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Uniportal VATS pleural biopsy in the diagnosis of exudative pleural effusion: awake or intubated?
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Abstract
Background
The aim of this study is to compare the diagnostic efficacy and safety of video-assisted thoracoscopic surgery (VATS) with awake VATS (AVATS) pleural biopsy in undiagnosed exudative pleural effusions.

Methods
The diagnostic efficacy of pleural biopsy by uniportal VATS under general anesthesia or AVATS under local anesthesia and sedation performed by the same surgeon in patients with undiagnosed exudative pleural effusion between 2007 and 2020 were retrospectively evaluated. Test sensitivity, specificity, positive predictive value and negative predictive value were compared as well as age, gender, comorbidities, procedure safety, additional pleural-based interventions, duration time of operation and length of hospital stay.

Results
Of 154 patients with undiagnosed exudative pleural effusion, 113 (73.37%) underwent pleural biopsy and drainage with VATS, while 41 (26.62%) underwent AVATS pleural biopsy. Sensitivity, specificity, positive predictive value and negative predictive value were 92, 100, 100, and 85.71% for VATS, and 83.3, 100, 100, and 78.9% for AVATS, respectively. There was no significant difference in diagnostic test performance between the groups, (p = 0.219). There was no difference in the rate of complications [15 VATS (13.3) versus 4 AVATS (9.8%), p = 0.557]. Considering additional pleural-based interventions, while pleural decortication was performed in 13 (11.5%) cases in the VATS group, no pleural decortication was performed in AVATS group, (p = 0.021). AVATS group was associated with shorter duration time of operation than VATS (22.17 + 6.57 min. Versus 51.93 + 8.85 min., p < 0.001). Length of hospital stay was relatively shorter in AVATS but this was not statistically significant different (p = 0.063).

Conclusions
Our study revealed that uniportal AVATS pleural biopsy has a similar diagnostic efficacy and safety profile with VATS in the diagnosis and treatment of patients with undiagnosed pleural effusion who have a high risk of general anesthesia due to advanced age and comorbidities. Accordingly, uniportal AVATS pleural biopsy may be considered in the diagnosis and treatment of all exudative undiagnosed pleural effusions.
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Background
Pleural effusions may develop in many different conditions and the most common causes in developed countries are congestive heart failure, pneumonia and malignancy, respectively [1]. It is estimated that 1.5 million patients suffer from pleural effusion per year [2]. To determine the etiology of pleural fluid, firstly, biochemical, cytological and microbiological analysis of the fluid is required by thoracentesis; however, this procedure allows diagnosis in only about 75–60% of cases [3]. The second step diagnostic procedure in negative pleural effusions of unknown causes is conventional ‘blind’ pleural biopsy, i.e. non-image guided pleural biopsy. This procedure is inexpensive, easy to apply and still used in many institutions. The use of ‘blind’ pleural biopsy increases the diagnostic efficiency of malignant pleural fluid cytology by 7–27% [3]. However, 20–40% of patients with exudative pleural effusion cannot be diagnosed by recurrent thoracentesis and ‘blind’ pleural biopsy [3, 4]. Image guided (computed tomography or ultrasound) pleural biopsy has been shown to have a diagnostic efficiency of 76–85% in undiagnosed exudative pleural effusions [5].
The etiology of exudative effusions varies by population, and the most undiagnosed exudative effusions are associated with malignancy or tuberculosis [2, 6]. Pleural effusion has been reported in approximately 15% of patients who died due to malignancy [7]. Given these reasons, it is very important to diagnose exudative effusions. The definitive diagnosis is based on targeted biopsy of the pleura by two methods: awake thoracic surgery and video-assisted thoracoscopic surgery (VATS) [2–4]. Awake thoracic surgery was first performed in the early 1900s by Swedish doctor Hans Christian Jacobaeus using a cystoscope in the collapse treatment of pulmonary tuberculosis [8, 9]. Although awake thoracoscopy (AT) is the most often used term, it is also named in many different terms such as local anesthetic thoracoscopy, non-intubated thoracoscopy, medical thoracoscopy and etc. AT can be performed by a pulmonologist or surgeon in an endoscopy room, a clean bronchoscopy unit or an operating room under conscious sedation and local anesthesia [10]. In this procedure, the patient is placed in the lateral decubitus position and a flexible disposable trocar is used. Pleural biopsy and drainage are performed using a semi-rigid scope [2, 4, 9, 10]. VATS is performed by a thoracic surgeon in an operating room under general anesthesia and requires one lung ventilation [2, 4, 11]. Pleural biopsy and drainage are performed using a rigid scope. Both techniques allow visualization of the pleura and targeted biopsy. Similar results have been reported in the literature with both techniques in the diagnosis of undiagnosed pleural effusions, particularly of malignant pleural disease [2–4]. AT provides an alternative diagnostic strategy for patients with severe comorbidities that are not suitable for general anesthesia or one lung ventilation [2, 3, 10]. Likewise, awake VATS (AVATS) pleural biopsies are successfully performed under local anesthesia and sedation in awake patients with a high risk of general anesthesia and/or not suitable for one lung ventilation [11–15].
This is a study performed by the same surgeon, comparing the efficacy and safety of uniportal AVATS versus VATS pleural biopsy for undiagnosed exudative pleural effusions as well as the duration time of operation and length of hospital stay.
Methods
Patients with exudative pleural effusions referred to the Thoracic Surgery Clinic at Bülent Ecevit University Medical Faculty Hospital who underwent diagnostic uniportal AVATS or VATS pleural biopsy between October 2007 and February 2020 were included in the study. Thoracic surgery and hospital records were reviewed. All procedures were performed in the operation room by the same thoracic surgeon and a 5 mm diameter 300 angled rigid video-thoracoscope (Karl Storz 26,046 BA) was used through the trocar. The pleural space in one hemithorax was entered using a 10 mm single thoracoport through a single skin incision of approximately 20 mm at the junction of the midaxillary line and the fifth or sixth intercostal space. The patients who underwent uniportal VATS pleural biopsy were given lateral decubitus position with the affected hemithorax on top and a small sub-axillary gel roller below the underlying hemithorax was placed (Fig. 1). Uniportal VATS pleural biopsies were performed under general anesthesia and one lung ventilation. The patients who underwent uniportal AVATS pleural biopsy were placed in a supine position on the operating table, and a small gel roller under the operational side was placed (Fig. 2). In uniportal AVATS pleural biopsies, sedation was performed by an anesthesiologist using opioid, benzodiazepine or propofol combinations. Local anesthesia was performed by the surgeon applying lidocaine to the trocar entry. There was no need for conversion to general anesthesia in AVATS patients. At the end of the operation, all patients were extubated and transferred to their beds.
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Fig. 1Lateral decubitus position in uniportal video-assisted thoracoscopic surgery (left), rigid video-thoracoscope through a single skin incision (middle) and pleural biopsy with endograsper (right)
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Fig. 2Supine position in uniportal awake video-assisted thoracoscopic surgery (left), rigid video-thoracoscope within the trocar through a single skin incision (middle) and pleural biopsy with endograsper (right)


