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Abstract

Obj ect ive: To determine the ult rasonographic characterist ics of l iver metastases induced in a 

rat  model; to evaluate the usefulness of ult rasonography in the noninvasive evaluat ion of tumor 

infi lt rat ion.

Mat er ial  and met hods:  We seeded t he l ivers of  46 WAG/ Rij Crl  rat s wit h CC-531 syngeneic 

colorectal carcinoma cells by int rasplenic inoculat ion. At  21, 28, 35, 42, 70 days af ter tumor 

seeding, we performed a series of ult rasonographic examinat ions to evaluate tumor induct ion in 

dif ferent  groups of animals: 37 rats were studied with a 10 MHz linear probe and 9 were studied 

with a 6–18 MHz mult ifrequency probe. The following signs were considered indicat ive of tumor 

development : int rahepat ic nodules, sinuate liver borders, lobe enlargement , and ext rahepat ic 

masses.  Ult rasonographic f indings were verif ied at  autopsy.  We determined t he number of 

implants, size (less than 3 mm, between 3 and 7 mm, or greater than 7 mm), and lobe locat ion 

for each technique.

Resul t s:  Compared to the autopsy result s,  ult rasonography detected 64 % of the animals with 

disease. All the ext rahepat ic masses were correct ly diagnosed. Metastases were ident ifi ed in 

90 % of the rats with lesions greater than 7 mm, in 75 % of those with implants between 3 and 

7 mm, and in 25 % of  t hose wit h lesions less t han 3 mm. In t he group in which we used t he 

6–18 MHz probe, we detected 50 % of the lesions less than 3 mm.

Conclusion: Ult rasonography was useful for monitoring the experimental model and enabled the 

noninvasive oncologic evaluat ion of the rat  liver with reasonable sensit ivity.

© 2009 SERAM. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Colorect al  neoplasia is one of  t he most  common t umour 
processes in the Western world; as the third leading cause 
of  neoplast ic disease,  it  is responsible for approximately 
10 % of cancer deaths. 1

Almost  hal f  of  t he pat ient s suf fer ing f rom colorect al 
neoplasia wil l  develop hepat ic met ast ases and,  in about  
15-25 % of  t hese,  it  wil l  already be present  at  t he t ime of 
diagnosis. 2,3 The t reatment  of choice for metastat ic disease 
is surgery,  which shows the best  long term survival with a 
fi ve-year survival rate of  around 24-38 %, 4 which can reach 
58 % for certain pat ients. 5 However, only 8-27 % of cases will 
be candidates for surgery. 6

For pat ients not  suitable for surgical therapy, alternat ive 
local therapies have been developed, such as ethanolisat ion, 
r adi of r equency t her mal  abl at i on or  t r ansar t er i al 
chemoembol i sat i on.  However,  t hese procedures are 
relat ively ineffi cient , and there is therefore a requirement  
for the development  of new therapies that , prior to clinical 
appl icat ion,  show adequate local ant it umour ef fect s and 
minimal systemic toxicity. Experimental cancer models are 
useful for est imat ing the in vivo ef fect iveness of  t he new 
t herapies.  Classical ly,  development  of  t he experiment al 
model itself requires a st rict  follow-up and cont rol of tumour 
progression that  usually involves culling animals of dif ferent  

Caracterización ecográfi ca de un modelo experimental de metástasis hepáticas 

de carcinoma de colon

Resumen

Obj et ivo: Determinar las característ icas ult rasonográfi cas de la patología metastásica hepát ica 

inducida en un modelo múrido,  para evaluar la ut i l idad de la ecograf ía en la valoración no 

invasiva de la infi lt ración tumoral.

