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Abstract

Background: The goals of this study was to evaluate the diagnostic capability of enhanced/unenhanced 18F-
FDG-PET/CT scans for identifying primary-secondary liver malignancies in terms of size and localization, to de-
cide the quantitative impact of contrast agent on the SUVmax values of liver lesions and normal liver tissue,
and to assess the impact in SUVmax metrics following contrast substance administration.

Materials and Methods: This was a prospective research that included patients with suspicious primary and
secondary hepatic cancers. Patients had non-enhanced & enhanced regional PET/CT examinations. The dimen-
sion, position, densities (HU), visually assessment outcome, and SUVmax values for all pathological lesions were
recorded, as well as the HU and SUVmax data of normal hepatic tissue.

Results: There were 97 liver lesions in total. Visually assessment outcome of lesions, the introduction of a con-
trast substance considerably enhanced the HU and SUVmax measurements for normal hepatic tissue. The HU
measurements for lesions bigger than 1cm increased statistically significantly, as did the SUVmax levels of cen-
tralized lesions bigger than 1cm. The attenuation adjustment procedures, resulted in an average inaccuracy in
computed SUVmax values at the ratio of %5 for normal liver tissue and %6 for all hepatic pathologies following
the contrast substance delivery.

Conclusions: The inclusion of contrast substance increases the identification, localization, and characterization
of the liver lesions with PET/CT substantially.
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Amag: Calismadaki amaglarimiz, primer-sekonder karaciger malignitelerinin boyut, lokalizasyon agisindan
saptanmasi igin kontrastli/kontrastsiz 18F-FDG-PET/BT taramalarinin tanisal etkinligini karsilastirmak, kontrast
maddenin karaciger lezyonlarinin ve normal karaciger dokusunun SUVmaks degerlerindeki kantitatif etkilerini
arastirmak, kontrast madde uygulamasindan sonra SUVmaks 6lg¢timlerindeki hata diizeyini belirlemekti.
Materyal ve Metod: Bu ¢alisma, primer-sekonder karaciger malignitesi stiphesi olan bireyleri iceren prospektif
galismadir. Hastalara bolgesel kontrastsiz ve kontrasth PET/BT taramalari yapilmigtir. Malign kabul edilen lez-
yonlarin boyutu, lokalizasyonu, dansitesi, gorsel derecelendirme skoru, SUVmaks degerleri ile normal karaciger
dokusunun HU, SUVmaks degerleri kaydedilmistir.

Bulgular: Toplam 97 karaciger lezyonu tespit edildi. Lezyonlarin gorsel derecelendirme skorlari, normal karaci-
ger dokusu icin HU ve SUVmaks degerleri kontrast madde verilmesiyle anlamli olarak artti. 1cm'den biyik lez-
yonlarin HU degerlerinde ve 1cm'den biiyiik santral yerlesimli lezyonlarin SUVmaks degerlerinde istatistiksel
anlaml artis vardi. Atentiasyon dizeltme algoritmalari ile kontrast madde uygulamasindan sonra hesaplanan
SUVmaks degerlerinde normal karaciger dokusu igin ortalama %5 ve karaciger lezyonlari igin %6 hatal artig
vardi.

Sonug: Kontrast madde kullanimi, PET/BT ile hepatik lezyonlarin saptanmasini, lokalizasyonunu ve karakterizas-
yonunu énemli dlglide iyilestirmektedir.

Anahtar Kelimeler: Kontrast madde, PET/BT, Karaciger lezyonu
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Introduction

Noninvasive detection of liver malignancies is a crucial step in
the decision and also in the application of treatments such as
surgery or chemotherapy. For example, it has been demon-
strated that surgery may be curable in individuals with colon
cancer liver metastasis, particularly when the lesion is local-
ized into the liver and is resectable. As a result, traditional an-
atomic examinations such as radiography, computerized to-
mography (CT), and magnetic resonance imaging (MRI) have
been utilized to identify the hepatic disease noninvasively (1,
2). When employed alone, nevertheless, these traditional im-
aging methods may give mediocre findings. Thus, in recent ye-
ars, standard protocols have been developed for the administ-
ration of intravenous (iv.) contrast substances to increase the
image quality in CT and MRI practice. With these advances, the
sensitivity for the detection of liver tumors via CT and MRI has
increased to over 80% (3-6).

