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Value of axial and coronal maximum intensity

projection (MIP) images in the detection

of pulmonary nodules by multislice spiral CT:

comparison with axial 1-mm and 5-mm slices

Abstract The purpose of this study
was to investigate the diagnostic ac-
curacy of non-overlapping 10-mm
axial and coronal maximum intensity
projections (MIP) in comparison with
standard axial 1-mm and 5-mm slices
in the detection of pulmonary nodules.
Sixty patients with suspected nodules
who underwent multislice spiral CT of
the chest were evaluated. Axial 1-mm
and 5-mm slices as well as non-
overlapping 10-mm axial/coronal
MIPs were interpreted independently
by three blinded radiologists. After
initial review, a retrospective consen-
sus session was performed for agree-
ment on final nodule counts using the
axial 1-mm slices as gold standard.
Small nodules of less than 5 mm in
size were most accurately detected by
the axial MIPs. Receiver operating

characteristic (ROC) analysis of these
small nodules showed that 5-mm
slices were not capable of a statisti-
cally significant differentiation of
nodules from other focal lesions in
two observers (p=0.034 and p=0.012,
respectively) whereas 1-mm slices and
coronal/axial MIPs did allow a statis-
tically significant differentiation in all
observers (p<0.001). Nodules larger
than 5 mm were equally well depicted
with all modalities. Non-overlapping
10-mm axial MIPs improve the accu-
racy in the detection of small pulmo-
nary nodules.
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Introduction

The pulmonary nodule is one of the most common findings
at computed tomography (CT) examinations. In 1996, the
Fleischner Society published a glossary of terms specifi-
cally for thoracic CT in which a pulmonary nodule was
defined as a round opacity, at least moderately well mar-
ginated and no greater than 3 cm in maximum diameter [1].

Particularly since the introduction of spiral technology,
CT is the preferred modality for imaging pulmonary
nodules [2, 3]. Spiral CT technology enabled a further
increase in Z-axis coverage and acquisition of thin-slice
images of the whole lung with a slice thickness in the range
of 1 mm. Thin collimation increases spatial resolution,
reduces partial-volume effects and allows an improved

detection of small pulmonary nodules [4]. However, high
diagnostic expenditure and low diagnostic confidence in
the detection of small pulmonary nodules (largest diameter
≤10 mm) by multislice spiral CT are still widespread and
common problems. The overall sensitivity for nodule
depiction is determined by technical parameters as well as
the variability among observers to actually detect nodules
depicted on the images [5]. Although lesions may be
missed if slice thickness exceeds nodule diameter and a
reduction of slice thickness should therefore improve sen-
sitivity for pulmonary nodule detection, there are still
several factors limiting an adequate diagnostic work-up.
First, the reduction of slice thickness results in a prohibitive
number of images, especially when combined with an
overlapping image reconstruction [5–7]. The large number
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of images to be interpreted may have a negative effect on
observer vigilance and may therefore cause false-negative
findings. Second, the problem of an accurate differentiation
between pulmonary vessels or scars depicted in cross-sec-
tion and small pulmonary nodules is aggravated [5, 6].

To date, several studies have demonstrated the incre-
mental benefit of maximum intensity projections (MIP),
especially in the depiction of small pulmonary nodules,
using an overlapping MIP technique with varying recon-
struction intervals [5–8]. Most of these studies have
evaluated images with a collimation of more than 3 mm
[5–7] or were limited to the evaluation of a small portion of
the lung [9]. Only one study has been published so far
performing a comparison between the diagnostic accuracy
of axial image review with a slice thickness of 5 mm as
compared with MIP image review with a slab thickness of
5 mm displayed in axial and coronal reformations, followed
by a retrospective correlation with 1-mm slice review [8].

To the best of our knowledge, no study has been pub-
lished so far evaluating non-overlapping axial and coronal
10-mm MIP images generated from axial 1-mm-thin colli-
mation slices. Hence, the purpose of this study was to
investigate the feasibility and diagnostic accuracy of coronal
and axial 10-mmnon-overlappingMIPs in direct comparison
with axial 1-mm and 5-mm slices in the detection of
pulmonary nodules.

Materials and methods

Patients

This study encompassed clinically indicated routine chest
CT studies of 60 consecutive patients (28 men, 32 women;
age range, 10–81 years; mean age, 49 years) who were re-
ferred for CT assessment for various reasons (primary lung
tumor, n=3; extrathoracic malignancy, n=39; nonspecific
inflammation, n=18) with a likelihood to display small
pulmonary nodules. The study was conducted according
to the declaration of Helsinki.