Mat erial  y mét odos: El hígado de 46 ratas WAG/ Rij Crl fue diseminado con células singénicas de 

carcinoma colorrectal CC-531 mediante inoculación int raesplénica. En los días 21, 28, 35, 42 y 

70 posteriores a la siembra tumoral,  se realizaron series de ecografías para valorar inducción 

t umoral en diferentes grupos de animales;  37 ratas se estudiaron mediante sonda l ineal de 

10 Mhz y 9 con sonda mult i f recuencia de 6–18 Mhz.  Como signos ecográf icos de desarrol lo 

tumoral se consideró la detección de nódulos int rahepát icos, festoneado del contorno hepát ico, 

megal ias de lóbulos y masas ext rahepát icas.  Los hal lazgos ecográf icos se veri f icaron t ras 

necropsia,  y en ambas t écnicas se det erminó el  número de implant es,  t amaño (< 3,  ent re 

3–7 y > 7 mm) y localización lobular.

Result ados: Comparado con los resultados de la necropsia, en ecografía se detectaron lesiones 

en el 64 % de los animales con patología. Todas las masas ext rahepát icas fueron correctamente 

diagnost icadas. Se ident ifi caron metástasis en el 90 % de ratas afectadas por lesiones > 7 mm, en 

el 75 % de animales con implantes de 3–7 mm y en el 25 % con lesiones < 3 mm. Con la sonda de 

6–18 Mhz se detectaron el 50 % de lesiones < de 3 mm.

Conclusión: La ecografía resultó út il en la monitorización del modelo experimental y posibilitó, 

con razonable sensibilidad, la valoración oncológica no invasiva del hígado múrido.

© 2009 SERAM. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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ser ies and at  di f f erent  t ime int erval s.  Al t ernat i vel y, 
diagnost ic imaging methods that  are able to non-invasively 
det ect  and monit or t he progression or regression of  an 
experimental neoplast ic process could be employed.

The use of  ult rasonography in t he experimental cancer 
f ield has not  been evaluat ed in dept h.  In t his st udy,  t he 
ult rasonographic characterist ics of  hepat ic metastases of 
colon adenocarcinoma induced in t he murine l iver were 
st udied wi t h t he obj ect i ve of  eval uat i ng t he use of 
ult rasound for non-invasive assessment  and monitoring of an 
experimental cancer model.

Materials and methods

The experimental study was performed on 46 WAG/ Rij Crl 
rats (17 male, 29 female) weighing 170–286 g. All procedures 
conformed to t he regulat ions protect ing animals used for 
experiment s and ot her scient if ic purposes (Royal Decree 
1201/ 2005, October 10).

The rat s were kept  in an animal facil it y under standard 
condi t ions:  22 ºC average t emperat ure,  55 % relat i ve 
humidity, 12-hour periods of alternat ing light  and darkness, 
and standard ad l ibit um feed and water diet .

To i nduce hepat i c met ast ases,  t he ani mal s wer e 
inoculated wit h syngeneic cel ls of  colon adenocarcinoma 
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Table 1 Echographic-pathological correlat ion

Experiment  

(weeks after tumour inoculat ion)

Echography

Metastases (number)/ size/ locat ion/ semiology

Necropsy

Metastases (number)/ size/ locat ion

ECO-I (3)

  1 No Yes (1) < 3 ML

  2 No Yes (3) < 3 RL + ML

  3 No EM No EM

  4 No EM No EM

  5 No Yes (1) < 3 CL

  6 No Yes (1) < 3 ML

ECO-II (4)

  7 No Yes (3) < 3 CL

  8 No EM Yes (7) 3-7 CL + LL + EM

  9 No No

 10 No No

 11 No Yes (4) < 3 ML

 12 No Yes (4) < 3 CL

 13 Yes (1) < 3 CL s Yes (3) < 3 CL

 14 Yes (1) < 3 ML s Yes (1) < 3 ML

 15 No Yes (1) < 3 CL

 16 Yes (2) 3-7 CL n + le Yes (9) 3-7 CL + RL

 17 No Yes (5) < 3 CL + ML

 18 Yes (1) < 3 CL s Yes (10) < 3 CL

 19 Yes (1) < 3 CL n Yes (10) < 3 CL

ECO-III (5)