The Positron Emission Tomography (PET) imaging is particu-
larly effective at identifying cancer recurrence and metastatic
tumors in the preclinical phase, earlier they become visible in
traditional diagnostic methods such as CT and MRI. But since
PET does not offer anatomical details, it is hard to pinpoint the
specific location of any worrisome lesion(s). To overcome this
issue, combined PET/CT scanners have been created, which
combine a full-ring detection PET scanner and a multidetector
column spiral CT scanner. These systems provide both meta-
bolic and anatomical imaging data with a single device in a sin-
gle session, enabling precise localization of the lesions and ar-
eas with increased FDG uptake (7, 8). Previous studies have
shown that the use of iv. contrast material in PET/CT yields
clinically relevant additional information, aiding the diagnostic
and therapeutic approach to these lesions. The greatest bene-
fit of diagnostic PET/CT is arguably the improvements in regard
to local tumor staging, which cause significant changes in the
clinical management of 21% of cases, often due to the ability
to better plan interventions. The determination of the en-
hancement characteristics with iv. contrast materials also en-
ables the discrimination of benign and malignant liver lesions,
further aiding physicians in the diagnosis and treatment of pa-
tients (9-11).

In spite of the advantages, non-modifiable administration of
contrast agent use protocols for CT and MRI examinations for
PET/CT can cause errors, including the masking or mimicking
of a number of contrast-related pathologies. Today, there is
still no general consensus on the role of iv. contrast agents and
their use in the imaging of such lesions and available studies
are limited. However, it has also been shown that errors may
be prevented by utilizing appropriate techniques (9, 11, 12).
The goal of this research is to assess the diagnostic perfor-
mance of enhanced and non-enhanced 18F-Fluorodeoxyglu-
cose (FDG) PET/CT imaging for detecting primary and second-
ary liver cancers in terms of size and location.

Furthermore, we intended examine at the quantitative effects
of contrast substances on maximum standardized uptake val-
ues (SUVmax) and find any inaccuracies in the SUVmax
measures following contrast substance injection.

Contrast-Enhanced PET/CT in Liver Lesions

Materials and Methods

Study group

This study was conducted as a cross-sectional study in patients
with primary or secondary liver malignancies (n=23). One pa-
tient (case 12) was not included in the statistical evaluation be-
cause it was not possible to perform quantitative evaluation of
normal liver parenchyma due to the excessive spread of malig-
nant tissue in the liver. Individuals had non-enhanced whole-
body PET/CT imaging accompanied by enhanced and non-en-
hanced localized (the upper abdomen) portal phase PET/CT
imaging. Using both enhanced and non-enhanced 18F-FDG
PET/CT examinations the size, location, density (HU), visual as-
sessment score, and SUVmax values for every cancerous le-
sion, in addition to the HU and SUVmax measurements of nor-
mal liver tissue, were collected.

Patient Preparation and Imaging Procedures

A hybrid PET/CT scanner (Biograph, Sensation 16 PET/CT sys-
tem, Siemens AG, Erlangen, Germany) was used for whole-
body scanning with the MDCT scan ranged across the head to
the mid-thigh. Oral intake was stopped and patients fasted for
at least 6 hours prior to PET/CT. Four diabetic patients (cases
6, 14, 19, 21) were administered a low-carbohydrate diet the
night before the examination and were instructed not to use
insulin for 4 hours before imaging. The maximum blood glu-
cose level was determined to be 180 mg/dl. Only one diabetic
patient (case 19) was treated with 10U crystallized insulin
within the aforementioned 4-hour duration.

In regard to imaging, patients received an iv. injection of 144
uCi/kg FDG. Inspection limits were designated based on pilot
images. The non-contrast CT scan was performed from the ver-
tex to the proximal of the thigh with a collimation of 80mA,
110kV and 0.75mm. PET and CT images were reconstructed
with a 5 mm slice thickness and axial, sagittal and coronal pla-
nes. Late PET/CT imaging with monophasic contrast was per-
formed from the dome of the diaphragm to the lower pole of
the liver, without application of contrast material. Whole body
PET/CT and late PET/CT imaging times ranged between 31 and
112 minutes (mean 64 minutes). Monophasic contrast-enhan-
ced CT images were obtained in the portal phase after a 70-
second delay following the injection of 100 mL of iomeprol. CT
parameters in late imaging (without contrast and portal phase
contrast) were adjusted accordingly to the parameters of
whole body CT scans.

