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Abstract

Purpose To evaluate the feasibility of CT perfusion performed during routine multiphase contrast-enhanced CT on a 160 mm
wide-coverage 256-slice scanner in patients with pancreatic ductal adenocarcinoma (PDAC).

Methods Fifty-seven patients had a CT perfusion acquisition during their routine multiphase CT. Perfusion was performed 5
to 42.5 s (15 passes at 2.5 s intervals) after intravenous contrast administration (4.2-5 ml/s), followed by pancreatic parenchy-
mal and portal venous phases for clinical interpretation. Perfusion maps were generated and blood flow (BF), blood volume
(BV), and permeability surface area product (PS) for tumor and uninvolved pancreas were calculated using deconvolution
algorithms and compared to existing similar publications. Radiation dose information was recorded and size-specific dose
estimate (SSDE) was calculated using body dimensions.

Results Diagnostic quality of standard images was unaffected by performing the perfusion acquisition. Average tumor
center BF was 20.8 +12.1 ml/100 g/min, BV 2.5+2.1 ml/100 g and PS 15.5+39.4 ml/100 g/min. Average pancreas BF
was 90.8 +50.2 ml/100 g/min, BV 11.9+4.3 ml/100 g and PS 33.6 +27.7 ml/100 g/min. For the perfusion acquisition,
mean SSDE was 57 + 11 mGy, CTDI,; 43 +6 mGy and DLP 685 + 100 mGy-cm.

Conclusion Adding a perfusion CT acquisition to standard pancreatic CT protocol is feasible using a wide-detector 256-slice
CT scanner and adds quantitative information while maintaining diagnostic quality of the standard of care examination. This
novel protocol adds no time or cost to the examination and yields perfusion parameters that are comparable to existing lit-
erature using a separate dedicated perfusion protocol.

Graphic abstract

Feasibility of Wide Detector CT Perfusion Imaging Performed During Routine
Staging and Restaging of Pancreatic Ductal Adenocarcinoma

Adding a perfusion CT acquisition to
standard pancreatic CT protocol is feasible
using a wide-detector 256-slice CT scanner
and adds quantitative information while
maintaining diagnostic quality of the standard
of care examination.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the third
leading cause of cancer death in the USA, its incidence
is increasing by an estimated 0.5% per year, and prog-
nosis is dismal with 5-year survival rate of about 10%
[1-3]. The widespread availability and advancement of
CT technology has led to earlier diagnosis and better abil-
ity to determine resectability. Although this has resulted
in more patients presenting with resectable disease, it has
not translated into improved 5-year survival [4]. Nonethe-
less, surgical resection offers the only potential cure [5,
6]. Approximately 30% of patients present with locally
advanced (LA) disease, usually due to vascular involve-
ment, and receive neoadjuvant chemotherapy and radia-
tion therapy with the hopes of ultimately achieving an RO
surgical resection [6]. Patients with LA and borderline
resectable (BR) PDAC who receive neoadjuvant therapy
and achieve RO resection have similar overall survival to
those who are resectable at presentation [6]. Although CT
is the standard for assessing resectability at baseline, it
cannot accurately distinguish between residual tumor and
treatment-related fibroinflammatory tissue, thus standard
response criteria (e.g., RECIST) and CT findings underes-
timate response and do not reliably predict histologic RO
resectability [7]. Regression of vascular contact indicates
a higher likelihood of achieving RO resection in spite of
apparent residual LA tumor, but is subjective and has low
interobserver agreement [5]. Noninvasive quantitative
markers are needed to more accurately assess response to
neoadjuvant therapy, predict RO resection, and better cor-
relate with survival, ideally in a way that can be acquired
routinely and consistently.