 20 No No

 21 No No

 22 Yes (5) > 7 LL le Yes (5) > 7 LL

 23 Yes (tumour) > 7 CL le Yes (tumour) > 7 panlobular

 24 Yes (tumour) > 7 CL le Yes (tumour) > 7 panlobular

 25 Yes (tumour) > 7 CL le Yes (tumour) > 7 CL + LL

 26 No Yes (tumour) > 7 CL + RL

 27 Yes (2) 3-7 CL n Yes (6) 3-7 CL + RL + LL

 28 No No

 29 No No

ECO-IV (6)

 30 Yes (tumour) > 7 panlobular le Yes (tumour) > 7 panlobular

 31 No Yes (1) 3-7 CL

 32 Yes (1) 3-7 ML s Yes (9) 3-7 CL + ML

 33 Yes (2) 3-7 LL s Yes (tumour) 3-7 LL

 34 No Yes (3) < 3 CL + LL

 35 Yes (1) > 7 CL le Yes (tumour) > 7 CL + ML

 36 No Yes (4) < 3 CL + ML

 37 Yes (1) 3-7 CL le Yes (1) 3-7 CL

 38 Yes (1) 3-7 CL le Yes (1) 3-7 CL

 39 No Yes (4) < 3 CL + ML

 40 No No

 41 No EM No EM

 42 No EM No EM

ECO-V (10)

 43 Yes (2) > 7 CL + LL le Yes (7) > 7 CL + LL

 44 Yes (tumour) > 7 panlobular + EM le Yes (tumour) > 7 panlobular + EM

 45 No EM No EM

 46 Yes (tumour) > 7 panlobular + EM le Yes (tumour) > 7 panlobular + EM

—  In the metastases sect ion, a reference is made to their presence or absence and, in parenthesis, to the number of implants found. 
The term “ tumour”  is used to denote very profuse infi lt rat ions in which it  is not  possible to determine the exact  number 
of independent  metastasis.

—  Ult rasound semiology of tumour development . s: scalloped contour; le: lobe enlargement : n: int rahepat ic nodes; 
tumour: extensive neoplast ic infi lt rat ion, non-individualised confl uent  metastases.

—  Hepat ic locat ion of the metastases.CL: caudate lobe; RL: right  lateral lobe; LL: left  lateral lobe; ML: medial lobe; 
EM: ext rahepat ic tumour implants; panlobular; tumour implants in all hepat ic lobes.
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(cellular l ine: CC-531) on day zero of  the experiment  using 

t he spl eni c r eservoi r  t echni que,  whi ch can i nduce 

met ast ases in 60-70 % of  t he animals.  The inoculat ion 

procedure required exposing t he spleen t hrough a 3 cm 

long subxiphoid midl ine laparot omy,  which al l owed a 

di rect  int ra-splenic inj ect ion of  250,000 t umour cel l s 

suspended in 0.5 ml of  Hank’s solut ion using a 27 G needle. 

Five minut es af t er  t he inj ect ion,  a splenect omy was 

perf ormed t o avoid developing a pr imary t umour and, 

fi nal ly,  t he laparot omy was sut ured.  During t he t umour 

i nocul at i on pr ocess,  t he ani mal s wer e kept  under 

inhalat ion anaesthesia with halothane.

The ult rasound was performed using two dif ferent  clinical 

syst ems:  one “ Logiq 7”  model  f rom General  Elect r i c 

Heal t hcare equipped wit h a 10-MHz l inear probe,  and a 

“ MyLab60 XVision”  echogram from Esaote equipped with a 

mult if requency linear probe of 6–18 MHz. Thirty-seven rats 

were evaluated using the 10-MHz system and nine rats using 

the mult ifrequency system. The 46 animals were studied in 

5 experimental groups: ECO-I (n = 6), ECO-II (n = 13), ECO-III 

(n = 10),  ECO-IV (n = 13) and ECO-V (n = 4),  which were 

evaluated at  21,  28,  35,  42,  and 70 days f rom the splenic 

inj ect ion of  t umour cel ls.  The animals ident ifi ed as 11 t o 

19 were studied using the mult ifrequency probe of 6–18 MHz 

(table 1). During the ult rasound procedures, int raperitoneal 

anaesthesia was used with an init ial inj ect ion of diazepam 

(5 mg/ kg) and an inj ect ion of  Ket amine (100 mg/ kg) 

10 minutes later. Before ult rasonography, the top halves of 

t he rat s’  abdomens were shaved using a standard shaving 

cream.

