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Abstract

Introduction

Anatomical variations of the lung lobes and fissures have
implications in diagnostic radiology and thoracic procedures.
The prevalence of these variations is not reported in Sri
Lanka.

Methods

A cross-sectional study was conducted on cadavers to assess
the morphological variations of lung lobes and fissures. The
presence and absence of lung lobes and fissures were reported
in addition to describing the completeness of the major lung
fissures.

Results

A total of 24 lungs in 12 cadavers were studied. Inferior
accessory fissures were noted in one right and one left lung of
two independent cadavers. Two cadavers had no horizontal
fissures, and one left lung had an incomplete oblique fissure
posteriorly. Azygos lobe was not observed in this study
sample.

Conclusions

The morphology of lung lobes and fissures demonstrate a
notable variability, on par with previous reports. Further
studies with a large sample size in our population are
necessary for generalizable results.

Introduction

During the embryonic development of the lung, the visceral
pleura folds into the obliterating spaces surrounding lobar
bronchi, forming lung fissures. The oblique fissure of the left
lung separates it to the upper and lower lobes. The right
oblique fissure separates the right middle lobe from the right
lower lobe while the horizontal fissure separates the right
upper lobe from the right middle lobe. However, the
separation of these lobes by the said fissures is often
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incomplete in contrast to the textbook descriptions [1].
Moreover, accessory fissures are formed due to the
anomalous development of the lung. The presence of
incomplete or accessory fissures is associated with the
anatomical variations of the lung lobes, which adds to the
complexity of the lung morphology.

Knowledge of the anatomical variations of the lungs is
important for the radiologists to interpret radiographs, for the
thoracic surgeons to plan segmental resections/lobectomies
and for the bronchoscopists in minimally invasive endoscopic
procedures. The reported prevalence of morphological
variations of the lung lobes and fissures vary widely in
different populations [1]. Despite these variants being well
reported in the literature, to our knowledge, there are no
publications about a Sri Lankan population. Thus, in this
preliminary study, we intended to describe the frequency of
morphological variations of the lung lobes and fissures in a
Sri Lankan population.

Methods

This descriptive cross-sectional study was conducted at the
Department of Anatomy, Faculty of Medicine, University of
Colombo. Consent to conduct studies on the self-donated
cadavers was obtained from the next of kin. The study
protocol conformed to the guidelines set out by the
Declaration of Helsinki.

A sample of adult cadavers of Sri Lankan origin was selected
using simple random sampling. Cadavers with a history of
lung malignancies, pulmonary tuberculosis, congenital
malformations, and those who underwent thoracic surgeries
were excluded from the study. Cadavers were fixed with
phenoxyethanol mix as described in detail elsewhere [2]. Two
incisions were made bilaterally along the mid-axillary lines.
The anterior thoracic cage was removed after cutting the
clavicles at their midpoints and ribs along the mid-axillary
lines. Bronchi were transected approximately 1 cm proximal
to the hila and the lungs were removed from the thoracic
cavities. Subsequently, lungs were inspected for anatomical
variations. Fissures were categorized as complete,
incomplete, or absent. The presence or absence of accessory
fissures or lobes were also reported.
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Results

A total of 24 lungs in 12 cadavers were studied. Male: female
ratio was 1:1. The age of the cadavers ranged from 34 to 86
years. The anatomical variations of major lung fissures and
lobes in the study population and a gender-based contingency
table are provided in Table 1 and Supplementary Table 1,
respectively. Inferior accessory fissures were noted in one
right and one left lung of two different cadavers [Figure 1].
Two cadavers had no horizontal fissures [Figure 2], and one
left lung had an incomplete oblique fissure posteriorly [Figure
3]. Azygos lobe was not observed in this study sample.