All PET/CT images were evaluated on the same workstation
(Siemens Medical Systems). Each liver lesion was evaluated
visually and quantitatively using late PET/CT (non-contrast and
portal phase contrast) images. Selectivity, localization, size,
density (HU) and SUVmax parameters were recorded in all le-
sions that were determined to be malignant via FDG assess-
ment. The final image qualities were evaluated by using the
non-contrast and contrast-enhanced CT images of the lesions,
and each image was classified as follows: undistinguishable,
moderately selective, and well selective.
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In regard to localization, a central lesion was classified as any
lesion at least 1 cm away from the liver border, and a subcap-
sular lesion was defined when the lesion was closer than 1 cm
to the liver border. The dimensions of the lesions were meas-
ured on CT images and divided into two groups as <lcm and
>1cm. The density (HU) and SUVmax values of the lesions were
measured by manually placing the ROl ring in the position with
maximum FDG uptake in PET images.

Data

Statistical analyses were performed with SPSS (version 20, IBM
Corp., Armonk, USA) and SAS computer software (version 9.2,
SAS Institute Inc., Cary, NC, USA). The mean attenuation of all
CT data sets (HU) and the SUVmean and SUVmax values of all
PET reconstructions were summarized by the arithmetic mean

Table 1. Baseline Characteristics of Patients

Contrast-Enhanced PET/CT in Liver Lesions

and corresponding standard deviation (SD), and the relative
differences of SUVmean and SUVmax were calculated using
the Wilcoxon signed-rank test. P values lower or equal to 0.05
were considered to be statistically significant.

Results

We included 22 patients (18 males and 4 females) in our study;
the mean age was 59.8 + 13.2 years. Localization of malignancy
was known in 15 patients (8 patients with colorectal carci-
noma, 2 with prostate cancer, 3 with lung cancer, 1 with panc-
reatic cancer, 1 with gastric cancer, 1 hepatocelluler carci-
noma). Six patients had carcinoma of unknown origin. The ba-
seline characteristics of the patients are shown in Table 1.

Case Age Gender Diagnosis Weight(kg) d':::c(t:gi) Interval (minutes)
1 72 M Lung Epidermoid Carcinoma 72 10.86 65
2 35 F Unknown Malignancy 65 10.9 64
3 57 M Prostate Adenocarcinoma 64 10.68 62
4 73 M Unknown Malignancy 80 12.92 31
5 49 M Prostate Adenocarcinoma 59 10.64 78
6 66 M Sigmoid Colon Adenocarcinoma 81 13.5 68
7 61 M Unknown Malignancy 85 12.71 69
8 49 M Unknown Malignancy 80 11.71 80
9 52 M Unknown Malignancy 82 12.19 56
10 69 M Rectum Adenocarcinoma 69 10.85 112
11 61 M Gastric Adenocarcinoma 51 9.4 60
12 61 M Unknown Malignancy 65 9.7 41
13 70 M Small Cell Lung Carcinoma 50 9.83 74
14 75 M Colon Adenocarcinoma 75 12.57 32
15 43 F Unknown Malignancy 56 10.57 62
16 59 M Hepatocelluler Carcinoma 60 10.03 42
17 55 M Sigmoid Colon Adenocarcinoma 76 12.11 53
18 74 M Lung Epidermoid Carcinoma 80 12.64 100
19 71 M Pancreas Adenocarcinoma 68 10.63 75
20 27 F Rectum Adenocarcinoma 68 10.67 75
21 72 M Rectum Epidermoid Carcinoma 83 13.67 55
22 70 F Colon Adenocarcinoma 65 10.96 32
23 56 M Rectum Adenocarcinoma 55 10.57 46

M: Male ; F:Female; Interval: Time from last scan to full-body scans

A total of 97 liver lesions (89 malignant, 8 benign) were de-
tected. The mean size of malignant lesions was 2 £ 1.6 cm
(range: 0.6-7.2 cm). Thirty lesions (33.7%) were measured to
be <1cm in size, while 59 lesions (66.3%) were measured to
be >1cm in size. Fifty-one of the lesions were centrally loca-
ted and 38 were found to be subcapsular.

