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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
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5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Transthoracic CT-guided biopsy performed
with the coaxial technique is a minimally invasive procedure
that facilitates the diagnosis of lung lesions (nodules or masses)
and/or mediastinopulmonary lesions suspected of malignancy.
This procedure is the source of several complications, the most
frequent of which is pneumothorax.

Objective: To describe the epidemiological, diagnostic, and
therapeutic aspects of iatrogenic pneumothorax after CT-guided
biopsy performed using the coaxial technique.

Patients and Methods: Prospective longitudinal study,
conducted over a period of 2 years and 10 months, from April
1, 2023, to February 1, 2026, at the Mohammed V Military
Teaching Hospital in Rabat, including all patients who presented
with a pneumothorax following a transthoracic CT-guided
biopsy, according to the coaxial technique, confirmed clinically
and/or radiologically.

Results: The study included 30 cases of pneumothorax
following CT-guided biopsy according to the coaxial technique.
Biopsies were performed in 217 patients, and the incidence of
pneumothorax was 13.8%. The median age was 68 years [58.8-
71.5], with a predominance of males (90%). The most frequent
characteristics observed among patients with pneumothorax
were pulmonary emphysema (73.3%), lower-lobe lesions
(33.3%), and central lesions with a median depth of 3.6 cm [2.9-
4.2]. Procedure-related characteristics included practitioner
status and biopsy needle diameter (18-gauge). Most patients
were asymptomatic (60%). Diagnosis was established by chest
CT during the procedure in 26.7% of cases and by chest X-ray
after the procedure in 73.3% of cases. Small pneumothorax
was the most common presentation (40%). Treatment was
conservative in 53.3% of cases, and intervention was required in
46.7% (7 cases drained and 7 cases exsufflated). A complication
was observed in 5 cases, after initial treatment. Only one patient
underwent thoracoscopic pleurodesis after 14 days of chest
drainage. The median length of hospital stay was 4 days [2-
5.75].

Conclusion: Pneumothorax is a major complication of CT-
guided transthoracic biopsy, whether performed coaxially
or non-coaxially. In our descriptive series, pulmonary
emphysema, lower-lobe location, and lesion depth were frequent
characteristics among patients who developed pneumothorax.
We believe that the radiologist's experience is a determining
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factor in preventing a very high incidence of pneumothorax
cases.

Key words. latrogenic pneumothorax, CT-guided biopsy,
diagnosis, treatment.

Introduction.

CT-guided transthoracic biopsy is a minimally invasive
procedure that facilitates the diagnosis of suspicious pulmonary
nodules or masses and/or mediastinopulmonary lesions. This
procedure is performed according to two techniques: coaxial
and non-coaxial. However, the use of these techniques exposes
patients to complications, the most common of which is
iatrogenic pneumothorax, with an incidence ranging from 23%
to 27%, depending on whether the procedure is performed
coaxially or non-coaxially [1]. Similarly, this complication,
which is generally benign (asymptomatic) [2], is promoted
by two groups of factors: unavoidable factors (pulmonary
emphysema, lesions smaller than 2 cm located in the lower part
of the lung and > 2.5 cm deep in relation to the pleura) and
avoidable factors (the technical competence of the practitioner,
the diameter of the biopsy needle, and the type of lung biopsy
technique) [1]. Its diagnosis is easily established during the
procedure using a chest CT scan and/or after the procedure using
a chest X-ray [2]. Its treatment considers its symptomatology
and volume, ranging from conservative management to
exsufflation and chest drainage, or even pleurodesis via
video-assisted thoracoscopic surgery in cases of persistent
pneumothorax. Following the observation of frequent cases of
iatrogenic pneumothorax after CT-guided transthoracic biopsy
in our hospital, and due to the lack of data on this iatrogenic
pathology, we conducted a prospective longitudinal study with
the aim of describing the epidemiological, diagnostic, and
therapeutic aspects of iatrogenic pneumothorax following CT-
guided biopsy.

Patients and Methods.

Type of study:
This was a prospective longitudinal study.
Patient recruitment:

Doctors in the pulmonology department recorded all cases of
pneumothorax occurring after CT-guided transthoracic biopsy
indicated for suspicious pulmonary and/or mediastinopulmonary
lesions, either during or after the procedure. The thoracic
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surgery team was then contacted to manage this complication.
Cases of CT-guided transthoracic pulmonary and/or
mediastinopulmonary biopsy were recorded in a registry
maintained by the pulmonology department.

