
RADIOLOGICAL DIAGNOSIS
OF LIVER TUMOURS

Evaluation of angiography and intravenous
and intra-arterially enhanced computed tomography

Christer Lundstedt

Lund 1987



Organization
LUND UNIVERSITY
Department of Diagnostic Radiology
University Hospital, S-221 85 Lund
Sweden

Document name
DOCTORAL DISSERTATION

Date of issue
February 27 , 1987

Authors)

Chr is te r Lundstedt

Sponsoring organization

Title and subtitle Radiological d iagnosing of liver tumours . Evaluation of angiography and
intravenous and intra-arterially enhanced computed tomography

Sixty patients treated with an intra-arteria1 cytostatic drug for me-
l tastases from colo-rectal carcinoma were evaluated with angiography to
determine prognostic parameters. The extent of tumour in the liver and
an unchanged or diminished tumour volume following treatment, as de-
monstrated with angiography, were associated with significant prolong-
ation of survival. Patients who developed occlusion of the hepatic ar-
tery or of branches of the portal vein, also survived longer.
189 patients examined with angiography, 161 with computed tomography
(CT), 95 with computed tomographic arteriography (CTA) and 71 with
ultrasound (US) were subjected to liver evaluation at laparotomy con-
sisting of inspection and palpation. The result of this surgical liver
evaluation was for the purpose of the study regarded as completely
accurate and was used to assess the accuracy of the different radio-
logical methods. The location of tumour in the liver lobes or segments
was analysed, with a separate evaluation of the right and left liver
lobes. The rate of detection of individual tumour nodules was also de-
termined .
Angiography detected 55 % of liver areas affected by tumour and 47 %
of individual tumour nodules. CT detected 83 % of liver lobes or seg-
ments containing tumour, and 70 % of the tumour nodules. US detected
69 % of the portions of liver holdina tumour, and also 69 % of the tu-
mour nodules. CTA detected B5 % of tumorous areas and 74 % of separate
tumour nodules.
Some lesions detected with CT were not seen with CTA and vice versa.
More false-positive results were recorded with CTA than with CT using
intravenous contrast enhancement.j

Key words: Liver neoplasms - Metastases - Primary tumour - Angiography
- Computed tomographic diagnosis - Computed tomographic an-
giography - Ultrasound

Classification system and/or index terms (if any)

Supplementary bibliographical information Language
E n g l i s h

ISSN and key title ISBN

Recipient's notes Number of pages
102

Price

Security classification

Distribution by (name and address) Dr C Lundstedt , Dept of Diagnost ic Radiology, Universi ty
Hosp i t a l , S-221 85 Lund, Sweden

I, the undersign
sources permi

Signature .

the copyright owner of the abstract of the above-mentioned dissertation, hereby grant to all reference
iblish and disseminate the abstract of the above-mentioned dissertation.

Date December 15.. 1986

Chri^ter Lundstedt



R A D I O L O G I C A L D I A G N O S I S

O F L I V E R T U M O U R S

Evaluation of angiography and intravenous and

intra-arterially enhanced computed tomography

CHRISTER LUNDSTEDT

Leg. läk., Vä'stgöta

Akademisk avhandling som med vederbörligt tillständ av
Medicinska Fakulteten vid Universitetet i Lund

för avläggande av medicine doktorsexamen
kommer att offentligen försvaras i Föreläsningssal 3,

Centralblocket, Lasarettet i Lund, fredagen den 27 februari
1987, kl 09 15



From the Department of Diagnostic Radiology (Head: Professor

Erik Boijsen), University Hospital, S-221 85 Lund, Sweden

R A D I O L O G I C A L D I A G N O S I S

O F L I V E R T U M O U R S

Evaluation of angiography and intravenous and

intra-arterially enhanced computed tomography

CHRISTER LUNDSTEDT

Leg lak, Vastgota nation

Lund 1987



u



This thesis is based on the following papers:

I. C Lundstedt, H Ekberg, A Halldorsdottir, K G Tranberg

and L Stigsson: Angiography as diagnostic, prognostic

and therapeutic tool in liver metastases from a colo-

rectal primary tumour. Acta Radiol Diagnosis 26 (1985),

373

II. C Lundstedt, S Gotberg, A Lunderquist, H Stridbeck and

H Ekberg: Computed tomographic angiography of the liver

via the coeliac axis. Acta Radiol Diagnosis 27 (1986),

285

III. C Lundstedt, H Ekberg, A Lunderquist and K G Tranberg:

Site and number of liver tumours recorded at angiogra-

phy and computed tomography compared with the findings

at laparotomy and of resected liver specimens. Accepted

for publication in Acta Radiol Diagnosis (1986)

IV. C Lundstedt, H Ekberg, E Hederstrom, H Stridbeck, B

Torfason and K G Tranberg: Radiological diagnosis of

liver metastases in colo-rectal carcinoma. Prospective

evaluation of the accuracy of angiography, ultrasono-

graphy, computed tomography and computed tomographic

angiography. Accepted for publication in Acta Radiol

Diagnosis (1986)

Reference to these papers in the following text will be made

by the Roman numerals I - IV.



ACKNOWLEDGEMENTS:

Associate Professor Anders Lunderquist, a tutor of distinc-

tion in clinical radiology and my guide throughout this

work.

Professor Erik Boijsen for continuing valuable support and

advice throughout the work.

Dr Curt Carlbom, and Dr Howard Kessler for revising the Eng-

lish language.

Karin Jonsson, Britt Nihlen and Eva Jonsson for unceasing

enthusiastic secreterial assistance.

Photographer Goran Eliasson for excellent work with the

illustrations.

