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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors worldwide, and is closely 
associated with chronic liver disease. Approximately 80% 
to 90% of the cases occur in patients with cirrhosis, which 
is believed to be the most important risk factor for this 
neoplasm. Cirrhotic patients have a 5-year risk of developing 
HCC of about 20%(13). Liver transplantation candidates, 
therefore, represent a very high risk population.

Imaging techniques, specially computed tomography 
(CT) and ultrasound (US), are among the most useful 
diagnostic tools for pretransplantation screening of HCC. 
However, the accuracy of these methods may vary due 
to both technical factors and tumor characteristics(6).

The objective of this study was to undertake a 
retrospective analysis of pretransplantation radiological 
findings of all cases of HCC diagnosed in adult patients who 
were submitted to liver transplantation at “Santa Casa de 
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Misericórdia de Porto Alegre”, Porto Alegre, RS, Brazil, from 1990 
to 2003 correlating these with the results of anatomopathological 
examination of the explanted liver. The sensitivity of CT and US 
in detecting HCC in this population, using the present protocol 
for tumor screening at our institution, was estimated.

MATERIALS AND METHODS

Patients
We included in this study the adult cirrhotic patients who 

underwent orthotopic liver transplantation (OLT) at our institution 
from January of 1990 to July of 2003, and had post-transplantation 
anatomopathological diagnosis of HCC. Were performed 292 
adult liver transplantations (which represents more than 80% 
of adult OLT carried out at the city of Porto Alegre during this 
period) and diagnosed 31 cases of HCC through pathological 
analysis of the explanted liver. Of these patients 22 (71%) were 
males, and 9 (29%) were females; mean age was 55.2 years 
(29-71 years). Regarding Child-Pugh functional class, 3 patients 
were categorized as class A (9.7%), 17 as class B (58.4%), and 
11 as class C (35.5%). The etiology of chronic liver disease in 
the population of patients undergoing liver transplantation is 
described in Table 1. Two patients were excluded from the study 
because their imaging exams were not available.

then characterized as to their size (diameter), total number of 
nodules, location (hepatic segment). Contrast-enhancement 
pattern was classified as hypodense, isodense, hyperdense or 
of mixed enhancement as compared to the surrounding hepatic 
parenchyma. CT scans showing one or more nodules, which were 
not suggestive of a benign process such as a cyst, hemangioma, 
or a regenerative nodule, were considered indicative of HCC 
and regarded as a positive exam. For the ultrasound exams, size, 
number, location, and ecogeniciy (hypoecoic, hyperecoic, or of 
mixed ecogenicity) of each lesion was registered. Examinations 
showing solid tumors, which were not suggestive of any benign 
process, were considered positive for HCC.

In all cases in which imaging exams were considered positive for 
HCC, we verified whether the lesions seen on pathological analysis 
corresponded to the ones observed on radiological exams. In the 
case of US, information about size and location of the nodules 
was used, whereas in the case of CT scans, films were compared 
to photographic images of liver cross-section specimens.

Medical records were carefully reviewed and any previous 
intervention that could alter radiological findings of tumors, such 
as percutaneous ethanol injection or arterial chemoembolization, 
was registered. Time from imaging exam to transplantation 
was also registered. CT exams used in this study were obtained 
in different centers. For this reason, specification of type of 
equipment used as well as description of technical details of 
imaging acquisition was not possible. Besides imaging exams, 
serum AFP measures were also obtained. 

RESULTS

A total of 292 OLT carried out at our institution were analyzed. 
The most frequent etiological agent causing chronic liver disease 
in these patients was hepatitis C virus (HCV), followed by a 
combination of alcohol and HCV (as shown in Table 1). The 
prevalence of HCV infection in our population of patients was 
93.5%. Among these patients, 31 cases of HCC were seen at 
anatomopathological examination, of which 29 were included 
in the study. A total of 73 individual nodules were detected at 
pathological analysis, with sizes that ranged from 0.3 to 8 cm.

CT, US, and serum AFP levels were available in 27, 25 and 
28 of the 29 patients, respectively. Arterial phase images were 
obtained in 17 of the 27 CT scans. Most imaging exams were 
acquired less than 6 months before liver transplantation.

