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SUMMARY

Introduction/Objective Fiberoptic bronchoscopy often is too aggressive, which requires the use of
other noninvasive diagnostic methods. The study presents research results on the diagnostic capabili-
ties of virtual bronchoscopy with multidetector computed tomography and fiberoptic bronchoscopy in
traumatic abnormalities of trachea and main bronchi.

Methods A total of 21 patients (six males and 15 females) at the ages of 11-82 years (50.65 + 19.8)
were studied by the methods of virtual bronchoscopy with multidetector computed tomography and
fiberoptic bronchoscopy. The diagnostic capabilities of virtual bronchoscopy as compared to fiberoptic
bronchoscopy were assessed by established criteria.

Results Ruptures of the trachea and/or bronchi were proven by fiberoptic bronchoscopy in 21 patients
and by virtual bronchoscopy in 19 patients. The greatest frequency was reported for the post-intubation
ruptures (15 patients, 71.42% with virtual bronchoscopy; 16 patients, 76.19% with fiberoptic bronchos-
copy), followed by post-traumatic ruptures (three patients, 14.29%); ruptures of trachea and the left lower
lobar bronchus as a result of an advanced neoplasm of the esophagus (one patient, 4.76%), diagnosed by
both methods; mucosal erosion after instrumental manipulations (4.76%, after fiberoptic bronchoscopy).
Conclusion Achieved diagnostic accuracy in ruptures of trachea and bronchi by virtual bronchoscopy
is 90.47% and by fiberoptic bronchoscopy it is 100%. In terms of localization, shape and size, almost
complete correspondence of changes with those of fiberoptic bronchoscopy was found. The presence
of abundant secretion in virtual bronchoscopy may be interpreted incorrectly and efficiency of virtual
bronchoscopy decreases.
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INTRODUCTION

Ruptures of trachea and bronchi are rare, diffi-
cult to diagnose, lack well-known clinical signs
but are potentially life-threatening [1-10]. They
affect more often female patients and patients
aged 50 years or more [3, 4]. The outcome of
the trauma is favorable if the diagnosis is es-
tablished at an early stage and accompanied
by rapid primary treatment because tracheal
and bronchial ruptures are potentially rapidly
lethal [9, 11]. At a later stage, the risk of tra-
cheal stenosis, which is often insurmountable,
increases [6]. This requires the use of new ad-
vanced diagnostic methods and adequately pre-
cise equipment. Some of the authors consider
computed tomography (CT) to be an adequate
means for assessing most of the abnormalities
of the respiratory tract; however, multidetec-
tor computed tomography (MDCT) allows for
multiplanar reformation, CT bronchoscopy,
and virtual bronchoscopy (VB). VB as a non-
invasive method allows for three-dimensional
evaluation of the tracheobronchial tree. It is

determined as a finer, more short-term meth-
od than fiberoptic bronchoscopy (FB) [12-15].
The diagnosis of ruptures of the trachea is often
delayed or omitted, but it is still proven that the
success rate associated with the improvement of
care for patients has increased. The main causes
pointed out for their appearance include blunt
traumas, severe cough, vomiting or secondary
iatrogenic injuries, post-tracheal intubations,
etc. [4]. Research of diagnostic capabilities of
VB with MDCT in tracheal ruptures is very
scanty [6, 7, 9, 14, 15, 16].

The present study is aimed at assessing
the advantages and shortcomings of VB with
MDCT in diagnosing patients with ruptures
of the trachea and bronchi.

METHODS
Clinical material and equipment

A total of 21 patients (six males and 15 females
aged 11-82 years; 50.65 £ 19.80) were studied
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for ruptures of trachea and bronchi by the methods of VB
with MDCT and FB for more than five years (2013-2020).
The methods were carried out on 64 MDCT Siemens Defi-
nition AS (Siemens Healthineers, Erlangen, Germany) and
on Olympus BF PE2 bronchoscope (Olympus Corpora-
tion, Tokyo, Japan), respectively. Syngo.via VB20 (Siemens
Healthineers) workstation, with the capacity to track and
match the images in the axial, coronary, sagittal planes,
was used. Multiplanar reconstructions were performed by
applying maximum intensity projection techniques and
capabilities to archive and export images and video.