A grant was received from the Swedish Cancer Society, proj-

ect No. 1406-B87-09XC-



C O N T E N T S

Page

INTRODUCTION 7
Aims of the present investigation 8
CLINICAL MATERIAL AND METHODS 8
Angiographic technique (I,II,III and IV) 9
Technique at CT (I, III and IV) 10
Technique at CTA (II, III and IV) 10
Technique at US (IV) 11
Anatomical division of the liver 11
Evaluation of the radiographic methods 12
RESULTS 14
Intra-arterial cytostatic drug treatment (I) 14
CTA with contrast medium injection into the coeliac
artery (17) 16
Angiography and CT prior to laparotomy (III) 17
Preoperative liver evaluation in colo-rectal
carcinoma (IV) 20
SUMMARY OF RESULTS 20
DISCUSSION 23
Indication for radiological liver examinations 23
Liver evaluation by angiography 25
Liver evaluation by computed tomography 26

Enhancement with water-soluble contrast agents 27
Enhancement with oily contrast media 28

Reliability of CT in the diagnosis of liver lesions 29
Reliability of CTA in the diagnosis of liver lesions 30
SUMMARY 33
CONCLUSIONS 33
REFERENCES 35
I. Angiography as diagnostic, prognostic and thera-

peutic tool in liver metastases from a colo-
rectal primary tumour. (373)

II. Computed tomographic angiography of the liver
via the coeliac axis. (285)

III. Site and number of liver tumours recorded at
angiography and computed tomography compared
with the findings at laparotomy and of resected
liver specimens. (Ill)

IV. Radiological diagnosis of liver metastases in
colorectal carcinoma. Prospective evaluation of
the accuracy of angiography, ultrasonography,
computed tomography and computed tomographic
angiography. (IV)



ABBREVIATIONS AND DEFINITIONS

Ultrasonography - US

Computed tomography - CT

Computed tomographic angiography - CTA

Right lobe of the liver - R

Left lobe of the liver, medial segment - LM

Left lobe of the liver, lateral segment - LL

Centimetre - cm

Iodine - I

Milligram - mg

Millilitre - ml

Millimeter — mm

Minute - min

Second - s



INTRODUCTION

Patients with liver tumours, both primary and secondary,

face a grim prognosis, the median survival time without

treatment is usually 1 - 1 0 months /I,8,9,10/, although a

report on a survival of almost two years in untreated pa-

tients has been presented /79/.

The preferred treatment of liver tumours is resection, which

gives a chance of actual cure. The 5-year survival after li-

ver resection has been reported to be between 38 and 57 per

cent /2,24,28,45,78/. After intravenous or intra-arterial

cytostatic treatment for liver tumours the median survival

time has been 11 - 15 months /32,63/. With ligation of the

hepatic artery and embolization with particulate materials,

a somewhat longer survival time has been recorded /49,63,

83/.To prolong survival infusion of cytostatic drugs into

the portal vein /77/ or the peritoneal cavity /22,75/ has

also been tried.

Pre-operative evaluation of the liver parenchyma is perform-

ed by laboratory tests and by radiological methods. Labora-

tory tests, used as a single modality, are not a reliable

tool to diagnose liver tumours /40/. The ability of radiolo-

gical methods to detect focal liver lesions vary. The sensi-

tivity recorded for scintigraphy is around 85 - 95 per cent

/12,71/ and for ultrasonography (US) 75 - 96 per cent /71,

82/. With angiography a sensitivity of 81 - 98 per cent /5,

82/ and fcr computed tomography (CT) a sensitivity of 90-98

per cent /42,69/ has been observed. When a resection of the

liver is being considered or when evaluating new treatment

modalities, exact information of the distribution and of the

number of tumour nodules in the liver is necessary. As exact

information as possible about the number of lesions is par-

ticularly needed in patients who are candidates for liver

resection, because those with multiple tumours have a worse

prognosis, even after resection, when compared with patients

with only a few lesions /6,20/. By using intra-arterial en-



hancement in CT a more accurate description of tumour loca-

lization has been reported compared to the results from non-

enhanced examinations or examinations after intravenous con-

trast enhancement /26,59,72/.

The aims of the present investigation (I - IV) were as fol-

lows :

1. To evaluate angiographic parameters related to prognosis

and effectiveness of the therapy in patients receiving

intra-arterial therapy for liver secondaries from colo-

rectal carcinoma.

2. To evaluate and compare the accuracy of angiography and

CT with intravenous contrast enhancement in detecting

and localizing liver tumours. The left and right liver

lobes were evaluated separately.

3. To evaluate the accuracy of CT with intra-arterial con-

trast enhancement, computed tomographic angiography

(CTA) in detecting and localizing liver tumours, and

compare these results with the results of CT after in-

travenous contrast enhancement. The left and right liver

lobes were evaluated separately.

4. To evaluate the accuracy of ultrasonography in evaluat-

ing liver parenchyma in patients with colo-rectal car-

cinoma and to compare the results with the results ob-

tained with angiography, CT and CTA. The left and right

liver lobes were evaluated separately.

CLINICAL MATERIAL AND METHODS

Angiography and CT performed in 60 patients treated with an

intra-arterial cytostatic drug (5-fluorouracil) for colo-

rectal liver metastases were reviewed retrospectively (I).

A prospective examination by CTA, as a part of an angiogra-

phic study was performed in 60 patients. Twenty-nine pa-



tients were studied as a part of pre-operative staging of

colo-rectal carcinoma. Nine were examined prior to liver

resection (II).

A retrospective analysis of angiography and CT was performed

in 96 patients. Seventy-three of these had liver resections

(III).

A prospective evaluation of 71 patients with angiography,

US, CT and CTA of the liver was performed prior to resection

for colo-rectal carcinoma (IV).

The number of patients examined with angiography, CT and CTA

and the number of patients in whom a surgical liver evalua-

tion was performed are presented in Table 1.

Angiographic technique (I, II, III and IV)

The patients were examined either by the femoral route, us-

ing 7-F catheters, or via the left brachial artery, using

5-P catheters. The brachial artery was used if the patient

was to be infused with a cytostatic drug (I) or if the cath-

eterization could not be performed through the femoral arte-

ries. Coeliac angiography was performed using 8 - 1 0 ml/s to

a total of 40 - 50 ml of contrast medium (Isopaque Coronar,

370 mg I/ml or Omnipaque 350 mg i/ml). Arterial, parenchymal

and venous phases were recorded. If necessary, because of

the varying arterial blood supply of the liver, a dual cath-

eter technique with simultaneous injection into the coeliac

artery and the superior mesenteric artery was used. To exa-

mine the portal venous system, a vasodilator (25 mg Tolazo-

line or 7 ug prostaglandin El) was injected through the

catheter into the superior mesenteric artery, followed by 60

80 ml of contrast medium, delivered at a rate of 10 ml/s.

