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ABSTRACT

Background: Although stage IV non-small cell lung cancer (NSCLC) is often considered incurable, a
growing body of evidence suggests that patients with oligometastatic disease-characterized by a limited
number of metastases-may benefit from aggressive local treatment. This study evaluates the outcomes of

patients with synchronous extrathoracic oligometastases and explores factors influencing survival.

Materials and Methods: We retrospectively analyzed 35 consecutive patients (4 females, 31 males)
diagnosed with NSCLC who presented with synchronous extrathoracic metastases. All patients
underwent standardized staging, including cervical mediastinoscopy, and, where feasible, both the

primary tumor and metastatic lesions were managed with curative intent (surgery or ablative therapies).

Results: Overall mean survival was 38 + 6 months; when hospital mortality (n = 4) was excluded,
mean survival rose to 43 + 7 months with a median of 27 months. The 1-, 2-, and 5-year survival rates
were 58.9%, 47.7%, and 38.1%, respectively. Brain metastases were the most frequent site (74% of
patients), and patients with brain metastases insignificantly exhibited higher mortality compared to
other metastasis sites. Neither age, smoking history, nor tumor laterality significantly affected survival,

and histological subtype did not confer a clear survival advantage.

Conclusions: In selected patients with synchronous oligometastatic NSCLC, aggressive treatment
targeting both the primary tumor and metastases can extend survival beyond historical expectations
for stage IV disease. Further large-scale prospective studies are needed to identify the subgroups most

likely to benefit from bifocal (primary and metastatic) surgical management.
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Introduction

Lung cancer is the most common cause of cancer-relat-
ed death worldwide. In 2020, there were approximately
1.8 million deaths due to lung cancer [1]. Non-small
cell lung cancer (NSCLC) accounts for about 85% of all
lung cancers, and a significant portion of these patients
are in advanced stage at the time of diagnosis. Espe-
cially in metastatic (Stage IV) NSCLC, the prognosis
is poor; modern series report a S-year relative survival
rate of only ~9% in patients with metastatic lung can-
cer (Non-Small Cell Lung Cancer Treatment (PDQ®)
- NCI). Nonetheless, it has become clear that Stage IV
disease is a heterogeneous group, and a subgroup with
a limited number of metastases has been identified. In
the condition termed “oligometastatic,” the number and
distribution of distant metastases are limited, and long-
term survival can be achieved in suitable patients with
aggressive local therapies [2].

In oligometastatic NSCLC, the most commonly in-
volved organs are the brain and adrenal gland, followed
by bone and other sites [3]. In particular, in the presence
of synchronous (simultaneous) solitary brain or adrenal
metastasis, administering curative treatments for both
the primary lung tumor and the metastasis in eligible pa-
tients has historically yielded promising results. For ex-
ample, in NSCLC cases with a single brain metastasis,
surgical resection of the brain metastasis or stereotactic
radiosurgery combined with lung resection can achieve
long-term survival [4]. Similarly, various studies have
reported 5-year survival rates in the range of 25-30% in
cases where lung surgery was performed together with
metastasectomy for adrenal gland metastasis. These data
indicate the potential curative role of aggressive local
therapies in oligometastatic NSCLC [5-7].

Current guidelines and studies support a multidisci-
plinary, individualized approach in patients with oligo-
metastatic NSCLC. The European Society for Medical
Oncology (ESMO) guideline recommends adding local
ablative therapies to systemic treatment in appropriate
patients and emphasizes that surgical or stereotactic
radiotherapy for oligometastatic foci should be consid-
ered regardless of molecular profile [3]. The National
Comprehensive Cancer Network (NCCN) guidelines
similarly recommend administering definitive/curative
treatments for the metastatic focus(es) and the primary
tumor. In particular, in the case of a solitary synchro-
nous brain metastasis, it is recommended to apply ste-
reotactic radiosurgery or neurosurgery to the metastasis
first, followed by definitive chest treatment (surgical
resection or radiotherapy) [4]. This approach aims to in-
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crease the chance of long-term disease control by treat-
ing the primary tumor after controlling the metastasis.
Phase II randomized studies conducted in recent years
have also shown that adding local consolidative therapy
(via surgery or radiotherapy) to systemic treatment can
improve both progression-free survival and overall sur-
vival [4,8.9]. In light of all these data, surgical treat-
ment emerges as an important option in appropriate pa-
tients with limited metastatic NSCLC. In this study, we
evaluated the outcomes of surgical treatments applied to
patients with synchronous solitary extrathoracic oligo-
metastatic NSCLC. To this end, we examined the demo-
graphic and tumor-related characteristics of patients in
our clinic who underwent surgery for both primary lung
cancer and the metastatic lesion, the treatments applied,
survival and recurrence outcomes, and analyzed prog-
nostic factors and the effects of surgical approaches.

Materials and Methods
Study design and patient selection

In this retrospective cohort study, we examined NSCLC
patients treated in our clinic between January 2012 and
December 2017 who presented with a synchronous sin-
gle extrathoracic metastasis at the time of diagnosis. The
inclusion criteria for the study were: (1) a histologically
confirmed diagnosis of NSCLC, (2) the presence of a sol-
id extrathoracic organ metastasis, and (3) the application
of curative-intent treatment via anatomical lung resection
(lobectomy or pneumonectomy) and metastasis-focused
therapy. The distant metastasis was considered synchro-
nous, meaning it was diagnosed simultaneously with the
primary lung cancer. Cases deemed inoperable for surgi-
cal treatment or those in which anatomical resection was
not feasible were excluded from the study. A total of 35
consecutive patients who met these criteria during the
specified period were included. All patients provided in-
formed consent prior to treatment. The study protocol was
reviewed and approved by the Institutional Review Board
of Istanbul Aydin University (Approval No. 102/2024).
The research was conducted in accordance with the World
Medical Association Declaration of Helsinki on Ethical
Principles for Medical Research Involving Human Sub-
jects. Given the retrospective nature of the study, all pa-
tient data were anonymized prior to analysis.

Diagnosis and staging

Standard staging protocols were applied in patients’ pre-
operative evaluations. All cases underwent contrast-en-
hanced thoracic computed tomography (CT), 18F-FDG
positron emission tomography/computed tomography
(PET/CT), and cranial magnetic resonance imaging



(MRI) to assess the primary tumor and metastatic foci.
For patients in whom PET/CT showed suspicious ex-
trathoracic lesions, such as in the abdomen, advanced
imaging (e.g., abdominal MRI) was performed. To con-
firm the diagnosis, each patient underwent endobron-
chial biopsy via fiber-optic bronchoscopy; in suitable
cases with peripheral tumors, samples were also taken
by transthoracic fine needle aspiration biopsy (TTFNA),
and histopathological diagnoses were confirmed. As
part of preoperative staging for the primary lung tumor,
cervical mediastinoscopy was performed in all cases to
exclude mediastinal lymph node metastasis. Patients
for whom mediastinoscopic biopsy results revealed no
N2/N3 metastatic lymph node involvement were found
suitable for surgical resection.

Surgical treatment and perioperative management

Treatment strategies were determined in a multidisci-
plinary manner depending on the location of the metasta-
sis. In patients with brain metastases, metastasis-directed
treatment was performed first, guided by the size, num-
ber, and location of the metastasis: either neurosurgery
or stereotactic radiosurgery (SBRT) [4]. The metastasis
management in patients with brain metastases was per-
sonalized through joint decisions by neurosurgery and
radiation oncology specialists. About three to four weeks
(on average 24 days, range 17-48 days) following suc-
cessful treatment of the brain metastasis, anatomical re-
section of the primary lung cancer was carried out. For
patients with metastases in sites outside the brain - ad-
renal gland, spleen, or ocular region - the process was
reversed: first, the primary lung lesion was resected, then,
after a brief recovery period, the metastatic lesion was
surgically excised. Metastasectomy was the preferred
treatment modality, and in all cases with non-cerebral
solitary metastases, the metastatic lesion was removed
surgically. All thoracic surgeries were performed under
general anesthesia via a posterolateral thoracotomy, dur-
ing which anatomical resections (lobectomy or pneu-
monectomy) were performed. Systematic mediastinal
lymph node dissection was carried out during lung resec-
tion. Postoperative care was managed according to stan-
dard protocols, and all patients were referred to medical
oncology in the postoperative period to receive necessary
oncological treatments, such as adjuvant chemotherapy
and/or radiotherapy. Deaths occurring within 30 days of
the operation were defined as “hospital mortality.”

Statistical Analysis

The demographic characteristics of the patients (age,
sex), smoking history (pack-years), localization of the
primary tumor (right/left and specific lobes), tumor size

Kolbas et al
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and histological type, metastasis site and the therapy used
for metastasis, type of lung operation performed, hospital
length of stay post-surgery, postoperative complications,
and mortality were all recorded. In pathological staging,
the pT and pN stages were determined in accordance
with the 8th edition of the TNM classification [10]. The
patients were followed for the development of recurrence
or new metastases, as well as for any treatments adminis-
tered in such cases (e.g., salvage treatments in the event
of recurrence). The data obtained were analyzed using
the IBM SPSS or NCSS 2007 (Kaysville, Utah, USA)
software package. Continuous variables were reported as
mean + standard deviation or median (minimum-maxi-
mum). Categorical variables were summarized as num-
bers and percentages. Appropriate statistical tests were
used for comparisons; for instance, normally distributed
quantitative data were evaluated between two groups
using Student’s t-test. Fisher’s exact test or the Fisher-
Freeman-Halton test was used for comparing categorical
variables. Survival analyses were performed via the Ka-
plan-Meier method, and comparisons of survival curves
across groups were carried out using the Log-rank test.
Overall survival was defined as the time from the date of
thoracic surgery to the date of death or the last follow-up.
A p-value of <0.05 was deemed statistically significant.

Results

Among the 35 patients included in the study, 31 were
men and 4 were women (male ratio of 88.6%). At the
time of diagnosis, patients ranged in age from 39 to 77
years, with a mean age of 60.1 + 8.3 years. Just over
half of the cases (n = 18,51.4%) were 60 years of age or
younger, and the remaining 48.6% were older than 61.
The majority of the patients were smokers, with an av-
erage consumption of around 30 pack-years; 60% had a
smoking history of 220 pack-years (Table 1). Regarding
the location of the primary lung tumors, 37.1% were in
the right upper lobe, 31.4% in the left upper lobe, 25.7%
in the left lower lobe, and 5.7% in the right lower lobe.
Histopathological examination revealed that 71.4% (n
= 25) of the cases were adenocarcinoma, 25.7% (n = 9)
were squamous cell carcinoma, and 2.9% (n = 1) were
large cell carcinoma. Distribution of the pathological
T stage was most frequently T2 (57.1%, n = 20), fol-
lowed by T3 (28.6%, n = 10). Three patients (8.6%)
were staged as T1, and two (5.7%) were T4. In terms
of pathological N stage, nearly half of the patients had
no mediastinal lymph node metastasis: 54.3% (n = 19)
were NO, 25.7% (n = 9) were N1, and 20% (n = 7) were
N2. All patients were clinically classified as Stage IVA
(M1b) due to the presence of a single distant metastasis.
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Table 1. Survival analysis by age (n=31).

Age Group |N Deaths (Ex) | Alive |Survival rate (%) | Mean survival (months) | 95% CI (Lower—upper)
<60 years |17 9 8 47.1 3649 + 8.94 18.970-54.018

>61 years |14 5 9 64.3 3403 +£4.95 24.312-43.748

Metastasis and treatment characteristics

The most frequently observed metastasis site was the
brain; 26 of the 35 patients (74.3%) had synchronous
brain metastases. Adrenal gland metastases were found
in 6 patients (17.1%). Three patients (8.6%) had me-
tastases in other organs (2 in the spleen, 1 in the eye).
Curative-intent treatment was carried out in all cases for
metastatic foci: in 80.0% (n = 28), the metastasis was
removed surgically (metastasectomy), while in 20.0%
(n = 7) it was managed with stereotactic radiosurgery
(Table 2). Radiosurgery was applied only in patients
with brain metastases, and in a subset of these, SBRT
was chosen instead of neurosurgery. Examination of the
surgical resections for the primary lung tumor showed
that 29 patients underwent lobectomy (82.9%) and 6
underwent pneumonectomy (17.1%). Postoperative
hospital stays ranged from 3 to 12 days, with a median
of 5 days (mean 5.9 + 2.3 days) (Table 2). The number
of patients who developed major postoperative compli-
cations was small, and four patients died within 30 days
of surgery (categorized as “hospital mortality™).

Oncological results

Following the completion of appropriate adjuvant treat-
ments determined by pathological stage, patients were
followed up on a regular basis. The median follow-up
time was 14 months (range: 0-81 months). Within this
period, 4 patients (11.4%) experienced disease recur-
rence (local recurrence and/or new distant metastases);
in most patients (88.6%), the disease remained under
control during follow-up. At the last follow-up, 17 pa-
tients (48.6%) were alive, while 18 (51.4%) had died.
Since 4 of those 18 died within the first month postop-
eratively, the perioperative mortality rate was calculated
as 11.4%. All four 30-day deaths occurred in patients
with synchronous brain metastases. In case 1, postop-
erative day 3 — sepsis progressing to multi-organ failure
after cranial metastasectomy + left upper lobectomy. In
case 2, postoperative day 10 — pneumonia leading to
respiratory failure after stereotactic body radiotherapy
(SBRT) to the brain lesion + right pneumonectomy. In
case, postoperative day 22 — acute respiratory failure
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following SBRT + right upper lobectomy. In case 4,
postoperative day 25 - acute myocardial infarction after
SBRT + sleeve right upper lobectomy. Excluding these
early deaths (i.e., censored), the overall survival analysis
(n = 31) showed a median survival of 27 months (Table
3). The 1 and 2- year survival rates were 59% and 48%,
respectively, while the 5-year survival rate was about
38%. Examination of the Kaplan-Meier curve indicated
that the last death occurred in the 38" month and that the
survival rate stabilized at around 39% at about 3 years.

Prognostic analyses

Survival by site of metastasis is summarized in Table 2,
where 22 patients had brain metastases and 6 had adre-
nal metastases. In the brain-metastasis group, 10 patients
(45.5%) survived, 12 died, and the mean survival was
26 + 4 months (median: 20 months). Among patients
with adrenal metastases, all 6 were alive (100%) at their
last follow-up, yielding a mean survival time of 21 +
17 months (median: 18 months). Because no deaths oc-
curred in the adrenal group, statistical comparison among
metastasis sites was not feasible. The survival curve by
metastasis site is displayed in Figure 1A.

Further analysis in patients with brain metastases ap-
pears in Table 3, which contrasts survival in those who
underwent cranial surgery versus radiosurgery. Of the
18 who had cranial surgery, 9 (50.0%) survived, and the
mean survival was 28 + 4 months (median: 24 months).
In the 4 who received radiosurgery, 1 (25.0%) remained
alive, and the mean survival was 13 + 2 months (medi-
an: 11 months). A Log Rank test found no statistically
significant difference between these two treatment sub-
groups (p > 0.05). These results appear in Figure 1B. In
terms of primary tumor location, Table 4 shows that 12
patients had right-lung tumors (9 alive, 3 deceased) and
19 had left-lung tumors (8 alive, 11 deceased). The mean
survival was 59 + 10 months for right-sided tumors (me-
dian: 24 months) and 25 + 4 months for left-sided tumors
(median: 24 months). The difference by tumor laterality
was not significant (p > 0.05), and their survival curves
are provided in Figure 1C. When stratified by T stage,
as indicated in Table 5, 22 patients were in T1+T2 (14



alive, 8 deceased) with a mean survival of 51 + 8 months
(median: 21 months), whereas 9 were in T3+T4 (3 alive,
6 deceased) with a mean survival of 21 + 5 months
(median: 12 months). Although survival was numeri-
cally longer in T1+T2, the Log Rank test did not show
a statistically significant difference (p = 0.125; p > 0.05).
The T-stage survival curves can be seen in Figure 1D.
Survival by N stage is presented in Table 6: NO included
18 patients (9 alive, 9 deceased) with a mean survival
of 29 + 4 months (median: 27 months), N1 included 6
patients (5 alive, 1 deceased) with a mean survival of 67
+ 12 months (median: 23 months), and N2 included 7 pa-
tients (3 alive, 4 deceased) with a mean survival of 23 + 6
months (median: 20 months). No statistically significant
difference emerged among NO, N1, and N2 (p > 0.05).
The survival curves by N stage are shown in Figure 2.
With regard to cell type, Table 7 indicates that, among 21
patients diagnosed with adenocarcinoma, 12 (57.1%) re-
mained alive (mean survival: 46 = 8 months, median: 27
months), while among 9 diagnosed with squamous cell
carcinoma, 5 (55.6%) were alive (mean survival: 28 + 5
months, median: 38 months). Large cell carcinoma was
excluded from the comparative analysis because it was
observed in only one patient. No statistically significant
difference emerged between adenocarcinoma and squa-
mous cell carcinoma (p > 0.05).

Regarding surgical procedure, Table 8 shows that 26
patients underwent lobectomy (16 alive, 10 deceased)
and 5 underwent pneumonectomy (1 alive, 4 deceased).
Mean survival was 49 = 7 months (median: 18 months)
in the lobectomy group and 23 + 6 months (median: 27
months) in the pneumonectomy group. Although pneu-

monectomy had fewer survivors numerically, the Log
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Rank test did not indicate a statistically significant dif-
ference (p > 0.05). Lastly, to explore risk factors poten-
tially affecting mortality, a logistic regression analysis
was conducted, as summarized in Table 9. Metastasis,
advanced T stage, and surgery type were included be-
cause their effects approached significance in earlier
steps. The overall model was significant and explained
around 64.5% of variance in mortality. However, none
of these variables-metastasis, T stage, or surgery-
reached statistical significance (p > 0.05).

A) SurvivalFunctions B) SurvivalFunctions

osMonw) | | oMo

C) SuvivalFunctions D) SuvivalFunctions

vvvvv

mmmmmmm

Figure 1. Survival curves (n=31). Survival curve by primary tumor loca-
tion (A), survival curve by T stage (B), survival curve by N stage (C),

survival curve by cell type (D), survival curve by surgical procedure (E).

Table 2. Survival Analysis by metastasis (n=31).

Metastasis site | N Deaths (Ex) |Alive |Survival rate (%) | Mean survival (months) | 95% CI (Lower—upper)
Brain 22 |12 10 45.5 26.71 £4.20 18.47-34.94
Adrenal 6 0 6 100 — —

Note: Other metastasis sites were excluded due to insufficient numbers.

Table 3. Survival analysis by treatment type in patients with brain metastases (n=22).

Treatment N Deaths (Ex) |Alive |Survival rate (%) | Mean survival (months) | 95% CI (Lower—Upper)
Surgery 18 |9 9 50.0 28.72 £4.76 19.387-38.056
Radiosurgery |4 3 1 25.0 13.67 £2.11 9.524-17.809

Table 4. Survival analysis by primary tumor location.

Primary location |N |Deaths (Ex) |Alive | Survival rate (%) | Mean survival (months) | 95% CI (Lower—upper)
Right lung 12 |3 9 750 59.99 +10.56 39.289-80.701
Left lung 19 |11 8 42.1 25.58 +4.06 17.619-33.549
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Table 5. Survival analysis by T stage (n=31).

T Stage N Deaths (Ex) | Alive |Survival rate (%) | Mean survival (months) | 95% CI (Lower-upper)
T1+T2 22 8 14 63.6 51.16 + 8.05 35.370-66.949

T3+T4 9 6 3 333 21.14 £5.56 10.028-32.201

Table 6. Survival analysis by N stage (n=31).

N Stage N Deaths (Ex) | Alive |Survival rate (%) | Mean survival (months) | 95% CI (Lower—upper)
NO 18 9 9 50.0 29.81 £4.59 20.815-38.805

N1 6 1 5 83.3 6791 +£12.39 43.627-92.199

N2 7 4 3 429 2335 +6.83 9.969-36.737

Table 7. Survival analysis by cell type (n=31).

Cell type N |Deaths (Ex) | Alive | Survival rate (%) | Mean survival (months) | 95% CI (Lower—upper)
Adenocarcinoma 2119 12 57.1 46.35 £ 8.15 30.379-62.328
Squamous cell carcinoma |9 |4 5 55.6 28.16 £543 17.511-38.801

Note: Large cell carcinoma (1 case) was excluded.

Table 8. Survival analysis by surgical procedure (n=31).

Procedure N |Deaths (Ex) |Alive |Survival rate (%) |Mean survival (months) |95% CI (Lower—upper)
Lobectomy 26 | 10 16 61.5 49.85 +7.49 35.172-64.537
Pneumonectomy 5 |4 1 20.0 2324 +6.54 10.424-36.051

Table 9. Logistic regression analysis of risk factors for mortality.

Variable p Odds ratio 95% CI (Lower—upper)

Metastasis (Adrenal) 0.999 0.000 -

Metastasis (Other) 0.941 0.892 0.043-18.436

Surgery (Pneumonectomy) 0.343 3.676 0.249-54.324

T Stage (T3+T4) 0.603 1.608 0.268-9.628

Discussion nous oligometastatic NSCLC, the median survival was

Although the current NCCN guideline provides no spe-
cific treatment recommendations for other extrathoracic
metastases, it does recommend aggressive local therapy
for NSCLC with oligometastatic disease in the brain or
adrenal gland [11]. In our clinic, all lung cancer patients
routinely undergo thoracic CT,PET/CT, and cranial MRI
for metastasis screening. In the event that suspicious
extrathoracic lesions are detected on imaging, further
imaging methods targeting those lesions are used. MRI
was performed for six patients with adrenal metastases,
two with splenic metastases, and one with an ocular me-
tastasis when metastasis was suspected. We included 35
consecutive patients (4 women, 31 men) diagnosed with
lung cancer who had synchronous extrathoracic metas-
tases. In our study, patient follow-up ranged from O to
81 months, with a mean of 20 months. The mean sur-
vival time was 38 + 6 months. After censoring hospital
mortality (n = 4), the remaining 31 patients had a mean
survival of 43 + 7 months and a median survival of 27
months. The 1,2, and 5-year survival rates were 58.9%,
47.7%, and 38.1%, respectively. In the phase II study
by De Ruysscher et al with 40 patients having synchro-
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13 months, and the 1-, 2-, and 3-year survival rates were
56.4%, 23.3%, and 17.5%, respectively [12]. In the se-
ries by Plones et al, which included 56 cases of syn-
chronous oligometastatic NSCLC, overall survival was
14 months [13]. In the 29-case series of oligometastatic
NSCLC by Collaud et al, the 5-year survival rate was
36.8%, and the median survival was 20 months [14]. In
the 75-case series published by Fleckenstein et al, which
included both synchronous and metachronous metasta-
ses, the median follow-up was 54 months; the median
survival was 21 months; and the 1-, 2-, and 5-year sur-
vival rates were 78%,44%, and 27%, respectively [15].
In a review by Ashworth et al involving 2176 cases,
the median survival was 14 months, while the 1-, 2-,
and 5-year survival rates were 57.2%, 42%, and 23.3%,
respectively [16]. Over the course of follow-up in our
study, 51.4% (n = 18) of patients died, while 48.6% (n
= 17) remained alive. Among those who died, the hos-
pital mortality rate was 11.4% (n = 4). Our in-hospital
mortality rate was found to be higher than in the litera-
ture. All four patients who experienced hospital mortal-
ity had brain metastases. One patient with adenocarci-



noma, who underwent cranial metastasectomy followed
by mediastinoscopy and left upper lobectomy, died on
postoperative day 3 from sepsis and multi-organ fail-
ure. Another patient with adenocarcinoma, who under-
went stereotactic body radiotherapy (SBRT) followed
by mediastinoscopy and right pneumonectomy, died of
pneumonia and respiratory failure on postoperative day
10. A third patient, diagnosed with adenocarcinoma,
who underwent SBRT followed by mediastinoscopy
and right upper lobectomy, died from acute respiratory
failure on postoperative day 22. Finally, a patient di-
agnosed with adenocarcinoma, who underwent SBRT
followed by mediastinoscopy and a sleeve right upper
lobectomy, died of acute myocardial infarction on post-
operative day 25. Although reported hospital mortal-
ity after lung resection is typically lower, we believe
that an 11.4% in-hospital mortality rate is acceptable
for patients with advanced-stage disease. In our series,
postoperative complications related to surgery included
pneumonia in two patients, supraventricular tachycar-
dia in two patients, and wound infection in one patient.
All five patients who developed postoperative compli-
cations recovered with medical treatment.

