 0.167
Chest tube removal (days) 7.564+4.50 55642.06 10.14+5.58 0.038

SD, standard deviation; WBC, white blood cell; PCR, protein-C reactive; PCT, procalcitonin; ICU, intensive care unit; Hb, hemoglobin; LOS, length of stay

+ a meticulous debridement of the pleural cavity and
complete decortication of the visceral and parietal
pleura in all 29 patients;

« adequate lung re-expansion in 100% of the series.

Furthermore, we report the first experience on
u-VATS approach to stage II PE in elderly population
older than 70 years. Our findings demonstrated the

same outcomes in terms of efficacy and safety than in
adult, showing a longer chest tube stay and hospital
stay that we will discuss below.

Until a few years ago, the standard of care for stages
II and III PE was represented by thoracotomy, but now-
adays MIS gained even more diffusion as reported by
several studies which compared thoracotomy and VATS
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Table 3 Minor complications presentation
Variables N. (%) and/or Mean +-SD

Total population (n.=29) Adults (age <70; n.=15) Elderly (age>70; n.=14) p value
Atelectasis 14 (48.27) 7 (46.67) 8(57.14) 0.573
Anemia 13 (44.83) 3(20.00) 10(71.42) 0.005
Air-leakage 0(0) 0(0) 0(0)
Wound infection 0(0) 0(0) 0(0)
Postoperative paresthesia 0(0) 0(0) 0(0)
SD, standard deviation
Table 4 Literature review—preoperative characteristics
Author, year Total population Age, mean =+ SD or mean and Pleural Treatment

(range) empyema
stage Chest tube VATS Open
Uniportal Multiportal
Landreneau et al. [23] 76 47 [14-78] [1-111 0 0 76
Wait et al. [19] 20 VATS 42 +20/CT 43413 Il 9 0 M
Angelillo Mackinlav et al. (24) 64 VATS 489+17.6/ Open 51.1£17.8 Il 0 0 31 33
Cassina et al. [27] 45 52 [13-86] Il 0 0 45 0
Roberts et al. [25] 172 53.68[13-86] I1-11l 0 0 66 106
Kim et al. [28] 70 40+£15 111l 0 0 70 0
Lardinois et al. [29] 328 55[3-92] Il 0 0 178 150
Solaini et al. [30] 110 52 [7-88] -1l 0 0 110 0
Cardillo et al. [21] 308 VATS 55.8+ 10.6/Open 57+ 129 I1-11l 0 0 185 123
Stefani et al. [31] 97 54 [21-83] 11111 0 0 97 0
Bongiolatti et al. [32] 64 578+£164 =111 0 30 0 34
Ismail et al. [22] 35 57.26+£18.29 [-11-111 0 35 0
Semenkovich et al. [33] 4095 CT 64 [11]/ VATS 56 [45-69]/ Open Il 1563 1313 0 1219
57 [47-69]

van Middendorp et al. [26] 186 U-VATS 60+ 15.2/ m-VATS 59.6 £ 14.8  II-ll 0 49 137 0

SD, standard deviation; CT, chest tube; VATS, video-assisted thoracoscopy; m-VATS, multiportal VATS; u-VATS, uniportal VATS.

approaches to treat stage II-III PE reporting equivalent
results in terms of safety and efficacy [19-22].

Furthermore, VATS achieved the additional benefits
of the minimally invasive approach, including reduc-
ing postoperative pain and days of chest tube stay with
early discharge [19, 20, 22, 23].

Although it seemed to be clear that our approach
allowed a safety management of stage II PE, we com-
pared our peri-operative data with the most relevant
experiences on m-VATS and open approaches in order to
deeply understand benefits and drawbacks of uniportal
approach as resumed in Tables 4 and 5.

Comparing our results with studies concerning
patients undergoing VATS (either uniportal or multipor-
tal approach) (Tables 4 and 5), it is possible to highlight
that our outcomes do not differ from the standard of

care, also showing better results in terms of 30-days mor-
tality [24-26].

Concerning preoperative patients’ characteristics, we
report a mean age of 67.13+9.96 years, that is 15 years
average higher than the average age reported in PE case
series [19, 21-33].

Obviously, also comorbidities prevalence, like hyper-
tension, COPD, and cardiovascular diseases, are higher
in our population due to older patients [34—36].

Literature data concerning conversion rate to thora-
cotomy are heterogeneous, ranging from 6% [20, 26, 31]
up to 59% [30]. This discrepancy is related either to the
progressive learning curve either to the stage of the dis-
ease treated.

According to Stefani et al. [31], the probability of thora-
cotomy raises according to the waiting time for surgery;
this finding can be linked to the evolution of stage II to a
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Table 5 Literature review: intra- and postoperative characteristics

Page 9 of 11

Author, year Total Conversion Complications  Operative LOS (days), Chest tube 30-day mortality
population rate (%) (%) time (min), mean +SD stay (days), (%)

mean +SD or mean and mean +SD

or mean and (range) or mean and

(range) (range)
Landreneau 76 17.1 NA NA 74+72 33+£29 6.6
etal. [23]
Wait et al. [19] 20 0 VATSO0/CT 1111 NA VATS 87409/  VATS58=+1.1/  VATS9.09/CT

