
RESEARCH Open Access

Spatial orientation of cross-sectional images of
coronary arteries: point of view in intracoronary
imaging
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Abstract

Background: In studies where cross-sectional images of coronary arteries obtained with different imaging
modalities are compared, the importance of correct co-localization and matching of images along the coronary
artery longitudinal axis is obvious. However, it appears neglected that correct spatial orientation of the cross-
sectional plane may not be obtainable just by rotating the images to ensure co-localization of identifiable
landmarks such as sidebranches. A cross-section has two sides, one facing proximally and the other distally, and
pairs of images reconstructed corresponding to these opposite points of view are mirror images of each other and
not superimposable. This may be difficult if not impossible to recognize and unrecognized it will give rise to
flawed results in the development and validation of imaging technologies aimed at plaque characterization (tissue
mapping). We determined the imagined point of view for three commercially available intracoronary imaging
systems used by invasive cardiologists and illustrate its importance in imaging modality validation.

Methods and Results: We made an asymmetric phantom and investigated it with two different intravascular
ultrasound (IVUS) systems and one optical coherence tomography (OCT) system. The asymmetry of the phantom
allowed determination of the spatial orientation of the cross-sectional images. On all tested systems, an observer
should imagine herself/himself standing proximal to the cross-section when looking at the intravascular images.

Conclusions: The tested intracoronary imaging modalities displayed cross-sectional images with a spatial
orientation corresponding to a proximal point of view. Knowledge of the spatial orientation is mandatory when
comparing and validating different imaging modalities aimed at plaque characterization.
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Background
Many intravascular ultrasound (IVUS) and optical
coherence tomography (OCT) cross-sectional images of
coronary arteries are published in biomedical journals.
Sometimes these images are presented together with
images from microscopic examination of the same arter-
ial positions illustrating how the imaging modality cor-
rectly displays tissue characteristics [1,2].
When comparing cross-sectional images obtained with

different techniques, such as intravascular imaging and
microscopy, efforts must be made to assure that the

images are from exactly the same arterial position along
the longitudinal axis of the coronary artery, and this is
often devoted a lot of attention.
Also, when comparing cross-sectional images, rota-

tional adjustment is usually required to obtain correct
co-localization of identifiable landmark structures such
as sidebranches. Rotation of a cross-sectional image
does not change area measurements or intraplaque loca-
tion of a certain component of interest. Therefore rota-
tion does not affect interpretation.
However, in addition to longitudinal position and

rotation, cross-sectional images also possess a spatial
orientation of the cross-sectional plane. This is only
rarely commented on but cannot be taken as lightly as
rotation [3,4]. Changing spatial orientation, and thereby
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our imagined point of view, changes intraplaque location
of plaque components in the cross-sectional plane.
Thereby spatial orientation has implications in studies
focusing on the identification and localization of plaque
components (tissue mapping).
We determined the spatial orientation of cross-sec-

tional images displayed on two different IVUS systems
and one OCT system and exemplify implications.

Methods
Spatial orientation of microscopic sections
When a section is cut for microscopic examination,
the section may be laid down on the glass slide on
one of two sides. Photomicrographs of a section lying
on different sides will be mirror images of each other.
So, although they are photomicrographs of the same
section, i.e. similar position and rotation, the intrapla-
que localizations of plaque components will differ
(Figure 1).
With strict adherence to procedures throughout the

preparation of arterial sections for microscopic examina-
tion, the same known spatial orientation of sections can
be obtained. Thereby, with proper attention to orienta-
tion in the preparation of tissue section for microscopy,

one can always decide and know the imagined point of
view, i.e., whether one should imagine looking at a cor-
onary artery cross-section standing proximal (at the cor-
onary ostium) or distal to the cross section (Figure 1).