Of the 27 patients examined by CT, 19 had at least one 
nodule detected, resulting in a sensitivity of 70.3 % (CI 95%: 
51.3-85.1). Considering individual nodules, only 37% of the 
64 lesions (CI 95%: 26.3-49.7) were detected. This proportion 
was 6.9% for nodules less than 1 cm, 55.2% for nodules from 
1 to 3 cm, and 100% for tumors larger than 3 cm.

Sensitivity of CT was higher (82.3%) in the group of patients 
whose CT scans included arterial phase (Table 2). The contrast 
enhancement pattern during arterial, portal, and delayed phases 
is described in Table 3. In biphasic (arterial and venous phases) 
CT scans, the tumors most commonly appeared hyperdense 
during the arterial phase and isodense during de portal venous 
phase (35.3% of the cases), representing the most common 
enhancement pattern combination in our study (Figure 1). 

TABLE 1 – Etiology of chronic liver disease and number of cases of HCC 
in transplanted patients at “Santa Casa de Misericórdia de 
Porto Alegre” (1990-2003)

Etiology Number of patients Number of cases of HCC

HCV 153 (52.3%) 20 (64.5%)

HCV + alcohol 44 (15%) 9 (29%)

Alcohol 34 (11.6%) 0

HBV 17 (5.8%) 1 (3.5%)

Hemochromatosis + HBV 1 (0.3%) 1 (3.5%)

Other causes 43 (14.7%) 0

Total 292 31

Patients included in the transplantation waiting list were 
followed with medical examination, abdominal ultrasound and 
serum alpha-fetoprotein (AFP) at intervals of 3 to 6 months. In case 
of any abnormal findings, an abdominal CT was performed. 

Pathological analysis
Following transplantation, the explanted liver was serially 

sectioned at 10-mm intervals for the anatomopathological 
examination. Nodules larger than 1.0 cm or with any differing 
characteristics, as compared to regenerative nodules, which 
would raise the suspicion of a malignant tumor, were examined 
microscopically. Malignant nodules were characterized as to their 
size, location and number. All cases were assessed by the same 
experienced pathologist blinded to the results of imaging.

Interpretation of imaging exams
All CT scans were retrospectively interpreted by one 

experienced radiologist who was unaware of any pathological 
characteristics of the tumor. The tumors seen on CT films were 
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Considering individual phases separately, hyperdense lesions 
were the most common ones during arterial phase (41.1%), 
while hypodense nodules predominated during portal venous 
phase (56.5%). In biphasic CT scans, a significant proportion of 
tumors (41.2%) was visible only during arterial phase, while a 

TABLE 2 – Detection of HCC according to type of imaging acquisition 
on CT scan

Type of imaging
Number of patients 

included
Number of patients with 

detected nodules

With arterial phase 17 14 (82.3%)

Without arterial phase 10 5 (50%)

Total 27 19 (70.3%)*
* IC 95%: 51.3%-85.1%

TABLE 3 – HCC detection rate according to time from exam to 
transplantation* for each imaging modality

Time interval CT/AP* US/AP*

6 months or less 14/17 (82.3%) 16/20 (80%)

Over 6 months 5/10 (50%) 2/5 (40%)
*anatomopathological examination

FIGURE 1 – Arterial phase CT showing a 2.2-cm hyperattenuating, 
subcapsular nodule (A). Anatomopathological examination 
shows a single HCC nodule with no apparent necrosis (B)

A

B

smaller percentage of lesions (11.8%) was identified only during 
portal venous phase. Seven patients underwent CT scans after 
lipiodol injection. Of these, HCC were detected in six, resulting 
in a sensitivity of 85.7% for this technique.

In our study, ultrasound showed at least one nodule in 72% of 
patients with HCC (CI 95%: 52.3-86.8). A total of 68 individual 
malignant nodules were diagnosed in this group of patients. Of 
these, 39.7% (CI 95%: 28.6-51.6) were detected – 12.1% of the 
lesions smaller than 1 cm, 37% of those with diameters from 1 
to 3 cm, and 100% of nodules larger than 3 cm. 

Both US and CT had their sensitivities affected by factors 
such as tumor size and time from examination to transplantation, 
as described in Tables 3 and 4. Of all nodules identified by these 
two imaging techniques, only two (one detected by US and one 
by CT) were not confirmed by histopathological examination 
to represent HCC.