Radiography of the liver was performed after a delay of 6

8 s, aiming at an optimal demonstration of the portal venous

return to the liver. A separate arterial portography was

usually not necessary in study number IV. Most patients in



study I, 60 in paper III, and 30 patients in paper IV, were

also examined with a high-dose (50 ml of contrast medium)

slow infusion angiography (3 ml/s) with injection into the

common hepatic artery. This infusion angiogram was not eval-

uated separately, but was considered a part of the angiogra-

phic examination.

Technique at CT (I, III and IV)

All 164 patients but one were examined with a Philips Tomo-

scan 300, 310 or 350. A slice thickness of 12 mm and a slice

interval of 12 or 18 mm were used. The scanning time was 4.8

s.

Eleven patients were examined without intravenous contrast

enhancement because of a history of a severe reaction after

previous administration of contrast media. In 153 patients

the liver was examined both without and after contrast en-

hancement. The intravenous injections were given in the fem-

oral vein, 30 ml of contrast medium (Isopaque Cerebral, 280

mg 1/ ml, or Omnipaque, 240 mg i/ml) injected for every

other slice of the liver examination. The first slice was

obtained 20 s after the contrast injection, followed by the

second slice 15 s later.

Technique at CTA (II, III and IV)

Two different CTA techniques were used. The first was used

in 21 patients (material III; 9 patients, IV; 12 patients)

consisted of contrast medium injection into the common he-

patic artery. The scan was obtained immediately after the

injection of 10 ml of contrast medium (isopaque Cerebral,

280 mg l/ml).

The second technique was used in 93 patients (material II;

60 patients, III; one patient, and IV;32 patients) who were

examined with CTA in the following way: 20 ml of diluted

contrast medium (50 % saline, 50 % Isopaque Cerebral, 280 mg



I/ml, or Omnipaque, 240 mg i/ml) was injected manually at a

rate of about 5 mi/s in the coeliac axis. During this injec-

tion a scan was obtained; it is called the .arterial __phase.

During continued suspended respiration, and about 10 - 15 s

later, a second slice was obtained in the same table posi-

tion. This second slice was timed to visualize the liver

when the injected contrast medium returns through the splen-

ic vein to the portal venous system and is called the portal

Z$Q2H§. £?ia_s^.- Arterial and portal venous phase scans were

performed throughout the liver.

All the examinations except one were performed on a Philips

Tomoscan 310 or 350. The slice thickness was 12 mm. The in-

terval between the slices was 12 mm in 84 patients, and 18

mm in 30 patients.

Technique at US (IV)

A Diasonics DRF-12, with a 3.5 MHz transducer, was used. For

superficial parts of the liver, a 5 MHz transducer was also

tried. The examinations were performed and read by experi-

enced staff members.

Anatomical division of the liver

At angiography the liver was divided, according to HJORTSJO

into a right lobe (R), medial segment of the left lobe (LM),

and lateral segment of the left liver lobe (LL), with an ar-

terial supply from the right - middle - left hepatic arte-

ries I AlI.

With CT the right lobe was defined as the iiver tissue to

the right of an imaginary border between the gall bladder

or, after cholecystectomy, the estimated position of the

gall bladder fossa and the junction between the middle he-

patic vein and the inferior vena cava. The medial segment of

the left liver lobe constituted the liver parenchyma between

the border mentioned above and the sagittal fissure. The re-



maining part of the liver parenchyma was the lateral segment

of the left liver lobe. No subdivision of the right lobe was

used (Fig. 1).

Evaluation of the radiographic methods

In the analysis of the tumour distribution and the number of

tumour nodules recorded in the liver parenchyma, the results

of a surgical liver evaluation at laparotomy, consisting of

inspection and detailed bimanual palpation, were used when

possible. When evaluating the results of the radiological

methods, the results from the surgical liver evaluation v

regarded as absolutely correct.

It was possible to compare the results of laparotomy and an-

giography in 22 patients and the results from both angiogra-

phy and CT in 11 patients in the first study (I).

The results of CTA were compared with the surgical findings

in 41 patients, and in 19 patients a follow-up of 6 months

was used as a comparison (II). In material III all 96 pa-

tients, and in material IV all 71 patients had laparotomy

with surgical liver evaluation. These results were used to

evaluate the results of the radiographic procedures in both

materials (Table 1).

The results of the radiological procedures were always known

to the surgeon before the conclusion of the laparotomy. In

studies I, II and ill the examinations were read and report-

ed in full prior to laparotomy. In the prospective study of

patients with colo-rectal carcinoma (IV) the results of the

pre-operative examinations were given to the surgeon in a

sealed envelope just before commencing the laparotomy. The

envelope was opened after the surgical liver evaluation had

been completed. US was evaluated separately without knowl-

edge of the results from the other examinations (IV). Al-

though angiography, CT and CTA all were evaluated separate-

12



RHV MHV JHV

Fig. 1. Anatomical division of the liver used when
evaluating CT and CTA.

CL - Caudate lobe
GB - Gall bladder
FL - Falciform ligament
FLV - Fissure of ligamentum venosum
IVC - Inferior vena cava
LHV - Left hepatic vein
LL - Lateral segment of left lobe
LM - Medial segment of left lobe
LPV - Left portal vein
LT - Ligamentum teres
LV - Ligamentum venosum
MriV - Middle hepatic vein
MPV - Portal vein
R - Right lobe
RHV - Right hepatic vein
RPV - Right portal vein

13



ly, the result from CT were usually known when evaluating

angiography and CTA.

RESULTS

Intra-arterial cytostatic drug treatment (I)

In most of the 60 patients the presence of liver metastases

was established during laparotomy for the primary colo-

rectal carcinoma, and angiography and CT were performed to

find patients suitable for resection. The arterial anatomy

was also evaluated to select patients suitable for intra-

arterial drug therapy. Only a minority of the patients had

both angiography and CT, because CT was only available to-

wards the end of this study. At surgery, lesions in the left

lobe were not loccted to the medial or lateral segments.

Thus, only a division of the liver in right and left lobe

could be used in the comparison with radiological liver

evaluation.

