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ABSTRACT

Background: Background: Rib fractures rank among the most common conditions in thoracic traumas. 
Chest radiography is often insufficient for diagnosing rib fractures. Therefore, the study aimed to 
evaluate the success of thoracic ultrasonography (US) in diagnosing rib fractures.

Materials and Methods: Patients over 18 years of age who were hospitalized in our clinic due to trauma-
related rib fractures between 2022 and 2023, were included. All patients had chest radiography and computed 
tomography (CT) scans during their emergency admission, as per the routine operation of the emergency 
department. Chest radiography and CT images were evaluated by the thoracic surgery clinic, and CT images 
were also examined through the radiology reports. Thoracic US was performed on all patients by the same 
radiologist the day after admission to the clinic. The patient's demographic characteristics, chest radiography, 
chest CT, and thoracic US findings were recorded, and the data were compared statistically.

Results: A total of 58 cases were included in the study, 42 (72.4%) males and 16 (27.6%) females. The 
mean age of the study population was 60.55 ± 15.71 years. When evaluated regarding trauma types, 
42 (72.4%) patients had a fall, 15 (25.9%) had a traffic accident, and 1 (1.7%) patient had a history 
of battery. In addition to rib fractures, hemothorax was detected in 67.2% of the cases, pneumothorax 
in 27.6%, and pulmonary contusion in 19.0%. In radiological imaging, while 246 rib fractures were 
reported according to CT, 136 rib fractures were detected in USG and 140 in direct radiography. 
Considering CT imaging is the gold standard, 114 of 246 rib fractures (46.3%) could be detected with 
ultrasound imaging, while 127 (51.6%) were determined with direct radiography.

Conclusions: When chest CT is considered the gold standard, direct radiography, and thoracic US have 
no general superiority over each other.
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Introduction 

Trauma is the third most common cause of death among 
all deaths and the most common in people over the age 
of 40 [1]. A rib fracture is the most frequent skeletal 
system pathology in blunt thoracic trauma. It occurs 
in approximately 25% of blunt thoracic traumas [2,3]. 
The most commonly used diagnostic methods for di-
agnosing rib fractures are physical examination and 
chest radiography; approximately 49% of rib fractures 
can be detected with these methods. Nevertheless, frac-
tures, especially those occurring in the costal cartilage, 
cannot be determined by chest radiography [2-4]. This 
situation causes some rib fracture diagnoses to be over-
looked with direct radiography.

In thoracic traumas, computed tomography (CT) is a 
superior examination compared to plain radiography in 
evaluating chest wall pathologies [5]. This approach al-
lows for revealing almost all trauma-related conditions 
with detailed images. However, in trauma patients, CT 
is an appropriate examination only for hemodynami-
cally stable patients, as the patient is separated from the 
trauma team during the imaging [6]. In addition, there 
are disadvantages, such as high radiation intake for 
pregnant patients and high cost [5]. Thus, thoracic ul-
trasonography (US) is sometimes used as an alternative 
to chest CT [7]. Although ultrasonography is not widely 
used to diagnose traumatic rib fractures, various studies 
have been conducted in the literature [2,3,8,9].

This study aimed to determine the effectiveness of 
ultrasonography in diagnosing rib fractures by compar-
ing chest CT, thoracic US, and plain radiography results 
in trauma patients.

Materials and Methods

Patients over the age of 18 who were hospitalized in 
our clinic due to trauma-related rib fractures between 
October 20, 2022, and July 01, 2023, were included in 
the study. All patients included in the study had chest 
radiography and chest computed tomography (CT) dur-
ing their emergency admission, as per the routine opera-
tion of our emergency department. Chest radiography 
and CT images were evaluated by the thoracic surgery 
clinic, and CT was also assessed through the radiology 
reports. Thoracic US was performed on all patients by 
the same radiologist the day after admission to the clin-
ic. The radiologist was not informed about the patient's 
clinic or other imaging findings. The patients' demo-

graphic information, chest radiography, CT, and thorac-
ic US findings were recorded, and the data obtained was 
compared statistically. Our study was conducted with 
decision number 2019/45 of Balıkesir University Clini-
cal Research Ethics Committee.

Statistical Analyses

The data obtained were analyzed statistically using the 
SPSS program (Statistical Package for the Social Sci-
ences Version 22.0; SPSS Inc. Chicago, IL, USA). Cat-
egorical data were presented as numbers (n) and per-
centages (%), and continuous data as mean ± standard 
deviation (SD) values. Sensitivity, specificity, negative 
predictive value, positive predictive value, and accu-
racy calculations were calculated with 95% confidence 
intervals using the MedCalc program (MedCalc Soft-
ware Ltd- version 20.015).  

Results

A total of 58 cases were included in the study, 42 of which 
(72.4%) were male and 16 (27.6%) were female. The 
mean age of the cases was 60.55 ± 15.71 years. When 
the symptoms were examined, it was observed that 51 
patients (87.9%) had only chest pain complaints, while 
7 (12.1%) had chest pain with shortness of breath. When 
evaluated regarding trauma types, 42 (72.4%) patients 
had a fall, 15 (25.9%) had a traffic accident, and 1 (1.7%) 
patient had a battery history. In addition to rib fractures, 
hemothorax was detected in 67.2% of the cases, pneu-
mothorax in 27.6%, and pulmonary contusion in 19.0%. 
The numbers and locations of rib fractures detected in the 
cases according to the data obtained from all three radio-
logical examinations are presented in Figure 1.

Figure 1. Numbers and locations of rib fractures detected by radio-

logical imaging methods.
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In radiological imaging, while 246 rib fractures were 
reported according to CT, 136 rib fractures were detected 
in USG and 140 in direct radiography. Considering CT 
imaging is the gold standard, 114 of 246 rib fractures 
(46.3%) could be detected with ultrasound imaging, 
while 127 (51.6%) were determined with direct radiog-
raphy. Of the 246 rib fractures, 123 (50.0%) were ob-
served in the right hemithorax and 123 (50%) in the left 
hemithorax. The distribution and relationship analysis of 
rib fractures detected by USG and direct radiography ac-
cording to CT results are summarized in Tables 1 and 2.

 The evaluations revealed that the first and sec-
ond rib fractures in both the right and left hemitho-
rax could not be visualized with thoracic US. It was 
observed that chest CT detected significantly more 

rib fractures, especially between the 4th and 9th ribs, 
where traumatic rib fractures are most common. We de-
termined that direct radiography and thoracic US could 
detect fewer rib fractures than CT, but they did not have 
a significant advantage over each other. 

 Considering chest CT as the gold standard in 
diagnosing rib fractures, the sensitivity of thoracic US 
was 46.34%, while the sensitivity of direct radiogra-
phy was 51.63%. The specificity was determined to be 
31.25% for thoracic US and 59.38% for direct radiog-
raphy. Rib fractures were further grouped according to 
their locations as anterior, posterior, and lateral, and va-
lidity analyses of US and direct radiography were per-
formed by excluding cases with multiple localizations 
from the analysis (Table 3).

120

Kuzucuoğlu et al
Ultrasonography in rib fractures

Table 1. Distribution of rib fractures detected on US and direct radiography compared to CT results.
Rib fractures according to fracture location
All cases Right hemithorax Left hemithorax
CT (+) CT (-) CT (+) CT (-) CT (+) CT (-)

US (+) 114 (46.3%) 22 (68.8%) 55 (44.7%) 15 (68.2%) 59 (48.0%) 7 (77.8%)
(-) 132 (53.7%) 10 (31.3%) 68 (55.3%) 7 (31.8%) 64 (52.0%) 2 (22.2%)

Direct radiography (+) 127 (51.6%) 13 (40.6%) 57 (46.3%) 11 (50.0%) 70 (56.9%) 2 (22.2%)
(-) 119 (48.4%) 19 (59.4%) 66 (53.7%) 11 (50.0%) 53 (43.1%) 7 (77.8%)

Table 2. Validity analysis of US and direct radiography according to CT results.
Fracture location
All cases 
% (95% CI)

Right hemithorax 
% (95% CI)

Left hemithorax 
% 95% CI)

US

Sensitivity 46.34 (39.98-52.79) 44.72 (35.75-53.94) 47.97 (38.88-57.16)
Specificity 31.25 (16.12-50.01) 31.82 (13.86-54.87) 22.22 (2.81(60.01)
Negative predictive value 7.04 (4.28-11.37) 9.33 (5.19-16.22) 3.03 (0.90-9.69)
Positive predictive value 83.82 (79.83-87.15) 78.57 (72.17-83.83) 89.39 (85.03-92.60)
Accuracy 44.60 (38.67-50.66) 42.76 (34.59-51.23) 46.21 (37.50-55.10)

Direct radiography Sensitivity 51.63 (45.19-58.02) 46.34 (37.31-55.56) 56.91 (47.68-65.80)
Specificity 59.38 (40.64-76.30) 50.0 (28.22-71.78) 77.78 (39.99-97.19)

Table 3. Validity analysis of US and direct radiography according to fracture location.
Fracture location
Anterior
% (95% CI)

Posterior
% (95% CI)

Lateral
% (95% CI)

US

Sensitivity 39.47 (24.04-56.61) 44.62 (35.90-53.58) 57.58 (39.22-74.52)
Specificity 0.0 (0.0-60.24) 27.27 (10.73-50.22) 0.0 (0.0-97.50)
Negative predictive value 0.0 (0.0-0.0) 7.69 (3.98-14.37) 0.0 (0.0-0.0)
Positive predictive value 78.95 (71.67-84.75) 78.38 (72.48-83.31) 95.0 (93.41-96.22)
Accuracy 35.71 (21.55-51.97) 42.11 (34.15-50.37) 55.88 (37.89-72.81)

Direct radiography

Sensitivity 47.37 (30.98-64.18) 57.69 (48.72-66.30) 48.48 (30.80-66.46)
Specificity 100.0 (39.76-100.0) 54.55 (32.21-75.61) 100.0 (2.50-100.0)
Negative predictive value 16.67 (12.89-21.29) 17.91 (12.42-25.14) 5.56 (4.05-7.75)
Positive predictive value 100.0 (0.0-100.0) 88.24 (82.26-92.38) 100.0 (0.0-100.0)
Accuracy 52.38 (36.42-68.00) 57.24 (48.97-65.22) 50.0 (32.43-67.57)
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Discussion

One of the most common pathologies in blunt thoracic 
trauma is rib fractures. The imaging methods commonly 
used in our country to diagnose rib fractures are direct ra-
diography and chest CT. The literature review has revealed 
that thoracic direct radiography is the first imaging choice in 
cases of blunt chest trauma, and it is recommended by the 
American College of Surgeons Committee (ACSC) [10,11]. 
Przerwa et al have reported in their study that chest CT is 
superior to radiography in revealing injuries due to chest 
trauma [1]. In this study, they made changes in treatment 
management after chest CT in 83% of the patients. Jin et al 
also demonstrated in their study that low-dose CT imaging 
was satisfactorily successful in the diagnosis of rib fractures 
[12]. While chest radiography and CT are primarily used as 
imaging in the approach to trauma patients, bedside US im-
aging may be required in pregnant patients, unstable patients 
who cannot be transferred to the imaging unit, and patients 
with mental problems who cannot lie still during imaging. 
The authors planned the present study based on this idea. 

