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Abstract 

Background: Incidentalomas, defined as incidental findings on imaging, are a growing concern. Our aim was to 
determine the impact and outcomes of extrahepatic incidentalomas on liver transplantation.

Methods: Patients at a large liver transplant center, who had an initial MRI for hepatocellular carcinoma screening 
between January 2004 and March 2020 were identified. Clinical data were collected retrospectively. Survival analysis, 
utilizing Kaplan Meier estimates and Cox proportional hazards regression analysis, was utilized to determine factors 
associated with liver transplantation.

Results: 720 patients were included. NASH (24.9%), HCV (22.1%) and alcohol (20.6%) were the most common causes 
of cirrhosis. 79.7% of patients had an extrahepatic incidentaloma. Older age and having received a liver transplant 
by the end of the study were associated with an incidentaloma. MELD was not associated with the presence of an 
incidentaloma. On univariate Cox proportional hazards regression, male sex, history of moderate alcohol use, smoking 
history, MELD, and incidentalomas were predictors of liver transplantation. On multivariate analysis, only MELD and 
the presence of an incidentaloma were found to be significant. Discovery of an incidentaloma was associated with a 
30% increase in the risk of liver transplantation. Median time to transplantation did not differ based on the presence 
on an incidentaloma. Patients with cirrhosis from alcohol or HCV had a significantly shorter median time to transplan-
tation than those with NASH. Renal and pancreatic lesions comprised 91% of all incidentalomas.

Conclusions: In this single-center retrospective study, extrahepatic incidentalomas were common in patients with 
cirrhosis. The finding of an incidentaloma was associated with a higher risk of liver transplantation despite a similar 
median time to transplantation if no incidentaloma was discovered.
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Background
The widespread use of abdominal imaging has led to an 
increased detection of incidental findings, termed inci-
dentalomas, which are defined as incidental radiographic 
findings that were unexpected or unrelated to the study’s 
initial purpose [1, 2]. The frequency of incidentalomas 
varies depending on the imaging study, with the highest 
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detection rates occurring in computed tomography (CT) 
of the chest (45%), CT enterography (38%), and magnetic 
resonance imaging (MRI) of the heart (34%) [3]. The 
most common types of incidentalomas are pituitary [1 in 
10], thyroid (up to 50%), pulmonary (8 to 51%), hepatic 
(15%), pancreatic (2%), adrenal (3 to 4%) and renal (up to 
33% in older adults) [4].

Patients with cirrhosis undergo screening for hepato-
cellular carcinoma (HCC) with transabdominal ultra-
sound (TUS) as the preferred imaging modality. [5] 
Obesity, abnormal liver texture, steatosis, technologist’s 
experience and technical restrictions limit the use of 
TUS for detecting HCC [6]. The sensitivity for detecting 
HCC with TUS is 63% for early lesions [7]. In contrast, 
MRI has a sensitivity of 84.8% for lesions smaller than 
2  cm as opposed to 27.3% for TUS [8]. Although, MRI 
has higher sensitivity, current guidelines by the Ameri-
can Association for the Study of Liver Diseases (AASLD) 
recommend TUS for HCC surveillance [5, 8]. However, 
given the limitations of TUS, a growing number of liver 
transplant centers use MRI as the preferred method for 
screening [9–11].

Cirrhosis leads to the development of extrahepatic 
manifestations, including benign and malignant condi-
tions [12, 13]. Benign extrahepatic abnormalities include 
splenomegaly, ascites, portal hypertension, varices, and 
bowel and gallbladder edema [13]. The frequency of 
malignant conditions is increased in patients with cirrho-
sis compared to the general population and include colo-
rectal and lung cancers (fourfold increase), pancreatic 
cancer (fivefold), esophageal cancer (eightfold), cholangi-
ocarcinoma (13-fold), and HCC (26-fold) [12]. Given the 
increased risk of developing extrahepatic abnormalities, 
the presence of cirrhosis may lead to a higher frequency 
of benign and malignant incidentalomas.

The significance of incidentalomas in patients with cir-
rhosis is unclear. With the increasing use of MRI for the 
screening of HCC, the frequency of incidentalomas may 
be expected to increase as well. Therefore, we aimed to 
determine the frequency and outcomes of extrahepatic 
incidetalomas in patients with cirrhosis undergoing 
MRI for HCC screening. We also aimed to determine 
factors that may be associated with extrahepatic inci-
dentalomas, and the impact of incidentalomas on liver 
transplantation.

Methods
Study design and patient selection
The study was approved by the Institutional Review 
Board. Individual consent for the study was waived. This 
retrospective study was performed at a large tertiary 
referral center for liver transplantation and included 
patients with cirrhosis who underwent MRI as the 

initial study for HCC screening between January 2004 
and March 2020. Patients were excluded if they were 
younger than 18  years, lacked evidence of cirrhosis, or 
underwent an initial screening study other than MRI. 
All information was collected retrospectively, stored in a 
secure database, and deidentified.