TABLE 4 – Sensitivity of imaging modalities according to lesion size

Size CT US

< 1 cm 2/29 (6.9%) 4/33 (12.1%)

1 – 3 cm 16/29 (55.2%) 16/28 (37%)

> 3 cm 6/6 (100%) 7/7 (100%)

Total 24/64 (37.5%) 27/68 (39.7%)

Overall sensitivity of AFP was 32.1% (IC 95%: 16.9-50.8) 
and 10.7% (IC 95%: 2.8-26.4) when serum levels above 20 
ng/mL and 100 ng/mL, respectively, were considered a positive 
result. Sensitivity for combination of screening exams was 83.3% 
for US and AFP, 82.6% for US and CT, and 86.9% for all three 
methods combined.

Of the 73 nodules diagnosed by anatomopathological 
examination, 21 received some kind of pretransplantantion 
treatment – 18 were treated with percutaneous ethanol injection 
(Figure 2) and 3 with chemoembolization. Excluding satellite 
lesions (<0.5 cm and adjacent to a larger lesion), the average 
observed tumoral necrosis was 74.3% for the treated group and 
only 8% for the nodules which were not treated (P <0.0001). Tumor 
size in both groups did not differ significantly (Table 5).

DISCUSSION

Twenty-nine cirrhotic patients with diagnosis of HCC were 
included in this study. A HCV infection prevalence of 67.3% was 
observed in the population of transplanted patients, while an even 
higher prevalence (93.5%) was seen in the group of transplanted 
patients with HCC. The literature reports diverge significantly 
on this issue. HCV infection is thought to be associated with 
approximately 70% of cases of HCC in Japan, 77% in Spain, 
and 55% in the United States(11, 16), but these rates range from 
7.6% to 81%(7, 21, 35). The prevalence of HCV infection associated 
with HCC, in our study, therefore, is among the highest reported 
in literature.

The risk of developing HCC in cirrhotic patients is approximately 
3% to 5% per year(7, 20). Patients in transplantation waiting lists 
constitute a high-risk population(2, 11). Early diagnosis of HCC 
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is of great importance, since several forms of therapy, such as 
percutaneous ethanol injection and arterial chemoembolization, 
are available and can alter the natural history of this tumor before 
transplantation can be carried out(4). OLT has been considered 
the treatment of choice for patients with tumors at early stages 
whose clinical conditions do not allow tumor resection(18). For 
these reasons, an adequate screening program is justified.

TABLE 5 – Comparison between treated and untreated patients in relation 
to tumor size and tumor necrosis

Tumor features Treated Untreated

Mean size 2.3 cm 2 cm

Mean % of necrosis* 74.3% 8%

Total number of nodules ** 21 52

* P <0.0001; ** Three patients (3 nodules) treated with chemoembolization. All others were submitted to percu-
taneous alcohol injection

FIGURE 2 – Arterial phase CT showing a hypoattenuating lesion with 
a small area of peripheral enhancement in a patient who 
underwent three sessions of US-guided percutaneous etha-
nol injection (A). Macroscopic examination shows a large 
HCC with extensive central necrosis. Note the presence of 
viable neoplasic tissue in the peripheral region of the le-
sion, corresponding to the area of peripheral enhancement 
on the CT scan

A

B

Patient assessment includes medical examination, laboratory 
workup, and imaging exams. Clinical assessment, however, have 
a very low sensitivity and specificity in detecting HCC. AFP, a 
glycoprotein which has its gene expression reactivated during 
hepatocarcinogenesis, is the most useful laboratory exam. Serum 
levels above 20 ng/mL are considered abnormal, although such 
level might be related to active hepatitis, cirrhosis and other 
non-malignant conditions. AFP, at this level, has a reported 
sensitivity of 55% to 80%(11, 34). Levels above 100 ng/mL are 
considered highly suggestive of HCC(34). In our study, AFP had 
a low sensitivity in detecting liver cancer.

The low sensitivity of AFP alone has led to the utilization of US 
as an additional screening technique. Overall US sensitivity reported 
in literature varies from 42% to 95%(5, 9). However, sensitivity for 
lesions smaller than 1 cm has been estimated to be about 37%(32), 
while for satellite nodules it may be as low as 16%(25). In this study, 
the observed sensitivity for US is similar to that found in most reports 
in which the entire explanted liver was examined at pathology. 
In studies in which surgical specimens were examined, however, 
reported sensitivity has usually been higher(8, 25, 26, 32). 