Pathology reports of all pleural biopsies were reviewed. Non-specific biopsy results (acute or chronic inflammation, reactive mesothelial cells, pleural fibrosis, organizing fibrinous pleuritis or normal pleura), samples with malignancy or suspicious for malignancy, insufficient samples and samples reported as granulomatous inflammation were compared with clinical and pathologic outcomes at 12 months after the index procedure. To confirm outcomes, hospital databases were reviewed and patient outcomes that could not be verified for up to 12 months were considered to lost to follow-up.
Test sensitivity, specificity, positive predictive value and negative predictive value were compared. The safety of the procedure was assessed according to the complications previously described in the literature [2–4, 6, 11]. The interval between anesthesia induction and the last skin suture was considered as the duration time of operation. The length of hospital stay was calculated taking into account the time from the day patients were hospitalized to the day they were discharged.
SPSS 19.0 was used for statistical analysis. Descriptive statistics for continious variables are given with median, minimum and maximum values, where categorical variables are given with frequency and percent. Shapiro Wilk test was used for test of normality. Mann Whitney U test was used for two independent group comparisons for non-normal distributed variables. Yates Chi-Square and Fisher Exact Chi-Square tests were used for comparison of categorical variables among groups. For all statistical comparisons with a p value below 0.05 was assumed as statistically significant.
This study was approved by the University Research Ethics Comittee (10.06.2020, version no,2020/12–1).
Results
The results of uniportal AVATS and VATS pleural biopsies in patients with undiagnosed exudative pleural effusion were analyzed retrospectively. A total of 154 patients underwent surgical pleural biopsy. Uniportal VATS (n: 113) and AVATS (n: 41) were performed. The baseline characteristics of the cases are given in Table 1.
Table 1Basic characteristics of cases


	Characteristics
	Uniportal VATS
	Uniportal AVATS
	p Value

	Pleural procedures, n
	113
	41
	 
	Age (years): mean ± SD
	53.73 ± 18.10
	76.17 ± 12.67
	< 0.001*

	Male
	80 (70.8%)
	35 (85.4%)
	0.104

	CCI: mean ± SD
	2.30 ± 2.09
	5.24 ± 2.27
	< 0.001*

	 No
	58 (51.3%)
	2 (4.9%)