Data collection
Demographic data included age at time of initial MRI, 
sex, race, ethnicity, body mass index (BMI), smoking his-
tory, moderate alcohol use, prior history of transjugular 
intrahepatic portosystemic shunt (TIPS), etiology of liver 
cirrhosis, and liver transplantation status at the end of 
the study period. Moderate alcohol use was defined per 
the National Institute on Alcohol Abuse and Alcohol-
ism (NIAAA) criteria of > 14 drinks per week for a male 
and > 7 drinks per week for a female [14]. Radiographic 
variables included whether an extrahepatic inciden-
taloma was discovered, the type of incidental lesion, its 
size, and whether it was solid or cystic. The radiographic 
data were obtained through retrospective review of the 
imaging reports of the MRIs. An extrahepatic inciden-
taloma was defined as any radiographic finding (such as 
renal cysts, pancreatic cysts, adrenal adenomas, solid 
lesions, etc.) that was unexpected or unrelated to the 
study’s initial purpose. Laboratory data included sodium, 
total bilirubin, creatinine, international normalized ratio 
(INR), and model for end-stage liver disease (MELD) at 
the time of the initial MRI. Pathology data were obtained 
for patients who underwent biopsy or resection of the 
incidentaloma. Clinical data regarding the inciden-
talomas were collected, and included the management 
approach (observation, surgery), and whether further 
consultation was pursued.

Data and statistical analysis
Descriptive statistics for continuous variables were 
reported as means, and standard deviations. Categori-
cal variables were summarized with number and per-
centage of patients. Comparisons between patients with 
and without incidentalomas, and if liver transplantation 
occurred by the end of the study period, were performed 
using Student’s t-test, Pearson’s chi-squared test, or Fish-
er’s exact test as indicated in the accompanying tables.

Survival analysis methods were employed with the time 
of the initial MRI being defined as time zero. The primary 
event was defined as the liver transplantation, and time 
to liver transplantation was recorded for all patients who 
underwent transplantation during the study period. The 
secondary event was defined as the discovery of an extra-
hepatic incidentaloma, and time to incidentaloma discov-
ery was recorded for all patients who had an extrahepatic 
incidentaloma discovered. Patients were censored at 
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either (1) time of liver transplantation, (2) time at last fol-
low up appointment during the study period, or (3) time 
of death prior to liver transplantation.

Kaplan Meier curves were constructed for the primary 
event and comparisons were performed based on (1) the 
three most common causes of cirrhosis in our cohort, 
and (2) whether an extrahepatic incidentaloma was dis-
covered. Median time to liver transplantation with 95% 
confidence intervals (95% CI) were reported. Univariate 
Cox proportional hazards regression analysis was per-
formed to determine predictors of the primary event of 
liver transplantation. Variables that were significant at an 
alpha level of 0.05 were inputted into a multivariate Cox 
proportional hazards model to adjust for potential con-
founders. The discovery of an incidentaloma was treated 
as a time dependent variable and adjusted accordingly 
based on the time to incidentaloma discovery.

All patients in this cohort had complete data for analy-
sis. All tests were two-sided with an alpha level set at 0.05 
for statistical significance. The statistical analysis was 
performed utilizing BlueSky Statistics software v. 7.10 
(BlueSky Statistics LLC, Chicago, IL, USA).

Results
Patients characteristics
A total of 720 patients were included in this study. Base-
line characteristics of all patients are summarized in 
Table 1. The three main etiologies of cirrhosis were non-
alcoholic steatohepatitis (NASH) (24.9%), hepatitis C 
(22.1%), and alcohol (20.6%), which together represented 
67.6% of all patients. The cohort had 450 males (62.5%), 
and most patients were White (88.3%). The mean age was 
57.7  years (standard deviation [SD] 12.1), mean MELD 
14.4 (SD 6.9), and mean BMI 29.4 (SD 6.3). By the end 
of the study period, a total of 532 patients (73.9%) had 
undergone liver transplantation, and 574 patients (79.7%) 
had an extrahepatic incidentaloma discovered.

Comparisons of baseline characteristics are summa-
rized in Table  2 according to whether an extrahepatic 
incidentaloma was discovered, and in Table 3 according 
to whether liver transplantation was performed by the 
end of the study period. Older age, lower total bilirubin, 
and having been transplanted by the end of the study 
period were associated with the discovery of an inciden-
taloma, (p < 0.05). Notably, neither the MELD score nor 
the etiology of cirrhosis was associated with the discov-
ery of an incidentaloma. Multiple variables were associ-
ated with liver transplantation, including being a male, 
having ever smoked, lower serum sodium, higher total 
bilirubin, creatinine, INR, and MELD, having alcohol or 
hepatitis C as the etiology of liver cirrhosis, and having 
had an extrahepatic incidentaloma discovered during the 
study period.

