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Abstract

Subject: The enhancement evaluation of hepatic tissue and liver lesions 
in contrast enhanced ultrasound (CEUS) is a subjective, investigator-
dependent examination method. The aim of this study was to quantify 
the enhancement of regular liver tissue in comparison to spleen as an in 
vivo reference. 

Patients/Methods: From November 2019 to December 2020 n = 20 
patients were included in the retrospective study. The enhancement of 
regular liver and spleen tissue was analyzed by Quantity one® software 
after 1, 2 and 5 min. The splenic enhancement as in vivo-reference was 
set at 100%.

Results: The mean hepatic enhancement intensity was 18679.8 (INT/
mm2) (95.4% compared to the splenic enhancement (100%)) after 1 min. 
The 2 min enhancement of the liver was 16611.7 (88.7%), followed by a 
5 min enhancement of 12810.6 (69.5%). Over the time-period of 5 min 
a hepatic enhancement intensity reduction of 31.4% was observed. In 
comparison, the splenic enhancement just decreased of 5.9% between 
1min and 5 min. 

Conclusion: Quantification of non-pathological hepatic and splenic 
enhancement is possible by using Quantity one® and could be of interest 
for further experimental studies to objectify the enhancement intensity. 
The spleen is characterized by a longer and more intensive enhancement 
over 5 minutes compared to the liver. 
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Introduction

Due to the lack of radiation exposure, sonography is a widely 
used diagnostic method in almost all clinical disciplines. The 
disadvantage however, is the lack of objectification of the 
examiner-dependent findings, which seldom accepts ultrasound 
as the sole diagnostic method. A Computer Tomography (CT)- 
examination is required in most cases, specifically in tumor 
diagnostics and prior to surgical interventions (1,2). With the 
establishment of contrast-enhanced ultrasound (CEUS) in 
routine care, the diagnostic value of ultrasound has increased. 
With its dual blood supply via the A. hepatica and the V. 
portae, the liver in particular is ideally suited for performing 
CEUS (3). Because of this, the CEUS has become an important 
diagnostic imaging tool in liver pathologies (3). Currently the 
CEUS is recognized as an imaging method for suspected HCC (= 
hepatocellular carcinoma) in the cirrhotic liver (4).

Some guidelines, such as the EFSUMB (European Federation of 
Societies for Ultrasound in Medicine and Biology) have already 
been introduced to ensure greater objectivity for CEUS (3,5). 
However, CEUS is far more established in the diagnosis of focal 
lesions (3). 

In the case of diffuse liver pathologies, like a steatosis hepatis, no 
data on the diagnostic benefits of CEUS and the enhancement 
intensity compared to normal liver tissue exists. Nonetheless, 
enhancement intensity findings need to be objectified in both 
diffuse and focal liver pathologies. The prerequisite for this is 
the knowledge of the extent of a normal liver enhancement. 

The aim of the study was an enhancement intensity 
quantification of regular liver tissue in CEUS in different patients 

and an examination of the possible limitation of the purely 
subjective investigative obstacle.

Patients/ Material/ Methods

A retrospective analysis of the liver and spleen CEUS images 
was performed in n=20 patients. The study was proved by the 
local ethic committee. All patients got the CEUS examination 
as part of routine diagnostics between November 2019 
and December 2020. Indications were the exclusion or the 
differentiation of hepatic lesions (n=14) and the use of the 
hepatic and splenic enhancement as in-vivo reference for other 
abdominal pathologies (n=6). The mean age of was 55.8 years. 
The patients received a 2.4 ml intravenous bolus injection 
of the contrast agent SonoVue ®, followed by 10 ml sodium-
chloride. All examinations were performed on the Siemens 
Sequoia 3000 machine in “CPS mode” by one experienced 
investigator. The contrast enhancement of the liver and spleen 
was documented after 1,2 and 5 minutes and the hepatic 
enhancement was evaluated in comparison to the spleen (Figure 
1a-b). Subsequently, the enhancement of haptic and splenic 
parenchyma was quantified using Quantity One® software 
by measuring the contrast agent intensity (INT/mm).  The 
measurements were performed on each image after t1=1min, 
t2=2min and t3=5min. Three measurements were recorded per 
organ per person on different spots. The mean enhancement 
at t1, t2 and t3 was determined (Figure 1a-c). Afterwards, the 
mean measurements of the liver to splenic enhancement were 
compared as in vivo reference. The enhancement of the spleen 
was set at 100%. The differences of the hepatic enhancement 
compared to the splenic enhancement was determined in the 
form of relative frequencies to each time point.  Descriptive 
statistics were performed with GraphPad Prims 8.0.1.
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Results

