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Computed tomographic angiography (CTA) has become a mainstay in preoperative

perforator flap planning in the modern era of reconstructive surgery. However, the

increased use of CTA does raise the concern of radiation exposure to patients. Several

techniques have been developed to decrease radiation dosage without compromising

image quality, with varying results. The most recent advance is in the improvement of

image reconstruction using an adaptive statistical iterative reconstruction (ASIR)

algorithm. We sought to evaluate the image quality of ASIR in preoperative deep

inferior epigastric perforator (DIEP) flap surgery, through a direct comparison with

conventional filtered back projection (FBP) images. A prospective review of 60

consecutive ASIR and 60 consecutive FBP CTA images using similar protocol (except

for radiation dosage) was undertaken, analyzed by 2 independent reviewers. In both

groups, we were able to accurately identify axial arteries and their perforators. Subjective

analysis of image quality demonstrated no statistically significant difference between

techniques. ASIR can thus be used for preoperative imaging with similar image quality

to FBP, but with a 60% reduction in radiation delivery to patients.
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Perforator flaps have become a mainstay in
reconstructive surgery throughout the body, as

they minimize donor site morbidity while allowing
an almost infinite array of reconstructive options in
terms of their vascular basis and surgical design.
This is no more so than in breast reconstruction, with
pioneering work since the early 1990s from surgeons
such Robert Allen and others, expanding the use of
abdominal wall tissues in free-tissue transfer to
reconstruct breast tissue based on the deep inferior
epigastric artery (DIEA) and its perforators.1 The
DIEA perforator (DIEP) flap comprises the dissec-
tion of perforating branches of the DIEA and
associated veins through the rectus abdominis mus-
cle, while sparing both muscle and fascia from being
harvested. The fine detail of this anatomy, including
the course of the vasculature from source pedicle,
through muscle, fascia, and fat, is complex and
highly variable, with numerous variations in the
vascular anatomy of the DIEA and its branches
having been described in the literature.2–5 The ability
to preoperatively define the location and diameter of
perforating vessels has many advantages: reduced
learning curve, operative times, and abdominal wall
morbidity, as well as an increase in flap reliability
and outcomes. For these reasons, preoperative im-
aging in the form of computed tomographic angiog-
raphy (CTA) has been shown to be useful in assisting
reconstructive surgeons in flap design and in iden-
tifying the vascular anatomy.6–9 CTA has been
shown to have high accuracy and has now been
adopted as part of the standard preoperative work-
up for DIEP free flap reconstructions by many (and
anecdotally, most) international centers.

The increased use of preoperative CTA for DIEP
flap reconstruction is not without implications
though. There is a concern both in the literature
and among clinicians regarding the magnitude of
radiation exposure delivered in computed tomogra-
phy (CT) and the potential for increasing the risk of
radiation-induced carcinogenesis. The literature,
although inconclusive, has reported a 0.6% to 3.2%
increase in the cumulative risk of cancer until the age
of 75, which has been attributed to diagnostic
exposure in the developed world.10,11 In the United
States, the estimated annual effective dose from
medical radiation exposure per indivdual has
increased sixfold over the past quarter century (from
0.5 mSv in 1980 to 3.0 mSv in 2006).12 This increase is
largely attributable to the rapid and subsantial rise in
CT utilization, and the growing concern for patient
safety has driven the scientific community to reduce
the radiation exposure with dose-reduction CT

imaging. Several dose-reduction techniques have
been implemented, such as tube current modulation,
reduced tube voltage, use of a higher pitch, and noise
reduction filters. These techniques have been shown
to have variable degrees of success due to the depth
of radiation penetration and image distortion. When
using a standard filtered back projection (FBP)
reconstruction alone, any reduction in radiation
dosage will result in an increase of image noise that
degrades image quality. This has substantially
limited the implementation of such techniques. In
preoperative perforator flap imaging with CTA, the
image sharpness is critical for interpretation of the
position, diameter, and course of the vascular
anatomy, with vessels as small as 0.5 mm being
analyzed for each of these variables.