In our series, patient ages ranged from 39 to 77,
with an average of 60 + 8 years. In our study, 55.6% (n
= 18) of patients were 60 years old or younger, while
48.6% (n = 17) were 61 or older. We found no relation-
ship between age and survival (p =0.461). After censor-
ing hospital mortality, mean survival for patients aged
<60 years (n = 17) was 36 + 8§ months with a median
survival of 20 months, whereas for those =61 (n = 14),
the mean survival was 34 = 4 months. In a series by
Pessini et al, survival was poorer among those over 70
[17]. In a review by Ashworth et al of 2176 oligometa-
static NSCLC cases and a study by Bai et al involving
76 patients with synchronous brain oligometastases,
age was reported as a poor prognostic factor for overall
survival. In our study, no statistically significant differ-
ence in survival was found between these age groups
(p > 0.05). Among our patients, 40.0% (n = 14) had a
smoking history of <20 pack-years, 31.4% (n=11) had
21-39 pack-years, and 28.6% (n = 10) had >40 pack-
years. In the series by Guerra et al, which included 78
oligometastatic NSCLC patients treated with definitive
chemoradiotherapy, heavy smoking was found to be a
poor prognostic factor. In the study by Bai et al, smok-
ing had a negative effect on survival [18]. In our series,
smoking history had no impact on survival (p = 0.360).
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In the series by Barone et al and Johnson et al, no
effect on survival was observed when the side (lateral-
ity) of the surgery was evaluated. In reviews by Novoa
et al and Ashworth et al, lobectomy was identified as a
better prognostic factor for survival [19]. In the study
by Plones et al, the type of lung resection showed no
relationship with survival [20]. In our study, 5.7% (n
= 2) of primary tumors were located in the right lower
lobe, 37.1% (n = 13) in the right upper lobe, 25.7% (n =
9) in the left lower lobe, and 31.4% (n = 11) in the left
upper lobe, with no significant effect of tumor laterality
on survival (p = 0.456). After censoring hospital mor-
tality, the mean survival was 59 + 10 months (median:
24) for right-sided tumors and 25 + 4 months (median:
24) for left-sided tumors. No significant survival dif-
ference was found based on tumor side (p > 0.05). In
evaluating tumor histology, we found that 71.4% (n =
25) of patients had adenocarcinoma, 25.0% (n = 9) had
squamous cell carcinoma, and 3.6% (n = 1) had large
cell carcinoma. Consistent with the literature, adenocar-
cinoma was the most frequently observed histological
type. In the series by Plones et al, median survival ac-
cording to cell type was 18 months for adenocarcinoma,
14 months for squamous cell carcinoma, and 8 months
for large cell carcinoma; no statistically significant dif-
ference was found based on histological subtype. After
censoring hospital mortality in our study, for adeno-
carcinoma, the mean survival time was 46 + 8 months
(median: 27), and for squamous cell carcinoma, it was
28 + 5 months (median: 38). Since only one patient had
large cell carcinoma, no separate survival analysis was
performed for that subgroup. In reviews by Novoa et
al. and Ashworth et al, adenocarcinoma was reported
as a favorable prognostic factor [21]. However, in the
series by Fleckenstein et al and Collaud et al, no differ-
ence in prognosis was found between adenocarcinoma
and other histological types. In our series as well, when
comparing histological subtypes, no statistically sig-
nificant difference in survival was observed (p > 0.05).
For an accurate evaluation of the N (nodal) stage in
oligometastatic disease, invasive mediastinal staging
is recommended. In our study, all patients underwent
cervical mediastinoscopy to evaluate mediastinal lymph
node status, and among those confirmed pathologically
as NO, 29 underwent lobectomy and 6 underwent pneu-
monectomy. In the literature, better survival has been
reported in patients undergoing lobectomy [21]. After
censoring hospital mortality, the mean survival was 49
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+ 7 months (median: 18) in patients who underwent lo-
bectomy and 23 + 6 months (median: 27) in those who
underwent pneumonectomy. We found no statistically
significant difference in survival between types of sur-
gical procedures (p > 0.05).

In patients with synchronous brain metastases, the
treatment strategy should address the metastasis first.
Metastasis therapy options include cranial surgery, ra-
diosurgery, WBRT, or post-surgical radiosurgery [17].
While guidelines provide no definitive recommendation
for curative resection, they do suggest WBRT following
a curative resection [22]. In our series, of 26 patients
with synchronous isolated brain metastases, 26.9% (n
= 7) underwent SBRT and 73.1% (n = 19) underwent
cranial surgery with metastasectomy. Following me-
tastasis treatment, pneumonectomy was performed in 5
patients and lobectomy in 21. There was no statistical
difference regarding treatments of the metastasis and
primary tumor. Postoperatively, 13 patients received
adjuvant chemotherapy (CT) alone, 3 had WBRT, 6 had
WBRT plus CT and thoracic RT, and 4 had WBRT plus
CT. Recurrent lesions were identified in four patients,
who underwent additional surgical resection. After cen-
soring hospital mortality, survival analysis showed that
the mean survival was 13 + 2 months (median: 11) in
those who had SBRT for metastases and 28 + 4 months
(median: 24) in those who underwent cranial surgery.
There was no statistically significant difference in
survival based on the type of metastasis treatment (p
> 0.05). Among 26 patients with brain metastases, the
mean survival time was 26 + 4 months (median: 20),
with 1-, 2-, and 5-year survival rates of 50.2%, 43.0%,
and 28.7%, respectively, when hospital mortality was
censored. In NSCLC patients with adrenal metastases,
a five-year survival rate of 25% has been reported if
both the primary tumor and adrenal metastasis can be
resected. The literature indicates that adrenal metastases
occur in 1.5-3.5% of NSCLC cases. Tantevyanon et al
reported in a review of 114 patients with synchronous
adrenal metastases that overall survival was 12 months
and the five-year survival was 26% [5]. In a study of 37
patients by Raz et al, adrenalectomy, ipsilateral metasta-
sis, NO/1 status, and synchronous metastasis were cited
as favorable prognostic factors for patients with adrenal
metastases [7]. In a 37-patient series published by Bar-
one et al, the five-year median survival rate for those
undergoing adrenalectomy was 29.3% [23]. Treatment
options for adrenal metastases include surgery or ra-
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diosurgery; however, surgical intervention offers better
survival outcomes [23]. In patients with isolated adrenal
metastases in NSCLC who undergo complete resection
of the lung tumor and have no other metastases, surgery
or radiosurgery is recommended. In our series, after
resection of the primary tumor, six patients underwent
a surgical adrenalectomy. Their mean overall survival
was 21 + 17 months, with a median of 18 months. Post-
operatively, five patients received adjuvant CT, and one
received adjuvant CT plus thoracic RT.

In a review by Salah et al involving 75 oligometa-
static cases (excluding brain and adrenal metastases),
a five-year survival rate of 50% was reported. In that
series, which was predominantly composed of adeno-
carcinoma cases undergoing lobectomy, nodal involve-
ment was found to be the main factor influencing sur-
vival [22]. In autopsy studies of cancer patients, the
prevalence of splenic metastasis has been reported to
be 2-7%. In our series, of two patients with splenic
metastases, one underwent simultaneous splenectomy
with lung resection, while the other had a post-resection
splenectomy. Both received adjuvant CT postoperative-
ly. Although current guidelines do not recommend me-
tastasectomy for lesions beyond the brain and adrenal
glands, the survival times for these two patients were 18
months for the first and 81 months for the second. About
30% of ocular metastases originate from lung cancer.
The incidence of choroidal metastases in lung carci-
noma is 2-6.7% [24]. Treatment options for choroidal
metastases include radiotherapy, plaque radiotherapy,
surgical resection, transpupillary thermotherapy, and
intravitreal chemotherapy [25]. Survival ranges from 5
to 19 months in patients with choroidal metastases sec-
ondary to a lung primary [25]. In our series, the patient
with ocular metastasis underwent surgical enucleation
and received adjuvant chemotherapy in the postopera-
tive period; that patient died in the 27th month after
pulmonary resection. In earlier years, stage IV disease
was managed conservatively, and survival was lim-
ited to 8-11 months. However, with recent advances in
surgery and staging, as well as large published series,
survival has improved in patients with oligometastatic
disease. In selected oligometastatic patients, complete
resection of the primary tumor and curative treatment of
metastases can prolong survival. Although our patients
with brain metastases had poorer survival compared to
patients with other metastases, our data suggest that ag-



gressive therapy improves survival in oligometastatic
NSCLC. Our series, as well as an increasing number of
studies in the literature, demonstrate prolonged survival
in patients undergoing bifocal surgical treatment.
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ABSTRACT

Background: Obesity, defined as a body mass index (BMI) of 30 kg/m? or greater, constitutes a substantial
global health concern and is associated with an extensive spectrum of comorbid conditions, including numerous
malignancies. Among these, lung cancer presents distinctive challenges, particularly with regard to surgical
management. The present study examines the impact of obesity on clinical outcomes - namely, prognosis,
postoperative complications, and overall survival - among patients undergoing lobectomy for primary lung cancer.

Materials and Methods: This retrospective analysis was conducted on a cohort of 1,000 patients who
underwent lobectomy for lung cancer between 2010 and 2017. Following the application of predefined
inclusion criteria-namely, pathological staging limited to 2A through 3A and the exclusion of cases with
concurrent malignancies-a total of 71 patients were deemed eligible for the final analysis. Key clinical
and perioperative variables were assessed, including body mass index (BMI), incidence of postoperative
complications, duration of hospitalization, operative time, smoking history, and overall survival. Statistical
analysis was performed using SPSS version 21.0. Group comparisons were conducted using independent
samples t-tests for continuous variables with two categories, while one-way analysis of variance (ANOVA)
was applied for comparisons involving more than two groups. Categorical data were evaluated using chi-
square tests. A two-tailed p-value of less than 0.05 was considered indicative of statistical significance.

Results: Patients classified as obese exhibited a significantly longer postoperative survival duration
when compared to individuals with normal or overweight BMI (p < 0.05). The incidence of postoperative
complications was also notably lower in the obese group (p < 0.05). However, no statistically significant
differences were observed among the BMI categories in terms of hospital stay length or operative time (p
> 0.05). Interestingly, the prevalence of smoking was markedly lower among obese patients (p < 0.001).
In contrast, among patients who survived less than five years following surgery, BMI was not found to be
significantly associated with either extended hospitalization or postoperative complication rates.

Conclusions: The findings of this study highlight a compelling example of the so-called “obesity paradox”
within the context of thoracic surgery. Despite the anticipated risks associated with higher BMI and
accompanying comorbidities, obese patients demonstrated more favorable postoperative outcomes and
improved survival compared to their non-obese counterparts. These results prompt further investigation
into the biological and clinical factors contributing to this paradoxical trend, with the aim of better
informing perioperative risk stratification and individualized treatment strategies in lung cancer surgery.

Keywords: obesity, body mass index, lung cancer, lobectomy, postoperative complications
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Introduction

Obesity, defined as a body mass index (BMI) of 30 kg/m?
or above, is a major public health issue that significantly
contributes to the development of cancer and various
other pathological conditions. In an increasingly digital
and sedentary society, the global prevalence of obesity
continues to rise, driven in large part by the widespread
availability and consumption of high-calorie, nutrient-
poor foods. A 2010 study reported that the prevalence
of obesity in the United States had reached 35% [1-3].

The burden of obesity becomes particularly evident
in the context of complex surgical procedures, such as
lung resections, esophageal surgeries, lung transplants,
and chest wall reconstructions. These interventions are
frequently complicated by intra- and postoperative chal-
lenges, including glycemic fluctuations, blood pressure
instability, impaired wound healing, deep vein thrombosis,
respiratory and systemic infections, ischemic heart dis-
ease, renal dysfunction, and cerebrovascular events [4,5].

Despite decades of research, the relationship be-
tween obesity and surgical outcomes in thoracic proce-
dures remains a subject of ongoing debate. Clinical ex-
perience often suggests increased rates of postoperative
complications in obese individuals; however, findings
in the literature have been inconsistent. While some
studies report a rise in morbidity among obese patients
undergoing thoracic surgery, this trend does not appear
to extend to mortality rates [6,7].

Interestingly, although obesity is well-documented
to increase the risk of overall mortality and is linked to
a spectrum of metabolic and clinical disorders, higher
BMI has also been associated with improved survival
outcomes in certain cancer populations. This apparent
contradiction, often referred to as the “obesity paradox,”
has prompted further inquiry into the prognostic role of
obesity in oncologic surgery. The present study was de-
signed to evaluate the impact of obesity on outcomes
following lobectomy in patients with lung cancer.

Materials and Methods

This retrospective analysis included a total of 1,000 pa-
tients who underwent surgical resection for lung cancer
at our institution between 2010 and 2017. Following
the application of specific inclusion criteria, 71 patients
were selected for detailed evaluation. Eligibility criteria
encompassed pathological staging between 2A and 3A,
the absence of synchronous malignancies, no prior his-
tory of neoadjuvant chemotherapy, absence of concomi-
tant tuberculosis, clear surgical margins confirmed by
pathology, availability of all required clinical and labo-
ratory data, and follow-up continuity within our clinic.

Preoperative staging involved standard imaging mo-
dalities including chest radiography, contrast-enhanced
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thoracic computed tomography (CT), positron emission
tomography-CT (PET-CT), and brain magnetic reso-
nance imaging (MRI). A thorough preoperative work-up
was completed for all patients, incorporating pulmonary
function testing, complete blood count, comprehensive
biochemical profiling, and pre-anesthesia evaluations.
Where indicated, patients with coexisting medical con-
ditions were referred to appropriate specialties for fur-
ther consultation and risk stratification.

Demographic variables - including age, sex, smoking
history, and relevant personal and familial health infor-
mation - were collected from electronic health records
and archived patient files. Clinical data such as comor-
bidities, histological subtype, surgical technique, and
operative duration were similarly retrieved. Preopera-
tive height and weight values were extracted from an-
esthesia assessment forms, and body mass index (BMI)
was calculated as weight in kilograms divided by height
in meters squared. Based on BMI, patients were strati-
fied into four categories: underweight (<18.5), normal
weight (18.5-24.9), overweight (25-29.9), and obese
(=30). Ethical approval for this study was granted by the
University Clinical Research Ethics Committee on May
21,2021 (Reference No. B.30.2.0DM.0.20.08/316).

Statistical Analyses

Statistical analyses were conducted using SPSS software
version 21.0. Descriptive statistics-including means,
standard deviations, and percentages-were reported for
relevant variables. Comparisons between two indepen-
dent groups were analyzed using independent samples
t-tests, while comparisons across more than two groups
employed one-way analysis of variance (ANOVA). Re-
lationships between categorical variables were assessed
using the chi-square test. Survival outcomes were ana-
lyzed using the Kaplan-Meier method, and differences
between groups were compared with the log-rank test.
A p-value below 0.05 was accepted as the threshold for
statistical significance.

Results

The demographic characteristics of the study popula-
tion are detailed in Table 1. The relationship between
body mass index (BMI) and intraoperative variables
was first assessed by analyzing surgical duration across
BMI categories (Table 2). This analysis did not reveal
any statistically significant difference in mean operative
time among underweight, normal weight, overweight,
and obese patients (p > 0.05).

Similarly, the potential impact of BMI on postopera-
tive length of hospital stay was examined, and no sig-
nificant variation was found across the different BMI
groups (Table 3), with p-values exceeding the threshold
for significance (p > 0.05).
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Female |9 127 =65 30 |43 |

Maximum Maximum
113 kg 180 cm
Minimum Minimum
56 kg 147 cm
Mean Mean
74.16 kg 166.07 cm

Prolonged hospital stay

No 29 40.8 7 5 7.0

Mean (Surgical duration) | Standarderror | lp

*BMI: Body Mass Index

Conversely, a statistically significant difference in
median postoperative survival was identified across BMI
categories (Table 4), with obese patients demonstrating
longer survival than those in the normal and overweight
groups (p < 0.05). To further evaluate cumulative sur-
vival, a Kaplan-Meier survival analysis was conducted.
Although the survival curve appeared more favorable in
the obese group, the difference did not reach statistical -
significance in the log-rank test (p = 0.27). The Kaplan— 0s - Homacoreors
Meier curves are presented in Figure 1. - -

Lastly, a strong and statistically significant relation-
ship was observed between BMI and smoking status
(Table 7). According to the findings, 52.5% of patients
with a normal BMI were active smokers, while 58.3%
of non-smokers were classified as obese (p < 0.001).

Survival Functions

Postoperative complication rates were also evaluated
in relation to BMI, and the analysis yielded a significant
association (p < 0.05). Among patients who did not expe-
rience postoperative complications, 27.8% were found to
be obese, whereas 51.4% of those who developed com- oo
plications were categorized as overweight (Table 5).

Cumulative Survival

00 50,00 SL;:;Y 150,00 200,00

When assessing the relationship between BMI and
prolonged postoperative hospital stay, no statistically
significant association was detected (p > 0.05), as pre-
sented in Table 6.

Figure 1. The Kaplan-Meier curves for survival.
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Mean (Postoperative hospital stay) | Standarderror [ p |

*BMI: Body Mass Index

Mean (Postoperative survival) | Standarderor | |

*BMI: Body Mass Index

Postoperative complication

No, n(%

*BMI: Body Mass Index

Prolonged hospital stay

Yes, n(%) No, n(%)

*BMI: Body Mass Index

Smoking history

Yes, n(%

*BMI: Body Mass Index

Discussion

Body mass index (BMI), frequently used as a marker
of nutritional status, has long been associated with the
pathophysiology of numerous systemic diseases. Obe-
sity and excess weight are established contributors to
hypertension and diabetes mellitus, and by extension,
to ischemic heart disease and cerebrovascular events
[4.8.9]. Lung cancer, the leading cause of cancer-related
mortality worldwide, presents a more nuanced picture
in this regard. Several epidemiological studies suggest
an inverse correlation between BMI and lung cancer
incidence [10-12]. This relationship, however, is con-
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founded by smoking - an established carcinogen - that
is more prevalent among individuals with lower BMI,
complicating interpretation of causality.

Cigarette smoking remains the principal risk factor
for lung cancer, with reported rates as high as 91.5%
[13]. Although the disease may arise from multiple eti-
ologies, the fact that 85-90% of lung cancer cases are
linked to smoking highlights its predominant role. Risk
intensity correlates with the age of smoking initiation,
duration of use, cigarette type, and daily consumption
patterns [14].



In our cohort, 83.1% of patients reported current or
former smoking, while 16.9% were non-smokers. These
results align with findings from Ergiin et al [15], who
documented a smoking prevalence of 87.3% among lung
cancer patients. Although no significant correlation was
identified between smoking status and survival in our
analysis, a noteworthy observation was the lower preva-
lence of smoking among obese patients relative to their
non-obese counterparts. Given the known contribution of
smoking to pulmonary complications following thoracic
surgery, the reduced smoking rate among obese individu-
als may offer a partial explanation for their lower inci-
dence of postoperative complications. The concurrent
reduction in smoking prevalence and complication rates
in obese patients may reflect a non-random association.
Since smoking is a known contributor to postoperative
pneumonia, persistent air leakage, and prolonged hospi-
talization, the protective effect seen in obese individuals
may be attributable not solely to body composition but
also to diminished tobacco exposure. This potential con-
founder merits closer examination in future prospective
studies with broader inclusion criteria.

Among all patients analyzed, postoperative complica-
tions were observed in 49.3%, prolonged hospital stays in
29.6%, and successful recovery in 59.2%. These figures
are somewhat lower than those reported in a study by
Ulker [16], who found complication rates of 67.5% and
67.3% for conventional and sleeve lobectomy, respec-
tively. That study detailed specific complications, includ-
ing prolonged air leaks (35.4%), pneumonia (20.7%),
reoperation (15.3%), and atrial arrhythmias (11.4%) for
conventional lobectomies, while similar distributions
were reported for sleeve resections, with arrhythmias
(22.4%) and pneumonia (20.9%) being prominent.

In the present analysis, the rate of postoperative com-
plications was significantly lower in the obese group.
Although obese patients appeared to have shorter dura-
tions of surgery and hospitalization, these differences
did not reach statistical significance. This is consistent
with prior literature suggesting divergent findings on the
role of BMI in surgical risk. Some investigators have
identified high BMI as a potential risk factor for cardio-
pulmonary complications [7,17,18], whereas others ar-
gue that these associations are either absent or, in some
cases, inversely related [19-21]. Furthermore, some
studies suggest that low BMI may be a stronger predic-
tor of adverse outcomes than obesity itself [18,22]. One
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plausible explanation is that patients with higher BMI
are more likely to engage with the healthcare system
due to obesity-related comorbidities, thereby enabling
earlier cancer detection and improved perioperative op-
timization.

Regarding postoperative survival, our findings dem-
onstrated significantly longer survival times in the obese
cohort compared to the normal and overweight groups.
This is in agreement with the meta-analysis by Gupta
et al [23], which similarly reported enhanced survival
among lung cancer patients with elevated BMI. These
observations reinforce the presence of an “obesity-sur-
vival paradox” in thoracic surgical oncology.

In our subgroup analysis, a significant relationship
was observed between BMI and the occurrence of post-
operative complications. Among patients who remained
free of complications, 27.8% were obese, whereas
51.4% of those who experienced complications were in
the overweight category. While an inverse association
was noted between BMI and prolonged hospitalization,
this did not reach statistical significance.

Although obesity is widely recognized as a contribu-
tor to chronic diseases such as diabetes, hypertension,
and coronary artery disease [21,22], its effect on peri-
operative and postoperative mortality within thoracic
surgery remains equivocal. Some studies have identi-
fied low BMI as a predictor of worse outcomes, includ-
ing increased complication rates and reduced survival.
Notably, this subset of patients also tends to experience
longer operative times. Nevertheless, perioperative
mortality remains relatively low across BMI categories.
Intriguingly, obese patients tend to experience fewer
postoperative complications than those with lower
BMI, with lung transplantation being the notable excep-
tion. In such cases-particularly among individuals with
COPD or cystic fibrosis-elevated BMI correlates with
higher perioperative mortality, reinforcing the complex-
ity of this clinical context.

Despite an elevated risk of minor wound infections,
obesity has not been conclusively associated with an in-
crease in major complications or mortality [24-27]. In fact,
the two largest studies conducted to date on this subject
report paradoxical survival advantages in obese patients.
In one analysis involving 337 obese lung cancer patients
matched 1:1 with non-obese controls, obesity was inde-
pendently associated with improved survival outcomes

46



Current Thoracic Surgery-Volume 10 Number 2 p: 42-48

[20,21]. Similarly, a large multicenter retrospective study
encompassing 18,800 patients who underwent lung resec-
tions showed a statistically significant association between
higher BMI and reduced 30-day mortality rates [28].

These findings underscore the complexity of interpret-
ing the obesity paradox in surgical outcomes, particularly
in thoracic oncology. The apparent survival advantage ob-
served in obese individuals raises questions regarding the
interplay of metabolic, immunologic, and behavioral vari-
ables that may influence perioperative risk and recovery.

It is important to acknowledge several limitations of
this study. The relatively modest sample size restricts
the broader applicability of the findings. In addition, the
retrospective design limits the ability to establish causal
relationships. Furthermore, important covariates such as
nutritional status, body composition, and muscle mass
were not assessed, which may have influenced outcome
measures and introduced residual confounding.