Inclusion criteria:

+ Patients presenting with symptomatic or asymptomatic
iatrogenic pneumothorax.

* Patients aged 18 years and older, of all sexes.

* Patients presenting with iatrogenic pneumothorax following
CT-guided biopsy for pulmonary and/or mediastinopulmonary
lesions.

Non-inclusion criteria:

* Patients presenting with iatrogenic pneumothorax following
CT-guided biopsy who refuse treatment.

« Patients presenting with iatrogenic pneumothorax unrelated
to CT-guided biopsy.
Data collection:

The data were collected using a structured questionnaire,
which was completed in the presence of the conscious adult
patient. These data included the following information:

* Socio-demographic data (age, sex).

* Characteristics reported in the literature as non-modifiable
risk factors: basal lesions, small lesions (< 2 cm), pulmonary
emphysema, lesions surrounded by emphysematous bullae, and
central lesions with a depth relative to the pleura (>= 2.5 cm).

* Procedure-related characteristics reported in the literature
as modifiable factors: the size of the biopsy needle and the
practitioner’s level of experience.

* Clinical data: Including functional, general, and physical signs.

* Paraclinical data: Including chest X-ray and chest CT scan
findings, which made it possible to establish or confirm the
diagnosis of pneumothorax.

* Diagnostic data: Including the diagnosis, specifying its
clinical form and extent, as interpreted by the radiologist on CT
scans and by the thoracic surgeon on chest X-rays, in accordance
with the 2010 British Thoracic Society (BTS) guidelines [3].

* Data related to treatment: Including the type of treatment
(conservative management, chest drainage, or exsufflation),
the drainage site in cases of chest drainage, and the duration of
treatment in days.

* Morbidity-mortality data: Including clinical outcomes, types
of complications, and number of deaths.

» Data related to the treatment of complications: Including
talc pleurodesis by thoracoscopy, exsufflation, and/or chest
drainage.

Data analysis:

Data analysis was carried out using Jamovi version 2.3.19
software. Qualitative variables were expressed as frequencies
and percentages, whereas quantitative variables were expressed
as the mean and standard deviation when normally distributed
(Gaussian), or as the median and interquartile range when non-
normally distributed (non-Gaussian).

Ethical considerations:

Regarding ethical considerations, patient anonymity was
preserved and verbal consent was obtained. The use of verbal
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consent was approved by the institutional review board of the
Mohammed V Military Teaching Hospital and was considered
appropriate due to the non-interventional design of the study
and the absence of additional risk to participants.

Results.
Epidemiological Aspect.
Incidence of pneumothorax:

Over a 2-year and 10-month study period, 217 patients were
admitted to the interventional radiology department for CT-
guided transthoracic biopsy to diagnose suspicious pulmonary
and/or mediastinopulmonary lesions. Among these patients, 30
developed iatrogenic pneumothorax, representing an incidence
of 13.8%. No cases of pneumothorax were associated with
pulmonary hemorrhage or other complications.

Socio-demographic characteristics:

The median age was 68 [58.8-71.5] years, ranged from 30
to 81 years. Of the 30 cases of iatrogenic pneumothorax, 27
patients (90%) were men and 3 (10%) were women, yielding a
male-to-female ratio of 9:1.

Characteristics observed among patients who developed
pneumothorax:

These characteristics were described in two groups
for descriptive purposes: non-modifiable patient/lesion
characteristics and procedure-related characteristics.

The non-modifiable characteristics observed among patients
with pneumothorax included:

* Pulmonary emphysema: Twenty-two patients (73.3%) had
pulmonary emphysema, including 8 (26.7%) with a suspicious
lesion surrounded by emphysematous bullae.

* Basal lesions: Ten patients (33.3%) had lesions in the inferior
lobes: 6 (20%) in the right lung and 4 (13.3%) in the left lung.

* Central lesions and depth >= 2.5 cm: Ten patients (33.3%)
who developed pneumothorax had central lesions, with a
median lesion depth of 3.6 cm [2.9-4.2].

* Small lesions (<2 cm): Only 6 patients (20%) who developed
pneumothorax had suspicious lesions smaller than 2 cm. The
distribution of these characteristics is presented in Table I.

The procedure-related characteristics observed included:

* Practitioner’s status: All CT-guided biopsies were scheduled
and performed exclusively by two professors of radiology.

* Size of the biopsy needle: The coaxial technique was the
only method used by the two interventional radiologists and was
performed using an 18-gauge semi-automatic Bard Monopty
needle.

Diagnostic Aspect.

