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ABSTRACT

Objective The risk difference between multiphase
multidetector contrast-enhanced CT and MRI for
developing acute kidney injury (AKI) has not been
previously evaluated in patients with cirrhosis undergoing
hepatocellular carcinoma (HCC) surveillance. We aimed to
compare the rate of AKl after CT and MRI for evaluation of
these lesions.

Design A retrospective chart review of all patients with
cirrhosis who underwent either multiphase multidetector
liver protocol CT or MRI for lesions detected on HCC
screening was conducted at West Virginia University. The
rate of AKI after imaging was compared between the two
groups.

Results A total of 416 patients were included. Hepatitis
C was the most common aetiology (34.6%) of cirrhosis.
Thirty-six patients had chronic kidney disease at the time
of imaging. CT imaging was conducted for 173 (41.5%)
patients, while 58.5% underwent MRI. Nineteen (4.6%)
patients developed AKI after imaging. The incidence of AKI
was 2.89% for CT and 5.76% for MRI (p value = 0.25).
Multivariate logistic regression analysis revealed that
inpatient status (p value = 0.015) and Model for End-Stage
Liver Disease score (p value = 0.02) were independently
linked to the development of AKI following imaging, while
the type of imaging modality was not.

Conclusions There is no difference in the risk of AKI
after CT or MRI for evaluation of lesions identified on HCC
surveillance. The rates of AKI after these imaging studies
are low and are attributable to other aetiologies in most
cases. We propose that the choice of imaging should be
made based on availability, cost, and other patient-related
and facility-related factors.

INTRODUCTION

Guidelines from major societies including the
American Association for the Study of Liver
Diseases (AASLD), recommend screening
patients with cirrhosis for the development
of hepatocellular carcinoma (HCC) with
ultrasound imaging.! Lesions detected on
ultrasound that warrant further investiga-
tion should be evaluated with multiphase
multidetector contrast-enhanced computed

,! Yousaf Bashir Hadi,' Jesse Martin Thompson,’

What is already known about this subject?

» The American Association for the Study of Liver
Diseases recommends routine surveillance of pa-
tients with liver cirrhosis for the development of
hepatocellular carcinoma (HCC).

» Lesions detected on screening abdominal ultra-
sound should be further evaluated with multiphase
contrast-enhanced CT or MRI.

» The choice of imaging is dictated by multiple fac-
tors, including the risk of developing acute kidney
injury (AKI); however, there is no current literature
comparing the difference in risk between the two
modalities.

What are the new findings?

» There is no difference in the risk of developing AKI
following CT or MRI in patients with liver cirrhosis
undergoing imaging for evaluation of lesions detect-
ed on HCC surveillance ultrasound.

How might it impact on clinical practice in the

foreseeable future?

» This finding may be of clinical significance when de-
ciding which imaging modality to perform for lesions
warranting further investigation on HCC screening.
We recommend that the choice of imaging should
be made based on availability, cost, other patient
and facility-related factors, and not the risk of AKI.

tomography (CECT) or MRI (figure 1). Both
imaging modalities offer high sensitivity and
specificity for the detection of HCCin patients
with cirrhosis found to have liver lesions on
ultrasound imaging; however, there is no
current consensus regarding which modality
is superior.” The choice of imaging modality
used to further characterise lesions detected
on HCC surveillance is dictated by multiple
factors including institutional protocols,
provider preference, cost, availability and
risk for developing acute kidney injury (AKI)
after contrast exposure, among other factors.
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Figure 1 AASLD algorithm for HCC surveillance. AASLD, American Association for the Study of Liver Diseases; AFP, Alpha-

Fetoprotein; HCC, hepatocellular carcinoma.

The development of AKI in patients with cirrhosis
is not uncommon and is often a poor prognostic indi-
cator,” * Furthermore, there is a significant increase in
mortality as the severity of AKI increases. The risk of
developing AKI after contrast exposure is an important
consideration in these predisposed patients; however, the
risk difference between multiphase multidetector CECT
and MRI has not been previously explored. We there-
fore conducted a retrospective cohort study to assess the
difference in the risk of developing AKI following these
two imaging modalities for further evaluation of lesions
detected on HCC surveillance ultrasound.