Spatial orientation of intravascular images
An intravascular imaging catheter looks from the arter-
ial lumen and outward on the arterial wall. But the dis-
played images created with intravascular imaging
represent cross-sections that have one of two possible
spatial orientations, just like the microscopic section.
Throughout the pull back, the observer should imagine
herself/himself standing either proximal or distal to the
cross-section when looking at the cross-sectional images
(Figure 1). The spatial orientation and thereby the ima-
gined point of view is decided by the reconstruction
algorithm. When making comparisons of intravascular
and microscopic images, one has to know the spatial
orientation of the intravascular images in addition to the
images from microscopy and make sure they are the
same before any comparison is meaningful. To know
the spatial orientation, one has to either know the
reconstruction algorithm or determine the spatial orien-
tation experimentally.

Figure 1 Cross-section of a coronary artery containing a thin-cap fibroatheroma (TCFA). Images from microscopy are shown at the top,
images obtained with an intracoronary imaging technology at the bottom (necrotic core displayed in yellow (asterisk), fibrous tissue in blue).
The observer can imagine herself/himself looking at the cross-sectional image standing either proximal or distal to the cross-section. From these
two opposite imagined points of view the observer sees mirror images, i.e. the images have different spatial orientations and are not
superimposable. Although a TCFA is seen from both points of view, only images viewed from the same point of view have similar intraplaque
localization of plaque components. Comparing intraplaque location on images only makes sense if seen from the same point of view.
Microscopy: trichrome stain (collagen blue, necrotic core colorless).
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Revealing point of view
To determine the spatial orientation experimentally, we
made an asymmetric phantom using a short piece of
tubing with two wire points not directly across from
each other on the cross-section of the tube. One wire
alone constituted one wirepoint and two wires close
together constituted the other. We then decided which
end was to be considered the proximal and investigated
the tube with two different IVUS systems and one OCT
system inserting the IVUS and OCT catheters from the
imagined proximal end (Figure 2).
The IVUS systems were Volcano In-Vision Gold sys-

tem with an Eagle Eye Gold catheter and Boston Scien-
tific iLab system with an Atlantis SR Pro catheter. The
IVUS investigations were performed with the phantom
submerged in water. Manual pull back recordings were
used. The OCT system was Light Lab C7XR with a
Lightlab C7 Dragonfly Imaging Catheter.

Results and discussion
The spatial orientation (point of view)
On the IVUS and OCT images, all three wires were
clearly visible making the two asymmetrically placed
wire points clearly distinguishable. Owing to the
asymmety of the phantom, it was evident that the intra-
vascular images were displayed to the observer, so that
the observer should imagine herself/himself looking at
the cross-sectional images standing proximal to the dis-
played cross-sectional image of the artery (Figure 3).
In studies comparing cross sectional images from these

imaging systems to images from microscopy, investigators
should then ensure that their cross sectional images from
microscopy display the proximal view (same spatial orien-
tation). Otherwise, comparison will not be meaningful.

When does knowledge about spatial orientation not
make a difference?
Clinically, treatments, such as angioplasty or stenting,
are applied equally to the entire arterial circumference.
Therefore, for making the clinical decision whether to
apply a treatment or not, the spatial orientation of the
cross-sectional image does not make a difference.
In clinical research, area measurements on intravascu-

lar images are used as study end points [5]. Measure-
ments on areas, e.g. of a plaque or necrotic core from
reconstructed images, yield the same results regardless
of the spatial orientation and therefore the thin-cap
fibroatheroma (TCFA)[6,7] can be correctly identified
from both points of view (Figure 1).
However, meaningful use of an intravascular imaging

modality, both clinically and in clinical research, pro-
vides that the intravascular imaging modality has been
properly validated for identification and quantification
of the plaque components that are of interest clinically
and in clinical research. I.e., the use of these imaging
modalities clinically and in clinical research is dependent
upon reliable validation of the imaging systems. It is in
this validation that spatial orientation is important.

