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Fluid volume as a predictor of 
pneumothorax after ultrasound-
guided thoracocentesis
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ABSTRACT
Background and Objective: Pneumothorax, the accumulation of air between pleural layers, may occur spontaneously, post-traumatically, 
or iatrogenically after thoracocentesis. Although ultrasound guidance reduces its incidence, complications remain, particularly with large 
fluid volumes. Evidence on the link between aspirated volume and pneumothorax risk is conflicting. This study investigated the frequency 
of pneumothorax after ultrasound-guided thoracocentesis and its association with fluid volumes ≤1,000 ml and >1,000 ml in patients with 
pleural effusion.

Methods: A cross-sectional study was conducted at Memon Medical Institute Hospital, Karachi, from February to August 2024. A total of 
266 patients, aged 20–60 years, with pleural effusion undergoing ultrasound-guided thoracocentesis were included and divided into Group 
A (≤1,000 ml) and Group B (>1,000 ml), with Group B subdivided into B1 (1,000-1,500 ml) and B2 (>1,500 ml). Data were analyzed using 
the Statistical Package for Social Sciences, and the association between fluid volume and pneumothorax was assessed using the chi-square 
test (p < 0.05).

Results: The mean age of the patients was 49.55 ± 7.63 years. Pneumothorax occurred in 8.6% of patients, with 4.5% in Group A and 12.7% 
in Group B. Subgroup B1 and B2 had 6.9% and 19.6% cases. Males had a higher frequency (82.35%) than females (52.94%). Fluid aspiration 
ranged from 550 to 950 ml in Group A (mean 778.3 ± 160.8 ml) and 1,250–2,000 ml in Group B (mean 1,669.4 ± 253.9 ml). A significant 
association was found between fluid volume and pneumothorax (p < 0.05).

Conclusion: Pneumothorax after ultrasound-guided thoracocentesis was significantly associated with larger aspirated fluid volumes, 
particularly >1,500 ml. Caution is advised when removing high volumes to minimize the risk.
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Introduction
Pneumothorax is the accumulation of air between the 
parietal and visceral pleura.1 It can be broadly categorized 
into spontaneous and post-traumatic types. Spontaneous 
pneumothorax is further classified into primary and 
secondary types.2 Cigarette smoking is one of the most 
common risk factors attributed to the development of 
spontaneous pneumothorax.3 Primary-spontaneous usually 
occurs in tall, lean individuals with male predominance.4 
Previous literature has established that primary spontaneous 
pneumothorax usually results from a bleb or bulla 
rupture.4 Secondary spontaneous pneumothorax occurs 
in individuals with pre-existing pulmonary conditions that 

lead to respiratory compromise, such as chronic obstructive 
pulmonary disease.5 Iatrogenic pneumothorax is one of the 
major contributors to the development of post-traumatic 
pneumothorax.6 Various procedures lead to its development 
out of which thoracocentesis (aspiration of fluid from the 
pleural cavity, also known as thoracentesis or pleural tap) is 
one of the major contributors, as it is one of the commonest 
procedures to be performed.7 In most cases, thoracocentesis 
is considered a simple, well-tolerated, and safe procedure. 
However, several factors can tip the scales towards the 
development of pneumothorax following thoracocentesis, 
including lack of ultrasound guidance, gauge of the needle 
used for aspiration, the experience of the operator, and 
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the volume of fluid aspirated during the procedure.8 It is 
very important to identify the causes and mechanisms of 
the development of pneumothorax during thoracocentesis, 
as it is a very common procedure performed in both 
outpatient and inpatient settings. The global prevalence of 
post-thoracocentesis pneumothorax has been reported to 
be around 13% to 19%. Although ultrasound guidance has 
reduced its prevalence, 15%–50% of these patients still 
require chest tube insertion, which carries a significant risk of 
complications, leading to undue mortality and morbidity.7,8

Many studies have established relationships with most 
causative agents. However, there is some contradiction 
in the literature when it comes to the effect of aspirated 
volume. Some studies suggest its role, while others negate 
this statement. This study will test the hypothesis that 
the frequency of pneumothorax in patients undergoing 
ultrasound-guided thoracocentesis varies with the volume 
of fluid aspirated. Suppose we can identify a positive 
relationship between the amount of aspirated fluid 
volume during thoracocentesis and the development of 
pneumothorax. In that case, we can safely develop a cut-off 
value that will help us to make it a part of our guidelines so 
that such a complication can be safely avoided. Therefore, 
the objectives of the current study were to determine 
the frequency of pneumothorax in patients undergoing 
ultrasound-guided thoracocentesis and to compare the 
frequency of pneumothorax with an aspirated fluid volume 
≤ 1,000 ml and >1,000 ml, respectively. 

