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   Computed Tomography 

 Since multislice CT scanners (MSCT), which are able to 
scan the whole lung in thin sections (<0.5 mm) within a sin-
gle breath hold, are widely available, CT has become a new 
role in imaging of the tracheobronchial tree   . Three-
dimensional, time-resolved, and four-dimensional visualiza-
tion as well as quantitative analysis became possible by fast 
scanners with higher resolution in z-axis. Many of these 
multidimensional visualizations have to be experienced 
interactively at the workstation or at least reviewed as an 
animated movie (Figs.  8.1 ,  8.2 ,  8.3 ,  8.4 ,  8.5 ,  8.6 , and  8.7 ). 
This cannot be demonstrated in this two-dimensional book 
and is therefore displayed limitedly.        

 While transversal CT images are frequently suf fi cient for 
evaluating many of the airway abnormalities, there are sev-
eral limitations that should lead to further postprocessing:

   Inadequate representation of airways oriented obliquely  –
to the axial plane  
  Short and subtle stenoses (Figs.   – 8.1 ,  8.3 , and  8.6 )  
  Underestimation of the three-dimensional extent of dis- –
ease and therefore  

  Limited possibility to visualize the complex three-  –
dimensional relationship of the disease to airways and 
adjacent mediastinal structures  
  Impossibility to display the surfaces and therefore steno- –
sis of airways that lie parallel to the transversal plane 
(Figs.  8.1  and  8.8 )     
 Due to the need of thin-section volumetric CT, a large 

number of images containing hundreds of images are gener-
ated. As a consequence, the use of retrospectively recon-
structed 2D and 3D images should be considered routinely in 
preparation of bronchoscopy. MSCT starts with a reconstruc-
tion of these two-dimensional images, which can be refor-
matted in further dimensions. Adequate imaging of the 
airways to be reformatted, visualizing down to a segmental 
level requires a maximal slice thickness of 1 mm or below. 
If thinner slices and/or larger overlap are available (typically 
0.5–0.75 mm, 50% overlap), especially small lesions, thin 
stenosis and oblique structure are signi fi cantly better visual-
ized after reformat. These thin sections require substantial 
storage capacity at the scanner, at the postprocessing work-
station, and at the PACS (picture archiving computer sys-
tem). However, they are essential for adequate postprocessing 
(30 cm long, 0.75-mm slice thickness, 50% overlap     ⇒   600 
images     ⇒   300 MB). Fast data acquisition is also essential in 
imaging of the airways since many patients suffer from dys-
pnea. Severe artifacts as a result of continuous respiration cut 
the diagnostic quality impressively and occur in secondary 
reformats (Fig.  8.4d ). 

 The usage of nonenhanced low-dose technique (e.g., 
70mAs as in Fig.  8.1 ) is suf fi cient to evaluate the central air-
ways and the peripheral airways as well if three-dimensional 
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  Fig. 8.1    Nonenhanced thin-section CT scan of a 26-year-old female 
who underwent bilateral lung transplantation 6 months before due to 
cystic  fi brosis. She went to hospital due to recurrent fever, emesis with 
some nonproductive cough, and global deterioration. FEV 

1
  was 2.3l 

(71%). CMV pp65 antigenemia was mild positive (260 IU/ml). 
Bronchopneumonic in fi ltration was evident on CT in the  right lower 
lobe  (B + C) as well as the causal stenosis of the  right  main stem bron-

chus ( a ). Multiplanar reformat and postprocessing helped to identify the 
stenosis and to quantify its severity and extent ( b ,  c ,  d ). Virtual bron-
choscopy was calculated for demonstration purposes and matches well 
with real bronchoscopic view. Biopsy was taken to differentiate between 
graft rejection and infection (the latter was the reason). ( a ) Transversal 
CT scan, ( b ) coronal reformat, ( c ) paracoronal reformat (single oblique), 
( d ) surface-shaded rendering, ( e ) virtual bronchoscopy       