When does knowledge about spatial orientation make a
difference?
For validation of imaging modalities focusing on the iden-
tification and quantification of plaque components, intra-
plaque localization is used and the spatial orientation of
the cross-sectional images becomes critical (Figure 4).
When the images from intravascular imaging and micro-
scopy have the same spatial orientation, comparison
makes sense. But if the images from intravascular imaging
and microscopy have different spatial orientations, the

Figure 2 Methods. A. Asymmetric phantom seen from the imagined proximal end. One wire at 7-8 o’clock and two wires at 4-5 o’clock creates
the asymmetry. B. With the phantom submerged in water, both intravascular ultrasound (IVUS) catheters were advanced into the phantom
through the imagined proximal end.
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compared images are not superimposable and direct com-
parison makes no sense. The spatial orientation can and
must be known before any comparison of the images
because knowledge about spatial orientation is crucial for
correct interpretation of cross-sectional images and valida-
tion of technologies creating such images (Figure 4).

These considerations apply to the comparison of
asymmetric cross-sectional images in general, irrespec-
tive of imaging modalities. In this study, other imaging
modalities such as computed tomography, magnetic
resonance imaging, near infrared spectroscopy etc., were
not investigated; however the considerations about

Figure 3 Results. A. Asymmetric phantom seen from the proximal point of view. B. Mirror image of A illustrating the distal point of view. C.
Volcano IVUS showing the one wire at 8 o’clock and the two wires at 4 o’clock. D. Boston Scientific IVUS showing the one wire at 11 o’clock
and the two wires at 7 o’clock. D. Light Lab OCT showing the one wire at 4 o’clock and the two wires at 12 o’clock. Rotation will make the
images in C, D, and E superimposable on A but not on B (the mirror image), i.e., the cross-sectionel images displayed by the three intravascular
imaging methods are viewed from the proximal point of view.
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spatial orientation also apply whenever images from
these modalities are compared to images from other
imaging modalities, e.g. microscopy.

Intravascular imaging catheter rotation
Intravascular imaging catheters can rotate along their
longitudinal axis during pull back. Therefore,

spatial orientation cannot be determined based on
localization of two structures present on different
images from the same pull back. Neither can spatial
orientation be determined based on the circumferen-
tial localization of a single landmark, such as a side-
branch, as catheter rotation randomly determines the
localization of this landmark. Determining spatial

Figure 4 Evaluation of tissue characterization software. Cross-sectional images from software displaying the necrotic core (asterix) in yellow
and fibrous tissue in blue are compared to images from miscroscopy. In A, the software correctly detects the size and intraplaque location of
necrotic core which is not the case in B and C. However, these conclusions are only valid if we know that the spatial orientation of the
compared cross-sectional images is the same.
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orientation experimentally requires asymmetry in one
image.

Conclusions
The tested intracoronary imaging modalities displayed
cross-sectional images with a spatial orientation corre-
sponding to an imagined point of view proximal to the
cross-section. Knowledge of the point of view is manda-
tory when comparing and validating different imaging
modalities. These considerations have implications for
the development and evaluation of imaging technologies.
Spatial orientation of images might appropriately be dis-
closed by manufacturers and discussed in consensus
papers on intravascular imaging [8,9].

Abbreviations
IVUS: Intravascular ultrasound; OCT: Optical coherence tomography; TCFA:
Thin-cap fibroatheroma.

Author details
1The Atherosclerosis Research Unit, Department of Cardiology, Aarhus
University Hospital (Skejby) and Institute of Clinical Medicine, Aarhus
University, Aarhus, Denmark. 2Department of Cardiology, Aarhus University
Hospital (Skejby), Brendstrupgaardsvej 100, DK-8200 Aarhus, Denmark.

Authors’ contributions
TT: conception and design, acquisition of data, and analysis and
interpretation of data, drafting of the manuscript. EF: analysis and
interpretation of data, revision of the manuscript. Both authors read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 11 February 2012 Accepted: 22 March 2012
Published: 22 March 2012

References
1. Nair A, Kuban BD, Tuzcu EM, Schoenhagen P, Nissen SE, Vince DG:

Coronary plaque classification with intravascular ultrasound
radiofrequency data analysis. Circulation 2002, 106:2200-2206.