	 Yes
	55 (48.7%)
	39 (95.1%)

	aFEV1%: mean ± SD
	71.63 ± 17.77
	59.25 ± 15.09
	0.007*


VATS Video-assisted thoracoscopic surgery, AVATS Awake video-assisted thoracoscopic surgery, CCI Charlson Comorbidity Index, FEV1 forced expiratory volume of air in 1 s
a Data are available for 8 AVATS patients and 36 VATS patients



Patients in AVATS group were significantly older than those in VATS group (p < 0.001). There was no difference in terms of gender. FEV1% mean value was significantly lower in AVATS group than in VATS group, (p = 0.007). However, FEV1% was available for only 8 AVATS patients and 36 VATS patients, most patients were with incompatible spirometry or patients without spirometry.
Comorbidities of cases in both groups, if any, were also recorded and scored according to Charlson Comorbidity Index (CCI) [16]. There were no comorbidities in 2 patients (4.9%) in AVATS group and in 58 patients (51.3%) in VATS group. Mean value of CCI in AVATS group (5.24 ± 2.27) was significantly higher than VATS group (2.30 ± 2.09), (p < 0.001).
Adequate biopsy samples for pathologic examination were taken in 109 (96.46%) of 113 cases in VATS group and in 38 (92.68%) of 41 patients in AVATS group. In VATS group, 43 cases (38.1%) were malignant, 3 (2.65%) were suspicious for malignancy, 26 (23%) were granulomatous inflammation and 44 (38.9%) were nonspecific (Fig. 3). Biopsy samples were considered insufficient in 3 cases and biopsy sample was not obtained in 1 case. Repeat biopsy results in 3 of these 4 cases were reported as malignant. In AVATS group, 11 cases (26.8%) were malignant, 3 (7.5%) were suspicious for malignancy, 6 (14.6%) were granulomatous inflammation and 21 (51.2%) were nonspecific (Fig. 4). Biopsy specimens were considered insufficient in 3 cases. Repeat biopsy results were true negative in 2 cases and false negative in 1 case. Clinical and pathological follow-up for up to 12 months for non-specific, suspicious for malignancy and insufficient pleural biopsy samples is summarized in Table 2. The most common malignancy in both groups was adenocarcinoma (44.9%) (primary or metastatic), followed by mesothelioma (4.49%) and neuroendocrine cell tumor (4.49%).
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Fig. 3Diagnostic outcome of pleural biopsies obtained by video-assisted thoracoscopic surgery
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Fig. 4Diagnostic outcome of pleural biopsies obtained by awake video-assisted thoracoscopic surgery

Table 2Outcome of suspicious for malignancy, nonspecific and inadequate pleural biopsy results at 12 months


	Outcomes
	Uniportal VATS
(n = 46)
	Uniportal AVATS
(n = 24)

	Suspicious for Malignancy
	3
	3

	 Remained suspicious for malignancy
	1/3 (33.3%)
	2/3 (66.6%)

	 Confirmed malignant
	2/3 (66.6%)
	1/3 (33.3%)

	 No longer suspicious for malignancy
	0/3 (0%)
	0/3 (0%)

	Nonspecific
	40
	18

	 Benign
	36/40 (90%)
	13/18 (72.2%)

	 Malignant diagnosis
	3/40 (7.5%)
	3/18 (16.6%)

	 Suspicious for Malignancy
	0/40 (0%)
	0/18 (0%)

	 Lost to follow-up
	1/40 (2.5%)
	2/18 (11%)

	Inadequate sampling
	3
	3

	 Malignant diagnosis
	3/3 (100%)
	1/3 (33.3%)


VATS Video-assisted thoracoscopic surgery, AVATS Awake video-assisted thoracoscopic surgery



The results used for sensitivity and specificity analysis of all pleural biopsy specimens in VATS and AVATS groups are summarized in Figs. 3 and 4, respectively. Sensitivity, specificity, positive predictive value and negative predictive value were 92, 100, 100, and 85.71% in VATS group, respectively. Sensitivity, specificity, positive predictive value and negative predictive value were 83.3, 100, 100, and 78.9% in AVATS group, respectively. There was no significant difference in diagnostic test performance between the groups, (p = 0.219).
Complications were observed in 15 cases (13.3%) in VATS group; loculated effusion in 5 cases (4.42%), prolonged air leakage and expansion defect in 3 (2.65%), self-limiting subcutaneous emphysema in 2 (1.76%), empyema and bronchopleural fistula in 2 (1.76%), cardiac arrhythmia in 2 (1.76%), and long pleural drainage in 1 (0.88%). Complications were observed in 4 cases (9.8%) in AVATS group; expansion defect in 2 cases (4.87%) and loculated effusion in 2 cases (4.87%). There was no statistically significant difference in complication rates between the groups (p = 0.557). The type and frequency of complications are shown in Table 3. There was no mortality associated with the procedures.
Table 3Type and frequency of complications


