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Abstract

Introduction. Spontaneous pneumothorax in men is a clinically relevant condition with recurrence rates
up to 30% after the first episode. Advances in thoracic surgery have shifted management from conservative
observation to minimally invasive strategies prioritizing functional preservation. Non-intubated uniportal
video-assisted thoracoscopic surgery combined with Enhanced Recovery After Surgery protocols is
considered a promising option, though evidence on long-term outcomes remains limited.

Aim. To assess the feasibility, safety, and long-term results of non-intubated uniportal video-assisted
thoracoscopic surgery performed within Enhanced Recovery After Surgery protocols in men with
spontaneous pneumothorax.

Materials and methods. A retrospective analysis of 80 men treated between 2017 and 2023 was
conducted. Data included demographics, operative time, blood loss, anesthesia safety, postoperative pain,
chest drainage duration, hospital stay, complications, and recurrence. All procedures were performed
under thoracic epidural anesthesia with multimodal pain management. Follow-up averaged 60 months.
Results. All surgeries were completed without conversion to thoracotomy. The mean operative time was
67 minutes, and blood loss was minimal. Physiological stability was preserved, with no anesthesia-related
complications. Pain intensity was low (mean visual analogue scale 1.9), oral intake resumed within 1 hour,
and mobilization within 2-3 hours. Chest drainage lasted a mean of 3.3 days. Complications were rare,
with prolonged air leak in 10% of cases. Recurrence was documented in 5% during long-term follow-up,
all successfully managed with repeat minimally invasive surgery.

Conclusions. Non-intubated uniportal video-assisted thoracoscopic surgery within Enhanced Recovery After
Surgery protocols is a safe and effective strategy for men with spontaneous pneumothorax. It minimizes
perioperative trauma, accelerates functional recovery, reduces opioid use, and provides durable control of
recurrence. Larger multicenter trials are required to confirm these findings and refine patient selection criteria.

Keywords: spontaneous pneumothorax, bullous lung disease, non-intubated uniportal video-
assisted thoracoscopic surgery, video-assisted thoracic surgery, enhanced recovery after surgery

INTRODUCTION

Spontaneous pneumothorax in men is a common
condition in thoracic practice, with an annual incidence
estimated at 18-28 per 100,000 person-years, and a discase
course dominated by abrupt pleural air entry from apical
blebs, bullae, or peripheral air-cyst rupture with subsequent
persistent air leak [1]. Historically, management evolved
from observation and simple aspiration toward tube
thoracostomy and, ultimately, definitive surgical strategies
predicated on resection of culprit lesions and pleurodesis
to reduce recurrence. Over the past two decades, video-
assisted thoracoscopic surgery has become the preferred
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operative modality in suitable candidates, reflecting its
favorable balance of invasiveness, visualization, and
outcomes compared with open approaches. Ongoing debate
persists, however, regarding the optimal timing of surgery—
particularly at a first episode versus after recurrence—and
the choice of anesthetic technique for otherwise healthy
young men in whom preservation of pulmonary mechanics
and rapid recovery are paramount [5-6].

Concurrently, enhanced recovery after surgery has
reframed perioperative care as a multimodal, pathway-
driven process that mitigates surgical stress, minimizes
opioid exposure, and accelerates convalescence through
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standardized preoperative education, thermal maintenance,
carbohydrate loading where appropriate, minimally
invasive access, procedure-specific analgesia, early oral
intake, and early mobilization [4]. The application of these
principles to thoracic surgery has been codified in dedicated
guidance and has stimulated interest in anesthetic strategies
that further attenuate physiological disruption. Among
these, non-intubated thoracoscopic surgery—performed
under carefully titrated sedation with regional techniques
and spontaneous ventilation—seeks to avoid endotracheal
intubation, one-lung ventilation, and neuromuscular
blockade, thereby reducing airway trauma, ventilator-
induced lung injury, postoperative nausea and vomiting,
and residual neuromuscular weakness while supporting
faster functional recovery in selected patients [18-19].