2. Nair A, Margolis M, Kuban B, Vince D: Automated coronary plaque
characterisation with intravascular ultrasound backscatter: ex vivo
validation. EuroIntervention 2007, 3:113-120.

3. Thim T, Hagensen MK, Wallace-Bradley D, Granada JF, Kaluza GL, Drouet L,
Paaske WP, Botker HE, Falk E: Unreliable assessment of necrotic core by
virtual histology intravascular ultrasound in porcine coronary artery
disease. Circ Cardiovasc Imaging 2010, 3:384-391.

4. Thim T: Human-like atherosclerosis in minipigs: a new model for
detection and treatment of vulnerable plaques. Dan Med Bull 2010, 57:
B4161.

5. Serruys PW, Garcia-Garcia HM, Buszman P, Erne P, Verheye S,
Aschermann M, Duckers H, Bleie O, Dudek D, Botker HE, et al: Effects of the
direct lipoprotein-associated phospholipase A(2) inhibitor darapladib on
human coronary atherosclerotic plaque. Circulation 2008, 118:1172-1182.

6. Thim T, Hagensen MK, Bentzon JF, Falk E: From vulnerable plaque to
atherothrombosis. J Intern Med 2008, 263:506-516.

7. Thim T, Hagensen MK, Drouet L, Bal dit SC, Bonneau M, Granada JF,
Nielsen LB, Paaske WP, Botker HE, Falk E: Familial hypercholesterolaemic
downsized pig with human-like coronary atherosclerosis: a model for
preclinical studies. EuroIntervention 2010, 6:261-268.

8. Mintz GS, Nissen SE, Anderson WD, Bailey SR, Erbel R, Fitzgerald PJ, Pinto FJ,
Rosenfield K, Siegel RJ, Tuzcu EM, et al: American College of Cardiology
Clinical Expert Consensus Document on Standards for Acquisition,
Measurement and Reporting of Intravascular Ultrasound Studies (IVUS).

A report of the American College of Cardiology Task Force on Clinical
Expert Consensus Documents. J Am Coll Cardiol 2001, 37:1478-1492.

9. Prati F, Regar E, Mintz GS, Arbustini E, Di MC, Jang IK, Akasaka T, Costa M,
Guagliumi G, Grube E, et al: Expert review document on methodology,
terminology, and clinical applications of optical coherence tomography:
physical principles, methodology of image acquisition, and clinical
application for assessment of coronary arteries and atherosclerosis. Eur
Heart J 2010, 31:401-415.

doi:10.1186/1476-7120-10-12
Cite this article as: Thim and Falk: Spatial orientation of cross-sectional
images of coronary arteries: point of view in intracoronary imaging.
Cardiovascular Ultrasound 2012 10:12.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Thim and Falk Cardiovascular Ultrasound 2012, 10:12
http://www.cardiovascularultrasound.com/content/10/1/12

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/12390948?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12390948?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19737694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19737694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19737694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20460496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20460496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20460496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20591344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20591344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18765397?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18765397?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18765397?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18410594?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18410594?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20562079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20562079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20562079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11300468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11300468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11300468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11300468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11300468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19892716?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19892716?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19892716?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19892716?dopt=Abstract

	Abstract
	Background
	Methods and Results
	Conclusions

	Background
	Methods
	Spatial orientation of microscopic sections
	Spatial orientation of intravascular images
	Revealing point of view

	Results and discussion
	The spatial orientation (point of view)
	When does knowledge about spatial orientation not make a difference?
	When does knowledge about spatial orientation make a difference?
	Intravascular imaging catheter rotation

	Conclusions
	Author details
	Authors' contributions
	Competing interests
	References