In conclusion, the relationship between obesity and
perioperative outcomes in thoracic surgery remains mul-
tifaceted and at times contradictory. Although clinical
experience might lead one to anticipate increased com-
plication rates among obese patients, emerging evidence
points toward a more complex interaction. The survival
advantage observed in this study among obese patients
undergoing lobectomy and mediastinal lymphadenec-
tomy supports the growing recognition of the obesity
paradox in thoracic oncology. Notably, no significant dif-
ferences were observed in surgical duration or hospital
length of stay across BMI groups, and smoking preva-
lence was lower in the obese population. While these
results contribute to the ongoing discourse, the limited
sample size and retrospective nature of the analysis high-
light the need for large-scale, prospective, multicenter
studies to validate these findings and explore the biologi-
cal mechanisms underlying the observed associations.
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ABSTRACT

Background: Diaphragmatic elevation is among the earliest compensatory changes following lung

resection; however, its extent and duration remain inadequately defined.

Materials and Methods: A retrospective analysis was conducted on 198 patients who underwent surgical
treatment for non-small cell lung cancer between January 2022 and June 2023. Of these, 102 patients who
underwent upper or lower lobectomy were included in the study. Diaphragmatic position was assessed
using chest radiographs obtained preoperatively and on postoperative days 1, 10, and 30. Measurements
were performed by independent radiologists and compared according to surgical approach (VATS vs.

thoracotomy), lobectomy location (upper vs. lower), and operative side (right vs. left).

Results: Significant diaphragmatic elevation was observed on the first postoperative day and persisted
through day 10. The mean difference between preoperative and postoperative day 1 measurements was
29.16 £ 12.93 mm (p < 0.0001). Partial recovery was noted by day 10 (p <0.001). Both hemidiaphragms
showed similar patterns, although the right hemidiaphragm demonstrated greater recovery. No
significant associations were identified between diaphragmatic elevation and surgical approach,

lobectomy location, or laterality (p > 0.05 for all comparisons).

Conclusions: Diaphragmatic elevation represents a normal anatomical adaptation in the early
postoperative period following lung resection. Defining its expected extent and duration may facilitate
the early recognition of postoperative complications. Larger-scale studies are warranted to establish

definitive reference criteria for postoperative diaphragmatic elevation.

Keywords: diaphragm elevation, lobectomy, non-small cell lung cancer, postoperative radiographic

changes, video-assisted thoracoscopic surgery, thoracic surgery outcomes
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Introduction

Lung cancer remains one of the most frequently diag-
nosed malignancies worldwide, with an estimated 2.48
million new cases annually. It is also the leading cause
of cancer-related mortality, accounting for approxi-

mately 1.79 million deaths each year [1,2].

For patients with early-stage non-small cell lung can-
cer (NSCLC), surgical resection is the primary treatment
modality and the cornerstone of thoracic oncologic sur-
gery. Lobectomy with ipsilateral mediastinal lymph node
dissection is considered the gold standard surgical ap-
proach for NSCLC [3]. In addition to lobectomy, other
procedures such as bilobectomy, sleeve lobectomy, and
pneumonectomy may be performed; in addition, sub-
lobar resections, including segmentectomy and wedge
resection, are also indicated in selected cases [4-6]. In
patients with locally advanced NSCLC, radical resection
may be extended to involve adjacent structures such as
the chest wall, major vessels, or the atrium [7].

Lung resections result in notable anatomical chang-
es, including narrowing of the intercostal spaces, me-
diastinal shift toward the operated side, diaphragmatic
elevation, and compensatory expansion of the contralat-
eral lung [8]. These alterations are often visible on post-
operative imaging and must be distinguished from path-
ological findings to avoid misdiagnosis and to promptly
identify potential complications.

The aim of this study was to investigate the extent
and duration of diaphragmatic elevation following lo-
bectomy and to evaluate variations based on surgical
side and type of resection. By defining normative post-
operative patterns of diaphragmatic elevation, we seek
to contribute to the early detection of postoperative

complications.
Materials and Methods

This study was designed as a retrospective observational
analysis. Between January 1,2022, and June 30, 2023, a
total of 198 patients who underwent surgical treatment
for non-small cell lung cancer (NSCLC) at our institu-
tion were retrospectively reviewed. Patients who un-
derwent segmentectomy (n = 16), wedge resection (n =
12), middle lobectomy (n = 7), bilobectomy (n = 11), or
pneumonectomy (n = 8), as well as those with prolonged
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postoperative air leak (n = 9), those requiring reoperation
(n = 6), or those who received neoadjuvant or adjuvant
chemotherapy (n = 18) or chemo-immunotherapy (n=9),
were excluded. A total of 102 patients, including 63 fe-
male, met the inclusion criteria and were included in the
final analysis. The study was conducted in accordance
with the Declaration of Helsinki and ethical approval was

obtained from the institutional review board.
Chest X-ray evaluation

The diaphragmatic position was evaluated using stan-
dard upright posteroanterior chest radiographs obtained
during full inspiration at four time points: preoperative-
ly (within one week prior to surgery) and on postopera-
tive days 1, 10, and 30. Independent radiologists, blind-
ed to clinical information and surgical details, measured
the vertical distance (in millimeters) from the highest
point of the hemidiaphragm to the thoracic apex on the
ipsilateral side. Diaphragmatic elevation was compared
across subgroups according to surgical approach (VATS
vs. thoracotomy), operative side (right vs. left), and lo-
bectomy location (upper vs. lower).

All radiographs were acquired with patients standing
in full inspiration and facing the cassette. The x-ray tube
was positioned 6 feet behind the patient, and patients
were instructed to hold onto handles beside the cassette
to move their arms away from the chest. Images were
obtained during deep inspiration [9].

Outcome measures

The primary outcome measure was the change in the
vertical distance from the diaphragm apex to the tho-
racic apex across time points. As illustrated in Figure
1, measurements were taken from chest radiographs at
four time points: preoperative (A), postoperative day
1 (B), day 10 (C), and day 30 (D). Differences in dia-
phragm position were calculated between the following
pairs: day 1 vs. preoperative, day 10 vs. preoperative,
day 30 vs. preoperative, day 10 vs. day 1, day 30 vs. day
1, and day 30 vs. day 10.

Statistical Analysis

Statistical analyses were conducted using Py-
thon (version 3.12.4) with the pandas (2.2.3), NumPy
(1.26.4), SciPy (1.11.4), Matplotlib (3.10.1), and Sea-

born (0.13.2) libraries. For each timepoint comparison,
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normality and variance homogeneity were assessed be-
fore selecting the appropriate statistical test. The Shap-
iro-Wilk test was used to assess normality, and Levene’s
test was employed to evaluate homogeneity of varianc-
es. For normally distributed data, paired t-test was used
for within-subject comparisons, and independent t-test
(or Welch’s modification for unequal variances) for be-
tween-group comparisons. For non-normally distribut-
ed data, the Wilcoxon signed-rank test (paired samples)
and the Mann-Whitney U test (unpaired samples) were
applied. One-sample comparisons against reference
values were done by t-test or Wilcoxon test, depending
on the distribution.

Subgroup analyses were performed according to
surgical technique (VATS vs. thoracotomy), lobectomy
location (upper vs. lower), and operative side (left vs.
right). Statistical significance was set at p < 0.05. Sig-
nificance levels in figures are denoted as follows: *p <
0.05, **p <0.01, and ***p < 0.001.

Results were visualized using bar charts with stan-
dard deviation error bars. Comparative analyses were
presented using side-by-side visualizations with direct
statistical annotations. Where applicable, dual y-axes
were used to display both absolute distances and per-
centages normalized to preoperative values. All statis-
tical comparisons between time points and subgroups

were annotated in the corresponding figures.
Results

Between January 1, 2022, and June 30, 2023, we retro-
spectively analyzed 102 consecutive patients who un-
derwent pulmonary lobectomy for non-small cell lung
cancer at our institution. As detailed in Table 1, the study
population included 63 females (61.8%) and 39 males
(38.2%). Video-assisted thoracoscopic surgery (VATS)
was performed in 71 patients (69.6%), while conven-
tional thoracotomy was used in 31 cases (30.4%). The
right hemithorax was involved in 69 procedures (67.6%)
and the left in 33 (32.4%). Upper lobectomy was the
most common procedure (71 patients, 69.6%), followed
by lower lobectomy (31 patients, 30.4%).

Changes in diaphragm position

Figure 1 displays representative chest radiographs dem-
onstrating the positional changes of the diaphragm rela-
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tive to the thoracic apex. Figure 1A shows the preopera-
tive baseline position. On postoperative day 1 (Figure
1B), marked diaphragmatic elevation is evident. Chang-
es observed on day 10 (Figure 1C) and on day 30 (Fig-

ure 1D) are also shown.

Figure 2A presents the mean vertical distance from
the diaphragm apex to the thoracic apex at each time
point. The baseline preoperative value (214.19 + 24.92
mm) significantly decreased on postoperative day 1
(185.03 £20.01 mm; 86.39% of baseline; p <0.01). On
day 10, a modest increase was recorded (190.52 +20.71
mm; 88.95% of baseline), which remained significantly
lower than preoperative values (p < 0.001) but higher
than day 1 (p < 0.05). Day 30 measurements (189.53 +
20.54 mm; 88.49% of baseline) were also significantly
reduced compared to baseline (p < 0.001) and differed
significantly from day 1 (p < 0.05).

Figure 2B illustrates the magnitude of change across
intervals. The most pronounced elevation occurred im-
mediately after surgery, with a mean diaphragm eleva-
tion of 29.16 £ 12.93 mm from baseline to day 1 (p <
0.0001). A partial recovery of 5.49 + 9.55 mm occurred
between days 1 and 10 (p < 0.0001), and 4.50 + 8.35
mm from day 1 to day 30 (p < 0.0001). No significant
difference was detected between days 10 and 30 (-0.99
+5.37 mm; p > 0.05).

Table 1. Baseline characteristics of the patients and
the procedures.

Characteristics n=102
Age (years), mean+SD  60.8 +£12.9
Sex

Female 63 (61.8%)
Male 39 (38.2%)
Surgical Approach

VATS 71 (69.6%)
Thoracotomy 31 (30.4%)
Operation Side

Left hemithorax 33 (32.4%)
Right hemithorax 69 (67.6%)
Lobectomy Location

Upper lobectomy 71 (69.6%)
Lower lobectomy 31 (30.4%)

Unless otherwise stated, data presented as number (percentage).
VATS, video-assisted thoracoscopic surgery



Figure 1. Representative chest radiographs showing diaphragm po-

sition changes following surgery. Serial chest radiographs demon-
strate changes in diaphragm position relative to the thoracic apex.
Preoperative baseline (A), postoperative day 1 (B), postoperative

day 10 (C), postoperative day 30 (D).

A) Changes of Distance of Diaphragm Apex to Thoracic Apex Over Time

400 p<0.05

p <0.001 175%

350
P <0.001

150%

2 p<0.05
125%
350 p <001

100% (Pre-Op)
100%

e = =

200

150

Percentage of Preoperative Value (%)

100 50%

Distance of Diaphragm Apex to Thoracic Apex (mm)

50 25%

Pre-Op Day 1 Day 10 Day 30
Measurement Time Point

B) Changes in Diaphragm Elevation Between Time Points

20 P <0.0001

Lt

p<0.0001

p<0.0001

—

1 [

Diaphragm Elevation Change (mm)

Day 10vs Day30vs Day 10vs Day30vs Day 0vs
Pre-Op. Pre-Op Day 1 Day 1 Day 10

Time Paints Comparison
Figure 2. Quantitative analysis of diaphragm position changes over
time following surgery. Bar graph showing the mean distance (+ SD)
from diaphragm apex to thoracic apex at preoperative baseline and
postoperative days 1, 10, and 30. Left y-axis shows distance in milli-
meters; right y-axis displays percentage of preoperative baseline value
(red dashed line = 100%). Brackets indicate statistical comparisons
between time points with corresponding p-values (A), bar graph show-
ing diaphragm position changes between time points. Negative values
(red bars) represent diaphragm elevation relative to the compared time
point; positive values (blue color bars) represent diaphragm descent

(recovery). Error bars show standard deviation (B).
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Left versus right hemidiaphragm

Figure 3A shows the quantitative analysis of diaphragm
apex to thoracic apex distance on the left (n =33) and right
(n = 69) sides across all time points. Preoperatively, the
right hemidiaphragm exhibited higher distance (215.67 +
25.13 mm) than the left (211.09 +24.57 mm), but the dif-
ference was not statistically significant (p > 0.05).

On postoperative day 1, both sides exhibited significant el-
evation-183.12 + 19.38 mm (left, 86.75% of baseline) and
185.94 +20.38 mm (right, 86.22% of baseline)-with no sig-
nificant side-to-side difference (p > 0.05). By day 10, the
right hemidiaphragm exhibited higher distance, but without
a statistically significant difference (192.35 + 20.82 mm vs.
186.70 + 20.24 mm; p > 0.05). Similar findings were ob-
served on day 30: 190.87 + 20.85 mm (right) and 186.73
+ 19.89 mm (left; p > 0.05). Overall, diaphragm elevation
patterns were bilaterally proportional with no statistically
significant differences at any time point (p > 0.05).

As shown in Figure 3B, both sides experienced sig-
nificant diaphragmatic elevation compared to preop-
erative values. The most substantial changes were seen
on day 1: -27.97 £ 11.06 mm (left) and -29.72 + 13.77
mm (right; p < 0.001 for both). This persisted on day
10 (left: -24.39 + 11.33 mm; right: -23.32 + 13.35 mm;
p <0.001) and day 30 (left: -24.36 + 10.98 mm; right:
-24.80 + 13.49 mm; p < 0.001).

In Figure 3B, analysis of recovery patterns between
consecutive time points revealed significant improve-
ment in diaphragm position from day 1 to day 10 on
both sides: 3.58 + 9.60 mm for the left (p < 0.05) and
6.41 £ 9.45 mm for the right (p < 0.001), with the right
side exhibiting more pronounced recovery. No signifi-
cant changes were observed between days 10 and 30
for either the left (0.03 = 2.82 mm, p > 0.05) or right
side (-1.48 = 6.19 mm, p > 0.05). Change in elevation
between day 1 and day 30 was significant for both the
left (3.61 + 8.49 mm, p < 0.05) and right sides (4.93 =
8.31 mm, p < 0.001). Although both sides showed im-
provement during this period, the diaphragm position
remained significantly elevated compared to preopera-
tive measurements on day 30. Notably, the right side
exhibited a more statistically significant degree of re-
covery between day 1 and day 30 (p <0.001) compared
to the left side (p < 0.05).
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A) Left vs Right Side: Changes of Distance of Diaphragm Apex to Thoracic Apex Over Time
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Figure 3. Comparison of left versus right hemidiaphragm positions and
changes over time. Bar graph comparing the distance from diaphragm apex
to thoracic apex between left (blue color) and right (salmon color) sides at pre-
operative baseline and postoperative days 1, 10, and 30. Left y-axis shows dis-
tance in millimeters; right y-axis displays percentage of preoperative baseline
value (red dashed line = 100%) (A), bar graph showing the magnitude and
direction of diaphragm position changes between time points for left (blue
color) and right (salmon color) sides. Negative values represent diaphragm
elevation; positive values represent diaphragm descent (recovery). Error bars
show standard deviation. Statistical significance is indicated by asterisks (* p
<005; #* p<001; *** p <0.001; NS = not significant) (B).

Comparison by surgical approach

Figure 4A compares diaphragm position by surgical ap-
proach. Baseline values for diaphragm-to-thoracic apex dis-
tance were comparable between the VATS (213.73 + 2438
mm) and thoracotomy groups (21523 +26.49 mm; p>0.05).

In Figure 4A, both groups demonstrated a similar pat-
tern of diaphragm elevation following surgery. On day
1, elevation occurred in both groups (VATS: 184.73 +
20.13 mm, 13.6% reduction; thoracotomy: 185.71 +
20.03 mm, 13.7% reduction), with no significant differ-
ence (p > 0.05) (Figure 4A).

At postoperative day 10, partial recovery of diaphragm
position was observed in both groups, with mean dis-
tances of 191.01 + 20.05 mm in the VATS group and
189.39 + 22.44 mm in the thoracotomy group, corre-
sponding to 89.4% and 88.0% of preoperative values,
respectively. No significant difference was found be-
tween the two surgical approaches (p > 0.05).
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By postoperative day 30, the diaphragm position mea-
sured 189.72 +20.00 mm in the VATS group and 189.10 +
22.06 mm in the thoracotomy group, representing 88.8%
and 87.9% of baseline values, respectively. Again, no sig-
nificant difference was observed between the groups (p >
0.05). These findings suggest that the choice of surgical
approach (VATS or thoracotomy) did not significantly af-
fect the extent of postoperative diaphragm elevation or its
recovery pattern over the 30-day follow-up period.

Figure 4B illustrates diaphragmatic changes within and
between time points by surgical technique. Both groups
showed significant decreases in distances from baseline on
all postoperative days (VATS: -29.00 + 12.49 mm, -22.72 +
11.74 mm, -24 01 + 12.25 mm; thoracotomy: -29.52 + 14.08
mm,-25.84 + 14,62 mm, -26.13 + 13.72 mm; all p < 0.001).

In Figure 4B, both groups exhibited significant partial
recovery of diaphragmatic elevation between postop-
erative day 1 and subsequent time points. In the VATS
group, the diaphragm position improved by 6.28 + 9.63
mm between days 1 and 10 (p < 0.001) and by 4.99 +
8.58 mm between days 1 and 30 (p < 0.001). Similarly,
the thoracotomy group demonstrated significant recov-
ery, with increases of 3.68 £ 9.24 mm from day 1 to day
10 (p < 0.05) and 3.39 + 7.80 mm from day 1 to day
30 (p < 0.05). No significant change occurred between
days 10 and 30 in either group (VATS: -1.30 £ 5.58 mm;
thoracotomy: -0.29 + 4.88 mm; p > 0.05) (Figure 4B).

A) VATS vs Thoracotomy: Changes of Distance of Diaphragm Apex to Thoracic Apex Over Time

NS NS NS NS 120%
250 —_— —_— —_ —_—

-100%

U e

150

40%

Distance of Diaphragm Apex to Thoracic Apex (mm)
a
8
S * S
Percentage of Preoperative Value (%)

20%

0 0%
Pre-Op Day 1 Day 10 Day 30
Measurement Time Point
B) Changes in Diaphragm Elevation Between Time Points: VATS vs Thoracotomy
601 VATS
Thoracotomy
. 40
E .
£
Y 204
g el o s
8 o . T =t
S NS
g 2 l [ I ] NS
5
3
o -0 Statistical significance:
& e - o p<0.05
£ w0 -
£ - . -
8 -8 “p < 0,001
o NS = not significant

Day1vs Day10vs Dayd0vs Day10vs Day30vs Day30vs
Pre-Op Pre-Op Pre-Op Day 1 Day 10
Time Points Comparison

Figure 4. Comparison of diaphragm position changes between
VATS and thoracotomy surgical approaches. Bar graph comparing
the distance from diaphragm apex to thoracic apex between VATS

(blue color) and thoracotomy (salmon color) groups at preoperative



baseline and postoperative days 1, 10, and 30. Left y-axis shows
distance in millimeters; right y-axis displays percentage of pre-
operative baseline value (red dashed line = 100%) (A), bar graph
showing the magnitude and direction of diaphragm position changes
between time points for VATS (blue color) and thoracotomy (salmon
color) groups. Negative values represent diaphragm elevation; posi-
tive values represent diaphragm descent (recovery). Error bars show

standard deviation. Statistical significance is indicated by asterisks

(*p<0.05; ** p<0.01; ** p <0.001; NS = not significant) (B).
Upper vs. lower lobectomy

In Figure 5A, the distance from the diaphragm apex to
the thoracic apex was compared between patients who
underwent upper lobectomy (n = 71) and those who un-
derwent lower lobectomy (n = 31), at four time points.
At baseline, both groups exhibited similar preoperative
diaphragm positions (upper: 214.79 + 25.34 mm; lower:
212.81 £24.27 mm; p > 0.05).

On postoperative day 1, both groups demonstrated
significant decreases in diaphragm-to-thoracic apex dis-
tance, indicating diaphragmatic elevation. The mean dis-
tances were 184.83 + 20.56 mm for the upper lobectomy
group and 18548 = 19.00 mm for the lower lobectomy
group, with no statistically significant difference between
them (p > 0.05). This pattern persisted on day 10 (upper:
190.90 +20.69 mm; lower: 189.65 +£21.07 mm; p >0.05)
and day 30 (upper: 190.80 + 20.80 mm; lower: 186.61 +
19.95 mm; p > 0.05). Notably, by day 30, neither group
had returned to their baseline diaphragm position, with
the diaphragm-to-apex distance remaining at approxi-
mately 89% of the preoperative value in the upper lobec-
tomy group and 88% in the lower lobectomy group.

Figure 5B presents the changes in diaphragm elevation
across time points for upper and lower lobectomy patients.
Both groups showed highly significant diaphragmatic
elevation immediately after surgery, with diaphragm-to-
thoracic apex distance decreases of -29.96 + 12.58 mm in
the upper lobectomy group and -27.32 + 13.73 mm in the
lower lobectomy group (p < 0.001, for both). This eleva-
tion persisted through postoperative days 10 and 30, with
measurements remaining significantly different from base-
line in both groups (all p < 0.001).

Between days 1 and 10, both groups exhibited statis-
tically significant recovery: 6.07 = 8.73 mm for the up-
per lobectomy group (p < 0.001) and 4.16 + 11.24 mm
for the lower lobectomy group (p < 0.05) (Figure 5B).
However, a notable difference emerged between days 1
and 30. The upper lobectomy group showed continued
significant improvement (5.97 + 8.47 mm, p < 0.001),
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whereas the lower lobectomy group demonstrated a
smaller, statistically non-significant change (1.13 +7.10
mm, p > 0.05). Between days 10 and 30, neither group
showed significant recovery (upper: -0.10 = 3.77 mm, p
> 0.05; lower: -3.03 £ 7.60 mm, p > 0.05).

A Upper vs Lower Lobectomy: Changes of Distance of Diaphragm Apex to Thoracic Apex Over Time
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Figure 5. Comparison of diaphragm position changes between upper
and lower lobectomy procedures. Bar graph comparing the distance
from diaphragm apex to thoracic apex between upper lobectomy (blue
color) and lower lobectomy (salmon color) groups at preoperative
baseline and postoperative days 1, 10, and 30. Left y-axis shows dis-
tance in millimeters; right y-axis displays percentage of preoperative
baseline value (red dashed line = 100%) (A), bar graph showing the
magnitude and direction of diaphragm position changes between time
points for upper lobectomy (blue color) and lower lobectomy (salmon
color) groups. Negative values represent diaphragm elevation; posi-
tive values represent diaphragm descent (recovery). Error bars show
standard deviation. Statistical significance is indicated by asterisks (*

p <0.05; ** p <0.01; **¥* p <0.001; NS = not significant) (B).
Discussion

Lung cancer remains the leading cause of cancer-related
mortality worldwide. According to GLOBOCAN 2022,
there were approximately 2.48 million new cases and
1.81 million deaths attributed to lung cancer, reflecting
a nearly 20% increase in incidence compared to previ-
ous data [1,10]. Surgical resection remains the corner-
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stone of treatment for stage I and II non-small cell lung
cancer (NSCLC) [11,12]. Consequently, the growing
incidence of lung cancer and the increased application
of surgical management have led to a greater number of
patients undergoing lung resection.