Methods
This cross-sectional study was conducted at the Department 
of Radiology, Memon Medical Institute Hospital Karachi from 
February 2024 to August 2024. Ethical approval was obtained 
from the Institutional Review Board Committee of Memon 
Medical Institute Hospital (Ref. No. IRB/MMIH/2024/05, 
dated: 14-02-2024). Informed written consent was obtained 
from the patients while the study was conducted strictly 
in accordance with the principles of the Declaration 
of Helsinki. The inclusion criteria were patients of any 
gender aged between 20 and 60 years, and patients with 
pleural effusion diagnosed on the basis of radiographs or 
ultrasound undergoing ultrasound-guided thoracocentesis. 
The exclusion criteria were patients already diagnosed with 
pneumothorax or hydro-pneumothorax before performing 
ultrasound-guided thoracocentesis, patients in whom the 
aspirated fluid volume was less than or equal to 50 ml, as 
such a small amount of aspirated fluid volume is usually for 
diagnostic purposes, and patients with underlying significant 
lung disease, as such patients are vulnerable to early 
development of pneumothorax. Using the OpenEpi, Version 
3, open-source calculator with a 95% confidence interval, 80% 

power, and an anticipated population proportion of 18%,9 
the estimated sample size was 227. After accounting for a 
10% dropout rate and potential incomplete or missing data 
entries, the required sample size was 266. Patients meeting 
the inclusion criteria were assessed by ultrasonography. 
Demographic details like the patient’s age and gender 
were noted. Patients underwent thoracocentesis by an 
experienced consultant radiologist and then immediately 
followed by a chest radiograph in an erect position. Patients 
were assigned to two groups: Group A included patients 
with aspirated fluid volume ≤1,000 ml, and Group B included 
those with an aspirated fluid volume >1,000 ml. Group B 
was further subdivided into subgroups B1 (1,000 to 1,500 
ml) and B2 (>1,500 ml). The details regarding the amount of 
fluid aspirated and to which it belongs, and the presence or 
absence of pneumothorax, were entered into the proformas. 
To ensure standardization in the sampling population, 
thoracentesis in all patients was done by one radiologist. 

Statistical analysis
Statistical Package for Social Sciences version 22 was used 
for data entry and analysis. Qualitative variables were 
expressed as frequency and percentage, while quantitative 
variables were expressed as Mean ± SD. The association 
between pneumothorax and the volume of fluid aspirated 
was assessed using the chi-square test. A p-value of ≤0.05 
was considered significant.

Results
Out of the 266 patients who underwent ultrasound-
guided thoracocentesis in both outpatient and inpatient 
departments, 133 patients were assigned to group A and 
133 patients to group B on the basis of inclusion criteria. 
Regarding gender distribution, 159 (59.77%) were males, 
and 107 (40.22%) were females. The age of the participants 
ranged from 20 to 60 years, while the mean age of the study 
participants was 49.55 ± 7.63 years. The gender-wise age 
distribution of the study participants is shown in Figure 1. 

A total of 23 cases (8.64%) of pneumothorax were reported 
overall, with 6 cases in Group A and 17 cases in Group B. 
Within Group B, 5 cases were in Subgroup B1, and 12 cases 
were in Subgroup B2. The overall frequency of pneumothorax 
(Figure 2) following ultrasound-guided thoracocentesis was 
found to be 8.6%, with 4.5% in Group A and 12.7% in Group 
B. Specifically, the frequency was 6.9 % in Subgroup B1 and 
19.6% in Subgroup B2, respectively. Among these 23 cases, 
14 (82.35%) were males, and 9 (52.94%) were females. The 
details of pneumothorax cases are given in Table 1. 

In group A, the range of fluid aspiration was between 550 
and 950 ml, with a mean aspiration volume of 778.3 ± 160.8 
ml. Likewise, in group B, the range of fluid aspiration was 
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between 1,250 and 2,000 ml, with a mean aspiration volume 
of 1,669.4 ± 253.9 ml.

Table 2 shows the association of the volume of fluid 
aspirated with the frequency of pneumothorax. In 
patients having <1,000 ml fluid aspiration, the frequency 
of pneumothorax was 4.5%% while the frequency of 

pneumothorax in patients having >1,000 ml fluid aspiration 
was 12.7%. The association between the volume of fluid 
aspirated and the frequency of pneumothorax was found to 
be statistically significant (χ² = 5.75, p = <0.05).