Against this backdrop, integrating an enhanced
recovery pathway with non-intubated uniportal video-
assisted thoracoscopic surgery represents a coherent,
physiology-sparing paradigm for the definitive management
of spontaneous pneumothorax in men. Nevertheless, real-
world data on feasibility, safety, perioperative performance,
and long-term recurrence within a structured pathway
remain limited. The present study addresses this gap by
reporting a single-center experience with pathway-based,
non-intubated uniportal thoracoscopic management, with
particular attention to analgesia, early ambulation, duration
of drainage, and recurrence over extended follow-up.

AIM

The aim of this study was to evaluate the feasibility,
safety, and clinical effectiveness of implementing an
enhanced recovery after surgery pathway in combination
with non-intubated uniportal video-assisted thoracoscopic
surgery for the treatment of spontaneous pneumothorax
in men, with particular focus on perioperative outcomes,
postoperative recovery, and long-term recurrence rates.

MATERIALS AND METHODS

This retrospective single-center study was conducted
at the Polytrauma Department of Kyiv City Hospital No. 17
over the period 2017-2023. A total of 80 male patients
with a confirmed diagnosis of spontaneous pneumothorax
were included. The inclusion criteria were: (1) age over
18 years, (2) first or recurrent episode of spontaneous
pneumothorax, and (3) eligibility for surgical treatment
under non-intubated video-assisted thoracoscopic surgery
(VATS). Patients with secondary pneumothorax associated
with trauma, prior thoracic surgery, or advanced chronic
pulmonary disease were excluded.

Upon admission, all patients underwent chest
radiography to confirm the diagnosis; in cases requiring
surgical planning, computed tomography (CT) of the chest
was performed to assess bullous disease and structural
changes of the lung. Initial diagnostic thoracoscopy
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under local anesthesia was performed in the majority of
cases, with placement of an 18 Fr chest drain connected
to an underwater seal system. This served as a bridge to
definitive surgical intervention.

All patients subsequently underwent non-intubated
uniportal VATS (NI-uVATS). The surgical approach
was standardized: a single 3-4 cm incision at the 4th-5th
intercostal space in the midaxillary line, wound protection
with SurgiSleeve XS, and the use of a 10 mm, 30°
thoracoscope (Storz). Adhesiolysis was performed with
monopolar cautery or LigaSure, followed by wedge
resection of visible bullae using an Endo GIA stapling
system. Mechanical pleurodesis was routinely performed
according to European Society of Thoracic Surgeons
(ESTS) recommendations.

Anesthetic management relied on thoracic epidural
anesthesia (TEA) at the T5-T6 level combined with
continuous intravenous sedation (dexmedetomidine,
propofol, fentanyl). All patients received supplemental
oxygen via non-rebreathing mask at a flow of 7-10 L/min
(FiO2 0.4-0.5). Monitoring included electrocardiography,
pulse  oximetry, non-invasive  blood  pressure,
capnography, respiratory rate, and bispectral index (BIS).
No premedication was administered.

Postoperative analgesia was provided through
continued TEA and multimodal opioid-sparing regimens
(scheduled NSAIDs). Pain intensity was assessed using
the visual analogue scale (VAS). Chest drains were
routinely removed once daily output fell below 200 mL
and air leakage ceased.

Demographic and perioperative characteristics are
presented in Table 1.

The study protocol was approved by the Ethics
Committee of Shupyk National Healthcare University of
Ukraine. Written informed consent was obtained from all
patients, in accordance with the Helsinki Declaration and
national legislation.

RESULTS

A total of 80 male patients with spontaneous
pneumothorax underwent surgical management using
the non-intubated uniportal video-assisted thoracoscopic
surgery (NI-uVATS) technique within an Enhanced
Recovery After Surgery (ERAS) framework. The mean
age of the study cohort was 33.5 + 8.1 years, with
a mean body mass index of 20.0 + 2.4 kg/m? Most
patients (75%, n = 60) presented with their first episode
of pneumothorax, whereas 25% (n = 20) had recurrent
disease, including 12 with a second episode, 5 with
a third, and 3 with a fourth. Preoperative assessment
confirmed that the vast majority of patients were
otherwise healthy, with 90% classified as ASA I and
10% as ASA 1I, and airway evaluation corresponding
predominantly to Mallampati grade I.
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Table 1
Baseline Demographic and Perioperative Characteristics of Patients with Spontaneous Pneumothorax (n = 80)
Parameter Value (Mean + SD / %)