The l iver of  an adul t  rat  is segment ed wit h a smoot h 

contour, dist inct  edges and a maximum anteroposterior size 

of  20 mm. Anatomical ly,  several hepat ic lobes have been 

defi ned:  medial right  and lef t ,  lat eral right  and lef t ,  and 

caudate.  In the ult rasound explorat ions, the sensit ivit y of 

t he t echnique f or  t he diagnosis of  hepat ic met ast at ic 

inf i l t rat ion and t he ul t rasound charact er isat ion of  t he 

metastases was assessed. In accordance to the criteria used 

in human pathology, 7 the following fi ndings were considered 

signs of neoplast ic development :

—  Int rahepat ic nodes of  di f f erent  and dist inguishable 

echogenicity from the surrounding parenchyma.

—  Scalloping of the hepat ic contour caused by focal bulges 

on the organ surface.

—  Enlargement  of  t he hepat ic lobes charact er ised by 

disorder of  the ult rasound pat tern and the convexit y of 

the edges.

—  Solid masses located ext rahepat ically.

Following the ult rasonographic studies, all animals were 

sacrifi ced by deep inhalat ion anaesthesia wit h et her and 

cervical dislocat ion.  The l ivers were ext racted and,  af t er 

dissect ing the different  lobes, visual analysis was performed 

t o det ermine t he t umour inf i l t rat ion charact erist ics.  To 

compare the ult rasound result s with the necropsy result s, 

t he number of  t umour implant s,  as wel l  as t heir size and 

l ocat i on,  was est abl i shed f or  bot h t echniques.  The 

replacement  of  hepat i c t i ssue by prof use neoplast i c

infi lt rat ion is described as tumour involvement  and when all 

lobes are involved, it  is called “ panlobular” . The neoplast ic 

inf i l t rat ion is classif ied as nodes < 3 mm, nodes 3–7 mm, 

nodes > 7 mm.

Samples were also taken from 10 specimens for histological 

analysis.  These samples were placed in 10 % formalin and 

subsequent ly st ained wit h hemat oxyl in-eosin for opt ical 

microscopy. Microscopy was used to confi rm the neoplast ic 

nat ure of  lesions found using ul t rasonography and visual 

analysis.

Qualitat ive variables (e.g., locat ion, size, and detect ion) 

were measured by the rate of occurrence as a percentage of 

t he necropsy f indings,  which was considered t he gold 

standard.

Results

All experiments showed hepat ic neoplast ic development  in 

the necropsy studies of 74 % of the inoculated rats. The use 

of ult rasound enabled the detect ion of neoplast ic lesions in 

64 % of the animals with pathology (table 1).

In t he comparat ive st udy bet ween t he imaging and 

necropsy fi ndings in relat ion to the lobular locat ion of  the 

met ast ases,  ul t rasound found met ast ases in 55 % of  t he 

animals with neoplast ic involvement  of  t he caudate lobe. 

Tumour infi l t rat ions were det ect ed in t he lef t ,  r ight  and 

medial lobes in 50,  33 and 33 % of  t he animals.  Al l  of  t he 

ext rahepat ic masses were correct ly ident ifi ed,  and were 

not  associat ed wi t h hepat i c t umour  development  i n 

5 animals.

Using ul t rasound,  neoplast ic lesions were det ect ed in 

90 % of  t he rat s af fect ed wit h met ast asis > 7mm, in 75 % 

of  t he animals wit h implant s f rom 3–7mm and in 25 % of 

t he rat s wit h lesions < 3mm. However,  i t  is import ant  t o 

note t hat  t he lesions < 3mm were revealed in t he studies 

performed wit h a mul t i f requency probe (6–18 MHz);  an 

experiment  t hat ,  when evaluated independent ly,  showed 

a 50 % of  det ect ion rat e for t hese minimal  lesions.  The 

size of  t he ext rahepat ic masses var ied bet ween 5 and 

17 mm.