METHODS

A retrospective chart review of all patients with cirrhosis
who underwent multiphase multidetector CECT or MRI
for further evaluation of liver lesions identified on HCC
surveillance ultrasound at West Virginia University Medi-
cine (WVUM) was conducted. All patients with cirrhosis
who underwent liver protocol MRI or liver protocol
CECT imaging between 2010 and 2018 were identified,
and their medical charts were reviewed. Patients older
than age 18 were included if their imaging was performed
for evaluation of lesions identified on HCC surveillance
ultrasound and their clinical data were available in our
electronic health record system. Medical charts were
reviewed to extract demographic and clinical variables
including age, gender, comorbid conditions, Model for
End-Stage Liver Disease (MELD) scores, type of imaging
and development of AKI, among others.

A non-ionic, low-osmolarity iodinated contrast agent
‘Topamidol’ is used at our institution for CT imaging. For
MRI studies, Gadobutrol is used at our institute, which is
a gadolinium-based MRI contrast agent.

AKI was defined and classified using the Kidney Disease
Improving Global Outcomes (KDIGO) classification.”
KDIGO classification defines AKI as either an increase
in serum creatinine by =0.3mg/dL within 48 hours, an
increase in serum creatinine =1.5 times baseline which is
known or presumed to have occurred within the prior 7
days, or decreased urine production to <0.5mL/kg/hour
for at least 6 hours.

Our study was approved by the Institutional Review
Board at WWUM prior to study initiation, and a waiver
of informed consent was granted for review of medical
records. Data, including baseline demographic character-
istics and clinical variables of interest, were extracted by
study personnel. Charts were reviewed and clinical notes
were examined to identify the development of AKI and
its attributed aetiology. Nephrology consultation notes,
when available, were also reviewed. Rates of AKI after the
two imaging modalities were calculated and compared.
Univariate analysis was conducted using t-tests and y”
tests for continuous and categorical variables, respec-
tively. P values <0.05 were considered significant. A multi-
variable logistic regression model was then fitted to assess
independent associations and control for confounding
variables. All analyses were performed using the statis-
tical software R (2019, V.3.6.2).°

RESULTS

A total of 416 patients were included. The sample
comprised of a majority of male (65.4%) participants
with a mean age of 62.6 years and a SD of 10.9. Hepatitis
C was the most common aetiology (34.6%) of cirrhosis.
Thirty-six (8.7%) patients had chronic kidney disease
at the time of imaging. No patient with end-stage renal
disease met inclusion criteria. Imaging was performed
during admission in 126 (30.4%) patients, with 290
(69.6%) patients receiving their imaging in the outpa-
tient setting. Mean MELD score of the study population
was 13.68 (+6.66). A majority (40.89%) of participants
were Child-Pugh Class A, while 32.89% and 26.22% of
participants were Child-Pugh Class B and C, respectively.
Baseline characteristics of the population are summarised
in table 1.

CECT imaging was conducted for 173 (41.5%) patients,
while the rest (58.5%) underwent MRI. Following
imaging, 19 (4.6%) patients developed AKI in the subse-
quent week. The incidence of AKI following imaging was
2.89% for the CECT cohort (five patients) and 5.76%
for MRI cohort (14 patients). Mean serum creatinine
values prior to and after completion of CECT were
0.92mg/dL+0.42and 1.11mg/dL+0.64, respectively;
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Table 1 Characteristics of the study population
Variable CECT cohort MRI cohort
Age (in years) 62.26 (+=11.88) 62.81 (x10.19)
Male gender 111 (64.16%) 161 (66.26%)
CKD 19 (10.98%) 17 (7.00%)
Aetiology of cirrhosis
Alcohol 59 (34.10%) 56 (23.05%)
Hepatitis Cand 13 (7.51%) 28 (11.52%)
alcohol
Hepatitis B 2 (1.16%) 6 (2.47%)
Hepatitis C 35 (20.23%) 68 (27.98%)
NASH 43 (24.86%) 57 (23.46%)
Unknown 21 (12.14%) 28 (11.52%)
Inpatient imaging 45 (26.01%) 81 (33.33%)
MELD score 13.92 (+6.62) 13.57 (+6.70)
Mean serum Preimaging: Preimaging:
creatinine 0.92mg/dL+0.42 0.88mg/dL+0.25
Postimaging: Postimaging:

1.11mg/dL+0.64  1.07 mg/dL+0.55

CECT, contrast-enhanced computed tomography; CKD, chronic
kidney disease; MELD, Model for End-Stage Liver Disease; NASH,
non-alcoholic steatohepatitis.

values for MRI were 0.88mg/dL+0.25and 1.07mg/
dL+0.55, respectively. Univariate analysis using a y” test
revealed no significant difference in the rate of AKI
between the two cohorts (p value = 0.25). On univariate
analysis, higher age, inpatient status, MELD score, and
Child-Pugh Class at the time of imaging were associated
with the development of AKI (p values of 0.047,<0.001,
0.002, and <0.001, respectively). Gender (p value = 0.59),
baseline kidney dysfunction (p value = 0.47), aetiology of
cirrhosis (p value = 0.45) and type of imaging (p value =
0.25) were not significantly associated with development
of AKI (table 2).

Multivariate logistic regression analysis was performed
incorporating age, gender, inpatient versus outpatient
status at time of imaging, baseline kidney dysfunction,
type of imaging, and MELD score as covariates. Inpatient
status (p value = 0.015) and MELD score (p value = 0.02)

were independently linked to the development of AKI
following imaging, while the type of imaging modality
was not associated with AKI (p value = 0.86).

AKI could be attributed to aetiologies other than
contrast exposure in 13 out of the 19 patients who devel-
oped AKI after imaging. Aetiology of AKI in these cases
was prerenal in 10 patients, intrarenal (acute tubular
necrosis) in one patient, and hepatorenal syndrome in
two patients. No patient was definitively diagnosed with
AKI due to contrast exposure. Mean MELD score in the
patients who developed AKI was 20.93 (+7.42), while the
mean MELD score was 13.24 (+6.37) in those who did
not develop AKI.

Regarding severity, of the 19 patients who developed
AKI after imaging, nine patients developed KDIGO stage
1 AKI, while one patient developed stage 3 AKI. One
patient in the CECT cohort who developed AKI required
renal replacement therapy (intermittent hemodialysis),
with subsequent recovery of renal function. No patient
in the MRI cohort required renal replacement therapy.

DISCUSSION

HCC is among the most diagnosed cancers worldwide
and of the few malignancies with an increasing incidence
in the USA. Guidelines from major societies recommend
screening patients with cirrhosis for HCC; AASLD recom-
mends surveillance of patients with Child-Turcotte-Pugh
Class A or B cirrhosis (or Class C awaiting liver trans-
plant) every 6 months with ultrasound imaging alone or
in combination with Alpha-Fetoprotein (AFP) testing.”
Multiphase contrast-enhanced imaging with CT or MRI
is recommended in cases of elevated AFP levels (=20ng/
mL), lesions identified on imaging that are 2lcm in
size, or poor quality ultrasound images. Currently, cost-
effectiveness and the ability to consistently obtain high-
quality images have prevented the use of these two
modalities as firstline for HCC surveillance."” Among
CECT and MRI, guidelines have not recommended any
one imaging modality over the other, although multi-
phase contrastenhanced imaging is recommended
regardless of the type of imaging modality selected.
Choice of modality, therefore, is dictated by institutional
protocols, provider preference, availability, cost, and