The main purpose of this study was to evaluate angiographic

parameters useful in the evaluation of intra-arterial cyto-

static drug therapy. Patients with a small amount of tumour,

as recorded at angiography did better than those with a

greater tumour volume. Patients with a stationary or dimin-

ishing tumour size, as recorded by repeat angiography, had a

significantly longer survival time.

Patients who developed occlusion of the hepatic artery or

branches of the portal vein also showed an increase in sur-

vival time.

A comparison between tumour localization with angiography

and CT with the results of laparotomy was only possible in a

minority of the patients (Table 1).

Of the 22 patients examined with angiography, 20 had tumour

growth in both right and left liver lobes at surgery. Six of

14



C 1 i n i
Study I

Patients examined
with
angiography 60 (22)

I.v. enhanced CT 14 (11)

C T A - 60

Twenty-seven patients appear
Seven patients appear both in

c a
II

-

(41

1 m

96

79

) 17

a t e r
[II

(96)

(79)

(17)

aoth in materials
materials 11 and

i
•

71

71

71

a 1
[V

(71)

(71)

(71)

II and
III.

Total

227

164

114

IV.

(189)

(161)

(95)

TABLE 1. Clinical material. Number of patients with surgical eval-
uation in brackets.

Results at angio-
graphy

Tumour growth in
one of the liver
lobes (16)

Tumour growth in
both liver lobes
(6)

Results of CT

Tumour growth in
both liver lobes
(10)

Tumour growth in
one lobe only (1)

Results at laparotomy
Tumour growth Tumour growth
in both liver in one liver
lobes lobe only

14 2*

6

10

•-I

* Patients with extrahepatic tumour growth

TABLE 2. Tumour localization at angiography and CT
in patients treated with iritra-arterial cy-
tostatics (I).
22 patients examined by angiography, and 11
patients examined by angiography and CT had
laparotomy.

15



these patients were correctly identified pre-operatively, but

in 13 patients tumour growing in tha left lobe, and in

one patient, tumour growing in the right liver lobe were not

detected with angiography (Table 2).

Eleven patients with bilateral tumour growth at surgery had

both angiography and CT before laparotomy. CT revealed 10 of

these, only a centimeter-sized lesion in the left lobe was not

diagnosed with CT. Angiography revealed bilateral tumour in

six of these patients, and failed to diagnose tumour growth in

the left lobe in five of the patients.

CTA with contrast medium injection into the coeliac artery

(II)

Sixty patients formed the material, 41 of these had laparo-

tomy that was used tc evaluate the results of CTA (Table 3).

In the 19 patients, who did not undergo laparotomy, clinical

follow-up of 6 months or more was used to evaluate the re-

sults of CTA.

In 35 of the 41 patients who had laparotomy, the information

obtained by CTA was the same as that recorded at surgery. Two

tumours, each 1 cm in size, diagnosed at laparotomy,were not

identified at CTA, one in the left lateral segment, one in

right lobe. At laparotomy the liver was regarded aii normal in

two patients in whom CTA had shown tumours in the right lobe.

Follow-up documented the presence of tumour in both patients.

Two patients had superficial lesions resembling metastases at

CTA that could not be verified at surgery.

Nineteen patients had a clinical follow-up. In nine patients

with known liver tumour, CTA showed extensive tumour growth.

Ten patients had normal-appearing liver parenchyma or benign

lesions only. In no case did the follow-up reveal tumour

growth in these 10 patients. Two patients had localized

areas of hypervascularity. Neither biopsies from the hyper-

16



vascular areas nor clinical follow-up showed evidence of ma-

lignancy.

Angiography and CT prior to laparotomy (III)

Ninety-six patients were evaluated prior to laparotomy for

an intended liver resection. Both an analysis of the tumour

localization in the liver as well as a numerical tumour an-

alysis was performed (Tables 4 and 5). At the analysis of

tumour localization, 141 lobes or segments affected by tu-

mour growth were recorded at surgery in the 96 patients. An-

giography showed 60 per cent and CT 82 per cent of the lobes

or segments containing tumour growth. Angiography failed to

visualize 56, CT 24 affected portions of the liver, mostly

tumours occurring in the left lobe.

In 49 patients, no information on the number of tumour nod-

ules was available. In 47 patients, the number, but not the

exact location of tumours was recorded in the operative re-

ports and in the pathological reports of the examined re-

sected specimens. Thus, a detailed lesion-by-lesion analysis

could not be performed. Instead, an analysis of the number

of tumour nodules recorded in the resected specimens was

performed. There were 76 tumour nodules present (Table 5).

Angiography disclosed 42 nodules (55 %) and CT 56 nodules

(76 % ) . More lesions remained unrevealed in the left than in

the right liver lobe in both angiography and CT. The largest

lesion not recorded at angiography was 10 cm in diameter,

and the largest false-positive lesion was 3 cm in diameter.

With CT the largest false-positive lesion was 1.5 cm in dia-

meter. The largest false-negative lesion recorded with CT

was 4 cm in diameter. This lesion was in a patient where only

films from another hospital were available for our evaluation.

17



CTA

Normal

Tumour

Benign

parenchyma

growth

lesions

R e s u l t s

Norma1
paren-
ch"ma
'15

4

—

at l a

Tumour
growth

2

14

—

p a r o t o m y

Benign
lesions

-

6

TABLE 3- Results of CTA compared to results at laparotomy in
41 patients (II).

Tumour loca-
lization at

R

LM

LL

TOTAL

Surgery

62

38

41

141

A n g i o
True pos.

49

18

18

85

g r a p h y
False neg.

13

20

23

56

True

55

28

34

117

C
pos

T
. False neg.

7

10

7

24

TABLE 4. Comparison of tumour localization in R lobe, LM and LL
segments in 96 patients with 141 lobes/segments affected
by tumour growth (III).

Number of
nodules at
laparotomy

R

LM

LL

TOTAL

38

15

23

76

R e s u l t s r
Angiography

True pos. False

29

6

7

42

9

9

16

34

e c

neg.

o r d e d
C

True pos.

32

8

18

58

w i t
T
False

6

7

5

18

h

neg.