Optimized standard protocols were used in patients
with various abnormalities of trachea and bronchi, and
different ages. The best results were achieved with cur-
rent strength 80-100 mAs, voltage 120 kV, 3 mm beam
collimation, and reconstruction of 3 mm, rotation speed
at 0.5 sec., pitch D-FOV large.

Protocols

Criteria for pathological changes in ruptures of trachea
and bronchi used to compare the results of the diagnosis
by FB and VB with MDCT include the following: local-
ization of the rupture; disposition; shape of the rupture;
length of the rupture (cm); distance of the rupture from
the carina (cm); distance of the rupture from vocal liga-
ments (cm); length of changes resulting from the healing
of the ruptures after medical treatment (cm); the number
of affected tracheal rings.

Statistical analysis

The variation analysis of quantitative variables includes
the following factors: for the medium-level - arithmetic
mean; for dispersal - rank (value range from-to), standard
deviation (SD). Non-parametric methods of analysis were
applied by the Mann-Whitney test (U-test) for the com-
parison of two samples in unknown distributions (e.g. age,
sex, various abnormalities of trachea and bronchi, etc.);
Kruskal-Wallis test (H-test) for the comparison of more
than two samples of different sizes. Two-way analysis of
variance (Friedman’s test, F-test) was used for determining
the factor for variation of compared criteria. The Pearson
(r) correlation coefficient was used to verify the association
between the variables. The software products MS Excel
(MS Office 2010; Microsoft Corporation, Redmond, WA,
USA), BioDiversity Pro and Statistica 10 were used for the
statistical processing of data [17, 18].

The study was done in accord with standards of the
institutional committee on ethics.

RESULTS

Of 21 studied patients, 21 had proven ruptures of trachea
and/or bronchi after FB, and 19 after VB. The greatest
frequency was reported for the post-intubation ruptures
(71.42% with VB - 15 patients, two males and 13 females;
76.19% with FB — 16 patients, two males and 14 females),
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followed by post-traumatic ruptures (14.29%) — three pa-
tients (two males and one female) and ruptures of trachea
and the left lower lobar bronchus resulting from an ad-
vanced neoplasm of the esophagus (4.76% — one male),
diagnosed by both methods; mucosal erosion after instru-
mental manipulations (4.76% — one male, after FB). No
significant differences were found between the two meth-
ods in respect of frequency of occurrence of the separate
categories of abnormalities (p > 0.05).

The results of VB reported 21 ruptures in 19 patients,
and those of FB 23 ruptures in 21 patients. Ruptures with
localization in the upper part of the trachea (16 patients
with FB and 14 with VB) prevail, followed by those with
localization in the middle part of the trachea (four patients
each), and with ruptures localized in the upper and middle
part of the trachea (one patient each). Two ruptures were
recorded in one patient, one in the upper part and one in
the lower part of the trachea, affecting the left lower lobar
bronchus, reported by both methods. Nineteen patients
diagnosed by FB and 17 patients diagnosed by VB had lon-
gitudinally located ruptures in the membranous part of the
trachea. The shape of ruptures established by both methods
was predominantly linear (17 patients diagnosed by FB and
16 patients diagnosed by VB), and in a small number of
cases it was irregular (six and five patients diagnosed by
FB and VB, respectively). Circular interruption of the tra-
chea at the border between the cervical and mediastinal
parts was found in one patient. Differences in the length
of ruptures (in centimeters), established by both methods,
were not significant (Table 1; p > 0.05). Similar results were
obtained for the distances measured by both methods to
rima vocalis, for the distances from the carina, for the size
of changes after healing of ruptures following the medical
treatment, and for the number of affected tracheal rings.
Low-grade stenoses (stenoses of grade I) were found in 19%
of the studied patients (one male — 5%, and three females -
14%). Negligible differences in the number of ruptures and
the number of patients with true-positive results for ruptures
are due to the total of two patients with false-negative results
reported by VB against those reported by FB, decreasing the
number of patients with ruptures and the reported ruptures
by two each. In two patients (one male and one female), two
ruptures were found by VB and FB each (Table 1).

Both methods reported a prolapse of mediastinal tis-
sues in nine patients, as a result of changes occurred in
them, reported during the study. In three of the patients
we found a higher disposition of the distal linear surfaces
corresponding to the granulations formed.