Postoperative follow-up in these patients who have
undergone lung resection typically begins with chest ra-
diographs, while computed tomography (CT) is more
commonly used for evaluating recurrence and late com-
plications. Radiological findings in the early postopera-
tive period often reflect expected anatomical adapta-
tions to lung resection, such as minor pneumothorax or
hydropneumothorax, parietal emphysema, hemithorax
retraction. Over few days to weeks, additional com-
pensatory changes include expansion of the remaining
lung lobes, blunting of the costodiaphragmatic angle,
and elevation of the diaphragm and hilar structures, as
well as a mediastinal shift towards the operated side
[5]. These changes result in progressive anatomical
modifications of the thoracic cavity depending on the
type of resection. Correct interpretation of these normal
postoperative radiological findings is essential to avoid
misdiagnosis and to detect early complications [13]. For
instance, excessive diaphragmatic elevation may sug-
gest phrenic nerve injury, whereas insufficient elevation
may point to complications such as pneumothorax, he-
mothorax, or expansion defects.

Following lung resection, the diaphragm rapidly
adapts to the changing thoracic volume, resulting in
early elevation. However, this phenomenon is largely
assessed subjectively, and there is no widely accepted
quantitative standard for its evaluation [14]. Further-
more, the expected duration and extent of diaphragmatic
elevation have not been clearly defined in the literature.
In our study, we observed that most of the compensa-
tory diaphragmatic elevation occurred within the first
10 postoperative days (Figures 2A, B).

The diaphragm is a striated muscle that separates the
thoracic and abdominal cavities, attaching from the xi-
phoid process of the sternum to the 7th through 12th ribs,
with a central tendon shaped like adome. Its primary func-
tion is assisting ventilation [9,15,16]. On a posteroante-
rior chest X-ray, the dome of the diaphragm is positioned
at the level of the 5th to 7th ribs along the midclavicular
line. In most individuals, the right hemidiaphragm lies
1.5 to 2.5 cm higher than the left hemidiaphragm [9,17].
Diaphragmatic eventration is defined as abnormal eleva-
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tion of a portion or the entire hemidiaphragm due to loss
of muscle or nerve function, while anatomical continu-
ity is preserved [18]. This condition is typically partial,
involving one-third to one-half of the hemidiaphragm,
and appears radiographically as a smoothly contoured
elevation. Eventration is more frequently observed on
the left side but may progress to total diaphragmatic el-
evation over time [9]. Diaphragmatic elevation observed
after thoracic surgery is caused by the retraction of the
hemithorax, whereas diaphragmatic elevation develop-
ing after cardiac surgery is due to phrenic nerve damage
and the mechanism of occurrence is completely different
[19]. In our study, compensatory elevation was signifi-
cantly greater on the right side (Figure 3B).

Although lung resection has traditionally been per-
formed via thoracotomy, advances in camera systems
and surgical instruments have improved the feasibility
of video-assisted thoracic surgery (VATS), allowing for
smaller incisions, shorter operative times, and enhanced
safety. Consequently, the use of VATS has become in-
creasingly common [10]. Thoracoscopic surgery offers
several advantages, including shorter hospital stays, re-
duced chest tube duration, lower postoperative pain, bet-
ter preservation of pulmonary function, decreased cyto-
kine release, and a lower overall complication rate [11].
In our study, no significant effect of surgical technique on
diaphragmatic elevation was observed (Figure 4B). The
diaphragm movement that develops due to thoracic sur-
gery is a compensatory elevation, it is not affected by the
inflammatory response created by the surgical technique.

In conclusion, diaphragmatic elevation in patients
undergoing lung resection occurs predominantly on the
first postoperative day and continues until approximate-
ly day 10. The absence or excessive presence of this el-
evation may serve as a supportive indicator for the early
detection of postoperative complications. Large-scale
studies are needed to determine the standardization of
postoperative diaphragm elevation.
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ABSTRACT

Background: This study was conducted to examine the change and results of our experience in

bronchiectasis surgery.

Materials and Methods: The records of the patients who were operated for bronchiectasis between January
2000 and January 2022 were analyzed retrospectively. Patients were grouped according to the time of surgery
(Group I: Jan 2000- Jan 2012 vs. Group II: Jan 2021- Jan 2022) and surgical approach (thoracoscopy vs.
thoracotomy). Demographic and clinical characteristics of the patients, localization of bronchiectasis, surgical

interventions and postoperative follow-up results were recorded and analyzed using SPSS 25.

Results: A total of 220 operations were performed. Eighty-six patients (39.1%) were male, mean age was
34.89 +12.68 years. Bronchiectasis was mostly located in the lower lobes (55.9%). The most frequently
performed resection was left lower lobectomy (44.5%). The mean tube extraction time was 4.78 £4.13
days, and the mean length of hospital stay was 5.88 + 3.18 days. Patients who underwent thoracoscopy
had significantly shorter hospital stays and lower complication rates compared to those who underwent
thoracotomy (p = 0.001 and p = 0.004, respectively). Patients operated on in the last 10 years (Group II)
had significantly fewer complications compared to those operated in the earlier 12-year period (Group
I) (p =0.028). Multiple logistic regression analysis revealed that VATS reduced the complication rates
by 82.5%. No surgical mortality was observed, and the overall morbidity rate was 26.8%.

Conclusions: Bronchiectasis surgery is very beneficial in patients who do not respond to medical
treatment. Due to the effects of developing technology and experience gained, successful results have

been achieved with minimally invasive approaches in recent years.
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Corresponding Author*: Gamze Tanrikulu, MD. Giilhane Training and Research Hospital, Department of Thoracic Surgery, Ankara, Turkiye.
E-mail: gamzece019@hotmail.com Phone: +90 5077046416

Doi: 10.26663/cts.2025.012

Received 07.05.2025 accepted 11.08.2025

57



Introduction

Bronchiectasis is a progressive disease that develops as
a result of impaired mucociliary clearance, accompa-
nied by abnormal obstruction or dilatation in the bron-
chi, often due to chronic persistent infections [1]. Pa-
tients commonly present with cough, purulent sputum,
halitosis, dyspnea, chest pain or recurrent episodes of
hemoptysis. The primary goals of treatment are to pre-
vent exacerbations, relieve symptoms, improve quality
of life and halt disease progression [2].

Surgical intervention is considered a highly effec-
tive treatment option for patients with localized disease
or those unresponsive to medical therapy [3]. In recent
years, with advances technology, the use of video-as-
sisted thoracoscopic surgery (VATS) in the treatment
of bronchiectasis has become increasingly widespread.
VATS is often preferred due to its association with im-
proved patient comfort and acceptable complication
rates and shorter hospital stays [4].

Although thoracotomy remains a well-established
approach in bronchiectasis surgery and has been widely
discussed in the literature, studies directly comparing
thoracotomy with minimally invasive methods such as
VATS are still relatively limited.

In this study, we aimed to present our surgical expe-
rience in the management of bronchiectasis, highlight
the evolution of our perioperative approach, and evalu-
ate the clinical outcomes of VATS and thoracotomy
over a 22-year period.

Materials and Methods

The medical records of patients who underwent sur-
gery for bronchiectasis at our thoracic surgery clinic
between 1st January 2000 and Ist January 2022 were
retrospectively reviewed. A total of 223 operations were
performed. Two patients with cystic fibrosis who were
operated for massive hemoptysis and one patient with
a positive sweat test were excluded. The final study co-
hort included 220 patients.

To assess the clinical effects of the surgical ap-
proaches, patients were divided into two groups: those
who underwent thoracotomy and those who underwent
video-assisted thoracoscopic surgery (VATS). In a sec-
ondary analysis, patients were grouped based on the
time of surgery: those operated on during the last 10
years (Jan 2012-Jan 2022) and those operated on in the
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preceding decade (Jan 2000-Jan 2012) to reveal how
clinical experience was reflected in the results.

All patients were diagnosed based on high resolu-
tion computed tomography (HRCT) following detailed
medical history and physical examination findings.
Surgical treatment requirements were evaluated in the
council held jointly with the pulmonologists. In the pre-
operative period, complete blood counts, biochemical
parameters and pulmonary function tests (PFTs) were
observed in all patients. In our clinic, attention was paid
to ensure that the FEV1 (Forced expiratory volume in
the first second) value was above 2L in patients who
were planned for pneumonectomy, and lobectomy was
avoided below 1.5L FEV1 level.

Indications for surgery included localized disease
unresponsive to adequate medical treatment, hemopty-
sis, infections requiring hospitalization, and a history of
more than three infections per year. In cases presenting
with massive hemoptysis, embolization was the pre-
ferred initial intervention; elective surgery was sched-
uled once bleeding was controlled.

Patients with adequate functional capacity, as deter-
mined by radiological findings and PFTs were deemed
eligible for surgery. Particularly over the past 10 years,
patients with systemic symptoms underwent surgery
after treatment of acute exacerbations. Routine spu-
tum culture was taken from asymptomatic patients 2-4
weeks before the operation. Flexible/rigid bronchosco-
py was performed in patients when deemed necessary,
and sputum acid-fast bacilli (AFB) testing was studied.
Among patients treated prior to 2012; sputum cultures
were taken only if symptoms were present in the pre-
operative period. Antibiotic therapy was initiated two
weeks prior to surgery based on culture results.

Surgical approaches included posterolateral thora-
cotomy or biportal VATS via the 4th and 7th intercostal
spaces were preferred as incisions. The extent of resec-
tion -wedge resection, segmentectomy, lobectomy or
pneumonectomy- was determined by disease severity.
All patients were monitored in the surgical intensive care
unit for 24 hours postoperatively before being transferred
to the ward. Postoperative histopathological confirmation
of bronchiectasis was obtained in all patients.

Patients were scheduled for outpatient follow-up on
the 10th day after discharge. Subsequent annual check-
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ups were conducted by pulmonologists. Clinical status and
symptoms were documented during follow-up visits or
by telephone interviews. The study was approved by the
Ethics Committee of the Uludag University Experimental
Medicine Research Institute (2011-KAEK-26/553).

Statistical Analysis

Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) for Windows
version 25.0. The Shapiro Wilk test was used to as-
sess normality of distribution. A p-value of <0.05 was
considered statistically significant. Normally distrib-
uted variables were analyzed using Student's t-test,
while non-normally distributed variables were using
the Mann-Whitney U test. Categorical variables were
compared using the chi-square test. When interpreting
the results, p value <0.05 was considered statistically
significant with a 95% confidence interval (CI). Preop-
erative deaths occurring within 90 days were classified
as surgical mortality.Logistic regression analysis was
used to identify independent risk factors for postopera-
tive. In the logistic regression analysis, the postopera-
tive complication was taken as the dependent variable
and gender, age, FEV1 levels, VATS, pneumonectomy,
presence of frequent infections, hemoptysis, cough and
sputum as independent variables.

Results

The surgical outcomes and perioperative data of 220
patients who underwent bronchiectasis surgery were
analyzed to assess the impact of different surgical ap-
proaches and changes over time.

Eighty-six of the patients (39.1%) were male, with
a mean age was 34.89 + 12.68 years. The mean dura-
tion of chest tube drainage was 4.78 +4.13 days, and
the mean length of hospital stay was 5.88 + 3.18 days.
Histopathological examination confirmed the diagnosis
of bronchiectasis in all resected specimens.

The most common symptoms were cough and spu-
tum (66.4%), while 28.2% of patients underwent surgery
due to hemoptysis. A history of infections (=3 per year)
was present in 39.1% of patients (Table 1). Bronchiec-
tasis was mostly located in the lower lobes (55.9%) and
in the left lung (51.4%), with bilateral disease observed
in 25% of cases. Bilateral surgical intervention was per-
formed in 9.4% of the patients (Table 1).
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Table 1. Demographic data of the patients.
Age (Mean+SD) (Min-max) 34.89+12.68(11-69)

0-17 n (%) 16(7.3)
18-40 133(60.5)
41-64 70(31.8)
>65 1(0.5)
Gender n(%)
Male 86(39.1)
Female 134(60.9)
FEVI1 (L) (Mean+SD) 2.35+0.80
FEV1 (%) 75.19+£19.93
DLCO (%) 75.65+13.59
Affected side n(%)

Left 113(51.4)
Right 32(39.2)
Bilateral 55(94)
Symptoms n(%)
Recurrent infection 86(39.1)
Cough, sputum 146(66.4)
Hemoptysis 62(28.2)
Childhood pneumonia attacks ~ 31(14.09)
Smoking history n(%)

Yes 55(25)
No 165(75)

Abbrev.; FEV1: Forced expiratory volume in 1 second, DLCO:

Diffusing capacity of the lungs for carbon monoxide

While the patients were preparing for the operation
in the preoperative period, flexible/rigid bronchoscopy
was performed to detect the bleeding focus in 15 patients
who presented with the complaint of hemoptysis and
had bilateral bronchiectasis on thorax CT. One patient
with AFB positivity was operated after antituberculosis
treatment. Emergency thoracotomy and right lower lo-
bectomy were performed in one patient due to massive
hemoptysis. Other patients with hemoptysis were op-
erated under elective conditions after the bleeding was
stopped with medical treatment or embolization.

Thoracotomy was performed in 166 patients (75.7%),
and VATS in 54 patients (24.3%), with conversion to
thoracotomy required in six patients due to pleural ad-
hesions (n = 4) or vascular injury (n = 2). In the last two
years, all 18 VATS cases were completed successfully
without conversion.

The most frequently performed procedure was lobec-
tomy (79.1%), particularly left lower lobectomy. Pneumo-
nectomy was required in nine patients (Table 2). Comple-
tion resections were performed in seven patients due to
recurrence or progression. No perioperative or 90-day
mortality was observed; late mortality occurred in seven
patients, three of whom died due to pneumonia.



n(%)

Surgical Technique

VATS 48(21.8)

Comorbidit 63(28.6)
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(41.54%). Pseudomonas aeruginosa was isolated in 10
patients, while Haemophilus influenzae was identified

Hypertension

15(6.8)

mmotile Cilia Syndrome 10(4.5)

copp e
e able of he rsecion.

CAD 3(1.4)

Complication 62(26.8)

Expansion deficit 9(14.52)

Pneumothorax 3(4.84)

Pneumonia 6(9.68)

Empyema, BPF 2(3.22)

Hospitalization, da 5.88+3.18(3-23)

Late mortalit 7(%3.2)

None 164(74.5)

Recurrence 9(4.1)

Postoperative complication rates of the patients are
presented in Table 3. Bronchoscopy was performed in
cases with secretion-related atelectasis. Five patients re-
quired surgical exploration for hematoma.

pital stays (4.8 = 1.8 vs. 6.2 + 3.4 days, p = 0.001) and
chest tube durations (3.3 £ 1.4 vs. 5.3 £4.6 days, p <
0.001), and lower complication rates (p = 0.004) com-
pared to thoracotomy (Table 4).

Since 2012, a total of 106 bronchiectasis operations
have been performed. During the preoperative prepara-
tion period, 41 patients with acute exacerbations were
referred to the pulmonology department for treatment.
Among 65 asymptomatic patients tested preoperative-
ly, sputum culture positivity was detected in 27 cases

tion rates (p = 0.028) (Table 5).

Resection n(%)

Segmentectom 16(7.3)

Pneumonectom 9(4.1)

LLLI 98(44.5)

RUL3 11(5)

RLL6

19(8.6)

RP8 2(0.9)

Wedge 9(4.1)

1: Left lower lobectomy, 2: Left upper lobectony, 3: Right upper lobec-
tomy, 4: Right middle lobectomy, 5: Left middle lobectomy, 6. Right
lower lobectomy, 7: Left pneumonectomy, 8: Right pneumonectomy

VATS
(n=48)

Thoracoto-
my (n=172)

I‘

Gender, n(%) 15(31.25)  71(41.28) 0.21

FEV1 (%) 79.13£19.26 72.47+20.10 0.11

Resection n(%) n(%)

Comorbidit 19(39.5) 44(25.6) 0.045

Complication 6(12.5) 56(32.56)  0.004*

Hospitalization,

e R

6.2+34 0.001°*

(o))

0
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Table S. Last 10 years of experience vs. previous years.

First 12 Last 10

years years p

(n=114) (n=106)

(Group I) (Group II)
Age (Mean+SD) 34.1x11.8 35.7+x13.6 048
Gender, n (%) 50(43.9) 36(33.96) 0.086
E\];:[Zag;)sm 2294095 238+072  0.54
FEV1 (%) 68.26+19.60 78.66+£19.32 0.03*
DLCO (%) 75+5.65 75.7£13.84 0.94
Surgical Technique n(%) n(%)
Thoracotomy 113(99.1)  59(55.7)
R GO
thoracotomy (Y &)
Resection n(%) n(%)
Wedge 7(6.1) 2(1.9)
Segmentectomy  7(6.1) 6(4.7) 0.16
Lobectomy 93(81.6) 93(87.7) :
Pneumonectomy 7(6.1) 2(1.9)
Complications,
n (%) 39(34.2) 23(21.7) 0.028*
]d);;;n(ﬁg;gb) 496+3.1  4.63+485 0.013*
gj’lzggig]z)a)“‘m 6.0323.1  575%33 0.1
Mortality, n (%) 7(6.1) 0 0.01*
Postop symptoms n(%) n(%)
None 82(71.9) 82(77.4)
Lessened 26(22.8) 21(19.8) 0.28
Recurrence 6(5.3) 3(2.8)

The sweat test performed in the preoperative period
was negative in all patients in the pediatric age group.
Ten patients (4.5%) were diagnosed with immotile cilia
syndrome, including eight with Kartagener's syndrome.
Although their complication rates were higher, the dif-
ference was not statistically significant (p = 0.091).
Drain removal times and hospital stays were compa-
rable to those without the syndrome.

Considering the changes in postoperative patient
symptoms; 74.5% of patients became asymptomatic,
and 21.4% had partial symptom improvement. Howev-
er, recurrence occurred in nine patients, seven of whom
underwent completion surgical procedures (pneumo-
nectomy or lobectomy).

Factors affecting postoperative complications were
examined. The independent variables: based on a mul-
tiple logistic regression analysis, where independent vari-
ables were gender, age, FEV1, VATS, pneumonectomy,
frequent knowledge of the etiology, hemoptysis attacks,
productive cough and abundant purulent sputum, the
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odds of postoperative complications were 82.5% lower in
those who underwent VATS than in those who did not (R
=0.192, p = 0.005, nagelkerke R = 0.281). The patients
who had frequent infections were 4.3 times more likely
to have postoperative complications with those who did
not (R =0.192,p =0.021, Nagelkerke R = 0.281).

Discussion

Bronchiectasis is a disease that occurs as a result of the
effects of infectious, congenital, acquired, autoimmune
or environmental causes, often as an irreversible result
of histopathological changes [5]. This disease, which
significantly reduces a person's quality of life, is an
important public health problem in developing coun-
tries, including Turkey [1]. As reported in our cohort,
two-thirds of patients presented with chronic cough and
sputum, while nearly one-third required surgery for he-
moptysis, mirroring previous series [6].

The main goals in the treatment of non-cystic fibrosis
bronchiectasis; involves identifying acute exacerbations,
using antibiotics to suppress microbial load, treating
underlying disorders, reducing excessive inflammatory
response, maintaining bronchial hygiene, controlling he-
moptysis, and surgical removal of segments that may be
a focus of infection or bleeding [7]. In our clinic, sur-
gical treatment decisions were made in a joint council
with chest diseases in patients who could not respond to
medical treatment in line with these goals. In our mul-
tidisciplinary council, surgery was reserved for patients
experiencing =3 pneumonia episodes per year, recurrent
hospitalizations, hemoptysis, or persistent symptoms de-
spite optimal medical therapy.

As it is known, bronchiectasis is one of the most com-
mon causes of life-threatening hemoptysis. In recent
years, the primary treatment is bronchial artery emboliza-
tion. Success rates reaching 99% in the acute period have
been reported in the literature [8]. In our clinic, the first
option after medical treatment is embolization therapy in
patients who apply for massive hemoptysis due to bron-
chiectasis. The operations were performed under elective
conditions, since acute massive hemorrhage could be re-
lieved in most of our patients after embolization. In our
series, there is only one patient who underwent emergen-
cy thoracotomy due to massive hemoptysis.

In this study an important difference in the preopera-
tive preparation period is that sputum cultures, which
were previously taken only in symptomatic patients, are



now also taken in asymptomatic patients as much as pos-
sible, and antibiotherapy is applied to these patients in
the preoperative period at the treatment dose specific to
the isolated pathogen. The purpose here is to ensure a
'dry period' before surgery for optimal surgical success.
Therefore, surgical treatment may be delayed until infec-
tion control is optimized [9]. In our study, we found that
asymptomatic patients with sputum culture positivity
and patients with frequent infections were positively cor-
related. Moreover, multiple logistic regression analysis
demonstrated that a history of frequent infections inde-
pendently increased the odds of postoperative complica-
tions by 4.3-fold (OR = 4.3, p = 0.021). For this reason,
we think that sputum cultures should be routinely taken
in patients with a history of frequent infections, even if
they do not have any symptoms during the preoperative
preparation period. As a matter of fact, in the study by
Hiramitsu et al, it is reported that pseudomonas coloniza-
tion increases the risk of surgical morbidity [10]. Also in
the study by Yu-xing Jin et al, it is reported that gram-
negative bacteria colonization is risk factor for successful
treatment [11]. Another study emphasizing that bacterial
colonizations should be clarified in the preoperative pe-
riod was by Eren et al. This study states that one of the
risk factors for postoperative complications is the lack of
bronchoscopy in the preoperative period [12].

In our study, we observed that postoperative com-
plication rates significantly decreased in the last decade
compared to the earlier years (26.4%-17.0%, p = 0.028),
along with shorter chest tube durations (5.3 + 4.6 days-
4.1 £ 2.2 days, p = 0.013). However, a direct year-by-
year comparison for the entire 22-year period is limited
by the lack of standardized preoperative protocols dur-
ing the first decade. For example, routine sputum culture
sampling in asymptomatic patients was not implemented
in the early years, making direct comparisons with the
later period less reliable. Since 2012, the adoption of
standardized preoperative preparation - including routine
sputum cultures and targeted antibiotic therapy - as well
as the increased use of VATS, appears to have contributed
substantially to these improved outcomes.

Surgical mortality has been reported very rarely in the
literature [6, 13-16]. In our study, as in the study of Giilhan
et al, no mortality was observed within the postoperative
90 days [1]. The early complications that can be seen af-
ter the surgical treatment of bronchiectasis may vary de-
pending on whether the patient is adequately prepared for
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the operation in the preoperative period, comorbidities,
perioperative performance and the extent of the resection
performed, and the quality of the follow-up and treatment
applied in the postoperative period. As in all thoracic sur-
gical interventions, atelectasis, hemothorax, prolonged
air leakage, pneumonia, wound infection, bronchopleu-
ral fistula, empyema, expansion defect, pleural effusion,
chylothorax and cardiac rhythm disorders can be seen
in patients after bronchiectasis surgery. Morbidity rates
have been reported in the range of 0-25% in studies [17].
In our study, this rate was found to be 26.4%. The most
important reason why morbidity is above the literature
data is that the most common complication in our study,
prolonged air leak, was not 7 days, unlike other studies;
It is accepted after 5 days. However, there has been a sta-
tistically significant decrease in our complication rates in
the last 10 years. Undoubtedly, increasing surgical expe-
rience has a great importance in this.

In addition, with the developments in VATS in recent
years, we can say that the complication rates are gradually
decreasing due to the fact that VATS is preferred more and
more in major surgical procedures in our clinic. According
to the literature, VATS is considered advantageous due to
its low morbidity and mortality rates, rapid recovery, early
relief of postoperative pain and cosmetic results [9, 16].
However, the effect of thoracotomy on postoperative mor-
bidity was not investigated in these studies. In this respect,
our study emphasizes an important point.

This study has some limitations. Although we have
analyzes covering a long period of 22 years; this study was
conducted retrospectively. Since detailed files could not be
reached in hospital records due to its long duration, inves-
tigation of etiology and comorbidities was incomplete. In
addition, since an objective scoring system cannot be used
to determine the quality of life of the patients, long-term
postoperative assessments are based on subjective data.