Similarly, Table 3 shows the association of the volume 
of fluid aspirated and the frequency of pneumothorax in 

Figure 1. Age distribution of study participants.

Figure 2. Chest X-ray showing complete translucency of left hemithorax which 
is devoid of lung markings consistent with large pneumothorax. There is mild 
contralateral mediastinal shift towards the right suggesting element of tension.
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patients belonging to subgroups B1 and B2. In patients 
having 1,000-1,500 ml fluid aspiration, the frequency 
of pneumothorax was 29.41%, while the frequency of 
pneumothorax in patients having >1,000 ml fluid aspiration, 
the frequency of pneumothorax was 70.58%. The association 
between the volume of fluid aspirated and the frequency of 
pneumothorax was found to be statistically significant (χ² = 
4.79, p = <0.05).

Discussion
Thoracocentesis, commonly called pleural tap, is a very 
common procedure performed in both wards and critical 
units of the hospital.7 It can be performed for diagnostic 
and therapeutic purposes depending on the indication.10 
When performed under ultrasound guidance, it becomes 
a safer procedure with approximately 95% of patients 
tolerating this procedure well without any complications.11 
In cases of therapeutic indication, thoracocentesis largely 
relieves the patient’s symptoms. However, one of the 

known complications of thoracocentesis is pneumothorax, 
which is associated with significant morbidity.7,8 Moreover, 
there is evidence that there is a relationship between 
the development of pneumothorax and the amount of 
aspirated fluid volume during thoracocentesis.12,13 Therefore, 
thoracocentesis carries a significant risk: while therapeutic 
drainage benefits the patient, it may also put them at risk 
of developing another potentially serious condition. This 
not only prolongs the patient’s hospital stay and increases 
healthcare costs but also makes them a potential candidate 
for further surgical intervention. So identification of a cut-
off value in the amount of aspirated fluid volume will not 
only decrease morbidity associated with the procedure but 
will also help the physician in developing a treatment plan, 
including multiple settings for aspiration and consideration 
for other treatment options.  

Our study was based on a total of 266 patients who 
underwent ultrasound-guided thoracocentesis in both 
outpatient and inpatient departments. The overall frequency 

Table 1. Demographic and clinical characteristics of patients with pneumothorax across two groups.

Characteristics Total patients
Group A (≤1,000 

ml)
Group B (>1,000 

ml)
Subgroup B1 (1,000-

1,500 ml)
Subgroup B2 (>1,500 

ml)

Pneumothorax cases 23 (8.6%) 6 (4.5%) 17 (12.7%) 5 (29.41%) 12 (70.58%)

Age distribution

  20-30 years 0 (0%) 1 (5.8%) 1 (5.88%) 0 (0%)

  31-40 years 1 (16.7%) 1 (5.8%) 1 (100%) 0 (0%)

  41-50 years 2 (33.3%) 5 (29.4%) 2 (40%) 3 (60%)

  51-60 years 3 (50%) 10 (58.8%) 1 (10%) 9 (90%)

Mean age (Years) 48.3 ± 8.9 50.8 ± 9.3

Gender distribution

  Male 4 (66.7%) 10 (58.8%) 3 (30%) 7 (70%)

  Female 2 (33.3%) 7 (41.2%) 2 (28.57%) 5 (71.42%)

Table 2. Comparison of frequency of pneumothorax frequency between group A (≤1,000 ml) and Group  
B (>1,000 ml).

Groups Pneumothorax X ² p-value

Present Absent

5.75 < 0.05Group A <1,000 ml 06 (2.25%) 127 (47.74%)

Group B >1,000 ml 17 (6.39%) 116 (43.60%)

Table 3. Comparison of pneumothorax frequency between subgroup B1 (1,000-1,500 ml) and subgroup B2 
(>1,500 ml).