The size of 50 lesions could be measured via contrast-enhan-
ced PET/CT, but not via non-contrast images. The borders of
33 lesions were determined to be obscure, but relatively ac-
curate size measurements could be performed in 10 of
them. Six lesions were clearly visualized and their dimensi-
ons were determined in both contrast-free and contrast-en-
hanced PET/CT images. The visual selectivity of all lesions
increased after iv. contrast agent injection, regardless of size

and location (p<0.05 for all measurements) (Table 2) (Figure
1).

After contrast injection, normal liver parenchyma (n = 22),
HU and SUVmax values were found to be increased in a sta-
tistically significant manner (p<0.001 and p=0.004, respec-
tively). Furthermore, compared to non-contrast images, iv.
contrast injection was found to cause a statistically signifi-
cant increase in HU values in both subcapsular (n=17,
p=0.028) and central (n=42, p<0.001) lesions larger than 1
cm (Table 3 and 4). Contrast injection also caused a signifi-
cant increase in the SUVmax values of central lesions larger
than 1 cm (p<0.001), but there was no significant difference
in the SUVmax values of subcapsular lesions larger than 1
c¢cm (p=0.170) (Table 4).
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Figure . Contrast and non-contrast PET and CT findings of th

A: Hypodense 6 metastatic lesion in contrast CT

Contrast-Enhanced PET/CT in Liver Lesions

e number, size, and localization of metastatic lesions

B: The lesion, which shows a density difference in non-contrast CT, cannot be selected.
C: Increased pathological metabolic focal activity in metastatic foci in contrast CT

Table 2. Visual Selectability of Malignant Lesions

Subcapsular Central
<lcm >1lcm <lcm >1lcm

Contrast (-) PET / CT 1 1 1 1

Undistinguishable
istingul Contrast (+) PET/ CT 3 3 3 3
Middle Contrast (-) PET / CT 1 1 1 2
Contrast (+) PET/ CT 3 3 3 3
Contrast (-) PET/ CT 2 3 2 3

Well selected

ell selecte Contrast (+) PET / CT 3 3 3 3

Table 3. HU and SUVmax values of normal liver parenchyma

Normal Liver Parenchyma

SUVmax (Mean t SD) HU (Mean % SD)
Contrast (-) PET / CT 2.620.6 54.345.2
Contrast (+) PET / CT 2.810.7 88.7+15.2
p value 0.004 <0.001

A total of eight benign lesions were detected. Two of these
lesions were isometabolic with normal liver tissue (2 he-
mangiomas), whereas six were hypometabolic (5 simple
cysts and 1 focal fatty area). A size larger than 1cm was ob-
served in 1 simple cyst (subcapsular), 2 hemangiomas (1
subcapsular, 1 central), and 1 focal fatty area, while 4
simple cysts were measured to be <1cm (3 subcapsular, 1
central).

While the visual selectivity of simple cysts and focal fat area
did not show a statistically significant difference in con-
trast-free and contrast-enhanced PET/CT images, the visual
selectivity of hemangiomas increased significantly with
contrast utilization. The appearance of benign lesions with
contrast-enhanced and non-contrast PET/CT are shown in
Figure 2.

Table 4. Distribution of HU and SUVmax values in subcapsular and central malignant lesions

Contrast (-) PET / CT Contrast (+) PET / CT p value
HU (Mean % SD)
Subcapsular 40.5+6.5 49.5+12.4 0.028
Central 36.5+9.9 46.2+18.2 <0.001
SUV max(Mean # SD)
Subcapsular 8.312.9 8.743.5 0.170
Central 11.546 12.316.3 <0.001
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Contrast-Enhanced PET/CT in Liver Lesions

Figure 2. Hemangioma appearance with contrast and non-contrast PET/CT.

A: Typical peripheral nodular contrast area for hypodense lesion (yellow circle) and hemangioma in contrasted CT (arrow)
B: The lesion, which shows a density difference in non-contrast CT, cannot be selected.