Age (years) 33.5+8.1

Body mass index (kg/m?) 20.0+2.4

First episode of pneumothorax (%) 60 (75.0%)

Recurrent pneumothorax (%) 20 (25.0%)

ASA physical status I /11 (%) 90.0/10.0

Mallampati score I / II (%) 90.0/10.0

Mean surgical duration (minutes) 67.3+29.2

Estimated intraoperative blood loss (mL) 15.0£11.2

Lowest intraoperative SpO2 (%) 945+ 1.1

Peak EtCO. (mmHg) 47.5+3.5

Conversion to thoracotomy (%) 0 (0%)

Duration of chest drainage (days) 33+£04

Postoperative pain (VAS score) 1.9+£0.8

Complications: prolonged air leak > 5 d 8 (10.0%)

Recurrence during follow-up (%) 4 (5.0%)

Follow-up period (months) 60.2 +94

All procedures were successfully completed
using the NI-uVATS approach without conversion
to thoracotomy or intubated multiportal VATS. The
mean operative duration was 67.3 + 29.2 minutes, and
intraoperative blood loss was minimal (15.0 £ 11.2 mL).
Throughout the perioperative course, physiological
stability was maintained: mean arterial pressure averaged
82.2 £ 18.3 mmHg, the lowest oxygen saturation did
not fall below 94.5 + 1.1%, and peak end-tidal CO-
remained within physiologically acceptable ranges
(47.5 £ 3.5 mmHg). No intraoperative complications
such as major bleeding, hypoxemia, or arrhythmias were
recorded, and all patients tolerated the procedure without
the need for emergent airway conversion.

Postoperative recovery was rapid and consistent
with ERAS principles. Patients resumed oral intake
within the first postoperative hour and were mobilized
within 2-3 hours following surgery. Pain intensity,
assessed using the visual analogue scale (VAS), was low,
with a mean score of 1.9 + 0.8. Effective analgesia was
achieved through the combination of thoracic epidural
anesthesia and scheduled administration of non-steroidal
anti-inflammatory drugs, and none of the patients required
systemic opioids. Chest drainage was maintained for
a mean of 3.3 + 0.4 days, after which patients were
typically discharged on the following day with clear
instructions regarding physical activity restriction and
follow-up.

Complications were rare and generally minor.
Prolonged air leakage exceeding five days occurred in
eight patients (10.0%), necessitating extended drainage
but not reoperation. No wound infections, empyema,
thromboembolic events, or mortality were reported.

Long-term follow-up, averaging 60.2 = 9.4 months,
demonstrated a recurrence rate of 5.0% (4 patients). All
recurrent cases occurred within the first 18 months after
surgery and were managed successfully with repeat
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minimally invasive intervention. No cases of chronic
postoperative pain, impaired pulmonary function, or other
late complications were identified during the follow-up
period.

Taken together, these results indicate that NI-uVATS
performed within a structured ERAS pathway provides
reliable surgical control of spontaneous pneumothorax,
with minimal intraoperative risk, low postoperative pain,
early functional recovery, shortened hospital stay, and
a durable reduction in recurrence rates.

DISCUSSION

The present study demonstrates that the integration
of Enhanced Recovery After Surgery (ERAS) protocols
with non-intubated uniportal video-assisted thoracoscopic
surgery (NI-uVATS) in the treatment of spontaneous
pneumothorax in men is a feasible, safe, and effective
strategy. The outcomes of our cohort highlight several
important aspects of this combined approach, which
are consistent with and complementary to the findings
reported in contemporary literature.

