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Abstract

Purpose To assess guideline compliance and quality of hepatocellular carcinoma, (HCC) diagnostic imaging within com-
munity hospitals (CH) and their Tertiary referral center (TRC) in a moderately high incidence region.

Methods Initial diagnostic workup CT/MRI scans of 251 patients (122 CH, 112 TRC, 17 Non-TRC academic) with HCC
over a 15-month period were assessed for Liver reporting and Data System (LI-RADS) guideline compliance. 269 scans (182
CT, 87 MRI) were qualitatively evaluated by 2 independent blinded radiologists for arterial timing, overall image quality,
noise and sharpness, with quantification of interobserver variability. The contrast enhancement ratio (CER) for the largest
HCC on each scan was calculated using pre- and post-contrast images.

Results 103/104 (99%) of TRC and 44/78 (56%) of CH CTs adhered to LI-RADS imaging guidelines (P <0.0001). Lack of
delayed phase accounted for 32/34 (94%) of noncompliant CH CTs. Regarding MRI, 19/19 (100%) of TRC and 60/68 (88%)
of CH scans were adherent (P =0.12). For both modalities, overall image quality, noise and sharpness were rated significantly
higher for TRC than CH. There was moderate interobserver agreement with intraclass correlation coefficient of 0.73, 0.70
and 0.63, respectively. Arterial-phase timing was rated adequate for CT in 75/104 TRC (72%) and 10/68 (14%) CH scans
(P<0.0001) and for MRI in 8/19 (42%) TRC and 23/68 (33%) CH scans (P=0.17). The CER was significantly higher for
TRC versus CH (2.9 vs. 1.9, P<0.001) and MRI (0.9 vs. 0.7, P=0.03).

Conclusions Community hospital HCC diagnostic scans significantly lag in critical quality parameters of tumor enhancement,
arterial phase timing, perceived image quality, and LI-RADS CT technique compliance compared to a TRC.
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HCC Hepatocellular Carcinoma DWI Diffusion-weighted sequence
AASLD  American Association for the Study of Liver HAP Hepatic arterial phase

Disease CER Contrast enhancement ratio
LI-RADS Liver imaging reporting and data system SI Signal intensity
TRC Tertiary referral center ROI Region of interest

SD Standard deviation
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diagnosis is made in most cases by imaging, without the
need for histological confirmation [2]. Therefore, standardi-
zation and optimization of imaging techniques, diagnostic
criteria and reporting are of utmost importance. Diagnostic
imaging criteria for HCC were proposed by various liver
disease associations including the American Association
for the study of Liver Disease (AASLD) and subsequently
validated by a number of prospective studies [3—6]. In 2008,
the American College of Radiology sponsored a panel to
create guidelines for the optimal imaging and reporting of
HCC using CT and MRI [4]. The resultant guidelines, the
Liver Imaging Reporting and Data System (LI-RADS), were
launched in 2011 and addressed the standardization of imag-
ing techniques and reporting. Significant effort has gone into
the revision and validation of these guidelines throughout
the last several years [7-9]. However, less effort has gone
into the translation of these guidelines into daily practice,
particularly at non-academic centers where HCCs are often
first encountered.

It is our own anecdotal experience at a tertiary referral
center (TRC) that there is a wide heterogeneity regarding
HCC image quality and protocol adherence. We believe that
the protocol and technique recommendations of LI-RADS
are a critically important component of optimized HCC
diagnostic imaging.

We hypothesized that CT and MRI studies performed at
community hospitals (CH) do not adhere to the LI-RADS
imaging technique guidelines and the image quality from
community sites is lower than that of the TRC, despite the
presence of established guidelines. The purpose of this study
was to assess and compare specific measures of LI-RADS
imaging technique guideline compliance and imaging qual-
ity between CH and TRC.

Materials and methods

The institutional review board approved this retrospective
cross-sectional study. The need for patient consent was
waived.

Study setting

The study was performed in the province of Ontario,
Canada, with a population of 14 million, 29.1% of which
were foreign born [10, 11]. The provincial age-standard-
ized incidence rate of liver cancer in men and women was
14.2/100,000 and 4.9/100,000 respectively, making Ontario
a “moderately high incidence” region on a global scale [12,
13]. The TRC studied is the only designated liver cancer
treatment center in the province’s largest metropolitan area
and treats patients across the province. An estimated 1/5 of
Canada’s HCC population is seen at the study TRC.