C: The distribution of isometabolic activity in the area of hemangioma (SUVmax: 3,21).

Discussion

In the current study, we have found that the visualization of
various types of lesions are made simpler with the use of
contrast materials. Although contrast injection was also
found to increase the HU and SUVmax values of normal tis-
sues, we found that visual selectivity was also increased; a
finding that supports the notion that contrast application is
beneficial for the accurate assessment of such lesions, with
the exception of simple cysts and local fat deposits.

Early diagnosis of primary or metastatic liver malignancies
and accurate characterization of these lesions are crucial to
achieving the goal of improving the survival of patients who
require various therapies for treatment, such as partial he-
patic resection, intrahepatic arterial infusion chemotherapy,
radiofrequency ablation, laser treatment, cryotherapy, int-
rahepatic arterial radionuclide infusion and systemic che-
motherapy (13-15). CT and MRI are among the most com-
monly used and accessible imaging modalities in today’s me-
dicine. The literature on this topic strongly suggests that the
use of contrast agents greatly increases the detection and
characterization of lesions (4-6, 16, 17). In patients with can-
cer, whole-body FDG-PET/CT scans are used to determine
disease stage or grade, re-staging, and therapy efficacy. The
most important advantage is that, with the 18-F FDG PET/CT
modality, the metabolic and anatomical data of lesions are
obtained simultaneously, leading to early detection, accu-
rate assessment, and also the determination of prognosis
(18, 19).

In this study, we found that the use of contrast agents pro-
vides a significant increase in the visual selectivity of various
types of lesions. Thus, we can conclude that the localization
and dimensions of the lesions can be more clearly defined
and more definitive interpretations can be made about the
lesion size, which are important for the determination of
progression, regression and/or response to treatment. Our
findings are similar to those in the international literature.
In a retrospective study by Cantwell et al., it was shown that
contrast-enhanced PET/CT and MRI were superior to non-

contrast PET/CT in detecting lesions in patients with liver

metastases (11). Similarly, Badiee et al., in another retro-
spective study, showed that contrast-enhanced PET/CT im-
ages were superior to non-contrast PET/CT in the detection
of lesions (20).

In our study, when the contrast agent was applied, the SU-
Vmax increase observed in liver tissue was 6.4%, which was
a statistically significant increase (p <0,01). Similarly,
Berthelsen et al. also reported that the SUVmean value of
liver tissue was increased by 5.8%, while SUVmax value was
increased by 6.1% (21).

Bunyaviroch et al. examined 2 mediastinal lymph nodes, 2
liver masses, 1 abdominal mass, 1 inguinal mass and 8 ab-
dominal lymph nodes in their study and reported that mean
SUV values of these lesions increased by 3.4%. Although
they found that this increase was statistically significant,
they suggested that this increase was not influential on clin-
ical evaluation (22). Similarly, in our study, the mean SU-
Vmax values of lesions were significantly increased by 5.4%
(p <0.001). However, when examined in subgroups accord-
ing to size and location, there was a statistically significant
increase in SUVmax values in only centrally located lesions
larger than 1cm (6.5% increase, p<0.001). This result was at-
tributed to the neovascularization or perfusion of patholog-
ical tissues which would cause relevant discrepancies in im-
aging results, and also to the possible increase of errors in
attenuation correction caused by higher contrast levels (23,
24).

In a study in which the effects of contrast agent on SUVmax
values were investigated, the approximate error rate for
SUV was found to be 0.1% for 1 HU (25). In our study, the
SUVmax error rate for 100HU was calculated for all lesions
and normal liver tissue. We found that a 100 HU increase
caused a 5% error in the SUVmax value of normal liver pa-
renchyma and a 6% error in lesions.

Limitations of the study

There are various limitations in our study. Firstly, we did not
confirm the histopathological findings of some lesions due
to the absence of data, which limited our evaluations to clin-
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ical and radiological results. Another limitation is the differ-
ence in primary tumor location of the patients included in
the study which could have affected the characteristics of
lesions significantly. In addition, as we performed manual in-
jection of contrast agent, there may have been uncontrolla-
ble but slight differences due to human error in the images.