Table 2 Univariate and multivariate analysis for the development of AKI

Variable Univariate analysis P values Multivariable analysis P values Odds ratio (95% CI)
Age 0.047 0.099 1.05 (0.99 to 1.12)
Male gender 0.59 0.33 1.90 (0.52 to 7.00)
CKD 0.47 0.74 0.74 (0.12 to 4.60)
Inpatient imaging <0.01 0.015 7.54 (1.49 to 38.21)
Type of imaging study 0.25 0.82 0.86 (0.22 to 3.33)
MELD score 0.002 0.021 1.10 (1.02 to 1.20)
Child-Pugh Class <0.001 (not included in multivariable (not included in
analyses) multivariable analyses)

AKI, acute kidney injury; CKD, chronic kidney disease; MELD, Model for End-Stage Liver Disease.
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patient characteristics, including the risk for developing
AKI, among other factors.

Of the two imaging modalities, multiphase multi-
detector CECT scan is more widely available and cost-
effective. In addition, it may be performed more promptly
and be used in patients with non-MRI compatible metal
devices or implants. Recent studies, however, have found
MRI to be more sensitive at detecting and characterising
smaller lesions, particularly those less than 1-2cm in
size.'! Contrast media used to enhance CT imaging have
been previously associated with an increased risk of AKI
and are therefore avoided in patients considered to be at
high risk.

Previous studies have shown that patients with cirrhosis
are at an increased risk for developing AKI and that
the development of AKI in these patients is linked to
an increase in mortality.” * When choosing an imaging
modality to further characterise lesions identified
on HCC surveillance, the risk of AKI in these patients
becomes an important consideration. Conflicting data
have been reported in literature regarding the risk of
AKI in patients with cirrhosis undergoing CECT imaging.
Filomia et al reported an increased incidence of AKI in
patients with cirrhosis who underwent inpatient CECT
imaging when compared with patients with cirrhosis who
did not undergo imaging (8.8% and 3%, respectively).'
In the datareported by Campion et al, the incidence of AKI
did not differ between hospitalised patients with cirrhosis
who underwent CECT imaging, patients with cirrhosis
who did not undergo such imaging, and a control group
without cirrhosis who underwent CECT imaging."> Only
two patients in the study by Filomia et a/, and one patient
in Campion et al developed an AKI greater than KDIGO
stage 1."* ' Ul Abideen et al reported an incidence of
5.1% in patients with cirrhosis who underwent CECT
imaging; however, this study lacked a control group for
comparison, and stage of AKI per KDIGO criteria was not
discussed."

Our study is the first to report the incidence of AKI
in patients with cirrhosis who underwent CECT or MRI
imaging for the purpose of HCC surveillance. All patients
underwent liver protocol multiphase multidetector
CT imaging which requires more contrast exposure as
compared with other commonly performed CECT scans.
We found an incidence of AKI in the CT cohort that is
similar to that reported by Campion et al, and there was
no difference in incidence when compared with the MRI
group. The rate of AKI after either imaging modality
was low, with most patients developing KDIGO stage 1
AKI, similar to previous studies discussed above. Inter-
estingly, most patients who developed AKI in our cohort
had confirmed aetiologies other than AKI due to contrast
exposure. No patient was definitively diagnosed with AKI
due to exposure to contrast. We found a high MELD score
to be a risk factor for AKI in patients with cirrhosis after
contrasted imaging of the liver. This finding is similar
to the observation by previous studies on patients with
cirrhosis where higher MELD scores have been reported

to be a risk factor for AKI in general, and also after CT
imaging."*

Our study is limited by its retrospective nature. The
amount of contrast administered was not considered,
and the study was conducted at a single centre. We were,
however, able to draw some pertinent conclusions due
to the relatively large number of patients who were
included.

In conclusion, we provide evidence that there is
no difference in the risk of developing AKI following
CECT or MRI in patients with liver cirrhosis undergoing
imaging for evaluation of lesions detected on HCC
surveillance ultrasound. A higher MELD score was found
to be a significant risk factor for the development of
AKI. These findings may be of clinical significance when
deciding which imaging modality to perform for lesions
warranting further investigation on HCC screening. We
recommend that the choice of imaging should be made
based on availability, cost, and other patient and facility-
related factors.
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