In their study, Schellenberg et al [10] determined the 
chest CT method as the gold standard method to compare 
imaging methods in evaluating thoracic traumas. In our 
study, we also considered the chest CT method as the gold 
standard method when determining the effectiveness of 
US in the diagnosis of rib fractures. However, there were 
also rib fractures that we observed on US or radiography 
that could not be determined on CT. Sano et al compared 
chest CT and radiography in their study. In their study of 
75 patients, they were able to detect the same rib fractures 
in 56% of the patients with both chest CT and radiography. 
Of the 217 rib fractures detected in their study, they could 
not observe rib fractures in 43 patients with chest radiogra-
phy and in 21 with chest CT [13]. 

Turk et al evaluated 20 patients with blunt chest 
trauma with thoracic US who were symptomatic, but no 
pathology was determined on chest radiography [3]. In 
18 of these patients, 26 rib fractures were detected, and 
thoracic US was demonstrated to be more sensitive than 
radiography. In their review, Battle et al stated that the 
thoracic US was more sensitive than chest radiography 
in diagnosing rib fractures, but there was a risk of bias 
in the studies included [14]. Similarly, a meta-analysis 
published by Yousefifard et al concluded that thoracic 
US was superior to chest radiography in diagnosing rib 
fractures, particularly if the US was performed by a ra-
diologist [15]. The study performed by Hwang and Lee 
emphasized that the thoracic US was an effective method 

in diagnosing rib fractures, but the results obtained were 
insufficient to indicate that it was a more effective ex-
amination compared to direct radiography [16]. Pishbin 
et al performed thoracic US and chest radiography on 61 
blunt thoracic trauma patients and detected a total of 59 
rib fractures in 38 of these patients [2]. While they detect-
ed 58 of 59 rib fractures in 38 patients with thoracic US, 
they could not observe a rib fracture behind the scapula. 
However, they were able to detect 32 rib fractures in only 
20 patients out of 59 rib fractures with chest radiogra-
phy. In their study, thoracic US specificity was 100%, 
and sensitivity was 98.31%, while chest radiography had 
a specificity of 100% and sensitivity of 40.68%. Since 
chest CT was not used in the evaluation, their specificity 
and sensitivity rates were relatively high. In our study, 
since chest CT was used and considered this imaging 
method the gold standard, we determined the specificity 
of US to be 31.25%, its sensitivity to be 46.34%, and the 
specificity of radiography to be 59.38%, and sensitivity 
to 51.63%. In this study, unlike others, the effectiveness 
of thoracic US was demonstrated to be lower than radi-
ography. We believe that the most crucial reason for this 
result was that the use of US in thoracic trauma and rib 
fracture is not commonly accepted by radiologists and 
their reluctance towards the procedure.

The most critical limitation of our study was convinc-
ing the radiologists to study the role of US in rib frac-
tures. Since trauma patients are evaluated with chest radi-
ography and CT in routine practice, thoracic US was not 
willingly performed by the radiology clinic. The study 
could be conducted with only one radiology doctor who 
was persuaded to participate. This condition caused the 
number of patients included in our study to be limited.

In conclusion, the present study indicated that chest 
CT was much superior to direct radiography and thoracic 
USG in diagnosing rib fractures. When chest CT is consid-
ered the gold standard, direct radiography, and thoracic US 
have no general superiority over each other. Thus, consid-
ering the conditions of our country, although radiography 
is still the first choice due to its easy accessibility, thoracic 
US can also be used in special patients or conditions.
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ABSTRACT

Background: The aim of this study is two-fold; first is to investigate the determinants of malignancy 
from the clinical and radiological results of patients operated on solitary pulmonary nodules (SPN) 
and second is to determine the SUVmax threshold value for predicting malignancy based on nodule 
size. While the literature tends to focus on many variables as a group for understanding the SPN-
malignancy link, this study asks whether we could weigh size more compared to other factors to decide 
on malignancy potential. The fact that the incidental finding of SPNs is on rise means timely prediction 
and cure are within our reach.

Materials and Methods: Patients operated in our clinic due to SPN between January 2018 and December 
2022 were categorized into two groups according to their histopathologic diagnoses as malignant and 
benign. The clinical and radiological characteristics of the two groups were then analysed.

Results: Among the 522 patients included in the study, 385 (74%) were male and the mean age was 
61 ± 10.5 years. The high SUVmax value of the nodule and the presence of lobulation and spiculation 
were found to be determinant factors for malignancy (p<0.05, for all). In addition, SUVmax values of 
1.75 for nodules <1 cm in diameter, 2.24 for nodules between 1-2 cm, and 2.55 for nodules >2 cm were 
determined as malignancy predictors.

Conclusions: High SUVmax and the presence of lobulation and spiculation are positive predictive 
factors for malignancy in SPNs. We believe that the SUVmax value is discretely (by itself) critical in 
predicting malignancy according to the diameter of the nodule. As size is a relatively straightforward 
variable to measure and SPN is largely curable with timely intervention, the capacity of size to be 
a predictor would be highly convenient. In this respect, to better exploit the SUVmax indicator in 
practice during prognosis, more sensitive cut-off values in an ascending/descending order of the module 
diameter could be defined. 

Keywords: FDG-PET/CT, lung cancer, solitary pulmonary nodule
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Introduction
A solitary pulmonary nodule (SPN) is a radiologic mani-
festation defined as a round or oval lesion with a diameter 
of ≤3 cm, unaccompanied by atelectasis, pneumonia, or 
lymphadenopathy, and fully separated from the surround-
ing intact lung tissue [1,2]. SPNs are classified as either 
solid or subsolid nodules while subsolid nodules are fur-
ther subdivided into part-solid or ground glass nodules 
(GGN) [2]. With the increased use of high-resolution 
computed tomography, our capability to observe soli-
tary pulmonary nodules (SPNs) increased along with the 
frequency of actual findings of SPNs. [3]. According to 
low-dose computed tomography (CT) screening tests, the 
incidence of nodular lesions is 19.5%, and most of these 
nodules are benign. A malignancy rate of 3% is observed 
in nodules detected during screening, while malignancy 
is observed at rates ranging up to 60% in nodules detect-
ed following clinical symptoms [4].

Functional imaging techniques such as Positron Emis-
sion Tomography-Computed Tomography (PET-CT) are 
essential due to the well-known, widespread complica-
tions of radiologic imaging techniques encountered in 
distinguishing the malignant from the benign [5]. PET-
CT containing 18F-fluorodeoxyglucose (FDG) is par-
ticularly effective in differentiating between benign and 
malignant SPNs [6]. Chest radiography, CT, and PET-CT 
have been proven to complement each other in diagnos-
ing lung cancer [7]. The accurate classification of SPNs 
can be achieved by considering patient risk factors and 
radiologic features together in a holistic manner. Identi-
fying SPN enables early diagnosis and treatment in pa-
tients with malignant tumors and thus prevents unneces-
sary, undesirable intervention in benign cases.

In the present study, predictors of malignancy in 
SPNs were investigated in a large study cohort. 

Materials and methods
The present study is a retrospective, single-center, ob-
servational study designed in a teaching and research 
hospital, which is a reference center for chest diseases 
and thoracic surgery. The patients who were operated 
on SPNs were reviewed.

Organization of the thoracic surgery clinic and operations

In our clinic, operation decisions and treatment man-

agement policies are, in their entirety, under the re-
sponsibility of surgery councils. Thoracic surgeons and 
pulmonologists are the main members of these coun-
cils. Other regular participants include specialists from 
oncology, radiology, radiation oncology, nuclear medi-
cine, and pathology.

Study design

The study included 522 patients who underwent surgery 
due to SPN between January 2018 and December 2022. 
Patients with a history of malignancy within the last 5 
years, multiple nodules, and histopathologic diagnosis 
of metastasis were excluded from the study. 

Demographic characteristics of patients, size, and loca-
tion of nodules, PET-CT FDG uptake, type of surgical 
resection, and final histopathologic diagnosis were re-
corded. Density was calculated according to the Houn-
sfield Unit (HU) scale.

Radiological images of all patients were evaluated by 
an inter-branch joint council of three chest surgeons, 
one pulmonologist, and one radiologist. Solid compo-
nent, lobulation, spiculation, air bronchogram, pleural 
indentation, calcification, and cavitation conditions 
were recorded. 

Patients were categorized into two groups according to 
their histopathologic diagnoses, namely, malignant and 
benign. Clinical and radiologic results of all patients 
were compared between the two groups. This study was 
approved by the Sureyyapasa Chest Diseases and Tho-
racic Surgery Training and Research Hospital Ethics 
Committee. (03.03.2023, No: 116.2017.R-269).

Statistical Analysis
All data are expressed as mean ± standard deviation. 
A Chi-square and Student’s t-test were used to evalu-
ate the data obtained from inter-group comparison. The 
diagnostic values of the statistically significant param-
eters were evaluated in accordance with the sensitivity, 
specificity, positive predictive value (PPV) and nega-
tive predictive value (NPV), and from the cut-off values 
obtained from receiver operating characteristic (ROC) 
curves. All statistical analysis was carried out using sta-
tistical software package system (SPSS for Windows, 
version 16.0; SPSS Inc., Chicago, IL, USA). A p value 
of < 0.05 was considered significant.
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Results
Among the 522 patients included in the study, 385 (74%) 
were male and the mean age was 61 ± 10.5 years. The 
most common location of SPN was the upper lobe of 
the right lung (34%). The mean nodule size was 1.858 
± 0.6 cm (0.5-3.0), and the mean SUVmax value was 
5.4 ± 4.18 (NA-19) (Table 1). Among the patients, 360 
(69 %) underwent video-assisted thoracoscopic surgery 
and 162 (31%) underwent thoracotomy. The pathology 
result was reported as 326 (62.5%) malignant and 196 
(37.5%) benign. The most common malignant histo-
pathological diagnosis was adenocarcinoma (210, 64%) 
while the most common benign diagnosis was chronic 
inflammation and fibrosis. 

The joint council retrospectively analyzed PET-CT 
images of the patients, and the mean nodule density was 
calculated as -14.9 ± 115 (NA-19). The number of solid 
nodules was 343 (65%). Lobulation was observed in 
164 (31%), spiculation in 153 (29%), and pleural inden-
tation in 222 (42%) (Table 1).

According to the comparison between malignant and 
benign patient groups, the mean age was significantly 
higher in the malignant patient group (63.8 ± 8.5 p = 
0.0001). There were 257 (78%) male patients in the malig-
nant patient group (p = 0.001). While the side location of 
the nodule was similar between the two groups (p = 0.855), 
upper lobe location was significantly more prevalent in the 
malignant group (p = 0.013). The mean nodule size was 
statistically higher in the malignant group (<0.0001), and 
the size >2 cm was significant for malignancy (<0.0001). 
The mean SUVmax was higher in the malignant group 
with statistical significance (6.81 ± 4.24, 3.18 ± 2.91, p < 
0.0001). The density values of the nodule were similar be-
tween the two groups (p = 0.514) (Table 1).