Volume perfusion CT measures dynamic changes in
tissue iodine concentration over time, allowing for cal-
culation of tissue-specific parameters, including blood
flow (BF), blood volume (BV), time to peak concentra-
tion (TTP), vascular permeability surface area product
(PS), and permeability (K,,,,,), which can be used as sur-
rogates for tumor vascularization, vascular immaturity,
and perfusion pressure [8]. Perfusion parameters have
been used in other malignancies to characterize tumors
at baseline, assess response to therapy, and distinguish
viable from nonviable tumor [9]. For PDAC, quantifying
perfusion is of particular interest since hypoenhancement
on CT has been shown to be significantly associated with
fibrosclerotic stroma and an independent negative predic-
tor of survival, perhaps as a result of intratumoral hypoxia
and fibrosis [10]. Perfusion parameters have already been
shown to distinguish high- and low-grade PDAC and to
predict response to neoadjuvant therapy, although not
yet been used to predict RO resection or correlate with

long-term survival [11, 12]. High radiation dose, time
added, respiratory motion and need for 2nd intravenous
contrast injection have been traditional barriers to per-
forming CT perfusion.

We sought to determine whether it was feasible to per-
form perfusion CT as part of the standard diagnostic CT
for patients undergoing staging and restaging on a 256-slice
scanner. Since multiphase CT is already the standard of
care for PDAC staging and restaging, we hoped to acquire
additional quantitative data without adding cost or time to
the scan. Additionally, we hypothesized that using a wide-
coverage 256-slice scanner with 160 mm per gantry rotation
detector coverage would offer whole organ coverage, rapid
acquisition, and minimal motion artifact that would simplify
acquisition compared to previous efforts. We also believed
we could minimize added radiation dose using adaptive sta-
tistical iterative reconstruction techniques. In addition to the
clinical challenges managing PDAC, we felt the proximity
to the aorta as arterial input vessel, uniform contrast in the
normal gland, and inherent high contrast between the tumor
and uninvolved parenchyma would offer certain advantages
for performing perfusion CT. In this way, our project sought
to design a single comprehensive examination for PDAC
by routinely providing essential qualitative and quantitative
data at each time point. To our knowledge, this is the first
study attempting to acquire perfusion parameters for PDAC
without using a separate scan or IV contrast injection.

Demonstrating feasibility of CT perfusion for PDAC has
significant implications for clinical care and future research,
particularly if added to routine examinations. Cutoff val-
ues can be used to identify responders and non-responders,
determine timing of surgery, and help distinguish between
residual viable and nonviable neoplasm, thus identifying
patients that ordinarily would be precluded from resection.
Defining standard and meaningful perfusion parameters
using consistent techniques is the first step in laying the
groundwork for future research, both in PDAC and other
solid tumors.

Materials and methods
Patients

Institutional review board approval was obtained for this
prospective HIPAA-compliant investigator-initiated study.
Between June 2017 and February 2019, 60 patients with
PDAC undergoing a pancreas staging or restaging CT were
identified prospectively and written informed consent was
obtained. Exclusion criteria included patients unable to pro-
vide proper informed consent, women who were pregnant
or intending to become pregnant during the study, patients
with body mass index greater than 40 kg/m?, and patients
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with a history of severe allergic-like reaction to iodinated
contrast media.

Image acquisition

All CT exams were performed on a 160 mm wide-detector
256-slice scanner (Revolution CT, GE Healthcare, Wauke-
sha, WI). A weight-based dose of intravenous contrast
(Omnipaque 350; GE Healthcare, Chalfont St. Giles, UK)
was administered through a dual-head power injector (Stel-
land D; Medrad, Warrendale, PA) at an injection rate of
5 ml/s. Patients with pre-existing implanted port catheters
had contrast injected at a maximum rate of 4.2 ml/s. Begin-
ning 5 s after intravenous contrast injection, a 37.5 s perfu-
sion acquisition was performed from 5 to 42.5 s (15 passes
at 2.5 s intervals with slow and shallow breathing) followed
by fixed timing routine pancreatic parenchymal (45 s) and
portal venous phase (70 s) acquisitions that were pushed to
PACS and interpreted for routine clinical care (PACS; Cen-
tricity, GE Healthcare, Chicago, IL). The CT protocol and
scan parameters are outlined in Table 1 and Fig. 1.