Functional signs:

Of the 30 patients who developed iatrogenic pneumothorax, 18
(60%) were asymptomatic, while 12 (40%) were symptomatic.

General signs:

In our sample, the median respiratory rate was 13 cycles per
minute [12-19]. The median pulse oxygen saturation (SpO2)
was 98% [91.8-99%]. Only two patients (7.1%) experienced
tachycardia. No arterial hypotension was detected.



Table 1. Distribution of patients according to characteristics observed among pneumothorax cases.

Characteristic

Corresponding value

Pulmonary emphysema**

22 (73.3%)

Emphysematous bulla surrounding the lesion **

8 (26.7%)

Lesion location **

Right lower lobe = 6 (20.0%)

Left lower lobe = 4 (13.3%)

Middle lobe = 2 (6.7%)

Right upper lobe = 10 (33.3%)

Left upper lobe = 5 (16.7%)

Right mediastinopulmonary = 2 (6.7%)
Left mediastinopulmonary = 1 (3.3%)

Central lesion**

10 (33.3%)

Depth* >=2.5 cm

3.6 cm [2.9-4.2]

Small lesion** <2 cm

6 (20.0%)

*Median and interquartile range. **Count and percentage.

Table 2. Distribution of patients according to clinical manifestations.

Category Sign Corresponding value
Functional signs Dyspnea** 3 (10.0%)

Functional signs Dyspnea + Chest pain 9 (30.0%)

Functional signs Asymptomatic** 18 (60.0%)

General signs Respiratory rate* 13 cycles/min [12-19]
General signs SpO2 * 98% [91.8-99%]
General signs Tachycardia** 2 (7.1%)

General signs Low blood pressure®* 0 (0%)

Physical signs Pleural air effusion syndrome ** 19 (63.3%)

Physical signs Subcutaneous emphysema** 1(3.3%)

*Median and interquartile range. **Count and percentage.

Table 3. Distribution of patients according to diagnosis.

Diagnosis** Count (N, %)
Right pneumothorax 20 (66.7%)
Left pneumothorax 8 (26.7%)
Left compressive pneumothorax 2 (6.7%)
Total 30 (100%)

Count and percentage.

Table 4. Distribution of patients according to the size of pneumothorax.

Size of pneumothorax **

Count (N, %)

Small size 12 (40.0%)
Moderate size 11 (36.7%)
Large size 7 (23.3%)
Total 30 (100%)
Count and percentage.

Table 5. Distribution of patients according to the type of treatment.

Type of treatment**

Count (N, %)

Conservative treatment

16 (53.3%)

Exsufflation 7 (23.3%)
Thoracic drainage 7 (23.3%)
Total 30 (100%)

Count and percentage.
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Figure 1. CT-guided biopsy performed with an 18-gauge needle using the coaxial technique. (A): Localized upper right lobe lesion surrounded by
emphysematous bullae. (B): Biopsy of the suspicious lesion with an 18-gauge needle. (C): Large right-sided pneumothorax.

Physical signs:

Pneumothorax was the most common finding, occurring in 19
cases (63.3%). The distribution of patients according to clinical
manifestations is presented in Table II.

Complementary exams:

Regarding paraclinical findings, 8 patients (26.7%) were
diagnosed with pneumothorax during the procedure using chest
CT scan (Figure 1), while 22 patients (73.3%) were diagnosed
after the procedure using chest X-ray.

Diagnostic:

Iatrogenic right pneumothorax was the most common
diagnosis, occurring in 20 patients (66.7%). No cases of
pneumothorax were associated with pulmonary hemorrhage.

The distribution of patients according to diagnosis is presented
in Table III.
Size of pneumothorax:

Most iatrogenic pneumothorax cases following CT-guided
biopsy for pulmonary and/or mediastinopulmonary lesions were
of small size, occurring in 12 patients (40%). The distribution

of patients according to the size of pneumothorax is presented
in Table I'V.
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Therapeutic Aspect.

Type of treatment:

Many patients received only conservative treatment (rest and
oxygen therapy), namely 16 patients (53.3%). The distribution
of patients according to the type of treatment is presented in
Table V.

Thoracic drainage approach and duration of thoracic
drainage:

The thoracic drainage approach for patients who required chest
drainage was performed in the mid-axillary line, in 4 patients
(57.1%) on the right and 3 patients (42.9%) on the left. The
median duration of chest drainage was 5 days [4.5-5.25].
Evolution:

Among the 30 patients treated for pneumothorax, 3 of 16
patients who received conservative treatment showed worsening
pneumothorax, 1 of 7 patients who underwent chest drainage
experienced persistent air leakage beyond 7 days, and 1 of 7
patients who underwent exsufflation also showed worsening
pneumothorax.