The adaptive statistical iterative reconstruction
(ASIR) technique, which has recently been incopo-
rated into commercial CT scanners, allows for noise
reduction with the potential for no interference in
spatial resolution. It has been reported in the
literature for identifying pathology within the chest,
brain, cardiovascular, and abdominopelvic regions.
Several manuscripts have reported a similar if not
superior image quality when compared with con-
ventional FBP technique.13–16 This has not been
investigated or reported in the field of reconstructive
surgery to the best of our knowledge. ASIR,
however, is not free from unfavorable effects.
Yanagawa et al15 and Hara et al17 have found that
the technique can alter the texture of image noise and
can yield a unusually homogenous image, which
may not be immediately appealing to most radiol-
ogists usually accustomed to the FBP image. It is also
known that an excessive degree of iterative recon-
struction may obscure fine and subtle findings.15,17

In this study, we aim to analyze and subjectively
assess the image quality of ASIR in preoperative
perforator flap CTA of the abdominal wall, with a
particular focus on DIEA perforators for DIEP flap
breast-reconstruction planning. A comparison to
conventional FBP is made as part of this assessment,
with a view to assessing the quality and feasibility of
the 2 techniques.

Materials and Methods

A quantitative and qualitative retrospective imaging
study was undertaken, utilizing the scans of 120
consecutive abdominal-wall CTA images. All pa-
tients gave consent for undergoing CTA as per our
institute protocol with no exclusions. This and other
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aspects of the study comply with the Declaration of
Helsinki, 1995.

A retrospective analysis of prospectively collect-
ed data was undertaken from 3 imaging institutions
with the same abdominal CTA protocol (Table 1).
Both FBP and ASIR used the same protocol in
obtaining the images except for the tube current and
tube potential. In FBP, the tube current was 180 mA
and tube potential was 120 kV. In the ASIR group,
the tube current was 100 to 560 mA (dose
modulated), and the tube potential was 120 kV. All
scans were performed for preoperative imaging for
DIEP free flap breast reconstruction between May
2011 and May 2013. All patients were female,
spanned a range of body habitus types, and were
32 to 78 years of age. In each case, thin axial images
were generated and reformatted into maximum
intensity projection (MIP) and volume-rendered
technique (VRT) reconstruction using commercially
available software are (Siemens Syngo InSpace;
Version InSpace2004A_PRE_19, Siemens Australia,
Victoria, Australia) and Osirix (Osirix Medical
Imaging Software, GPL Licensing Open Source
Initiative, http://www.osirix-viewer.com). The mul-
tiplanar 3-dimensional reconstructions enable visu-

alization of the DIEA, its branching pattern, and
communications.

Two investigators were used for image analysis:
both had reported over 100 perforator-flap CTA
scans to eliminate the influence of learning curve.
The investigators independently evaluated the
quality of each image in the following 2 aspects:
the ability to identify axial vessels and their
perforators, and the quality of the images. Both
reviewers were blinded to the CTA techniques.
Included in the analysis were the identification of
major pedicles: each DIEA and each superficial
inferior epigastric artery (SIEA). The course, branch-
ing pattern, and continuity of the vessels were
recorded. The size of each of the DIEA perforators
was also identified and recorded. In the analysis of
image quality, the following 2 areas were analyzed:
‘‘noise’’ of the surrounding tissues and ‘‘image
sharpness.’’ For comparison of image sharpness,
the reviewers were asked to evaluate the sharpness
of the axial vessels and the perforators, including
the continuity of the course and distinction of the
vessels from surrounding structures, using the
Likert scale. This grading ranged from 1 ¼ poor, 2
¼ fair, 3 ¼ moderate, 4 ¼ good, and 5 ¼ excellent.
Subjective image noise was also assessed by a 5-
point scale: 1 ¼ unacceptable image noise, 2 ¼ less
than average noise, 3 ¼ average image noise, 4 ¼
above average noise, and 5 ¼minimal image noise.
Differences in diagnostic accuracy between the 2
reconstruction techniques were compared by creat-
ing matched sample tables and by using Student t
test and k2 test to calculate P values as appropriate.