  Fig. 8.2    The 57-year-old patient acquired 30 pack years and suffered 
from COPD IV°. She was planned for interventional emphysema ther-
apy and therefore underwent paired inspiratory ( a ) and expiratory ( b ) 
thin-section CT scan. A special window-level setting (width 1,000 HU, 
level – 800 HU) demonstrated the inhomogeneous density of the lung 
parenchyma in both breath holds ( a  +  b ), especially in the expiratory 
one ( b ). There are subsegmental regions with adequate increase after 

expiration ( right lower lobe ), representing a relative increase of tissue 
per voxel. In contrast, other subsegmental areas did not change their 
density in expiration ( left lower lobe ), indicating air trapping as an indi-
rect sign of obstructive small airway disease. Besides the indirect signs, 
also direct collapse of the segmental airways is visible in this image 
pair: All segmental bronchi are open at inspiratory CT ( a ), while almost 
all airways appear to be collapsed at the expiratory scan ( b )       
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reformats are intended. Also, emphysema quanti fi cation 
requires nonenhanced scans; intravenous contrast enhance-
ment might be used if additional questions are to be answered 
(e.g., pulmonary embolism, relationship to a tumor or ves-
sel). Additional acquisitions paired inspiratory and expira-
tory breath hold, cine-CT    [,] or in prone position can help to 
evaluate airway stability (bronchial collapse) and air trap-
ping as a sign of obstructive small airway disease (Figs.  8.2  
and  8.5 ).  

   Multiplanar Reformation 

 Besides cross-sectional postprocessing with multiplanar 
reformats, surface-shaded techniques are helpful to dis-
play the tracheobronchial tree from inside. Virtual bron-
choscopy (VB) as an arti fi cial substitute to real 
bronchoscopy (RB) allows for similar inspection of the 
central airways. In contrast to real bronchoscopy, the user 
can pass an obstructing lesion, accurately measure its 

  Fig. 8.3    ( a  +  b ) Prescan, ( c  +  d ) presentation, and ( e  +  f ) 6 months later, 
( a  +  c  +  e ) at an  lower  lobe segmental rami fi cation level. ( b  +  d  +  f ) 
Bronchus intermedius level. The 70-year-old patient was  upper  lobecto-
mized  right  4 years before    due to stage I non-small-cell lung cancer and 
reported cough and bronchial infection since some weeks. The CT scan 
( c  +  d ) demonstrated focal ill-de fi ned nodules in the  right lower lobe  ( c ), 

which were newly developed as compared to the prescan ( b ). While ana-
lyzing the feeding bronchi, a bronchial kinking was evident in  middle  
and  right lower lobes . Together with the evident clinical symptoms, this 
was rated as bronchopneumonia, while pulmonary metastases were con-
sidered unlikely. The  fi ndings disappeared at the routine follow-up 
( e  +  f ), indicating the infection to be treated successfully          
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dimension, and turn round the virtual bronchoscope to take 
a look from each direction onto a lesion, including back-
ward from distal to proximal. Also, the time effort is lim-
ited by neither patient nor anesthesia. However, color 
coding in VR is arti fi cial and might be misleading (e.g., 
mucus might appear as soft tissue), spatial resolution is 
worse, and the interventional manipulative options of RB 
are missing. Thus, VB is mainly complementary to bron-
choscopy in the assessment of patients with suspicion of 
airway stenosis. To get advantages of both techniques, CT 
should be done prior to bronchoscopy as a navigation 

 system. This provides valuable information, e.g., whether 
the airway is obstructed by extrinsic compression, intralu-
minal disease, or an intrinsic airway disease. Also, the 
relationship of the airway to the adjacent anatomy is dis-
played by cross-sectional imaging. CT is therefore essen-
tial in decision whether the patient is a candidate for 
surgical resection, radiation therapy, or interventional 
treatment. If airway stenting is planned, CT  fi ndings can 
help to determine the type, size, and length of the individu-
ally appropriate stent. Then, several techniques are avail-
able to merge computer-assisted VR and RB in real time.  