CT128+1.1 CT42+18 1111
Angelillo 64 9.67 VATS 16.13/ VATS 1194325/ VATS6.7+3.0/ VATS 42+15/ VATS 3.22/Open 0
Mackinlav et al. Open 15.15 Open 1234258 Open11.6+£9.1 Open6.1+£23
[24]
Cassina etal.[27] 45 10 16 NA 10.7 [6-140 7.1 [4-140] 3
Roberts et al. 172 NA VATS 9/ Open 21 NA 153 10.5 1.8
[25]
Kim et al. [28] 70 7.14 NA 795+£15 57+£6 542 0
Lardinois et al. 328 4438 9 NA NA NA VATS 3/ Open 4
[29]
Solainietal.[30] 110 8.2 109 120 [35-220] 7.1 [5-17] 6 [3-25] 0
Cardilloetal. [21] 308 594 VATS 18.3/Open VATS 70+ 7.4/ VATS 8.6+ 1.8/ NA VATS 0/ Open 3.2
252 Open796+68 Open 10+7.8
Stefanietal. [31] 97 59 VATS 12.5/ Open  VATS 146 VATS 8.3 [3-30)/ VATS44[2-12]/ NA
32 [90-210]/ Open  Open 84 [3-44]  Open 5 [2-40]

162 [80-255]
Bongiolattietal. 64 10 VATS 10/ Open ~ VATS116+28/  VATS6.7+19/  VAIS56+14/ 0
[32] 47 Open 135443 Open 122447 Open 10.6+4.2
Ismail et al. [22] 35 0 228 128294898 1564898 8914701 0
Semenkovich 4095 15 CT 15.4/ VATS NA CT 1419-22)/ NA CT 18.3/VATS 5.4/
etal. [33] 4.7/ Open 6 VATS 12 [9-19]1/ Open 6.8

Open 15 [10-21]

van Middep 186 u-VATS 0/ u-VATS 18/ u-VATS u-VATS U-VATS 64+4.3/ Uu-VATS 8/ m-VATS
etal. [26] m-VATS 3 m-VATS 10 653+£17.9/ 189+128/ m-VATS 89+62 6

m-VATS m-VATS

5644233 201+£147

SD, standard deviation; CT, chest tube; VATS, Video-assisted thoracoscopy; m-VATS, multiportal VATS; u-VATS, uniportal VATS; LOS, length of stay

chronic organized phase (stage III) PE, characterized by
multiple loculations, and fibrothorax with diffuse lung
entrapment.

Our patients underwent u-VATS 10 days maximum
after admission, considering also the low impact of the
uniportal approach to patients general conditions with
consequent low rate of conversion.

Pleural adhesions, characteristic of a stage III PE, are
one of the main limitations to VATS approach in those
patients, because they cause a challenging access to the
thoracic cavity and the subsequent inability to perform a
complete lung decortication [33].

In fact, in our experience, conversion to traditional
thoracotomy was only necessary in 1 (6.25%) adult case,
due to the toughness of the countless pleural adhesion.

Operating time was confirmed to be in line with the
experience of other centers [23, 29, 32, 33].

Regarding postoperative course, we do not report any

major complications. As Clavien—Dindo I minor com-
plications, we report an overall complications rate of
62.07%, 40.00% in the adults group and 85.71% in the
elderly group in contrast to lower rates reported in
other studies [20, 23, 24, 27, 29, 31, 33, 37].

As already declared, our study cohort was older than
the cohorts examined by other authors; therefore, the
increased rate of minor complications could be related
to elderly age and the lack of patient compliance to
postoperative respiratory physiotherapy.

In relation to the chest tube removal, we report
7.56 £4.50 days (95% C.I. 5.85-9.27), compared to a
mean stay of 6.11£2.89 days (95% C.I. 5.92-6.30) in
the literature [19, 22—-28, 30-32].

Moreover, LOS is comparable with other referral
centers experience, as shown in Table 5.
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The effectiveness of u-VATS approach was investi-
gated in the elderly also though the IADL scale. To our
knowledge, this is the first report in thoracic surgery
where daily living activities after emergency surgery
were evaluated, with such successful outcomes.

As declared above, we found a significant longer chest
tube stay and hospital stay in the elderly population. This
result is due to the high prevalence of comorbidities asso-
ciated with increased difficulty in the early removal of
chest tubes.

Furthermore, the geographical and social limitation
of Molise, already discussed in other experience [38],
caused a longer hospital stay due to the lack of social sup-
ports and peripheral care, with, consequent, higher hos-
pital related complications [39].

Limitations

We understand that our study shows some limitations.
First, the institution of a new thoracic team into a gen-
eral surgery department does not allow comparative
analysis with the previous treatment. Furthermore, the
learning curve on u-VATS, acquired by authors dur-
ing previous experiences, allowed to directly start the
u-VATS approach in PE patients.

Moreover, the limited patient sample and the lack of a
comparison group (u-VATS vs. thoracotomy or fibrino-
lytic therapy) are the major limitations of this study.
However, based on our experience, we are able to con-
firm the feasibility and safety of the u-VATS procedure
in the treatment of PE because it permits an easy perfor-
mance of a complete debridement and decortication with
a very low conversion rate risk.

Conclusions
Despite the absence of international guidelines recogniz-
ing a precise role for u-VATS in the treatment of stage II
PE, our experience recommends u-VATS as a safe alter-
native in patients with fibrinopurulent disease also after
failure of conservative treatments. Furthermore, early
u-VATS approach may allow a lower risk of progres-
sion to stage III PE and septic complications, also in the
elderly.

Further comparative multicenter analyses are advo-
cated to set the u-VATS approach as standard of care.
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