Conclusion

In conclusion, the use of intravenous contrast substance in-
creases the identification, location, and characterization of
liver pathologies using the PET/CT imaging modality. The
level of inaccuracy that we have determined in the SUVmax
values with contrast material administration does not seem
to affect the interpretation of PET/CT images and can feasi-
bly be considered clinically insignificant errors.

Ethical Approval: The study was conducted according to the ethical
standards specified in the 1964 Declaration of Helsinki. Written per-
mission was obtained from the Ethics Committee of Ankara Ataturk
Training and Research Hospital (ila¢ Disi Klinik Arastirmalar Etik Ku-
rul Koordinatérliigii /26.12.2012 /B.30.2. YBU.006.06.01/125) and
the individuals who agreed to participate in the research.

Author Contributions:

Concept: M.K., S.T.

Literature Review: M.K., E.O., N.Y., Z.K.

Design : M.K.

Data acquisition: M.K.

Analysis and interpretation: M.K.

Writing manuscript: M.K.

Critical revision of manuscript: M.K.

Conflict of Interest: The authors have no conflicts of interest to de-
clare.

Financial Disclosure: Authors declared no financial support.

References

1. Nakamura S, Suzuki S, Baba S. Resection of liver metastases
of colorectal carcinoma. World J Surg. 1997 Sep;21(7):741-
7.

2. Tsili AC, Alexiou G, Naka C, Argyropoulou MI. Imaging of col-
orectal cancer liver metastases using contrast-enhanced US,
multidetector CT, MRI, and FDG PET/CT: a meta-analysis.
Acta Radiol. 2021 Mar;62(3):302-312.

3. RefaatR, Basha MAA, Hassan MS, Hussein RS, El Sammak AA,
El Sammak DAEA, et al., Efficacy of contrast-enhanced FDG
PET/CT in patients awaiting liver transplantation with rising
alpha-fetoprotein after bridge therapy of hepatocellular car-
cinoma. Eur Radiol. 2018 Dec;28(12):5356-5367.

4.  AwaiK, HoriS. Effect of contrast injection protocol with dose
tailored to patient weight and fixed injection duration on
aortic and hepatic enhancement at multidetector-row heli-
cal CT. Eur Radiol. 2003 Sep;13(9):2155-60.

5. Numminen K, Isoniemi H, Halavaara J, Tervahartiala P,
Makisalo H, Laasonen L, et al., Preoperative assessment of
focal liver lesions: multidetector computed tomography
challenges magnetic resonance imaging. Acta Radiol. 2005
Feb;46(1):9-15.

6. Furuhata T, Okita K, Tsuruma T, Hata F, Kimura Y, Katsura-
maki T, et al., Efficacy of SPIO-MR imaging in the diagnosis
of liver metastases from colorectal carcinomas. Dig Surg.
2003;20(4):321-5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Contrast-Enhanced PET/CT in Liver Lesions

Bar-Shalom R, Yefremov N, Guralnik L, Gaitini D, Frenkel A,
Kuten A, et al., Clinical performance of PET/CT in evaluation
of cancer: additional value for diagnostic imaging and pa-
tient management. J Nucl Med. 2003 Aug;44(8):1200-9.
Cohade C, Osman M, Leal J, Wahl RL. Direct comparison of
(18)F-FDG PET and PET/CT in patients with colorectal carci-
noma. J Nucl Med. 2003 Nov;44(11):1797-803.
Pfannenberg AC, Aschoff P, Brechtel K, Miller M, Klein M,
Bares R, et al., Value of contrast-enhanced multiphase CT in
combined PET/CT protocols for oncological imaging. Br J Ra-
diol. 2007 Jun;80(954):437-45.

Pfannenberg AC, Aschoff P, Brechtel K, Miller M, Bares R,
Paulsen F, et al., Low dose non-enhanced CT versus standard
dose contrast-enhanced CT in combined PET/CT protocols
for staging and therapy planning in non-small cell lung can-
cer. Eur J Nucl Med Mol Imaging. 2007 Jan;34(1):36-44.
Cantwell CP, Setty BN, Holalkere N, Sahani DV, Fischman AJ,
Blake MA. Liver lesion detection and characterization in pa-
tients with colorectal cancer: a comparison of low radiation
dose non-enhanced PET/CT, contrast-enhanced PET/CT, and
liver MRI. J Comput Assist Tomogr. 2008 Sep-Oct;32(5):738-
44,

Dizendorf E, Hany TF, Buck A, von Schulthess GK, Burger C.
Cause and magnitude of the error induced by oral CT con-
trast agent in CT-based attenuation correction of PET emis-
sion studies. J Nucl Med. 2003 May;44(5):732-8.