TABLE 5. Numerical tumour analysis in 76 nodules in 47 patients
(III).
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Tumour loca-
lization at
surgery

R

LM

LL

TOTAL

15

9

12

36

Angiography
True False
pos. neg.

10

4

3

17

5

5

9

19

U
True
pos.

11

6

8

25

S
False
neg.

4

3

4

11

C
True
pos.

12

7

10

29

T
False
neg.

3

2

2

7

C
True
pos.

13

7

10

30

T A
False
neg.

2

2

2

6

TABLE 6. Comparison of tumour localization in R lobe, LM and LL
segments in 20 patients with 36 lobes/segments affected
by tumour growth (IV)

Number
nodules

of tumour
recorded

at surgery

R

LM

LL

TOTAL

2.1

7

11

39

Number
Angio-
graphy

12

1

-

13

of nodules correctly identified by
U S

17

3

7

27

C T

13

4

7

24

C T
arterial
phase

18

5

7

30

A
portal
venous
phase

19

5

6

30

TABLE 7. Lesion-by-lesion analysis of 39 lesions in 15
patients (IV)
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Preoperative liver evaluation in colo-rectal carcinoma (IV)

Seventy-one patients were prospectively examined with angio-

graphy, US, CT and CTA less than two weeks prior to laparo-

tomy for resection of colo-rectal carcinoma. All of them had

a detailed surgical liver evaluation performed at laparoto-

my. In three patients with proven tumours radiologically diag-

nosed, the surgical liver evaluation failed to diagnose the

lesions. In 20 patients, tumour growth was found in the liver

at surgery in a total of 36 lobes/segments. Angiography re-

vealed 47 per cent, US 69 per cent, CT 80 per cent and CTA 83

per cent of the affected lobes (Table 6 ) . In 15 patients with

39 distinct tumorous lesions a lesion-by-lesion analysis was

also conducted (Table 7). Angiography disclosed 33 per cent,

US 69 per cent, CT 61 per cent and CVA 76 per cent of the sur-

gically palpated lesions. Fifteen lesions had a diameter of

one cm or less. Angiography identified two, US 10, CT eight,

CTA 11 of these lesions. Of five lesions with a diameter of 1-

2 cm, angiography revealed no lesion, US three, CT two, CTA

four lesions. The largest undetected lesion with angiography

and US was 5 cm in diameter. The largest lesion not recorded

with CT was 1.5 cm in diameter. This lesion was, however, dem-

onstrated with CTA. With CTA a 2.5 cm-sized lesion was not

seen, in an area of irregular liver perfusion with arteriopor—

tal shunting. This lesion was, on the other hand, recorded at

an intravenously enhanced CT.

SUMMARY OF RESULTS

As regards tumour localization and adding the four materials

together, surgery with liver palpation was performed in 189

patients examined with angiography. One-hundred and sixtyone

patients were examined with non-enhanced or intravenously en-

hanced CT and 95 with CTA (Table 1). Angiography revealed 55

per cent, CT 83 per cent, and CTA 85 per cent of the lobes/

segments affected with tumour growth (Table 8). A greater num-

ber of lesions remained undiagnosed in the left than in the

right liver lobe.

20



Angiography

C T

C T A

Number of lobes or
segments affected
by tumour growth
at surgery

199 (189)

165 (161)

63 (95)

Tumours
detected

110

137

54

Non-detected
right lobe

19

9

3

lesions
left lobe

70

19

6

TABLE 8. Summary of tumour localization at laparotomy and by
radiological methods. Number of patients in brackets.

Number of lesions
detected by radio-
logical methods

Angiography

C T

C T A arterial phase

portal venous
phase

4i

41

22

23

R

(59)

(53)

(27)

(27)

7

9

7

7

LM

(22)

(18)

(11)

(11)

7

23

9

8

LL

(34)

(33)

(13)

(13)

Total

55

73

3G

38

(115)

(104)

(51)

(51)

TABLE 9. Summary of results from numerical tumour analysis (ill)
and lesion-by-lesion analysis (IV). The number of lesions
detected at surgery in brackets.
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At the numerical tumour analysis (ill) and lesion-by-lesion

analysis (IV), 47 per cent of the tumour nodules were de-

tected with angiography, whereas CT detected 70 per cent and

CTA 74 per cent, respectively (Table ?,) .

In the right lobe about two thirds of both tumour areas, as

well as single tumour lesions, were adequately described by

angiography. However, the ability of angiography to detect

tumour growth in the left liver lobe was low, only about one

fourth of the lesions present were detected. The largest

false-negative lesion was more than 10 cm in diameter, al-

though most non-visualized lesions had a diameter of 3 cm or

less.

The results of non-enhanced CT and CT with intravenous con-

trast enhancement were more reliable than those obtained with

angiography. The reliability of tumour detection and localiza-

tion of single nodules were not as good in the left as in the

right liver lobe. Seventy-seven per cent of lesions in the

right lobe were detected as compared to 62 per cent in the

left lobe of the liver. The largest un-recorded lesion was 4

cm in diameter, but most false-negative lesions were 1-2 cm in

diameter.

No tumour was present in the liver at surgery in 55 of the

95 patients examined with CTA, and malignant tumour was cor-

rectly excluded in 80 per cent of them. Of the 11 patients

with false-positive results at CTA as compared with surgical

liver evaluation four patients were later proved to have tu-

mour growth in the liver areas as previously indicated by

CTA. Of the 40 patients with malignant liver disease, CTA

correctly showed the tumour in 92 per cent and located it in

the correct lobe/segment in 85 per cent. More than 80 per

cent of tumour nodules in the right and two thirds of the

tumours present in the left lobe were recorded at CTA. Be-

side the four false-positive results mentioned above, only

one false-positive result concerned a suspected lesion of
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more than 1 cm in diameter. Of the false-negative lesions,

half of them had a diameter of 1 cm or less.

US gave about the same accuracy as recorded with CT after int-

ravenous contrast enhancement (Tables 6,7). The results of an-

giography, US, CT and CTA will be re-evaluated in the patients

included in study number IV after a follow-up period of one

year or more.

DISCUSSION

Indication for radiological liver examinations

The main indication for radiological examination of tha liv-

er is in the evaluation of resectability. In cases of unre-

sectable disease, radiology has been used to chart vascular

anatomy before intra-arterial treatment and to monitor the

effect of treatment.