Image analysis

Perfusion data were analyzed using dedicated software
(CT perfusion 4D; AW Server; GE Medical Systems)
after applying a motion correction algorithm. Regions of
interest (ROIs) were drawn freehand by a single radiolo-
gist (XXX. fellowship trained in abdominal imaging with
11 years of experience in radiology) and placed in the
suprarenal aorta, tumor and pancreas. ROIs for the tumor
were drawn on the axial image(s) where the mass was
largest and/or had maximal contrast compared to adjacent
pancreatic parenchyma using the native CT images. Three
separate tumoral ROIs were drawn: (1) center of the tumor,

IV Contrast Injection

@ 5cc/sec
Aquisitions l Perfusion Pancreatic  Portal Venous
L |
CETTTTTTTTTTTTT |
Time (sec) 05 425 45 70

Fig. 1 Diagram depicting pancreas CT perfusion protocol. A weight-
based contrast dose of 100-180 ml Omnipaque 350 was used with
a preferred injection rate of 5 cc/s. Patients with preexisting port
catheters received a maximum injection rate of 4.2 cc/s due to rate
limitations. Fifteen perfusion acquisitions were obtained every 2.5 s
beginning at 5 s (grey). Pancreatic parenchymal and portal venous
acquisitions occurred at 45 and 70 s

(2) outer rim of the tumor, and (3) as large as possible
to cover the entire tumor, all of which were drawn while
avoiding encased blood vessels, dilated pancreatic duct
or sidebranches, and cystic components ROIs were also
placed in tumor-free uninvolved pancreas remote from the
tumor, also avoiding blood vessels. Identical ROIs were
propagated to all perfusion phases to generate perfusion
maps from which tumor blood flow (BF), blood volume
(BV), and permeability surface area product (PS) were
calculated using deconvolution algorithms. These vari-
ables were selected as they are the three parameters most
frequently reported and considered to be most significant
for PDAC [13]. ROIs were numbered sequentially and
images with the ROI sizes, shapes, and locations were
saved in the perfusion software and exported as a comma
separated values (CSV) file. Standard pancreatic arte-
rial and venous phase images were reviewed in PACS as
per routine clinical protocol and to record bidimensional
tumor size to calculate RECIST 1.1 response. A separate
radiologist (XX; fellowship-trained in abdominal imaging
with 18 years of experience in radiology) independently

Table 1 CT exam and post-
processing parameters for three

acquisitions

Perfusion Pancreatic Portal venous
Scan mode Axial Axial Axial
Noise index? - 18 18
Detector coverage (mm) 160 140 140
Gantry rotation time (s) 0.5 0.5 0.5
Tube voltage (kVp) 100 120 120
Tube current mode Manual Smart Smart
Tube current (mA) 140 80-500 80450
Number of passes 15 1 1
Reconstruction slice thickness (mm) 2.5 2.5 2.5
Reconstruction slice interval (mm) 2.5 2.5 2.5
Reconstruction kernel Standard Standard Standard
Noise reduction ASIR-V 70% ASIR-V 50% ASIR-V 50%

ASIR adaptive statistical iterative reconstruction, kVp peak kilovoltage, mA milliampere

*Noise index is based on a primary reconstruction of 2.5 mm

@ Springer



Abdominal Radiology (2021) 46:1992-2002

1995

reviewed the images specifically to assess the image qual-
ity using a four-point ordinal scale, as follows: 1, Nondi-
agnostic due to very high image noise, marked artifact,
marked distortion of spatial or contrast resolution, minimal
pancreatic parenchymal enhancement or very poor lesion
conspicuity; 2, Poor but evaluable due to high image
noise, moderate artifact, moderate distortion of spatial or
contrast resolution, or poor edge definition. Suboptimal
pancreatic parenchymal enhancement. Lesion visible, but
suboptimal conspicuity. Considered diagnostic. 3, Good/
sufficient image similar to routine clinical scans at insti-
tution. Minor compromise due to increased image noise,
some image artifact, some distortion of spatial or contrast
resolution, or fair edge definition. Good pancreatic paren-
chymal enhancement and lesion conspicuity. Considered
diagnostic. 4, Excellent quality with very minor image
noise, minimal artifact, very little distortion of spatial or
contrast resolution, and good edge definition. Excellent
pancreatic parenchymal enhancement and lesion conspicu-
ity. Considered diagnostic.

