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Aim: The aim of this study is to investigate anatomical lung variations and vascular patterns 
using volumetric 3D computed tomography (CT) representations. Methods & results: We 
considered 24 major thoracic surgery performed in our ward. In these, we discovered some 
interesting anatomical variations of the main pulmonary fissures. These findings were not 
visible on the plain x-ray or during routine examination of a preoperative CT scan. After 
re-examination of 3D CT scan reconstruction the anatomical variations were detected. 
Discussion: General thoracic surgeons must familiarize themselves with anatomical 
variations in lungs. 3D images may aid the general thoracic surgeon in performing safer 
surgeries. Conclusion: 3D CT scan should be performed before surgery if possible.
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Multidetector-row computed tomography (CT) is the primary tool for thoracic assessment. 
Variations of fissures are common in clinical practice; they have been reported up to 40% in 
anatomical specimen [1–3]. CT identification of lesions related to pulmonary fissures is the main 
tool for the localization of the lesions in anatomic lung lobes. Anatomical variations increase 
the risks of injuries and the potential for mistakes during lung resection  [4], especially under 
video-assisted thoracic surgery (VATS). In the last few years, the number of VATS lobectomy 
procedures has grown up significantly; data confirm that VATS lobectomy compared with open 
surgical procedures has several advantages including better cosmetic results, less postoperative 
pain, shorter hospitalization and lower costs. However, according to some authors, there could 
be ‘technical contraindications’ in the execution of VATS lobectomy, forcing the surgeon to con-
tinue with open surgery during a VATS procedure. Among these ‘technical contraindications’ we 
should mention interlobar fissure absence/incompleteness, vascular anatomical variations, chest 
wall involvement, advanced age, emphysema, severe pleural adhesions, peribronchial and/or 
perivascular fibrosis. These represent extended indications/criteria for VATS’s major pulmo-
nary resections. As a matter of fact, we would like to describe the potential role of CT imaging 
reconstruction for well-localized pulmonary nodule through the evaluation of fissures and lung 
variants before surgery. It could be vital when making the decision about which kind of surgery 
to perform, either open surgery or VATS procedures.
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Figure 1. Coronal and sagittal maximum intensity projection reconstruction in a 72-year-old man 
with right apical nodule. Incomplete major fissure toward the mediastinal side (head of the arrow) 
and accessory fissure (arrow).
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Materials & methods
The study population consisted of 24 patients 
who were to undergo thoracic surgery for lung 
cancer. Among these, 16 patients (11 men and 
five women; mean age: 69 years; age range: 
54–82 years) were included in the study as they 
had a complete set of examinations. All patients 
were required to provide a written informed con-
sent before undergoing VATS or open surgery 
in accordance with the institutional guidelines. 
In this single institution, retrospective observa-
tional study, CT examinations were performed 
with a multidetector CT on a 16 Speedlight 
(GE Healthcare, WI, USA). Basic acquisition 
was performed from lung apices and bases at 
inhalation in a single breathhold. CT images 
were obtained using a 1-mm thick section, with 
a 0.625-mm reconstruction interval between the 
centers of slices (overlapping slices), using 120 
kVp and 200 mA, 512 × 512 matrix. Initially, 
CT imaging f indings were retrospectively 
reviewed by a supervised medical student, with 
a possibility of consultation with experienced 
radiologists. Finally, in 16 patients, the images 
were processed, manipulated and interpreted in 
the workstation by two radiologists (A Galluzzo 
and C Genova) who judged whether they cor-
rectly identified the type of anatomical variations 
and their localization in the lungs. The picture 
archiving and communication systems’ station 
was used to obtain interactive multiplanar recon-
structions (MPR) and standard lung window 
and 3D CT representation using the workstation 
software tools. Data were statistically analyzed 

using a Fisher test. After the examination of the 
3D CT, the anatomical variations were detected. 
We examined the presence, extension, localiza-
tion and type of incompleteness of oblique inter-
lobar and horizontal fissures, and the presence 
of accessory fissures and their localization in the 
lungs.

Results
Radiologically, the fissures appear as bright, 
hypovascular band or as a sharp line  [5]. 
Incomplete fissures have a reported incidence of 
3% in 3D CT images [1]. We detected incom-
plete fissures in three patients and accessory fis-
sures in two patients. The accessory fissures were 
located in the inferior right lobe. Vascular vari-
ations were detected at surgery, particularly, in 
the left lung, with fissures anomalies in the right 
lung. The most common variation is the so-
called mediastinal lingular artery, which is the 
first branch of the left main pulmonary artery 
and was reported in 27.3% of cases [4,5]. It is dif-
ficult to identify if it is not detected preoperative, 
but it is clearly shown by CT representation.