Image acquisition and reconstruction

The examinations were performed on a multislice CT
scanner (Somatom Plus 4 VolumeZoom, Siemens, Erlan-
gen, Germany) according to our standard protocol for chest
examinations. After informed consent was obtained, intra-
venous contrast agent (100 ml Ultravist-370/Schering,
Berlin, Germany) was administered using an injection rate
of 2.5 ml/s. Scan acquisition parameters were identical in
all patients (scan delay, 40 s; single breath hold; 140 kV;
120 mAs (effective mAs); collimation, 1 mm). Thin-slice
sections were reconstructed with a high-resolution recon-
struction algorithm. Axial scans were reconstructed from

the raw data with 1-mm and 5-mm slice thickness (slice
thickness = reconstruction increment). Axial and coronal
MIPs were reconstructed from the initial axial images on a
workstation (Advantage Windows 4.1, General Electric
Health Care, Milwaukee, WI, USA) with a slab thickness of
10-mm and 10-mm reconstruction increment. All images
were displayed with window and center settings appropriate
for lung parenchyma evaluation (level −600 HU, width level
1,600 HU).

Image analysis

Initial image interpretation was performed independently
by three blinded radiologists experienced in thoracic CT
(RV, TD, LL). The observers recorded the number, size and
exact location of every pulmonary nodule as well as the
level of diagnostic confidence according to a 5-point con-
fidence level scale (1, no nodule; 2, no confident nodule; 3,
probable nodule; 4, more definite nodule; 5, definite nod-
ule) on a standardized form. A pulmonary nodule was
defined as a round opacity at least moderately well mar-
ginated and no greater than 3 cm in maximum diameter [1].
Pleural nodules or lesions with a differential diagnosis of
scarring or misinterpretation of pulmonary vessels were
classified with a confidence level of 1, as were ground-glass
opacities. The nodules were categorized into three size
classes (1, <5 mm; 2, 5–10 mm; 3, >10 mm). For size mea-
surement, the largest diameter in the transverse plane was
assessed. All image review was performed on a workstation
(AdvantageWindows, General Electric Health Care) in cine
mode. To avoid a negative effect on the reviewer’s vigi-
lance, not more than five patients were investigated per day,
especially for 1-mm readings. There were no restrictions on
reading time. A minimum interval of 1 week between anal-
yses of the different modalities (1-mm, 5-mm slices, axial,
coronalMIPs) from the same patient by the same reader was
defined in order to avoid recognition of pathologies. Scans
were offered to the observers in a randomized order. After
the initial independent review, a consensus session for ret-
rospective nodule review, correlation, and classification
was performed by all observers for agreement on final
nodule counts using the axial 1-mm slices as gold standard.
Patients with more than six nodules were classified as
having diffuse disease and were excluded from the study
since a thorough evaluation of the exact number and
location of nodules seems impracticable in these instances.

Statistical analysis

Statistical analysis was performed by using the statistical
software program SPSS for Windows (Version 10.0.7/
SPSS Inc., Chicago, IL, USA). As an index for concor-
dance concerning the nodules detected and the assignment
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of confidence scores, Pearson’s test (r, correlation coeffi-
cient) was used. For evaluation of observer performance in
distinguishing pulmonary nodules from scars and vessels
according to the confidence scores, receiver operating char-
acteristic (ROC) analysis was used for each observer when
using the different modalities (1-mm slices, 5-mm slices,
axial MIP, coronal MIP). The area under the curve (AUC)
was used to compare the performance of the different
display modalities in the detection and accurate differen-
tiation of pulmonary nodules from other focal pulmonary
lesions. The confidence interval was set at 99.5%, and p
values of ≤0.005 were accepted as statistically significant.
Analyses were performed for all pulmonary nodules to-
gether and again separately for nodules of every size class.

Results

Number of detected nodules

The observers correspondingly identified five patients as
having more than six pulmonary nodules; these patients
were excluded from the study. In 20 patients, no nodules
were found correspondingly by all observers in all image
review modalities (1-mm slices, 5-mm slices, coronal MIP,
axial MIP). In 35 patients, the observers identified a total of
151 pulmonary nodules [size class 1, 104 nodules (69%);
size class 2, 28 nodules (19%); size class 3, 19 nodules
(12%)]. Table 1 shows the number of detected nodules per
observer, nodule size and review modality. Of the 151
nodules detected by the three reviewers at initial image
interpretation, 96 (64%) were classified as “true” pulmo-
nary nodules (Table 1) and 55 (36%) as either pulmonary
scars or pulmonary vessels (false positives) at the retro-
spective consensus reading. Thirty-six (65%) of the lesions
classified as pulmonary scars or vessels were smaller than
5 mm in maximum diameter, 14 (25%) were in the size
range of 5–10 mm and 5 (9%) measured more than 10 mm.