In conclusion, this study shows that; in the surgical
treatment of bronchiectasis; thoracotomy is an impor-
tant reason that increases the risk of complications. We
think that VATS is a very safe method due to its low
mortality and morbidity rates and should be preferred
in every possible patient. We also recommend routine-
ly obtaining sputum cultures from all asymptomatic
patients to detect colonizations and reduce the risk of
complications. This study also supports the literature;
it reveals that surgical treatment is very effective for a
curative outcome in bronchiectasis patients, however,
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the surgery must be performed as anatomical lung re-
section. And, this study also highlights that clinical ex-
perience and effective preoperative patient preparation
can be as effective as the minimally invasive approach
at low complication rates.
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ABSTRACT

Surgical resection of pulmonary metastases is now widely considered for patients who meet the following
criteria: controlled primary disease, absence of extensive extrapulmonary disease, fully resectable lung
metastases, sufficient cardiopulmonary reserves, and lack of superior systemic treatment alternatives.
Since the development of these selection criteria, additional prognostic factors have been proposed to
better predict survival and optimize the selection of surgical candidates. Factors such as the disease-free
interval (DFI), completeness of resection, surgical approach, number and laterality of lung metastases,

and lymph node involvement play a dynamic role in determining patient outcomes.

Pulmonary metastasectomy is acommon practice among thoracic surgeons, accounting for approximately
15% of all lung resections. While it is widely believed that pulmonary metastasectomy from a primary
tumor elsewhere improves survival in selected patients, evidence for the additional benefit provided by

surgery remains weak.

For patients with untreated metastatic disease, the five-year survival rate is less than 5-10%. Pulmonary
metastasectomy often represents the best hope for treatment in cases of isolated metastatic disease to the
lungs. It is a safe and effective treatment that offers potential recovery for selected patients. Regardless
of the primary tumor, achieving complete resection is the key to improving survival. Low morbidity and
mortality rates justify the aggressive surgical approach in the absence of effective systemic oncologic
treatments. Thoracoscopic resection is a valid option for selected patients with a small number of
peripherally located metastases. In cases of recurrent pulmonary disease, surgery should be repeated if
the patient continues to meet the initial criteria for pulmonary metastasectomy. Postoperative aggressive
follow-up is mandatory. Patients should be treated in close collaboration between medical oncologists,

diagnostic radiologists, and thoracic surgeons.
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survival outcomes, thoracic oncology
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Introduction

This review examines the evaluation of pulmonary me-
tastases, criteria for suitability for resection, outcomes
for different tumor histologies, the feasibility of surgical
resection, alternative approaches, and prognostic factors.

Approximately one-third of patients with malignant
diseases develop pulmonary metastases [1-4]. Pulmo-
nary metastasectomy (PM) is an established treatment
that can improve long-term survival in patients with
metastatic lung cancer originating from various primary
solid tumors. Surgery is generally recommended for
cases in the oligometastatic stage and for all patients
who can tolerate the procedure.

The most common primary solid tumors causing
pulmonary metastases include colorectal, renal, breast,
prostate, and oropharyngeal carcinomas. Other tumors
that primarily metastasize to the lungs include chorio-
carcinoma, osteosarcoma, soft tissue sarcomas, testicu-
lar tumors, Ewing sarcoma, and thyroid carcinoma [4].

Historically, systemic therapy has been considered
the standard of care for stage IV cancer due to the sys-
temic nature of the disease. However, local treatment
options for metastatic pulmonary nodules are expand-
ing, providing significant evidence for optimal local
control to prolong life, delay recurrence, and relieve
patients from ongoing chemotherapy [5].

While there is no absolute upper limit to the num-
ber of resectable nodules, having more than three dur-
ing the first metastasectomy increases recurrence risk
(especially in CRC). Nevertheless, larger numbers of
lesions have been resected safely with good outcomes.
The total number of metastases is less significant than
the ability to achieve an RO resection with a lung vol-
ume that the individual patient can tolerate [5].

The patient’s comorbidities are particularly impor-
tant in determining the recommended form of local
treatment for pulmonary metastases. In some cases,
systemic therapy before surgery can reduce tumor vol-
ume, increase the effectiveness of subsequent radiation
or ablative treatments, and decrease the amount of pa-
renchyma required for resection [5].

The role of pulmonary metastasectomy has been ex-
tensively studied since the 1970s and was highlighted
in a landmark publication in 1997 reporting the results
of the International Registry of Lung Metastases. This
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study provided critical data supporting the role of sur-
gery in selected patients and identified key prognostic
factors influencing survival [6].

The lungs are the most common site for metastatic
malignancies [7]. Once primary tumors metastasize,
treatment becomes more challenging, leading to sig-
nificantly higher morbidity and mortality. However,
pulmonary metastasectomy can be performed with
curative intent in selected patients. Complete surgical
excision is technically feasible, usually with low peri-
operative morbidity and mortality. Pulmonary resection
is only suitable for patients whose primary disease is
controlled, who have no widespread or uncontrolled ex-
trapulmonary metastases, whose lung metastases can be
fully resected, and who have adequate cardiopulmonary
reserves to tolerate surgery [7].

The first pulmonary metastasectomy was reported
in 1882. As chest imaging became available, planned
resections of lung metastases were introduced. Criteria
for pulmonary metastasectomy have since been defined
and updated. These include control or apparent control-
lability of the primary disease, feasibility of complete
resection of metastatic lung disease, patient tolerance
for planned procedures, and the absence of better alter-
native treatments [8].

The Expert Consensus Document on Pulmonary
Metastasectomy emphasizes the importance of multi-
disciplinary approaches and standardized criteria for
optimizing surgical outcomes [9]. Minimally invasive
techniques, such as VATS, have increasingly demon-
strated improved perioperative outcomes in selected
patient populations [10,11].

For patients with untreated metastatic disease, the five-
year survival rate is less than 5-10%. In cases of isolated
metastatic disease to the lungs, pulmonary metastasecto-
my often represents the best hope for treatment [12,13].

Preoperative evaluation

Preoperative evaluation consists of obtaining a detailed
history, performing a physical examination, conducting
physiological tests, and utilizing radiological imaging.
Radiological investigations are essential for determin-
ing the differential diagnosis of pulmonary nodules, as-
sessing the exact number, location, and characteristics
of the nodules, and identifying any extrathoracic me-
tastases. Advanced techniques like PET-CT have been



instrumental in enhancing the detection and staging of
metastatic disease, aiding in precise treatment planning
[14,15]. Mediastinal lymph node evaluation through
systematic dissection or sampling remains critical for
prognostic and diagnostic accuracy [16,17]. Indications
for pulmonary metastasectomy should be evaluated
from both physiological and oncological perspectives
[2,13]. Nichols et al highlighted the critical role of im-
aging in determining surgical candidacy for pulmonary
metastasectomy, ensuring all nodules are resectable and
systemic disease is controlled [18].

Patient selection

When pulmonary metastatic disease is encountered, and
surgical options are being considered, several key crite-
ria must be evaluated to determine the most appropri-
ate treatment plan for the patient. First, all pulmonary
nodules should be resectable, or if not, they should be
amenable to management using a hybrid approach that
includes additional local therapies. Second, the primary
tumor must either be fully controlled or controllable with
appropriate treatment. Third, any extrathoracic disease
present must also be under control or manageable to en-
sure that surgery can provide meaningful benefits. Fourth,
it is essential that complete resection (RO) is feasible, as
achieving clear surgical margins is critical for improving
survival outcomes. Finally, the patient must have an ac-
ceptable preoperative risk profile, ensuring that they can
safely tolerate the procedure and its associated recovery
process. These considerations are vital for optimizing
surgical outcomes and ensuring that the benefits of the
procedure outweigh the risks for each individual case.

Studies have documented that surgical resection pro-
vides significant survival benefits in properly selected
patients, particularly when criteria for complete resec-
tion are met [19]. Furthermore, redo metastasectomy
has shown comparable outcomes to initial surgeries,
particularly in sarcoma patients [20,21]. Laser-assisted
surgical techniques have also been highlighted as prom-
ising approaches for achieving precise resections while
preserving lung parenchyma [22,23]. If these criteria
are met, the decision regarding surgery should then con-
sider whether the patient has an acceptable operative
risk. For patients with prohibitive surgical risks, non-
operative techniques such as radiofrequency ablation or
stereotactic body radiation therapy may be considered.
If the outlined criteria cannot be achieved, a nonopera-
tive or hybrid approach may still be considered if the
patient’s condition allows [5,6].
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Guidelines for patient selection for pulmonary me-
tastasectomy were established after the publication of a
landmark retrospective study in 1997, which analyzed
data from 5,206 cases in the International Registry of
Lung Metastases. This study identified four key prog-
nostic factors that significantly influence survival out-
comes. These factors include the number of metastases
present in the lungs, the disease-free interval between
the treatment of the primary tumor and the emergence
of pulmonary metastases, the feasibility of completely
resecting all visible lesions, and the histology of the pri-
mary tumor [24]. Pulmonary metastases are generally
asymptomatic, and specific symptoms may indicate ad-
vanced disease. However, 15-20% of patients may pres-
ent with symptoms such as cough, hemoptysis, chest
pain, or post-obstructive pneumonia [1].

Detailed information on the treatment history of the
primary tumor, including tumor stage, histological type,
the interval between treatment of the primary tumor and
detection of pulmonary metastases, presence of other met-
astatic sites, and chemotherapy regimen, is required. These
factors serve as significant prognostic indicators [2].

For patients undergoing cytotoxic chemotherapy, pul-
monary resection should be scheduled after the white
blood cell count normalizes (typically around four weeks).
In cases treated with bevacizumab, pulmonary resection
should be delayed until at least six weeks after the last dose
to minimize the risk of postoperative pulmonary fistulas.
While most candidates for pulmonary metastasectomy
are asymptomatic, it is essential to investigate respiratory
symptoms that may indicate endobronchial involvement
or centrally located bulky lesions [2].

When pulmonary nodules are detected in patients with
a history of malignancy, a differential diagnosis is crucial.
Multiple nodules are likely to be metastatic disease from
the primary tumor, but distinguishing pulmonary metas-
tases from primary lung cancer can be challenging when
there is only a single nodule. For solitary pulmonary nod-
ules (SPN), the decision on whether to proceed with an
invasive diagnostic procedure depends on the treatment
strategy for the SPN, which should consider factors such as
the type of primary tumor, the type of resection performed
(if applicable), and the patient’s overall condition [2].

When preoperative imaging reveals mediastinal and
hilar lymph nodes, their assessment is critical. Lymph
node involvement, regardless of histology, is a signifi-
cant negative prognostic factor for patients undergoing
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pulmonary metastasectomy. Therefore, patients with
mediastinal adenopathy should undergo invasive medi-
astinal staging (e.g., mediastinoscopy or endobronchial
ultrasound-guided fine-needle aspiration) before under-
going pulmonary metastasectomy. Although the pres-
ence of hilar or mediastinal lymph node involvement
correlates with poorer survival compared to patients
without nodal involvement, documented nodal metasta-
ses are not an absolute contraindication for metastasec-
tomy, as some patients with lymph node involvement
have achieved long-term survival following surgery [8].

Radiologic studies

Radiologic evaluation is a critical component of the pre-
operative assessment for pulmonary metastasectomy,
serving several essential purposes. It helps differentiate
pulmonary nodules, assesses their number, location, and
characteristics, and identifies the presence of extratho-
racic metastases [2]. High-resolution computed tomog-
raphy (CT) scans with 1-2 mm slices are considered the
gold standard for evaluating pulmonary nodules. In ad-
dition, positron emission tomography (PET) scans com-
plement CT by staging metastatic disease and ruling out
distant metastases, with the sensitivity of PET varying
based on the histology of the metastases [1].

Additional imaging modalities may also be utilized
in specific scenarios. Bone scans are often used to de-
tect osseous metastases, particularly in patients with
sarcomas. Brain imaging, such as magnetic resonance
imaging (MRI) or CT, is employed to exclude central
nervous system involvement in symptomatic patients or
those with high-risk tumor histologies [25]. These im-
aging techniques collectively provide a comprehensive
evaluation, enabling effective surgical planning and op-
timized patient outcomes.

Mediastinal and hilar lymph node evaluation

Mediastinal and hilar lymph node metastases are asso-
ciated with worse prognosis. Enlarged or hypermetabol-
ic nodes identified on imaging warrant invasive staging
through mediastinoscopy or endobronchial ultrasound
(EBUS)-guided fine-needle aspiration [1,25].

While CT scans detect more nodules than chest ra-
diographs, they may still underestimate the total number
of metastatic lesions compared to manual palpation dur-
ing surgery. Studies suggest that up to 20-25% of nodules
remain undetected by imaging but can be found intraop-
eratively [25]. Advances in CT technology, including the
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ability to detect nodules as small as 1 mm, have reduced
this discrepancy, although manual palpation remains
valuable for certain histologies like osteosarcoma [25].

Indications and contraindications for pulmo-
nary metastasectomy

Pulmonary metastasectomy is a well-established treat-
ment option for patients with metastatic lung disease,
provided that certain conditions are met. Patients con-
sidered for surgery must be in good overall health and
have no significant operative risks. Most importantly,
the primary tumor should either be controlled or man-
ageable through additional treatment. While the absence
of extrathoracic disease is ideal, metastases in other or-
gans may still allow for surgery if they are resectable or
have already been effectively treated [1,6].

Complete surgical resection (RO resection) is criti-
cal for improving survival outcomes. Incomplete re-
sections (R1 or R2) are strongly associated with poor
prognosis, making the ability to fully remove all visible
metastases a key criterion. Furthermore, the decision to
perform metastasectomy must consider the availability
of systemic or alternative therapies. Recent advance-
ments in targeted treatments and immunotherapy have
introduced new options that must be weighed against
surgical intervention [1,26].

Despite these criteria, not all patients are suitable
candidates for metastasectomy. Uncontrolled primary
tumors, unresectable pulmonary disease, or severe co-
morbidities often disqualify patients. Mediastinal lymph
node involvement (N2 disease) and widespread extra-
thoracic metastases, although not absolute contraindi-
cations, require careful evaluation. Multidisciplinary
discussions are essential to determine whether surgery
is the best option in these complex cases [19,26].

Pulmonary metastasectomy principles

Pulmonary metastasectomy is primarily performed with
curative intent, aiming to improve survival in carefully
selected patients. The key objective of the procedure is
to completely resect all visible metastases while pre-
serving as much pulmonary parenchyma as possible.
Achieving this balance requires tailoring the surgical
approach to the location and characteristics of the me-
tastases [1,3,4]. Hornbech et al discussed the evolving
practices in metastasectomy, with a focus on achieving
complete resection while minimizing morbidity [12].



For peripheral lesions, wedge resections are common-
ly used, often with the aid of surgical tools such as sta-
plers or laser devices. These techniques ensure minimal
tissue loss while achieving clear surgical margins. For
central or larger lesions, more extensive procedures such
as segmentectomy, lobectomy, or even pneumonectomy
may be necessary to achieve complete resection [1,4].

The International Registry of Lung Metastases,
which analyzed over 5,000 cases, reported that wedge
resection was the most frequently performed procedure,
accounting for 67% of cases. Lobectomy, segmentecto-
my, and pneumonectomy followed at 21%, 9%, and 3%,
respectively. These findings underscore the importance
of individualized surgical planning based on the size,
location, and number of metastases [3,4].

Minimally invasive techniques, such as video-assist-
ed thoracoscopic surgery (VATS), are increasingly used
for patients with small, peripherally located nodules.
These approaches offer advantages such as reduced
pain, shorter hospital stays, and quicker recovery. How-
ever, VATS may not always allow complete assessment
of the lung, and manual palpation through open thora-
cotomy remains the gold standard for detecting smaller
or occult nodules [4,13].

In cases of recurrent pulmonary disease, repeat me-
tastasectomy can be performed if the patient continues
to meet the criteria for surgery. Repeat procedures have
been shown to provide survival benefits comparable to
initial resections, particularly when complete resection
is achievable [12,13].

Thoracotomy or a minimally invasive approach?

Open thoracotomy has historically been the standard
surgical approach for pulmonary metastasectomy due
to its ability to allow thorough manual palpation of the
lung parenchyma. This method is particularly valuable
for detecting nodules that are not visible on imaging.
Even with advances in high-resolution computed to-
mography (CT), 20-25% of nodules may remain unde-
tected preoperatively but can be identified through man-
ual palpation during surgery [11,27]. This is especially
critical in cases involving tumors like osteosarcoma,
where small, occult metastases are more common [26].

However, video-assisted thoracoscopic surgery
(VATS) has emerged as a minimally invasive alterna-
tive, offering significant advantages in perioperative
outcomes. VATS is associated with reduced pain, short-
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er hospital stays, quicker recovery, and better tolerance
for adjuvant therapies. Retrospective studies comparing
VATS and thoracotomy have shown comparable overall
survival rates, particularly in patients with small, pe-
ripherally located metastases [10,11,27]. Despite these
benefits, VATS is not without limitations, particularly
its inability to allow comprehensive manual palpation.
This limitation can lead to undetected metastases and
potentially compromise surgical outcomes in certain
patients [22,28].

Recent studies and meta-analyses have examined the
long-term outcomes of VATS versus thoracotomy. One
meta-analysis found that VATS is associated with su-
perior overall survival (OS) compared to thoracotomy,
while recurrence-free survival (RFS) rates were similar
between the two groups. Additionally, VATS has been
shown to provide equivalent outcomes for patients with
colorectal cancer metastases [10,22]. The advantages
of VATS, such as improved postoperative mobility and
reduced morbidity, make it an attractive option for se-
lected patients [11,23]. Nichols highlighted the trade-
offs between open thoracotomy and VATS, particularly
in terms of manual palpation and patient recovery [13].

For patients with centrally located lesions, multiple
metastases, or histologically aggressive tumors, open
thoracotomy remains the preferred approach. It ensures
complete exploration and resection of all lesions, there-
by maximizing the likelihood of achieving RO resection
[22,26]. In practice, the choice between VATS and tho-
racotomy should be individualized, taking into account
the patient’s clinical condition, the characteristics of the
metastases, and the surgeon’s expertise [27,28].

Complete vs incomplete resection

Achieving a complete resection (RO) is critical for im-
proving survival in patients undergoing pulmonary me-
tastasectomy. Studies have consistently shown that pa-
tients who undergo incomplete resections (R1 or R2)
have significantly worse survival outcomes compared
to those with RO resections [19,12]. The importance of
complete resection is underscored by data from the Inter-
national Registry of Lung Metastases, which demonstrat-
ed that survival rates are substantially higher in patients
with RO resection, regardless of tumor histology [27].

In cases where complete resection is not feasible due to
the extent of disease or the location of metastases, surgi-
cal intervention should be avoided. Incomplete resections
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not only fail to improve survival but also expose patients
to unnecessary surgical risks [19,26]. The only exception
may involve specific palliative scenarios, such as con-
trolling life-threatening complications like hemoptysis or
pneumothorax caused by metastatic lesions [12,26].

Timing of pulmonary metastasectomy

The timing of pulmonary metastasectomy is a critical con-
sideration in treatment planning and is influenced by the
status of the primary tumor, the presence of extrathoracic
disease, and the overall clinical context. Surgery is gener-
ally performed after the primary tumor has been controlled
and any extrathoracic metastases have been adequately
treated or stabilized. However, certain clinical circum-
stances may warrant deviations from this sequence [5].

In cases where patients present with synchronous
metastases or a short disease-free interval (DFI), it
may be prudent to delay surgery and monitor disease
progression with serial imaging, such as CT scans per-
formed every 6-8 weeks. This approach can help identi-
fy patients with rapid extrathoracic disease progression,
sparing them from unnecessary surgical interventions.
Conversely, patients with isolated pulmonary lesions
and no active extrathoracic disease may benefit from
earlier resection, particularly when systemic therapy
options are limited [19,12,26].

The surgical approach can also influence timing de-
cisions. For instance, minimally invasive techniques
like VATS may allow for earlier interventions due to
shorter recovery times, while patients requiring open
thoracotomy for more complex resections might benefit
from a longer observation period to fully assess disease
progression [19,29].

Ultimately, the timing of metastasectomy should be
determined through a multidisciplinary approach that
considers the patient’s overall condition, tumor biology,
and the available systemic therapy options. Tailoring the
timing to the individual clinical scenario ensures that pa-
tients derive the maximum benefit from surgery [29].
Margins
The surgical margin plays a crucial role in determining
the success of pulmonary metastasectomy. Achieving
tumor-free margins (RO resection) significantly reduces
the risk of local recurrence and is strongly associated
with improved survival outcomes. While there is no uni-
versal agreement on the ideal margin size, most studies
recommend a margin of at least 10 mm for wedge resec-
tions to minimize the risk of recurrence. However, for
larger tumors, wider margins may be necessary [3,19].

69

Recent studies have emphasized the importance of the
tumor-to-margin ratio. A ratio greater than 1.7 has been
linked to better outcomes, as it reflects sufficient clear-
ance of the tumor from surrounding healthy tissue. This
finding is particularly relevant for patients with small pe-
ripheral nodules undergoing wedge resection [3,26].

Advances in surgical techniques have introduced
tools such as curved staplers, which facilitate achieving
uniform and adequate margins while preserving lung pa-
renchyma. These devices are especially useful in cases
involving deep or central lesions where maintaining con-
sistent margins can be technically challenging [22,26].

Failure to achieve adequate surgical margins is as-
sociated with a higher risk of local recurrence and
poorer survival. This is particularly evident in aggres-
sive histologies, such as sarcomas and colorectal cancer
metastases, where even small residual disease can sig-
nificantly impact outcomes [19,23]. Therefore, ensuring
appropriate margins is a critical aspect of surgical plan-
ning and execution.

Number of lung metastases

The number of pulmonary metastases is a well-estab-
lished prognostic factor in patients undergoing metas-
tasectomy. Although patients with fewer metastases
generally exhibit better survival outcomes, the absolute
number of nodules is not necessarily a strict determi-
nant for surgery. The feasibility of achieving a complete
resection (RO) is a more critical consideration [3,26].

Studies have consistently shown that patients with
solitary metastases achieve the best survival outcomes,
reflecting limited disease burden. However, patients
with multiple metastases can still benefit from surgery,
provided that all visible lesions can be completely re-
sected. For instance, data from the International Regis-
try of Lung Metastases suggest that even patients with
three or more nodules can achieve long-term survival if
RO resection is feasible [26,27].

It is essential to emphasize that the ability to resect
all visible disease outweighs the absolute number of
nodules. For patients with extensive metastatic disease,
modern imaging techniques, such as high-resolution CT
and PET scans, are crucial for preoperative planning.
Additionally, intraoperative palpation can help identify
smaller nodules that might be missed during imaging,
particularly in cases involving histologies like osteosar-
coma or soft tissue sarcomas [19,22].



Ultimately, surgical decision-making should be in-
dividualized, taking into account not only the number
of metastases but also the patient's overall health, tu-
mor biology, and the likelihood of achieving a complete
resection. When these factors align, even patients with
multiple metastases can derive significant survival ben-
efits from metastasectomy [3,26].

Pulmonary metastasectomy for specific histologies

Each histological type behaves differently, making it
logical to assume that the effectiveness and role of sur-
gery depend on the primary tumor's histology. Indepen-
dent of histology, factors such as incomplete resection,
the number and size of resected tumors, lymph node
(LN) metastases, and short disease-free intervals (DFI)
are recognized as predictors of poor prognosis. In con-
trast, certain prognostic indicators are specific to indi-
vidual histological types [3].

Colorectal cancer (CRC)

Colorectal cancer is the most frequent primary malig-
nancy among patients undergoing pulmonary metasta-
sectomy (PM). Key prognostic factors include the num-
ber of pulmonary metastases, carcinoembryonic antigen
(CEA) levels, and the disease-free interval (DFI). Pa-
tients with a longer DFI, fewer nodules, and normal
preoperative CEA levels exhibit significantly better sur-
vival outcomes [2,3,12].

Additionally, the location and timing of metastases
play a crucial role. Synchronous liver and lung metas-
tases are not a contraindication for surgery if both sites
are resectable. Data indicate that combined hepatic and
pulmonary metastasectomy can yield five-year survival
rates of approximately 30% in carefully selected cases.
However, the presence of mediastinal lymph node in-
volvement or elevated preoperative CEA levels are as-
sociated with worse outcomes [26,30].