Results

A total of 120 patients underwent preoperative CTA
imaging prior to DIEA flap breast-reconstruction
surgery. Of these, 60 patients (all scanned early in
the series) had a conventional FBP, and 60 were
scanned with ASIR technology. Between the 2
groups, there was no significant difference between
presenting demographics, with all the patients
female and no other significant differing factors.
There was no statistically significant difference in
the age of patients in either group: FBP, 53.5 6 10.5
years (minimum age, 35; maximum, 72); ASIR, 54.65
6 10.6 years (minimum age 32; maximum, 78).
Between the 2 study groups, there was no significant
difference in any of the following categories:
medical history, hypertension, diabetes mellitus,
anticoagulant use, chronic renal insufficiency, or

Table 1 CT scan parameters

Scanner Siemens SOMATOM Sensation 64

Scan type Helical multi-detector row CT
angiography

Slice thickness 64 Detector row 3 0.6 mm
collimator width

Helical detector pitch 0.9
Gantry rotation speed 0.37 s
FBP algorithm

Tube potential 120 kV
Tube current 180 mA

ASIR algorithm
Tube potential 120 kV
Tube current 100–560 mA (dose modulation)

Contrast Omnipaque 350 3 100 mL IV
injection

4 mL/s
Scanning range Pubic symphysis —3 to 4 cm

above
umbilicus

Scanning direction Caudocranial
Bolus tracking 6100 HU from common femoral

artery with minimal delay
Automatic dose

modulation disabled
image reconstructiona 1 mm/0.7 mm overlapping axial

images

aSiemens CareDose4D.
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peripheral vascular disease with all P values .0.05,
as shown in Table 2.

In all 120 CTA images, the course of the DIEAs
were identified and found to be in continuity.
Branching patterns of all DIEAs were identifiable
by both methods. The intramuscular course of
vessels was uniformly able to be traced within the
rectus abdominis muscle. The location and size of
both DIEAs and SIEAs were identifiable by both
methods. The branching patterns of the DIEAs were
similar in both groups, with a type II (bifurcating
trunk) being the most common anatomic variation.
Both FBP and ASIR algorithms were able to identify
perforators as small as 0.7 mm in diameter within the
anterior abdominal wall (smaller vessels were
identifiable but not assessed). This finding is
highlighted in Table 3 and Fig. 1. Overall image
sharpness and noise was rated by the 2 independent
readers to be similar by both methods, with a P value
of 1.0 as shown in Table 4. The grading of the overall
subjective and objective image quality revealed that
reviewers’ rankings showed no difference between
the FBP data sets than they had for the ASIR data
sets. The sharpness and noise difference for both
techniques had a P value of 1.00 as shown in Table 4.

Discussion

Previously, many reconstructive surgeons sought to
improve outcomes in free or pedicle flap surgery by
focusing on improving operative techniques and
postoperative monitoring. With a growing popula-
tion of patients undergoing this surgery, and the
introduction of objective preoperative imaging with
CTA, it has become evident that there is significant
variability in vascular anatomy, particularly in the
abdominal wall, which can substantially affect
surgical approach and outcomes. With this awar-
ensss, the use of preoperative CTA has since been

shown to reduce flap-related complications, donor
site morbidity, and operative stress for surgeons.
There is also a decrease in operative times and a
trend towards reduced length of hospital stay.18

CTA for preoperative imaging in DIEP-flap recon-
struction has now been adopted by various centers
around the world as routine. In addition to DIEP-
flap surgery, other flaps have shown similar results,
including the anterolateral thigh (ALT), deep supe-
rior epigastric artery (DSEA), and superior and
inferior gluteal artery perforator (SGAP and IGAP)
flaps. In many cases, there is also a desire to image
the recipent sites because of the potential for
anatomic variation or pathologic changes secondary
to trauma or peripheral vascular disease. As such,
there is an increased utilization of CTA and growing
concern with regard to side effects of the imaging
such as radiation exposure to the patient.

The desire for finer resolution, greater volume
coverage, faster scan time, and concurrently lower
radiation dosage has motivated efforts to improve
performance of CT imaging and led to advances in
imaging techniques. Several methods have been
tried to address these issues, including lowering the
tube current-time product, automatic exposure
control, reducing the peak kilovoltage, using a
higher pitch, and shielding radiosensitive organs
such as the breast, thyroid, and lenses of the eye.19–

21 Another successful technique has been to improve
the image quality in low-radiation–dose CT. In this
regard, image noise in low-dose CT can be
decreased by using noise-reduction filters in FBP
image domains or by using statistical iterative
reconstruction techniques working with raw CT
data.22 The introduction of the ASIR algorithm has
presented one of the most promising innovations for
radiation-dose reduction. The standard FBP algo-
rithm operates on several fundamental assumptions
about scanner geometry by way of compromising
between reconstruction speed and image noise. In
order to improve image quality (i.e., noise reduction

Table 2 Patients’ demographics

Parameter FBR ASIR P value

Number of patients (female) 60 60
Age, ya 53.5 6 10.5

(35, 72)
54.65 6 10.6

(32, 78)
1.00

Medical history
None 26 12 0.11
Hypertension 27 38 0.07
Diabetes mellitus 5 9 0.40
Chronic renal insufficiency 2 1 0.56
Peripheral vascular disease 0 0 1.00
Anticoagulant use 0 0 1.00

aAge is shown as mean 6 SD (minimum, maximum).

