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Ruptures of trachea and bronchi diagnosed by virtual bronchoscopy with
multidetector computed tomography and fiberoptic bronchoscopy —
advantages and shortcomings of methods

Pyntype Tpaxeje u OpoHxUja AMjarHOCTUKOBAHE BUPTYEITHOM OPOHXOCKOIIH]OM

ca MyJITHIETEKTOPCKOM KOMIIjyTepHU30BaHOM TOMOTrpadujoM u GpudeponTuakomMm

OpPOHXOCKOITH]OM — TIPETHOCTH M HEIOCTAIld METO1a

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 capabilities of virtual
bronchoscopy ~ with ~ multidetector ~ computed
tomography and fiberoptic bronchoscopy in traumatic
abnormalities of trachea and main bronchi.

Methods During 2013-2017, a total of 21 patients (six
males and 15 females) at age of 11-82 years (50.65 +
19.80) 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 had
proven in 21 of patients by fiberoptic bronchoscopy
and in 19 of patients by virtual bronchoscopy. The
greatest frequency was reported for the post-intubation
ruptures « (15 patients, ' 71.42% with virtual
bronchoscopy; 16 patients; 76.19% with fiberoptic
bronchoscopy), followed by post-traumatic ruptures (3
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 is 100%. In
terms of localization, shape and size, almost complete
correspondence of changes with those of fiberoptic
bronchoscopy was found. The presence of an abundant
amount of secretions in virtual bronchoscopy may be
interpreted incorrectly and efficiency of virtual
bronchoscopy decreases.

Keywords:  diagnostic  capabilities;
abnormalities; trachea; bronchi

traumatic
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CAXKETAK

YBon/umb PubdeponTrHyka OpOHXOCKOIHja YeCTo je
MIPEBUIIE arpecHBHa, LITO 3aXTeBa YMOTPEOy APYTHX
HEMHBA3UBHUX JAMjarHOCTHYKHX MeToja. Y pany cy
MIpUKa3aHu pe3yararn UCTpaKUBaha 0
JIjarHOCTHYKUM MoryhHocTMa BUPTYEIHE
OpoHXOCKOMHje ca MYJITHAETEKTOPCKOM
KOMIIjyTepH30BaHOM ToMorpadujom u
¢ndeponTHIKOM | OPOHXOCKONIHJOM Yy TpayMaTCKHM
AOHOPMAITHOCTUMA TPaxeje U IITaBHUX OpOHXM]a.
MeTtoae YkymHO 21 6onecHuK (mecT Mymkapana u 15
xkena) y moou ox 11 mo 82 romgmme (50,65 + 19,8)
IIPOYYaBaHN Cy METOZaMa BHPTyEIHE OPOHXOCKOIH]je

ca MYJITHACTEKTOPCKOM KOMIIjyTepU30BaHOM
ToMorpadgujoM u GpUOEPONTHYKOM OPOHXOCKOITH]OM.
JujarHocTuyke CIIOCOOHOCTH BUPTYEJHE
OpoHxockomuje y omHOCY Ha  (UOEpONTHUKY
OpoHXOCKONHUjy NpOLCHEHE cy  yTBpheHuMm
KpPUTEPHjyMHUMA.

Pesynratm Pynrype T1paxeje wwuiam  OpoHXHja

JIOKa3aHe cy (UOEPONTHIKOM OpPOHXOCKONHjOM KOJ
21 OorecHUKa ¥ BUPTYaIHOM OPOHXOCKOMIHjOM KoJ 19
OonecHuka. Hajeeha ydecranmoct 3a0emnexeHa je HaKOH
pyntype nocne unTyOammje (15 Oonechuka, 71,42%
BUPTYEJIHOM OpoHXOCKOmnHjoM; 16 OonecHuka, 76,19%
¢bubeponTHIHOM OPOHXOCKOIHjOM), HAKOH Yera Clie/ie
nocTTpayMaTcke pyntype (Tpu OonecHuka, 14,29%);
pyUType Tpaxeje u JIeBOT JOET JJ0OapHOT OpoHXa Kao
TOCJISINIIA Y3HAMIPEA0Baje HeouIa3Me jembaka (jeaan
Oonecank, 4,76%), aOujarHOCTHIIMpaHe  oOema
MeToJaMa; eposuja CITy30KOXKe HAaKOH
WHCTPYMEHTAIHUX MaHuIyjganuja (jenaH OOJECHUK,
4,76%, nakoH (udeponTuuke OPOHXOCKOMH]E).
3akspydak [locTurHyTa QuMjarHOCTHYKa TagyHOCT KOJI
pynTypa  Tpaxeje M OpoHXa  BUPTYEIHOM
oponxockormjom je 90,47%, a (¢udeponTHIKOM
6ponxockormjoMm je 100%. Y cmucny Jokanuzaiyje,
o0nrKa W BeIMYMHE, NMpoHal)eHa je rOTOBO IMOTITyHA
MOy JTapHOCT MPOMEHA C IpoMeHama (GHOepOnTHYKEe
Oponxockonwuje. llpucycTBO  0OOWMIHE  KONHUYWHE
CeKpeTa Yy BHPTYEIHO] OpPOHXOCKONHjU MOXE Ce
HIOTPEIIHO MHTEPIPETUPATH U ePUKACHOCT BUPTYEITHE
OpPOHXOCKOIIHjE CE CMamYje.