Carbohydrate antigen (CA) 19-9 levels were extracted
from the electronic medical record at each time point. The
displayed volume CT dose index was recorded for all phases.

Since this was a feasibility study, we compared our per-
fusion data to existing literature acquired using a separate
dedicated pancreatic perfusion CT for PDAC or perfusion
CT of normal pancreas. An electronic search of PubMed was
conducted for existing publications that performed perfu-
sion CT for pancreas and PDAC, from which we extracted
the technique details (scanner model and manufacturer, IV
contrast type and injection rate, perfusion software package,
ROI method, kinetic model and calculation method), perfu-
sion parameters (BF, BV, and PS for the tumor or normal
pancreas), and estimated radiation doses (DLP, CTDlIvol,
SSDE, or effective dose). Radiation doses were compared
among all studies performing perfusion CT of the pancreas,
while perfusion parameters were only specifically compared
among those using the deconvolution model (including our
data).

Statistical analysis

Continuous measures were summarized using means and
standard deviations. Categorical data were summarized
using counts and percentages. Size-specific dose estimate
(SSDE) was calculated using the sum of the anterior—pos-
terior and lateral dimensions at the level of the mid liver
and effective dose was calculated using the conversion coef-
ficient for abdomen [14, 15]. Student’s ¢-tests were used to
compare the mean BF, BV, and PS between tumor and nor-
mal pancreas. A p value of 0.05 was considered statistically
significant.

Results

Sixty patients were enrolled in this study and scanned with
the CT perfusion protocol. Three exams were excluded
due to technical errors/corrupt images on the perfusion
acquisition. The final study population consisted of 57
patients. Since the primary aim was to test the feasibility
of this method, our cohort included patients at varying time
points during their treatment cycle. Thirty-eight patients
had at least one cycle of treatment prior to perfusion. Other
patient characteristics are outlined in Fig. 2. All exams were
considered clinically diagnostic as part of standard work-
flow, as well as in the secondary image quality assessment,
including the three exams where the perfusion acquisitions
were unable to be post-processed. In the independent image
quality assessment, the standard of care images (pancreatic
parenchymal and venous phases) were rated Good (3) or
Excellent (4) in 56/57 patients (mean=3.7). One examina-
tion was rated as Poor (2) but still considered diagnostic. The
mean contrast dose was 142 ml (range 115-180 ml) and the
mean injection rate was 4.6 ml/s. Mean CA 19-9 value was
3644 U/ml (range < 1 to 64637) and there was no significant
correlation between any perfusion parameters and CA 19-9
values. Perfusion parameters for the tumor and uninvolved

60 patients with pancreatic ductal
adenocarcinoma scanned with CT
perfusion protocol

3 excluded due to
technical error/corrupt
imaging files

n=57
31 male 26 female
66 years
BMI = 24.9 kg/m?
RECIST 1.1 mean SLD = 47.1

\J

24 of 57 had
metastatic disease
4 Lymph Nodes
6 Peritoneum
9 Lung
17 Liver

\

38 of 57 had
systemic therapy
prior to CT
perfusion scan

Fig.2 Flow chart of recruitment and patient population. SLD sum of
the long diameters of target lesions
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pancreas are reported in Table 2 and Figs. 3 and 4. Mean BF,
BV and PS was significantly lower in tumor compared to
uninvolved pancreas (p <0.001). Estimated radiation doses
for the perfusion, arterial, and venous phases are shown in
Table 3.