The incidence of malignancy was higher in solid 
lesions compared to subsolid lesions and GGOs (p = 
0.023). Lobulation and spiculation were statistical-
ly more common in the malignant patient group (p = 
0.032, p < 0.001) while air bronchogram, pleural inden-
tation, calcification, and cavitation findings were simi-
lar in both groups (p > 0.05) (Table 1).

When the malignancy-wise significant parameters 
were evaluated by multivariate analysis, the high SUV-
max value of solitary pulmonary nodule and the presence 

of lobulation and spiculation were found to be positive 
predictive factors for malignancy (p < 0.05) (Table 2). 
Among these, SUVmax could further be distinguished 
with more robust predictive prowess for two reasons. 
First, because it is measurable and hence practical to ear-
mark malignancy. Second, rather than being an either/or 
(either present or absent) factor such as lobulation, SU-
Vmax is sensitive to the patient’s overall conditions, im-
plying that its size along with other factors promises an 
accurate diagnosis for the individual patient.

In comparing the mean SUVmax values according to 
nodule size in malignant and benign patients, we observed 
that the SUVmax value was markedly higher in the malig-
nant group with a statistical significance (p < 0.0001) (Ta-
ble 3). The SUVmax value of 1.75 (AUC: 0.749 (0.640-
0.858) std error: 0.055) was determined as the malignancy 
marker for nodules smaller than 1 cm with 85% sensitivity 
and 42% specificity (Figure 1) and the SUVmax value of 
2.24 (AUC: 0.706 (0.642-0.771) std error: 0.033) was de-
termined as the malignancy marker for nodules between 1 
and 2 cm with 85% sensitivity and 43% specificity (Figure 
2). In addition, the SUVmax value of 2.55 (AUC: 0.840 
(0.777-0.903) std error: 0.032) was determined as the ma-
lignancy marker for nodules >2 cm with 91% sensitivity 
and 48% specificity (Figure 3). 

Figure 1.  ROC curve for nodules <1 cm. (Area under curve (AUC): 

0.749 (0.640-0.858) std error: 0.055).
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Table 1. Clinical and radiological features of 522 patients.
Study population
(n=522)

Malignant
(n=326, 62.5%)

Benign
(n=196, 37.5%)

P value

Age (mean±SD) 61±10.5 (24-88) 63.8±8.5 56.5±12 <0.0001
Gender
    Male
    Female

385 (74)
137 (26)

257 (78)
69 (22)

128 (65)
68 (35)

0.001

Location
    Right lung
    Left lung

302 (58)
220 (42)

187 (58)
139 (42)

115 (59)
81 (41)

0.855

Lobar location
    RUL
    RML
    RLL
    LUL
    LLL

177 (34)
34 (6)
92 (18)
129 (25)
90 (17)

124 (38)
10 (3)
54 (17)
81 (25)
57 (17)

53 (27)
24 (12)
38 (19)
48 (25)
33 (17)

<0.0001

Lobar location
    Upper lobe
    Non-upper lobe

306 (59)
216 (41)

205 (63)
121 (37)

101 (51)
95 (49)

0.013

Size (mm, mean ± SD) 1.858±0.6 (0.5 – 3.0) 1.950±0.6 1.705±0.6 <0.0001
Size (N, %)
     ≤1 cm
    1-2 cm
     >2 cm

79 (15)
254 (49)
189 (36)

43 (13)
144 (44)
139 (43)

36 (18)
110 (56)
50 (26)

<0.0001

Size 
     ≤2 cm
     >2 cm

333 (64)
189 (36)

187 (57)
139 (43)

146 (75)
50 (25)

<0.0001

PET suv (mean ± SD) 5.4±4.18 (NA – 19) 6.81±4.24 3.18±2.91 <0.0001
Density (median ± SD) -14.9±115

(Min:-869, max: 330) 
-17,48±119.6 -10,63±109.6 0.514

Solid component
     Solid
     Subsolid
     GGO

343 (65)
145 (28)
34 (7)

228 (70)
78 (24) 
20 (6)

115 (59)
67 (34)
14 (7)

0.023

Solid component
     Solid
     Non-solid

343 (65)
179 (35)

228 (70)
98 (30)

115 (59)
81 (41)

0.007

Lobulation
     Present
     Absent

164 (31)
358 (69)

114 (35)
212 (65)

50 (25)
146 (75)

0.032

Spiculation
     Present
     Absent

153 (29)
369 (71)

137 (42)
189 (58)

16 (8)
180 (92)

<0.001

Air bronchogram
     Present
     Absent

61 (12)
461 (88)

42 (13)
284 (87)

19 (10)
177 (90)

0.326

Pleural indentation
     Present
     Absent

222 (42)
300 (58)

136 (41)
190 (59)

86 (44)
110 (56)

0.647

Calcification
     Present
     Absent

64 (12)
458 (88)

37 (11)
289 (89)

27 (14)
169 (86)

0.491

Cavitation
     Present
     Absent

30 (6)
492 (94)

21 (6)
305 (94)

9 (5)
187 (95)

0.556

Abbrev.: RUL; right upper lobe, RML; right middle lobe, RLL; right lower lobe, LUL; left upper lobe,   LLL; left lower lobe, GGO; ground glass opacity.
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Table 2. Multivariate analysis of potential factors for predicting malignancy.
HR 95% confidence interval P value

SUVmax value 0.865 0.814-0.919 <0.0001
Lesion size 0.689 0.482-0.985 0.041
Age 0.941 0.920-0.962 <0.0001
Gender 0.696 0.426-1.136 0.147
Lobulation 0.408 0.250-0.668 <0.0001
Spiculation 0.113 0.061-0.210 <0.0001
Localization (upper lobe/non-upper lobe) 1.092 0.694-1.716 1.092
Solid component (Solid vs. non-solid) 1.066 0.665-1.707 1.066
Table 3. The average PET-SUVmax values to predict malignancy according to nodule diameter.

Study population (n=522) SUVmax (mean±SD) P value
≤1 cm benign 38 2.133±1.8

0.0001

≤1 cm malignant 42 4.537±2.9
1-2 cm benign 113 3.436±3.2
1-2 cm malignant 137 5.986±3.9
>2 cm benign 53 3.350±2.7
>2 cm malignant 139 8.206±4.3
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Figure 2.  ROC curve for nodules between 1-2 cm. (Area under 

curve (AUC): 0.706 (0.642-0.771) std error: 0.033).

Figure 3. ROC curve for nodules >2 cm. (Area under curve (AUC) 

0.840 (0.777-0.903) std error: 0.032).

Discussion
The present study analyzes malignancy predictors of 
SPNs in depth in a large study group. While the study 
yielded lobulation and spiculation as independent risk 
factors, the more remarkable result of the study was 
establishing the statistical overlaps/similarities among 
air bronchogram, pleural indentation, calcification, and 
cavitation rates. These overlaps led us to search for a 
more accurate determinant for malignancy. It is widely 
acknowledged that malignancy risk is not easily tested 
and resolved; nodule-specific as well as patient-specific 
factors complicate the prognosis process, especially the 
decision about patient surveillance. In this respect, our 
finding of PET-BT cut-off based on nodule size could 
also imply that both patient-specific factors and nodule-
related elements are inherent SUVmax. This, in turn, 
could facilitate decision making.

A comprehensive clinical history is essential in the 
evaluation of an SPN. A successful classification of the 
patients presenting with SPN can be achieved by con-
sidering patient risk factors together with radiologic 
features. Such evaluation secures timely diagnosis and 
thus successful treatment in patients with malignant tu-
mors while minimizing unnecessary intervention in oth-
erwise benign cases [8].

Several clinical studies have reported that age, his-
tory of smoking, and cancer background are associated 
with a high risk of malignancy in patients with SPN 
[9,10]. Erdogdu et al found that age above 61 was an 



independent risk factor for malignancy [8]. In our study, 
the mean age was significantly higher in malignant pa-
tients in one-way analyses; however, it was similar be-
tween the two groups in multi-way analyses. It could 
thus be proposed that the predictive prowess of age may 
be ambiguous.

On computed tomography (CT) scans, the main fea-
tures defining the nodule are: size, shape, density, pres-
ence of calcification, and growth rate [3,11]. Nodular 
lesions with pleural recession, lobule contours, and spic-
ular extensions are more likely to be malignant. Several 
studies have reported spicular extensions as markers of 
malignancy in nodules [8,12]. While spicular extension 
was also observed as a marker of malignancy in our 
study, the presence of lobulation was also determined as a 
marker. Ambrossini et al. reported that aHU index of ≥15 
was a predictive factor for malignancy [13]. In our study, 
density values were found to be similar between the two 
groups. Calcified nodules are generally benign [14]. Yet, 
up to 6-10% of primary lung cancers exhibit calcification 
on CT [15]. Benign nodules, especially hamartomas, ex-
hibit diffuse calcification patterns in addition to popcorn-
like pathognomonic calcification. Punctate and eccentric 
calcification patterns are also screened in malignant nod-
ules [15]. Cavitation occurs in both benign and malignant 
conditions [16]. While air bronchograms are frequently 
encountered in infectious conditions, they are especial-
ly present/common in malignant nodules in SPN [17]. 
Similar rates of calcification, cavitation, and air broncho-
grams were observed in both groups in our results. Again, 
the similarity in both groups alarmed us that we needed 
a safer predictive factor, delving deeper into the differ-
ent values for the two groups to distinguish a factor that 
could have a causal relationship to malignancy.

The location of SPNs may also help determine the 
risk of malignancy. Some studies have reported that the 
upper lobe is associated with an increased risk of malig-
nancy and that particularly right upper lobe commands 
the highest malignancy rate with 45% of all malignant 
nodules [18]. On the other hand, another group of stud-
ies have concluded that location may not constitute a 
significant malignancy marker [8,12]. In our study, in 
line with the latter group of studies, although upper lobe 
location was significantly more prevalent in the malig-

nant group, it was not considered a malignancy marker 
in multidimensional analyses.

While some studies have reported a positive correla-
tion between the diameter of the nodule and malignancy, 
others have not observed such a phenomenon [19,20]. 
According to the studies of the Fleischner Society, ap-
proximately 80% of lesions larger than 20 mm were iden-
tified as malignant, while 1% of lesions 2-5 mm in size 
were identified so [21]. A further research demonstrated 
that the probability of malignancy ranged from 6% in 
nodules with a size of 5-10 mm to 64% in nodules larger 
than 20 mm [2]. The volume doubling time (VDT), the 
time it takes for the nodule to double in volume or in-
crease in diameter by 26%, can also serve as a measure 
for assessing the growth of the SPN and predicting be-
nignity/malignancy [22]. In this sense, numerous studies 
have reported a mean duration of VDT of 139 days for 
lung malignancy [23]. In our study, the mean nodule size 
was statistically greater in the malignant group, and a size 
of >2 cm was significant for malignancy. 

With the popularity and prevalence of screening ex-
aminations in recent years, several models have been 
developed to help determine the risk of malignancy. In 
this sense, the Mayo model reported six independent 
risk factors: age, smoking history, history of extrapul-
monary tumor, maximum diameter, nodule location, 
and spiculation [13]. The Veterans Affairs (VA) model, 
on the other side, reported age, smoking history, smok-
ing cessation time, and nodule diameter as independent 
risk factors for malignancy [14]. According to the Pe-
king University People's Hospital (PKUPH) model, the 
independent risk factors constituted age, nodule diame-
ter, family history of cancer, and spiculation [12]. These 
models are effective for decision-making in the case of 
suspected malignancy, yet their results may produce 
rather approximate and vague pictures. As more clarity 
is a must for individual evaluations and decisions on 
the mode of patient surveillance, we asked whether a 
concrete factor could be separated.