At t1 (1 min) the mean enhancement intensity of the liver in n 
= 20 patients was 18679.8 (INT/mm2) and 19581.6 (INT/mm2) 
of the spleen. The enhancement intensity after two and five 
minutes are presented in Table 1 and Figure 2. 

Compared to the spleen, the mean enhancement intensity after 
t1=1min (arterial phase) was 95.4% with a 95%-confidence 
interval of 93.7-97.3%,Table 1). The individual measured values 

of the relative liver enhancement (t1) of all 20 subjects are 
shown in sub. Fig. 1a.c

After 2min (t2; portal venous phase) the mean hepatic 
enhancement was only 88.7% of the splenic contrast intensity 
and 69.5% at t3 (5min). 

Compared to t1 the hepatic enhancement reduced of 31.4%, 
the splenic enhancement of 5.9% over the five minutes of 
examination.
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Figure 1 a -b: Hepatic enhancement (a) and splenic enhancement (b) in CEUS mode after 2min.

Figure 1c: Quantification of the hepatic enhancement (Fig. 1a) by using Quantity One® Software, 3 measurements
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Figure 2: Quantification of hepatic compared to the splenic enhancement after one, two and five minutes

Liver:mean 
enhancement 
(INT/mm2) [95%-CI]

Spleen: mean enhancement
(INT/mm2) [95%-CI]

Liver/Spleen (%) 
[95%-CI]

t1= 1min 18679.75
[18165-19197]

19581.65 [19074-20089]
95.39
[93.7-97.3]

t2= 2min
16611.74
[15834-17389]

18729.93
[18133-19327]

88.69
[84.3-94.5]

t3= 5min
12810.62 
[11959-13663]

18421.29
[17635-19207]

69.54
[64.8-75.0]

Table 1: mean enhancement (after quantification and 95% confidence intervals) 

of the liver and spleen after 1,2,5 minutes
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Discussion 

It is noticeable that the spleen enhancement is stable over the 
examination period. After 5 min the mean splenic intensity 
was 18421.3 (INT/mm2) compared to t1 (19581.7 INT/mm2), 
which corresponds to an intensity reduction of just 5.93% over 
5 minutes.

This confirms the observations of earlier studies that the spleen 
shows an intense contrast for a very long time in CEUS but also 
in CT (6,7). Therefore the splenic enhancement acts well as an in 
vivo reference to evaluate other abdominal pathologies (8). The 
long spleen contrast is caused by the architecture of the organ. 
Free leaking sinusoids lead to a blood pool in the spleen, which 
shows that the contrast agent microbubbles also persist for a 
long time. This is expressed in the form of long-lasting splenic 
specific enhancement (9). The objective assessment of long 
splenic enhancement is quantifiable and the basis for scientific 
investigations concerning pathological processes in the spleen. 

All measurements were within a 95%-confidence interval (Table 
1). Knowledge of the extent of normal spleen enhancement can 
also be helpful in distinguishing between abdominal or thoracic 
splenomas and malignant masses or lymphomas (10).

The liver, on the other hand, washes out more quickly over time 
(31.4% loss of intensity over 5 min). The mean enhancement 
intensity after t1=1min can be determined to be lower than the 
spleen, shown after t2= 2min and at t3= 5min. 