Groups Pneumothorax X ² p-value

Present Absent

4.79 < 0.05Group B1 (1,000 to 1,500 ml) 05 (3.75%) 67 (50.37%)

Group B2 > 1,500 ml 12 (9.02%) 49 (36.84%)
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of pneumothorax following ultrasound-guided thoracocentesis 
was found to be 8.64%. This is similar to the findings of Hines 
et al.14 who reported a 7.3% frequency of pneumothorax 
among complications attributed to thoracentesis. Similarly, 
Shechtman et al.12 conducted a retrospective study on 550 
patients who underwent ultrasound-guided thoracocentesis 
and found that 66 patients, i.e., 12% developed pneumothorax, 
which is also consistent with our results. However, in a study 
conducted in Foggia, Italy, Sperandeo et al.15 observed that 
only 3 out of 361 patients (0.83%) developed pneumothorax 
following thoracentesis, which is much lower than the findings 
of the current study. This difference may be attributed to the 
use of transthoracic ultrasound as a real-time guide throughout 
the procedure in their study, rather than using it solely as 
a landmark method to identify the best site for puncture. 
However, the results of the current study are significantly lower 
than the startling 18.2% frequency of pneumothorax reported 
by Khan et al.9 among patients receiving thoracentesis. 
However, sample bias – the smaller sample size of their study, 
which comprised only 22 patients, in contrast to the current 
study’s sample size of 266 patients – may be the cause of this 
disparity.

The current study observed a higher frequency of 
pneumothorax among male patients. Of the 159 male 
patients, 14 (8.80%) developed pneumothorax, compared 
to 9 (8.41%) of the 107 female patients. These results are 
consistent with the findings of Fawad et al.7 who also reported 
a 16.4% (21 out of 128) frequency of pneumothorax among 
males compared to an 11.5% (13 out of 113) frequency 
among females. This can be attributed to pneumothorax 
naturally having a greater male predominance, likely due 
to anatomical differences, as males generally have larger 
thoracic cavities, leading to greater pressure changes during 
fluid aspiration and an increased risk of lung collapse.16

Most notably, the current study found a statistically 
significant association between the volume of fluid aspirated 
and the frequency of pneumothorax. This is consistent with 
the findings of Shechtman et al.12 who observed that the 
volume of fluid drained was greater in patients who developed 
pneumothorax compared to those who did not and reported 
a statistically significant association (p < 0.05) between the 
volume of fluid aspirated and the frequency of pneumothorax. 
The optimal volume of fluid that can be safely drained during 
therapeutic thoracentesis remains uncertain due to the lack 
of studies focusing on large-volume thoracentesis. The risk of 
iatrogenic pneumothorax tends to increase with the amount of 
fluid removed, although some patients tolerate larger volumes 
better than others. According to previous literature, compared 
with the removal of 0.8–1.2 l, draining 1.8–2.2 l was associated 
with more than a threefold increase in pneumothorax risk, 
and this risk nearly sextupled when 2.3 liters or more were 

aspirated.7 Additionally, a study by Ault et al.17 indicated a 
significant association (p <0.01) between pneumothorax and 
the aspiration of more than 1,500 ml of fluid. This is consistent 
with the findings of the current study, where the frequency of 
pneumothorax increased from 4.5% in Group A (≤1,000 ml) to 
12.7% in Group B (>1,000 ml), with a further rise from 6.9% in 
Subgroup B1 (1,000–1,500 ml) to an overwhelming 19.6% in 
Subgroup B2 (>1,500 ml).

Identifying such a preventable causative agent in the 
development of pneumothorax is of prime importance in 
managing such patients. The relationship of pneumothorax 
with aspirated fluid volume will help us in making guidelines 
so that the rate of morbidity and possible mortality can be 
reduced. 

Limitations of the study
This study has several limitations that should be 
acknowledged. First, while the sample size was deemed 
adequate, the relatively small number of pneumothorax 
cases (23 out of 266) limits the generalizability of the findings. 
Second, being a single-center study, the results may not 
apply to other settings with different patient demographics 
or clinical practices. Third, the lack of long-term follow-up 
may have led to an underestimation of the true frequency 
of pneumothorax, as delayed complications could have been 
missed. Lastly, while the study focused on the volume of fluid 
aspirated, other uncontrolled variables, such as the patient’s 
underlying lung condition, operator experience, and 
procedural techniques, could have also influenced the risk 
of pneumothorax. Therefore, future studies should consider 
multicenter designs with larger sample sizes, incorporate 
long-term follow-up, and control for additional variables such 
as operator experience and patient lung conditions to better 
understand the risk factors for pneumothorax following 
thoracocentesis.