Patient selection

Three hundred and seventy-four consecutive patients
referred to the TRC from April 2016 to August 2017 were
identified from an institutionally approved HCC registry.

Exclusion criteria were as follows: patients that were
previously treated (n=103), HCCs that were incidentally
identified on non-dedicated CT or MRI scans (n=9) and
patients with alternative diagnoses such as liver metastases
or cholangiocarcinoma (n=11).

A total of 251 patients remained and constituted the
study population. One hundred and twenty-two patients
had available scans performed in CH sites, 112 patients
had scans performed at the TRC (either without prior
imaging, or with CH prior imaging that was unavailable)
and 17 patients were scanned at non-TRC academic sites.
Eleven patients in TRC, 24 patients in CH and 2 patients
in academic non-TRC had both a CT and MRI for their
initial work up available for review (Fig. 1). The study
population included 207 males and 44 females. The mean
age of patients scanned at these sites were not significantly
different, with the age of patients in TRC 66.2 +9.5, CH
65.6 +9.8 and academic non-TRC 62.02 + 8.5 years.

LI-RADS phase/sequence adherence

Phases and sequences of respective initial diagnostic
workup CT and MRIs were recorded to assess LI-RADS
adherence using the 2014-2017 LI-RADS standards [14].
The 2017 version was used because it was the most up-
to-date version that overlapped the study accrual period.
The 2017 technical standards overlap with 2014 version
and are identical to the 2018 update [15]. Adequate CT
was defined as inclusion of arterial, venous and delayed
(2-5 min post contrast injection) phases. Specifically,
delayed phases that were outside of the recommended
range (for example, 10-15 min delays) did not satisfy the
criteria for adherence. Adequate MRI was defined as inclu-
sion of T2, T1 pre-contrast, arterial, venous and delayed
phases. Additionally, the inclusion of pre-contrast images
for CT and diffusion weighted imaging (DWI) for MRI
were recorded, these images are suggested but not required
by LI-RADS guidelines.

CT & MRI technique

Details of CT and MRI technique at TRC are outlined in
Appendix 1.

@ Springer



4030

Abdominal Radiology (2019) 44:4028-4036

Fig. 1 Flowchart of study popu-
lation. A total of 288 CT and
MRI scans from 251 patients
were reviewed

HCC registry database
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Qualitative imaging quality assessment

Using standard clinically used proprietary PACS viewers
previously developed within the institution, representa-
tive images were selected from the hepatic arterial phase
by two radiology residents (AC in 2nd year, MS in 3rd
year) at three levels: largest HCC, hepatic veins and right
portal vein (the left portal vein was alternatively used
if the right portal vein was diminutive or thrombosed).
All annotations on the images were removed; the images
were anonymized and displayed at native field of view in a
standardized format. CT images were displayed using soft
tissue windows (window 400, level 40) MRI images were
shown using the native window/level. Reviewers could not
alter the window, level, field of view or display arrange-
ment. Two blinded fellowship-trained abdominal radiolo-
gists with 2 and 18 years of staff experience reporting
abdominal CT and MRI independently evaluated these 3
representative images. They were tasked to grade overall
image quality, image noise and image sharpness each on a
5-point scale. For image quality, a score of 1 was defined
as the worst quality and non-diagnostic and a score of 5
was defined as excellent quality. For image noise, a score
of 1 was defined as very noisy and non-diagnostic, and
a score of 5 was defined as no visible noise. For image
sharpness, a score of 1 was defined as presence of sig-
nificant motion blur and non-diagnostic and a score of 5
was defined as very sharp, allowing visualization of the
precise margins of organs. Additionally, the radiologists
were asked to score adequate hepatic arterial phase (HAP)
timing using enhancement of the portal and hepatic veins
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as landmarks via a 3-point scale: 1 (too early) portal vein
not yet or minimally opacified, 2 (good) portal vein par-
tially opacified and hepatic vein not yet opacified, 3 (too
late) hepatic vein opacified [16].