	Complications
	VATS (n = 113)
	AVATS (n = 41)

	Death within 30 days
	0
	0

	Loculated effusion
	5
	2

	Prolonged air leakage and expansion defect
	3
	2

	Self-limiting subcutaneous emphysema
	2
	0

	Empyema and broncho-pleural fistula
	2
	0

	Cardiac arrhythmia
	2
	0

	Long pleural drainage
	1
	0


VATS Video-assisted thoracoscopic surgery, AVATS Awake video-assisted thoracoscopic surgery



Duration of operation was 51.93 ± 8.85 min (40–80 min.) in VATS group and 22.17 ± 6.57 min (17–60 min.) in AVATS group. The difference between groups was statistically significant, (p < 0.001).
The average length of hospital stay was 2.26 days (SD ± 0.70) in AVATS group and 2.67 days (SD ± 1.56) in VATS group. There was a relatively shorter hospital stay in AVATS group, but there was no statistically significant difference betweens groups (p = 0.063).
Talc pleurodesis was performed in 16 patients in VATS group and in only 1 patient in AVATS group. There was a significant difference between the groups, (p = 0.043).
While taking pleural biopsy pleural decortication was performed as an additional diagnostic and treatment procedure in 13 patients with pleural thickening in VATS group. No pleural decortication was performed in AVATS group. There was a significant difference between the groups, (p = 0.021).
Discussion
In this study, we have revealed that diagnostic efficiency of uniportal VATS and AVATS pleural biopsies are similar in patients with undiagnosed exudative pleural effusion. There were few complications in both groups and there was no statistically significant difference in complication rates between the groups. This was compatible with previous studies demonstrating AT safety in patients at high risk of complications due to advanced age, comorbidity and performance status [4, 10, 12–15, 17–19]. Patients with pleural effusion are the most suitable candidates for AVATS, due to the frequent presence of medical comorbidities which imply additional general anesthesia related risk [12, 20, 21]. Our findings indicated that calculating the CCI scores of patients scheduled for targeted pleural biopsy may guide the selection of the surgical method (VATS or AVATS).
In our study, pleural biopsy with AVATS was performed only under local anesthesia and sedation. Many major thoracic operations have been successfully performed with AVATS, but most were performed with thoracic epidural anesthesia or paravertebral blockage [12, 21–23]. Thoracic epidural anesthesia is not only difficult to apply, but is also associated with a higher risk of dural puncture and spinal cord injury than the lumbar region [24, 25]. In addition, thoracic epidural anesthesia is not appropriate for all patients and is contraindicated in patients with previous spinal surgery, blood clotting disorders, anticoagulant therapy, and local infections.
In most studies with AT pleural biopsy, the patient position is almost the same as VATS; i.e. the patient is placed on the operating table in the lateral decubitus position with the affected hemithorax on top [2, 4, 9, 10]. Alrawi et al. (2002) performed AVATS pleural biopsy and drainage in a supine position under local anesthesia and sedation in patients with pleural effusion [20]. Mean duration of operation time was 62 min. The average chest tube duration was 6 days. No mortality was observed and morbidity was 10% (2 patients intubated). The patients were followed for 12 months and no recurrence or sequelae developed. Klijian et al. (2014) analyzed 293 patients undergoing AVATS including wedge resections, lobectomies, decortications, pleural biopsies, pleurodesis, bullectomies, and pericardial windows under local anesthesia with sedation. The patients were given supine position with a small gel roller under the operation side [12]. Most of the patients had comorbidities (111 diabetes mellitus, 114 chronic obstructive pulmonary disease, 30 atrial fibrillation, and 118 hypertension). Overall, there were only 14 complications, but no mortality. The average chest tube duration was 1.2 days. Length of hospital stay was 2.5 days for 68 decortications and 1 day for 33 pleural biopsies. Similarly, Katlic et al. (2015) performed AVATS in a supine position under local anesthesia and sedation in 96 patients aged between 80 and 104 years [26]. Procedures included pleural biopsy/effusion drainage with or without talc, empyema drainage, hemothorax, pericardial window, lung biopsy, chylothorax, and pneumothorax. Local anesthesia and sedation were recommended for patients with large unilateral pleural effusion and empyema. Mean duration of operation time for pleural effusion and empyema was 24 min. No patient required intraoperative intubation or epidural or nerve block analgesia. Three patients died after complications (3.1% morbidity and 3.1% mortality). As concluded from studies by Alrawi et al. (2002), Klijian et al. (2014) and Katlic et al. (2015), it can be argued that in parallel with the AVATS surgical experience and the development of VATS devices, both the operation time and duration of hospital stay have significantly shortened and the variety of operations has increased [12, 20, 26]. In all these studies, the authors also stated that intubation can be easily performed in the supine position when urgent intubation is required, but it is difficult in the lateral decubitus position [12, 20, 26]. The lateral decubitus position has some effects on ventilation and perfusion. The gravity dependent distribution of flow is maintained, with a roughly 10% shift of cardiac output to the dependent lung [27, 28]. Similar to pulmonary perfusion, gravitational forces affect the distribution of ventilation across the lung. In addition, hypoxic pulmonary vasoconstriction actively increases vascular resistance in the lung without ventilation, which causes a gradual decrease in the shunt fraction [28]. In our study, supine position was preferred in AVATS patients to provide easy intubation when urgent intubation is required. Moreover, supine position prevents 10% shunt in the cardiac output that may occur in the lateral decubitis position, this may be particularly important in patients with high CCI.
