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Background: Computed tomography (CT) is the main diagnos-
tic modality for detecting pancreatic adenocarcinoma.
Objectives: To assess the frequency of missed pancreatic ade-
nocarcinoma on CT scans according to different CT protocols.
Methods: The medical records of consecutive pancreat-
ic adenocarcinoma patients were retrospectively collected
(12/2011-12/2015). Patients with abdominal CT scans per-
formed up to a year prior to cancer diagnosis were included.
Two radiologists registered the presence of radiological signs
of missed cancers. The frequency of missed cancers was com-
pared between portal and pancreatic/triphasic CT protocols.
Results: Overall, 180 CT scans of pancreatic adenocarcinoma
patients performed prior to cancer diagnosis were retrieved;
126/180 (70.0%) were conducted using pancreatic/triphasic
protocols and 54/180 (30.0%) used portal protocols. The overall
frequency of missed cancers was 6/180 (3.3%) in our study pop-
ulation. The frequency of missed cancers was higher with the
portal CT protocols compared to the pancreatic/triphasic proto-
cols: 5/54 (9.3%) vs. 1/126 (0.8%), P = 0.01. CT signs of missed
cancers included small hypodense lesions, peri-pancreatic fat
stranding, and dilated pancreatic duct with a cut-off sign.
Conclusions: The frequency of missed pancreatic adenocarci-
noma is higher on portal CT protocols. Physicians should con-
sider the cancer miss rate on different CT protocols.
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ancreatic cancer is a highly lethal malignancy. It is the third

leading cause of cancer-related death in the Western world
[1-3]. Initial symptoms are often nonspecific, including abdom-
inal pain, weight loss, asthenia, anorexia, and jaundice [4-6].

Abdominal computed tomography (CT) is the main diagnostic
tool for various gastrointestinal complaints, with millions of scans
performed worldwide every year. CT commonly serves as a pri-
mary imaging modality for the detection of pancreatic malignan-
cy and is considered the gold standard for determining staging.

Pancreatic adenocarcinoma (PDAC) diagnosis is determined
using a dedicated biphasic CT protocol comprised of a pancreat-
ic phase scan (starting 35-45 seconds after intravenous contrast
iodine-based injection) or a portal phase (performing another
scan 65-70 seconds from contrast material injection) [7-9].

A pancreatic phase scan is optimal for PDAC detection,
making this desmoplastic tumor conspicuous compared to the
normally enhancing pancreatic parenchyma. Portal phase is su-
perior for assessing regional and distant spreading to peritone-
um and liver.

Survival of PDAC depends on early detection, with surgi-
cal resection being the only potentially curative therapy [4,6].
Therefore, clinicians must be aware of the reliability and poten-
tial pitfalls of different CT protocols when diagnosing pancre-
atic malignancy.

Despite the importance of avoiding delayed diagnosis, there
are few publications regarding the rate of missed pancreatic ade-
nocarcinoma. In this study, we assessed the frequency of missed
pancreatic adenocarcinoma on CT scans according to different
CT protocols.

PATIENTS AND METHODS

STUDY DESIGN

The medical records of consecutive patients with histopatholog-
ical diagnosis of pancreatic adenocarcinoma were retrospective-
ly retrieved using a computerized search in our department’s
radiological information system (12/2011-12/2015). Search
parameters included the terms pancreatic adenocarcinoma,
pancreatic tumor, pancreatic mass, pancreatic malignancy, or
pancreatic cancer. Demographics, clinical data, and CT referral
indications were retrieved from the electronic medical records.

Only patients with a new diagnosis of PDAC were included.
Other pathologies, such as pancreatic neuroendocrine tumors,
were excluded.

For each patient, we obtained the initial CT scan in which
PDAC was first identified. These scans were considered as the ref-
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erence scans for our study. In addition, we collected all CT scans
performed within one year prior to the reference scan for each pa-
tient. Although we did not set a specific minimum time interval
between the reference scan and the prior scans, the minimum in-
terval between CT scans in our study cohort was one month.

To evaluate any potential cases of pancreatic cancer that
might have been missed by the original imaging report, a prima-
ry reader (a senior diagnostic radiologist with 5 years of experi-
ence [MDI]) thoroughly examined each CT scan. Any suspected
missed cases were then re-evaluated by two senior radiologists
(both with over 10 years of experience [SA, EK]), who reviewed
the scans and were aware of the original CT report.

Missed PDAC was defined as either a pancreatic mass that
was not reported, or as ancillary features of malignancy (e.g.,
peripancreatic fat stranding, dilatation of pancreatic duct with
or without a cut-off sign, and peripancreatic lymphadenopathy)
that were not reported. Small tumors were defined as having
a diameter of less than 20 mm, as defined by Yoon et al. [10].

All research methods were performed in accordance with
relevant guidelines and regulations of the Declaration of Hel-
sinki. The institutional review board at Sheba Medical Center
approved this retrospective study. Informed consent was waved.