Quantitative image quality assessment

All measurements were performed by 2nd and 3rd year
radiology residents (AC, MS). To assess the quality of
the arterial phase, quantitative analysis of the degree of
HCC enhancement was performed by acquiring a contrast
enhancement ratio (CER) for MRI and CT. CER formulas
were different for MRI and CT since MRI signal intensity
(SD) requires normalization, whereas CT attenuation values
are calibrated, and therefore, comparable between machines.
The CER for MRI was acquired using the following formula:
(Post contrast HCC SI-Pre-contrast HCC SI)/Pre-contrast
HCC SI [17]. For CTs, CER was calculated as follows: Post
Contrast HCC Hounsfield Units (HU)/Pre-contrast HCC HU
[18]. Image 2 demonstrates an example of HCCs with vary-
ing CERs. To obtain these measures, a region of interest
(ROI) was drawn over the largest HCC in the pre-contrast
and hepatic arterial phase; the largest possible cross-sec-
tional area within the margins of the tumor was used. The
mean HU and SI were obtained for CTs and MRIs, respec-
tively. Noise for pre-contrast CT scans was measured by
recording the standard deviation (SD) from an ROI 2.0 cm?
large placed over hepatic parenchyma. The ROI was placed
in the most homogenous portion of the liver, away from ves-
sels and ducts.
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Statistical analysis

To determine the proportion of scans that adhered to LI-
RADS guidelines, a single binary outcome variable (adher-
ent and non-adherent) was created by auditing the included
phases and sequences of the CTs and MRIs, respectively. A
1 test was performed for the comparison of the proportions
of CH scans and TRC scans that were adherent.

The overall quality, image noise and image sharpness
of the scans from CH sites and the TRC site were each
compared separately. This was performed by producing a
continuous variable based on averaging the three ratings
from the two radiologists for each measure of quality. The
intraclass correlation coefficient (ICC) and Cohen’s Kappa
coefficient were calculated to measure the reliability of the
scores between the two radiologists.

To compare the CER from the CT and MRI scans that
were performed in CH sites to the ones in TRC sites, the
average CER from each of these sites were obtained and an
F-test was performed for the comparison of the two groups.
The average noise between CH and TRC sites were com-
pared by obtaining an average SD from the two respective
groups and subsequently performing an F-test.

Results
Demographics

A total of 288 CT and MRI scans from 251 patients origi-
nating from 41 different hospital sites across the province
were reviewed. An average of 4.7 CT scans and 2.3 MRI
scans were performed at each site. Of the CT scans analyzed,
93/194 (48%) were performed at TRC urban sites, 52/194
(27%) were performed at non-TRC urban sites and 49/194
(25%) were performed in suburban and rural sites. Of the

Fig.2 Proportion of adherent 100
and non-adherent CT scans

performed in TRC and CH 30
sites. Regarding CT examina- 80
tions, 103/104 (99%) of TRC 70
and 44/78 (56%) of CH scans

adhered to LI-RADS recom- 60
mendations. Regarding MRI
examinations, there was no
significant difference between
adherence to LI-RADS required
sequences as 19/19 (100%) of

Proportion of 50
Adherent 40
exams (%) 30

TRC scans and 60/68 (88%) 20
of CH scans were adherent 10
(P=0.12) 0

94 MRI scans, 19/94 (20%) were performed at TRC urban
sites, 23/94 (25%) were performed at non-TRC urban sites
and 52/94 (55%) were performed at suburban and rural sites.

Adherence to LI-RADS phase/sequence guidelines

Regarding CT examinations, 103/104 (99%) of TRC and
44/78 (56%) of CH scans adhered to LI-RADS recommenda-
tions (Fig. 2, P<0.0001). The lack of a delayed phase was
the most frequent deviation from the LI-RADS recommen-
dations, comprising 32 of the 34 (94%) non-adherent CH
CT studies. Two of the 34 (6%) CT studies did not include
a portal venous phase. Of the 37 CH sites contributing the
78 CT studies, 14 (38%) were fully adherent, 10 (27%) had
some non-adherent scans and 13 (35%) had all non-adherent
scans. The suggested pre-contrast imaging was included in
100/104 (96%) of TRC scans and 64/78 (82%) of CH scans
(P=0.002).