Kaplan Meier analysis
Kaplan Meier Curves are reported in Figs. 1 and 2. The 
median time to liver transplantation was statistically dif-
ferent amongst the three most common etiologies of liver 
cirrhosis, p = 0.00831. Patients with alcohol or hepatitis 
C as the cause of their cirrhosis had a significantly shorter 
time to liver transplantation than those with NASH. The 
median time to liver transplantation was 366  days (95% 
CI: 265–546) and 482 days (95% CI: 374–617) for patients 
with cirrhosis from alcohol, or hepatitis C, respectively. 

Table 1 Baseline Characteristics of All Patients

SD standard deviation, BMI body mass index, INR international standardized 
ratio, MELD model for end-stage liver disease, A1AT alpha-1 antitrypsin, NASH 
non-alcoholic steatohepatitis TIPS transjugular intrahepatic portosystemic shunt

Variables N = 720

Age, year (mean, SD) 57.7 (12.1)

Male Sex, % 450 (62.5%)

BMI, kg/m2, (mean, SD) 29.4 (6.3)

Obesity, % 285 (39.6%)

White, % 636 (88.3%)

African American, % 32 (4.4%)

Asian, % 17 (2.4%)

Other Race, % 35 (4.9%)

Hispanic/Latino, % 48 (6.7%)

History of Moderate Alcohol Use, % 142 (19.7%)

Ever smoked, % 399 (55.4%)

Current smoker, % 19 (2.6%)

Sodium, mmol/L (mean, SD) 138 (4.1)

Total Bilirubin, mg/dL (mean, SD) 2.7 (4.2)

INR, (mean, SD) 1.4 (0.4)

Creatinine, mg/dL (mean, SD) 1.0 (0.5)

MELD, (mean, SD) 14.4 (6.9)

MELD ≥ 18, % 201 (27.9%)

MELD ≥ 26, % 49 (6.8%)

Etiology of Cirrhosis

A1AT Deficiency, % 17 (2.4%)

Alcohol, % 148 (20.6%)

Autoimmune, % 45 (6.3%)

Cryptogenic, % 49 (6.81%)

Hemochromatosis, % 9 (1.3%)

Hepatitis B, % 18 (2.5%)

Hepatitis C, % 159 (22.1%)

NASH, % 179 (24.9%)

Other, % 16 (2.2%)

Primary Biliary Cirrhosis, % 32 (4.4%)

Primary Sclerosing Cholangitis, % 45 (6.3%)

Wilson’s Disease, % 3 (0.4%)

History of prior TIPS 38 (5.3%)

Incidentaloma Discovered 574 (79.7%)

Transplanted at End of Study 532 (73.9%)
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Patients with NASH had the longest time to liver trans-
plantation at 948 days (95% CI: 619–1200). The median 
time to liver transplantation did not different according 
to if an extrahepatic incidentaloma was discovered dur-
ing the study period, p = 0.778. The median time to liver 
transplantation was 494 days (95% CI: 382–813) without 
an incidentaloma, and 571 days (95% CI: 482–685) with 
an incidentaloma.

Cox proportional hazards regression analysis
The univariate and multivariate models to determine pre-
dictors of liver transplantation are reported in Tables  4 
and 5, respectively. On univariate analysis, multiple vari-
ables were found to be significant at p < 0.05, including 
male sex, having a history of moderate alcohol use, hav-
ing ever smoked, MELD, and having alcohol as the eti-
ology of liver cirrhosis. The discovery of an extrahepatic 
incidentaloma was also significantly associated with 

liver transplantation, HR: 1.3126 (95%: 1.0858–1.5869), 
p = 0.0050, on univariate analysis. These variables were 
inputted into a multivariate model, and were adjusted for 
age, BMI, White race, Hispanic/Latino ethnicity, prior 
history of a TIPS, and NASH cirrhosis. On multivari-
ate analysis, only MELD and the discovery of an extra-
hepatic incidentaloma remained statistically significant. 
Every point increase in MELD was associated with a 12% 
increased risk of liver transplantation (95% CI: 1.1060–
1.1380), p < 0.001. The discovery of an extrahepatic inci-
dentaloma was associated with a 30% increased risk of 
liver transplantation (95% CI: 1.0679–1.5763), p = 0.0088.