Table 1. Study cohort data including clinical indications for CT
referral according to CT protocols

Data type Entire cohort Portal Pancreatic/
triphasic
Number of patients 180 54 (30%) 126 (70%)
Male-to-female ratio 108:72 39:15 69:57
Age in years, mean 66.4£10.8 664100 | 665%11.2

Performing institutes: | 94/180 (52%) | 28/54 (52%) 66/126

University hospitals/ (52.4%)
outpatient clinics

Number of undetected 6 (3.3%) 5 (9.3%) 1(0.8%)
cancers

Clinical indication for CT

Obstructive jaundice 36 (20%) 8 28
Abdominal pain 96 (53.3%) 34 62
Lethargy 15 (8.3%) 3 12
Weight loss 63 (35%) 20 43
Anorexia 27 (15%) 9 18
New onset diabetes 8 (4.4%) 1 7
Pancreatitis 5 (2.7%) 3 2
Back pain 23 (12.8%) 8 15
Nausea/vomiting 24.(13.3%) 7 17
Change in bowel 16 (8.9%) 8 8
habits

Night sweat 5(2.7%)

Elevated CA19-9 3(1.7%)

marker

Other 17 (9.6%) 6 11
Incidental finding 8 (4.4%) 2 6

CT = computed tomography

IMAGING TECHNIQUE
CT scans were performed at several institutes. The scans were
categorized according to the CT protocol that was used.

A dual phase pancreatic-protocol CT included a pancreatic
phase performed with a scan delay of 40-45 seconds following
a bolus of intravenous contrast agent and a portal venous phase
performed with a scan delay of 65-70 seconds.

A triphasic CT protocol with late arterial (scan delay 35-45
seconds) and portal phases (scan delay 65-70 seconds) was fol-
lowed by an additional delayed scan 3—5 minutes following in-
travenous (IV) contrast bolus.

All protocols included in the study were conducted with
non-contrast scan prior to injection of intravenous contrast.

STATISTICAL ANALYSIS

Descriptive statistics were used to summarize the study’s char-
acteristics. Statistical analyses were performed using IBM Sta-
tistical Package for the Social Sciences statistics software, ver-
sion 20 (SPSS, IBM Corp, Armonk, NY, USA). A P-value <
0.05 was considered statistically significant.

Differences in miss rates were compared between the portal CT
protocol group and the pancreatic/triphasic CT protocols (Fisher’s
exact test). We also compared differences in miss rates between
university hospitals and outpatient clinics and between portal CT
scans and pancreatic/triphasic CT scans (Fisher's exact test).

RESULTS

We retrieved 193 PDAC records with CT scans performed prior
to PDAC diagnosis; 126/193 (65.3%) of the scans were pancre-
atic or tri-phasic CT protocols and 54/193 (28.0%) were por-
tal CT protocols. We excluded 13/193 scans (6.7%) that used
non-contrast only CTs. In total, 180 patients were included in
the study. Table 1 summarizes the study cohort according to CT
protocol. The age range was 43-90 years.

The referral indications for performing CT scans were re-
trieved and were grouped into 14 categories [Table 1]. Patients
could have more than one referral indication. The most frequent
indication was abdominal pain (96/180 patients [53.3%]) fol-
lowed by weight loss (63/180 [35.0%]). The Other category in-
cluded lower limb thrombosis, ischemia or edema, heartburn,
splenomegaly, elevated liver enzymes, shoulder, flank, or chest
pain. Most incidental masses were detected on CT surveillance
for previous malignancy (breast, prostate, and lymphoma) or
pancreatic/liver cyst follow-up. Two incidental masses were
found during a workup for bleeding ulcer and trauma.

The overall frequency of missed tumors and ancillary find
was 6/180 (3.3%). The miss rate was significantly higher in por-
tal CT protocols. Five cancers were missed on portal scans, and
a single tumor was missed in a pancreatic protocol: portal proto-
col: 5/54 (9.3%) vs. pancreatic/triphasic protocol: 1/126 (0.8%),
P=0.01, odds ratio 12.8. There was a similar distribution of
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Figure 1. CT surveillance of a 62 years-old male with a history of
prostate cancer

CT = computed tomography

[B] CT scan 6 months later with
pancreatic protocol, showing
enlargement of the hypodense mass
and detected new liver metastases

[A] Portal CT scan, undetected
small hypodense mass in the
head of the pancreas

Figure 2. Chest-abdomen CT scan of 57-year-old male, investigation of
dyspnea

CT = computed tomography

[A] Portal CT scan, undetected
peripancreatic fat stranding

[B] CT follow-up with pancreatic
protocol 2 months later due to
increased abdominal pain, showing
increased peripancreatic fat
stranding and new liver metastasis

Figure 3. CT scan of 67-year-old male, ischemic limb

CT = computed tomography

[A] Portal CT scan showing
slightly dilated distal pancreatic
duct with cutoff sign

[B] Triphasic CT 6 months later
due to recurrent limb ischemia,
showing a large hypodense mass
in the tail of pancreas.

missed tumors and ancillary findings between university hospi-
tals and outpatient centers: university hospitals: 3/96 (3.1%) vs.
outpatient centers 3/77 (3.9%), P= 1.