Figure 2. Absent horizontal fissure

Figure 3. Incomplete oblique fissure [blue arrowhead] and
anaccessory lobe [black arrowhead]

Table 1.Varnations of the major lung fissures andlobes
[N=12 patients]

Right Lung | Left Lung
Fissures | Horizontal | Incomplete | O M/A
Absent 2 [17%) M/A
JOkligue Incomplete | O 1 [8%]
Absent L 0
Accessory Fissures 1 [8%] 1 [8%]
Lobes Accessory lobes 3 [25%] 1 [8%]
Discussion

Pioneering cadaveric studies by Medlar in 1947 shed light on
morphological variations of the lung lobes and fissures [3].
With the understanding of the importance of such variations
in planning thoracoscopic surgeries, numerous anatomists
and clinicians attempted to consolidate the patterns of these
morphological variations. To provide a framework for such
surgical procedures, in 1997, Craig and Walker proposed an
extensive anatomical classification of the pulmonary fissures
[4]. This comprehensive classification incorporated not only
the presence or absence of fissures but also their
completeness.

In our study, oblique fissures were present in all cadavers,
with only one left oblique fissure being incomplete. This
finding is consistent with the majority of previous reports,
where oblique fissure was consistently noted, with at least
50% of the oblique fissures being complete [see
Supplementary Table 2]. However, incompleteness of the
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oblique fissure was more commonly noted anteriorly [1, 5] in
contrast to our finding where it was deficient posteriorly. The
frequency of absent horizontal fissure was on par with the
previous reports.

The commonest morphological variation of the lung is
accessory fissures [6]. We noted 8% of the cadavers had
accessory fissures, while all of them were inferior accessory
fissures surrounding the medial basal segment [S7] of the
lung. This, too, is in accordance with the literature where
inferior accessory fissures are found commoner than superior
accessory fissures [6-8]. Intriguingly, however, we did not
observe left accessory fissures delineating azygous lobes in
our study despite it being reported to be very common in
certain populations[1, 8, 9].

Knowledge of common anatomical variations of the lung
lobes and fissures is important for radiologists since the
presence of accessory and incomplete fissures are well known
for confusions in interpreting radiological images,
particularly pleural effusions and mass lesions [6, 10, 11]. The
appearance of fluid tracking may be obscured along the
incomplete fissures in pleural effusion [12]. Diagnosis of
endobronchial mass lesions may be delayed in the presence of
incomplete fissures where the distal lung collapse may not
occur when the adjacent lung segments are communicating
with each other through the incomplete fissure [11], a
phenomenon known as “collateral air drift” [10]. Accessory
lung fissures could be mistaken for consolidation or
atelectasis.

Anatomical variations of the fissures and lobes have
implications in segmental resections and lobectomies. The
degree of completeness of lung fissures is reported to be
associated with short-term postoperative complications
following segmental resections and lobectomies for non-
small cell carcinoma of the lung [13] and minimally invasive
endoscopic procedures for emphysema [14]. Notably,
incomplete major lung fissures lead to air leaks following
segmental resection [10]. Thus, the presence of incomplete
lung fissures warrants the thoracic surgeon to examine these
regions carefully during lung resections to ensure the
incomplete fissures are stapled adequately when separating
conjoint lobes [11]. Similarly, additional lobectomies may be
necessary during lung resections for malignant neoplasms if
the tumour occurs in a region with an incomplete fissure [1].
The presence of incomplete fissures is also associated with
poor long-term surgical outcomes of curative resections for
early adenocarcinoma of the bronchus [9, 15]. Moreover,
infections could easily spread between the adjacent lobes due
to the presence of incomplete fissures [11].

Limitations

There is an ongoing debate where post-mortem changes and
fixation with formaldehyde could lead to overestimation of
the incompleteness of the lung fissures [1]. The results of
phenoxyethanol fixatives on this are less clear. Because of this
reason, we did not intend to report the absolute lengths or the
degree of incompleteness of the fissures. Moreover, this was a
preliminary study, where the sample size was limited.

Conclusions

The morphology of lung lobes and fissures demonstrate a
notable variability, in par with previous reports. Further
studies with a large sample size in our population are
necessary for generalizable results.
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in accordance with the ethical standards of the relevant institutional
or national ethics committee and the Helsinki Declaration of 1975, as
revised in 2000.
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