Functional imaging capabilities such as PET-CT are 
necessary due to the complications of radiological im-
aging techniques in differentiating between malignant 
and benign cases [5]. The FDG PET-CT method pro-
vides morphological and metabolic information about 
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the lesions, enabling semi-quantitative evaluation by 
calculating the maximum standardized uptake value 
(maxSTD) besides visual evaluation [24]. Considering 
the threshold value for maxSTD as 2.5, the sensitivity 
and specificity of FDG PET-CT examination in detect-
ing malignant lesions were determined as 95.1% and 
50.0%, respectively [25]. The FDG PET-CT has a high 
level of accuracy for diagnosing malignancy in nodules, 
and a recent meta-analysis reported a sensitivity and 
specificity of 89% and 70%, respectively [26]. In paral-
lel, in our case, the mean SUVmax was found higher in 
the malignant group with a statistical significance.

PET-CT plays an essential role in characterizing the 
nature of pulmonary nodules, yet its predictive power is 
reduced in nodules smaller than 1 cm [27]. The sensitiv-
ity of PET-CT was reported as 69% for nodules with a 
diameter of 5-10 mm and 95% for nodules larger than 
10 mm [28]. In active granulomatous infections, most 
commonly tuberculosis, high FDG values are known to 
produce false positive results in the differential diagno-
sis of malignancy [29]. In addition, it may produce false 
negative results for carcinoid tumors, adenocarcinoma 
subtypes, and lung tumors smaller than 1 cm [6]. Amidst 
these errors, some modifications have been made to in-
crease the sensitivity and specificity of FDG PET-CT in 
evaluating SPNs. Matthies et al reported a 20% increase 
in sensitivity in detecting malignant lesions using the 
dual-phase method [30]. On the other hand, Fletcher et al 
concluded in a meta-analysis that the dual-phase method 
had zero contribution to the differential diagnosis of ma-
lignant lesions [31]. Another type of modification was 
performed in clinical trials using a ranking scale compar-
ing the SUVmax cut-off value to the mediastinal blood 
pool. It was reported that normalization of SUVmax to 
blood pool or liver uptake had high diagnostic accuracy 
for detecting malignancy in SPNs, with AUCs of 0.90 for 
both liver and blood uptake rates [32].

Several clinical trials have identified malignancy 
markers of SPNs by evaluating CT features, patient risk 
factors, and F-18 FDG PET-CT results. In a study in-
cluding 223 patients with a radiologic diagnosis of the 
solitary pulmonary nodule, Erdogdu et al demonstrated 
that an SUVmax value greater than 2.5, spicular exten-
sion, and age above 61 years were independent mark-

ers of malignancy [8]. Lopez et al. also revealed that 
SUVmax value and age were independent variables in 
predicting malignancy [33]. In a recent multi-center 
study on 355 patients, Weir-McCall et al reported that 
SUVmax was the most accurate technique in diagnos-
ing solitary lung nodules; however, they also showed 
that the diagnostic thresholds should be modified ac-
cording to nodule size. They determined the optimal 
thresholds for SUVmax according to lesion size and 
set them as 1.75 for lesions <12 mm, 2.55 for lesions 
ranging between 12 and 16 mm, and 3.6 for lesions >16 
mm [34]. In our study, we propose the following nodule 
size-SUVmax pairs: the SUVmax value of 1.75 in nod-
ules smaller than 1 cm; 2.24 in nodules between 1 and 2 
cm; 2.55 in nodules greater than 2 cm. These proposed 
thresholds, rather easy to assess, would provide a timely 
evaluation and save various treatment costs by exclud-
ing benign cases. Avoiding the needless intervention in 
the patients’ daily lives would also be a plus. 

Our study reports the following important limita-
tions: being retrospective and being single-centered. On 
the other hand, our study has been conducted on a large 
group in a specialist pulmonary diseases center where 
our patients are fully examined and where all proce-
dures are followed in detail, from detection to the prob-
able operation. Therefore, the patient population here is 
a special focus group. Another strength is the rich size 
of the population along with the range of patient pro-
files, rendering our findings robust. 

In conclusion, the presence of radiological spiculation 
and lobulation along with high PET-CT SUVmax values 
strongly signal malignancy, making these variables criti-
cal factors for deciding on the follow-up or treatment of 
SPNs. The increased technological capacity of success-
ful detection of millimetric lesions with the growing use 
of high-resolution computed tomography could be har-
nessed for better test/decision criteria. In this respect, the 
standard SUVmax threshold value, in its extant form, 
may be insufficient for diagnostic prediction in these le-
sions and prone to spurious results. The SUVmax diag-
nostic threshold value should be updated to be set in a 
step-wise manner according to nodule sizes. The inclu-
sion of such a sensitive predictive element in evaluations 
may lead to better decisions early on. 
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ABSTRACT

Background: This study aimed to evaluate the perspectives of residents working in thoracic surgery 
clinics at university, training, and research hospitals in Turkey, regarding their educational experiences, as 
well as their knowledge, attitudes, and expectations about the theoretical and practical aspects of practice. 

Materials and Methods: A total of 180 residents from thoracic surgery clinics in randomly selected 
university, training, and research hospitals in Turkey were contacted. A 37- question survey was 
designed using tr.surveymonkey.com and distributed via social media (WhatsApp). Of these, 160 
residents participated, and the results were analyzed. 

Results: Among the 160 respondents, 94 (58.8%) were male and 66 (41.2%) were female, with a 
mean age of 29.4 ± 2.9 years (range 25-39). In the medical specialty examination, 137 (85.63%) of the 
participants ranked thoracic surgery in the 1st to 5th positions. Clinics had a mean of 9 ± 5 residents 
(range 1-22). 37 (23.1%) reported 8 or more shifts per month, and 31 (19.4%) had no time off after 
shifts. Approximately 52% of clinics offered an average of 5 ± 2.5 hours of training per month. A total 
of 109 (68.1%) residents were able to perform cases as the primary surgeon. The main learning sources 
were mainly senior assistants (41.9%) and faculty members (31.2%). ‘Mobbing’ was reported by 26 
(16.2%), and 88 (55%) expressed future career uncertainty. After training, 43.1% planned to work as 
specialists, and 32.5% aimed for academic careers. 

Conclusion: The study offers insights to enhance thoracic surgery training programs, support residents, 
and improve professional satisfaction. These findings may guide future strategies and policies to foster 
a better educational environment in thoracic surgery. 
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Introduction
In our country, medical specialty education and its chal-
lenges are frequently discussed due to the unfortunate 
events that have occurred and require legal reforms. In 
recent years, the increase in the number and diversity of 
patients, particularly in tertiary healthcare institutions 
where education is provided, along with advancements in 
medicine, has led to a rise in the number and complexity 
of interventions. The combination of specialized educa-
tion, healthcare delivery, working hours, shift frequency, 
job security, and working conditions adds to the difficulties 
faced by residents during their training period. Although 
these issues are common across all specialties, the long 
training periods make them more severe and challenging, 
especially for residents in surgical fields where they en-
counter more complex and difficult cases and diseases [1]. 

Medical Specialization Board Curriculum Formation 
and Standard Setting System (TUKMOS) in Turkey is 
responsible for reviewing, developing, and formalizing 
previously established core curricula across all major 
and subspecialty fields. In this context, the core curricu-
lum for thoracic surgery was finalized on 05.05.2016. 
In this program, thoracic surgery is defined as a surgi-
cal field that deals with lung, mediastinum, diaphragm, 
esophagus, trachea, pleura, chest wall, and trauma in 
both adult and pediatric populations [2]. 

According to TUKMOS, the goal is for a special-
ist who has completed their education to be capable 
of independently diagnose diseases related to thoracic 
surgery, performing medical and surgical treatments, 
providing postoperative care, and managing potential 
complications. As per this program, the total training 
duration for thoracic surgery specialization is 5 years, 
including 1 year dedicated to rotations. The rotations 
consist of 6 months in general surgery, 3 months in car-
diovascular surgery, 2 months in thoracic diseases, and 
1 month in anesthesiology and reanimation clinics [2]. 

The problems frequently encountered in thoracic sur-
gery education include a lack or insufficiency of theoreti-
cal and/or practical education, differences in patient di-
versity across clinics, mobbing, the inability to take leave 
after shifts, and the inability to actively participate in ro-
tations. This study was designed to substantiate these and 
similar issues, highlight challenges faced by residents in 
other clinical disciplines, and propose solutions. 

In this survey, the issues faced by thoracic surgery 

residents during their training will be explored, and 
concerns related to their profession will be identified. 
Based on the results of this survey, solutions will be 
developed for the identified problems, and the findings 
will be communicated to relevant authorities through 
the Thoracic Surgery Association to guide legal reforms.  

Materials and methods
Approval for this cross-sectional study was obtained from 
the University Clinical Research Ethics Committee, with 
the reference number B.30.2.ODM.0.20.08/629-92. The 
study population consisted of thoracic surgery residents 
at the time of the study. No sample was selected; instead, 
an attempt was made to reach the entire population. As 
of November 20, 2023, the Republic of Turkey Ministry 
of Health reported that there were 322 thoracic surgery 
residents in Turkey. In the study, 180 thoracic surgery 
residents working in randomly selected university, train-
ing, and research hospitals were contacted. A total of 160 
thoracic surgery residents completed the questionnaire.  

The data collection process was carried out using a 
questionnaire form, which was created by the research-
ers after a comprehensive review of the literature. It was 
made available online via the ‘en.surveymonkey.com’ 
website. To ensure the questionnaire was answered ob-
jectively, sincerely, realistically in line with its purpose, 
respondents were informed about the nature, aims, and 
reasons of the research in the introduction section of the 
questionnaire and their consent was obtained. 

The questionnaire, consisting of a total of 37 multi-
ple-choice questions, included 8 questions on sociode-
mographic data, 4 questions about the medical specialty 
examination and the thoracic surgery specialty, and 25 
questions addressing participants' working conditions, 
the facilities and status of their training clinics, theoreti-
cal and practical training, rotations, and their thoughts 
on thoracic surgery specialization. 

Inclusion criteria is; being a resident in thoracic sur-
gery clinics, working in a university, training and re-
search hospital, agreeing to participate in the survey. The 
exclusion criteria is; being a resident in a clinic other than 
thoracic surgery, having completed thoracic surgery spe-
cialty training and refusal to participate in the survey. 

Statistical Analysis 
The survey results were evaluated using the data obtained 
from en.surveymonkey.com. Descriptive statistics were pre-
sented as numbers, percentages, means ± standard deviations. 

133

Current Thoracic Surgery-Volume 9 Number 3  p: 132-140



Results
Of the 160 thoracic surgery residents who participated in the 
survey, 94 (58.8%) were male, 66 (41.2%) were female, and 
the mean age was 29.4 ± 2.9 (range: 25-39) years. The demo-
graphic data of the participants are summarized in Table 1. 