Regarding MRI examinations, there was no signifi-
cant difference between adherence to LI-RADS required
sequences as 19/19 (100%) of TRC scans and 60/68 (88%)
of CH scans were adherent (P=0.12) (Fig. 2). Of the non-
adherent CH cases, missing sequences were T2 in 5/8 (63%)
cases, pre-contrast T1 in 2/8 (25%) cases, and contrast-
enhanced T1 in 1/8 (12%) of cases. The LI-RADS suggested
DWI imaging was used in 19/19 (100%) of TRC scans and
51 of 68 (75%) of CH scans (P =0.009).

For academic non-TRC sites, 10/12 (83%) of CT scans
adhered to LI-RADS recommendations and all 12 included
pre-contrast images. In the 2/12 non-adherent scans, the
delayed phase was not included. For MRI, 6/7 (86%) were
adherent and all 7 included DWI images.

CcT MRI

mTRC mCH
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Qualitative analysis

Analysis of non-TRC academic sites was not performed
due to small sample size. The mean rating of overall qual-
ity of CT images within TRC was 4.2 compared to 3.3 in
CH sites (P <0.0001). The mean rating of TRC image noise
was 3.3 compared to 2.8 in CH sites (P <0.0001) and mean
TRC image sharpness was 4.7 compared to 4.3 in CH sites
(P <0.0001). Figure 3 summarizes the qualitative analysis
results.

For MRI, the overall image quality between the two
groups was not significantly different: 3.8 at TRC sites ver-
sus 3.5 at CH sites (P =0.2). MRI image noise and sharp-
ness ratings also demonstrated similar results: 3.7 and 3.6
for TRC sites versus 3.4 and 3.5 for CH sites, respectively
(P=0.15 and 0.69). Figure 4 depicts examples of studies
with low and high image quality ratings.

Arterial phase timing of CT scans from TRC was rated
as adequate in 75/104 cases (72%) and 10/68 (14%) in
CH (P <0.0001) (Fig. 5). Hepatic arterial phase timing
was judged to be too early in 27/29 (93%) of the TRC and
58/58 (100%) of CH CTs with inadequate hepatic arterial
phase. There was no significant difference between the

Fig. 3 Comparison of overall
image quality, noise and sharp-
ness of ct images from TRC
and CH sites. The mean rating
of overall quality of CT images
within TRC was 4.2 compared
to 3.3 in CH sites (P <0.0001).
The mean rating of TRC image
noise was 3.3 compared to 2.8
in CH sites (P <0.0001) and
mean TRC image sharpness was
4.7 compared to 4.3 in CH sites
(P<0.0001)

Overall Quality

Image Noise

Image Sharpness

Fig.4 Examples of low (a)

and high (b) quality diagnostic
scans. a This scan had a (mean)
rating of 1.5/5 for overall qual-
ity, 2/5 for image sharpness,
and 1.5/5 for image noise. b
This scan had a (mean) rating
of 4.5/5 for all three parameters
of overall quality, sharpness,
and noise
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proportion of properly timed MRI scans between TRC and
CH, 8/19 (42%) TRC were adequately timed compared to
23/68 (33%) CH (P=0.17) (Fig. 5). Arterial phase timing
was deemed too early in 11/11 (100%) of TRC and 42/45
(93%) of CH MRI scans with inadequate hepatic arterial
phase. Table 1 summarizes the qualitative assessment
results. Figure 6 depicts examples of early and adequate
hepatic arterial phase timing.

The intra-class correlation coefficient (ICC) between
the two evaluators measured as follows: overall qual-
ity—0.73 (moderate reliability), sharpness—0.70 (Mod-
erate reliability), noise—0.63 (moderate reliability) [19].
A Cohen’s Kappa coefficient between the two evaluators
for the binary outcome of hepatic arterial timing measured
0.79 (moderate reliability) [20].