Duration time of operation in the current study was also statistically significantly shorter in AVATS group (22.17 ± 6.57 min.) than in VATS group. This was clearly due to duration of intubation for the one lung ventilation and lateral decubitus position in VATS group. Chest tube retention was shorter in uniportal AVATS patients, resulting in relatively shorter hospital stay (2.26 days ± 0.70) but there was no statistically significant difference between the groups. This was probably due to the absence of outpatients in our study. All patients were hospitalized at least one day before surgery and were discharged at least one day after surgery. Since uniportal AVATS patients were older and had high CCI scores, we did not consider to discharge on the same day due to risk of developing complications. Contrary to our study, in some studies with AT, the length of hospital stay was found to be significantly shorter. However, in these studies, patients with long hospital stay were excluded from the study [3, 4, 19]. Due to the health policies of countries, differences in billing can be in a wide variety. The factors that determine the cost analysis in these procedures are the medication, consumables used, and hospital stay. In a study conducted in Canada, the average approximate cost of AT pleural biopsy was 2815 Canadian dollars, while VATS pleural biopsy was 7962 Canadian dollars [4]. In a multi-center randomized study conducted in our country, the average cost of AVATS pleural biopsy was about $87, while VATS pleural biopsy was $134 [29].
Subsequent to pleural biopsy, we applied talc pleurodesis to patients considered to have malignancy. When the lung was fully re-expanded, 2–4 g talc was blown intrapleurally under direct vision and a chest tube was placed [30]. Talc pleurodesis was performed in significantly more VATS cases as compared with AVATS cases. The answer to the question of why we applied less pleurodesis to AVATS is that cases in which the lung is not fully expanded and cases not considered as malignancy are more in this group. In case of extensive adhesiolysis and pleural thickening while performing pleural biopsy with VATS, pleurectomy and decortication process should be added to the operation [18, 19]. This situation has not been clearly stated in publications on AT [3, 4]. We performed pleural decortication in 13 cases in VATS group, since VATS allows pleural decortication by providing wider vision and better surgical maneuver under one lung ventilation [31, 32].
In our study, the diagnostic efficacy of both uniportal AVATS and uniportal VATS for undiagnosed exudative pleural effusion was similar to recent studies [4, 17, 18, 20]. All cases with nonspecific biopsy results in our study were followed-up clinically and pathologically for up to 12 months. In previous studies, approximately 45% of pleural biopsies were diagnosed with nonspecific pleuritis [33]. In the follow-up of these patients, most common malignancy diagnosed was mesothelioma (5–25%) [31, 33, 34]. Most malignancies were detected within the first 1 year after biopsy [33]. Another study showed that 12.5% of nonspecific biopsy specimens in AT group and 17.4% in the VATS group were suspected for malignancy at follow-up [4]. In our study, 16.6% of nonspecific biopsy specimens in the uniportal AVATS group and 7.5% in the uniportal VATS group proved to be malignant or suspicious for malignancy on follow-up. This finding clearly emphasizes the importance of clinical follow-up of patients with non-specific pleural biopsy results.
Local awake procedures provide lower costs, shorter hospital stay, shorter anesthesia time, and shorter operation time compared to general anesthesia patients [12, 35]. Other advantages include increased ventilation, less respiratory complications, and shorter recovery time. Finally, local anesthesia is not traumatic for the immune system which allows for faster recovery [36]. The biggest advantage of VATS is that it allows for a wide view of a hemithorax due to one lung ventilation, thereby providing an opportunity for biopsy on suspicious pleural lesions and nodules on the surface of the lung with direct vision [31, 32]. In addition, when there is a need for decortication in cases accompanied by pleural thickening, total or partial decortication can be performed with uniportal VATS. Unfortunately, it is very difficult to do this in cases where decortication is required in AT. In small pleural effusions or in the absence of pleural effusions, iatrogenic pneumothorax may be created by a qualified operator and a thoracoscope is inserted, and the pleural cavity can be imaged and biopsied in AT [3]. However, pleural biopsy can be more easily performed with VATS with one lung ventilation. In our experience, uniportal AVATS is neither effective nor safe for small pleural effusions. Because it is difficult to place a port on the hemithorax in these patients and there is a risk of parenchymal injury.
Study limitations
Our study was retrospective and therefore biased. We selected only patients with undiagnosed pleural effusion by uniportal AVATS or VATS pleural biopsy to ensure that both patient populations were as similar as possible. The study is based on a single thoracic surgery clinic and therefore may not apply to those with different patient populations. Another bias may be that we mostly performed uniportal AVATS in cases with a CCI score of 5 or higher. In addition, data collection was limited to patient records. One patient in uniportal VATS and two patients in uniportal AVATS group were lost to follow-up; however, this is not expected to significantly affect the results of the study.
Conclusions
Uniportal AVATS and VATS pleural biopsy have a similar diagnostic efficacy and safety profile in the evaluation of undiagnosed exudative pleural effusions. We have demonstrated that uniportal AVATS pleural biopsy and drainage can be used as an effective and safe tool in the diagnosis and treatment of patients with undiagnosed pleural effusion who have a high risk of general anesthesia due to advanced age and comorbidities. As a result, we consider that uniportal AVATS pleural biopsy can be routinely used in the diagnosis and treatment of all exudative undiagnosed pleural effusions.
Acknowledgments
The authors acknowledge the assistance of M. Çağatay Büyükuysal (PhD), University of Bulent Ecevit University department of Biostatistics for statistics advice.