The mean TUS score of the participants was 51.5 ± 4.7 
(range: 45-68). When asked why they preferred the thoracic 
surgery specialty, the responses were as follows: 53% (n = 
80) chose it because they wanted to pursue a surgical spe-
cialty, 45% (n = 72) were specifically interested in thoracic 
surgery, and 2% (n = 3) chose it because it was a specialty 
accessible with a lower TUS score. The answers given to the 
questions about the TUS process are presented in Table 2. 

Table 1. The social demographic features of participants.
Variable n %
Sex
Female 66 41.2
Male 94 58.8
Marital status
Single 73 45.6
Married 85 53.1
Divorced 2 1.3
Having children
No children 123 76.9
1 child 28 17.5
2 children 7 4.3
3 children 2 1.3
Smoking status
Smoking 50 31.2
Non-smoker 110 68.8
Region
Marmara 47 29
Central Anatolia 44 28
Aegean 25 16
Black Sea 15 9
Mediterranean 13 8
South-eastern Anatolia 11 7
Eastern Anatolia 5 3

While 60% (n = 96) of the participants were working 
in a university hospital, 40% (n = 64) were working in 
a training and research hospital. The average number of 
patient beds in their clinics was 21 ± 11 beds, with the 
smallest ward having 5 beds and the largest ward hav-
ing 60 beds. Additionally, 54% (n = 86) of the clinics 
had their own intensive care unit. 

The distribution of the number of years completed 
by thoracic surgery residents who participated in the 
survey is shown in Figure 1. 

45; 28%

29; 18%
17; 11%

28; 17%

35; 22%
6; 4% 1st year

2nd year

3rd year

4th year

5th year

6th year

Figure 1. Year of education of the participants in the survey.

On average, thoracic surgery clinics had 9 ± 5 (range: 
1-22) residents. The number of residents working shifts 
varied: 1-3 shifts per month was 30 (18.8%), 4-7 shifts 
per month was 93 (58.1%), 8-11 shifts per month was 33 
(20.6%), and more than 11 shifts per month was 4 (2.5%).

Additionally, 108 (67.5%) of the residents worked 
shifts alone, while 52 (32.5%) residents worked shifts in 
pairs. About 80.6% (n = 129) of the participants stated 
they could take leave after shifts, whereas 19.4% (n = 
31) could not. 

Approximately 52% of thoracic surgery clinics had 
an average training program of 5 ± 2.5 (range:1-12) 
hours per month. Regarding theoretical education, 44% 
of clinics provided 4.6 ± 2.2 (range:1-10) hours per 
month. Additionally, weekly scientific and/or case dis-
cussion meetings (average 4.2 ± 1.9 hours per month) 
were held in approximately 70% of the clinics. 

When the participants were asked, "Are residents al-
lowed to perform cases as the primary surgeon in your 
clinic?", 109 (68.1%) responded that they could perform 
cases independently under the supervision of medical 
staff. The average time required to perform a case as 
the primary surgeon under the supervision of a faculty 
member was 2.7 ± 1.3 years of specialty training.

The response to the question, "From whom or where 
do you acquire the most theoretical and/or practical 
knowledge?", is presented in Figure 2.
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Figure 2. From whom/where thoracic surgery research assistants 

learn the most theoretical and/or practical knowledge.
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When asked, "Which method is primarily used for sur-
gical approaches in your clinic?", the responses were as 
follows: 94.4% (n = 151) for video-assisted thoracic sur-
gery (VATS), 78.8% (n = 126) for thoracotomy, and 6.9% 
(n = 11) for robotic-assisted thoracic surgery (RATS).

Eighty-five percent (n = 136) of the participants ex-
pressed a preference for rotations between clinics that 
perform specialized procedures, such as esophageal sur-
gery and endobronchial ultrasonography (EBUS).

When asked about the impact of the COVID-19 pan-
demic on specialty education, 45% (n = 72) stated that 
it had a negative impact, 22.5% (n = 36) reported a par-
tially negative impact, and 32.5% (n = 52) indicated that 
it did not affect their specialty education. Approximate-
ly 54% (n = 86) of the participants worked as residents 
during the COVID-19 pandemic period.

Regarding the adequacy of the 5-year training pe-
riod in thoracic surgery, 88.7% (n = 142) considered it 
adequate, 8.8% (n = 14) found it partially adequate, and 
2.5% (n = 4) deemed it insufficient.

One of the questions in the questionnaire asked, "Do 
you have any concerns about your future in the profes-
sion?" While 55% (n = 88) of the participants expressed 
significant concerns, 22.5% (n = 36) reported partial 
concerns, and 22.5% (n = 36) stated that they had no 
concerns regarding their professional future. 

When the diversity of post-specialty plans was as-
sessed, 43.1% (n = 69) of the participants planned to 
continue as specialists after completing their specialty 
training, while 32.5% (n = 52) intended to pursue an 
academic career. Additionally, 18.1% (n = 29) planned 
to practice abroad, and 6.3% (n = 10) indicated that they 
did not intend to specialize further in thoracic surgery 
after completing their training.

Among the participants, 49% (n = 79) stated that 
they had attended a scientific congress, and 71% of 
whom did so with scholarships provided by the associa-
tion, 19% with support from a corporate sponsor, and 
10% through their own financial means.

While 23.7% (n = 38) of the participants reported be-
ing informed about the rotation learning objectives set 
by the medical specialty board, 21.9% (n = 35 indicated 
being partially informed, and 54.4% (n = 87) stated that 
they had no knowledge of these learning objectives.

When the effectiveness of the mandatory rotations dur-
ing the training period was evaluated, 67% (n = 107) of the 
participants stated that the rotations were inefficient and in-
effective. Among the participants who rotated in other clin-
ics during the training period, 13.1% reported being actively 
involved in the clinics they attended, 33.8% reported being 
partially active, and 53.1% stated that they did not take an 
active role in the clinics during their rotations.

Furthermore, 66.9% of the participants expressed 
that the education they received in the departments they 
rotated through did not meet their expectations. The re-
sponses provided regarding experiences of ‘mobbing’ 
are presented in Table 3.

Discussion 

Thoracic surgery education began with the establish-
ment of the first thoracic residency program at the Uni-
versity of Michigan in 1928 [3]. In Turkey, TUKMOS 
plays an active role in reviewing, developing and for-
malizing the previously prepared core curricula in all 
major and subspecialty areas. Within this framework, 
thoracic surgery is defined as a surgical branch that en-
compasses the lung, mediastinum, diaphragm, esopha-
gus, trachea, pleura, chest wall and traumas affecting 
both the adult and pediatric populations [2]. 
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Table 2. Questions and answers provided by the participants about the thoracic surgery specialty and TUS process.
 1-5 (rank) 6-10 (rank) 11+ (rank) Yes No 
Preference ranking 137 (85.62%) 11 (6.88%) 12 (7.5%)   
"Would you choose again?"    117 (73.1%) 43 (26.9%) 

Table 3. Experiences of mobbing among thoracic surgery residents.

Do you believe that 'mobbing' occurs in your clinic? Yes No I think partly (It oc-
curs to some extent)

26 (16.2%) 103 (64. %4) 31 (19.4%)

Who do you think is subjected to 'mobbing' in your clinic? To myself To another person 
38 (71.70%) 15 (28.3%) 
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In Turkey, physicians who earn the title of medical 
doctor after six years of medical education must take 
the TUS exam and pass it to specialize. In a study con-
ducted by Akçam et al, thoracic surgery was ranked as 
the 4th and 1st choice in the TUS preferences, respec-
tively. Furthermore, the reasons for choosing thoracic 
surgery were reported as interest in the specialty, a de-
sire to perform surgery, and a pursuit of an academic 
career, respectively [4]. In our study, residents who 
ranked thoracic surgery between 1st and 5th in their 
preferences constituted 85.63% of the participants, and 
73% indicated that they would choose thoracic surgery 
again if they had to take the TUS exam again. Regard-
ing the reasons for their preference, half of the partici-
pants stated that they chose it because they wanted a 
surgical specialty, and 45% indicated that they chose it 
due to their interest in thoracic surgery. 

In recent years, there has been a steady increase in the 
number of women in the medical profession. According 
to the Association of American Medical Colleges, 49.8% 
of medical school graduates in 2016 were women [5]. 
In a study of 23423 physicians conducted by Yılmaz et 
al in 2021, 41.5% of physicians were female, and 27% 
of those working in surgical medicine were reported to 
be female. Notably, 33% of those working in thoracic 
surgery were female [6]. In our study, 41% of the par-
ticipants were female, which contrasts with the literature, 
despite thoracic surgery being a surgical discipline. This 
finding suggests that the interest of the female gender in 
surgical specialties has increased over the years. 

It has been reported in many studies that excessive 
working hours and high number of shifts in the medi-
cal field are significant risk factors for burnout [7,8]. 
Residents also reported long working hours and heavy 
workloads as unfavorable working conditions [9,10]. In 
a study by Çelik et al, the prevalence of burnout syn-
drome among thoracic surgeons was found to be 40-
50%, a rate similar to that observed across all surgical 
branches [11]. In our study, 23.1% of the participants 
reported having eight or more shifts per month, and 
67.5% of them were on duty alone during these shifts.

Although it is a legal obligation to take leave after a 
shift, 19.4% of the participants stated that they were un-
able to take this leave. We believe that this issue stems 

from the insufficient number of residents in the clinics 
and/or an excessive workload.

In a report by the International Labor Organization, 
it is highlighted that workplace violence, intimidation 
(mobbing) and burnout have become increasingly prev-
alent issues on a global scale [12]. Similarly, Xaplan-
teri et al found that mobbing levels significantly var-
ied significantly across sectors, with the highest scores 
recorded in the surgical sector and the lowest in the 
laboratory sector. They attributed this disparity to the 
intense workload, high-stress environment, and strict 
hierarchical culture of surgical departments, which 
were observed to increase interpersonal conflicts and 
create a conducive environment for mobbing behaviors 
[13]. Consistent with these findings, our study revealed 
that 35.6% of participants experienced mobbing in their 
workplace, with 71.7% of them perceiving the mobbing 
as being directed specifically at them.

For effective residency training, at least 20 hours per 
week should be dedicated to education [14]. However, 
studies conducted throughout Turkey reported that only 
2.5% of residents prioritized education, theoretical educa-
tion was considered non-essential in one out of three spe-
cialty training institutions and mortality/morbidity meet-
ings were held in only one out of four institutions [15,16]. 
In our study, 52% of the clinics had an educational pro-
gram comprising an average of 5 ± 2.5 hours per month, 
theoretical education was provided in 42% of the clinics, 
and scientific meetings were organized in 70% of the clin-
ics. Regarding practical training, 68.1% of the residents 
were allowed to perform cases as the primary surgeon.