Treatment of complications:

Among the patients who developed complications, two



underwent chest drainage via the mid-axillary line, two
underwent exsufflation, and one underwent talc pleurodesis via
single-port video-assisted thoracoscopic surgery.

Length of hospitalization:
The median length of hospital stay was 4 days [2—5.75] days.
Discussion.

CT-guided transthoracic biopsy for suspicious pulmonary and/
ormediastinal lesions is associated with numerous complications,
including pneumothorax, pulmonary hemorrhage, gas
embolism, and tumor seeding of the pleura or chest wall [1,4,5].
However, according to the literature, pneumothorax remains the
most common complication of this procedure, with an overall
cumulative incidence of 25.9% [6]. In our study, the incidence
was 13.8%, and no other complications were observed.

This differs from the study by Nour-Eldin et al. [1], where the
incidence was higher, at 27% for coaxial techniques and 23.2%
for non-coaxial techniques, with a simultaneous incidence of
pneumothorax and pulmonary hemorrhage of 27.3%. This
difference can be explained by our smaller sample size and the
exclusive use of the coaxial technique.

The literature reports that pulmonary emphysema is a non-
modifiable patient-related factor that significantly increases the
incidence of pneumothorax [4,5]. In our series, it was the most
frequent characteristic observed among patients who developed
pneumothorax; however, no comparative analysis with patients
without pneumothorax was performed in this study. Pulmonary
emphysema often results from chronic smoking; according
to a study conducted in Morocco by F. Badrir et al. [8], the
prevalence of smoking is higher among men (32.7%) than
women (4.5%). This may explain the increased incidence of
pneumothorax observed in men with a median age of 68. Air
trapped in parenchyma with reduced elasticity increases the
risk of leakage into the pleural space post-biopsy due to the
prevailing negative pressure in that space [1,9].

Basal location, a non-modifiable lesion-related factor, has
been widely reported as a risk factor that significantly increases
pneumothorax due to its anatomical relationship with the
diaphragm. This proximity makes these lesions more vulnerable
than those in the upper and middle lobes [1,2,6]. In our series,
basal location was the second most frequent characteristic
among pneumothorax cases.

Centrally located lesions were the next most frequent lesion-
related factor, with a median depth relative to the pleura of
3.6 cm in 10 cases (33.3%). This is higher than the results
reported by Gaurav Raj et al. [10], where among 10 lesions
deeper than 2 cm from the pleura, six cases were complicated
by pneumothorax. Other studies have also highlighted an
association between lesion depth and pneumothorax, notably
the retrospective evaluation of 311 biopsies by A.S. Elshafee
et al. [2] and the study of 650 patients by Nour-Eldin et al.
[1]. The latter aimed to determine risk factors for post-biopsy
pneumothorax using coaxial and non-coaxial techniques and
showed a significant association between pneumothorax and a
biopsy needle path >= 2.5 cm. In our descriptive series, centrally
located and deeper lesions were frequent characteristics among
patients with pneumothorax.
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The third non-modifiable lesion-related factor in our study
was small lesion size (< 2 cm). This corroborates data from
Yeow et al. [11], which showed that coaxial CT-guided lung
biopsy of lesions smaller than 2 cm traversed by 2 cm of aerated
lung was a significant risk factor for pneumothorax. This was
also confirmed by Nour-Eldin et al. [1], who demonstrated an
association between biopsies of lesions smaller than 2 cm and
the occurrence of pneumothorax (p = 0.02) in both coaxial and
non-coaxial groups. This could be explained by the frequent
manipulation of the needle required to reach smaller targets,
which increases parenchymal trauma. In our study, small lesion
size was another characteristic frequently observed among
pneumothorax cases.

Literature indicates that large-caliber biopsy needles
(18-gauge or larger) increase the risk of pneumothorax when
passing through emphysematous bullae or when the puncture is
directed superiorly [6]. In our study, biopsies were performed
exclusively using an 18-gauge semi-automatic coaxial needle.
Among patients with pulmonary emphysema, eight cases had
bullae surrounding the suspicious lesion; the passage of the
large needle through these bullae likely increased the frequency
of iatrogenic pneumothorax. Therefore, the use of smaller-
gauge needles may be an effective preventive measure. This
was confirmed by Kuban et al. [12], who showed that 19-gauge
coaxial needles significantly reduce the risk of pneumothorax
compared to 18-gauge needles.