Extrahepatic incidentalomas
A total of 690 extrahepatic lesions were found amongst 
720 patients, Table  6. Approximately 80% of patients 
had an incidentaloma discovered, and 106 patients 

Table 2 Baseline characteristics according to if incidentaloma was discovered on MRI surveillance for HCC

P values significant at p < 0.05 are bolded in the accompanying tables

MRI magnetic resonance imaging, HCC hepatocellular carcinoma, SD standard deviation, BMI body mass index, INR international standardized ratio, MELD model for 
end-stage liver disease, NASH non-alcoholic steatohepatitis, TIPS transjugular intrahepatic portosystemic shunt
1 Student T test, independent samples, two-sided, equal variance not assumed
2 Pearson’s Chi Square Test
3 Fisher’s Exact Test

Incidentaloma Absent N = 146 Incidentaloma Discovered N = 574 p value

Age, year (mean, SD) 50.5 (15.5) 59.6 (10.2)  < 0.0011

Male Sex, % 85 (58.2%) 365 (63.6%) 0.2312

BMI, kg/m2, (mean, SD) 28.6 (6.6) 29.6 (6.2) 0.08481

Obesity, % 56 (38.4% 229 (39.9%) 0.7342

White, % 126 (86.3%) 510 (88.9%) 0.3922

African American, % 7 (4.8%) 25 (4.4%) 0.8223

Asian, % 4 (2.7%) 13 (2.3%) 0.7603

Other Race, % 9 (6.2%) 26 (4.5%) 0.3933

Hispanic/Latino, % 10 (6.8%) 38 (6.6%) 0.8553

History of Moderate Alcohol Use, % 25 (17.1%) 117 (20.4%) 0.3772

Ever smoked, % 73 (50.0%) 326 (56.8%) 0.1402

Current smoker, % 6 (4.1%) 13 (2.3%) 0.2443

Sodium, mmol/L (mean, SD) 137.5 (3.9) 138.1 (4.1) 0.14031

Total Bilirubin, mg/dL (mean, SD) 3.5 (5.4) 2.5 (3.8) 0.04471

INR, (mean, SD) 1.4 (0.5) 1.4 (0.4) 0.53121

Creatinine, mg/dL (mean, SD) 1.0 (0.6) 1.0 (0.5) 0.67001

MELD, (mean, SD) 15.1 (7.2) 14.2 (6.9) 0.17641

MELD ≥ 18, % 47 (32.2%) 154 (26.8%) 0.2152

MELD ≥ 26, % 12 (8.2%) 37 (6.4%) 0.4623

Etiology of Cirrhosis 0.9312

NASH, % 31 (21.2%) 148 (25.8%) 0.2562

Hepatitis C, % 29 (19.9%) 130 (22.6%) 0.4692

Alcohol, % 28 (19.2%) 120 (20.9%) 0.6452

History of prior TIPS 7 (4.8%) 31 (5.4%) 1.0003

Transplanted at end of study 98 (67.1%) 434 (75.6%) 0.0372
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(18.5%) had more than one extrahepatic incidentaloma 
discovered. Most of these incidental findings included 
renal (60.9%) and pancreatic lesions (30.1%), represent-
ing 91.0% of all incidentalomas. Most incidentalomas 
were managed with observation (98.8%). Amongst renal 
and pancreatic incidentalomas, 1.2% and 52.4% were 
referred to urology or gastroenterology, respectively, 
Table 7. Amongst all incidentalomas, only 16 underwent 
biopsy or resection, of which, nearly 50% were pancre-
atic lesions. A total of 7 malignant incidentalomas were 
diagnosed.

The overwhelming majority of renal incidentalomas 
were simple cysts (99.3%) and characterized as Bos-
niak 1 or 2 by the reading radiologist. The three solid 
renal lesions were biopsied and found to be renal cell 
carcinoma. Similarly, most pancreatic lesions were 

characterized as intraductal papillary mucinous neo-
plasms (IPMN) (99.5%) by the reading radiologist and 
were sub-centimeter (81.3%). Only 12 of all pancre-
atic lesions underwent endoscopic ultrasound (EUS). 
Table 8 summarizes the findings of EUS and the subse-
quent pathology. Only the solid pancreatic lesion was 
found to be malignant, whereas the other biopsied pan-
creatic lesions were confirmed to be benign.

A total of 7 cancers were diagnosed (1.0% of all inci-
dentalomas). Table  9 summarizes the features of the 
malignant incidentalomas. The malignant lesions 
include three renal cell carcinomas (RCC) (42.9%), two 
cholangiocarcinomas (28.6%), one pancreatic adeno-
carcinoma (PDAC), and one gastric neuroendocrine 
tumor (NET). None of the patients had metastases. 
Four out of seven patients eventually underwent liver 
transplantation. One patient underwent neoadju-
vant chemotherapy for cholangiocarcinoma before 

Table 3 Baseline characteristics according to if liver transplantation was performed by the end of study period