Quantitative analysis

The CER amongst CT scans performed was 2.9 in TRC
versus 1.9 in CH sites (P <0.001). The CER amongst MRI
exam performed in TRC sites was 0.9 versus 0.7 in CH sites
(P=0.03). Regarding the measurement of noise, the SD
amongst pre-contrast CT scans performed in TRC was 16.0

EmTRC mCH
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Fig.5 Proportion of adequately 100
timed CT and MRI scans per-
formed in TRC and CH. Arte-
rial phase timing of CT scans 80
was rated as adequate in 75/104

(72%) of TRC and 10/68 (14%) 70

of CH cases (P<0.0001). There 60

was no significant difference

between the proportion of prop- Proportion of 50

erly timed MRI scans between Adequately 40

TRC and CH, 8/19 (42%) TRC timed exams 30

scans were adequately timed (%)

compared to 23/68 (33%) CH 20

scans (P=0.17) 10

0 —
cY MRI
B TRC mCH

Table 1 Comparisqn of . Tertiary referral Community hospital P value

parameters of imaging quality center sites

for CT and MRIs scans

performed at community CT

hospitals and their TRC Overall quality rating (1-5) 4.2 33 <0.0001
Image noise rating (1-5) 33 2.8 <0.0001
Image sharpness rating (1-5) 4.7 4.3 <0.0001
Proportion of adequately timed exams (%) 72 14 <0.0001
Contrast enhancement ratio 2.9 1.9 <0.0001
Noise (standard deviation) 16.0 13.1 <0.001

MRI

Overall quality rating (1-5) 3.8 35 0.20
Image noise rating (1-5) 3.7 34 0.15
Image sharpness rating (1-5) 3.6 35 0.69
Proportion of adequately timed exams (%) 42 33 0.17
Contrast enhancement ratio (CER) 0.9 0.7 0.03

Fig.6 Hepatic arterial timing.
a Too Early. The right hepatic
artery is enhancing but there is
no contrast in the right portal
vein. Consequently, the hepa-
tocellular carcinoma (arrow)
shows faint enhancement.

b Appropriate. Not only is
contrast seen in the left hepatic
artery but there is enhancement
within the portal vein. The
tumor enhancement (arrow) is
easily detectable
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in TRC versus 13.1 in CH sights (P <0.001). Table 1 sum-
marizes the quantitative result.

Discussion

Standardized imaging techniques for the diagnosis of HCC
are of utmost importance since most HCCs are diagnosed by
means of imaging criteria alone. This study has found sig-
nificant deficiencies in the actual practice of HCC imaging
which affect the performance of these criteria. These defi-
ciencies are (a) diminished arterial enhancement of HCC (b)
poorly timed hepatic arterial phase, (c) absence of a delayed
phase, (d) and overall lower imaging quality. We have pre-
viously shown that within the same jurisdiction, patients
whose HCC were detected within the TRC were twice as
likely to fulfill Milan Criteria for liver transplantation as
those who were referred from an external hospital (72% vs.
36%) [21]. This current study points to significantly lower
guideline adherence and imaging quality as one cause of
up-staging of patients that are referred from CH.

A late hepatic arterial phase is critical to ensuring peak
enhancement of the tumor as compared to the background
liver, allowing more facile HCC detection and characteriza-
tion. This study has found that the dominant HCCs noted
on TRC CT scans were approximately 1.5 times higher in
attenuation than on CH CT scans (CER 2.9 vs. 1.9). Several
factors affect the enhancement of HCC including contrast
dose, injection rate and arterial phase timing. The wide and
significant discrepancy between adequacy rates of hepatic
arterial phase timing in TRC and CH CT scans (72% vs
14%) shows that a poorly timed arterial phase is a major
contributor to the lower enhancement of CH CT scans. For
MRI scans, a less striking, but similar and statistically sig-
nificant difference was found with regards to quantitative
tumor enhancement and qualitative arterial phase timing
assessment. For both CT and MRI, an early hepatic arterial
phase was nearly always the reason for inadequate arterial
phase timing. We speculate that the timing is deficient due
to the rapidly improving speed of CT and MRI scanners. As
institutions replace and upgrade to faster scanners, timing
delays need to be prolonged to allow time for the contrast to
get to the liver in sufficient quantity.