A central issue in the management of spontaneous
pneumothorax remains the optimal timing of surgery.
Traditional recommendations, such as those formulated
by the British Thoracic Society, suggest reserving
operative management for recurrent episodes, bilateral
pneumothorax, or persistent air leak. Nevertheless,
growing evidence supports early surgical intervention,
even during the first episode, in order to reduce the high
recurrence risk associated with conservative treatment.
In our series, 75% of patients underwent surgery during
the first episode, and the recurrence rate was limited to
5% over a median follow-up of five years. These results
compare favorably with the 32% recurrence risk observed
in conservatively treated first episodes and are in line
with reports by Chiu and colleagues, who advocated early
video-assisted thoracoscopic surgery within 12 hours of

KaniniyHa Ta npodinakTuyHa MeaunuHa, Ne 8 (46) / 2025



KJITHIYHA MEJIMIIMHA

admission, and Margolis et al., who documented improved
outcomes with next-day intervention.

Another significant aspect of our findings concerns
the feasibility and safety of NI-uVATS. All procedures
were completed without conversion to thoracotomy or
intubated VATS, and intraoperative parameters, including
oxygenation, ventilation, and hemodynamic stability,
remained within safe limits. These results are consistent
with data from the Awake Thoracic Surgery Research
Group and subsequent trials, which have established non-
intubated thoracoscopic surgery as a safe alternative in
carefully selected patients. Recent randomized evidence
has further confirmed that non-intubated anesthesia is not
inferior to intubated approaches in terms of intraoperative
safety and postoperative pulmonary outcomes, thereby
supporting the validity of our results.

Pain management and opioid avoidance represent
another important achievement of the ERAS-integrated
approach. In our cohort, mean postoperative pain intensity
was low, and none of the patients required opioids,
as adequate control was achieved through thoracic
epidural anesthesia in combination with scheduled
nonsteroidal anti-inflammatory drugs. This corresponds
to the principles outlined in ERAS guidelines and is
consistent with studies that emphasize the effectiveness
of multimodal analgesia in reducing both immediate
pain and long-term opioid dependence. Such findings are
particularly relevant in light of the global opioid crisis
and highlight the broader implications of adopting ERAS
principles in thoracic surgery.

Functional recovery was also markedly accelerated
in our patients, with mobilization initiated within hours
after surgery, resumption of oral intake in less than one
hour, and chest drain removal after a median of three
days. These indicators of rapid convalescence mirror
the improvements reported in ERAS-focused studies in
elective thoracic procedures, where reduced hospital stay,
earlier return to daily activities, and improved patient
satisfaction were consistently observed. The results
of the present study suggest that these benefits can be
successfully reproduced in urgent but stable cases such as
spontaneous pneumothorax.

The long-term recurrence rate of 5% in our cohort
is consistent with the lower range reported in large meta-
analyses of VATS bullectomy and pleurodesis, where
recurrence typically ranges from 5% to 10%. Huang
et al. recently reported a recurrence rate of approximately
6.5% following VATS, while Nonomura et al. highlighted
the challenges of recurrence in long-term follow-
up despite technically adequate surgery. Our findings
suggest that NI-uVATS, when integrated with ERAS-
aligned perioperative care, achieves at least comparable
recurrence rates while conferring additional advantages in
terms of reduced pain and faster recovery.
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The exclusive use of uniportal access in our cohort
may also have contributed to the observed results. Recent
studies have confirmed that uniportal VATS provides
similar safety and efficacy to multiportal approaches but
is associated with reduced postoperative pain, improved
ergonomics, and superior cosmetic outcomes. These
advantages further justify the application of uniportal
techniques in young and otherwise healthy men, who
constituted the majority of our study population.

The study, however, is not without limitations. Its
single-center and retrospective design, the relatively
small and homogeneous patient cohort, and the absence
of randomized allocation inevitably limit generalizability.
Moreover, although the follow-up period was long,
subgroup analyses, particularly those exploring recurrence
risk according to etiology and extent of bullous disease,
were underpowered. Nevertheless, the consistency of
our findings with those of other centers strengthens
their clinical relevance and provides a basis for future
multicenter, prospective investigations.

In summary, the results of this study add to the
growing evidence that combining ERAS protocols
with non-intubated uniportal VATS in the treatment
of spontaneous pneumothorax represents a rational,
physiology-preserving, and patient-centered approach.
By reducing perioperative stress, minimizing opioid
use, facilitating early mobilization, and ensuring durable
outcomes, this strategy addresses key priorities of
modern thoracic surgery and holds promise for broader
implementation.