The survival time of patients with untreated liver metasta-

ses varies between four and 24 months /1O,3O,79/. Treatment

with intra-arterial 5-fluorouracil in colo-rectal liver me-

tastases, even with the implantable infusion pumps, has at

best shown only a marginal, not significant, gain in survi-

val time and response to the cytostatic treatment compared

with the result of intravenous administration of the same

drug /32,41,73/. A small amount of tumour in the liver, re-

duction of or stable tumour size after treatment is asso-

ciated with significant prolonged survival time. Occlusion

of the hepatic artery or branches of the portal vein is also

accompanied by a significant prolonged survival time /i, 17,

25,62,63/.

After liver resection a five-year survival time of about 50

per cent has been achieved /2,6/. Patients with few tumours,

unilobar tumour localization, and with a tumour-free resec-

tion margin, preferably of 1 cm or more, have a better

chance of survival /6,20/. The large variation in survival

time recorded in unresected patients means that not all pa-
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tients will benefit from a resection. Radiological proce-

dures performed prior to operation aim at discovering these

patients, and thus sparing those that will not benefit from

resection an unnecessary laparotomy. Surgery and anaesthesia

might in themselves enhance the growth of micrometastases

/5l/, and thus be a disadvantage for patients with non-re-

sectable tumours.

Not only must the hepatic parenchyma be evaluated prior to

surgery, but extrahepatic tumour growth must also be exclud-

ed if a patient with recurrent tumour is to benefit from

liver resection. More patients will have both extrahepatic

and intrahepatic tumour growth than those having only intra-

hepatic disease /2,6,21,67/.

At laparotomy, the presence of extrahepatic tumour growth

can be evaluated by direct inspection and palpation of the

abdominal cavity and its contents. The hepatic parenchyma is

evaluated by inspection and bimanual palpation, and biopsies

can, when needed, be performed under direct visual control.

However, not all liver lesions will be diagnosed in this

way; between two and eight per cent of raetastatic liver le-

sions will not be correctly evaluated at surgery /33,35,11,

III,IV/. False-positive diagnosis of liver metastases can be

expected at about the same rate at surgery as false-negative

results /'33/.

Because the evaluation of the liver parenchyma at surgery is

not infallible, liver radiography may disclose nodules not

detected at surgery and thus cause the surgeon to evaluate a

certain part of the liver in greater detail. US and biopsy

of the liver during operation of areas found to be normal at

inspection and palpation may confirm a radiologic observa-

tion or even show additional lesions. The presence of such

additional liver lesions might make a tumour, initially

thought to be resectable, non-resectable. Liver radiography

could thus reduce the risk of performing non-radical liver

resections.
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Liver evaluation by angiography

Liver angiography with injections into the roeliac axis and

into the hepatic artery have been extensively used since the

second half of the 1950's. With this method information

about the arterial anatomy, the hepatic parenchyma and the

portal venous system have been obtained.

Angiography is an efficient and exact method for obtaining

information about the variable arterial anatomy of the liv-

er, and also an efficient way to ensure the patency of the

portal vein. Segmental occlusion of the portal vein and sys-

temic portal venous hypertension will be revealed at angio-

graphy, information sometimes essential in both determining

the type /66/ and resectability /80/ of liver tumours. How-

ever, in the evaluation of the parenchyma of the liver, the

results of previous studies vary. Injection only into the

coeliac axis has been reported to give both false-positive

and false-negative results in about 20 per cent of the exa-

minations. This concerns both the ability of the method to

show or exclude tumour growth, and to analyze the distribu-

tion of tumour within the liver parenchyma /4,5,28/. Other

authors have reported an accuracy of about 90 per cent for

liver angiography in evaluating liver tumours /46,53,76/,

usually in patients with hepatocellular carcinoma.

In an attempt to improve the accuracy of angiography addi-

tional techniques have been advocated, such as pharmacolog-

ical manipulation of the hepatic vessels /23,29/ or injec-

tion of large amounts of contrast medium /18/. Often a tech-

nique with slow injection of a large amount of contrast me-

dium into the common hepatic artery is used to obtain an im-

proved demonstration of low-vascularized lesions (for examp-

le metastases from adenocarcinoma or melanoma). One reason

for this improved demonstration of tumour nodules is that

hepatic tumours are mainly supplied by the hepatic artery,

whereas about 70 per cent of the blood flow to normal liver

parenchyma comes from the portal vein /l,70/. When injected
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into the hepatic artery, contrast medium will remain in me-

tastases while the non-opacified blood in the portal vein

will wash away contrast medium from the normal hepatic sinu-

soids, thus creating an increased difference in tissue iodi-

ne concentration between normal and abnormal liver tissue.

Utilizing this slow infusion technique, a larger number of

tumour nodules have been detected as compared with the re-

sults obtained after injecting contrast medium into the coe-

liac axis /27,39,81/.

In the present studies a total of 189 patients had laparoto-

my with liver palpation, and in these patients a direct com-

parison of the results at angiography could be made. More

than half of these 189 patients were examined with both con-

trast injection into the coeliac axis and slow-rate infusion

into the hepatic artery. Since the exact number of patients

examined with the slow—rate infusion technique was not

known, a separate analysis of the result of this technique

was not performed. The information obtained from the coeliac

angiogram and the slow-rate infusion angiogram were inte-

grated in the analysis of angiography in this work.

With angiography two thirds of the tumours growing in the

right liver lobe were detected. We failed, however, to visu-

alize three fourths of the tumours growing in the left liver

lobe (Tables 8,9). This accords with previously reported re-

sults /12,53/.

Liver evaluation by computed tomography

In most patients with liver tumours, there is only a small

difference in the attenuation between normal and pathologic-

al liver tissue as recorded at CT. The exception to this is

in patients with calcified liver tumours, but these cases

are few. To increase the difference in attenuation between

the normal and abnormal liver tissues, administration of

contrast medium, most often water-soluble contrast media.
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are used. The increase in attenuation of tissues obtained

with contrast administration is called enhancement.