Education in medicine is directly related to senior-
ity and the experiences gained through seniority at ev-
ery stage. Most theoretical and practical training is re-
ceived from senior physicians. In the study by Akçam 
et al, 55.7% of the participants stated that their prima-
ry source of information was senior residents, while 
32.6% reported classical books as their main source of 
information [4]. Similarly, in our study, 41.8% of the 
participants stated that their primary source of informa-
tion was the senior resident, while 31.25% identified 
faculty members. Approximately 9% of the participants 
reported using textbooks or social media as their usual 
source of information.
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In recent years, with the development of VATS and 
RATS in our country, the decline in thoracotomy ap-
proaches is thought to negatively impact resident train-
ing in open surgery [17,18]. However, when the pre-
ferred clinical surgical approach was examined in our 
study, 151 residents reported using VATS, while 126 
residents reported using thoracotomy. We believe this 
reflects the diversity of cases encountered in our coun-
try, where, unfortunately, a significant proportion of pa-
tients present at locally advanced stages. Additionally, 
the high incidence of tuberculosis in our country leads 
to the presence of advanced intrathoracic adhesions, 
which is one of the most important factors limiting 
the use of VATS. However, despite its challenges, this 
situation increases the number and variety of cases ob-
served and/or performed by thoracic surgery residents 
during specialty training. Moreover, the experience 
gained from open and complex operations provides a 
strong foundation for VATS and RATS training, thereby 
potentially shortening the training period and improv-
ing proficiency in minimally invasive techniques.

Another problem is that some clinics perform special-
ized surgical interventions (EBUS, esophageal surgery), 
which creates a significant disparity in training opportu-
nities among clinics. In our study, 85% of the participat-
ing residents expressed a desire to address this disparity 
through rotations among clinics. To achieve this, residents 
and lecturers in our clinic frequently participate in national 
and international rotations and training programs. 

The COVID-19 pandemic has negatively impacted 
medical education at all levels in our country as well 
as globally. These disruptions have particularly affected 
the education of residents in surgical specialties, includ-
ing thoracic surgery [19]. In our study, 45% of the par-
ticipants reported that their specialty education was se-
verely affected by the pandemic, while 22.5% indicated 
that it was partially affected. Considering that 36% of 
the participants were 1st and 2nd-year residents, it can 
be inferred that nearly all residents whose training over-
lapped with the pandemic were significantly impacted. 
Similarly, Daniel et al emphasized that the pandemic 
posed unprecedented challenges to education systems 
worldwide, compelling institutions to rapidly transition 
from face-to-face education to remote learning with 
limited preparation time. This abrupt shift disrupted 
traditional teaching methods and exacerbated existing 

inequalities in access to educational resources, espe-
cially in technologically underprivileged settings [20]. 
The findings of our study align with these observations, 
underscoring the profound impact of the pandemic on 
surgical education, which heavily depends on hands-on 
training and face-to-face mentorship.

Akçam et al reported that 67.3% of thoracic surgery 
residents found the five-year training period sufficient 
[4]. In our study, 97.5% of thoracic surgery residents 
found the five-year training period sufficient. However, 
only 23.7% of the participants in our survey stated that 
they were fully informed about the rotation learning ob-
jectives set by the medical specialty board. In the study 
conducted by Çıtak et al in 2012, participants were 
asked which rotations they had actively performed or 
planned to perform. 44.8% of the participants answered 
general surgery, 26.9% cardiovascular surgery, 22.4% 
chest diseases, 13.4% anesthesiology and reanimation, 
16.4% selected all of them, and 37.3% indicated none 
of them. In contrast, only 33% of the participants in our 
study stated that they had completed the required clini-
cal rotations. Despite the passage of time, no significant 
improvement has been achieved in fulfilling the rotation 
learning objectives, and the rotations that did take place 
were not aligned with these objectives.

According to the Turkish Medical Association, more 
than 1400 physicians migrated abroad in 2021, and the 
total number of physicians migrating abroad in the past 
decade has reached 4000 [21]. Furthermore, a study on 
medical students in Turkey, 94% of the students were 
considering practicing medicine abroad [22]. In our 
study, 55% of thoracic surgery residents expressed con-
cerns about their future profession, and we found that 
43.1% of the participants planned to work as thoracic 
surgery specialist, 32.5% aimed to pursue an academic 
career, and 18.1% intended to practice abroad once their 
specialty training was completed.

In our study, significant findings were obtained by 
comprehensively examining the training processes, pro-
fessional satisfaction, and challenges faced by thoracic 
surgery residents. The increase in the number of female 
surgeons’ highlights progress in gender diversity within 
the surgical, indicating that interest in thoracic surgery 
is growing, which suggests that this trend will likely 
continue in the future. Issues such as burnout, mobbing, 
and disruptions in education caused by long working 
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hours and high workload have a negative impact on pro-
fessional development and satisfaction. Considering the 
adverse effects of the COVID-19 pandemic on educa-
tion, it is crucial to focus on how training processes can 
be improved during such crises. 

The importance of interactions with senior resi-
dents and instructors as a significant source of knowl-
edge underscores the need to enhance their roles and 
effectiveness in education. Additionally, the fact that 
the majority of residents are satisfied with their choice 
of the thoracic surgery specialty and would choose the 
same specialty again if they retook the TUS highlights 
the specialty's appeal and the effectiveness of the train-
ing. However, professional concerns and plans to work 
abroad provide important feedback on medical educa-
tion and the healthcare system in Turkey. 

One of the limitations of our study is the difficulty 
in reaching thoracic surgery residents, which may have 
affected the representativeness of our sample. Addition-
ally, the lack of a dedicated communication network 
for thoracic surgery residents further contributed to the 
challenges in data collection. These, which we were 
able to address, might have influenced the scope and 
depth of the insights we gathered regarding the residen-
cy program and its associated issues. 

In conclusion, our study offers valuable insights for 
improving thoracic surgery training programs, support-
ing residents in all aspects, and increasing their profes-
sional satisfaction. These findings can contribute to the 
development of future educational strategies and poli-
cies, helping to create a more effective and sustainable 
educational environment in the field of thoracic surgery. 
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ABSTRACT

Background: We aimed to study the effects of subclinical hypothyroidism on patient satisfaction after 
hyperhidrosis surgery.

Materials and Methods: Patients who underwent primary hyperhidrosis surgery from February 2013 
to January 2017 were retrospectively evaluated and divided into two groups: Group 1 with normal 
thyroid function and Group 2 with subclinical hypothyroidism. All patients completed a postoperative 
satisfaction questionnaire on a 5-point Likert scale, with Cronbach’s Alpha reliability coefficients 
of 0.93 preoperatively and 0.96 postoperatively. The questionnaire assessed satisfaction differences 
between groups in daily life following surgery.

Results: A total of 82 patients aged 18-65 and met Hornberger’s criteria were evaluated in the study. Patient 
satisfaction rate was 80.5% for the overall population. Although the difference between preoperative 
and postoperative state was statistically significant (Greenhouse-Geisser; p < 0.0001), no statistically 
significant difference was found in postoperative satisfaction between Group 1 and Group 2. (p = 0.13).

Conclusions: Subclinical hypothyroidism does not impact the outcomes of endoscopic thoracic 
sympathectomy; thus, patients with this condition can safely undergo the procedure based on this 
study's findings.

Keywords: hyperhidrosis, subclinical hypothyroidism, postoperative satisfaction, analysis, questionnaire
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Introduction
Sweating is a part of the thermoregulatory system. Hy-
perhidrosis is defined as excessive sweating and eccrine 
sweat glands working more than normal [1,2]. The most 
common form is primary hyperhidrosis and its clinical 
presentation is mostly localized as palmoplantar, axil-
lary and facial in order of frequency [3]. Its exact in-
cidence is not known, but it is thought to affect 0.6 to 
2.8% of the population [4].

Topical and systemic medical therapies can be used in 
the treatment as well as options such as iontophoresis and 
Botox, but surgical treatment is the gold standard [5,6].

Thyroid disorders, a common cause of secondary 
hyperhidrosis, should also be considered in cases of 
subclinical variants. Overt thyroid disorders can clearly 
cause secondary hyperhidrosis, and asymptomatic sub-
clinical thyroid diseases may lead to unexpected skin 
conditions related to a flawed thermoregulatory system, 
potentially resulting in undesirable surgical outcomes 
[7]. In this study, we examined the relationship between 
subclinical hypothyroidism and its potential impact on 
hyperhidrosis surgery.

Subclinical hypothyroidism is a condition character-
ized by mildly elevated thyroid-stimulating hormone 
(TSH) levels while serum triiodothyronine (T3) and 
thyroxine (T4) levels remain within the normal range, 
and it is asymptomatic. The European Thyroid Associa-
tion (ETA) guidelines for managing subclinical hypo-
thyroidism were published nearly a decade ago, yet they 
remain valid, as the rationale for intervention - based 
on the patient's age, serum TSH levels, symptoms, and 
comorbidities - continues to be relevant today [8,9].

The impact of subclinical hypothyroidism on post-
operative outcomes has been studied across various 
surgical specialties, but there is insufficient data regard-
ing its effects on hyperhidrosis surgery. Although the 
association of hyperhidrosis and hyperthyroidism has 
been widely investigated, the relationship between hy-
perhidrosis surgery results and TSH levels has not been 
investigated before.

Materials and Methods
Patient Characteristics and Data Collection

The study aimed to evaluate the link between hyper-

hidrosis and subclinical hypothyroidism regarding the 
patients’ overall postoperative satisfaction. This multi-
surgeon single-center retrospective study included all 
patients who underwent endoscopic thoracic sympa-
thectomy between February 2013 and January 2017 in 
our hospital. The data of 82 patients who met Hornberg-
er’s criteria [10] were analyzed in this study. The exclu-
sion criteria were: 1) being out of the 18-65 age span, 2) 
abnormal preoperative TSH values, and 3) indications 
other than hyperhidrosis for surgery.

Patients were divided into two groups according to 
The American Association of Clinical Endocrinologists 
and The American Thyroid Association (ATA/AACE) 
Guidelines for Hypothyroidism in Adults which in-
volves the TSH upper limit of The National Academy 
of Clinical Biochemistry (NACB) [8] as shown in Table 
1. Group 1 was the patients with normal thyroid func-
tions and Group 2 was the patients with subclinical hy-
pothyroidism.

Table 1. TSH upper normal levels according to dif-
ferent study or society groups.
Group, study, society TSH upper normal
NACB 2.5
NHANES III, disease free 4.5
NHANES III, reference population 4.12

Preoperative TSH values of the patients were evalu-
ated within the framework of the reference range of the 
biochemistry department of our hospital. Demographic 
information and hospital records such as operation re-
ports were completely available for in-hospital study 
variables. Patients were contacted by phone or face-to-
face between January 3, 2018 and January 9, 2018, and a 
web-based (Google® Forms) questionnaire was admin-
istered (Figure 1), and the survey results were recorded. 
The questionnaire utilized in this study was adapted 
from the publication titled 'Questionnaire of Quality of 
Life in Patients with Primary Hyperhidrosis' [11]. It em-
ploys a 5-point Likert scale, with the instrument's reli-
ability confirmed by Cronbach's Alpha coefficients of 
0.93 before surgery and 0.96 after surgery, indicating a 
high level of reliability. The Institutional Ethical Com-
mittee approved the study protocol (HNEAH-KAEK 
2017/551). The study conformed to the principles of the 
Declaration of Helsinki.
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Figure 1. Patient satisfaction questionnaire.