P values significant at p < 0.05 are bolded in the accompanying tables

MRI magnetic resonance imaging, SD standard deviation, BMI body mass index, INR international standardized ratio, MELD model for end-stage liver disease, NASH 
non-alcoholic steatohepatitis, TIPS transjugular intrahepatic portosystemic shunt
1 Student T test, independent samples, two-sided, equal variance not assumed
2 Pearson’s Chi Square Test
3 Fisher’s Exact Test

Not Transplanted N = 188 Transplanted N = 532 p value

Age, year (mean, SD) 59.2 (14.5) 57.2 (11.0) 0.07901

Male Sex, % 102 (54.3%) 348 (65.4%) 0.0072

BMI, kg/m2, (mean, SD) 29.3 (6.9) 29.4 (6.0) 0.77771

Obesity, % 74 (39.4%) 211 (39.7%) 0.9422

White, % 166 (88.3%) 470 (88.3%) 0.9862

African American, % 10 (5.3%) 22 (44.1%) 0.5373

Asian, % 5 (2.7%) 12 (2.3%) 0.7813

Other Race, % 7 (3.7%) 28 (5.3%) 0.5543

Hispanic/Latino, % 8 (4.3%) 40 (7.5%) 0.1723

History of Moderate Alcohol Use, % 29 (15.4%) 113 (21.2%) 0.085

Ever smoked, % 90 (47.9%) 309 (58.1%) 0.0152

Current smoker, % 19 (10.1%) 0 (0.0%)  < 0.0013

Sodium, mmol/L (mean, SD) 139.2 (3.0) 137.5 (4.3)  < 0.0011

Total Bilirubin, mg/dL (mean, SD) 1.3 (2.4) 3.2 (4.5)  < 0.0011

INR, (mean, SD) 1.2 (0.3) 1.4 (0.5)  < 0.0011

Creatinine, mg/dL (mean, SD) 1.0 (0.4) 1.0 (0.6) 0.18341

MELD, (mean, SD) 10.4 (4.3) 15.8 (7.1)  < 0.0011

MELD ≥ 18 11 (5.9%) 190 (35.7%)  < 0.0013

MELD ≥ 26 1 (0.5%) 48 (9.0%)  < 0.0013

Etiology of Cirrhosis 0.0562

NASH, % 52 (27.7%) 127 (23.9%) 0.3022

Hepatitis C, % 31 (16.5%) 128 (24.1%) 0.0312

Alcohol, % 29 (15.4%) 119 (22.4%) 0.0412

History of prior TIPS 6 (3.2%) 32 (6.0%) 0.1833

Incidentaloma Discovered 140 (74.5%) 434 (81.6%) 0.037
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having liver transplantation for curative intent. Only 
one patient died from a malignant incidentaloma.

Discussion
The main findings of our study were: (1) neither MELD 
nor the etiology of cirrhosis were associated with 

Fig. 1 Kaplan–Meier Estimates for being transplanted according to etiology of cirrhosis
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extrahepatic incidentalomas, (2) only MELD and the 
discovery of an incidentaloma were predictors of liver 
transplantation after adjusting for potential confound-
ers, (3) the discovery of an incidentaloma did not affect 
the median time to liver transplantation, and (4) the 

discovery of a malignant incidentaloma was rare but led 
to cures in all but one patient.

Few studies have studied the frequency and outcomes 
of incidentalomas discovered on screening MRI. Ibra-
him et  al., reported the frequency of incidentalomas 
on MRI was assessed in individuals at high risk (IARs) 

Fig. 2 Kaplan–Meier estimates for being transplanted according to incidentaloma being discovered



Page 8 of 12Cortés et al. BMC Gastroenterology          (2022) 22:336 

for PDAC [15]. A total of 459 incidentalomas were dis-
covered, eleven of which were cancerous (1.9%) and 
six metastatic at diagnosis. The early detection of can-
cer was beneficial in five of eleven IARs. In another 
study, whole-body MRI was performed to detect the 
frequency of incidentalomas in 118 healthy volunteers 
(mean age 47.4  years, range 20–81) [16]. Seventy per-
cent of volunteers had an incidental finding detected, 
and a total of 103 benign lesions were found. Only 2 
malignant lesions (1.9%) were found. In contrast to oth-
ers, our study is the first to determine the frequency, 
and clinical outcomes of extrahepatic incidentalomas in 
patients with cirrhosis undergoing MRI for the screen-
ing of HCC. Like prior studies, we found that incidental 

Table 4 Univariate Cox proportional hazards regression analysis 
for predicting liver transplantation

P values significant at p < 0.05 are bolded in the accompanying tables

BMI body mass index, INR international standardized ratio, MELD model for 
end-stage liver disease, NASH non-alcoholic steatohepatitis, TIPS transjugular 
intrahepatic portosystemic shunt