_Enh_ancemerit with water—soluble contrast agents

After an intravascular injection of contrast medium, it will

rapidly, within seconds after reaching a capillary bed, dif-

fuse through the capillary walls into the extravascular

space. The rate by which this happens is variable, but it is

more dependent on the type of tissue /44,85/ than on the

type of water-soluble contrast medium used /16,36/. Within 2

minutes after a single injection of contrast medium, an

equilibrium will be reached with the same contrast medium

concentration in arterial and venous blood /14/. In this

way, the increased attenuation recorded after contrast ,,odi-

um injection will be due more to contrast medium present in

the extravascular than intravascular space /44,85/. Liver

tumours often have a more rapid passage of contrast media

from the intravascular to the extravascular space than nor-

mal liver tissue /85/. In the equilibrium phase after con-

trast medium administration, lesions shown at non-enhanced

CT of the liver might be obscured to a significant extent

/59/.

It is thus essential to scan the liver parenchyma in the

non-equilibrium phase (less than 2 minutes after contrast

medium injection) to improve the information obtained about

liver lesions by enhanced C? as compared with results after

a non-enhanced examination. If a slow infusion of contrast

medium is used, scanning of the liver in the equilibrium

phase is more likely to occur.

Repeated intravenous bolus injections or repeated arterial

injections of contrast medium produce a maximal difference

in contrast concentration between the vascular and extra-

vascular compartments /85/. After the intravenous injection,

the contrast medium will reach the liver via the hepatic ar-

tery in about 15 s /59/. In the present studies (I, III, IV)
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repeated bolus injections through the femoral vein were used

throughout to avoid scanning in the equilibrium phase and

thus to minimize the risk of obscuring liver lesions. With

injection of contrast medium into the hepatic artery, the

difference in iodine concentration between tumours with a

dominant arterial blood supply and normal liver parenchyma

would thus be maximal, and tumours would be more clearly

shown /26,64/. By injecting contrast medium into the superi-

or mesenteric artery and scanning the liver when the con-

trast medium is returning through the portal vein, tumours

would stand out as defects in the enhanced normal liver pa-

renchyma /54,55/. The normal liver parenchyma excretes 1-2

per cent of the administered contrast medium into the bili-

ary system. By performing CT hours after the contrast admin-

istration, this capability of the normal liver is utilized to

obtain an increased difference in attenuation between normal

and abnormal liver tissue /48,68/.

jSnh an cement ^i^ho_ily_ contrast med i a

An oily contrast medium, EOE-13, has been used extensively

/56,65,74/, but it is not available for routine clinical

use. The contrast medium is phagocytized by the Kupffer

cells in the hepatic sinusoids, and it remains there for

several hours. This increases the difference in attenuation

between normal liver tissue, containing Kupffer cells, and

tumours not containing Kupffer cells. Using this method, a

somewhat more accurate localization of tumours has been ob-

tained than with unenhanced and intravenously enhanced CT of

the liver /65,74/.

Also injection of small volumes of Lipiodol, 2 - 20 ml, has

been used in both the diagnosis and the treatment of primary

and secondary liver carcinomas. Lipiodol accumulates select-

ively in liver tumours and remains there for an extended pe-

riod of time. The reason for this selective accumulation of

Lipiodol is not known /43,52,60,84/.
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Reliability of CT in the diagnosis of liver lesions

Even with the first CT-scanners, which required a long time

to complete a scan, an accuracy of 90 per cent in detecting

focal liver lesions was reported /47,69/. After intravenous

contrast enhancement, utilizing the infusion technique, the

same result /ll/ or a slightly more reliable liver evalua-

tion was obtained /58/. With intravenous bolus injections

more accurate tumour localization /14,15/, and a further im-

proved demonstration of individual lesions /15,34/ were usu-

ally obtained when compared with the results obtained after

intravenous drip infusion. With intravenous bolus injections

and intra-arterial contrast enhancement, an accuracy of tu-

mour detection up to 95 - 98 per cent has been recorded /34,

42,59/.

This does not, however, mean that the detection accuracy is

so high for each tumour nodule present in the liver. There-

fore, a direct correlation between the results of CT and

surgical liver evaluation is necessary to define the reli-

ability of CT. The number of patients in the reports on this

subject are, however, quite small /3, 34, 57/. Moreover, to

our knowledge, no report has appeared relating the radiolog-

ical location of liver tumours in lobes/segments and compar-

ed these results with the operative reports. Accurate infor-

mation about this is of fundamental importance in the pre-

operative evaluation, as is information on the number of tu-

mour nodules.

In the CT-evaluation of the number of tumour nodules, the

accuracy in detecting lesions with a diameter of 2 cm or

less is much lower than in detecting larger lesions. One

reason for this could be that most examiners use an alter-

nating slicing technique. It has been noted that the reli-

ability of CT increases when contiguous slices are used

/42/. Not more than half of the lesions less than 2 cm in

diameter were detected in one study /34/. All false-negative

results recorded were on lesions with a diameter of 2 cm or
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less in another study /57/. The results obtained from a

lesion-by-lesion analysis using EOE-13 was better, all le-

sions larger than 1.5 cm in diameter and 73 per cent of le-

sions 1 - 1.5 cm in diameter were detected in this way /56/.

Reliability of CTA in the diagnosis of liver lesions

The number of tumours and the localization of the lesions

are of interest when determining resectability of liver tu-

mours /6,86/. Since EOE-13 is not available for routine

clinical use, arterially enhanced CT of the liver (CTA) has

been used in the efforts to increase the accuracy in the

pre-operative liver evaluation. If, in a certain liver le-

sion, a more rapid passage of contrast medium through the

capillary walls takes place in the lesion as compared with

the rate of contrast medium passage through the capillaries

in the normal liver parenchyma, it will become hyperdense

compared with the normal parenchyma and will be optimally

visualized directly after arterial injection of contrast me-

dium in the aorta or the hepatic artery. However, if the

contrast medium passes through the tumour capillaries more

slowly than in the capillaries of the normal liver, the max-

imum difference in attenuation will occur when the portal

venous blood, containing contrast medium injected via the

aorta, mesenteric arteries or splenic artery opacities the

normal liver parenchyma /86/.