Conclusion
This study demonstrates that pneumothorax remains a 
notable complication of ultrasound-guided thoracocentesis, 
with a statistically significant association between the 
volume of pleural fluid aspirated and the occurrence of 
pneumothorax, with higher aspiration volumes (>1,000 ml), 
particularly >1,500 ml, showing a markedly increased risk. 
These findings highlight the importance of careful procedural 
planning and cautious large-volume drainage during 
thoracocentesis. Establishing safe limits for fluid removal 
may help minimize procedure-related complications, reduce 
patient morbidity, and improve clinical outcomes.

Acknowledgement
The authors gratefully acknowledge the support of the 
Department of Radiology, Memon Medical Institute Hospital, 

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256
257
258
259
260
261
262
263
264
265
266
267
268
269

270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289

290
291
292
293
294
295
296
297
298
299
300
301

302
303
304



Kumar et al. Biomedica. 2026;XX(XX):1-6

6

Karachi, for providing the facilities and technical assistance 
required to conduct this study. We also extend our sincere 
appreciation to the patients who consented to participate, as 
well as the radiology staff and data collection team for their 
cooperation throughout the research process.

List of Abbreviations
Not applicable.

Conflict of interest
None to declare.

Grant support and financial disclosure
None to disclose.

Ethical approval
Ethical approval was obtained from the Institutional Review Board 
Committee of Memon Medical Institute Hospital (Ref. No. IRB/
MMIH/2024/05, dated: 14-02-2024).

Author’s contributions
MK: Conceived the study, designed the methodology, and drafting 
of manuscript and critical intellectual input.
KAM: Drafting of the manuscript, data analysis and interpretation 
of results, and critical intellectual input.
HA, KSB, AK: Acquisition of data, reviewed and revised the 
manuscript critically for important intellectual content, drafting of 
manuscript, and literature review.
ALL AUTHORS: Approval and responsibility for the final version of 
the manuscript to be published.

Authors’ Details 
Manoj Kumar1, Kumayl Abbas Meghji2, Haider Ali3,4, Uzma 
Azmatullah5, Khalid Shakeel Babar6,7, Ameet Kumar8

1. �Senior Registrar, Department of Radiology, Indus Hospital and 
Health Network, Karachi, Pakistan

2. �Assistant Professor, Department of Physiology, Isra University, 
Hyderabad, Pakistan

3. �Consultant Radiologist, Department of Radiology, Zam Zam 
Medical Complex Co., Al Hafuf, Saudi Arabia

4. �Visiting Faculty, Memon Medical Institute Hospital, Karachi, 
Pakistan

5. �Consultant Radiologist, Department of Radiology, Memon 
Medical Institute Hospital, Karachi, Pakistan

6. �Locum Consultant Radiologist, Liverpool Heart and Chest 
Hospital, Liverpool, UK

7. �Visiting Faculty, Indus Hospital and Health Network, Karachi, 
Pakistan

8. �Resident, Indus Hospital and Health Network, Karachi, Pakistan

References
1.	 Huan NC, Sidhu C, Thomas R. Pneumothorax: classification 

and etiology. Clin Chest Med. 2021;42(4):711–27. https://doi.
org/10.1016/j.ccm.2021.08.007 

2.	 Gottlieb M, Long B. Managing spontaneous pneumothorax. 
Ann Emerg Med. 2023;81(5):568–76. https://doi.
org/10.1016/j.annemergmed.2022.08.447 

3.	 Shah M, Bryant MK, Mody GN, Maine RG, Williams JB, 
Upham TC. The impact of vaping on primary spontaneous 
pneumothorax outcomes. Am Surg. 2023;89(4):825–30. 
https://doi.org/10.1051/bioconf/202411102015 

4.	 Yanti B, Marlena R. Primary spontaneous pneumothorax in 
healthy tall and thin male secondary to smoking: a case report 
and literature review. J Respirol Indones. 2023;43(3):224–30. 
https://doi.org/10.36497/jri.v43i3.554 

5.	 Değirmenci M. Morbidity, mortality, and surgical treatment 
of secondary spontaneous pneumothorax. Ulus Travma Acil 
Cerrahi Derg. 2023;29(8):909–14. https://doi.org/10.14744/
tjtes.2023.20566 

6.	 Sundaralingam A, Bedawi EO, Harriss EK, Munavvar 
M, Rahman NM. The frequency, risk factors, and 
management of complications from pleural procedures. 
Chest. 2022;161(5):1407–25. https://doi.org/10.1016/j.
chest.2021.11.031 

7.	 Fawad M, Ullah R, Khan AA, Jehangir M, Arif R, Bibi A. 
Frequency of pneumothorax in patients undergoing large 
volume thoracentesis. Pak J Chest Med. 2020;26(3):128–32. 