CONCLUSIONS

This single-center analysis confirms that the
application of an Enhanced Recovery After Surgery
(ERAS) pathway in combination with non-intubated
uniportal video-assisted thoracoscopic surgery (NI-uVATS)
for the management of spontaneous pneumothorax in
men is both feasible and effective. The approach was
associated with high procedural safety, stable intraoperative
parameters, minimal blood loss, and the absence of
anesthesia-related complications. Postoperative recovery
was characterized by consistently low pain intensity
without the need for opioids, early resumption of oral
intake, rapid mobilization, and shortened duration of pleural
drainage and hospitalization. The long-term recurrence rate
of 5% observed over a five-year follow-up period compares
favorably with published outcomes of conventional
surgical strategies, underscoring the durability of NI-
uVATS combined with ERAS principles. Taken together,
these findings demonstrate that this physiology-preserving
and patient-centered strategy offers clear advantages
over traditional approaches and may represent a valuable
standard of care in appropriately selected patients.

Prospects for further research. Despite the
encouraging outcomes reported, several issues merit
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further investigation. The limited sample size and single-
center design restrict generalizability, particularly to older
or comorbid patient populations. Multicenter prospective
studies with larger cohorts are required to validate the
reproducibility and safety of NI-uVATS within structured
ERAS pathways across diverse clinical settings. Future
research should also aim to refine patient selection
criteria, systematically evaluate the impact of non-
intubated anesthesia on pulmonary function and quality of
life, and compare uniportal versus multiportal approaches
in terms of long-term recurrence and functional
outcomes. Moreover, comprehensive assessment of health
economics, including treatment costs, resource utilization,
and societal benefits of earlier return to normal activity,
will be crucial to establish the broader value of this
paradigm. Such studies will contribute to consolidating
evidence-based guidelines and to defining the role of NI-
uVATS with ERAS integration as a routine therapeutic
option in the management of spontaneous pneumothorax.
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Pe3rome

MiAXIa NPUCKOPEHOO BIAHOBNEHHSA MICNSA ONEPALIT (ERAS) Y NIKYBAHHI CIOHTAHHOIO
MHEBMOTOPAKCY Y YONOBIKIB
Bacunb B. Tkaniu®, BaneHtuHa |. Bopucosa?, Cepriii . CaBontok®, FOpiii B. Hepinsa', Onekcangp B. Manies?

'Kuicbka micbka KriHiyHa nikapHs Ne 12, m. Kuis, YkpaiHa
2KuiBcbka Micbka kniHivHa nikapHs Ne 10, M. Kuig, YkpaiHa
*HaLjioHanbHWiA YHIBEPCUTET OXOPOHY 300poB’s YkpaiHu imeHi M. J1. LWynuka, m. Kuis, YkpaiHa

Beryn. CnoHTaHHUH MTHEBMOTOPAKC y YOJIOBIKIB € aKTya/IbHOIO KJIIHIYHOIO MPO6JIEMOI0 3 YaCTOTOI PENUAUBIB [0
30% micia nepuoro enizoay. CyyacHa Topaka/ibHa Xipypris npoHiia LIsSX BiZi KOHCEPBAaTUBHOIO CIIOCTEPEKEHHS
Jl0 MaJIOiHBa3UBHUX METOAIB, CIPSIMOBAaHUX Ha 30epexeHHs QyHKIioHa/lbHOro cTaHy. HeiHTy60BaHa ofHONOPTOBA
BiZleoacucTOBaHa TOPAKOCKONIYHA Xipyprif y NOEAHAHHI 3 IPOTOKOJIaMH IPUCKOPEHOTO BiiHOBJIEHHS Mic/s onepawii
PO3I/ISAAAETHCA K epCNeKTUBHUM MiJXi/, NPOTe JaHUX 1100 Ii JOBroCTPOKOBOI epeKTUBHOCTI HEJOCTATHBO.