HR 2.5% 97.5% p-value

Age, per 1 year 1.0000 0.9900 1.0100 0.9172

Age [18,40) years 0.9100 0.6800 1.2200 0.5397

Age [40,50) years 0.9000 0.6900 1.1800 0.4552

Age [50,65) years 1.1500 0.9700 1.3700 0.0993

Age ≥ 65 years 0.9300 0.7700 1.1200 0.9300

Male Sex 1.2800 1.0700 1.5300 0.0075
BMI, per 1 kg/m2 0.9900 0.9800 1.0100 0.3536

Obesity 0.9500 0.8000 1.1300 0.5819

White 0.8800 0.6700 1.1400 0.3303

African American 0.8557 0.6300 1.4700 0.8557

Asian 0.9364 0.5800 1.8200 0.9364

Other Race 1.3800 0.9400 2.0200 0.0963

Hispanic/Latino 1.3600 0.9900 1.8800 0.0611

History of Moderate Alcohol Use 1.5200 1.2400 1.8800  < 0.0001
Ever smoked 1.2100 1.0200 1.4400 0.0293
Sodium, per 1 mmol/L 0.9300 0.9100 0.9500  < 0.0001
Total Bilirubin, per 1 mg/dL 1.1500 1.1300 1.1700  < 0.0001
INR, per 1 point 2.5300 2.1800 2.9400  < 0.0001
Creatinine, per 1 mg/dL point 1.3300 1.1500 1.5500 0.0001
MELD, per 1 point 1.1200 1.1100 1.1400  < 0.0001
MELD ≥ 18 2.8309 2.3151 3.4616  < 0.0001
MELD ≥ 26 2.5241 1.8162 3.5080  < 0.0001
Etiology of Cirrhosis 1.2900 1.1300 1.4600  < 0.0001
NASH 0.8300 0.6800 1.0100 0.0636

Hepatitis C 1.0700 0.8800 1.3100 0.5049

Alcohol 1.5600 1.2700 1.9100  < 0.0001
History of prior TIPS 1.1500 0.8000 1.6500 0.4422

Binary Time-Dependent Variable

Incidentaloma Discovered 1.3126 1.0858 1.5869 0.0050

Table 5 Multivariate Cox proportional hazards regression 
analysis for predicting liver transplantation

P values significant at p < 0.05 are bolded in the accompanying tables

BMI body mass index, MELD model for end-stage liver disease, NASH non-
alcoholic steatohepatitis, TIPS transjugular intrahepatic portosystemic shunt

HR 2.5% 97.5% p value

Age, per 1 year 1.0060 0.9983 1.0139 0.1277

Male Sex 1.0948 0.9095 1.3178 0.3384

BMI, per 1 kg/m2 0.9973 0.9833 1.0166 0.7110

White 0.9540 0.7241 1.2570 0.7380

Hispanic/Latino 1.3141 0.9436 1.8302 0.1060

History of Moderate Alcohol Use 1.0178 0.8052 1.2865 0.8827

Ever smoked 1.1609 0.9656 1.3956 0.1125

MELD, per 1 point 1.1219 1.1060 1.1380  < 0.001
NASH 0.9365 0.7464 1.1751 0.5712

History of prior TIPS 0.8839 0.6120 1.2766 0.5106

Binary Time-Dependent Variable

Incidentaloma Discovered 1.2975 1.0679 1.5763 0.0088

Table 6 Types of extra-hepatic incidentalomas

Patients with Incidentalomas, N = 574 Total, %

Total number of Incidentalomas 690

Patients with multiple incidentalomas 106 (18.5%)

Types of incidentalomas

Kidney 420 (60.9%)

Pancreas 208 (30.1%)

Spleen 25 (3.6%)

Adrenal 11 (1.6%)

Gallbladder 11 (1.6%)

Pelvic 9 (1.3%)

Bone 4 (0.6%)

Stomach 2 (0.3%)

Number of incidentalomas undergoing biopsy/resection 16 (2.3%)

Pancreas 7 (47.1%)

Kidney 3 (17.6%)

Gallbladder 4 (23.5%)

Pelvis 1 (5.9%)

Stomach 1 (5.9%)

Number of malignancies detected 7 (1.0%)

Gastric Neuroendocrine Tumor 1 (14.3%)

Cholangiocarcinoma 2 (28.6%)

Renal cell carcinoma 3 (42.9%)

Pancreatic adenocarcinoma 1 (14.3%)

Management of incidentalomas

Observation 682 (98.8%)

Surgery, alone 5 (0.7%)

Chemotherapy/Radiation, alone 2 (0.3%)

Surgery and Chemotherapy/Radiation 1 (0.1%)
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malignancies were rare, and that their detection led to 
cure in most patients.

