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ol Angiographic and Radienuclide Characteristics of Paddoy  *
Face . Hepatic Angiosarcoma Found in Vinyl Chloride
stred . Workers?
an; '
7t Joseph G. Whetan, Jr,, M.D., Johin L. Creech, M.D,, and Carlo H.
The ) Tamburro, M.D.
qfl’l ' [3
' Hopatic angiosarcoma, recantly discovered in g larga serics of viny! chloride workers, :
The damonatrates characierigtic, angiographic and radionuclide changas. Tumors exhibiting
1the central hypovascularity with puddling are usually surrounded by a penipheral stah. A N
i negative peripheral defect is demonsirated on hepatic scan. Hecling hepatie infarction 3
.h:::l. " secondary to wedgad hepatic venography cruates a false-poxitive [@sion on angiography
. . similar to angiosarcoma. Spienomegaly ard systamic venous hypertension davuiop in a .'
rue! rumbaer of theso patients, '
Peds INCEX TEPMS:  Liver, infarction » Liver necplasma, angiography e Liver Neoplasms, ra-
tis. Ni dionuclids diagnosis » Sarcorria » Splean, hypertrophy « Viny! Chloride
: Radiclogy 118:540-557, March 1976 - ’
Y . .

.

t mequcE 19684, 8 cases of hepatic anglosarcoma have sequent investigation of records of empfoyees from two
.¢ been found in Louisville, Ky. among workers asso-  viny! chloride plants in Kentucky who died between

+ braied with the polymerization of vinyl chiorice, a mate- 1947 and 1973 reveaied an elevenfold highée incidance
- 476, h@ssential to the progduction of plastics. in 1973, ol death from cancer of the liver.and biliary tract than
ach and Johnson (1) reported the first case of an- expected when compared fo the same age group and
arcoma of the liver in vinyl chloride workers. Sub- sex (14) of othar workers in the country. Other nonma-
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1 Casgl Hepatic Menoqram. 8 seconds. A peripherai siain surrounds a large lumeor wathin the dome of th right hapatic bt (are

{eiteal hypovasculurity is present contaming Lwge areas of comrasl pudcting Changas of petrosis hopats are present throughout most
(" [RNINY

T Cast L "nToosuthur coRtoid Gves-spleon scan, anterior view, 1 Seplember 1972, A bilobular mass is prreant within tha right loba
Fmra by left iohe of the liver

¢
3 Cant . MIAy fiver scan, antorior view. A tange defect @ present within the entire lel looe and maedial right lobe.

.
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Fig. 4. Case . Meépalic arteriogram, A. Arterial phass: 6 geconds. The hepatic artery is of normal size, Circumferential hypervascu-
tarity is prasent, The intrahepatic arteries are smal and tortudus sugREsIing clrrhosis,

B. Arteérial hepatogram phasa: 10 ssconds. N3te circumnterential tumor stain and puddling of contrast agent wilh a central area of hypo-
vascularity. The stain persisied for 24 seconns. [Reproduced with parmission of JAMA (9}]

.

R A e lignant diseases of the liver and spleen have recently
Ve BRI been described (4, 29) and most of these changes have
oy, A been delecled through a systemalic screening program
s . 2,9). - :

v Aill 1,180 workers of a Louisvilla viny! chloride poly-
EX : merization plant have had liver scans; 30 of these indi-

. ) v, 4 viduals were subsequently foliowed with hepatic and
- splenic angiography. transjuguizr hepatie venography,

venous pressure atudies and liver biopsies. Four men

Fig. 5. CASE IV, *Tc sulfur collaid Hver-spleen scan. A, were found to have hepatic angiosarcoma.
Postarior view. A 10-cm dafect is seen in ihe iower right loba. The

e A We will describe the angiograghic and radionuclide
splecn appears lowsr due 1o the position of 1he diaphragns, . . s
B. Right lateral view. The perigheral delect is present along the characteristics of hepatic angiosarcoma found in these

postarior margin of tha right hepatic loba. warkers.,
s = P o pv——— s & .- e L -——-r——*--— S——— e ame e ey
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Fig 6 "CatilV. Hepalc angogram. A. Arterial ph.sa: at 4 secomd., there 15 ng eviden=n ff e ctdaity Minimal dieplaceme *
intrahnpatic nrterial Deanches of o right Jobn & seen, A STFCiurn is SUQGES I 1A NIkt BIVOCN (ruw T, ulraves the dres ol Ranw )
8. Venous phase: at 14 secomds 1ho purglwreal s12i is kitnblied (Arrows) lasling through the entre phase. Seatiered aans of 1t

ore also presonl, Noto centraf hypowascutanty.
| s 53°
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MATERIALS AND. METHOOS

The radiotagic screening pracedure for vinyl chioride
workers consista of a routine § ft. posterior-anterior and
left lateral chest x ray, a ??™Te-sulfur colloid liver-
spleen scan, panangiography of the liver and spleen as
described by Viamonte et al. (30), transjugular hepalic
biopsy as described by Hanafee (€) and Rosch (27), and
portal pressures and venograms.