The following CT malignancy ancillary findings were retro-

spectively identified in missed cancers. Three patients demonstrat-
ed small (diameter <20 mm) hypodense lesions [Figure 1]. Three
additional patients did not reveal a detectable pancreatic mass but
exhibited peri-pancreatic fat stranding (2 cases) [Figure 2] and di-
lated pancreatic duct with a cut-off sign (1 case) [Figure 3]. Focal
atrophy, a known early sign of PDAC [11,12] was not detected
among missed tumors in our study population.

DISCUSSION

In this study, we examined the failure to diagnose PDAC in dif-
ferent CT protocols. Our cohort consisted of 180 patients. We
found a 9.3% miss rate of PDAC in portal CT scans. To the best
of our knowledge, this is the largest cohort to investigate missed
PDAC in abdominal CT scans regarding different CT protocols.

Previous studies have investigated the missed detection of
pancreatic tumors in imaging. Kielar and co-authors [13] re-
ported 13 pancreas-related errors out of 222 imaging errors,
one of which involved a missed pancreatic mass. Donald and
colleagues [14] identified 558 diagnostic imaging errors, with
CT scans accounting for 43%, and 4 cases of missed pancre-
atic tumors. Kang et al. [11] analyzed 257 PDAC patients and
found 107 studies with missed and misinterpreted imaging find-
ings in 66 patients (62% missed and 46% misinterpreted). Hoo-
genboom et al. [12] described 60 PDAC patients with various
pre-diagnostic CT protocols, where a pancreatic mass was retro-
spectively suspected in approximately 50% of cases by two in-
dependent reviewers. These studies did not specifically address
the missed rate of pancreatic tumors in relation to CT protocol.

We found a significantly higher miss rate (9.3%) of PDAC in
portal CT scans, which corresponds with current literature high-
lighting the superiority of the pancreatic phase in demonstrat-
ing pancreatic adenocarcinoma due to better tumor-to-pancreas
contrast [7-9]. Moreover, the lower rate of missed pancreatic
tumors on pancreatic and triphasic CT scans may be attribut-
able to increased awareness of subtle imaging findings when
interpreting these scans, which are typically more relevant to a
clinical question of tumor detection [15,16]. Because pancreatic
adenocarcinoma is a lethal malignancy and early detection is
essential for improving survival rates, knowledge of CT tech-
niques is essential.

Previous studies have investigated the secondary imaging
findings of undetected pancreatic tumors. Yoon et al. [10] found
that approximately one-fourth of small (< 2 cm) pancreatic
masses were isoattenuating and showed pancreatic duct abnor-
malities, including cut-off or dilatation. Ahn et al. [17] described
focal hypoattenuation and pancreatic duct dilation with or with-
out interruption as the most useful findings for avoiding delayed
diagnosis of pancreatic cancer. Other studies [11,12,18,19] have
found that pancreatic duct dilation, duct interruption, focal at-
rophy, perivascular soft tissue, and imaging features of acute
pancreatitis are strongly associated with PDAC.
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In our study, undetected tumors exhibited focal hypodense
lesions only retrospectively identified, peripancreatic fat strand-
ing, and dilated pancreatic duct with a cut-off sign. Focal atrophy
was not detected among missed tumors in our study population.
We recommend that radiologists pay attention to these signs.

Our study has several limitations. First, it is a retrospective
study, which was necessary to obtain an accurate estimation
of the miss rate of PDAC. Second, CT scans were performed
at several different institutions, reflecting real-life variability.
Third, there is a possibility of selection bias, as the patients
included in our study predominantly exhibited symptoms and
were referred for imaging prior to receiving a diagnosis. This as-
pect reflects the natural course of patient evaluation in real-life
scenarios. Last, the number of missed cases in our study is rela-
tively small, although statistical significance was observed.

CONCLUSIONS
We revealed a higher miss rate of PDAC in portal CT scans, un-
derscoring the significance of familiarity with diverse CT pro-
tocols. Radiologists' attentiveness to subtle secondary imaging
findings may facilitate early detection of this fatal cancer. Fur-
ther research is necessary to assess the impact of missed PDAC
on patient outcomes and to develop strategies to minimize the
risk of missed diagnoses.
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suggested, but the other is an ephaptic mechanism
involving cell depolarization across a junctional cleft, and
these are functionally redundant. Current treatment of
scar-associated arrhythmias creates additional scarring
and may need to be reevaluated given the risk of
worsening arrhythmias.

Science 2023; 381: 1480

Eitan Israeli

695