Glover C, Douse P, Kane P, Karani J, Meire H, Mohammad-
taghi S, et al., Accuracy of investigations for asymptomatic
colorectal liver metastases. Dis Colon Rectum. 2002
Apr;45(4):476-84.

Dodd GD 3rd, Soulen MC, Kane RA, Livraghi T, Lees WR, Yam-
ashita Y, et al., Minimally invasive treatment of malignant
hepatic tumors: at the threshold of a major breakthrough.
Radiographics. 2000 Jan-Feb;20(1):9-27.

Ruers T, Bleichrodt RP. Treatment of liver metastases, an up-
date on the possibilities and results. Eur J Cancer. 2002
May;38(7):1023-33.

Ward J, Robinson PJ, Guthrie JA, Downing S, Wilson D, Lodge
JP, et al., Liver metastases in candidates for hepatic resec-
tion: comparison of helical CT and gadolinium- and SP10-en-
hanced MR imaging. Radiology. 2005 Oct;237(1):170-80.
Vogl TJ, Schwarz W, Blume S, Pietsch M, Shamsi K, Franz M,
et al., Preoperative evaluation of malignant liver tumors:
comparison of unenhanced and SPIO (Resovist)-enhanced
MR imaging with biphasic CTAP and intraoperative US. Eur
Radiol. 2003 Feb;13(2):262-72.

Kinkel K, Lu Y, Both M, Warren RS, Thoeni RF. Detection of
hepatic metastases from cancers of the gastrointestinal
tract by using noninvasive imaging methods (US, CT, MR im-
aging, PET): a meta-analysis. Radiology. 2002
Sep;224(3):748-56.

Bipat S, van Leeuwen MS, Comans EF, Pijl ME, Bossuyt PM,
Zwinderman AH, et al., Colorectal liver metastases: CT, MR
imaging, and PET for diagnosis--meta-analysis. Radiology.
2005 Oct;237(1):123-31.

Badiee S, Franc BL, Webb EM, Chu B, Hawkins RA, Coakley F,
et al.,, Role of IV iodinated contrast material in 18F-FDG
PET/CT of liver metastases. AJR Am J Roentgenol. 2008
Nov;191(5):1436-9.

Berthelsen AK, Holm S, Loft A, Klausen TL, Andersen F,
Hgjgaard L. PET/CT with intravenous contrast can be used
for PET attenuation correction in cancer patients. Eur J Nucl

Harran Universitesi Tip Fakiiltesi Dergisi (Journal of Harran University Medical Faculty) 2023;20(3):548-554.

DOI: 10.35440/hutfd.1380745

553



Keskin et al.

22.

23.

24.

25.

Harran Universitesi Tip Fakiiltesi Dergisi (Journal of Harran University Medical Faculty) 2023;20(3):548-554.

Med Mol Imaging. 2005 Oct;32(10):1167-75.

Bunyaviroch T, Turkington TG, Wong TZ, Wilson JW, Colsher
JG, Coleman RE. Quantitative effects of contrast enhanced
CT attenuation correction on PET SUV measurements. Mol
Imaging Biol. 2008 Mar-Apr;10(2):107-13.

Murakami T, Kim T, Takamura M, Hori M, Takahashi S,
Federle MP, et al., Hypervascular hepatocellular carcinoma:
detection with double arterial phase multi-detector row hel-
ical CT. Radiology. 2001 Mar;218(3):763-7.

Zhang M, Kono M. Solitary pulmonary nodules: evaluation of
blood flow patterns with dynamic CT. Radiology. 1997
Nov;205(2):471-8.

Kinahan PE, Hasegawa BH, Beyer T. X-ray-based attenuation
correction for positron emission tomography/computed to-
mography scanners. Semin Nucl Med. 2003 Jul;33(3):166-
79.

DOI: 10.35440/hutfd.1380745

Contrast-Enhanced PET/CT in Liver Lesions

554