Authors’ contributions
MG conducted the study design, analyzed and interpreted the data and wrote the major content of the manuscript. BA participated in the study design and helped to draft the manuscript. OP involved in drafting the manuscript and revising it critically for important intellectual content. BB performed the histological examination and was a major contributor in writing the manuscript. All authors read and approved the final manuscript.

Funding
We confirm that there is no financial contribution to this work.

Availability of data and materials
The datasets used and /or analysed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study was established according to the ethical guidelines of the Helsinki Declaration and was approved by Zonguldak Bülent Ecevit University Research Ethics Comittee (Version no: 2020/12–1; Date: 10.06.2020). Written informed consent was obtained from individual or guardian participants.

Consent for publication
This manuscript has not been published or presented elsewhere in part or in entirety and is not under consideration by another journal. All the authors have approved the manuscript and agree with submission to your esteemed journal.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Light RW. The undiagnosed pleural effusion. Clin Chest Med. 2006;27(2):309–19. https://​doi.​org/​10.​1016/​j.​ccm.​2005.​12.​002.CrossrefPubMed

	2.
Ali MS, Light RW, Maldonado F. Pleuroscopy or video-assisted thoracoscopic surgery for exudative pleural effusion: a comparative overview. J Thorac Dis. 2019;11(7):3207–16. https://​doi.​org/​10.​21037/​jtd.​2019.​03.​86.CrossrefPubMedPubMedCentral

	3.
Rahman NM, Ali NJ, Brown G, Chapman SJ, Davies RJ, Downer NJ, et al. Local anaesthetic thoracoscopy: British Thoracic Society pleural disease guideline 2010. Thorax. 2010;65 Suppl 2:ii54–60.PubMed

	4.
Mc Donald MC, Pierre C, de Perrot M, Darling G, Cypel M, Waddell T. Efficacy and cost of awake thoracoscopy and video-assisted thoracoscopic surgery in the undiagnosed pleural effusion. Ann Thorac Surg. 2018;106(2):361–7. https://​doi.​org/​10.​1016/​j.​athoracsur.​2018.​02.​044.Crossref

	5.
Hallifax RJ, Corcoran JP, Ahmed A, Nagendran M, Rostom H, Hassan N, et al. Physician-based ultrasound-guided biopsy for diagnosing pleural disease. Chest. 2014;146(4):1001–6. https://​doi.​org/​10.​1378/​chest.​14-0299.CrossrefPubMed

	6.
Dhooria S, Singh N, Aggarwal AN, Gupta D, Agarwal R. A randomized trial comparing the diagnostic yield of rigid and semirigid thoracoscopy in undiagnosed pleural effusions. Respir Care. 2014;59(5):756–64. https://​doi.​org/​10.​4187/​respcare.​02738.CrossrefPubMed