Nevertheless, the hepatic enhancement intensity after 1 
min of all patients with regular liver tissue was at least 90% 
in comparison with the spleen. Additionally, for the hepatic 
enhancement the measured values for t1 of the liver were 
stable among the examined patients (95%-CI: 93.7-97.3%). 
These results can be seen as evidence of the reliability of the 
benefits of intermediate liver enhancement, such as those 
reported of Trenker et al. in 2020 (8). Considering both studies, 
the fixation of one-minute liver enhancement seems to be 
reliable for a wider range of patients.

The results about the possibility of quantifying regular liver 
enhancement could be of interest for further scientific research 
assessing diffuse liver parenchymal pathologies. A pathological 
enhancement (one minute hepatic enhancement < 90% after 1 
min) was observed in 70% of patients after allogenic stem cell 
transplantation with an increased risk profile for VOD using the 
same examination and analysis methods (8). Until now there 
is no data about the intensity of the contrast enhancement in 
CEUS in the case of diffuse liver parenchymal pathologies, such 
as steatosis hepatis or toxic liver parenchymal damage.

Nonetheless, the study is limited by the following factors: only 
a small number of cases were examined. A prospective study to 
verify the results is necessary. Moreover the data is unicentric 
and on an ultrasound device. It should be verified whether 
the observations can also be transferred to other ultrasound 
machines.

In conclusion, it is possible to quantify the hepatic and splenic 
enhancement in CEUS. Non-pathological liver and spleen tissue 
presents also in different patients a similar enhancement-
intensity, which can be useful for further studies. The spleen 
is marked by a longer and stronger enhancement compared to 
the liver. 

Conflict of interests: C. Görg received funding from Bracco 
Imaging. Bracco Imaging supported workshops of contrast 
enhanced ultrasound at the University Hospital in Marburg for 
teaching. 

Author contributions: H.W., C.T. and C.  G. designed the study 
and were guarantors of  the paper.  H.W. and C.T. evaluated 
and interpreted the data comments of all other authors.  C.M. 
performed statistical analysis.  All  authors  participated  in  data  
preparation,  literature  search,  and interpretation  of  results.  
C.M., E.S.Z.  and C.G.  reviewed the  manuscript. All authors 
read and approved the final manuscript



 
Copyright © C. Trenker

Page 6/6

Citation: H. Wiemers, C. Trenker, E. Safai Zadeh, C. Michel, C. Görg. Quantification of Non-Pathological Hepatic 
Enhancement in Contrast Enhanced Ultrasound (CEUS).Radiology-22-1007.

References

1. Leitlinienprogramm Onkologie (Deutsche Krebsgesellschaft, 
Deutsche Krebshilfe, AWMF): Diagnostik, Therapie und 
Nachsorge des Hodgkin Lymphoms bei erwachsenen Patienten, 
Langversion 3.0, 2020; AWMF Registernummer: 018/029 OL,.

2. Leitlinienprogramm Onkologie (Deutsche Krebsgesellschaft, 
Deutsche Krebshilfe, AWMF): S3-Leitlinie Exokrines 
Pankreaskarzinom, Langversion 1.0, 2013, AWMF 
Registernummer: 032-010OL.

3. Dietrich CF, Nolsøe CP, Barr RG, Berzigotti A, Burns PN, 
Cantisani V, et al. Guidelines and Good Clinical Practice 
Recommendations for Contrast-Enhanced Ultrasound (CEUS) in 
the Liver-Update 2020 WFUMB in Cooperation with EFSUMB, 
AFSUMB, AIUM, and FLAUS. Ultrasound Med Biol 2020; 46 
:2579–2604. 

4. Leitlinienprogramm Onkologie (Deutsche Krebsgesellschaft, 
Deutsche Krebshilfe, AWMF): Diagnostik und Therapie 
des hepatozellulären Karzinoms, Langversion 1.0, AWMF 
Registrierungsnummer: 032-053OL.

5. Claudon M, Dietrich CF, Choi BI, Cosgrove DO, Kudo M, Nolsøe 
CP, et al. Guidelines and good clinical practice recommendations 
for contrast enhanced ultrasound (CEUS) in the liver--update 
2012: a WFUMB-EFSUMB initiative in cooperation with 
representatives of AFSUMB, AIUM, ASUM, FLAUS and ICUS. 
Ultraschall Med (2013);34:11–29. 