  Fig. 8.4    The 81-year-old patient acquired 40 pack years and suffered 
from COPD III. He was planned for interventional emphysema therapy 
and therefore underwent paired inspiratory ( a  +  c ) and expiratory ( b  +  d ) 
thin-section CT scan. The comparison of the mainstem bronchi at 
inspiratory and expiratory CT indicates a relevant luminal change. The 
coronal reformat of the expiratory scan shows severe staring artifacts 
due to respiratory effect ( d ): Expiratory breath holding requires more 

compliance and pulmonary reserve as compared to inspiratory breath 
holding and is therefore frequently limited in patients suffering from 
severe lung disease. In this clinical scenario, fast CT scanning is rele-
vant in particular since respiration artifacts occur in the expiratory scan 
( d ). ( a ) Inspiratory breath hold, ( b ) expiratory breath hold, ( c ) coronal 
reformat of inspiratory breath hold, ( d ) coronal reformat of expiratory 
breath hold       

 



  Fig. 8.5    ( a ) inspiratory breath hold, ( b ) expiratory breath hold, ( c ) 
maximal lumen in cine-CT, ( d ) expiratory breath hold. The 67-year-old 
patient was tracheotomized after substitution of mitral valve due to post-
operative complications including seizure and pneumonia 2 months ago. 

Paired inspiratory and expiratory CT showed stenosis of the trachea at the 
level of tracheotomy ( a  +  b ). Cine-CT acquired during continuous respi-
ration demonstrated additionally a relevant collapse at this level ( c  +  d ). 
Thus, an end-to-end resection of 3.5-cm trachea was performed       

  Fig. 8.6    ( a ) transversal CT, ( b ) coronal reformat. The 37-year-old 
male patient presented with hemoptysis. CT revealed polypoid mass in 
the bronchus intermedius ( a  +  b ), which was identi fi ed as typical 

 carcinoid using bronchoscopy. Circular segmental resection of the 
bronchus intermedius was performed       
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   Interventional Lung Volume Reduction 

 Besides conservative treatment of patients suffering from 
severe emphysema and lung transplantation, a variety of 
surgical and interventional strategies are established and 
under investigation to improve the function of residual 
lung parenchyma. The main mechanism is the interven-
tional or surgical de fl ation of severely emphysematous 
destroyed lung parenchyma. Those procedures can either 
be reversible (device placement) or irreversible (i.e., glue 
or steam instillation or surgical resection). For adequate 
identi fi cation of the individual treatment strategy and optimal 
target identi fi cation, the extent and severity of disease as 
identi fi ed by CT has proved one of the most important pre-
dictors of a successful outcome (Fig.  8.7 ). Currently 
CT-based  fi ssure analysis is paid attention to predict col-
lateral ventilation and/or prediction of atelectasis. Besides 
the morphological information as derived by CT, regional 
functional data from V/Q scanning is applied here. In the 
future, CT perfusion mapping as well as MRI based 

 perfusion and ventilation mapping will play a relevant role 
to identify the optimal target for regional emphysema 
treatment as well as for monitoring of lung disease in con-
servative therapies.  

   Bronchial Wall Quanti fi cation 

 In diffuse bronchial disease such as COPD or cystic  fi brosis, 
the global quanti fi cation of bronchial wall thickness might 
serve as a surrogate parameter of the activity, e.g., of 
in fl ammation (Fig.  8.8 ). Therefore, several approaches have 
been introduced to measure the bronchial wall thickness at 
several localizations with or without computer assistance. 
Selection bias, spatial volume effect, and limited reproduc-
ibility are some of the limitations herein which can partially 
be overcome by a global quanti fi cation of all bronchial walls. 
This approach, however, is biased mainly by the assessment 
of bronchi for segmentation, which might be caused, e.g., by 
mucus impaction.      

  Fig. 8.7    The 61-year-old male patient acquired 60 pack years and pre-
sented COPD IV (FEV1 0.5 l, 6-min walk test 150 m). CT revealed 
severe diffuse bilateral centrilobular emphysema (emphysema index 
48%, 15th percentile -983HU). After endobronchial placement of three 

valves in the  right upper lobe , subtotal upper lobe atelectasis was 
observed and analysis improved to FEV1 0.8 l (25%), 6-min walk 
test 200 m, emphysema index 46%, and 15th percentile -981HU. 
( a ) Prescan, ( b ) post valve implantation       
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  Fig. 8.8    The 68-year-old male patient presented with dyspnea. Global 
airway quanti fi cation from CT revealed a mean wall percentage of 
45.5% in the baseline scan (mean wall thickness, 1.28) and a mean wall 

thickness of 46.6% in the follow-up scan (mean wall thickness, 
1.43 mm). Thus, a relevant increase in the global bronchial wall thick-
ness was measured. ( a ) Baseline, ( b ) 2-year follow-up       
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