	7.
Rodriguez-Panadero F, Borderas NF, Lopez MJ. Pleural metastatic tumours and effusions. Frequency and pathogenic mechanisms in a post-mortem series. Eur Respir J. 1989;2(4):366–9.PubMed

	8.
Jacobaeus HC. Uber laparo-und thorakoskopie. Beitr Klin Tuberk. 1913;25:l–170.

	9.
Michaud G, Berkowitz DM, Ernst A. Pleuroscopy for diagnosis and therapy for pleural effusions. Chest. 2010;138(5):1242–6. https://​doi.​org/​10.​1378/​chest.​10-1259.CrossrefPubMed

	10.
Kern PM, DePew ZS, Maldonado F. Outpatient thoracoscopy: safety and practical considerations. Curr Opin Pulm Med. 2015;21(4):357–62. https://​doi.​org/​10.​1097/​MCP.​0000000000000168​.CrossrefPubMed

	11.
Irons JF, Miles LF, Joshi KR, Klein AA, Scarci M, Solli P, et al. Intubated versus nonintubated general anesthesia for video-assisted thoracoscopic surgery A-case-control study. J Cardiothorac Vasc Anesth. 2017;31(2):411–7. https://​doi.​org/​10.​1053/​j.​jvca.​2016.​07.​003.CrossrefPubMed

	12.
Klijian AS, Gibbs M, Andonian NT. AVATS: awake video assisted thoracic surgery-extended series report. J Card Surg. 2014;28(9):144.

	13.
Irons JF, Martinez G. Anaesthetic considerations for non-intubated thoracic surgery. J Vis Surg. 2016;2:61. https://​doi.​org/​10.​21037/​jovs.​2016.​02.​22.CrossrefPubMedPubMedCentral

	14.
Bedetti B, Patrini D, Bertolaccini L, Crisci R, Solli P, Schmidt J, et al. Uniportal non-intubated thoracic surgery. J Vis Surg. 2018;4:18. https://​doi.​org/​10.​21037/​jovs.​2017.​12.​09.CrossrefPubMedPubMedCentral

	15.
Pompeo E. State of the art and perspectives in non-intubated thoracic surgery. Ann Transl Med. 2014;2:106.PubMedPubMedCentral

	16.
Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis. 1987;40(5):373–83. https://​doi.​org/​10.​1016/​0021-9681(87)90171-8.CrossrefPubMed

	17.
Agarwal R, Aggarwal AN, Gupta D. Diagnostic accuracy and safety of semirigid thoracoscopy in exudative pleural effusions: a meta-analysis. Chest. 2013;144(6):1857–67. https://​doi.​org/​10.​1378/​chest.​13-1187.CrossrefPubMed

	18.
Page RD, Jeffrey RR, Donnelly RJ. Thoracoscopy: a review of 121 consecutive surgical procedures. Ann Thorac Surg. 1989;48(1):66–8. https://​doi.​org/​10.​1016/​0003-4975(89)90179-3.CrossrefPubMed

	19.
Harris RJ, Kavuru MS, Mehta AC, Medendorp SV, Wiedemann HP, Kirby TJ, et al. The impact of thoracoscopy on the management of pleural disease. Chest. 1995;107(3):845–52. https://​doi.​org/​10.​1378/​chest.​107.​3.​845.CrossrefPubMed

	20.
Alrawi SJ, Raju R, Acinapura AJ, Cunningham JN Jr, Cane JS. Primary thoracoscopic evaluation of pleural effusion with local anesthesia:an alternative approach. SLS. 2002;6(2):143–7.

	21.
Pompeo E. Awake thoracic surgery-is it worth the trouble. Semin Thorac Cardiovasc Surg. Summer 2012;24(2):106–14. https://​doi.​org/​10.​1053/​j.​semtcvs.​2012.​06.​010.CrossrefPubMed

	22.
Gonzalez-Rivas D, Bonome C, Fieira E, Aymerich H, Fernandez R, Delgado M, et al. Non-intubated video-assisted thoracoscopic lung resections: the future of thoracic surgery? Eur J Cardiothorac Surg. 2016;49(3):721–31. https://​doi.​org/​10.​1093/​ejcts/​ezv136.CrossrefPubMed

	23.
Tacconi F, Pompeo E. Nonintubated video-assisted thoracic surgery: where does evidence stand? J Thorac Dis. 2016;8:364–75.Crossref

	24.
Crawford OB, Springfield M. Peridural anaesthesia for thoracic surgery. N Y State J Med. 1952;52(21):2637–41.PubMed

	25.
Yeung JH, Gates S, Naidu BV, Wilson MJ, Gao SF. Paravertebral block versus thoracic epidural for patients undergoing thoracotomy. Cochrane Database Syst Rev. 2016;2(2):CD009121.PubMed