6. Omar A, Freeman S. Contrast-enhanced ultrasound of the 
spleen. Ultrasound (2016); 24 :41–49. 

7. Vancauwenberghe T, Snoeckx A, Vanbeckevoort D, 
Dymarkowski S, Vanhoenacker FM. Imaging of the spleen: what 
the clinician needs to know. Singapore Med J (2015);56:  133–
144. 

8. Trenker C, Burchert A, Schumacher C, Schäfer JA, Dohse M, 
Timmesfeld N, et al. Pathologic Hepatic Contrast-Enhanced 
Ultrasound Pattern in Patients Undergoing Allogeneic Stem Cell 
Transplantation. Ultrasound Med Biol (2020);46: 1865–1871. 

9. Görg C. Milzdiagnostik mit Ultaschalkontrastmitteln: 
Schnetzlor-Verlag GmbH; (2006).

10. Görg C, Bert T. Contrast enhanced sonography of focal 
splenic lesions with a second-generation contrast agent. 
Ultraschall Med (2005); 26: 470–477. 

https://www-leitlinienprogramm--onkologie-de.translate.goog/leitlinien/hodgkin-lymphom/?_x_tr_sl=de&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=sc
https://www-leitlinienprogramm--onkologie-de.translate.goog/leitlinien/hodgkin-lymphom/?_x_tr_sl=de&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=sc
https://www-leitlinienprogramm--onkologie-de.translate.goog/leitlinien/hodgkin-lymphom/?_x_tr_sl=de&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=sc
https://www-leitlinienprogramm--onkologie-de.translate.goog/leitlinien/hodgkin-lymphom/?_x_tr_sl=de&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=sc
http://leitlinienprogrammonkologie.de/Leitlinien.7.0.html
http://leitlinienprogrammonkologie.de/Leitlinien.7.0.html
http://leitlinienprogrammonkologie.de/Leitlinien.7.0.html
http://leitlinienprogrammonkologie.de/Leitlinien.7.0.html
https://pubmed.ncbi.nlm.nih.gov/32713788/
https://pubmed.ncbi.nlm.nih.gov/32713788/
https://pubmed.ncbi.nlm.nih.gov/32713788/
https://pubmed.ncbi.nlm.nih.gov/32713788/
https://pubmed.ncbi.nlm.nih.gov/32713788/
https://pubmed.ncbi.nlm.nih.gov/32713788/
http://leitlinienprogrammonkologie.de/Leitlinien.7.0.html
http://leitlinienprogrammonkologie.de/Leitlinien.7.0.html
http://leitlinienprogrammonkologie.de/Leitlinien.7.0.html
http://leitlinienprogrammonkologie.de/Leitlinien.7.0.html
https://pubmed.ncbi.nlm.nih.gov/23129518/
https://pubmed.ncbi.nlm.nih.gov/23129518/
https://pubmed.ncbi.nlm.nih.gov/23129518/
https://pubmed.ncbi.nlm.nih.gov/23129518/
https://pubmed.ncbi.nlm.nih.gov/23129518/
https://pubmed.ncbi.nlm.nih.gov/23129518/
https://pubmed.ncbi.nlm.nih.gov/27433274/
https://pubmed.ncbi.nlm.nih.gov/27433274/
https://pubmed.ncbi.nlm.nih.gov/25820845/
https://pubmed.ncbi.nlm.nih.gov/25820845/
https://pubmed.ncbi.nlm.nih.gov/25820845/
https://pubmed.ncbi.nlm.nih.gov/25820845/
https://pubmed.ncbi.nlm.nih.gov/32499194/
https://pubmed.ncbi.nlm.nih.gov/32499194/
https://pubmed.ncbi.nlm.nih.gov/32499194/
https://pubmed.ncbi.nlm.nih.gov/32499194/
https://pubmed.ncbi.nlm.nih.gov/16453218/
https://pubmed.ncbi.nlm.nih.gov/16453218/
https://pubmed.ncbi.nlm.nih.gov/16453218/