When compar ing t he ul t rasound cr i t er ia of  t umour 

development  with the necropsy fi ndings, it  was possible to 

cor rel at e t he ul t rasound si gnal s wi t h t he di f f erent  

morphological  manifest at ions of  t he profuse neoplast ic 

infi lt rat ions. Int rahepat ic,  rounded and hyperechoic nodes 

were dist inguishable f rom the surrounding hepat ic t issue 

and, in a later anatomopathological study, were proven to 

be small metastases surrounded by healt hy lobular t issue 

(fi g. 1). The ult rasound fi ndings that  related to the scalloping 

or bulging of  t he hepat ic cont our corresponded t o smal l 

subcapsular metastat ic implants (fi g.  2).  In our study,  t he 

enlargement  of  t he lobes was charact er ised by di f f use 

bulging of  cont ours,  loss of  dist inct  boundar ies and a 

heterogeneous ult rasound pat tern, where hyperechoic foci 

were dist ributed throughout  the hepat ic parenchyma. These 

f indings were shown t o be t he manifest at ion of  profuse 

t umour inf i l t rat ions (f ig.  3).  Final ly,  hist ological  st udies 

pr oved t hat  t he sol i d and l obul ar  masses l ocat ed 

ext rahepat ically were manifestat ions of tumour implants in 

the omentum or peritoneum.
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Discussion

The oncological  st udies wi t h animals mimic t he human 
neoplast ic process.  The ar t i f icial  model  of  met ast asis 
induct ion wi t hout  pr imary neoplasia i s based on t he 
int ravascular inj ect ion of  a large quant i t y of  anaplast ic 
t umour cel ls,  which enables t he st udy of  t he lat e phases 
of  t he met ast at i c process.  In our  st udy,  t he onset  of 
hepat ic lesions was t r iggered by an int rasplenic t umour 
inj ect ion,  which is useful for studying metastat ic hepat ic 
pathology.  8

In experimental metastat ic systems, the metastat ic yield 
has to be cont rolled. The histological est imate of  the size 
and number of metastases is a procedure that  evaluates the 
overall quant it y of  neoplast ic t issue and it s dist ribut ion in 
the colonised organ parenchyma. 9 It  is an ideal system for 
hepat ic pathology since the tumour invasion in the l iver is 
irregularly dist ributed among t he lobes and is f requent ly 
l ocat ed deeply int raparenchymal l y.  9, 10 This st udy has 
calculated, via ult rasound, the yield of hepat ic metastases 
in a rat  model.

In clinical terms, a series of  ult rasonographic signs were 
est abl ished whose ident i f icat ion is correlat ed wit h t he 

presence of  hepat ic t umour pat hology.  7 In general ,  t he 
neoplast ic nodes are recognisable since they show different  
acoust ic impedance with respect  to the surrounding t issue 11 
and, in this context ,  it  is noteworthy that  even though the 
sonographic appearance of the cell line is nonspecifi c, highly 
vascularised lesions 12,13 and digest ive tube metastasis 14-16 are 
usually hyperechoic.

Wit h t he observat ion of  t he dif ferent  ul t rasonographic 
signals, it  is possible to correct ly detect  pathology in 64 % of 
t he animals wi t h mal ignant  lesions.  The ext rahepat ic 
masses, which occurred during the splenic inj ect ion process 
and are possibly a result  of inadvertent  ext ravasat ion of the 
neoplast ic cells, are simple to diagnose and their presence 
was correct ly determined in all cases. This is most  likely due 
to the notable dif ferences in acoust ic impedance that  exist  
between the tumour t issue and the hyperechoic peritoneal 
fat  t hat  envelops t hese implant s.  The ident i f icat ion of 
int rahepat ic lesions is more diffi cult . In previously published 
works, experimental models of hepat ic lesions were studied, 
such as hepatoma, metastat ic murine melanoma or human 
colon and breast  cancer metastasis. 17-19 In these models, the 
tumour lesions invariably had a hypoechoic appearance and 
were dist inct  from the adj acent  parenchyma. However, the 