To our knowledge, our study is the only one to have 
explored the association between extrahepatic inciden-
talomas and liver transplantation. It remains unclear 
why the discovery of an incidentaloma was found to be 
a significant predictor of liver transplantation. Incidental 
findings on imaging have been reported to lead to a “cas-
cade effect”, whereby the incidentaloma leads to further 
testing by providers [17, 18]. In a national survey of U.S. 
physicians, 99.4% of respondents reported having expe-
rienced “cascades of care” whereby incidental findings 
led respondents to perform additional testing [19]. In a 
retrospective study of 592 patients with head and neck 
squamous cell cancer (HNSCC) who underwent staging 
with PET/CT, incidental findings occurred in 61.5% of 
patients. The discovery of an incidental finding was a sig-
nificant predictor of treatment delay in this cohort [20]. 
Liver transplantation requires an extensive evaluation 
of the recipient’s comorbidities and contraindications to 
transplantation, which include extrahepatic malignancy 
[21]. Although non-significant, patients with incidentalo-
mas appeared to have a longer time to liver transplan-
tation than those without incidentalomas, indicating a 
possible treatment delay due to more extensive evalua-
tion as seen in the study of patients with HNSCC.

Although current guidelines by the AASLD recom-
mend TUS over MRI for HCC screening, the former has 

Table 7 Features of Kidney and Pancreatic Incidentalomas

IPMN intraductal papillary mucinous neoplasm, EUS endoscopic ultrasound

Incidentaloma, N = 690 Total, %

Kidney or Pancreatic 628 (91.0%)

Kidney 420

Type of Lesion

Simple Cyst 417 (99.3%)

Solid Lesion 3 (0.7%)

Size of Lesion

 < 1 cm 396 (94.3%)

[1,3) cm 15 (3.6%)

[3, 5) cm 3 (0.7%)

 ≥ 5 cm 6 (1.4%)

Referred to Urology 5 (1.2%)

Pancreas 208

Type of Lesion

IPMN, Cystic Lesion 207 (99.5%)

Solid Lesion 1 (0.5%)

Size of Lesion

 < 1 cm 169 (81.3%)

[1,3) cm 36 (17.3%)

[3, 5) cm 2 (1.0%)

 ≥ 5 cm 1 (0.5%)

Referred to Gastroenterology 109 (52.4%)

Underwent EUS 12 (5.8%)

Table 8 Features of pancreatic lesions that underwent endoscopic ultrasound

MRI magnetic resonance imaging; CA 19–9, carbohydrate antigen 19–9 (reference range: < 55 U/mL); EUS endoscopic ultrasound, N/A not available, NET 
neuroendocrine tumor, IPMN intraductal papillary mucinous neoplasm

MRI Findings CA 19–9 (U/mL) EUS Findings Biopsy Pathology

Numerous subcentimeter non-enhanc-
ing cysts, likely side-branch IPMNs

N/A Mild-moderate chronic pancreatitis No N/A

1.4 × 2.2 cm cystic lesion at pancreatic 
head, likely IPMN

105 Multicystic, septated, 22 × 15 mm lesion Yes Malignancy absent, mucinous 
epithelium

Multilobulated pancreatic tail cystic 
lesion, 2.4 × 2.9 cm

N/A Septated lesion, 28 mm, side-branch 
IPMN

Yes Malignancy absent, mucinous 
epithelium

Parenchymal atrophy, innumerable tiny 
cysts; irregular main duct

N/A Many benign cysts in tail; largest 7 mm No N/A

3.3 × 2.3 cm septated cystic lesion at 
pancreatic neck

6 Multiloculated 2.75 × 1.98 cm cyst at 
neck

Yes Malignancy absent, mucinous 
epithelium

Numerous unilocular cysts at head, 
largest 14 mm

255 12 × 10 mm cyst in pancreatic head Yes Malignancy absent, mucinous 
epithelium

1.7 cm hypoenhancing head mass 103 1.7 cm pancreatic head mass Yes Adenocarcinoma

3 mm cystic lesion at uncinate process N/A 8 × 8 mm uncinate cystic lesion No N/A