A total of four of the surveyed patients were operated on
[three patients with closed thoracic trauma (posttraumatic)
and one patient with iatrogenic post-intubation trauma of
more than 3.5 cm, located on the membranous part of the
trachea]. After the diagnosis confirmation with CT, FB, and
VB, three of these patients (post-traumatic) were found to
have large, extensive lesions and the presence of an intense
pneumothorax, pneumomediastinum, leading to tracheal
stenoses and the main bronchi, proven by CT, FB, and VB.
One of these patients has established atelectasis on the
right side. In three of the patients who were operated on,
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Table 1. Criteria and factors for assessment of abnormalities in ruptures of the trachea

and the bronchi

Mitev M. and Obretenov E.

significantly higher results than those re-

ported by other authors [19]. Traumatic
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Chl;n ges—16/17) | rank 0.72-4 0.72-4 dimensional reconstruction of the respi-
(average + SD) (145£133) | (137+1.31) ratory tract allows for real visualization,
! 1 13 high resolution of the tracheobronchial
Number of 2 6 tree, assessment of the trachea and main
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rings (number of | 1 1 : . .
patients — 21/23) ment of changes in their lumen, even in
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intubation was performed under the lesion. This avoids the
continuous movement of the ruptured part and achieves
rapid recovery (healing of the lesions for four days). For the
fourth patient, an operative suture was imposed. All other
rupture patients were conservatively treated with dynamic
clinical follow-up by a specialist. The investigated patients
(including the patients who were operated on) have been
followed-up clinically and radiographically (by CT, FB, and
VB). All the patients with ruptures presented in the paper
have been discharged from hospital clinically healthy.

DISCUSSION

The presented study evidence of ruptures of trachea
and bronchi in patients diagnosed by VB and FB offers

‘ DOI: https://doi.org/10.2298/SARH190503033M

Studies on the diagnostic capabilities of
VB in traumatic abnormalities of trachea
and bronchi are scanty. There is almost no data on the
advantages and shortcomings of VB and FB in ruptures
of trachea and bronchi [12, 22, 23, 27].

VB is shown as a more practical, more short-term and
more precise method than FB for the assessment of the tra-
chea and the main bronchi, allowing for three-dimensional
assessment of the tracheobronchial tree. VB is indicated
as a better method than FB for diagnosing ruptures of the
trachea in patients with pneumomediastinum [9].

As a result of the performed study;, it is found that for
all four groups of abnormalities, in 90.47% of ruptures of
trachea and bronchi cases VB showed results utterly com-
parable to those of FB. Almost complete correspondence
with FB was found in terms of localization, shape and size
of the changes. The presence of abundant secretion may
be interpreted incorrectly with VB. Age is not defining in
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terms of the size of ruptures (p > 0.05). Significant differ-
ences between the length of the ruptures in both sexes (U-
test, p = 0.04) were obtained. Significant differences were
found between the length of the ruptures and the following:
the distance to the carina (U-test, p = 0.0); the distance
to the rima (U-test, p = 0.04); the length of changes after
healing of the ruptures (U-test, p = 0.01); the number of
affected tracheal rings (U-test, p = 0.03); the distances be-
tween the carina and rima (U-test, p = 0.0004). Significant
differences were also found in terms of distances to the
carina and the following: the length of the changes after
healing of the ruptures (U-test, p = 0.0); the number of
affected tracheal rings (U-test, p = 0.0). The differences
were significant regarding the length of the rima and the
length of the changes after healing of the ruptures (U-test,
p = 0.0), as well as the number of affected tracheal rings
(U-test, p = 0.0003). In general, significant differences were
found between the length of ruptures and distances to the
carina, the distances to the rima, the length of changes af-
ter healing, the number of affected tracheal rings (H-test,
p = 0.0). The length of ruptures is a determining factor with
impact on the values of distances to the carina, distances to
the rima, the length of changes after healing of the ruptures
and the number of affected tracheal rings (F-test, p = 0.0).
Generally, a high negative correlation was reported between
the length of the ruptures and the distances to the carina
(r =-0.74), and high positive correlation was found between
the length of changes after healing and the number of af-
fected tracheal rings (r = 0.84). No significant differences
were found between the results obtained by the application
of either method (FB, VB; p > 0.05).