MeTta. OuiHUTH JOLIJBHICTH, 6€3MeYHICTh Ta pe3y/JbTaTH 3aCTOCYBaHHs HeiHTY60BaHOI OZHONOPTOBOL
BiZ1€0aCUCTOBAaHOI TOPAKOCKOMIYHOI Xipyprili y paMKaxXx NPOTOKOJIIB IPUCKOPEHOIO BiJJHOBJIEHHA Micjd onepauii
y 40JIOBIKiB 31 CHOHTaHHUM ITHEBMOTOPAKCOM.

Marepiasiu Ta MeToaM. [I[poBeieHO peTpOCEKTUBHUM aHaJIi3 JiikyBaHHSA 80 yosioBikiB y 2017-2023 pokax. BuBuaniu
ZeMmorpadiuHi NOKa3HUKM, TPUBAJICTb oOIlepalii, KPOBOBTpaTy, Oe3MeyHicTb aHecTe3il, iHTEHCUBHICTb 60110,
TPUBAJIICTh APEeHYBaHHS, FOCHiTali3allilo, yCKJIaJHEHHS Ta peliuAUBU. YCi BTpy4aHHS BUKOHYBAJIM NiJj TOPaKaJbHOIO
eniflypaJbHOI0O aHeCTe3i€l 3 My/JIbTUMOAAJbHUM 3HeGoseHHAM. CepefHiil mepios crocTepe)keHHS CTAaHOBHUB
60 MmicsaiB.

Pe3ynbraTH. Yci onepanii BUkoHaHO 6e3 KOHBepcil Ao TopakoToMii. CepefiHsI TPUBaliCTb CTAaHOBUJIA 67 XBUJIUH,
KpOBOBTpaTa Oysna MiHiManbHOW0. @isiosioriuHa CcTa6ibHICTE MiATPUMyBasach, YCKJIaJHEHb, IOB'SI3aHUX
3 aHecTe3i€lo, He 3adikcoBaHO. [HTEHCUBHICTDH mMic/isonepaniiHoro 60Jit0 6y/ja HU3bKOW (cepeAHiN MOKAa3HUK 3a
Bi3ya/IbHO-aHaJIOrOBOIO LIKaJ00 — 1,9), BiAHOBJIEHHS NepPOPabHOrO XapyyBaHHs BiZj0yBas0Cs MPOTArOM TOAMHHY,
MoG6isizanis - 4yepe3 2-3 roguHu. TpuBalicTh ApeHYBaHHSI CTAaHOBWJA B cepefHboMy 3,3 m06H. YcKIaJHEHHS
Bif3HaueHo y 10% narnjieHTiB (mpoJsioHroBaHa MOBiTpsiHA Hopuus). PennanBu 3apeectpoBaHi y 5% Bumajkis, yci
YCIIIIHO IOBTOPHO NIPOONEPOBaHi MaJlOiHBAa3UBHUM METOZOM.

BucHOBKHU. [loefHAHHS MPOTOKOJIIB MPUCKOPEHOTO BiIHOBJIEHHS Mic/s1 onepalii 3 HeiHTY60BaHOK OZHOMOPTOBOIO
Bi/Zle0acMCTOBAaHOI TOPAKOCKOMIYHOIO Xipypri€elo € 6e3neyHHM, epeKTHBHUM Ta OPIEHTOBAHMM Ha MNalli€eHTa
nigxoznoM. MeToguka 3HWXKyE NHepionmeparniiHy TpaBMy, NPUCKOPIOE BiJIHOBJIEHHS, 3MeHILIYE MOTpPedy B omioizax
i 3abe3medye TpUBaJUK KOHTPOJIb penuAuBiB. [lyid miATBep/KeHHs pe3y/JbTaTiB HeoOXifAHI 6GaraToLeHTpPOBi
JOCTiPKEHHS.

Knaiouosi cn0ea: cNOHTaHHMI NTHEBMOTOPAKC, OyJIbO3Ha XBOpo6a JiereHb, HeiHTYy60BaHa OJHONOPTOBA
BiJleoacucTOBaHa TOPaKOCKOIIYHa Xipyprid, BiieoacucTOBaHa TOpaKaJ/bHa Xipypris, IpMCKOpeHe BiJHOBJIEHHA
niciA onepauii
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