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PURPOSE
We aimed to perform an imaging analysis of interlobar fissures and their variations using thin-sec-
tion computed tomography (CT).

METHODS

Volumetric thin-section CT scanning was performed in 208 subjects. Interlobar fissures were ob-
served on axial images, and reconstructed coronal and sagittal images were observed by multi-
planar reformatting (MPR). The vessel distributions were verified by maximal intensity projection
(MIP). On the axial images, the interlobar fissures were characterized by lines of hyperattenuation,
bands of hyperattenuation, avascular zones, and mixed imaging. The interlobar fissures were divid-
ed into seven grades according to the percentage of defects over the entire fissure.

RESULTS

On the axial images, of all interlobar fissures without avascular zones, 70.2% of the right oblique
fissures (ROFs) and 94.2% of the left oblique fissures (LOFs) appeared as lines, and 83.2% of the
horizontal fissures (HFs) appeared as bands. All of the interlobar fissures appeared as lines on the
coronal and sagittal images. Of all cases, 17.8% showed fully complete interlobar fissures for all
three fissures. Incomplete fissures included 41.3% of ROFs, 58.2% of HFs, and 45.2% of LOFs. In
ROFs and LOFs, discontinuity was most frequently below 20%, while in HFs discontinuity was most
frequently 41%-60%. The most common classification of incomplete interlobar fissures was a dis-
continuous avascular zone.

CONCLUSION
Incomplete interlobar fissures are common variations of interlobar fissures. Techniques including vol-
umetric thin-section CT, MPR, and MIP can assist in the diagnosis of incomplete interlobar fissures.

he pulmonary interlobar fissures are important landmarks for pulmonary anatomy.

They adopt a double membrane structure formed by invagination of the visceral

pleura. The interlobar fissures are 1-3 mm thick and consist of the right oblique fis-
sure (ROF), horizontal fissure (HF), and left oblique fissure (LOF) (1, 2). The recognition of
pulmonary interlobar fissures and their variations is beneficial for identifying pulmonary
lesion locations, evaluating disease progression, selecting surgical operations, and ap-
plying endoscopic therapy (3-5). With the constant development of imaging techniques,
thin-section computed tomography (CT) can provide more detailed information regarding
lung structure with respect to the anatomy (5-7). Multiplanar reformatting (MPR) (8) and
maximal intensity projection (MIP) are reconstruction techniques based on a noninvasive
methodology that detect pulmonary interlobar fissure variations. The results generated by
these techniques highly resemble the results of an autopsy (8). In this study, the pulmo-
nary interlobar fissures and their variations were investigated and analyzed by volumetric
thin-section MPR and MIP images.

The study was approved by the institutional review board and the institutional ethics
committee. A retrospective analysis was performed on CT scans of 862 adult subjects (=18
years) between February 2014 and April 2014. Patients with pulmonary diseases, pleural dis-
eases, mediastinal lesions, and chest operations that involved the interlobar fissures were



excluded. A total of 208 patients (18-88
years of age; mean age, 56+14 years) with
normal or almost normal pulmonary condi-
tions were selected for this study, including
106 females (25-88 years of age; mean age,
56+13 years) and 102 males (18-87 years of
age; mean age, 55+15 years).

CT imaging

A 128-detector spiral CT scanner (Bril-
liance iCT, Philips) was used in the cur-
rent study. The scans were obtained at
end-inspiration using a single breath-hold
technique in the supine position. Scans
were obtained from the lung apex to the
adrenal gland. The scan parameters were
as follows: 120 kV tube voltage, 100 mAs
tube current. Consecutive images were
obtained with a slice thickness of 1.25 mm
and an interval of 1.25 mm. The coronal
and sagittal images (1 mm) were recon-
structed by MPR to observe the interlobar
fissures. Oblique images and slices of vari-
ous thicknesses were also used for obser-
vation when necessary. The window set-
tings included a width of 1000 Hounsfield
Unit (HU) and a level of -500 HU. Other
widths and levels were also used for the
window setting if required.

Image evaluation

Two radiologists with 10 and 13 years
of experience in thoracic imaging re-
viewed the CT scans. When a discrepancy
occurred between the two radiologists,
a consensual diagnosis was reached
through discussion. In the axial CT, the
morphologies of the interlobar fissures

* On volumetric thin-section CT, most of
the oblique fissures appeared as lines and
horizontal fissures appeared as bands.
However, all interlobar fissures appeared as
lines on coronal and sagittal images.

* Only 17.8% of all cases had all three interlobar
fissures fully complete.

¢ The defects of the interlobar fissures were
frequently located near the hilar or mediastinal
regions.

* The most common classification of incomplete
interlobar fissures was a discontinuous
avascular zone.