Kmbyune  peunm:  jujarHoctmuke — MoryhHoCTH;
TpayMaTcke a0HOpPMaJIHOCTH; Tpaxeje; OpoHxHje
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INTRODUCTION

Ruptures of trachea and bronchi are rare, difficult to diagnose, lacking well-known
clinical signs, but 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 established 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 tracheal stenosis, which is often insurmountable, increases [6]. This requires the
use of new advanced diagnostic methods and adequately precise equipment. Some of the
authors consider Computed Tomography (CT) as an adequate means for assessment of most
of the abnormalities of the respiratory tract, however multidetector 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 more splendid(), more short-term method than
fiberoptic bronchoscopy (FB) [12-15]. 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, voemiting or secondary iatrogenic injuries, post-tracheal intubations,
etc. [4]. Research of diagnestic capabilities of VB with MDCT in tracheal ruptures is very
scanty [6, 7,9, 14, 15, 16].

The study is aimed.at assessing the advantages and shortages of VB with MDCT in the

diagnosis of patients with ruptures of trachea and bronchi.

METHODS
Clinical material and equipment

A total of 21 patients (6 males and 15 females aged 11 to 82 years; 50.65+19.80) were
studied for ruptures of trachea and bronchi by the methods of VB with MDCT and FB for
more than five years (2013 2020 year). They were performed on 64 MDCT “Siemens
Definition AS” and with bronchoscope “Olympus BF PE2”, respectively. “Singo.via
VB20” workstation was used with the capacity to track and match the images in the axial,
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coronary, sagittal planes. Multiplanar reconstructions were performed by applying MIP

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: current 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: localization of rupture;
disposition; shape of rupture; length of rupture (cm); distance of rupture from the carina (cm);
distance of rupture from vocal ligaments (cm); length of changes resulting from the healing

of ruptures after medical treatment (cm); number of affected tracheal rings.

Statistical analysis

The variation analysis of quantitative variables includes the factors: for 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
comparison of two samples in unknown distributions (e.g. age, sex, various abnormalities of
trachea and bronchi, etc.); Kruskal-Wallis test (H test) for comparison of more than two
samples of different size. Two-way analysis of variance (Friedman’s test, F test) was used to
study the determining 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 (Microsoft 2010), 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.

DOI: https://doi.org/10.2298/SARH190503033M Copyright © Serbian Medical Society
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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, 2 males and 13 females; 76.19% with FB - 16 patients, 2 males and 14
females), followed by post-traumatic ruptures (14.29%) — 3 patients (2 males and 1 female)
and ruptures of trachea and the left lower lobar bronchus resulting from an advanced
neoplasm of the oesophagus (4.76% — one male), diagnosed by both imethods; mucosal
erosion after instrumental manipulations (4.76% — 1 male, after FB). No essential differences
were found between the two methods in respect of frequency of occurrence of the separate

categories of abnormalities (p > 0.05).