Renal cell carcinoma

Renal cell carcinoma (RCC) is the second most common
primary tumor in patients undergoing PM. Achieving RO
resection is vital, as incomplete resections (R1 or R2) do
not provide survival benefits. Prognostic factors include
tumor burden, lymph node involvement, and the disease-
free interval. Shorter DFIs and nodal metastases are as-
sociated with poorer outcomes, while patients with soli-
tary nodules and long DFIs fare better. Five-year survival
rates for RCC patients after PM range from 20% to 74%,
depending on these variables [2,12,26].
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Osteosarcoma

Osteosarcoma frequently metastasizes to the lungs, with
up to 30-40% of patients developing pulmonary nodules
during the course of their disease. Pulmonary metasta-
sectomy offers significant survival benefits, particularly
in young patients with solitary or limited nodules and
longer DFIs. Achieving complete resection is critical, as
residual disease negatively impacts survival. Studies re-
port five-year survival rates ranging from 20% to 40% for
osteosarcoma patients undergoing PM [6,26].

Histological factors also influence outcomes. Sub-
types like chondroblastic osteosarcoma tend to exhibit
worse prognoses. Moreover, patients who develop
metastases during chemotherapy generally experience
poorer survival compared to those whose metastases
develop after completing treatment [6,31].

Soft tissue sarcoma

Soft tissue sarcomas predominantly metastasize to the
lungs, making PM the primary curative option for many
patients. Prognostic factors include tumor grade, disease-
free interval, and the number of pulmonary nodules.
Lower-grade tumors, longer DFIs, and fewer metastases
are associated with improved survival. Studies suggest
that achieving RO resection is crucial, as incomplete re-
sections fail to provide survival benefits [6,26,31].

For patients with multiple metastases or recurrent
disease, repeat metastasectomy has shown to improve
survival, highlighting the importance of tailored surgi-
cal strategies [26].

Germ cell cumors

Nonseminomatous germ cell tumors (NSGCTs) are
highly responsive to chemotherapy. However, for pa-
tients with residual or recurrent disease after systemic
treatment, pulmonary metastasectomy can significantly
enhance survival. Five-year survival rates after RO resec-
tion range from 73% to 94%, depending on the extent of
disease and the success of systemic therapy [6,32].

In cases where nodal or extrathoracic disease is present,
careful patient selection is necessary. Achieving com-
plete resection remains the most important factor influ-
encing survival. Patients with incomplete resection or
unresectable disease have significantly worse outcomes
compared to those who undergo RO resection [6,33].

Head and neck cancers

Pulmonary metastases are a common occurrence in pa-

70



Current Thoracic Surgery-Volume 10 Number 2 p: 64-80

tients with head and neck cancers, as the lungs are the most
frequent site of distant metastases for these malignancies.
Despite the poor prognosis associated with metastatic head
and neck cancers, pulmonary metastasectomy (PM) has
been shown to improve survival in selected patients [6].
Evidence also supports the role of pulmonary metastasec-
tomy in improving outcomes for head and neck cancers, as
shown in systematic analyses [34,35].

Several factors influence the outcomes of PM in head
and neck cancers. A disease-free interval (DFI) longer
than 12 months is associated with significantly better
survival rates. Similarly, patients with a limited num-
ber of metastases and no evidence of mediastinal lymph
node involvement fare better. In contrast, patients with
squamous cell carcinoma histology, shorter DFIs, and
metastases originating from oral cavity cancers often
have worse prognoses [2,3,6].

Five-year survival rates following PM for head and
neck cancers vary widely, ranging from 20% to 60% de-
pending on the tumor's histology, the extent of metasta-
ses, and the completeness of resection. Patients with ad-
enoid cystic carcinoma, for example, tend to have much
better survival outcomes compared to those with squa-
mous cell carcinoma. Documented mediastinal lymph
node involvement and plevral infiltration are associated
with worse outcomes [6,31].

Complete resection (RO) remains the most critical de-
terminant of improved survival. For patients presenting
with a higher metastatic burden or additional risk factors,
multidisciplinary discussions are essential to evaluate the
potential benefits of surgery. While PM is often recom-
mended for isolated metastases, patients with extensive
disease may benefit more from systemic therapies [6].

Gynecologic cancers

Pulmonary metastases from gynecologic cancers,
though less common, present unique challenges in pa-
tient management. The lungs are the most frequent site
of distant metastases for cervical, endometrial, and ovar-
ian carcinomas, as well as choriocarcinoma and uterine
sarcomas. While systemic therapies are often the first
line of treatment, pulmonary metastasectomy (PM) can
provide survival benefits in selected cases [6,26].

The prognosis of patients undergoing PM for gyne-
cologic cancers depends on several factors, including
the histology of the primary tumor, disease-free inter-
val (DFI), and the number of metastases. Patients with
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squamous cell carcinoma of the cervix generally exhibit
poorer outcomes compared to those with endometrial
carcinoma. A longer DFI, limited number of pulmonary
nodules, and absence of mediastinal lymph node in-
volvement are associated with improved survival [6,31].

Encouraging results have been reported for patients
undergoing PM for gynecologic cancers. Five-year sur-
vival rates vary significantly by histology, ranging from
40% for cervical carcinoma to 76% for endometrial
carcinoma. In one study involving patients with uter-
ine malignancies, a five-year survival rate of 69% was
reported for those with isolated pulmonary metastases
who underwent complete resection [12].

For patients with choriocarcinoma, systemic chemo-
therapy is often curative [31], but PM may be consid-
ered for those with persistent pulmonary nodules after
treatment. Similarly, for patients with uterine sarcomas,
PM is reserved for isolated metastases and cases where
systemic options have been exhausted.

Complete resection remains the cornerstone of suc-
cessful surgical outcomes. Patients with incomplete re-
sections or widespread disease have significantly worse
survival rates. Therefore, patient selection and multidis-
ciplinary decision-making are critical when considering
PM for gynecologic cancers [6,31,36].

Breast cancers

Pulmonary metastases are a frequent manifestation in
advanced or recurrent breast cancer, with an estimated
incidence of 7-24%. Although systemic therapies, in-
cluding chemotherapy, hormonal treatment, and tar-
geted therapies such as trastuzumab for HER2-positive
tumors, are the cornerstone of management, pulmonary
metastasectomy (PM) has demonstrated potential sur-
vival benefits in appropriately selected patients [1,3].

The prognosis of breast cancer patients undergoing
PM is influenced by several factors. A longer disease-free
interval (DFI), particularly exceeding three years, has
consistently been associated with improved survival out-
comes. Hormone receptor status also plays a critical role,
with hormone receptor-positive tumors responding better
to therapy and correlating with a more favorable progno-
sis. Additionally, patients with a limited number of pulmo-
nary metastases tend to achieve better long-term outcomes
compared to those with extensive disease [1,3,31].

Meta-analyses indicate that the five-year survival rate
for breast cancer patients undergoing PM is approximately



45-46%. However, factors such as incomplete resection
(R1 or R2), short DFI, and negative hormone receptor
status significantly worsen survival. Achieving complete
resection (R0O) remains paramount to improving outcomes,
particularly in cases of oligometastatic disease [12,26].

One of the challenges in managing pulmonary metas-
tases in breast cancer lies in the difficulty of distinguish-
ing metastatic lesions from primary lung cancers based on
imaging alone. Solitary pulmonary nodules, in particular,
require pathological confirmation to differentiate between
metastatic breast cancer and primary lung malignancies.
Accurate diagnosis is essential for guiding treatment strat-
egies and ensuring optimal outcomes [31,37].

Patients with HER2-positive breast cancer or those
who respond well to systemic therapy may benefit from a
combined approach integrating surgery with ongoing sys-
temic treatments. Multidisciplinary evaluation is crucial in
determining the timing and appropriateness of PM, espe-
cially in patients with isolated metastases and stable sys-
temic disease. In such cases, PM can offer meaningful sur-
vival benefits, highlighting its role as a vital component of
the treatment plan for selected breast cancer patients [31].

Hepatocellular cancer

Pulmonary metastases are the most common form of
extrahepatic recurrence in hepatocellular carcinoma
(HCC), with an incidence ranging from 6% to 56%. De-
spite advances in systemic therapies, effective treatment
options for metastatic HCC remain limited, making pul-
monary metastasectomy (PM) a valuable intervention
for selected patients [31,38].

The prognosis of patients undergoing PM for HCC is
influenced by several factors. A longer disease-free in-
terval (DFI), typically exceeding 12 months, is associat-
ed with significantly improved survival outcomes. Ad-
ditionally, patients with fewer and smaller metastases,
normal preoperative alpha-fetoprotein (AFP) levels,
and no evidence of uncontrolled intrahepatic disease
tend to achieve better long-term survival. By contrast,
patients with extensive pulmonary disease, higher AFP
levels, or concurrent active liver disease often experi-
ence worse outcomes [31,48].

Reported five-year survival rates for patients under-
going PM for HCC vary widely, ranging from 12% to
67%, depending on the extent of disease and the com-
pleteness of resection. Complete resection (RO) is criti-
cal, as incomplete resections do not provide survival
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benefits. For patients with extensive disease, surgery is
typically contraindicated unless performed with pallia-
tive intent to address complications like hemoptysis or
airway obstruction [48].

Careful patient selection is essential when consider-
ing PM for HCC. Multidisciplinary evaluation involv-
ing hepatologists, oncologists, and thoracic surgeons
ensures that patients most likely to benefit from surgery
are identified. While PM may not be suitable for all
HCC patients with pulmonary metastases, it remains a
valuable tool in the management of select cases where
systemic therapies alone are insufficient [31,48].

Gastric cancers

Pulmonary metastases from gastric cancer are relative-
ly rare, with an incidence of 0.3% to 6%. Most cases
involve lymphangitic spread or pleural dissemination,
while isolated nodular metastases to the lungs are un-
common. For selected patients with limited metastatic
disease, pulmonary metastasectomy (PM) can provide
survival benefits, but the role of surgery remains con-
troversial [6,39].

The prognosis of patients with pulmonary metas-
tases from gastric cancer is generally poor. However,
certain factors are associated with better outcomes. Pa-
tients with longer disease-free intervals (DFI), smaller
and fewer pulmonary nodules, and no evidence of sys-
temic progression tend to achieve better survival rates.
Studies have reported five-year survival rates ranging
from 9% to 45% for patients undergoing PM, with the
best outcomes observed in those who achieve complete
resection (RO) [31,39].

Despite these findings, systemic chemotherapy remains
the mainstay of treatment for metastatic gastric cancer, and
surgery is rarely performed. PM is typically reserved for
highly selected cases, such as patients with long DFlIs,
isolated pulmonary nodules, and no active extrathoracic
disease. In such cases, the potential for prolonged survival
justifies the risks associated with surgery [31,39].

Given the aggressive nature of gastric cancer and its
propensity for widespread dissemination, careful patient
selection is critical. Multidisciplinary discussions involv-
ing oncologists, thoracic surgeons, and gastroenterologists
are essential to determine the feasibility and timing of PM.
For most patients, systemic therapy remains the primary
treatment modality, with surgery reserved for rare cases
where it can provide meaningful survival benefits [39].
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Malignant melanoma

Pulmonary metastases are a common manifestation of
malignant melanoma, as the lungs are the most frequent
site of visceral spread. Metastatic melanoma has his-
torically been associated with poor survival outcomes;
however, pulmonary metastasectomy (PM) has emerged
as a potential option for improving survival in selected
patients [1,6].

The prognosis of patients with pulmonary metasta-
ses from melanoma is influenced by several factors. A
disease-free interval (DFI) of more than 12 months, a
limited number of pulmonary nodules (typically fewer
than three), and the absence of extrathoracic or lymph
node metastases are associated with better outcomes.
Achieving complete resection (RO) is critical, as incom-
plete resections are linked to significantly worse surviv-
al rates. In addition, patients who respond well to sys-
temic immunotherapy or chemotherapy before surgery
tend to achieve more favorable results [6,31].

Despite the aggressive biology of melanoma, several
studies have reported promising results for patients un-
dergoing PM. Five-year survival rates range from 4% to
40%, depending on the extent of disease, DFI, and the
completeness of resection. Patients with solitary pulmo-
nary nodules and no evidence of systemic progression
are the best candidates for surgery [31].

One of the primary challenges in managing pulmo-
nary metastases from melanoma is the high likelihood
of recurrence. Even after complete resection, many pa-
tients experience disease recurrence, underscoring the
need for close postoperative surveillance. For recurrent
disease, repeat metastasectomy or systemic therapies,
including immunotherapy with immune checkpoint in-
hibitors, can be considered [1,6].

Multidisciplinary evaluation is essential in deter-
mining the role of PM in metastatic melanoma. While
surgery alone is unlikely to cure the disease, it can pro-
vide meaningful survival benefits for selected patients,
particularly when integrated with modern systemic
therapies. For patients with limited disease and good
systemic control, PM remains an important component
of the treatment strategy [31].

Lung cancer

Pulmonary metastasectomy (PM) is occasionally
considered in patients with non-small cell lung cancer
(NSCLC) who develop secondary lung lesions. Dif-
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ferentiating whether these lesions represent metastases
from the primary lung cancer or new primary tumors is
critical, as it significantly impacts treatment strategies.
For selected patients, PM can serve both diagnostic and
therapeutic purposes [31].

In patients with oligometastatic NSCLC, local thera-
pies such as PM have been shown to delay disease pro-
gression and, in some cases, improve survival. How-
ever, the role of PM in NSCLC is limited to carefully
selected patients with controlled primary disease and
isolated secondary lesions. Surgical resection is most
beneficial when complete resection (RO) is achievable
and the patient has no extrathoracic disease [26,31].

For small cell lung cancer (SCLC), systemic therapy
remains the primary treatment modality. Metastatic or
recurrent SCLC rarely benefits from surgical interven-
tions due to its aggressive nature and widespread dis-
semination. In exceptional cases, where disease pro-
gression is slow and localized, PM may be considered,
but such instances are exceedingly rare [31].

A significant challenge in managing pulmonary me-
tastases in lung cancer lies in distinguishing metastatic
lesions from second primary lung cancers. This is es-
pecially relevant for patients with solitary nodules or
lesions in the contralateral lung. In such cases, PM can
provide a definitive pathological diagnosis and guide
subsequent treatment decisions. Achieving RO resection
remains crucial for maximizing potential survival ben-
efits [31].

Although PM is not a standard treatment for meta-
static lung cancer, studies have reported five-year sur-
vival rates ranging from 15% to 30% in carefully se-
lected NSCLC patients. These outcomes underscore
the importance of patient selection and the need for
multidisciplinary discussions to assess the feasibility of
surgery. For SCLC, however, survival outcomes with
PM remain poor, reinforcing the importance of systemic
therapies [26,31].

Pediatric cancers

Pulmonary metastases are a common occurrence in
pediatric cancers, particularly in solid tumors such as
osteosarcoma, Ewing sarcoma, hepatoblastoma, and
Wilms tumor. These metastases are often associated
with poor prognosis, but pulmonary metastasectomy
(PM) has proven to be a valuable component of multi-
modal therapy for selected pediatric patients [6,40].



Osteosarcoma and Ewing sarcoma are among the
most frequent pediatric cancers to metastasize to the
lungs. In osteosarcoma, approximately 30-40% of pa-
tients develop pulmonary metastases, often during or
after initial treatment. PM offers significant survival
benefits for patients with limited disease and a longer
disease-free interval (DFI). Studies on surgical morbid-
ity and survival outcomes in osteosarcoma patients em-
phasize the critical role of pulmonary metastasectomy
in improving long-term survival [41-43]. Five-year sur-
vival rates for these patients range from 20% to 40%,
provided that RO resection is achieved. Similarly, in
Ewing sarcoma, PM combined with systemic therapy
and, in some cases, radiotherapy has been shown to im-
prove long-term outcomes [6,40].

Hepatoblastoma frequently metastasizes to the
lungs, particularly in advanced cases. For patients with
persistent pulmonary nodules following chemotherapy,
PM can provide a pathway to long-term survival. Stud-
ies report five-year survival rates of 50-65% for patients
undergoing PM after initial systemic therapy. Complete
resection is critical, as incomplete resections do not of-
fer survival benefits [40].

Approximately 10% of children with Wilms tumor
present with pulmonary metastases. Advances in che-
motherapy and radiotherapy have significantly improved
outcomes for these patients, but PM remains an impor-
tant option for those with residual disease following sys-
temic therapy. In selected cases, PM has been associated
with five-year survival rates as high as 88% [40].

The decision to perform PM in pediatric patients
requires a multidisciplinary approach involving pedi-
atric oncologists, thoracic surgeons, and radiation on-
cologists. Factors such as the number of metastases,
the response to systemic therapy, and the feasibility of
achieving complete resection are critical in determining
the suitability of surgery. Repeat metastasectomy may
also be considered for recurrent disease, provided that
the patient’s overall condition allows for additional sur-
gical intervention [6,40,44].

Lymph node status

Lymph node involvement plays a pivotal role in deter-
mining the prognosis and treatment outcomes of patients
undergoing pulmonary metastasectomy (PM). Stud-
ies consistently demonstrate that intrathoracic lymph
node metastases are associated with worse survival out-
comes, regardless of tumor histology. As such, evaluat-
ing lymph node status is a crucial step in the preopera-
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tive assessment and surgical decision-making process
[2-5,12]. Systematic lymphadenectomy has been shown
to provide prognostic value, though its therapeutic ben-
efit remains under discussion [16]. Meta-analyses have
demonstrated the prognostic significance of lymph node
assessment during metastasectomy, underscoring its
importance in surgical planning [17].

Patients without lymph node involvement (NO) expe-
rience significantly better survival outcomes compared
to those with lymph node metastases (N1 or N2). While
hilar lymph node involvement (N1) negatively affects
survival, mediastinal lymph node metastases (N2) are
particularly associated with poor outcomes. Data suggest
that the five-year survival rate for node-negative patients
ranges from 40% to 50%, whereas it drops below 20%
for patients with node-positive disease [17,26,29].

Preoperative imaging, including computed tomogra-
phy (CT) and positron emission tomography (PET), is es-
sential for identifying suspicious lymph nodes. Hypermet-
abolic or enlarged lymph nodes on imaging warrant further
investigation through invasive staging techniques, such as
mediastinoscopy or endobronchial ultrasound (EBUS)-
guided fine-needle aspiration. Accurate staging not only
refines patient selection but also informs postoperative
management and adjuvant therapy decisions [14,26].

The role of systematic lymph node dissection during
PM remains controversial. While lymph node sampling
or dissection provides valuable prognostic information,
its therapeutic benefit is less clear. Recent studies suggest
that systematic dissection does not significantly improve
overall survival but helps guide postoperative strategies.
For patients with documented lymph node involvement,
complete resection of both pulmonary and nodal disease is
essential to achieve potential survival benefits [16,26,29].

The impact of lymph node involvement varies de-
pending on tumor histology. For instance, renal cell
carcinoma patients with lymph node metastases may
still benefit from PM, provided that complete resection
is achievable. In contrast, node-positive patients with
aggressive histologies, such as colorectal cancer or sar-
coma, often have worse outcomes. These cases require
careful evaluation, as incomplete resection does not
provide meaningful survival benefits [16,26,29].

Given the substantial prognostic implications of lymph
node involvement, multidisciplinary discussions are crucial
in determining the appropriateness of PM. Comprehensive
staging and thorough surgical planning can optimize out-
comes for patients with node-positive disease [14,26].
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Repeated metastasectomy

Pulmonary metastasectomy (PM) is frequently per-
formed in patients who experience disease recurrence
following an initial surgery. Recurrence rates can reach
as high as 50-70%, depending on the primary tumor
type. Despite these high recurrence rates, repeated me-
tastasectomy has consistently been shown to provide
meaningful survival benefits in selected patients. Re-
cent systematic reviews highlight that repeat metasta-
sectomy in sarcoma and colorectal cancer patients is
associated with substantial survival benefits [28,34-36].
Studies report five-year survival rates of 30% to 50%
for patients undergoing repeat resections, particularly
when complete resection (RO) is achieved. The Inter-
national Registry of Lung Metastases highlights the
importance of achieving RO resection during repeat
surgeries, as it remains a key determinant of survival
outcomes [12,26,27]. In colorectal cancer, combined
hepatic and pulmonary resections have been associated
with improved survival in carefully selected cases [47].

The suitability of repeat metastasectomy depends
on multiple clinical factors. Patients with a longer dis-
ease-free interval (DFI), limited recurrent lesions, and
good overall health are more likely to benefit from the
procedure. Conversely, patients with aggressive tumor
biology, rapid recurrence, or short DFIs may have less
favorable outcomes. Thorough preoperative evaluation
is essential to assess the feasibility of surgery and to
determine whether complete resection is achievable
[16,19,26].

Planning for repeat metastasectomy requires a mul-
tidisciplinary approach involving thoracic surgeons,
oncologists, and radiologists. Advanced imaging tech-
niques, such as high-resolution computed tomography
(CT) and positron emission tomography (PET), are in-
dispensable for evaluating the extent of recurrent dis-
ease and assessing resectability. Accurate imaging and
staging are critical to optimizing surgical outcomes and
avoiding unnecessary procedures [16,26].

While repeat metastasectomy offers significant sur-
vival benefits, it is not without challenges. Adhesions
and scarring from previous surgeries can complicate the
procedure, requiring meticulous surgical planning and
technique. Despite these technical difficulties, repeat re-
sections provide an opportunity for prolonged survival
and improved quality of life for patients who meet the
criteria for surgery [16,20].
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Bilateral pulmonary metastasectomy

Bilateral pulmonary metastasectomy poses unique chal-
lenges, as it requires addressing metastatic disease in
both lungs while preserving adequate pulmonary func-
tion and minimizing perioperative risks. Despite the
technical complexities, the procedure offers comparable
survival benefits to unilateral resections when complete
resection is achieved.

Comprehensive preoperative evaluation is essential
for determining the feasibility of surgery. High-resolu-
tion imaging techniques, such as computed tomography
(CT) and positron emission tomography (PET), play a
crucial role in identifying the number, size, and location
of metastatic lesions in both lungs. Intraoperative as-
sessment, including manual palpation or thoracoscopic
evaluation, ensures that smaller or undetected nodules
are not missed during the procedure.

The timing and approach for bilateral resections are
highly individualized. Simultaneous bilateral resec-
tions, performed via median sternotomy or clamshell
thoracotomy, enable the removal of all detectable le-
sions in a single operation. However, this strategy may
carry higher perioperative risks and requires careful
planning to ensure sufficient postoperative pulmonary
function. Alternatively, staged resections addressing
one lung at a time are often preferred for patients with
higher surgical risks or more extensive disease.

Long-term outcomes for patients undergoing bilater-
al pulmonary metastasectomy depend on factors such as
the extent of disease, the feasibility of achieving com-
plete resection, and the biology of the primary tumor.
While technically demanding, the procedure remains
a viable and effective option for patients with resect-
able disease in both lungs. Postoperative care, including
close surveillance for recurrence and pulmonary reha-
bilitation, is critical to optimizing outcomes and ensur-
ing long-term survival.

Prognostic factors for overall survival

Treasure and Macbeth emphasized the importance of
patient selection in ensuring the credibility and benefits
of pulmonary metastasectomy [45]. Several prognostic
factors significantly influence overall survival outcomes
for patients undergoing pulmonary metastasectomy
(PM). These include the histology of the primary tumor,
completeness of resection, disease-free interval (DFI),
number and distribution of metastases, and lymph node



status. Understanding these factors is essential for op-
timizing patient selection and tailoring surgical inter-
ventions. Emerging evidence highlights the role of mo-
lecular and radiological markers in improving patient
selection and refining prognostic predictions [48].