Comparisons of our perfusion data (for both the tumor
and uninvolved pancreas) to existing literature are shown

in Table 4 and Fig. 5. Most of the technical parameters
varied with all the comparisons performing a separate scan
and separate injection, using different scanner models and
manufacturers, timing and number of perfusion acquisi-
tions. The patient populations also differ among all the
publications, including the initial staging, types of treat-
ment regimens, and whether patients ultimately underwent
surgical resection.

Table 2 Perfusion parameters
by location within the tumor

Blood flow (ml/100 g/min) Blood volume (ml/100 g) PS (ml/100 g/min)

and uninvolved pancreas Tumor center

Tumor entire diameter
Tumor rim

Uninvolved pancreas*

20.8+12.1 (0.5-45.5)
23.8+13.4 (6.7-55.7)
27.5+18.9 (9.8-48.5)
90.8+50.2 (30.9-180.4)

2.5+2.1 (0.31-5.5)
3.1+1.9 (0.64-8.3)
3.1+1.9 (0.61-6.3)
11.9+4.3 (4.8-20.5)

15.5+39.4 (0.12-39.7)
15.7+24.6 (0.7-48.1)
12.3+18.8 (0.9-26.8)
33.6+27.7 2.43-84.77)

Data are means + standard deviations with range in parentheses

*BF, BV, PS values for tumor were significantly lower for all tumor measurements compared to uninvolved

pancreas (p <0.001)

Fig.3 73-Year-old female with stage IV pancreatic head adenocar-
cinoma with metastases to the liver. a Freehand ROI encompassing
the entire primary tumor on contrast-enhanced CT (mean attenua-
tion=75 HU). Color maps of functional parameters showing: b Aver-
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Fig.4 67-Year-old female with resectable pancreatic head adenocar-
cinoma who underwent pancreaticoduodenectomy with RO resec-
tion. No evidence of recurrent or metastatic disease 11 months
postoperatively. a Freehand ROI encompassing the entire pri-
mary tumor on contrast-enhanced CT (mean attenuation=47

HU). Color maps of functional parameters showing: b Average
blood volume of tumor=3.4 ml/100 g. ¢ Average blood flow of
tumor=21.53 ml/100 g/min. d Average permeability surface area
product of tumor=3.8 ml/100 g/min

Table 3 Radiation doses

Perfusion

Pancreatic Portal venous

DLP (mGy-cm)

685+ 100 (529-944)

448 +213 (187-974) 973 +384 (354-1865)

CTDIvol (mGy) 43+6 (33-62) 17+7 (6-37) 1445 (7-24)
SSDE (mGy) 57+ 11 (41-77) 22+8 (10-40) 2046 (12-74)
Effective Dose (mSv) 10.3 (7.9-14.2) 6.7 (2.8-14.6) 14.6 (5.3-27.8)

Data are means +standard deviations with range in parentheses. Effective dose was calculated using the
abdominal conversion coefficient of 0.015

DLP dose length product, CTDIvol CTdose index, SSDE size-specific dose estimate

Discussion

Our approach demonstrates that performing a perfusion
acquisition is feasible during standard multiphase pancreatic
CT using a single contrast injection. By combining perfusion
CT with standard of care CT, our approach adds no time or
cost to the patient, while simultaneously acquiring quanti-
tative data and standard staging and restaging information.
Moreover, using a wide-coverage 256-slice scanner miti-
gates many historical limitations, allowing for rapid whole
organ coverage with no significant motion artifact.

Existing literature for PDAC perfusion CT includes a
wide variety of technology, including scanners manufac-
tured by Siemens, GE, Toshiba, and Philips and models
ranging from 64-to 640-slice. Most importantly, all were
performed separately from the standard of care CT, requiring
a separate scan and IV contrast injection from the standard
of care examination. Despite the technical differences and
heterogeneous patient population, our perfusion parameters
were comparable to what has been reported elsewhere.
Notably, IV contrast injection rate for perfusion CT has his-
torically been much higher (> 5 ml/s) than what is used for
routine examinations, but our results suggest that standard
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weight-based injection doses and rates can be used with-
out affecting the perfusion parameters. In phantom stud-
ies at our institution, we found no significant differences
between the perfusion parameters at various injection rates.
These are preliminary observations in a small number of
patients, but routinely acquiring perfusion parameters in