The mean number of images reviewed was 286 (range,
266–302) for the 1-mmslices, 61 (range, 53–64) for the 5-mm
slices, 22 (range, 19–25) for the coronal MIPs and 28 (range,
26–31) for the axial MIPs.

Interobserver agreement

Interobserver agreement for the detection and characteriza-
tion of nodules of all size classes showed a mean r value of
0.722 (range, 0.683–0.745) for 1-mm slice review, 0.703
(range, 0.641–0.764) for 5-mm slice review, 0.743 (range,
0.716–0.789) for coronal MIP review, and 0.799 (range,
0.751–0.831) for axial MIP review, all indicating a good
agreement. The r values for interobserver agreement sub-
divided into the different size classes and review modalities
are shown in Table 2. Interobserver agreement was good in
almost all modalities and size classes, except for nodules
with a size of 5–10 mm, reviewed by 1-mm and 5-mm
slices as well as coronal MIPs; here, interobserver agree-
ment was only moderate (Table 2).

Table 1 Number of nodules with a confidence level of 2–5 detected
by the observers using the different image review modalities as
compared with the “true” consensus values.MIP maximum intensity
projection

Nodule size No. of nodules/modality

1 mm 5 mm Coronal MIP Axial MIP

Observer 1
<5 mm 42 47 52 63
5–10 mm 13 13 11 14
>10 mm 14 13 11 14
Total 69 73 74 91

Observer 2
<5 mm 39 46 61 73
5–10 mm 15 15 15 15
>10 mm 14 14 14 15
Total 68 75 90 103

Observer 3
<5 mm 37 43 64 61
5–10 mm 13 14 9 15
>10 mm 14 15 13 14
Total 64 72 86 90

True consensus values
<5 mm 68
5–10 mm 14
>10 mm 14
Total 96

Table 2 Interobserver agreement for nodule detection and classification as calculated by the Pearson test, subdivided into nodule size
classes and review modalities

Mean r values (range)/modality

Nodule size 1 mm 5 mm Coronal MIP Axial MIP

<5 mm 0.695 (0.636–0.759) 0.694 (0.619–0.735) 0.687 (0.672–0.703) 0.751 (0.680–0.790)
5–10 mm 0.632 (0.560–0.712) 0.541 (0.499–0.610) 0.599 (0.514–0.733) 0.884 (0.861–0.920)
>10 mm 0.924 (0.886–1.0) 0.846 (0.777–0.886) 0.924 (0.886–1.0) 0.918 (0.877–1.0)

MIP maximum intensity projections
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Retrospective verification of nodules

The ROC curves for pulmonary nodules of all sizes as
classified by the three observers on the different image
presentation modalities are displayed in Fig. 1. The mean
AUC for the three observers representing the feasibility of
nodule differentiation was 0.769 (range, 0.741–0.824) for
1-mm slice review, 0.712 (range, 0.678–0,736) for 5-mm
slice review, 0.867 (range, 0.836–0.892) for coronal MIPs,
and 0.964 (range, 0.973–0.959) for axial MIPs. All review
modalities allowed a statistically significant differentiation
between pulmonary nodules and other lesions such as
pulmonary scars or vessels (p<0.001). When stratifying the
data for nodule size, the separate analysis of lesions
>10 mm or 5–10 mm in diameter yielded similar results
as compared with analysis of all sizes together; coronal
and axial MIPs yielded higher AUC values as compared
with 1-mm and 5-mm slices, and all modalities allowed a
statistically significant differentiation between pulmo-
nary nodules and other lesions such as pulmonary scars
or vessels.

In contrast to the analysis of all nodule sizes together, the
analysis of lesions smaller than 5 mm yielded the result that
only 1-mm slices, coronal MIP, and axial MIP allowed a
statistically significant differentiation of pulmonary nod-

ules (p≤0.001). The p values for 5-mm slice review were
not statistically significant in two observers (p=0.034 and
p=0.012, respectively), the p value found in the analysis of
observer three was 0.004. Figure 2 shows the ROC curves
for lesions with a maximum diameter of <5 mm for the three
observers. The mean AUC was 0.731 (range, 0.692–0.809)
for 1-mm slice review, 0.649 (range, 0.626–0.673) for 5-mm
slice review, 0.870 (range, 0.844–0.890) for coronal MIP,
and 0.961 (range, 0.949–0.973) for axial MIP.

Figures 3 and 4 display two examples of the incremental
benefit of MIP review for the detection of small pulmonary
nodules.