For CT, HCC detection rates of 52% to 93.3% have been 
reported(8, 24, 25, 26), while sensitivity for individual nodules in patients 
undergoing OLT has ranged from 37% to 71%(14, 17, 24, 25, 26). In 
our study, despite the fact that many CT scans were not obtained 
using helical technique, the detection rate of HCC did not differ 
significantly from that reported by other authors. 

Acquisition of images during arterial phase contributes 
significantly in increasing sensitivity for tumor detection by 
CT. The importance of arterial phase in CT is due to the fact 
that highly vascularized tumors, such as HCC, receive almost 
all their blood supply through the hepatic artery, resulting in 
early contrast enhancement. Normal hepatic parenchyma, on the 
other hand, receives only 25% of its blood supply through the 
hepatic artery, while the remaining 75% comes from the portal 
vein. As a result, tumor becomes conspicuous during arterial 
phase, since it becomes strongly impregnated by the contrast 
medium, as opposed to what happens to the surrounding liver 
parenchyma(19, 22). In cirrhotic livers, a greater proportion of blood 
supply comes from the hepatic artery, because it is less affected 
by the architectural changes secondary to fibrosis as compared 
to portal venous flow. For this reason, some authors believe that 
arterial phase assessment assumes an even greater importance 
in this group of patients(22). The use of arterial phase images 
can increase tumor detection rate in about 34% compared to 
CT scans with portal venous phase acquisitions alone. In 8% to 
11% of patients, lesions can only be seen during arterial phase(1, 

23). In our study, among patients with HCC at pathology whose 
CT scan included arterial phase images, the tumor detection rate 
was 82.3%, while the detection rate was only 50% for patients 
whose CT scans did not include arterial phase. In addition, 
41.2% of the individual nodules assessed by biphasic CT were 
only seen during arterial phase.

The role of noncontrast CT in diagnosis of HCC remains 
controversial. Some authors report up to 25% of nodules being 
detected exclusively in noncontrast CT(3, 10). Other investigators 
question these findings, arguing that lesions which are visible 

Maciel AC, Cerski CT, Moreira RK, Resende VL, Zanotelli ML, Matiotti SB.  Hepatocellular carcinoma in patients undergoing orthotopic liver transplantation: radiological findings 
with anatomopathological correlation in Brazil



28	 Arq Gastroenterol	 v. 43 – no.1 – jan./mar. 2006

Maciel AC, Cerski CT, Moreira RK, Resende VL, Zanotelli ML, Matiotti SB.  Carcinoma hepatocelular em pacientes submetidos a transplante 
hepático: achados radiológicos com correlação anatomopatológica no Brasil.  Arq Gastroenterol. 2006;43(1):24-9.

RESUMO – Racional - O carcinoma hepatocelular é um dos tumores malignos mais comuns em todo o mundo. Exames de imagens, especialmente 
tomografia computadorizada e ultra-sonografia, estão entre as principais técnicas diagnósticas, embora a acurácia destes métodos possa 
apresentar significativa variabilidade. Objetivos - Determinar a prevalência de carcinoma hepatocelular em pacientes cirróticos submetidos 
a transplante hepático na Santa Casa de Misericórdia de Porto Alegre, RS; estimar a sensibilidade da tomografia computadorizada e da ultra-
sonografia na detecção pré-transplante de carcinoma hepatocelular nesse grupo de pacientes; correlacionar características radiológicas com 
achados anatomopatológicos. Materiais e métodos - Estudo de prevalência retrospectivo. População: pacientes adultos, cirróticos, submetidos 
a transplante hepático de janeiro de 1990 a julho de 2003. Entre os 292 pacientes transplantados, foi diagnosticado 31 casos de carcinoma 
hepatocelular, dos quais 29 foram incluídos no estudo. As características tomográficas e ecográficas dos tumores diagnosticados pré-transplante 
foram comparadas com as observadas em exame anatomopatológico. Resultados - A prevalência da infecção pelo vírus da hepatite C nos 
pacientes com diagnóstico de carcinoma hepatocelular foi de 93,5% e a prevalência deste entre os pacientes transplantados foi de 10,6%. A 
sensibilidade dos métodos de imagem na detecção de casos de carcinoma hepatocelular foi de 70,3% para tomografia computadorizada e 
de 72% para ecografia. Conclusão - A prevalência de carcinoma hepatocelular na instituição onde foi desenvolvido o estudo, bem como a 
sensibilidade da ultra-sonografia e da tomografia computadorizada para detecção dessa neoplasia na avaliação pré-transplante foi semelhante 
à relatada na literatura. Em contrapartida, a prevalência de infecção pelo vírus da hepatite C, fator etiológico de hepatopatia mais freqüente 
nos pacientes desta série, é das maiores já relatadas. Os fatores que influenciaram as taxas de detecção de carcinoma hepatocelular foram: 
tempo decorrido entre realização do exame e transplante; realização de tomografia computadorizada com fase arterial; tamanho da lesão. 
A fase arterial provou ser a mais importante no diagnóstico de carcinoma hepatocelular neste estudo.