llIII II||||||
40

3

2

"1}

Tumor

Pancreas

Pancreas

Pancreas

patients with PDAC offers added quantitative information
with little downside. The added radiation from the perfusion
sequence is the only notable consideration, but of minimal
significance in this patient population with an aggressive
malignancy and limited life expectancy, many of whom will
receive treatment radiation doses. Of the existing literature
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using pancreas perfusion CT, only a few specifically report
radiation dose and ours is the only study reporting SSDE.
Effective dose is most often reported and our mean of
10.2 mSv is within the range of 3.60-23.37 mSv that has
been reported elsewhere. Most importantly, our radiation
doses were within the range predicted by our medical phys-
icists when designing the protocol and we had no outlier
scans with unexpectedly higher doses. Although radiation
exposure is not a major concern for PDAC patients, this
consistency and predictability is important for implement-
ing similar perfusion protocols in other oncology patients.

Our results show that BF and BV in the tumor are very
low compared to uninvolved pancreas and even lower in the
center compared to the rim, which is thought to reflect the
fibrosis and extracellular matrix deposition seen with PDAC
[12]. Specifically, the perfusion parameters are lowest in the
center of the tumor with progressively increasing perfusion
when moving radially to the tumor, rim, immediately adja-
cent pancreas, and distant pancreas, which is similar to what
has been reported elsewhere [16]. In fact, the altered per-
fusion in immediately adjacent “normal” pancreas is often
attributed to microscopic tumor involvement that is occult by
conventional CT images [17]. Hamdy et al. recently showed
patients with higher baseline BF were more likely to respond
to neoadjuvant CRT, suggesting worse tumor perfusion
reflects a rigid extracellular matrix and impaired delivery
of systemic anticancer therapy. We focused on BF, BV, and
PS as they have shown the most promise in prior studies, of
which BF has been reported to be the single most important
parameter of tissue perfusion [18]. There is no consensus
regarding PS in PDAC and the variability in our results and
in literature comparisons often occur due to differences
regarding delayed phase acquisition [18]. Reliable PS values
typically require delayed imaging (> 40 s) allowing for con-
trast extravasation in the intravascular compartment. Since
our protocol was designed as an add-on to the standard of
care CT, we chose not to acquire additional delayed phases
that would have added to the scan time. Our perfusion
parameters for uninvolved pancreas were also comparable
to what has been reported elsewhere, but we acknowledge
that pancreatic parenchyma without any visible tumor may
not be ‘normal’ and it is difficult to know what the expected
perfusion parameters should be.

One of the barriers limiting widespread adoption has been
lack of reference values and technical standards. It is diffi-
cult, if not impossible, to directly compare perfusion values
across different scanners, mathematical models, and soft-
ware used. By demonstrating the feasibility of a perfusion
protocol combined with routine imaging, more standardized
protocols can be utilized wherein reference standards can at
least be validated among similar technology and calcula-
tion methods. Compartmental and deconvolution analysis
are the most widely used kinetic models and there is still no

@ Springer

consensus regarding which is most applicable for abdomi-
nal oncology applications, nor whether the parameters are
directly interchangeable [19]. It has been suggested the
deconvolution method can tolerate greater image noise and
is therefore particularly well suited to measuring lower lev-
els of perfusion, such as is seen with PDAC at baseline and
after therapy [20]. Kaufmann et al. retrospectively reviewed
patients undergoing perfusion CT for liver response and
compared perfusion parameters in the normal pancreas for
both calculation methods using three different perfusion CT
(scans up to 3 months apart). They found 30% variability in
the range of BF measurements irrespective of the calcula-
tion method but suggested that the deconvolution method
was more robust with acceptable deviation at follow-up [21].
Accordingly, any attempts to perform perfusion CT must
clearly and consistently report their technical specifications
and calculation methods. Establishing standards for quan-
tification methods is essential for ensuring reliability and
comparability of the perfusion data.