This was also reported by studies of other authors,
according to which data obtained from FB and VB are
comparable, but whereas the advantages of FB are the im-
mediate symptoms of color, vascularity, and mobility, VB
predominates in circumventing obstructions and in pro-
viding an excellent view, away from obstructive ruptures
or stenotic segments, as well as in determining the optimal
path for passing the instruments into ruptures outside the
field of vision [1].

The results presented from the performed VB in rup-
tures of trachea and bronchi are of higher sensitivity and
precision than those in studies of some of the other authors
(68-89%) [23, 27]. This is most likely due to the optimi-
zation of standard operating protocols and the high-tech
equipment used in recent years, with an individual ap-
proach to the technical specifications for each patient.

In recent years, a number of authors have applied the
VB method to ruptures of the trachea and bronchi using
optimized low-dose protocols that achieve good visualiza-
tion of the bronchi of the sixth—seventh order [14, 22, 28,
29]. Thin-cut and ultra-high-definition studies allow lower
and more final-order bronchi to be seen, with better reso-
lution and low noise, but to perform the periodic follow-up
of the patients with the possibility of attenuated treatment,
the dose obtained is high and radiation-intensive [30].

Srp Arh Celok Lek. 2020 May-Jun;148(5-6):286-291

The equipment and low-dose protocols used are in
accordance with the goals and objectives of our study.
With the applied optimized low-dose protocols, a good
visualization of the bronchi of the sixth—seventh order is
obtained. High comparability of the results with those of
the performed FB is also achieved. This corresponds with
the objectives of the study and is sufficient to determine
the location of the ruptures, their shape, size, distance from
the carina, and the treatment behavior — operative or non-
operative attenuated treatment, with follow-up of patients.

According to data from the literature, confirmed also
by the performed study, the diagnostic capabilities of FB
and VB increase with the increase of the degree of obtura-
tion; however, VB has greater sensitivity than FB in more
difficult cases of stenoses. VB is presented as a supplemen-
tary technique enhancing the capabilities for visualization
with the improvement of the success rate of diagnosis and
treatment in urgent conditions, especially in patients with
life-threatening injuries.

This study gives reason to accept that VB is a successful
method for diagnosing traumatic injuries of the trachea
and the main bronchi. The success rate is closely related to
the localization and size of ruptures and is higher in rup-
tures sized 2 0.5 cm (the least reported size in this study).

The results of performed studies give us the reason to
summarize that VB will be more often relied on in estab-
lishing the therapeutic diagnostic algorithm in patients
with abnormalities of the trachea and the bronchi. How-
ever, it should be remembered that the efficiency of the
method decreases in the presence of abundant secretion in
the lumen of airways. VB has also been applied as a non-
invasive method for establishing the size of the changes in
the course of the healing process. VB is essential for the
screening of some chronic lung diseases, such as chronic
obstructive pulmonary disease, pulmonary fibrosis, etc.,
found to accompany traumatic abnormalities of the trachea
and the bronchi. Because of the accurate visualization of
the tracheobronchial tree, the method can also be used for
training. A limitation of the method is that it cannot deter-
mine changes in the mucosa in case of superficial injuries.

CONCLUSION

CT VB is a valuable method that complements the tracheal
evaluation with axial cuts and multiplanar reconstructions.
The non-invasive character of the method of VB allows for
its application in life-threatening conditions and control of
the healing process. VB provides similar visual information
as FB but in a non-invasive way. Changes in bronchial mu-
cosa may cause differences in the quantitative assessment
of changes. The efficiency of VB decreases substantially in
the presence of abundant secretion.
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Pyntype Tpaxeje u 6poHxMja AnjarHOCTMKOBaHE BUPTYENHOM BPOHXOCKONMjoM
Ca MyTUAETEKTOPCKOM KOMNjyTepu3oBaHOM ToMmorpadujom u pubepontmukom
6POHXOCKONMjOM — NPEeHOCTU U HeJOCTaLM MeToAa

nTKo Mutes', EBennH TeH
Mwutko MuTes', EBennH ObpeTeHoB?