DESCRITORES – Carcinoma hepatocelular. Transplante de fígado. Tomografia. Ultra-sonografia.

in noncontrast CT can usually be seen during delayed images 
as well(31). In our sample, no nodules were seen only in 
noncontrast CT.

A small number of patients underwent CT evaluation after 
arterial injection of iodized oil. Sensitivity for this technique, 
as reported in recent studies with transplanted patients, is 
approximately 60%(27, 33).

Several factors may interfere with accuracy of imaging 
techniques in the diagnosis of HCC. Time from surveillance CT 
to transplantation, for instance, is an important variable to be 
taken into consideration when assessing the exams sensitivity. A 
prospective study carried out in China has estimated the mean 
duplication period for HCC to be approximately 117 days(30). 
In fact, some studies have already demonstrated a correlation 
between interval from CT examination to transplantation and 
reported sensitivity(24). As described in Table 3, our study 
confirms this finding. Sensitivity of both US and CT were 
higher in the group of patients who were assessed less than 6 
months before transplantation.

Nodule size is also a factor that may greatly affect sensibility 
of imaging exams. In our sample, a low sensitivity for small lesions 
(<1 cm), and a high sensitivity for large tumors (>3 cm) were 
observed. We must emphasize, however, that a large number 
of satellite tumors were detected at anatomopathological 
examination, and all of them were considered individual 
lesions when assessing sensitivities of imaging techniques. In 
studies in which only surgical specimens are examined, as is 
the case of most series that include pathological correlation 
in literature, anatomopathological identification of undetected 
nodules distant from the main tumor is not possible. As a result, 
a falsely increased sensitivity may be reported.

Of the 29 patients included in our study, 12 underwent 
percutaneous ethanol injection and 3 were treated with 
chemoembolization prior to transplantation. Anatomopathological 
examination is the gold standard for assessment of tumor response 
after these forms of treatment(12), which is expressed by percentage 
of tumoral mass that has undergone necrosis. Several authors 
report complete tumoral necrosis in 50% to 73% of tumors treated 
with ethanol injection(15, 28, 29). Of patients submitted to ethanol 
injection, in our study, 14 out of 18 nodules (77%) underwent 
necrosis of at least 90% of total tumoral mass. Complete necrosis, 
however, was observed in only 27% of the cases. 

CONCLUSION

The prevalence of HCC among population of adult, cirrhotic 
patients undergoing OLT at our institution was 10.6%, and HCV 
infection was the etiological agent in 93.5% of cases. Imaging 
exams used for screening of HCC in these patients had sensitivities 
which were similar to those reported in literature. Overall sensitivity 
of imaging techniques in detecting HCC in this population was 
70.3% for CT and 72% for US. Sensitivity of both methods was 
low for lesions smaller than 1 cm and high for tumors larger than 
3 cm. Factors which influenced sensibility of imaging methods 
were: interval from CT assessment to transplantation; availability 
of arterial phase images in CT scans; lesion size. Of nodules 
detected by biphasic CT, 41.2% were seen only during arterial 
phase, which was the most important phase in diagnosing HCC in 
our study. Finally, we observed significant tumoral necrosis in the 
group of patients treated with either percutaneous ethanol injection 
or chemoembolization prior to transplantation as compared to the 
group of patients who did not received any form of treatment.
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