Notably, our parameters were below cutoff values estab-
lished using perfusion CT and deconvolution analysis
to differentiate PDAC from mass-forming chronic pan-
creatitis (MFCP) [13]. Aslan et al. found cutoff values
of BV 7.60 ml/100 g, BF 64.43 ml/100 ml/min, and PS
28.08 m1/100 ml/min, below which provided 100% sensi-
tivity and specificity for distinguishing PDAC from MFCP
[13]. Yadav et al. similarly used perfusion CT to distinguish
PDAC from MFCP, but used Patlak analysis, and reported
cutoff values of 5 ml/100 ml for BV (92.3% sensitivity and
67.9% specificity), 19.1 ml/100 ml/min for BF (100% sensi-
tivity and 73.8% specificity), and 12.7 ml/100 ml/min for PS
(84.6% sensitivity and 69.1% specificity), which highlights
the importance of only comparing perfusion parameters
derived from similar calculation methods.

Prior studies have shown that RECIST and other met-
rics using serial tumor size change are unreliable for PDAC,
especially after neoadjuvant therapy. Hence, it is often very
challenging to determine if PDAC patients are responding
favorably and if/when borderline locally advanced tumors
should undergo resection. Routinely acquiring perfusion
parameters at baseline and during therapy could provide
more specific tumor characteristics and response assessment,
including predictive features at baseline, assess ongoing
response to therapy and distinguish viable from nonviable
tumor after neoadjuvant therapy. Our ongoing work seeks
to derive meaningful parameters before and during therapy
that can be used to guide management and correlate with
survival.

Other potential uses for combining perfusion CT
with a routine CT protocol could include troubleshoot-
ing when the diagnosis of PDAC is uncertain, such as
cases of MFCP vs. PDAC, unexplained pancreatitis, or in
cases of unexplained pancreatic duct obstruction [13, 18].
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Color perfusion maps have also been shown to be useful
at detecting PDACs that are isoenhancing compared to
pancreatic parenchyma and not visible on the native CT
images [18].

This study has several important limitations. First, our
sample size was limited to 57 patients with PDAC at vari-
ous stages of disease and management. As such, we focused
entirely on protocol feasibility and did not attempt to corre-
late with outcomes. A larger series with a more homogenous
population would be required to assess treatment response
and correlate with outcomes. Second, this protocol was
performed on a wide-detector scanner from only one ven-
dor, which represents our clinical workflow, but the results
may not translate to other scanner types or scan parameters.
Moreover, the perfusion protocol on this scanner could not
accommodate patients with body mass index greater than
40 kg/m2, which limits the relevance for such patients.
Third, the data processing used specific software utilizing
the deconvolution algorithm and the results are likely not
interchangeable with other kinetic models. Fourth, a single
reader performed all of the perfusion ROIs, which limits the
reproducibility of the findings beyond our practice. Future
studies with multiple readers are necessary to ensure this
process can be repeated and has broader relevance. Lastly,
generating and analyzing perfusion parameters requires soft-
ware separate from the clinical PACS, which adds time for
the radiologist and is a consideration if perfusion acquisi-
tions are performed more routinely.

Conclusions

In conclusion, it is feasible to perform a perfusion CT acqui-
sition with standard of care CT scans using a single contrast
injection and without detrimentally affecting the standard
pancreatic and venous phases. Using the latest CT tech-
nology mitigates historical concerns regarding respiratory
motion, image noise, and added radiation dose, such that
perfusion CT can be considered as an add-on for patients
with PDAC with very little downside. The tumoral perfu-
sion parameters in our cohort are similar to what has been
reported previously using the deconvolution method, in spite
of other technical differences. However, reliable comparison
can only be made among perfusion parameters calculated
using the same kinetic model (Patlak/maximum slope or
deconvolution). By acquiring this information as part of
a single routine scan, we hope to be able to provide more
specific details regarding individual tumors and response
assessment.
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