The histology of the primary tumor remains one of
the strongest determinants of survival. Favorable out-
comes have been observed in patients with germ cell tu-
mors and colorectal cancer metastases, where five-year
survival rates often exceed 40%. Conversely, more ag-
gressive tumor types, such as sarcomas and melanomas,
are associated with poorer outcomes, emphasizing the
need for careful patient selection [7,25].

Achieving a complete resection (R0O) is paramount to
improving survival. Incomplete resections (R1 or R2)
are strongly associated with poor outcomes and are gen-
erally considered a contraindication unless performed
for palliative reasons. Studies consistently show that
patients undergoing RO resection have significantly bet-
ter survival outcomes compared to those with residual
disease [7,12].

The disease-free interval (DFI) also plays a critical
role. Longer DFIs, particularly those exceeding 12 or
36 months, correlate with improved survival. Patients
with synchronous metastases or shorter DFIs may still
benefit from surgery, but their prognosis tends to be less
favorable. For example, patients with DFIs shorter than
12 months generally have lower five-year survival rates
compared to those with longer intervals [7].

The number and distribution of pulmonary metasta-
ses also impact outcomes. While patients with solitary
metastases tend to have the best results, survival ben-
efits can still be achieved in patients with multiple nod-
ules if complete resection is feasible. Modern imaging
techniques and intraoperative palpation are indispens-
able for detecting all metastases, particularly in patients
with smaller or deeper lesions.

Lymph node involvement remains a major prognos-
tic factor. Patients without lymph node metastases (NO)
have superior outcomes compared to those with hilar
(N1) or mediastinal (N2) involvement. While N1 dis-
ease carries a moderate impact on survival, N2 involve-
ment is associated with significantly worse outcomes.
Accurate preoperative staging using advanced imaging
and, when necessary, invasive techniques is crucial for
determining surgical eligibility.
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Overall, the literature reports five-year survival rates
following pulmonary metastasectomy ranging from
20% to 48%, and 10-year survival rates from 15.8%
to 37.7%, across all primary tumor types [7,25]. These
survival outcomes highlight the potential benefits of
PM in carefully selected patients, even in cases with a
high metastatic burden.

The laterality of metastases also influences survival
outcomes. Patients with unilateral disease generally
achieve better results than those requiring bilateral re-
sections. However, bilateral resections can still provide
survival benefits when complete resection is achievable
and sufficient pulmonary reserve is preserved.

In summary, a comprehensive understanding of
these prognostic factors enables clinicians to better
identify patients who are most likely to benefit from
pulmonary metastasectomy. Multidisciplinary collabo-
ration remains critical in optimizing patient selection
and maximizing the therapeutic potential of surgery.

Alternative local therapies to metastasectomy

For most tumor histologies, pulmonary metastasecto-
my (PM) remains the primary local treatment option,
as no proven medical alternatives offer equivalent sur-
vival benefits. Exceptions to this include patients with
nonseminomatous germ cell tumors or, potentially,
metastatic breast cancer, where systemic therapies may
achieve curative outcomes without surgical risks. In
such cases, consultation with a medical oncologist is
essential before proceeding with surgery [25].

For patients who do not meet the criteria for metasta-
sectomy or are unable to tolerate surgery, ablative thera-
pies provide an alternative. These nonoperative options
include stereotactic body radiation therapy (SBRT), ra-
diofrequency ablation (RFA), and microwave ablation
(MWA), which have been increasingly employed in the
management of pulmonary metastases [1,22].

Stereotactic ablative body radiation

Traditionally, radiation therapy has been used for pal-
liation in patients with pulmonary metastases. However,
retrospective studies have shown promising local control
rates with SABR in select patients. Three-year control
rates range from 75% to 90%, with particularly high suc-
cess observed in small, well-defined lesions. Institutions
typically use criteria such as poor surgical candidacy,
centrally located lesions, or short disease-free intervals to
identify appropriate candidates for SABR [1,9].
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SABR is an excellent noninvasive alternative to sur-
gery, delivering high-dose, highly conformal radiation
while minimizing exposure to surrounding healthy tis-
sues. Meta-analyses of colorectal cancer (CRC) patients
undergoing SABR report local control rates of 81% at
one year, 66% at two years, and 60% at three years.
These outcomes highlight the expanding role of SABR
as both a primary treatment and a consolidative therapy
following surgery [49].

Transthoracic ablation

Radiofrequency ablation (RFA) and microwave abla-
tion (MWA) are widely used transthoracic techniques
that cause thermal necrosis of tumor tissue. RFA, which
uses alternating current to induce coagulative necrosis, is
particularly effective for lesions smaller than 3 cm and
located away from critical structures. MWA uses higher
frequencies and greater thermal energy, allowing it to
treat larger tumors or those near vascular structures [1,9].

These techniques are most often employed in pa-
tients who are ineligible for surgery but meet specific
criteria, such as controlled extrapulmonary disease,
three or fewer nodules per hemithorax, and nodules ide-
ally smaller than 2 cm. Studies on colorectal pulmonary
metastases have shown that tumor size greater than 2
cm is associated with poorer survival and local control,
while low carcinoembryonic antigen (CEA) levels (<10
ng/mL) predict better outcomes [49].

While PM remains the gold standard for patients eli-
gible for surgery, SABR, RFA, and MWA are valuable
alternatives for non-surgical candidates. The choice of
treatment depends on tumor size, location, patient con-
dition, and prior therapies. Emerging evidence suggests
that MWA may offer improved local control compared
to RFA, but further data from large cohorts are needed
to validate these findings.

Future

Recent advancements in surgical techniques and peri-
operative management have expanded the possibilities
for pulmonary metastasectomy (PM). Innovations such
as radial staplers, near-infrared (NIR) imaging, and la-
ser-assisted surgery are at the forefront of these devel-
opments, offering potential improvements in precision,
safety, and outcomes.

Radial staplers, although not yet widely adopted, rep-
resent a promising innovation in thoracic surgery. Com-
pared to conventional linear staplers, radial staplers allow
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for more precise wedge resections while preserving lung
parenchyma and maintaining adequate surgical margins.
Their role in PM is expected to grow as evidence sup-
porting their benefits becomes more robust [3].

Laser-assisted surgery (LAS) is another emerging
technique that offers distinct advantages in cases with
multiple pulmonary metastases. LAS enables surgeons
to perform precise and tissue-sparing resections, allow-
ing for the removal of a higher number of metastases
compared to stapler resections. Furthermore, its ability
to preserve parenchyma makes it particularly valuable
in patients with limited pulmonary reserve or recurrent
disease requiring multiple resections. However, com-
parative studies evaluating LAS versus conventional
methods remain limited, and further data are needed to
validate its long-term safety and efficacy [3].

Near-infrared (NIR) spectroscopy, used alongside
minimally invasive techniques like video-assisted tho-
racoscopic surgery (VATS) and robotic-assisted thora-
coscopic surgery (RATS), is transforming the landscape
of pulmonary metastasectomy. NIR imaging, often
guided by the intravenous administration of indocya-
nine green (ICG), allows for real-time identification
of intersegmental planes during segmentectomy. This
technology enhances the precision of anatomical resec-
tions, reducing the risk of incomplete resection and im-
proving outcomes [3].

As systemic therapies continue to evolve, their in-
tegration with surgical interventions is becoming in-
creasingly relevant. Immunotherapy and targeted treat-
ments, such as checkpoint inhibitors and tyrosine kinase
inhibitors, have shown promise in reducing metastatic
burden before surgery or preventing recurrence after
metastasectomy. Future studies are needed to optimize
the sequencing and combination of systemic therapies
with PM to maximize survival [3,49].

While PM remains the gold standard for many pa-
tients, non-surgical options such as stereotactic ablative
radiotherapy (SABR) and percutaneous ablation tech-
niques are gaining traction. These approaches, which
offer minimally invasive alternatives for non-surgical
candidates, are continuously being refined with the ad-
vent of new technologies and improved imaging. Ongo-
ing clinical trials are evaluating their role in extending
survival and reducing complications in patients with
pulmonary metastases [49].



The future of PM lies in the personalization of care.
Advances in genomic and molecular profiling will en-
able clinicians to better predict which patients are most
likely to benefit from surgery. Additionally, the identifi-
cation of biomarkers for treatment response and recur-
rence risk will further refine patient selection, ensuring
that interventions are tailored to individual tumor biol-
ogy and patient characteristics [49].

Pulmonary metastasectomy is an ever-evolving field,
driven by technological innovation, improved systemic
therapies, and a deeper understanding of tumor biology.
As these advancements continue, they hold the potential
to further improve outcomes and expand treatment op-
tions for patients with metastatic lung disease.

In conclusion, pulmonary metastasectomy (PM) re-
mains a cornerstone of treatment for selected patients
with metastatic lung disease, offering a potential sur-
vival benefit in carefully chosen cases. The procedure's
success is largely dependent on a multidisciplinary ap-
proach that incorporates the expertise of thoracic sur-
geons, oncologists, radiologists, and other specialists.
This collaboration ensures that patients are appropri-
ately selected based on key prognostic factors, such as
histology, disease-free interval (DFI), number of metas-
tases, and lymph node status.

The primary goals of PM are to achieve complete
resection (RO), prolong survival, and, in some cases,
improve quality of life by alleviating symptoms caused
by metastatic lesions. Achieving clear surgical margins
is critical, as incomplete resections (R1 or R2) fail to
provide survival benefits and may expose patients to un-
necessary risks.

Despite the significant advances in systemic therapies,
including immunotherapy and targeted treatments, PM
continues to play a vital role in the management of meta-
static lung disease. For patients with isolated pulmonary
metastases and controlled primary disease, surgery offers
a unique opportunity for long-term survival that may not
be achievable through systemic treatments alone.

Future research should focus on integrating metas-
tasectomy with evolving systemic therapies to further
enhance outcomes. The development of novel imaging
techniques, more precise surgical tools, and predictive
biomarkers will also help refine patient selection and
optimize surgical planning. Ultimately, a personalized
approach that considers tumor biology, patient condi-
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tion, and treatment goals will be essential to maximiz-
ing the benefits of PM.

Pulmonary metastasectomy remains a valuable in-
tervention in the multidisciplinary management of met-
astatic lung disease. By leveraging the latest advance-
ments in surgery and systemic therapy, clinicians can
continue to improve outcomes and provide meaningful
survival benefits to selected patients.
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ABSTRACT

Background: Spontaneous pneumothorax during pregnancy is a rare condition that can pose significant
risks to both the mother and the fetus. This report presents the case of a 35-year-old woman with twin
pregnancy resulting from in vitro fertilization who developed recurrent pneumothorax on the right
side. The patient was initially treated with tube thoracostomy; however, due to prolonged air leakage,
video-assisted thoracoscopic surgery with wedge resection was performed. This case underscores the
necessity of a multidisciplinary approach for managing pneumothorax during pregnancy and evaluates

optimal treatment strategies in light of current literature.
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Introduction

Spontaneous pneumothorax (SP) during pregnancy repre-
sents a highly uncommon clinical entity, with fewer than
100 cases documented in the extant literature [1-3]. In
pregnancy, increased oxygen demand, reduced functional
residual capacity, and higher intra-abdominal pressure may
predispose individuals to SP [2]. Managing SP in pregnan-
cy poses challenges due to the dual concern for maternal
and fetal safety. Although mild cases may be adequately
addressed through supplemental oxygen therapy and vigi-
lant monitoring, surgical intervention becomes necessary
in instances of recurrent or persistent air leakage [3].

During pregnancy, elevated progesterone levels act
as a respiratory stimulant by increasing the sensitivity
of the respiratory center to carbon dioxide, leading to
enhanced ventilatory drive. Additionally, progesterone
induces bronchodilation by relaxing the smooth mus-
cles of the airways and contributes to mucosal hyper-
emia and edema, which may cause nasal congestion.
These hormonal influences collectively alter pulmonary
function during gestation [4].

In twin pregnancies resulting from in vitro fertiliza-
tion (IVF), respiratory complications are hypothesized
to be more frequent due to increased intra-abdominal
pressure and hormonal changes. However, the relation-
ship between IVF and pneumothorax remains unclear.
This case report discusses the management of recurrent
pneumothorax in a twin pregnancy following IVF.

Case Report

A 35-year-old pregnant woman with twin pregnancy
achieved through IVF was admitted to the emergency
department during her second trimester with sudden-on-
set dyspnea. On initial evaluation, the patient’s oxygen
saturation was 92% on room air, heart rate was 105 beats
per minute, and blood pressure was 129/74 mmHg. Fetal
heart rates were confirmed to be normal for both fetuses
via bedside ultrasound performed by the obstetrics team.
No signs of uterine contractions or vaginal bleeding were
noted. She had no history of smoking, underlying lung
disease, or trauma. On physical examination, breath
sounds were markedly diminished on the right hemitho-
rax. The chest X-ray revealed a right-sided pneumotho-
rax (Figure la), and an emergency tube thoracostomy
was performed. On the third day of chest tube placement,
after 24 hours without air leakage, the chest tube was
removed upon confirmation of full lung expansion. The
patient was discharged the following day.
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Figure 1. Chest X-ray showing right-sided pneumothorax (a), postop-

erative chest X-ray showing full lung expansion before discharge (b).

A recurrent pneumothorax was detected on chest X-ray
one week after hospital discharge. Tube thoracostomy was
performed again. Nevertheless, surgical management was
planned due to persistent air leakage and lung expansion
failure. Conservative treatment was initially attempted,
but due to the failure of lung re-expansion and continued
air leakage, it was decided that the conservative treatment
should not be extended, considering the risk of infectious
and respiratory complications. Bullous structures in the
right upper and middle lobes were identified using video-
assisted thoracoscopic surgery (VATS) (Figure 2), and
wedge resection and pleural abrasion were achieved.

Figure 2. The image during VATS showing bullous lesions in the

right upper and middle lobe.

The postoperative period was uneventful, and no
obstetrical complications were observed. During hos-
pitalization, analgesic management was provided with
paracetamol, and prophylactic antibiotics were admin-
istered according to institutional protocols (cefazolin).
No deviations from standard obstetric or thoracic surgi-
cal anesthesia protocols were required. The chest tube
was removed on the third postoperative day. The control
chest X-ray after removal confirmed full lung expansion
(Figure 1b). Both infants were delivered healthy with
no obstetric or neonatal complications observed. The
patient underwent an elective cesarean section under
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epidural anesthesia. Epidural anesthesia during deliv-
ery was chosen to minimize hemodynamic fluctuations
and maternal respiratory strain, in accordance with best
practices for pregnant patients with prior pulmonary
complications. No recurrence or respiratory complica-
tions were noted during follow-up. Written informed
consent was obtained from the patient for the use of the
medical data in academic studies.

Discussion

The patient was monitored by the gynecology and ob-
stetrics department throughout hospitalization, with dai-
ly consultations for fetal and maternal assessment and
necessary medical adjustments. The obstetric council
approved proceeding with pneumothorax surgery. This
case highlights the challenges of managing spontaneous
pneumothorax during pregnancy and underscores the
necessity of a multidisciplinary approach. In this case, a
coordinated effort between thoracic surgery, obstetrics,
and anesthesiology teams ensured optimal care. Preop-
erative planning with the anesthesiology team allowed
for stable maternal hemodynamics throughout surgery.
Simultaneously, the obstetrics team provided daily as-
sessments to monitor fetal development and viability.
This collaborative approach enabled effective manage-
ment of maternal and fetal risks both before and after
surgery, contributing to a favorable outcome for both
the mother and the fetuses.

SP in pregnancy is extremely rare, with fewer than
100 cases reported in the literature [1]. Although pneu-
mothorax is most commonly observed in the third tri-
mester, cases have also been reported in the first and
second trimesters [2,3,5]. Risk factors include pre-ex-
isting lung diseases, bullous formations, smoking his-
tory, respiratory infections, and increased intrathoracic
pressure during labor [6]. In this case, a prior history
of pneumothorax and the presence of bullous lesions
observed in the right upper and middle lobes during
surgery are consistent with the known risk factors for
spontaneous pneumothorax. Additionally, conditions
such as twin pregnancy following IVF may further con-
tribute to pneumothorax development due to increased
intra-abdominal pressure and hormonal changes [3,5,6],
although the exact mechanism remains unclear.

For the diagnosis of pneumothorax during pregnancy,
a maternity lead apron chest X-ray is recommended as
the primary imaging modality [3]. Thoracic ultrasound
serves as a safe alternative due to its lack of radiation
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exposure [2]. High-resolution computed tomography
(HRCT) may be considered in recurrent cases; however,
radiation exposure should be minimized during preg-
nancy [5]. The chest x ray was obtained after tube inser-
tion, just before chest tube removal and after removal to
confirm the lung expansion; and the day after surgery for
potential complications. Lead apron was used to shield
the fetus. A thorax computed tomography is planned after
pregnancy for evaluation of lung parenchyma.

Treatment strategies depend on the pneumothorax
size and the patient’s symptoms. In small pneumothora-
ces (<20%), oxygen support and close monitoring may
suffice for asymptomatic patients [6]. Larger pneumo-
thoraces or symptomatic cases require tube thoracosto-
my [5]. In cases of prolonged air leakage (typically ex-
ceeding 5-7 days) or recurrent pneumothorax, surgical
intervention becomes necessary [1]. VATS, with wedge
resection and pleurodesis, offers significant advantages
over open surgery, including less postoperative pain,
shorter hospital stays, and lower recurrence rates [2,6].
In this case, VATS was preferred over thoracotomy not
only for its minimally invasive advantages but also due
to its more favorable hemodynamic profile, which is
particularly important during pregnancy.

When planning surgical intervention during preg-
nancy, maternal and fetal safety should be prioritized.
Throughout the patient’s hospital stay, daily fetal moni-
toring was conducted in collaboration with obstetric
specialists. In cases of maternal respiratory failure, ce-
sarean delivery may be considered [3], although spon-
taneous vaginal delivery is generally deemed safe [5].
Epidural anesthesia may be preferred during delivery
to minimize maternal exertion [3]. In this case, the pa-
tient delivered via elective cesarean section under epi-
dural anesthesia, which was well tolerated and contrib-
uted to maternal-fetal stability. At the time of the initial
pneumothorax diagnosis, the patient was at 24 weeks
of gestation. Delivery occurred electively at 36 weeks
of gestation. Despite the episodes of pneumothorax and
surgical intervention, no evidence of preterm labor or
intrauterine growth restriction was observed, and fetal
development progressed appropriately throughout the
pregnancy. No complications arose, eliminating the
need for additional interventions.

In conclusion, this case underscores that, although
infrequent, spontaneous pneumothorax may arise in
twin pregnancies conceived via in vitro fertilization.



Expeditious diagnosis, judicious surgical intervention
when warranted, and interdisciplinary collaboration are
imperative to optimize outcomes for both the mother
and the fetuses.
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ABSTRACT

Schwannomas, also referred to as neurilemmomas, are benign neoplasms arising from Schwann cells
within the peripheral nervous system. These tumors may develop at various anatomical sites, including
the respiratory system, most commonly involving the chest wall and posterior mediastinum. Primary
tracheobronchial schwannomas are exceedingly rare. In this report, we present the case of a 22-year-old

male patient with an endotracheal schwannoma originating from the carina and extending into the trachea.
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Introduction

Schwannomas are well-circumscribed, benign neo-
plasms originating from Schwann cells in the peripheral
nervous system. These tumors are most frequently ob-
served in the mediastinum, retroperitoneum, paraspinal
nerve roots, and cerebellopontine angle. Schwannomas
located within the endotracheal or endobronchial spac-
es are exceedingly rare [1]. Due to the atypical clinical
presentation and the scarcity of such cases in the lit-
erature, we present the case of a 22-year-old male with
endotracheal schwannoma arising from the carina and
extending into the trachea.

Case Report

A 22-year-old male patient was referred from an exter-
nal medical facility with complaints of cough, wheezing,
fever, purulent sputum production, and dyspnea. The pa-
tient was evaluated upon presentation to the emergency
department. Laboratory investigations demonstrated a
leukocyte count of 25.87 x 10A9/L, a neutrophil-to-lym-
phocyte ratio of 93.5, a hemoglobin concentration of 14.6
g/dL, and a platelet count of 361,000/uL, as well as CRP
353. The patient exhibited cyanosis, and arterial blood
gas analysis revealed a pH of 7.45, paCO2 of 38 mm
Hg, paO2 of 48.5 mm Hg, and sO2 of 84%. Computed
tomography of the trachea demonstrated a 15 x 14 mm
soft tissue mass extending from the right lateral wall into
the lumen of the distal trachea, in addition to localized
pneumonic infiltrates in both lower lung lobes (Figure 1).

The patient was hospitalized, and antibiotic treat-
ment was initiated due to cyanosis and evidence of in-
fection. Rigid bronchoscopy revealed a mass lesion at
the distal end of the trachea, resulting in approximately
80% luminal narrowing. The mass was manipulated us-
ing a bronchoscopic cautery aspirator. The lesion was
mobile and demonstrated a pedicle originating from the
right lateral aspect of the carina. The mass was excised
and removed in fragments using forceps. The pedicle of
the coagulated lesion was ablated with cautery forceps,
and complete luminal patency was achieved to prevent
residual tumor tissue. Secretions were aspirated from
both bronchial systems. Upon re-examination of the
endobronchial site with an optical camera, it was con-
firmed that the lesion had been completely excised, with
no evidence of residual tumor tissue (Figure 2).

The patient's cyanosis improved in the early postopera-
tive period, and acute phase reactants decreased rapidly.

Ekici et al
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The patient was discharged with significant recovery of
consolidation in the lower lobes on radiologic follow-up.
Histopathological examination of the excised tissue con-
firmed the diagnosis of schwannoma, characterized by
spindle-shaped cells arranged in intersecting fascicles, the
presence of Antoni A and Antoni B areas, and strong S-100
protein positivity on immunohistochemical staining.

At the fourth-month follow-up after discharge, the
patient reported no complications or complaints (Figure
3). Written informed consent was obtained from the pa-
tient for the use of the medical data in academic studies.

l

Figure 1. Thoracic CT images showing the appearance of the mass
at the carina level and the appearance of obstructive pneumonia in

bilateral lower lobes.

Figure 2. Bronchoscopic images of the mass before excision and

during excision with electrocautery.

-

Figure 3. Preoperative PA radiograph images (a), postoperative PA

radiograph images (b).
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Discussion

Schwannomas, also known as neurilemmomas, are be-
nign tumors that develop in the peripheral nervous sys-
tem from Schwann cells [1]. Schwann cell, named after
Theodor Schwann, is a type of glia cell in the peripheral
nervous system. Glia cells are in charge of providing
support to neurons in the peripheral nervous system.
There are two types of Schwann cells: one is in charge
of myelination, while the other does not participate in
it. The myelin sheath is formed by Schwann cells that
wrap around the axons of motor and sensory neurons.
Myelin-sheathed nerve fibers allow for rapid transmis-
sion of action potentials [2].

Schwannomas can occur anywhere in the body, but
they are most common in the mediastinum, retroperi-
toneum, spinal nerve, legs, and cerebellopontine angle.
They can be found in the respiratory system, particu-
larly the chest wall and posterior mediastinum. Primary
tracheobronchial schwannomas are extremely rare, ac-
counting for 0.2% of all bronchopulmonary tumors, as
in our study [1].

The neural structures in the trachea containing
Schwann cells are the pulmonary plexus structures with
parasympathetic and sympathetic denervation, where
Schwannomas develop. The parasympathetic part of
this structure is derived from vagus nerve branches,
while the sympathetic part is derived from paraverte-
bral sympathetic trunks. The pulmonary plexus is re-
sponsible for a variety of functions, including bronchial
smooth muscle tone, submucosal glandular mucus se-
cretion, vascular permeability, and blood flow [3].

The first case of bronchial schwannoma was described
as a smooth and nodular endobronchial lesion in 1951
[4]. Although it has been reported that primary tracheal
schwannomas are observed at a high incidence in adult
females of the Asian population, there are also cases re-
ported in childhood and older ages in the literature [1,5].