¢ Techniques including volumetric thin-section
CT, multiplanar reformat, and maximal
intensity projection can assist in the diagnosis
of incomplete interlobar fissures.
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Figure 1. a-d. Classification of incomplete interlobar fissures. Type 1: the interlobar fissure is a
discontinuous avascular zone (a). Type 2: the vessel in the adjacent lobe intersects over the interlobar
region (b). Type 3: pulmonary blood vessel, especially the pulmonary vein, penetrates the interlobar
region (c). Type 4: the pulmonary vein is observed in the interlobar region and is attached to the vessels

in the adjacent lobe (d).

were represented as lines of hyperatten-
uation, bands of hyperattenuation, avas-
cular zones, and mixed imaging of lines,
bands, or avascular zones. Complete inter-
lobar fissures were defined as continuous
interlobar fissures that were attached to
the hilar or mediastinal structures in any
given slice. Incomplete interlobar fissures
referred to discontinuous fissures or de-
tachment from the hilum or mediastinum.
In addition, the lung tissues in the region
of discontinuous fissures merged into
each other (3-5). Incompleteness of the
interlobar fissures was expressed as a per-
centage of defects over the entire fissure
and categorized into seven grades: grade
0, 0% incomplete (i.e., fully complete fis-
sure); grade 1, 1%-20% incomplete; grade
2, 21%-40% incomplete; grade 3, 41%-
60% incomplete; grade 4, 61%-80% in-
complete; grade 5, 81%-99% incomplete;
and grade 6, 100% incomplete (i.e., fissure
is absent) (2, 4). The incomplete interlobar
fissures were classified into four types (8):
type 1, the interlobar fissure was a dis-
continuous avascular zone; type 2, blood
vessels in the adjacent lobes crossed over
the interlobar region; type 3, pulmonary
blood vessels, especially the pulmonary
vein, penetrated the interlobar region;
and type 4, the pulmonary vein was ob-
served in the interlobar region and was
connected to the vessels in the adjacent
lobes (Fig. 1). The fissure defects were
classified as medial, intermediate, or later-
al based on their localization. The classifi-
cation of interlobar fissures with regard to
their grade, type, and location of defects
was based on axial CT images and coronal

and sagittal MPR images. The fissures were
also reconfirmed on oblique images if re-
quired. The vessel distribution could also
be verified by MIP.

Statistical analysis

SPSS 17.0 (SPSS Inc.) was used for the
statistical analysis. Descriptive statistics
were used to report various ratios of in-
terlobar fissure assessment. The agree-
ment between the two radiologists was
analyzed using the weighted k index.
The criteria were as follows: k < 0.2, slight
agreement; 0.2 < k < 0.4, fair agreement;
0.4 < k < 0.6, moderate agreement; 0.6 < K
< 0.8, substantial agreement; and k > 0.8,
nearly perfect agreement. The differences
between interlobar fissure grades were
examined with the Kruskal-Wallis test. The
remaining data were evaluated using the
chi-square test. A value of P < 0.05 sug-
gests a statistically significant difference.
For triplicate comparisons, a value of P <
0.017 indicates a statistically significant
difference.

Agreement between the two radiologists
was fair to nearly perfect (Table 1). The aver-
age K values for the agreements regarding
ROFs, HFs, and LOFs were 0.646, 0.652, and
0.593, respectively (P =0.825).

On reconstructed coronal and sagittal
MPR images, all interlobar fissures ap-
peared as lines (Fig. 2), and the HFs were
particularly clear, which was beneficial for
the evaluation of the interlobar fissures
(Table 2).
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Table 1. Interobserver agreement k indices

Fissures Morphology

ROF 0.608 (n=208, P < 0.001)
HF 0.474 (n=199, P < 0.001)
LOF 0.431 (n=207, P < 0.001)

Defects
0.661 (n=86, P < 0.001)
0.726 (n=121, P < 0.001)
0.650 (n=94, P < 0.001)

Grade
0.851 (n=208, P < 0.001)
0.774 (n=208, P < 0.001)
0.763 (n=208, P < 0.001)

Type
0.465 (n=86, P < 0.001)
0.632 (n=121, P < 0.001)
0.528 (n=94, P < 0.001)

ROF, right oblique fissure; HF, horizontal fissure; LOF, left oblique fissure.

Figure 2. a-d. A 54-year-old man with pulmonary bulla. Axial image (a) shows the left oblique fissure
appearing as a band of hyperattenuation. Coronal image (b) shows the left oblique fissure appearing as a
line of hyperattenuation. Axial (a, c) and coronal (b, d) images show the left lung presenting with medial
incompleteness in the left oblique fissure (white arrow). Maximal intensity projection images (c, d) show a
branch of the apicoposterior segmental vein penetrating the interlobar region, indicating a Type 3 fissure.