Table 3 Identification analysis

Structure identified FBR ASIR P value

DIEAs (bilateral) 60 60 1.00
SIEAs (bilateral) 60 60 1.00
DIEAs in continuity 60 60 1.00
DIEAs branching pattern

Type I single trunk 17 13 0.53
Type II bifurcating trunk 34 40 0.35
Type III trifurcating trunk 8 5 0.56
Type IV quadruple trunk 1 2 0.56

Perforator of larger than 0.7 mm identified 60 60 1.00
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and increased image sharpness), a more complex
computational algorithm and combination of mul-
tiple iterations of reconstruction is required, which
has become known as ‘‘statistical iterative recon-
struction.’’ This technique may result in longer
reconstruction times, but in substantially less image
noise from the same raw data, achieved through
more complex modeling of detector response and of
statistical measurements. An adaptive iterative
reconstruction bypasses the FBP reconstruction
and can help shorten the longer reconstruction
times of pure iterative reconstruction, while main-
taining much lower image noise than if the same
raw data were reconstructed with FBP alone.17,23,24

The first series of publications on adaptive
statistical iterative reconstruction algorithms for
abdominal CT demonstrated potential dose reduc-
tion of up to 65%.17,24 Since then, several papers
have reported similar findings with the use of CT in
several regions of the body including the lung to
diagnose pulmonary embolism, in pediatric patients
to investigate congenital cardiovascular pathology,
and in the abdomen for intra-abdominal patholo-
gy.25–27 These studies have demonstrated that the
ASIR alogrithm can be used successfully with
similar or higher image quality when compared
with conventional FBP and, in fact, has been shown
in vascular imaging to be able to distinquish soft
tissues and vascular structures effectively. Another

aspect of CTA is concern with regard to decreased
tissue penetration when using techniques to lower
radiation dosage. This is particularly important in
DIEP-flap reconstruction, with the cohort of patients
selected for this surgery known to have a somewhat
thick abdominal pannus, in order to make them
eligible for breast reconstruction. These techniques
to reduce radiation dosage can therotically reduce
the image quality, which may lead to substantially
increased image noise and compromised diagnostic
confidence for vascular anatomy detection. Howev-
er, as a study by Singh et al26 has highlighted, the
image quality of the ASIR approach was no different
to FBP for patients of ,90 kg body weight and was
in fact better for patients .90 kg. This finding
suggests that ASIR techniques can be used regard-
less of patient body habitus.

In this prospective study of 120 patients, the use
of ASIR was evaluated in relation to image quality
and diagnostic performance. We also compared
ASIR with the conventional FBP CTA images for
DIEP-flap preoperative planning, in an approach
that saw almost 63% less radiation dosage delivered
to patients. We have demonstrated there were no
significant differences in image quality, in regards to
image sharpness or noise, and no significant
differences between ASIR and FBP with regards to
diagnostic acceptability. To the best of our knowl-
edge, this is the first prospective clinical study in the
evaluation of preoperative CTA for DIEP free flap
reconstruction between the 2 methods of ASIR and
FBP. These findings are consistent with the results
from previous reports in other fields. We were able
to demonstrate the accuracy for identifying perfo-
rators as small as 0.7 mm and in analyzing the fine
details of the anatomy of vessels of this size.

Fig. 1 FBP and ASIR images identifying 0.7-mm perforator (white arrows).

Table 4 Image quality analysis using Likert visual scale

FBR ASIR P value

Image sharpness 4.1 4.3 1.0
Image noise 4.4 4.7 1.0

Data are shown as the mean.
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Conclusions

The use of ASIR has a clear benefit in radiation
reduction when compared with FBP and can do so
without severely compromising image quality. The
technique can be used for preoperative CTA
imaging in DIEP-flap reconstruction with high
image quality and no detriment to preoperative
planning. It can therefore be concluded that ASIR is
a suitable technique in preoperative CTA imaging
that should be sought as standard.
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