CTA was first described in 1977 /19/. In most reports the

injections have been performed in the hepatic artery /26f37,

64,72/, and usually prior to intended surgery. The results

of CTA have been more accurate than with intravenously en-

hanced CT, scintigraphy or US, adding information in more

than 50 per cent of the patients examined /26,64,72/. It has

been recorded as more accurate than angiography, both in de-

lineating the tumour margin, as well as in identifying a

larger number of small nodules /37/.
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CTA using the portal venous return of contrast medium after

infusion into the superior mesenteric artery - either alone

/54,55/ or in combination with injection into the hepatic

artery /61/ - has shown reliable results. One report, how-

ever, claims that the portal venous phase does not add in-

formation compared with the information already obtained in

the arterial phase /3l/.

In the present studies (II, IV) of CTA with contrast injec-

tion into the coeliac axis, the plan was to use both the in-

formation gained from the arterial and portal venous phases

in a combined evaluation of the liver parenchyma. The arte-

rial phase of CTA should, hopefully, visualize hypervascular

lesions well. The portal venous phase should outline less

vascular lesions as defects in the normal liver parenchyma

opacified by contrast medium returning from the splenic

vein.

In our hands 83 per cent of surgically proven liver lobes/

segments containing tumour were detected using CT with in-

travenous contrast enhancement. Seventy per cent of the tu-

mour nodules were observed in this way. More lesions were

correctly identified in the right than in the left liver

lobe. The lower accuracy in tumour evaluation in the medial

segment of the left liver lobe was due to difficulty in evalu-

ating continuous tumour growth between this segment and the

right lobe (Tables 8, 9). CTA showed 8 5 per cent of liver

areas afflicated by tumour, and 75 per cent of recorded tu-

mour nodules were correctly identified by CTA, a figure

equal to the results recorded with EOE-13 /56/. The slightly

inferior accuracy recorded by CTA as compared with the re-

sults of CT with intravenous contrast enhancement (IV) was

due to a relatively large number of false-positive results

at CTA when compared with the results of surgical liver

evaluation.

These small lesions, detected with CTA, less than 1 cm in

diameter, either consisted of defects in the portal venous
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phase or presented as small hypervascular areas in the liv-

er. They were suspected of representing small metastases,

and were reported as such. Liver metastases are usually

thought to be supplied by the hepatic artery to a large ex-

tent /l/, and lesions would thus be hypervascular at an ar-

terial contrast injection. However, also a portal venous

supply occurs in liver metastases /l,48/,and lesions record-

ed in the portal venous phase could also be metastases. The-

se small liver defects, occurring in an otherwise normal

liver with a uniform attenuation pattern and not represent-

ing tumour, could be cysts. To our knowledge, no other rea-

sonable cause has been proposed.

We could not evaluate the effect on the reliability of CTA

of contiguous or alternating slices owing to the small num-

ber of patients with liver lesions examined with alternating

slices. The slice thickness we used, 12 mm, is a compromise

between the desire for an exact result of the examination

and the time required for each examination and the total

amount of contrast material used.

The larger number of false-positive results makes CTA less

valuable as a single method in evaluating liver resectabil-

ity. It is not justified to refrain from a laparotomy on the

findings of CTA alone. CTA will show some lesions not shown

by intravenously enhanced CT or US. The areas suspected of

being malignant at CTA should be meticulously evaluated at

surgery, including intra-operative US and taking biopsies

also from areas that are normal at inspection and palpation.

In this way the results of CTA can be of value in avoiding

non-radical liver resections. In patients with non-resect-

able liver lesions, as demonstrated with US or non-enhanced

and intravenously enhanced CT, CTA will not add information

of importance for planning the treatment in the individual

patient.
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SUMMARY

In patients with colo-rectal liver metastases a small amount

of tumour in the liver, as recorded with angiography, as

well as an unchanged or actual decrease in the size of the

tumours are associated with a longer survival time. Occlu-

sion of the hepatic artery and of branches of the portal

vein are also associated with an increased survival time.

The accuracy of tumour localization with angiography, US,

intravenously enhanced CT, and intra-arterially enhanced CT

(CTA) were compared with the findings recorded at laparoto-

my. With angiography 55 per cent of surgically proven tu-

morous liver areas were diagnosed. About three fourths of

the undiagnosed lesions were situated in the left liver

lobe. Forty-seven per cent of individual tumour nodules were

detected with angiography. US revealed 69 per cent of surg-

ically proven lobes/segments affected by tumour, and also

diagnosed 69 per cent of the tumour nodules. Intravenously

enhanced CT properly located 83 per cent of the tumour le-

sions to the right or left lobe, 70 per cent of the "WSmour

nodules were correctly identified. By CTA, 85 per cent of

the tumours were correctly located, and 75 per cent of the

tumour nodules were adequately detected by this method. Some

lesions that were not seen with CT were seen with CTA, but

there were more false-positive results recorded with CTA

than with intravenously enhanced CT.

CONCLUSIONS

1. In patients treated with an intra-arterial cytostatic

drug for liver metastases in colo-rectal carcinoma, an-

giography will reliably reveal the extent of tumour in-

volvement in the liver, response to treatment and hepat-

ic arterial and portal venous occlusion. These paramet-

ers are of great importance regarding the prognosis and

in evaluating the effectiveness of treatment ir an indi-

vidual patient.
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2. The low accuracy of angiography in tumour localization

makes it unsuitable as a single method in pre-operative

evaluation of patients with liver tumours. However,

knowledge of liver arterial anatomy is necessary prior

to liver resection, as is information about patency of

the portal vein; an information presently best obtained

by angiography.

3. After intravenously enhanced CT, a good localization of

tumour nodules is obtained, but a less good delineation

of individual tumour lesions.

4. With CTA, more lesions will be delineated than with in-

travenously enhanced CT, but also a larger number of

false-positive results will be recorded. CTA is easy to

perform at the end of a pre-operative angiographic study

and might add information of importance in the evalua-

tion of resectability. The areas suspected of containing

tumour at CTA should be thoroughly evaluated at surgery,

thus reducing the risk of performing nonradical liver

resections.

5. US will provide as accurate information on liver tumours

as CT with intravenous contrast enhancement, and almost

as good information as obtained with CTA. Patients with

tumours that have a tendency t-o give rise to liver me-

tastases should have US as the initial investigation.
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