In total, 58.7% of ROFs, 37.5% of HFs,
and 54.3% of LOFs were fully complete. Of
the cases, 17.8% (37/208; 16 females and
21 males) had fully complete fissures in
all three types. Grades 1 to 5 represented
incomplete interlobar fissures and includ-
ed 48.2% of the fissures (301/624; 151 in
females and 150 in males). The incom-
plete interlobar fissures comprised 41.3%
ROFs, 58.2% HFs, and 45.2% LOFs (Table
2). Grades of incompleteness was signifi-
cantly different between HFs and ROFs
and between HFs and LOFs (Kruskal Wallis
test, P < 0.001 for both comparisons) but
not between ROFs and LOFs (P = 0.032 [P
> 0.017]).

Among 301 incomplete interlobar fis-
sures, 93.7% (282/301) were located pe-
ripheral to the hilum or mediastinum, while
6.3% (19/301) showed defects in the inter-
mediate region. No cases presented lateral
fissure defects. Intermediate defects were
only observed in HFs and were clearly ob-
served in the coronal and sagittal images
(Table 2). Location of interlobar fissure de-
fects was significantly different between
HFs and ROFs and between HFs and LOFs
(chi-square test, P < 0.001 for both), but not
between ROFs and LOFs (P = 0.684).

With regard to the classification of in-
complete interlobar fissures, MIP images
showed the presence of vessels and their
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origins and directions, which helped radiol-
ogists to distinguish the types of defects.
Type 1 was the most frequently observed
defect type and was present in 36.2% of
the fissures (109/301), followed by type 4
(23.9%, 72/301), type 3 (22.6%, 68/301),
and type 2 (17.3%, 52/301). Type 1 was the
mostly commonly observed defect type in
ROFs (Fig. 2). In HFs, types 1, 3, and 4 were
observed at nearly equal proportions (Fig.
3). Type 1 was the most commonly ob-
served defect in LOFs, and types 2 and 4
were observed in nearly equal proportions
(Table 2). MPR and MIP images were used
to assist in identification of the blood vessel
origin and direction (Figs. 2 and 3). Distri-
bution of defect types was significantly dif-
ferent between HFs and ROFs and between
HFs and LOFs (chi square test, P = 0.007 for
HFs-ROFs, P = 0.001 for HFs-LOFs), but not
between ROFs and LOFs (P = 0.472).

Discussion

Our study showed that incomplete fis-
sures (48.2%) were common variations in
interlobar fissures, and none of the fissures
appeared as avascular zones on thin-sec-
tion CT. Moreover, all interlobar fissures
appeared as lines on coronal and sagittal
views, which were especially suitable for
the observation of HFs. Grading of inter-
lobar fissure defect severity showed that
greater defects were encountered in lesser
frequencies.

The pulmonary interlobar fissures divide
the lung into the right superior/middle/
inferior lobes and the left superior/inferi-
or lobes. The appearance of interlobar fis-
sures on CT can be represented as avascu-
lar zones, bands of hyperattenuation, and
lines of hyperattenuation. On a standard
CT scan with 10 mm thick sections, the ra-
tios of avascular zones, lines, and bands
were 60%-94%, 1%-18%, and 0%-8%, re-
spectively, for ROFs; 58%-82%, 1%-22%,
and 0%-18%, respectively, for LOFs (3, 9).
In addition, on a high-resolution CT or a
thin-section CT scan with 1-2 mm thick

Guan et al.



Table 2. Imaging findings of interlobar fissures

ROF (n=208)

Morphology

Lines 146 (70.2)

Bands 0

Mixed imaging 62 (29.8)
Grading

0 122 (58.7)

1 73 (35.1)

2 6(2.9)

3 2(1)

4 4(1.9)

5 1(0.5)

6 0
Defect location

Medial defect 86 (41.3)

Intermediate defect 0
Classification

1 36 (17.3)

2 18 (8.7)

3 17 (8.2)

4 15(7.2)

HF (n=208) LOF (n=208) P
0 196 (94.2)
173 (83.2) 0 <0.001
26 (12.5) 11 (5.3)
78 (37.5) 113 (54.3)
44(21.2) 50 (24.0)
41(19.7) 12 (5.8)
23(11.1) 8(3.8) <0.001
6(2.9) 11(5.3)
7 (3.4) 13 (6.2)
9(4.3) 1(0.5)
102 (49.0 94 (45.2
£ 2l <0.001
19(9.1) 0
42(20.2) 31(14.9) 0.003
9(43) 25(12.0)
35(16.8) 16 (7.7)
35(16.8) 22(10.6)

Data are presented as n (%).