Tpakujcku yHuBep3nTeT, MeanunHckn dakynteT, YHuBep3uTeTcka 6onHnua,CrojaH Kupkosuh', 3aBog 3a anjarHocTrky, Ogesberse 3a
MeANLMHCKY Gr3nKy, brodusuky, peHareHonorujy u paguonorujy, Crapa 3aropa, byrapcka;

“Tpakujckn yHBep3uTeT, MeguumHckmn GpakynTet, YHuBep3uTeTcka 6onHuua, CrojaH Kupkosuh', Knunuka 3a rpyaHy xupyprujy, Onemerse
3a CneuujanHy Xupyprujy / TopakanHy Xupyprujy, BaCKynapHy Xvpyprujy, edjy Xupyprujy n optoneaujy n tpaymatonorujy, Crapa 3aropa,

byrapcka

CAXETAK

YBoa/Lum OrbeponTnyka 6pOHXOCKOMNKWja YecTo je npesw-
Le arpecmBHa, LITO 3axTeBa ynoTpedy Apyrnx HEMHBA3UBHIX
AVjarHOCTUYKNX MeTofa. Y pafy Cy npuKasaHu pesyntatu
NCTPaXMBatba O AMjarHOCTNYKIM MOryRHOCTUMA BUPTYeNHe
6pOHXOCKOMMje Ca MyNTUAETEKTOPCKOM KOMMjyTeprn30BaHOM
ToMorpadmjom 1 prubeponTrUKoM 6POHXOCKONMjOM y TpaymaT-
CKMM abHOPMaNHOCTVIMa TPaxeje v rmaBHMX GPOHXMja.
Mertopae YkynHo 21 60necHUK (lwecT Mylukapaua n 15 xeHa) y
no6w og 11 po 82 rogmHe (50,65 + 19,8) NpoyyaBaH je MeTofama
BUPTYeNIHe OPOHXOCKOMMje ca MyNTUAETEKTOPCKOM KOMIjy-
Tepu3oBaHOM ToMorpadujom n prbeponTUUKOM 6POHXOCKO-
nujom. [lnjarHocTyKe crnocobHOCTU BUPTYeNHe 6poHXxocKonuje
y ofiHOCy Ha $pu1beponTnyKy 6POHXOCKOMMjy NPOLIEHEHE CY
yTBpHEHUM KpuTepujymmma.

Pesyntartm PynType Tpaxeje n/unm 6poHxuja fokasaHe cy dpu-
6eponTnyKkom 6poHXxocKonujom Ko 21 6onecHrKa 1 BUpPTYyen-
Hom 6poHxockonujom Kog 19 6onecHuKa. Hajgeha yuecranoct
3abenexeHa je HaKOH pynType nocne uHTybaumje (15 6onec-
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HIVKa, 71,42% BUpTYyenHoMm 6poHxockonujom; 16 6onecHuka,
76,19% drbeponTUHOM GPOHXOCKOMNIjOM), HAKOH Yera ciepe
nocTTpaymatcke pyntype (tpu 6onecHvika, 14,29%); pyntype
Tpaxeje 1 neBor fower nobapHor 6poHxa Kao nocnegmLa ys-
HanpefoBane Heomnyasme jefhaka (jefaH 6onecHuk, 4,76%),
AujarHocTnduKoBaHe obema MeTofama; epo3uja Cily30Koxe ro-
CJe MHCTPYMEeHTaNHUX MaHunynauwja (jeaaH 6onecHuk, 4,76%,
nocne pnubeponTruKe 6POHXOCKOMUje).

3aksbyyak [locTurHyTa AujarHoCTMYKa TaUHOCT KOA pynTypa
Tpaxeje n 6poHxa BUPTYeNHOM 6poHxockonujom je 90,47%, a
drbeponTrukom 6poHxockonujom je 100%. Y cmucny noka-
nr3auuje, obnvKa 1 BennuuHe, npoHaheHa je rotoBo noTnyHa
noAyAapHOCT MPOMeHa C NpoMeHaMa ¢prbeponTuuke 6PoH-
xockonuje. MpucycTBo 06UHE KONMUMHE CEeKpeTa y BUPTYENHOj
6POHXOCKONWjY MOXE Ce MOrPeLIHO MHTEPNPETUPATH 1 edu-
KaCHOCT BUpPTyenHe 6pOHXOCKONUje ce CMatbyje.

KrbyuHe peun: fujarHoctuuke moryhHocTy; Tpaymatcke ab-
HOPMaHOCTY; Tpaxeje; bpoHxuje
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