Few sub-5 cm cystic foci in pancreas 44 Few cysts in the pancreatic head No N/A

7–8 mm enhancing lesion at uncinate 
process, suspicious for NET

35 Multiple cystic lesions at uncinate, 
10 × 10 mm

Yes Malignancy absent, mucinous 
epithelium

Small cystic lesions, likely side-branch 
IPMNs

29 Pancreatic head cysts, 3 × 3 mm, no 
mass

No N/A

Small cystic lesions, largest is 
8 × 12 mm, likely IPMN

N/A 25 × 17 mm pancreatic head cystic 
lesion

Yes Malignancy absent, mucinous 
epithelium
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multiple limitations, that may lead to failure to detect 
early-stage cancer when it is the most curable [22]. 
Studies suggest MRI has a higher sensitivity for detect-
ing early-stage HCC and may be more cost-effective in 
certain populations [5, 8–11, 23]. Curing HCC becomes 
increasingly difficult when the size of the HCC becomes 
greater than 2–2.5  cm [24–26]. TUS has a sensitivity 
between 27.3 and 63% for detecting early-stage lesions 
that are less than 2  cm [7, 8]. Additionally, abnormal 
liver parenchyma, obesity, ascites or hepatic steatosis 
may further decrease the sensitivity for the detection of 
HCC by attenuating ultrasound waves [22]. By 2030, 51% 
of the United states population will be obese [27]. With 
the increasing incidence of obesity, NASH and steatosis 
are likely to increase as well, further limiting the utility of 
TUS. Therefore, the use of MRI for screening of HCC will 
likely increase in the future, leading to a higher number 
of extrahepatic incidentalomas.

Our study has several limitations. First, the retrospec-
tive nature of the study limited our ability to determine 
the thought process behind the management of extra-
hepatic incidentalomas, which may have led to potential 
confounders. These potential confounders could have 
contributed to the “cascade effect” leading to higher rates 
of liver transplantation in those with incidentalomas. 
Second, most patients in our cohort were White, there-
fore, our findings on the benign nature of extrahepatic 
incidentalomas may not be generalizable to other racial 
backgrounds, who have a higher incidence of certain 
cancers, such as lung, prostate and colorectal malignan-
cies in African Americans [28]. Third, we were unable to 
measure, and adjust for the potential confounding of MRI 
sensitivity over time. Over the long course of this study, 
the MRI scanners in our institution have been upgraded 
and replaced several times, and it is likely that increases 
in magnet field strength and improved imaging software 
application that were used in our most recent scans allow 
for better detection of smaller extrahepatic incidentalo-
mas. Fourth, the average MELD score of our patient 

population was relatively low and may not be generaliz-
able to other liver transplant programs across the coun-
try. Fifth, the presence of incidentalomas was determined 
through retrospective review of the imaging report, and 
not by manual re-read of every scan. This approach was 
felt to be sufficient given imaging reports are the stand-
ard means by which imaging findings are communicated 
in clinical practice. Finally, although our study identified 
a large proportion of patients with cirrhosis who under-
went MRI for HCC surveillance at our institution, it was 
not exhaustive of all patients.

We believe our study provides insight into the impact 
of extrahepatic incidentalomas on liver transplantation. 
Given the worsening obesity epidemic, the prevalence of 
liver disease and HCC is expected to increase [29]. With 
higher failure rates for HCC detection in obese patients, 
TUS may not be the preferred screening modality for 
HCC in the coming years, leading to increased utilization 
of MRIs and a higher prevalence of extrahepatic inci-
dentalomas. The increase in incidentalomas may have a 
“cascade effect” which could potentially lead to increases 
in the total number of liver transplantation, thereby, 
increasing the demand of a limited resource.

Conclusions
In this large retrospective study of patients with cirrho-
sis at a large liver transplantation program, most patients 
had an extrahepatic incidentaloma discovered on rou-
tine MRI for the screening of HCC. Renal and pancreatic 
cysts were the most common incidentalomas discovered 
and most were managed conservatively with observation. 
One percent of extrahepatic incidentalomas were can-
cerous. The discovery of an extrahepatic incidentaloma 
was associated with an increased risk of liver transplan-
tation after adjusting for multiple covariates relevant to 
the cirrhosis population. Although the exact reason for 
this association remains unclear, the “cascade effect” 
may explain this observation. Further studies at other 
liver transplantation centers are needed to validate this 

Table 9 Features of malignant incidentalomas

NET neuroendocrine tumor, EMR endoscopic mucosal resection

Incidental Finding Size Pathology Treatment Transplanted

Gastric solid lesion  < 1 cm Well-differentiated NET EMR, Cured No

Gallbladder solid lesion 1–3 cm Cholangiocarcinoma Chemoradiation, Died No

Renal solid lesion  > 5 cm Renal cell carcinoma, clear cell Nephrectomy, Cured Yes

Gallbladder solid lesion 1–3 cm Cholangiocarcinoma Neoadjuvant Chemotherapy, Cured with 
transplantation

Yes

Renal solid lesion 1–3 cm Renal cell carcinoma, papillary Nephrectomy, Cured Yes

Renal solid lesion  < 1 cm Renal cell carcinoma, clear cell Nephrectomy, Cured Yes

Pancreatic solid lesion 1–3 cm Pancreatic adenocarcinoma Chemotherapy and Surgery, Cured No
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finding. With the rising obesity epidemic, the use of MRI 
for HCC screening will likely continue to increase leading 
to an increased incidence in incidentalomas, and possi-
bly, more liver transplantation.
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