	26.
Katlic RM, Factor AM. Non-intubated video-assisted thoracic surgery in patients aged 80 years and older. Ann Transl Med. 2015;3(8):101. https://​doi.​org/​10.​3978/​j.​issn.​2305-5839.​2015.​04.​01.CrossrefPubMedPubMedCentral

	27.
Wulff KE, Aulin I. The regional lung function in the lateral decubitus position during anesthesia and operation. Acta Anaesthesiol Scand. 1972;16(4):195–205. https://​doi.​org/​10.​1111/​j.​1399-6576.​1972.​tb00974.​x.CrossrefPubMed

	28.
Lohser J, Slinger P. Lung injury after one-lung ventilation: a review of the pathophysiologic mechanisms affecting the ventilated and the collapsed lung. Anesth Analg. 2015;121(2):302–18. https://​doi.​org/​10.​1213/​ANE.​0000000000000808​.CrossrefPubMed

	29.
Kocatürk C, Kutluk AC, Usluer O, Onat S, Çınar HU, Yanık F, et al. Comparison of awake and intubated video-assisted thoracoscopic surgery in the diagnosis of pleural diseases: a prospective multicenter randomized trial. Turk Gogus Kalp Damar Cerrahisi Derg. 2019 Oct 23;27(4):550–6. https://​doi.​org/​10.​5606/​tgkdc.​dergisi.​2019.​18214.CrossrefPubMedPubMedCentral

	30.
Schulze M, Boehle AS, Kurdow R, Dohrmann P, Henne-Bruns D. Effective treatment of malignant pleural effusion by minimally invasive thoracic surgery: thoracoscopic talk Pleurodesis and Pleuroperitoneal shunt in 101 patients. Ann Thorac Surg. 2001;71(6):1809–12.Crossref

	31.
Shojaee S, Lee HJ. Thoracoscopy: medical versus surgical in the management of pleural diseases. J Thorac Dis. 2015;7(Suppl 4):339–51.

	32.
de Hoyos A. Instruments and techniques of video-assisted thoracic surgery. In: Shields TW, LoCicero J, Reed CE, Feins RH, editors. General thoracic surgery. 7th ed. Philadelphia: LWW; 2009. p. 487–508.

	33.
DePew ZS, Verma A, Wigle D, Mullon JJ, Nichols FC, Maldonado F. Nonspecific pleuritis: optimal duration of follow-up. Ann Thorac Surg. 2014;97(6):1867–71. https://​doi.​org/​10.​1016/​j.​athoracsur.​2014.​01.​057.CrossrefPubMed

	34.
Davies HE, Nicholson JE, Rahman NM, Wilkinson EM, Davies RJ, Lee YC. Outcome of patients with nonspecific pleuritis/fibrosis on thoracoscopic pleural biopsies. Eur J Cardiothorac Surg. 2010;38(4):472–7. https://​doi.​org/​10.​1016/​j.​ejcts.​2010.​01.​057.CrossrefPubMed

	35.
Pompeo E, Tacconi F, Mineo D, Mineo TC. The role of awake video-assisted thoracoscopic surgery in spontaneous pneumothorax. J Thorac Cardiovasc Surg. 2007;133(3):786–90. https://​doi.​org/​10.​1016/​j.​jtcvs.​2006.​11.​001.CrossrefPubMed

	36.
Vanni G, Tacconi F, Sellitri F, Ambroqi V, Mineo TC, Pompeo E. Impact of awake videothoracoscopic surgery on postoperative lymphocyte responses. Ann Thorac Surg. 2010;90(3):973–8. https://​doi.​org/​10.​1016/​j.​athoracsur.​2010.​04.​070.CrossrefPubMed



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/13019_2021_1461_Fig1_HTML.png





OEBPS/images/13019_2021_1461_Fig4_HTML.png
Total
procedures

41

Adequate
sample

Inadequate
sample
3

True positive
20

Malignant Suspicious for
11 malignancy

3

N i True False
On-Spestlic negative | | negative
N 2 1
| [ |
True False Lost to
Granulomatous . .
negative negative follow up
6 13 3 2






OEBPS/navigation.xhtml

    
      Contents


      
        		Uniportal VATS pleural biopsy in the diagnosis of exudative pleural effusion: awake or intubated?


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/13019_2021_1461_Fig3_HTML.png
Total

procedures
113

Inadequat
Adequate No sample adequate
sample ) sample
109 3

True positive
69

Non-spesific
40

False
negative
3

[

False

True
negative
3 36

Suspicious for

. Granulomatous
malignancy

26

Malignant
40

3

negative

Lost to

follow up
1





OEBPS/images/13019_2021_1461_Fig2_HTML.png





OEBPS/css/sidebar.gif