Thirteen patients underwent open surgical 
wedge resection of the pulmonary lesion, and 
three patients underwent minimal invasive sur-
gery VATS. The average age of our patients was 
69 years, and all of them were out of the hospi-
tal in good clinical conditions after the shelter 
period. In some of these patients, we discovered 
interesting anatomical variations of the main fis-
sures and vessels in both lungs during surgery. 
These findings were not visible on the plain x-ray 
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Figure 2. 3D computed tomographic reconstruction in a 68-year-old man with 
right basal nodule. Vascular volume rendering reconstruction shows a mediastinal 
lingular artery (arrow).
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or not signaled during routine examination of 
preoperative CT scan. Thus, 3D images of the 
pulmonary fissures and vessels were shown in 3D 
preoperative CT images. In a 72-year-old man, 
we found a correlation between the presence of 
incomplete and accessory fissure in the lower 
right lobe, visible only through CT (Figure 1). In 
another older male patient, the neoplastic disease 
involved the minor paracardiac lobar fissure and 
affected its imaging appearance. Atypical locali-
zation of the interlobar fissure was defined as 5% 
of the least frequent combinations of localization 
described earlier.

Discussion
Multidetector CT is superior to conventional 
radiography in detecting small pulmonary 
lesions and to evaluate the clinical usefulness of 
intervention  [6]. The CT images with contrast 
media administration were performed to evalu-
ate vascular structures whose anatomic variants 
can modify treatment. The vascular structures 
and fissures, in particular, were visualized with 
maximum intensity projection, MPR and vol-
ume rendering (VR) representation. The use 
of postprocessing representations provides the 
surgeon quick, decisive and valid assistance 
when making a decision. Accessory fissures of 
the lung have common variations, often found 
in anatomical specimens, but are infrequently 
demonstrated on CT scan [7]. General thoracic 
surgeons must be familiar with anatomical vari-
ations in the pulmonary interlobar fissures and 
vessels. VATS is a very useful method to see the 
details of structures while performing the opera-
tion. On the other hand, it is relatively difficult 
to see the whole lung and the anatomy of vessels 
and bronchi [8].

The 3D representation for enormous quantity 
of data can be utilized in clinical practice and 
in surgery. The final images can reveal various 
lesions or organs of interest with high anatomi-
cal details and accuracy to the general thoracic 
surgeon, which is helpful in performing safer 
surgeries (Figure 2) [4,9].

Complete preoperative knowledge of the pul-
monary bronchovascular pattern, including rare 
anatomical variations and a full understanding 
of individual anatomy, is imperative before per-
forming lobectomy  [9]. This knowledge leads 
to optimal operative assessment and strategic 
planning.

Recently, advances in multidetector-row CT 
and imaging techniques using VR reconstruction 

software have allowed 3D image representations. 
3D CT could overcome this disadvantage; in 
that, it clearly shows structures and preoperative 
abnormalities  [10]. Thus, 3D CT is useful for 
lung surgery and should be performed before 
surgery, if possible. Moreover, CT images of 
vascular structures, and in particular the pos-
sibility of maximum intensity projection, MPR 
and VR representation could update the existing 
classifications for a more effective and imme-
diate consultation. The necessity of CT in the 
presurgical planning for the dual possibility of 
assessing either the lung parenchyma or vascular 
structures whose anatomic variants can modify 
the minimally invasive surgery is invaluable.

Conclusion
Knowledge of the frequency, extent of incomplete 
interlobar fissures and the presence of accessory 
fissures is part of basic anatomy. It is important 
for the thoracic surgeon to have access to opti-
mal operative assessment and strategic planning 
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in order to perform lobectomy and a safe sur-
gery. In conclusion, identifying preoperative 
anatomic pulmonary changes with 3D CT, on 
the one hand, according to some surgeons with 
extensive experience in the field of VATS, is a dis-
advantageous instrument for the purpose of the 
procedure, considering the increased time con-
sumption of 3D CT compared with traditional 
CT, except in selected clinical cases; on the other 
hand, considering that the average operation time 
of VATS lobectomy in patients with extended 
criteria is greater than in standards patients, it 
could be a valuable aid for surgeons who are less 
experienced in managing the possible complica-
tions described. This could provide them with 
a confirmed surgical approach and potentially 
safeguard the patient’s health. Thoracic resection 
should be always preceded 3D CT reconstruction 
of the vascular tree and fissures using multiplanar 

data obtained with the CT test; it is possible to 
provide the interventional radiologist or surgeon, 
with essential, relevant help.
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