Discussion

To date, a number of methods and display modes such as
cine-based viewing [10], multiplanar reformations [11],
computer aided diagnosis (CAD) [12–15], and the MIP
technique [5–8] have been used and evaluated in order to
enhance the radiologists’ performance in pulmonary nodule
detection and approach the problem of prohibitive image
numbers. The effectiveness of double reading to improve
sensitivity [16] and the influence of reader experience [15]
have also been subject to recent research. The present study

Fig. 1 Receiver operating characteristic (ROC) curves for pulmonary nodules of all size classes subdivided into the different observers
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aimed at evaluating the diagnostic benefit of 10-mm coronal
and axial MIPs in the detection of small pulmonary nodules
as compared with standard 1-mm and 5-mm slice review,
further lowering the number of images by using non-over-
lapping MIP slab reconstructions.

In our study, analysis of the nodule detection rates
showed that the most striking differences between the re-
view modalities were found in nodules smaller than 5 mm;
nodules with a size of 5–10 mm and more than 10 mmwere
detected with similar frequencies by all review modalities.
This finding is consistent with reports in the literature [4, 8].
All observers detected clearly more nodules with less than
5 mm in maximum diameter when reviewing the coronal
and axial MIP images as compared with standard 1-mm and
5-mm slice review. ROC analysis of these small nodules
showed that standard 5-mm slices were not capable of a
statistically significant differentiation of pulmonary nod-
ules from other focal lesions whereas 1-mm slice review,
coronal, and axial MIP review did allow a statistically
significant differentiation by all observers. This finding
explains why more nodules of less than 5 mm in size were
found in the initial 5-mm slice review as compared with
1-mm slice review; all additional nodules found in 5-mm

slice review were classified as pulmonary scars or vessels at
the retrospective consensus session. Overall, the diagnostic
accuracy in the detection of pulmonary nodules was lowest
with 5-mm slice review.

To the best of our knowledge, no previously published
study has performed a direct comparison between pulmo-
nary nodule detection rates of standard axial 1-mm slices
and MIP slabs. Eibel et al. have only conducted a com-
parison of standard axial 5-mm slices and multiplanar MIPs
with a slab thickness of 5 mm, using the 1-mm slices as
gold standard for retrospective nodule correlation and veri-
fication [8]. However, we have found that in direct com-
parison, axial and coronal MIPs proved to be superior to
the 1-mm and 5-mm standard slices in the depiction and
accurate diagnosis of small pulmonary nodules with a size
of less than 5 mm, as indicated by higher nodule detection
rates and a more accurate differentiation from other focal
pulmonary lesions. This result is most likely due to the fact
that observers tend to overlook small nodules depicted
within a complex background [5] and due to the ability of
MIP images to enable a clear differentiation of vascular and
nodular structures. Furthermore, the interobserver agree-
ment was best for axial MIP review. This finding is also

Fig. 2 Receiver operating characteristic (ROC) curves for pulmonary nodules of less than 5 mm in size subdivided into the different
observers
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emphasized by Gruden et al. who concluded that the MIP
technique is able to eliminate some of the interobserver
variability in the detection of pulmonary nodules [5].

Eighty-eight percent of the nodules detected in our study
were smaller than 10 mm. This figure is closely within the
range published in the literature since small pulmonary
nodules ≤10 mm have been reported in 89–97% of nodules
detected in lung cancer screening studies of asymptomatic
populations at risk [17–19]. In addition, these studies using
low-radiation-dose CT have found that a small pulmonary
nodule is an extremely common finding, proving to be
benign in more than 95% of cases [17, 18].

Although there is considerable agreement in the literature
that a small pulmonary nodule must not automatically be
considered to be potentially malignant and that nodules
smaller than 5 mmmay be of only limited clinical relevance
[13, 20, 21], any nodule detected at an early stage may offer
the opportunity for an improved treatment in patients with
malignant disease [4, 22].

The widespread use of multislice CTwith the possibility
to acquire image data of the whole lung with images
comprised of isotropic voxels with a spatial resolution of
1 mm and less has led to an increased detection rate of small

pulmonary nodules [4]. However, significant limitations
exist in the assessment of these small nodules with CT, and
sensitivities of under 70% for such lesions have been re-
ported in the literature [23, 24]. The present study underlines
the great value of MIPs, especially in the detection of small
pulmonary nodules, as previously reported by other authors
[5–8].

MIP images are generated from an axial slab of volumet-
ric data and have two major advantages. First, MIP images
allow a clear differentiation of vascular and nodular struc-
tures since the vascular contiguity is depicted in a single
image. Second, it is possible to preserve the spatial res-
olution of the axial thin slices from which the MIP slabs are
created while markedly reducing final image numbers. In
our study, the average number of axial MIP images per
patient was reduced by 90% in comparison to the standard
axial 1-mm slices.