8.	 Martinez-Zayas G, Molina S, Ost DE. Sensitivity and 
complications of thoracentesis and thoracoscopy: a meta-
analysis. Eur Respir Rev. 2022;31(166):220075. https://doi.
org/10.1183/16000617.0053-2022 

9.	 Khan AR, Ali K, Naqvi SMA, Sarfraz M, Ashraf N, Pervaiz S. 
Rate of pneumothorax in patients undergoing large volume 
thoracocentesis. Pak J Med Health Sci. 2022;16(4):205–9. 

10.	 Nicholson MJ, Manley C, Ahmad D. Thoracentesis for the 
diagnosis and management of pleural effusions: the current 
state of a centuries-old procedure. J Respir. 2023;3(4):208–
22. https://doi.org/10.3390/jor3040020 

11.	 Boccatonda A, Baldini C, Rampoldi D, Romani G, Corvino A, Cocco G, 
et al. Ultrasound-assisted and ultrasound-guided thoracentesis: 
an educational review. Diagnostics. 2024;14(11):1124. https://
doi.org/10.3390/diagnostics14111124 

12.	 Shechtman L, Shrem M, Kleinbaum Y, Bornstein G, Gilad L, 
Grossman C. Incidence and risk factors of pneumothorax 
following pre-procedural ultrasound-guided thoracentesis. 
J Thorac Dis. 2020;12(3):942–8. https://doi.org/10.21037/
jtd.2019.12.39 

13.	 Rafia M, Irfan Najam S, Karamat A, Attia K. Determine the 
frequency of pneumothorax in patients undergoing large 
volume thoracentesis. J Health Rehabil Res. 2024;4(2):1760–
4. https://doi.org/10.61919/jhrr.v4i2.1211 

14.	 Hines B, Sheehan KN, Thomas KW. Complications and 
post-procedure imaging utilization after thoracentesis. 
Chest. 2023;164(4):A5309. https://doi.org/10.54112/bcsrj.
v2023i1.524 

15.	 Sperandeo M, Quarato CMI, Squatrito R, Fuso P, Dimitri 
L, Simeone A, et al. Effectiveness and safety of real-time 
transthoracic ultrasound-guided thoracentesis. Diagnostics. 
2022;12(3):725. https://doi.org/10.3390/diagnostics12030725 

16.	 Almulhim FA, Alshahrani MMA, Hakami AM, Shammaa AM, 
Aljehaiman TA, Alsaihati AM, et al. Review on pneumothorax 
diagnostic and management approach in emergency 
department. Int J Pharm Res Allied Sci. 2022;11(1):35–9. 

17.	 Ault MJ, Rosen BT, Scher J, Feinglass J, Barsuk JH. Thoracentesis 
outcomes: a 12-year experience. Thorax. 2015;70(2):127–32. 
https://doi.org/10.1136/thoraxjnl-2014-206114

305
306
307
308
309

310
311

312
313

314
315

316
317
318
319

320
321
322
323
324
325
326
327
328
329

330
331
332

333
334
335
336
337
338
339
340
341
342
343
344
345
346
347

348
349
350
351
352
353
354

355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413

https://doi.org/10.1016/j.ccm.2021.08.007
https://doi.org/10.1016/j.ccm.2021.08.007
https://doi.org/10.1016/j.annemergmed.2022.08.447
https://doi.org/10.1016/j.annemergmed.2022.08.447
https://doi.org/10.1051/bioconf/202411102015
https://doi.org/10.36497/jri.v43i3.554
https://doi.org/10.14744/tjtes.2023.20566
https://doi.org/10.14744/tjtes.2023.20566
https://doi.org/10.1016/j.chest.2021.11.031
https://doi.org/10.1016/j.chest.2021.11.031
https://doi.org/10.1183/16000617.0053-2022
https://doi.org/10.1183/16000617.0053-2022
https://doi.org/10.3390/jor3040020
https://doi.org/10.3390/diagnostics14111124
https://doi.org/10.3390/diagnostics14111124
https://doi.org/10.21037/jtd.2019.12.39
https://doi.org/10.21037/jtd.2019.12.39
https://doi.org/10.61919/jhrr.v4i2.1211
https://doi.org/10.54112/bcsrj.v2023i1.524
https://doi.org/10.54112/bcsrj.v2023i1.524
https://doi.org/10.3390/diagnostics12030725
https://doi.org/10.1136/thoraxjnl-2014-206114