Surgical Technique

All operations were performed with video-assisted 
thoracoscopic surgery (VATS) technique. The patients 
underwent double lumen intubation after appropriate 
premedication. First the right and then left sympathetic 
nerves intervened. The operations were performed with 
a 5 mm angle-free video thoracoscope (Olympus®), 
and the flat or horizontal endo-clip was used according 
to the anatomical course and position of the sympathetic 
nerve (Covidien® Endo Clip Auto Suture™).

All cases were performed using biportal VATS. Inci-
sions were made at the 3rd and 5th intercostal spaces. 
Carbon dioxide insufflation was not used during video-
thoracoscopic exploration, as double-lumen intubation 
provided sufficient exposure. The sympathetic chain 
was identified through exploration and dissected from 
the surrounding pleural tissue. Continuity of the sym-
pathetic chain was then interrupted with the application 
of metallic clips. The inner surface of the corresponding 
rib was cauterized to prevent conduction through po-
tential alternative pathways (Kuntz nerve). Hemostasis 

was ensured, free air in the intrathoracic space was as-
pirated, and incisions were closed without placement of 
a chest drain after positive pressure ventilation.

Statistical Analysis
IBM® SPSS® Statistics 26.0 was used to analyze the 
data and Microsoft® Office™ Excel™ was used to form 
graphics. In analyzing the research data, descriptive sta-
tistics (frequency distributions, mean, standard deviation) 
were utilized, and the Kolmogorov-Smirnov test was ap-
plied to assess normality distribution. Two-way analysis 
of variance (subgroup analysis; Greenhouse-Geisser), 
Chi-Square test and T-Test were used for repeated mea-
surements. The results were evaluated at a 95% confi-
dence interval and p < 0.05 significance level.

Results
The survey results of 82 patients included in the study 
were examined. The distribution of the data is in Table 2 
and the graphical representation is in Figure 2.

Table 2. Satisfaction survey distribution.
Operation Mean Standard Deviation Min.-max.
Before 82.34 12.92 48.00-100.00
After 37.34 1652 20.00-98.00

Figure 2. Graphical representation of satisfaction survey. (Note: The 

numbers above represent the scores obtained by the patients based 

on their responses in the survey. As the score increases, satisfaction 

decreases, whereas satisfaction increases as the score decreases). 

Group 1 (89%) of 73 euthyroid patients and Group 
2 (11%) of 9 patients with subclinical hypothyroidism 
were statistically compared in terms of hyperhidrosis 
region, presence of compensatory hyperhidrosis (CH), 
acceptability of CH and degrees of satisfaction. 16 out 
of 73 patients in Group 1 were dissatisfied with the sur-
gical outcome, while no patients in Group 2 expressed 
dissatisfaction. However, this difference was not statis-
tically significant (p = 0.13).

The effect of the survey results on patient groups 
was investigated by two-way analysis of variance in re-
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peated measurements. The average score of 73 patients 
in Group 1 before the surgery was 81.86 ± 13.7 and af-
ter the surgery it was 37.85 ± 17.03. The average score 
of 9 patients in Group 2 before the surgery was 86.22 
± 9.35 and after the surgery it was 33.22 ± 11.45. The 
difference between before and after surgery was statisti-
cally significant (Greenhouse-Geisser test; p < 0.0001) 
however, the effect of patient groups was not significant 
(Greenhouse-Geisser test; p = 0.27).

Discussion
Sweat glands are primarily regulated by cholinergic in-
nervation [12], which typically stimulates sweat pro-
duction through acetylcholine release. However, these 
glands can also respond to adrenergic agents, which 
trigger sweating through the adrenergic (sympathetic) 
pathway. This adrenergic stimulation can be blocked 
by both types of receptor-blocking drugs, specifically 
by using drugs that inhibit beta (β) receptors, such as 
propranolol, or alpha (α) receptors, which are part of 
the sympathetic nervous system. This dual control high-
lights the complexity of sweat gland regulation under 
different physiological conditions, such as stress or in-
creased metabolism associated with hyperthyroidism.

In hyperthyroidism, hyperhidrosis likely results from 
an elevated metabolic rate. Excessive sweating and ac-
companying cardiovascular symptoms are reduced with 
propranolol administration. However, although pro-
pranolol effectively diminishes sweat production trig-
gered by sympathetic activation, it has no effect on indi-
viduals without hyperhidrosis or hyperthyroidism when 
exposed to a hot environment [13].

Our study was based on the hypothesis that, just as 
overactivity of the thyroid gland can fundamentally af-
fect the thermoregulatory system, underactivity might 
also disrupt this balance. The results of our research 
concluded that subclinical hypothyroidism does not in-
fluence the outcomes of ETS.

According to Park et al, patients with subclinical 
hypothyroidism had a higher risk of developing AF in 
the postoperative period [14]. Kong et al reported that 
preoperative subclinical hypothyroidism is associated 
with less favorable cardiovascular outcomes, especially 
coronary revascularization after bypass surgery [15]. In 
Comendador et al's study of 467 cases, postoperative 
atrial fibrillation occurred in 57% of patients with sub-

clinical hypothyroidism versus 30.3% in those without 
[16]. Blonna et al reported that subclinical hypothy-
roidism posed a significant risk of dullness following 
arthroscopic shoulder surgery [17]. Zhao et al found 
that subclinical hypothyroidism was associated with an 
increased risk of mortality [18]. Kim et al found that 
subclinical hypothyroidism had no effect on bone heal-
ing [19].  Komatsu et al revealed that hypothyroid pa-
tients had slightly longer length of stay in the hospital 
[20]. Gonzalez-Navarro et al reported that subclinical 
hypothyroidism was associated with slower postopera-
tive functional recovery in their knee arthroplasty study 
[21]. Jing et al found that subclinical hypothyroidism 
increased the incidences of both medical and surgical 
complications following primary total knee arthroplasty 
[22]. Kovar et al found that subclinical hypothyroidism 
could be an independent risk factor for both vascular 
and overall mortality.

In our study, subclinical hypothyroidism was found 
not to contribute to the development of atrial fibrillation 
(AF), nor did it negatively affect postoperative recov-
ery or hospital length of stay. Additionally, subclinical 
hypothyroidism was not associated with an increased 
mortality risk or a higher overall complication rate.

When considering other factors affecting sympa-
thectomy, a prospective study by Dias et al examined 
the relationship between CH, anxiety, depression, and 
quality of life in patients undergoing thoracoscopic 
sympathectomy [23]. The study followed 54 patients 
over 180 days, showing that 93% experienced signifi-
cant improvements in their quality of life after surgery, 
although the intensity of CH was strongly correlated 
with anxiety levels. Despite CH being present in most 
patients, anxiety did not diminish overall satisfaction 
with the procedure. In our study, subclinical hypothy-
roidism was found to have no impact on CH outcomes.

Another key consideration is the anatomical variation 
in thoracic sympathetic ganglia, as explored by Pei et al 
[24]. Their research involving 695 patients revealed that 
anatomical variations, particularly in the third and fourth 
sympathetic ganglia, influenced both the effectiveness 
of the surgery and the incidence of CH. While real T3 
sympathicotomy was more effective for treating palmar 
hyperhidrosis, real T4 sympathicotomy was associated 
with lower rates of moderate-to-severe CH, especially in 
the chest and back. These findings suggest that preop-
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erative imaging and a customized surgical approach may 
enhance outcomes by accounting for these anatomical 
differences. However, in our study, we found that un-
derlying thyroid disorders detected through preoperative 
TSH evaluations had no effect on surgical outcomes.

Finally, Minqiang et al conducted a randomized 
controlled trial comparing traditional opioid-based an-
esthesia with opioid-reduced multimodal anesthesia 
in patients undergoing thoracoscopic sympathectomy 
[25]. The study found no significant differences in peri-
operative complications, postoperative pain levels, or 
patient satisfaction between the two groups. Similarly, 
in our study, subclinical thyroid disorders had no effect 
on these parameters.

Limitations
Although no studies in the literature have evaluated 
the relationship between subtly lowered thyroid func-
tion and hyperhidrosis, which was the foundation of our 
initial hypothesis for this study, we encountered certain 
limitations. According to the ATA/AACE Guidelines 
for Hypothyroidism's Adults guideline published by 
Garber et al in 2012, subclinical hypothyroidism is de-
fined as a combination of normal sT4 level and TSH 
above the reference limit, but the ongoing discussion 
of the TSH reference limit is also mentioned [8]. Ac-
cording to the said guide, the TSH reference limit was 
specified as 4.12 mIU/L by National Center for Health 
Statistics (NHANES) III, while it was specified as 2.5 
mIU/L according to The National Academy of Clini-
cal Biochemistry (NACB) data [8]. In our study, we 
accepted the upper limit of TSH as 2.5 mIU/L in ac-
cordance with NACB data. We classified TSH values 
above this limit as subclinical hypothyroidism. How-
ever, as we mentioned above, there are contradictions 
regarding this issue in the literature. Another limitation 
is that, due to the retrospective nature of our study and 
the relatively small number of patients, we may not 
have detected any potential differences between the two 
groups. Therefore, we suggest that large, multicenter 
studies are needed to further clarify this issue.

In conclusion, our study concluded that subclinical hy-
pothyroidism does not affect the outcomes of endoscopic 
thoracic sympathectomy. Based on this finding, it can be 
stated that the presence of subclinical hypothyroidism 
does not pose a barrier to performing the procedure, nor 
does it lead to an increased rate of complications. Never-

theless, further research with larger case series is neces-
sary to validate our results. Consequently, our study rep-
resents the first of its kind on this topic, and we believe it 
may serve as an inspiration for future research.
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ABSTRACT

Esophageal foreign bodies are more common in children than in adults. However, in older individuals 
without teeth, food swallowed without thorough mastication can get lodged in the esophagus. Herein, 
we report the case of a 77-year-old woman who presented with severe dyspnea, dysphagia, and a globus 
sensation in her throat. The patient required intubation owing to progressive dyspnea and rapid peripheral 
saturation decrease and was found to have a foreign body lodged in her proximal esophagus, which was 
removed using McGill forceps under direct visualization. Subsequently, the patient was extubated and 
transferred to the ward. Complaints of dysphagia in older patients with mastication problems should prompt 
clinicians to consider foreign body impaction. The proximal esophagus is the most common site for foreign 
body entrapment. If left unmanaged, foreign bodies lodged in the upper gastrointestinal tract can cause 
serious life-threatening conditions. Appropriate diagnosis and treatment can help minimize potential risks.

Keywords: esophageal foreign bodies, difficult intubation, management, airways, surgery.
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Introduction
Esophageal foreign bodies (EFBs) are among the most 
common emergency cases that can be easily treated 
with complete recovery and no complications via early 
diagnosis and treatment. The esophagus is the narrow-
est part of the upper gastrointestinal tract and is the most 
common site for foreign body entrapment. Foreign body 
ingestion occurs more frequently in children than in 
adults [1]. The foreign bodies ingested by adults usually 
include sharp-edged objects, such as bone fragments, 
meat with bones, and cartilage, whereas those ingested 
by children are more likely to include rounded objects, 
such as metal coins and batteries. Previous studies have 
reported that food entrapment caused by unchewed food 
is more common in adults than in children [2]. Herein, 
we reported the case of a patient who presented to the 
emergency department (ED) with severe dyspnea, dys-
phagia, and a globus sensation in her throat due to a 
piece of red meat lodged in her proximal esophagus.