The advent of multislice CT scanners has greatly
affected the practice of CT since these scanners generate
an enormous amount of image data per examination [25]
and increase patient throughput at the same time [26].
Particularly if multiple studies must be interpreted, even
with cine-based review, a number of images as low as

Fig. 3 a Standard axial 1-mm slices show a small pulmonary
nodule of 5 mm in diameter (arrow) in the right upper lobe
confidently seen by all observers. b Standard axial 5-mm slices
depict that same nodule in the right upper lobe, also confidently seen
by all observers, and an additional small pulmonary nodule of 2 mm
in diameter (striped arrow) in the left upper lobe initially overlooked
by all observers. c Coronal 10-mm maximum intensity projection
(MIP) images enabled a confident diagnosis of the nodule depicted

in the right upper lobe; the nodule in the left upper lobe was also
confidently seen by all observers on another image number (image
not depicted). d Axial 10-mm MIP images allowed a confident
diagnosis of both nodules (arrows) by all observers on one single
image. The nodule in the left upper lobe (striped arrow) was
identified only retrospectively in the standard axial 1-mm (image not
depicted) and 5-mm slices
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reasonably achievable is desirable in order to enhance
viewing conditions, preserving diagnostic accuracy [5–7].
In case of film-based image review, this issue is of even
greater importance. In contrast to other studies evaluating
the MIP technique in the detection of pulmonary nodules
[5–8], we used non-overlapping slab reconstructions in
order to further decrease the number of images and were
able to demonstrate the feasibility of this method.

Another possibility to achieve a decrease in the number
of images to be interpreted would be to increase the MIP
slab thickness. However, thick MIPs of 30-mm slab
thickness have been evaluated previously by other authors,
and it has been shown that an increase of slab thickness
decreases the accuracy in nodule detection due to a possible
projection of nodules on pulmonary vessels [6]. Even with
axial MIPs of 10-mm slab thickness, it is not unlikely that a
5-mm vessel running within the plane (e.g., upper lobe
artery) might obscure a nodule of <5 mm located exactly
above or below within the same slab. In coronal MIPs, the
same applies for tiny nodules located in front of or behind a
vertical vessel. Although this may not occur often in
clinical situations and we did not experience this problem
in our study, this principle limitation of the MIP technique
should be mentioned. In our study, we aimed at finding a
balance between low image numbers and a high diagnostic

accuracy and therefore chose an MIP slab thickness of
10 mm.

There are several limitations in our study design. First, as
in many studies investigating the detection of pulmonary
nodules with CT, there was no true gold standard for the
detected nodules because surgical treatment and histolog-
ical verification of the lesions were not performed. Instead,
the results of the retrospective consensus session served as
a reference standard, and there is no proof as to whether the
observers accurately identified “true” pulmonary nodules.
Histological verification and clinical follow-up of patients
for assessment of nodule growth patterns would be man-
datory to identify “true” nodules and false-negative findings
[12]. Second, a direct comparison with the use of over-
lapping image reconstructions was not performed; there-
fore, possible differences in these techniques could not be
evaluated.

In conclusion, our results indicate that axial MIP images
are superior to axial 1-mm and 5-mm slices as well as
coronal MIP images, yielding improved nodule detection
rates and allowing a more accurate diagnosis of pulmonary
nodules. On the basis of the findings presented in our study
and on the basis of the results published in the literature
concerning the MIP technique [5–9], the study protocol for
evaluation of pulmonary nodules has been changed at our

Fig. 4 Small pulmonary nodule of 2 mm in diameter in the left
upper lobe: a, b All observers overlooked the nodule (arrow) at
initial standard axial 1-mm and 5-mm slice review; it was identified
only retrospectively. c Coronal 10-mm maximum intensity projec-
tion (MIP) images enabled a confident diagnosis of the nodule

depicted in the left upper lobe (arrow) by all observers and allowed
a precise differentiation from pulmonary vessels. d Axial 10-mm
MIP images readily depicted the nodule (arrow) and allowed a
confident diagnosis by all observers
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institution. For assessment of pulmonary nodules, axial,
non-overlapping, 10-mm MIP images are now primarily
viewed, followed by a directed and focused review of stan-
dard 1-mm slices in case of suspicious or unclear lesions.

Intensive research especially on combinations of different
image review methods (e.g., a combination of CAD and the
MIP technique) is necessary to further approach the issue of
imperfect nodule detection at chest CT examinations.
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