This study also shows that there is inadequate transla-
tion of the technique requirements noted in HCC guidelines,
especially LI-RADS, beyond specialized referral centers.
The role of the delayed phase as part of a multiphasic con-
trast-enhanced evaluation of HCC has been recognized as
more important than the venous phase and thus is required
by all guidelines [2, 4, 22]. Despite this, 41% of CH CT
scans were missing a proper (2-5 min) delayed phase of
enhancement. We did not assess the exact timing of the
delayed phase or make a determination of which length of

@ Springer

delay was optimal. We note that 2014 and 2017 versions
of LIRADS do not specify an exact delay but recommend
the above range. While the dynamics of optimal HCC
enhancement and washout were deciphered in early 2000s,
guidelines from radiology organizations outlining technical
parameters, such as LI-RADS are a relatively recent phe-
nomenon [23]. Since its inception, much of the efforts in
optimizing LI-RADS have been with regards to the report-
ing lexicon and its alignment with clinical bodies involved
in the management of the tumor [3, 24]. Our study suggests
that a concerted effort is needed in translating the proto-
col and technical requirements of optimal HCC imaging to
community radiology practice. Another possible contribu-
tor to the absence of this phase may be insufficient clinical
information provided for the examination not alerting the
radiologist to the patient’s risk factors for HCC. If the clini-
cal information provided does not specify that the patient is
at risk for HCC, the imaging protocol prescribed will likely
exclude the delayed phase.

MRI scans are not prone to an absent delayed phase
since there is no worry regarding radiation exposure, thus
a delayed phase is part of standard abdominal imaging pro-
tocols from all major equipment manufacturers and is rou-
tinely included for assessment of all hepatic masses. How-
ever, obtaining an adequately timed arterial phase is more
challenging; the majority of both TRC (58%) and CH (67%)
MRI scans evaluated in this study were not timed optimally.
This is despite the use of bolus tracking technology in TRC.
While DWI is not a required sequence by LI-RADS, its
inclusion is suggested due to improved detection and there-
fore sensitivity [24, 25]. The absence of DWI in 25% of
CH MRI scans assessed in this study may further affect the
performance of community radiologist in diagnosing HCC.

Sources of bias in this study include a potential famili-
arity heuristic regarding the evaluators and the qualitative
analysis. The evaluators have been working within the
TRC institution for 2 and 18 years, respectively. Despite
the blinded independent evaluation, there may have been a
cognitive bias towards rating TRC images more favorably
over CH images regarding overall quality, noise and sharp-
ness. On the other hand, some amongst the TRC group of
patients may have been referred from the community for
re-imaging due to patient tumor-related factors that would
predispose to lower quality scans or atypical tumors, nega-
tively skewing the TRC results. The retrospective nature
of the study and the wide referral base also prevents deter-
mining exact reasons for deficiencies such as the absence
of the delayed phase. The difference in experience of the
evaluators (2 verses 18 years) may also account for only the
moderate interobserver agreement between the two evalu-
ators. Our CH sample size was also limited; some patients
referred to the TRC group with a suspected diagnosis of
HCC likely had imaging performed at CH sites, but these
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imaging studies were not available when our retrospective
review was performed.

In conclusion, this study found that a substantial propor-
tion of CH CT scans did not comply with LI-RADS imaging
technique recommendations. We recommend that a major
systematic effort be initiated in jurisdictions with moder-
ate and high incidence of HCC to translate LI-RADS’ tech-
nique-related guidelines into community practice.
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Appendix 1: details of CT and MRI
techniques at a TRC

At the TRC institution, HCC CT technique involved the use
of iodinated contrast material (iodixanol Visipaque 320, GE
Healthcare) using a volume of 2 ml/kg with a maximum
dose of 180 ml. Injection was through an antecubital vein
at a rate of 5 ml/s. A bolus tracking system was used with a
trigger of the aorta reaching 100 HU. A four-phase scan was
obtained, including unenhanced, hepatic arterial (20 s after
trigger), portal venous (60 s after trigger) and delayed (180 s
after contrast injection) phases'®. Images were reconstructed
with a slice thickness of 5 mm at every 2.5 mm interval.

MRI scans at the TRC were performed with the use
of an extracellular gadolinium contrast agent gadobutrol
(Gadovist, Bayer Healthcare) using a volume of 0.1 mmol/
kg at 1 ml/s. The MRI acquisition included T2 with TE
90 ms and 180 ms, axial T1 weighted opposed & in phase,
axial diffusion-weighted imaging (DWI) sequences and
axial T1 weighted pre-contrast and dynamic post-contrast
images. Post-contrast imaging included arterial (flouro
triggered 5 s after opacification of aorta at level of the
liver), two immediate portal venous (approximately 30
— 60 s after trigger), and delayed (5 min post contrast
injection) phases.
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