ROF, right oblique fissure; HF, horizontal fissure; LOF, left oblique fissure.

sections, the ratios of avascular zones, lines,
and bands were 0%, 74%-94%, and 6%-—
18%, respectively, for ROFs; 0%, 96%-98%,
and 2%-4%, respectively, for LOFs (1, 3, 4,
6). In this study, no avascular zone was ob-
served in thin-section axial CT, and 70.2%
of ROFs and 94.2% of LOFs were shown as
lines, and 83.2% of HFs as bands. Therefore,
it was clear that the interlobar fissures often
appear as avascular zones on a standard CT
(9, 10), while they often appear as lines on
thin-section CT (1, 4, 6). The thin-section CT
was beneficial for recognizing the fissures
and resulted in a higher probability of the
interlobar fissures being observed as lines
and a lower probability of reporting avas-
cular zones and bands. Moreover, it was
important to evaluate the interlobar fis-
sures on coronal and sagittal reformats, es-
pecially for HFs that appeared as lines and
not bands. The morphologies of interlobar
fissures may be relevant to factors such as
the scan slice thickness, CT resolution, scan
angle, and the directions of interlobar fis-
sures (3, 6,7,10).

Based on several studies using high
resolution CT (1.5 mm thick section) and

thin-section CT (1-2 mm thick sections), the
probability of having incomplete fissures
can vary as 17.4%-87% for ROFs, 20.4%-
86.9% for HFs, and 18.6%-70.4% for LOFs
(4, 6, 8, 11-13). In this study, incomplete
ROFs, HFs, and LOFs exhibited frequencies
of 41.3%, 58.2%, and 45.2%, respectively.
HFs are the most frequently observed in-
complete fissures (5). Incompleteness has
more often been observed in LOFs than in
ROFs, and the incomplete regions of inter-
lobar fissures are most often located me-
dially, near the hilar region, or mediastinal
region (12), which is in agreement with the
present study. However, in this study, 9.1%
of HFs were found to be discontinuous in
the intermediate region, which might relate
to the direction of HFs. In previous studies,
among the four types of incomplete interlo-
bar fissures, both ROFs and LOFs were most
frequently observed as type 1, whereas HFs
were most frequently observed as type 3
or type 4 (4, 8). In this study, the results for
ROFs and LOFs indicated agreement with
these studies, but the results for HFs were
different, as similar probabilities were ob-
served for HFs of types 1, 3,and 4. Thus, type

1 HFs can be observed just as frequently.

Grade 0 indicated fully complete interlo-
bar fissures. Previous studies have indicat-
ed that the frequencies of fully complete
fissures range as 37.5%-64.8% for ROFs,
22.40% for HFs, and 40.3%-75.6% for LOFs
(2, 4), which are similar to the results of
the present study. ROFs and LOFs were fre-
quently shown as complete fissures. In this
study, 17.8% of the cases demonstrated
full integrity in all three types of interlobar
fissure. There have been very few studies
that show simultaneous completeness in all
three fissures.

Grade 6 indicated an absence of inter-
lobar fissures. A total of 3.0%-3.2% of HFs
were observed as absent in previous studies
(4, 11), and 4.3% were absent in this study.
In addition, this study discovered one case
with an absent LOF. In previous studies, the
numbers of cases with grade 1-3 ROFs were
similar. For HFs, the most frequently ob-
served grade was grade 5. For LOFs, grade
2 was observed in the highest number of
cases, whereas grades 4 and 5 were signifi-
cantly less frequently observed (2, 4). In this
study, the most frequently observed grade
for ROFs, HFs, and LOFs was grade 1, which
consisted of small gaps, and the least fre-
quently observed grades included grades 3
to 5 for all three types of fissures.

One limitation was that no clinical rele-
vance was discussed regarding pulmonary
interlobar fissures in this study. However,
previous valuable studies have investigated
the clinical significance of the pulmonary
interlobar fissures, including the location
of pulmonary lesions, distribution of pleu-
ral effusion, dissemination of inflammation
and tumors, selection of surgical operations,
endoscopic therapy for severe emphysema,
and the differential diagnosis between nor-
mal and pathological structures (5, 6).

In conclusion, incomplete interlobar fis-
sures comprised 41.3% of ROFs, 58.2% of
HFs, and 45.2% of LOFs. The defects were
frequently located near the hilar or medi-
astinal region. The techniques of volumet-
ric thin-section CT scanning, MPR, and MIP
were beneficial for recognizing pulmonary
interlobar fissures and their variations and
establishing the grading and classification
for incomplete interlobar fissures.
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Figure 3. a-d. A 33-year-old man. Axial (a, c) and sagittal (b, d) images show the horizontal fissure in the
right lung presenting with a medial defect (white arrow) and the left interlobar fissure presenting with
medial incompleteness (black arrow). Maximal intensity projection images (c, d) show that the vessel in
the defect region was the medial vein in the middle lobe (white arrow) indicating a Type 4 fissure, and no
vessel distribution in the defect region (black arrow) indicating a Type 1 fissure.
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