Figure 1 Int rahepat ic nodes. A) In the ult rasound with an 18-MHz probe, a 2.5 mm hyperechoic metastasis is ident ifi ed in the me-

dial caudate lobe (arrow).  B) Af ter hepat ic ext ract ion and fi xat ion in formalin,  the histological incision shows a tumour node of 

pearly appearance. C) Hepat ic ult rasound where a 5 mm diameter hyperechoic mass is observed. It  reaches the organ surface and 

slight ly deforms it .  D) Histological sect ions corresponding to the lesion previously described.
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echogenici t y of  t he observed lesions in our model  are 
di f f erent ;  t he colon met ast ases appear as hyperechoic 
nodes.

One of the essent ial factors for detect ing lesions in their 
early stages is the acoust ic potency of the echographic probes 

used.  In experiment al  st udies of  murine hepat oma using 
10-MHz probes, the detect ion limit  of neoplast ic lesions was 
established as a 5-mm tumour. 18 In other studies with 15-MHz 
probes, the limit  dropped to 3.7 mm 19 and, with echographic 
biomicroscopy t echniques 20 using 40-MHz probes wit h an 

Figure 2 Subcapsular implants, scalloped contour. A) In the ult rasound, 2 hyperechoic lesions bulge the surface of the left  caudate 

lobe (arrows) in an extension of 3mm. B) Necropsy, detail of  the caudate lobe. The presence of subcapsular implants detected in 

the ult rasound is proven (arrows) and a higher number of smaller metastases are also observed. C) Histological sect ion, after fi xa-

t ion in formalin and staining. The neoplast ic lesions, of bluish colour (arrows), cause the scalloped surface of the hepat ic lobe.

Figure 3 Lobe enlargement . A) Mass of 15 mm that  extensively infi lt rates the caudate lobe (arrows), which has a swollen appear-

ance. The echogenicity of the mass is similar to that  of the liver; however, the deformat ion of lobular anatomy enables its ident ifi -

cat ion. B) Necropsy, histological cuts after fi xing in formalin. Extensive confl uent  neoplast ic metastat ic involvement , caudate lobe 

tumour.
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ef fect ive focal dept h of  6 mm, it  was possible t o det ect  
lesions < 0.3 mm in diameter. 17 In our model, it  was possible 
t o ident i f y 90 % of  t he lesions > 7 mm and only 25 % of 
lesion < 3 mm. However, when considered in isola t ion, it  was 
possible t o ident i f y 50 % of  t he lesions < 3 mm wi t h a 
mult ifrequency linear probe of 6–18 MHz. It  is evident  that  a 
higher sonic f requency enables the detect ion of  lesions in 
earlier stages. However, when choosing ult rasound equipment, 
t he t ype of  ani mal  st udi ed needs t o be t aken i nt o 
considerat ion. To evaluate the ent ire rat  liver, it  is necessary 
to reach an explorat ion depth of up to 25 mm, a requirement  
that  limits the use of high frequency probes. Therefore, when 
select ing ult rasound equipment  for experimental use,  an 
appropriate balance between spat ial resolut ion and depth of 
ult rasound penetrat ion has to be found.

This st udy has l imit at ions,  above al l  derived f rom t he 
small number of  explorat ions that  could be done with the 
higher f requency probe.  However,  in view of  t he scarce 
l i t erat ure relat ed t o t he t echnical  use of  non-invasive 
monitoring in the experimental cancer fi eld, we believe it  is 
interest ing to present  these preliminary results as they can 
provide a basis f or more exhaust ive research and t hat  
provide data of greater stat ist ical relevance.

In conclusion,  it  is our experience t hat  it  is possible t o 
perform echographic studies of the whole rat  l iver with an 
acceptable sensit ivit y for neoplast ic detect ion, especially 
when using a relat ively high (18 MHz) mult ifrequency probe. 
Based on these considerat ions, ult rasound has to abil it y to 
non-invasively monit or t he nat ural  progression of  t umor 
progression and evaluat e t he ef f i ciency of  pot ent ial 
ant i-neoplast ic therapies.
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