The technical skill of the interventional radiologist is a
modifiable risk factor that determines pneumothorax frequency,
as it influences the ability to avoid unnecessary maneuvers and
reduce procedure duration [1-11]. In our study, biopsies were
performed exclusively by two highly qualified interventional
radiologists, which may explain the low incidence of
pneumothorax across 217 procedures.

Post-biopsy pneumothorax was detected via chest X-ray 24
hours after the procedure in 73.3% of cases and via CT scan
during the procedure in 26.7% of cases. This differs from
Elshafee et al. [2], where 98.5% of pneumothoraxes were
detected by CT immediately post-biopsy and 1.5% were
detected two hours later. This discrepancy stems from our
protocol, where all asymptomatic patients underwent follow-
up X-rays 24 hours post-biopsy before discharge. While
X-rays are less sensitive than CT for early detection, they
are more cost-effective; however, an X-ray performed on an
asymptomatic patient immediately after the procedure might
miss pneumothoraxes that manifest later.

In our study, most iatrogenic pneumothoraxes were of minimal
volume, accounting for 40% of cases. This aligns with Gaurav
Raj et al. [10], where minimal iatrogenic pneumothorax using
the coaxial technique with an 18-gauge needle was the most
frequent type (70.4%). This explains why most patients in our study
remained asymptomatic. Only two patients exhibited tachycardia
related to tension pneumothorax, and clinical symptoms were only
present in cases of moderate-to-severe volume.

Classifying pneumothorax by severity allows for appropriate
treatment selection. Interventions are rarely required, as most of
these complications are benign [13,14]. In our study, patients
with minimal to moderate asymptomatic pneumothorax received



conservative treatment with satisfactory outcomes in 13 out of
16 patients (81.3% success rate). This corroborates Nour-Eldin
et al. [1], where conservative treatment was successful in 90.1%
of cases.

For symptomatic moderate pneumothoraxes and large or
tension pneumothoraxes, intervention was required: seven cases
underwent chest tube drainage and seven underwent manual
aspiration using a 16-gauge catheter. This intervention rate is
higher than that reported by Gaurav Raj et al. [10], likely due
to our larger sample size and a higher number of symptomatic
patients. Furthermore, the frequent presence of pulmonary
emphysema and deep lesions are primary indications for chest
tube placement according to the literature [15].

Of the five complicated cases, four were resolved by chest
drainage (two cases) or aspiration (two cases). However, the
fifth patient required thoracoscopic pleurodesis after 14 days
of persistent air leakage. While literature suggests intervention
after 7 days of leakage to prevent bronchopleural fistulas [1], no
such fistulas or pleural infections were observed in this patient
despite the delayed surgical intervention.

The primary limitations of this study include its small
sample size of only 30 pneumothorax cases, which the authors
acknowledge may account for differences in incidence rates
compared to larger established literature. Additionally,
the study's single-center design and exclusive focus on the
coaxial technique performed by only two highly experienced
radiologists limits the generalizability of the results to other
clinical settings or less experienced practitioners. Finally, the
cohort exhibited a significant demographic imbalance, with a
90% male predominance largely attributed to local smoking
trends, potentially limiting the applicability of the risk factor
analysis to female patients.

Conclusion.

Pneumothorax remains a primary complication of CT-guided
biopsies for pulmonary and/or mediastinal lesions suspected
of malignancy, with an observed incidence of 13.8%. In this
descriptive series, pulmonary emphysema, lesion depth, lower-
lobe location, and small lesion size were frequent characteristics
among patients who developed pneumothorax.

According to the literature, the expertise of the interventional
radiologist and the utilization of small-gauge biopsy needles can
effectively reduce the incidence of pneumothorax. Although the
condition is generally asymptomatic, it is readily diagnosed during
the procedure via CT scan or post-procedurally using a chest X-ray.

The management of pneumothorax is determined by its volume
and clinical symptomatology. Conservative management is
preferred for asymptomatic minimal or moderate pneumothorax.
However, intervention is required for symptomatic moderate
cases and all large pneumothoraxes. These interventions include
manual aspiration (exsufflation) and chest tube drainage; in
cases of persistent air leakage despite drainage, thoracoscopic
pleurodesis may be indicated. Such complications often result
in extended hospital stays, particularly for patients requiring
drainage, thereby increasing overall healthcare costs.

No conflict of interest to declare.
Verbal informed consent was obtained.
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