The results of VB report 21 ruptures in 19 patients, and those of FB: 23 ruptures from
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
(4 patients each), and with ruptures localized in the upper and middle part of the trachea (1
patient each). 2 ruptures were recorded in‘one patient, one in the upper part, and one in the
lower part, respectively, of the trachea, affecting the left lower lobar bronchus, reported by
both methods. 19 patients in FB and 17 patients in VB had longitudinally located ruptures in
the membranous part of the trachea. The shape of ruptures established by both methods is
predominantly linear.(17 patients in FB and 16 patients in VB), and in a small number of
cases it is irregular (6 and 5 patients in FB and VB, respectively). Circular interruption of the
trachea at the border between the cervical and mediastinal parts was found in one patient.
Differences in the length of ruptures (in centimetres), 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, distances from the carina, for the size of changes after healing
of ruptures following the medical treatment, and the number of affected tracheal rings. Low-
grade stenoses (stenoses of grade I) were found in 19% of studied patients (1 male — 5% and
3 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 reported by VB two patients
with false-negative results against those by FB, decreasing the number of patients with
ruptures and the reported ruptures by 2 each. In two patients (one male and one female), 2
ruptures were found by VB and FB each (Table 1).
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Both methods reported a prolapse of mediastinal tissues in 9 patients, as a result of
which 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, 4 of the surveyed patients were operated (3 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) by surgical readings. After diagnosis with CT,
FB and VB confirmation, 3 of these patients (post-traumatic) were found to’ have large,
extensive lesions and uncontrollable gas syndrome (manifested by 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. In 3
of the operated patients, intubation was performed-under the lesion. This avoids the
continuous movement of the ruptured part and achieves rapid recovery (healing of the lesions
for 4 days). For the fourth patient, an operative suture was imposed. All other rupture patients
are conservatively treated with dynamic clinical follow-up by a specialist. The investigated
patients (including the operated patients) are followed clinically and radiographically (by CT,
FB and VB). All patients.with the presented at the manuscript ruptures have been discharged

from hospital clinically healthy.

DISCUSSION

The presented study evidence for ruptures of trachea and bronchi of the patients
diagnosed by VB and FB, significantly higher results of those reported by other authors [19].
Traumatic abnormalities of the trachea and main bronchi are rarely met in medical practice:
in about 0.8 up to 2% of the cases, but they can still be serious life-threatening conditions.
They can be treated successfully if diagnosed at the earliest possible stage. Tracheal and
tracheobronchial ruptures represent a serious injury which is often neglected in the initial
post-traumatic period. Ruptures create a risk of stenoses at a later stage which is
insurmountable [4, 6, 9, 10, 12, 16, 19-22].

FB has been established as a time-tested method (“golden standard”) in the diagnostic
practice allowing for direct visualization in the lumen of the respiratory tract, detection and
diagnosis of pathological changes in the tracheobronchial tree [7, 23-26]. FB, however, as an

invasive method, is inapplicable with patients in a heavy condition where it may lead to more
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serious complications and to aggravating the outcome of treatment. In such cases, where FB
is considered too aggressive (young children, elderly people with poor health status, etc.), it is
obligatory to apply other safer and quick diagnostic methods, possessing the same of better
efficiency [12, 14, 21, 22, 27].

VB as a relatively recent (the mid-1990s), non-invasive method based on the use of
multi-detector computed tomography and follow-up 3D reconstruction of respiratory tract
allows for real visualization, high resolution of tracheobronchial tree, \assessment of the
trachea and main bronchi wall integrity, as well as assessment of changes in their lumen,

even in areas inaccessible to FB [1, 23, 27].

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 shortages 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
assessment of trachea and main bronchi, allowing for 3-dimensional assessment of the
tracheobronchial tree. VBis.indicated as a better method than FB for diagnosis of ruptures of

the trachea in patients with pneumomediastinum [9].

As-aresult of the performed study, it is found that for all four groups of abnormalities,
VB In ruptures of trachea and bronchi in 90.47% of cases showed results utterly comparable
to-those of FB. In terms-of localization, shape and size, almost complete correspondence of
changes with those of FB was found. The presence of the abundant amount of secretions in
VB'may be interpreted incorrectly. Age is not defining in terms of the size of ruptures (p >
0.05). Significant differences between the length of ruptures in both sexes (U test, p = 0.04)
were obtained. Significant differences were found between the length of ruptures and:
distance to the carina (U test, p = 0.0); distance to the rima (U test, p = 0.04); length of
changes after healing of ruptures (U test, p = 0.01); number of affected tracheal rings (U test,
p = 0.03); between the distances to the carina and rima (U test, p = 0.0004). Significant
differences were also found in terms of distances to the carina and: length of changes after
healing of ruptures (U test, p = 0.0); the number of affected tracheal rings (U test, p = 0.0).
Differences were significant as established between the length of the rima and the length of
the changes after healing of ruptures (U test, p = 0.0), as well as with the number of affected

tracheal rings (U test, p = 0.0003). In general, significant differences were found between the
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length of ruptures-distances to the carina-distances to the rima-length of changes after
healing-number of affected tracheal rings (H test, p = 0.0). The length of ruptures is a
determining factor with impact over the values of distances to the carina, distances to the
rima, length of changes after healing of ruptures and number of affected tracheal rings (F test,
p = 0.0). Generally, a high negative correlation was reported between the length of ruptures
and the distances to the carina (r = -0.74), and high positive correlation was established
between the length of changes after healing of and the number of affected tracheal-rings (r =
0.84). No significant differences were found between the results obtained by the application
of both methods (FB, VB; p > 0.05).