Case Report
A 77-year-old woman presented to the ED with com-
plaints of coughing, dyspnea, and dysphagia that started 
while eating. At the time of investigation, the patient 
was experiencing difficulty in breathing. Patient history 
collected by the ED physician revealed a suspicion of 
EFB, prompting the medical team to perform the Heim-
lich maneuver on the patient. However, this interven-
tion failed to extract any foreign body from the patient’s 
mouth and led to a gradual decrease in her peripheral 
saturation to 60% and blue discoloration of her face, re-
quiring rapid intubation. On physical examination after 
the intubation, the bilateral breath sounds were equal and 
normal. The patient underwent chest computed tomog-
raphy (CT), which showed the intubation tube in the tra-
chea and a large lesion resembling soft tissue measuring 
8 x 5 cm behind the trachea at the right side of the mid-
line (Figure 1a). The lesion appeared to compress the 
trachea and shift it forward. After receiving a request 
for consultation, we performed a clinical examination, 
reviewed the investigation results, and assessed the oral 
cavity of the patient with the help of a laryngoscope at 
bedside in the ED. A foreign body was observed at the 
site of the esophageal entry and was subsequently ex-
tracted using Magill forceps (Figure 1b). Then, esopha-
goscopy was performed to assess the esophageal lumen, 
which showed no other foreign bodies. Subsequently, a 

bronchoscopy was scheduled to rule out the suspicion 
of a foreign body in the trachea and the patient was ex-
tubated. The patient underwent tracheal and main bron-
chi assessment using a rigid bronchoscope in the ED. 
On the absence of foreign bodies in the airway, the pa-
tient was awakened and transferred to the ward. There 
was no postoperative complication and the patient was 
discharged the following day. Written informed consent 
was obtained from the patient and legally responsible 
kin of the patient, for publication. 

Figure 1. In the lung computed tomography (CT), there was an in-

tubation tube in the trachea and a soft tissue-like lesion measuring 

8x5 cm in the right midline of the trachea (a), foreign body removed 

from the esophagus with the help of Magill forceps (b).

Discussion
Although EFBs can be encountered in all age groups, 
they are more frequent in children. However, foreign 
body ingestion in older individuals is associated with a 
higher risk of morbidity and mortality [2]. Among for-
eign body entrapment cases, 87% occurs in the upper 
esophageal stricture and 13% occurs the middle esopha-
geal stricture, with the lower esophageal stricture be-
ing very rarely involved [3]. Most EFBs get lodged at 
the level of the cricopharyngeus muscle [4]. The most 
common symptoms associated with EFBs include neck 
pain, dysphagia, sticking and stinging sensation, hyper-
salivation, and esophageal obstruction–induced tracheal 
aspiration [5]. Patient anamnesis is essential for diag-
nosing EFBs, and its lack can delay the diagnosis [6]. 
Late diagnosis makes treatment harder and may cause 
serious and life-threatening complications. Thus, for-
eign body ingestion requires swift and appropriate diag-
nosis and treatment [3]. CT helps pinpoint the location 
of the foreign body and reduce the risk of complications 
by allowing the removal of the foreign body in a timely 
manner and is reportedly the preferred imaging modal-
ity for the early diagnosis of EFBs [5].

As early diagnosis and treatment enables patients to 
recover without complications and late diagnosis ren-
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ders treatment more difficult, the first 24 hours are criti-
cal, highlighting the importance of prompt measures in 
EFB cases [5,7]. Missed diagnosis or delay in managing 
this condition can lead to critical and life-threatening 
consequences, particularly including esophageal rup-
ture, which can cause mediastinitis, abscess, fistula, em-
pyema, sepsis, and death [8]. Another life-threatening 
complication, as was observed in our patient, occurs 
when the foreign body compresses the posterior mem-
branous wall of the trachea, jeopardizing the airway and 
causing tracheal collapse. This is often caused by a for-
eign body lodged in the upper esophageal stricture. The 
Heimlich maneuver, which is one of the methods used 
when a foreign body obstructs the airway, may also have 
some undesirable results. The most common complica-
tions are rib fractures and pneumomediastinum [9]. We 
must remember that performing the maneuver incor-
rectly or using excessive force can have potentially life-
threatening consequences. Foreign bodies closer to the 
oral cavity are usually easier to remove with the help of 
instruments such as McGill forceps. However, foreign 
bodies are more suitable for removal by rigid esopha-
goscopy, which is carefully performed by experienced 
physicians under general anesthesia and minimizes the 
possibility of complications [10]. 

EFBs are among the most common emergency cases.  
Foreign bodies entrapped in the upper esophageal stric-
ture can compress the posterior wall of the trachea, caus-
ing respiratory failure. In such cases, swift and appropri-
ate diagnosis and treatment can help prevent mortality.
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ABSTRACT

Background:  The diagnostic reach of mediastinoscopy depends on adequate tissue sampling. However, 
adequate tissue sampling may not be possible with conventional blunt dissection methods, especially in 
the presence of thick encapsulated mediastinal lymph nodes or a mass. It reduces the diagnostic success 
of mediastinoscopy, and patients may therefore easily result in misdiagnosis. Here, we present a new 
sharp dissection technique, which we use in cases where adequate tissue sampling from the mediastinal 
lymph nodes is essential and blunt dissection does not provide it.

Materials and Methods: Between 2016-2022, we performed mediastinoscopy in 298 patients and 
analysed retrospectively. Biopsy could not be taken from mediastinal lymph node and/or mediastinal 
mass by conventional methods in 26 patients (8.7%). While biopsy could be taken with surgical 
instruments developed for other operations in 14 of these patients, the needle dissection technique was 
performed in the remaining 12 patients who cannot be taken a biopsy with conventional and/or surgical 
instruments developed for other operations.

Results: In patients who needed this technique in mediastinoscopy, all of the tissue with diagnostic 
value was sampled, no complications were observed, and the most common diagnosis was tuberculosis 
(n = 8, 66.6%). 

Conclusions: The use of surgical instruments developed for other operations such as long and thin 
aspirator and forceps, endoscopic scissors, injection needle and endoclips in addition to standard surgical 
instruments in mediastinoscopy and also performing this needle dissection technique may increase the 
diagnostic success of mediastinoscopy.

Keywords: mediastinoscopy, lymph node sampling, sharp dissection
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Introduction
A variety of techniques are available for a mediastinal 
nodal and/or mass evaluation including tissue sampling. 
Mediastinoscopy is an effective method in the inves-
tigation of diseases with mediastinal lymphadenopa-
thy or those localized in the mediastinum especially 
in patients who cannot be diagnosed with noninvasive 
techniques [1,2]. However, it should be noted that the 
success of mediastinoscopy is directly correlated to the 
amount of pathological material harvested. It was indi-
cated that between 2% and 10% of the patients who had 
a mediastinal disease could not be diagnosed by me-
diastinoscopy [2]. The factors negatively affecting the 
success may be the presence of encapsulated medias-
tinal lymph nodes, therefore sampling can be difficult. 
Lazzaro and LoCicero stated that endoscopic scissors, 
endo dissectors and endoclips were additionally used 
during mediastinal lymph node sampling [3]. When 
necessary, surgical instruments developed for other op-
erations such as energy devices, endoscopic scissors and 
forceps supported injection needle can be used through 
the videomediastinoscope [4]. In this study, we describe 
a new method in order to increase the amount of tissue 
harvested which can be used in both video-assisted and 
conventional mediastinoscopy. 

Materials and methods
Between 2016-2022, we performed mediastinoscopy in 
298 patients who cannot be diagnosed with noninvasive 
techniques, and analysed retrospectively. The mediasti-
nal lymph node can neither be dissected with aspirators 
nor sampled with forceps due to the thickness of its cap-
sule is included in the study.

Technique

Blunt dissection to lymph nodes with thick capsules 
is generally ineffective. Therefore, 5-6 holes are made 
with the injection needle placed at the tip of the forceps 
in the most suitable part of the capsule for sampling 
(Figure 1A). These holes should be drilled in different 
places at intervals of about 1 millimeter, thereby weak-
ening the capsule. Then, the capsule is cut slowly by 
making sharp dissection to the weakened capsule with 
the lower end of the endoscopic scissors (Figure 1B). 
The same procedure is repeated at 30 degrees apical 
and the triangular capsule flap is raised (Figure 1C). All 
cases were performed by a single surgeon.

Figure 1. The illustration shows the needle punctures (A), sharp dis-

section of capsule (B, C).

Results
Biopsy could not be taken from mediastinal lymph node 
and/or mediastinal mass by conventional method in 26 
patients (8.7%). While biopsy could be taken with sur-
gical instruments developed for other operations in 14 
of these patients, the needle dissection technique was 
performed in the remaining 12 patients who cannot be 
taken a biopsy with conventional and/or surgical instru-
ments developed for other operations. In patients who 
needed this technique in mediastinoscopy, all of the tis-
sue with diagnostic value was sampled, no complica-
tions were observed, and the most common diagnosis 
was tuberculosis (n = 8, 66.6%). Diagnosis determined 
using the needle dissection technique shown in table 1. 

Table 1. Diagnoses determined using the needle dis-
section technique.
Diagnosis n=12
Tuberculous lymphadenitis 8
Anthracosis 2
Lymphoma 1
Small cell carcinoma 1

Comment

In many diseases, especially in the differential diagno-
sis of granulomatous diseases, a large amount of histo-
logical material may be required. This results in non-
invasive techniques being insufficient for the diagnosis 
of granulomatous diseases [5]. Another problem arising 
from this situation is that tuberculosis, a type of gran-
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ulomatous disease, causes technical difficulties in the 
operations of some patients. The link between fibrosing 
mediastinitis that is thickening of the fibrous tissue in 
the mediastinum and tuberculosis has been document-
ed [6]. This may explain why tuberculous mediastinal 
lymphadenitis has a hard capsule. In this respect, the 
rigidity of the capsule in benign lesions suggests that it 
is a sign of tuberculosis disease, and therefore, this issue 
should be further investigated. 

 It has been stated that 1% of patients could 
not be diagnosed during mediastinoscopy, and some 
patients with tuberculosis could actually get wrong di-
agnosis [7]. The failure to diagnose tuberculosis or the 
misdiagnosing a potential case of tuberculosis as anoth-
er disease infers will cause both social and individual 
problems. If our technique had not been used in these 
patients, they would have been deprived of treatment, 
and they would easily be misdiagnosed. Therefore, it 
can be considered that the use of surgical instruments 
developed for other operations and this needle dissec-
tion technique will increase the diagnostic power of me-
diastinoscopy. Complications such as massive hemor-
rhage and hoarseness were not seen in cases where our 
technique were used, thus, it can be performed safely 
when it is necessary, with no extra costs incurred. 

 In conclusion, the use of surgical instruments 
developed for other operations such as long and thin 
aspirator and forceps, endoscopic scissors, injection 
needle and endoclips in addition to standard surgical in-
struments in mediastinoscopy and also performing this 
needle dissection technique may increase the diagnostic 
success of mediastinoscopy.
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