Although the etiology of schwannomas is unknown,
it has been reported that loss and change in the NF2
(neurofibromatosis type 2) gene product of the 22nd
chromosome may be related to neurofibromatosis and
radiation exposure may play a role in the etiology [2].

Due to their slow growth, most endobronchial
schwannomas remain asymptomatic for many years and
are usually discovered incidentally during radiological
examinations. As in this case, symptomatic patients ex-
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perience obstruction and obstructive pneumonia symp-
toms such as cough, hemoptysis, fever, and dyspnea due
to the mass obstructing the trachea or main bronchi [6,7].

Tracheobronchial malignant squamous cell carcino-
mas and adenoid cystic carcinomas are common lesions
in the differential diagnosis of endobronchial schwan-
nomas. Carcinoid tumors, malignant fibrosis tumors,
rhabdomyosarcomas, hemangioma, laryngotracheal
chondroma, granular cell tumors, benign fibrosis tu-
mors, and inflammatory myofibroblastic tumors are

also differential diagnoses [1,5,8].

Radiologically, primary endobronchial schwanno-
mas are seen as a sharply circumscribed round, ovoid,
or lobule homogenous mass. Thoracic CT examination
may reveal the size and location of the mass, as well as
whether it has spread outside the lumen [7.8].

Since primary malignant schwannomas are rare
and have no specific radiologic or clinical symptoms
or findings, it is not possible to predict the exact diag-
nosis by clinical and radiologic evaluations. However,
the histopathologic examination of the tissue obtained
by bronchoscopy may provide a definitive diagnosis
[2,5,8]. There were radiological interpretations suggest-
ing mucocele or carcinoid tumor in our case. A rigid
bronchoscopy excisional biopsy revealed Schwannoma.

Surgery is the gold standard treatment for primary
tracheal schwannomas. Surgical treatment options in-
clude a wide range of surgical procedures, ranging from
sleeve bronchial resection to lung resection, depending
on the lesion's location and invasion status, as well as
the state of destruction of the distal lung. Similarly, de-
pending on the location of the lesion, whether or not
the lesion has a pedicle or not, blood supply, and the
presence of co-morbid conditions in the patient, endo-
bronchial treatment modalities should be considered
in certain cases. Successful results have been reported
in the literature with local radiotherapy applications in
cases that cannot be treated surgically or endobronchi-
ally [7-9]. Surgery is the gold standard treatment for pri-
mary tracheal schwannomas, as emphasized in previous
studies on the management of primary tracheal tumors
[10]. The lesion in our case was a lesion that almost
completely obstructed the trachea at the level of the
main carina. Bronchoscopy revealed that the mass grew
upwards from a pedicle on the right main bronchial side
of the carina to the trachea. It was mobile when touched
and provided a lumen opening with its movement. This



showed that the patient was breathing. Since the lesion
had a pedicle and was mobile, the lesion was firstly co-
agulated using a cautery aspirator via electrocautery to
stop and control the bleeding. It was then excised com-
pletely using rigid bronchoscopy forceps. There was
no residual tumor in our patient, so no additional inter-
vention or surgical procedure was required. In the third
month following the procedure, the patient, whom we
closely monitored, had no active complaint.

In conclusion, primary tracheal schwannomas rep-
resent rare benign neoplasms of the trachea with a low
risk of malignant transformation. This report under-
scores that endobronchial electrocautery using rigid
bronchoscopy, when performed in centers experienced
in endobronchial interventions, may constitute a safe
and effective therapeutic approach for the management
of endobronchial schwannomas.
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ABSTRACT

Nodular ganglioneuroblastoma is an exceptionally rare neuroblastic neoplasm in the adult population.
This report details a highly unusual case of posterior mediastinal ganglioneuroblastoma in a 55-year-old
male who presented solely with posterior chest pain. Radiological investigations, including computed
tomography and magnetic resonance imaging, demonstrated an encapsulated, highly cellular tumor in
the left costovertebral groove at the D7 level, with no evidence of distant metastasis on positron emission
tomography. The patient underwent successful surgical resection following preoperative embolization
and experienced an uneventful postoperative recovery. Histopathological analysis confirmed the
diagnosis of nodular ganglioneuroblastoma. In summary, ganglioneuroblastoma should be considered

in the differential diagnosis of posterior mediastinal tumors, even in adult patients.
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Introduction

Nodular ganglioneuroblastoma (GNB) is a neuroblastic
tumor of the sympathetic nervous system that derives
from primordial neural crest cells [1]. It is the most
common solid tumor in childhood. In the adult popula-
tion, it is extremely rare, with less than 50 cases have
been reported in the English literature [2]. According to
the International Neuroblastoma Pathology Classifica-
tion (INPC), it is defined as a stroma-rich or stroma-
dominant tumor (such as ganglioneuroma or intermixed
GNB) that contains one or more macroscopic nodules
of stroma-poor neuroblastoma [3-5]. We present the
clinical course and a review of adult-onset posterior
mediastinal nodular ganglioneuroblastoma.

Case Report

A 55-year-old man presented with a chief complaint of pos-
terior chest pain radiating to the sternum. He had a recent
history of hypertension and a history of tobacco use, hav-
ing quit smoking 30 years ago after smoking for 2 years.
He was otherwise in good health with no other significant
symptoms. His surgical history was unremarkable, and
there was no family history of tumors or neuroblastoma.

Chest radiography and computed tomography (CT)
revealed a 7 cm heterogeneous posterior mediastinal
tumor with contrast enhancement (Figures 1,2). Mag-
netic resonance imaging (MRI) further demonstrated an
encapsulated, highly cellular tumor located in the left
costovertebral groove at the level of D7, with a cystic
component and intense contrast enhancement. There
was no evidence of extension or invasion of the aorta.

Figure 1. The chest X-ray showing a giant posterior mass on the

left side.
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Figure 2. Computed tomography (CT) and magnetic resonance

imaging (MRI) revealed a 7 cm heterogeneous, encapsulated, and
highly cellular posterior mediastinal tumor located in the left cos-
tovertebral groove at the level of D7, with a cystic component and

intense contrast enhancement.

After a multidisciplinary discussion, the decision
was made to perform laboratory analysis of catechol-
amine metabolites, PET scan and a preoperative emboli-
zation. Laboratory findings showed urine normetadren-
aline at 269 nmol/24 h (normal range < 281 nmol/24 h),
urine metadrenaline at 59 nmol/24 h (normal range <
159 nmol/24 h), and urine 3-ortho-methyldopa at 1981
nmol/24 h (normal range < 329 nmol/24 h). Positron
emission tomography with fluorodeoxyglucose-com-
puted tomography (FDG-PET/CT) revealed positive
FDG uptake in the mediastinal mass lesion with areas
corresponding to those enhanced on contrast CT (SU-
Vmax: 6.03) (Figure 3). No abnormal FDG uptake was
observed in other organs.

The patient underwent angiography and preopera-
tive embolization of the 4th, 6th, and 7th intercostal ar-
teries using coil placement to reduce blood inflow and
minimize the risk of recanalization, with identification
of the artery of Adamkiewicz originating from the 9th
intercostal artery (Figures 4,5). The surgery was done
24 hours later.

The tumor was removed via a conservative thora-
cotomy approach. The mass was encapsulated and
relatively easy to excise, except near the D7 paraspinal
region, where dissection was more challenging (Figure
6). There were no perioperative complications, includ-
ing blood loss or neurological complications. We dis-
charged the patient on the third postoperative day.
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Figure 3. PET/CT showing areas of increased FDG uptake within
the tumor (SUVmax: 6.03).
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Figure 4. Endovascular treatment; anastomotic network perfusing the
mediastinal mass (A), complete embolization of T7 after coil placement

(B) (Radiology Department, Hassan II University Hospital, Fes).

Figure 5. Identification of the artery of Adamkiewicz originating
from the 9" intercostal artery (Radiology Department, Hassan II

University Hospital, Fes).
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Figure 6. An intraoperative image showing the tumor implantation site

(white arrow) (A), the excised left mediastinal-paravertebral mass (B).

The pathological findings of the resected mass
contained grossly visible neuroblastomatous nodules
including ganglioneuromatous components. Immuno-
histochemical staining revealed tumor cells positive
for chromogranin A, and synaptophysin. Ki-67 label-
ing index was 30% in the area. The patient underwent
a thoraco-abdomino-pelvic CT scan three months after
surgery, which returned normal. He is currently under
close clinical follow-up (24 months) during which no
recurrence or complications have been observed. Writ-
ten informed consent was obtained from the patient for
the use of the medical data in academic studies.

Discussion

Neuroblastic tumors generally occur in very young chil-
dren, with a median age at diagnosis of 17 months. In
adults, these tumors are extremely rare, with an incidence
of less than 0.3 cases per million people annually [6-8].
They arise from tissues of the sympathetic nervous sys-
tem, typically in the adrenal medulla or paraspinal gan-
glia, and can present as mass lesions in the neck, chest,
abdomen, or pelvis [5]. According to the International
Neuroblastoma Pathology Classification four types of
NTs are distinguished: neuroblastoma, ganglioneuro-
blastoma-nodular,
and ganglioneuroma [4-8]. Based on the International
Neuroblastoma Risk Group (INRG) analysis, the nodular
subtype is associated with a poorer prognosis compared
to other neuroblastic pathologies, such as neuroblastoma
or the intermixed subtype of GNB [9]. Angelini et al
identified two subgroups of patients with a very favor-
able prognosis: children younger than 547 days and those
with non-stage 4 disease. In contrast, patients with stage
4 (distant metastases) nodular ganglioneuroblastoma
demonstrated significantly worse outcomes (5-years EFS
of 23%, and OS 35%) [10].

ganglioneuroblastoma-intermixed,

The clinical presentation of neuroblastic tumors is
highly variable, ranging from an asymptomatic mass to



a primary tumor causing severe illness due to local in-
vasion, widespread metastatic disease, or both. CT and
MRI are the most commonly used imaging modalities
for evaluating ganglioneuroblastoma. On CT, the ap-
pearance of these tumors ranges from well-marginated,
oblong paravertebral masses with homogeneous en-
hancement to irregular, cystic, hemorrhagic, or locally
invasive lesions [11,12]. On MRI, ganglioneuroblasto-
ma appears hypointense or isointense on T1-weighted
images, and hyperintense with a heterogeneous appear-
ance on T2-weighted images [13]. PET/CT is an addi-
tional tool that can aid in diagnosing distant metastasis
[12]. Elevated levels of serum neuron-specific enolase
(NSE) and urinary catecholamine metabolites are ob-
served in 90% of pediatric neuroblastoma (NB) cases.
However, their elevation is rarely observed in adoles-
cents, making them less reliable in this age group [14],
which is the case for our patient.

In our experience, preoperative embolization is often
recommended to optimize both preoperative and intra-
operative conditions during extensive resective surgery.
This technique minimizes blood flow to hypervascular
tumors by targeting feeder vessels, which facilitates tu-
mor shrinkage and alters its consistency. However, sur-
gery should be performed within 24 hours of emboli-
zation. Identifying radiculomedullary arteries (RMAs),
such as the artery of Adamkiewicz, is critical to prevent
inadvertent embolization of spinal arteries and avoid se-
vere complications [15,16].

Preoperative embolization of large mediastinal tu-
mors with complex blood supplies is a well-established
approach. Puma et al. reported three cases of highly
vascularized giant thoracic sarcomas treated with pre-
operative embolization. In all cases, tumor size was re-
duced, and the resulting perilesional edema facilitated
surgical dissection [17,18].

Biopsy can be useful for establishing a preoperative
diagnosis [19] however, false-negative results may oc-
cur. Ganglioneuroblastomas can look like a neuroblas-
toma in a partial ganglioneuroma stroma [20].

Early and radical surgery is the best treatment avail-
able for mediastinal GNBs [21,22]. In adults, progno-
sis depends on surgical margin resection. According to
Koike et al, adult patients with ganglioneuroblastomas
that were only partially resected (R1 or R2) or left unre-
sected had a survival period of less than 24 months [23].
In addition, tumor size at diagnosis may be associated
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with prognosis in adult GNB. Tumors larger than 8 cm
in diameter tend to metastasize to distant organs [24].

There is no established evidence regarding the effec-
tiveness of chemotherapy or radiotherapy in the surviv-
al of patients with GNB or neuroblastic tumor. This may
be related to the fact that adults have a poorer tolerance
to chemotherapy compared to that of children [25]. Fur-
ther studies are required to confirm these observations.

In conclusion, patients with nodular GNB tumors
represent a small subgroup characterized by significant
heterogeneity in outcomes, similar to the overall neuro-
blastoma (NB) population. GNB should be considered
a potential posterior mediastinal tumor, even in adult
patients. The curative treatment is complete surgical
resection; however, careful follow-up is necessary to
monitor for metastasis and recurrence.
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ABSTRACT

Schwannomas are slow-growing, encapsulated, benign neoplasms originating from Schwann cells.
Although these tumors are frequently asymptomatic, the most commonly reported symptoms include
chest pain, back pain, dyspnea, and cough. In this report, we present a case of schwannoma treated
surgically at our institution, with particular emphasis on the tumor’s size and the uncommon occurrence

of cystic presentation.
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Introduction

Neurogenic tumors located in the mediastinum originate
from embryonic neural crest cells. These tumors are most
commonly found in the posterior mediastinum, account-
ing for 71-95% of cases [1]. They are associated with the
sympathetic chain, spinal nerves, or intercostal nerves
but can also arise in locations where nerve tissue is pres-
ent, including intraparenchymal, endotracheal, and chest
wall sites [2]. In adults, neurogenic tumors constitute ap-
proximately 21% of all mediastinal tumors [3].

Schwannomas, a type of neurogenic tumor, originate
from Schwann cells and are slow-growing, encapsu-
lated, benign [4]. Although they are typically asymp-
tomatic, schwannomas may present with compression
symptoms depending on their location. The most com-
mon symptoms include chest and back pain, shortness
of breath, and cough [5]. The gold standard treatment
for schwannomas is complete excision. In the majority
of cases, resection can be successfully performed using
thoracoscopic techniques [6].

Herein, we report a case of schwannoma managed
surgically at our institution, with particular emphasis on
the tumor’s size and the uncommon nature of its cystic
presentation.

Case Report

A 37-year-old female patient was admitted to the Depart-
ment of Thoracic Surgery with the primary complaint of
dyspnea. Chest radiography demonstrated increased opac-
ity in the left lower zone with well-circumscribed margins.
The preoperative chest radiograph is presented in Figure 1.

Thoracic computed tomography (CT) demonstrated
a cystic, well-circumscribed lesion containing a fluid
collection measuring up to 10 cm, located between the
pleural layers on the left side. The preoperative thoracic
CT image is shown in Figure 2.

The patient subsequently underwent exploratory
thoracotomy. Intraoperatively, the lesion was identified
as extrapleural, exerting compressive effects on the dia-
phragm and the left lower lobe. The mass, which was
suspected to be neurogenic in origin, was excised in its
entirety along with its capsule (Figure 3).

Histopathological examination of the resected speci-
men confirmed the diagnosis of cystic schwannoma.
The postoperative course was uneventful, and the pa-
tient was discharged on the fourth postoperative day
(Figure 4). Follow-up is ongoing with evaluations at
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three-month intervals. Written informed consent was
obtained from the patient for the use of the medical data

in academic studies.

Figure 1. Preoperative chest X-ray.

Figure 3. Intraoperative view of the totally excised cystic lesion.



Figure 4. Postoperative chest radiography.

Discussion

Neurogenic tumors located in the mediastinum origi-
nate from embryonic neural crest cells. These tumors
are most commonly found in the posterior mediastinum,
accounting for 71-95% of cases [1]. In adults, neuro-
genic tumors account for 21% of all mediastinal tumors
[3]. Consistent with this, our case involved a neurogenic

tumor located in the posterior mediastinum.

Schwannomas typically follow an asymptomatic
course. When symptoms occur, they are usually due to
compression effects, depending on the tumor’s location.
The most common symptoms include chest and back
pain, shortness of breath, and cough [5]. In this case, our

patient presented with shortness of breath.

Cystic schwannomas are exceptionally rare neuro-
genic tumors [7]. Contrast-enhanced magnetic reso-
nance imaging (MRI) is the preferred imaging modality
for evaluating these tumors and is recommended when
suspicion arises [8]. However, in our case, thoracic CT
imaging was deemed sufficient preoperatively, and an

MRI was not performed.

The differential diagnosis of cystic schwannomas in-
cludes other mediastinal tumors, infective diseases such
as hydatid cysts and tuberculosis, as well as lung cancer
[1]. Preoperative radiological imaging methods and intra-
operative surgical exploration play an important role in

distinguishing cystic schwannomas from other conditions.
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Complete surgical excision remains the gold standard
treatment method for these tumors. Recurrence after suc-
cessful excision is exceedingly rare [9]. In our case, the

tumor was successfully treated with total excision.

Video-assisted thoracoscopic surgery (VATS) is a
safe and effective approach for the removal of medi-
astinal tumors. In our case, excision was performed via
thoracotomy due to the tumor’s location and size. How-
ever, we also consider VATS exploration to be a clini-

cally appropriate option for mediastinal tumors.

In conclusion, cystic schwannomas are rare entities
that pose significant diagnostic challenges in the pre-
operative setting. Complete surgical excision remains
the treatment of choice and is associated with favorable

outcomes, as demonstrated in the present case.
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ABSTRACT

Straight back syndrome is an uncommon clinical entity characterized by tracheal compression resulting
from loss of the normal dorsal curvature of the thoracic vertebrae and a reduced distance between the
manubrium and the thoracic vertebrae. Herein, we present a case in which respiratory distress developed
secondary to tracheal compression attributable to straight back syndrome, and partial manubrium sterni

resection was performed utilizing a minimally invasive technique.
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Introduction

The trachea is anatomically situated within the medias-
tinum, posterior to the sternum. Under normal circum-
stances, an adequate distance between the trachea and
the sternum permits unimpeded tracheal expansion and
contraction during respiration. Nevertheless, certain
rare chest wall and spinal deformities, traumatic inju-
ries, or malignancies may reduce this distance, resulting
in tracheal compression [1,2]. Such compression can
lead to airway obstruction and manifest as severe clini-
cal symptoms, including exertional dyspnea, stridor,
and, in extreme cases, respiratory failure.

Straight back syndrome (SBS), among these anoma-
lies, is a rare clinical entity characterized by loss of the
normal dorsal curvature of the thoracic vertebrae and a
decreased distance between the manubrium sterni and
the thoracic vertebrae [3,4]. These anatomical altera-
tions may result in cardiac manifestations secondary to
compression of the heart and great vessels such as car-
diac murmurs, mitral valve insufficiency, and pulmo-
nary hypertension or precipitate respiratory complica-
tions due to tracheal compression [5].

Tracheal compression secondary to straight back syn-
drome (SBS) may significantly impair patients' quality of
life. Timely diagnosis and the implementation of appro-
priate therapeutic interventions are essential for alleviat-
ing respiratory symptoms attributable to tracheal com-
pression and for preventing associated complications.

This case report describes a patient who developed re-
spiratory distress as a result of tracheal compression sec-
ondary to SBS, and who was managed with partial manu-
brium resection utilizing a minimally invasive approach.

Case Report

An 18-year-old female patient presented with a two-
year history of progressively worsening exertional dys-
pnea. Her medical history was unremarkable for any
known comorbidities. The dyspnea was classified as
Grade 1 according to the Modified Medical Research
Council (mMRC) Dyspnea Scale. Physical examination
revealed no appreciable deformities.

Imaging findings

Thoracic computed tomography (CT) revealed that, dis-
tal to the left brachiocephalic artery's origin, the ma-
nubrium produced anterior compression of the trachea,
thereby decreasing the anteroposterior diameter of the
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trachea. The minimal anteroposterior diameter was
measured at 10 mm, whereas the normative range is 16
to 20 mm. The distance between the posterior cortex of
the manubrium and the anterior surface of the vertebral
body was 26 mm. The manubrium sterni measured 18
mm in thickness and 60 mm in width (Figures 1,2).

Preoperative evaluation

Fiberoptic bronchoscopy revealed compressive narrow-
ing of the anterior wall starting 2 cm after the tracheal
inlet. However, no tracheomalacia was detected.

Surgical method

With the patient in the supine position, a 3 cm incision
was performed on the manubrium, commencing at the
incisura jugularis. The segment of the manubrium ex-
erting compression on the trachea was excised utilizing
a V-shaped wedge resection technique (Figure 3). This
intervention alleviated tracheal compression, and the re-
sultant defect was reinforced with a titanium plate. The
procedure was concluded upon achieving hemostasis.

Postoperative course

The patient was extubated postoperatively and mobi-
lized two hours postoperatively. Marked improvement
in respiratory function was observed promptly.

At the six-month follow-up, computed tomography
demonstrated resolution of tracheal compression, with
a tracheal diameter of 15.2 mm and a manubrium-to-
vertebral distance of 46—47 mm (Figure 4). Written in-
formed consent was obtained from the patient for the

use of medical data in academic research.

Figure 1. Measurement of the minimal distance between the poste-
rior aspect of the manubrium and the anterior surface of the vertebral
body on the axial section of the patient's preoperative thoracic com-

puted tomography (CT) scan.



Figure 2. The shortest anterior and posterior diameter of the trachea

in the axial section of the thorax CT.

Figure 3. Operative appearance demonstrating compression of the

trachea by the manubrium sterni following V-shaped wedge resection.

Figure 4. The shortest distance between the posterior manubrium

and the anterior vertebra in the axial section of the patient's 6th-

month postoperative thorax CT.
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Discussion

In cases of tracheal compression secondary to straight
back syndrome (SBS), the primary objective is to
achieve adequate decompression by creating sufficient
mediastinal space. Surgical interventions may include
resection of the posterior manubrium, sternoplasty, cor-
rection of concomitant pectus excavatum, or displace-
ment and reconstruction of major vessels contributing
to the compression, in order to optimize the available
space within the upper mediastinum [5].

In a study conducted by Grillo et al, four patients
presenting with tracheal compression secondary to SBS
were evaluated. Two patients underwent partial manu-
brial resection in conjunction with re-transposition of
the brachiocephalic artery, which was rerouted from the
aorta to the right side of the trachea utilizing a graft.
Another patient received pectus repair via a modified
Ravitch procedure. The remaining patient was managed
by placement of a methylmethacrylate plate to preserve
the distance between the sternoclavicular joints follow-
ing partial manubrial resection [6].

Liu et al. reported a case of SBS with tracheal ste-
nosis in which resection of the sternum, costal cartilage,
and thymic tissue was undertaken. The resultant chest
wall defect was reconstructed, and tracheal compres-
sion was alleviated through the application of digitally
fabricated material utilizing three-dimensional (3D)
technology [7]. In the present case, tracheal compres-
sion was similarly attributable to a reduced distance (26
mm) between the posterior aspect of the manubrium
and the vertebral bodies. The observation of an abnor-
mally increased transverse diameter of the manubrium
indicated that symptomatic relief could be achieved via
a less invasive approach, thereby preserving chest wall
integrity and avoiding disruption of the sternoclavicu-
lar joints. Accordingly, a V-shaped wedge resection of
the manubrium was performed. Postoperatively, tra-
cheal compression was effectively resolved. Follow-up
computed tomography performed at six months demon-
strated an increase in the distance between the posterior
surface of the manubrium and the anterior surface of the
vertebral bodies to 46-47 mm, as well as an increase in
the tracheal anteroposterior diameter to 15.2 mm.

In conclusion, in patients presenting with a decreased
anteroposterior thoracic diameter and an increased
transverse diameter, tracheal compression should be
included in the differential diagnosis of exertional dys-
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pnea. Following early diagnosis and appropriate surgi-
cal intervention, significant improvement in respira-
tory function and quality of life may be achieved. In
the present case, tracheal compression was effectively
alleviated through a V-shaped wedge resection of the
manubrium, utilizing a minimally invasive technique
that preserved both patient posture and chest wall integ-
rity. This approach may optimize surgical outcomes and
contribute to favorable long-term prognoses.
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