This is also reported by the studies of other authors, according to which data obtained
from FB and VB are comparable, but whereas an advantage of FB are the immediate
symptoms of colour, vascularity and mobility, VB predominates in " circumventing
obstructions and providing 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 ruptures of trachea and bronchi are of
higher sensitivity and. precision against the studies of other authors (68 — 89%) [23, 27]. This
is most likely due to the optimization of standard operating protocols and the high-tech
equipment used in recent years, with an individual approach to the technical specifications for
each patient.

In recent years, a number of authors (14, 22, 28, 29) have applied the VB method to
ruptures of the trachea and bronchi using optimized low-dose protocols that achieve good
visualization of the bronchi of 67 order. Thin-cut and ultra-high-definition studies allow
lower and more final-order bronchi to be seen, with better resolution and low noise, but the
dose obtained is high and radiation-intensive to perform periodic follow-up of patients with

the possibility of attenuated treatment [30].

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 67 order is obtained. High comparability of the results with those of the
performed fibro-optical bronchoscopy is also achieved. This corresponds to the objectives of

the study and is sufficient to determine the location of the ruptures, their shape, size, distance

DOI: https://doi.org/10.2298/SARH190503033M Copyright © Serbian Medical Society
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from the carina and the treatment behaviour - 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 obturation,
however, VB has a greater sensitivity than FB in heavy cases of stenoses. VB is presented as
a supplementary technique enhancing the capabilities for visualization with the improvement
of the success rate of diagnosis and treatment in conditions o urgency, especially in_patients

with life-threatening injuries.

This study gives reason to accept that VB is a successful method for diagnosis of
traumatic injuries of the trachea and main bronchi. The success-rate is closely related to the
localization and size of ruptures and is higher in ruptures sized.>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 establishing the therapeutic diagnostic algorithm in patients with
abnormalities of trachea-and bronchi. However, it should be remembered that the efficiency
of the method decreases.in the presence of an abundant amount of secretions in the lumen of
airways. VB /has applied also as a non-invasive method for establishing the size of the
findings in the course of the healing process. Virtual bronchoscopy 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 trachea and bronchi.
Because of the accurate visualization of the tracheobronchial tree, the method can also be
used for training. A shortage of the method is that it cannot determine changes in the mucosa

in case of superficial injuries.

CONCLUSION

CT virtual bronchoscopy 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 with FB but in a non-invasive way. Changes in

DOI: https://doi.org/10.2298/SARH190503033M Copyright © Serbian Medical Society
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bronchial mucosa may cause differences in the quantitative assessment of changes. The

efficiency of VB decreases substantially in the presence of an abundant amount of secretions.

Conflict of interest: None declared.
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Table 1. Criteria and factors for assessment of abnormalities in ruptures of trachea and bronchi

Ruptures
Criteria Factors Fiberoptic Virtual
bronchoscopy | bronchoscopy
the upper part of the 14 16
trachea
Localization the middle part of the 4 4
(number of ruptures — 21/23, trachea
respectively) the upper and middle part 1 1
of the trachea
the upper and lower part 2 2
along the length of the
trachea in its membranous 17 19
Disposition part
umerofupnres 2329 | S oT e | g :
total circular interruption
. . 1 1
cervical/ mediastinal-part
linear with smooth edges 16 17
Shape (humber of ruptures — 21/23) irreqular withaunevah egges 5 5
0.5-3cm 14 16
3-5cm 5 5
Length of rupture
(number of ruptures — 21/23) abo;/:ni cm 0 5_72 Tom 0 5_72 Tom
(average £ SD) (282+1.73) | (2.42+1.68)
upto3cm 7 8
Distance rima vocalis — upper edge 3-5cm 11 12
of rupture (cm) (number of ruptures above 5 cm 3 3
—21/23) rank 0.1-13.7 0.1-13.7
(average + SD) (3.90+£2.81) | (3.71+£2.78)
upto3cm 2 2
Distance from carina 3-5cm ! !
(number of ruptures —21/23) abo;/:nSk cm > 3_213 > 3?13
(average + SD) (6.38+£2.87) | (6.64+2.94)
upto3cm 12 13
Length of changes after healing of ab:;:/Se gn::m i i’
ruptures (cm) 0em 5 7
(number of changes — 16/17) nk 0724 0724
(average + SD) (145+1.33) | (1.37+£1.31)
1 11 13
Number of affected g g g
tracheal rings 0 1 1
(number of patients — 21/23) ank 13 13
(average + SD) (1.52+0.81) | (1.47+0.79)

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

Copyright © Serbian Medical Society