If the liver-spieen scan is abnarmal, or if there are
persistent abnormal biochemical tiver studies, panangi-
ography is done, including & selactive hepatic and cell-
ac angiogram. The splecn is included in the celiac in-
Jection. A superior mesenteric angiogram is obtained if
there is an accessory or replaced right hepatic artery or
if the portal vein is not visualized. In selective hepatic
angiography, films are obtained al 2/second for 3 sec-
onds, 1/second for 4 seconds, and 1 film avery 4 sec-
onds up to 35 seconds. Initially, the hepatic pressure
studies and venography were performed via the femoral
route. Later, the transjugular route was used in order to

“Include a liver blopsy. Three to five biopsies were ob-
tained from each patient. .

Venous pressures are cbtained with use of the Men-
nen-Greatbateh? monitor. An average of three pres-
sures are recarded within the inferior vena cava, the
right atriurn, and the free and wedged hepatic vein posi-
tions.

The Cook? transjugular biopsy needle and catheter
have been modified; both were lengthenad 1.5 cm be-
cause the catheter could not pe properly wedged for
the necessary pressure data in sevaral patients, and the
Teflon catheter was enlarged to 10 Fr o accommoaodate
a 14-gauge biopsy needle o obtain better specimens,
Also. the beve! of the needle was reversed to the lasser
curve side to allow entrance intd more sharply angled
hepatic veins and better pensatration of the superolatar-
al wall of the right hepatic vein.

CASE REPOATS

Casg |. This 49-yeor-okd man had worked as a chomical opera-
tor in vinyl chloride polymerization for 16 years. Since January
1984, he has had recurrent hematemesis and motana, initial upper
gastraintestinal {G.1.) studos wars normai. le May 1965, hepatesplo-
nomegaly, esophageal varices, thrombocytopania, and inernal and
extornal hemorrhoids devalopad. A portacaval shunt was pertormed
and the splenoporiagram was normal except for a possible 3-cm
celect within the right hapatic lobe. Portal vein pressure measured
25 mm Q. In Ociober 1970. he underwent surgery for cholulithiasis
and tha liver biopsy ravealed bite duct proliferation, portat fibrosis
mad Kuplter cell hyperplasia. In May 1971, bocause of conlinued
‘smplomatology, 3 hepatic angiogram was obtained which revealed
« mMalgnant neoplasm (Fig. 1 and TABLE 1), Bropsy suggestod ana-
Shastic hepatoma. In September 1972 following chemctherapy, &

" Te-sutfur colloid Hvor scan demonstraled a bilobular defect

¥ Mennon-Groatoateh Eloctranics, ine., 10123 Main Strent, Clar-
hca, N, Y, 10421,
4 Cook. Inc., P. O. Box 489, Bloominglon, Indiana 47401,
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Fig. 7. Case IV, Splenic sriericgram, 10 seconds. There are
two pia-shapad delacts on the i3taral and inferalateral aspect ot the
splean. The spleen is not enlarged.

within the liver (Fig. 2). Tha patient died in March 1373. Postmortem
fincing was hepatic angiosarcoma. Earlier liver biopaies also dem-
onstrated subcapsular and peripartal fibrasis and Kupffer call hyper-
plasia.

CASE ). This 37-year-okt man had weorked as a chemical opera-
tor in vinyl chloride polymerization for 12 years. In Sepiember 1968,
ha presented with internal and exteérnal hemorrhoids which were
then axcised. in January 1370, painlass melans occucred for thae
first time. Several upper G.l. siudias were normal. In May 1§70,
ma'ana recurred and he was found to have hapatosplanomaogaly,
esophageal varices and thrambccyiopenia. An 3Au livar scan re-
vealad 1 larga lesion replacing tha lott loba with extansion into tha
right loba (Fig. 3). Exploralory laparotomy rovesled a markedly
thickened liver capsula and hepatic angiosarcoma. In spite of °Co
radiatian angd chemaotharapy. massive ascites and liver failura deval-
oped and he died in Septamber 1971,

Case ll. This 42-year-old man had workad as a chemical opera-
tor In viny! chloride polyrerization for approximately 20 years. In
Augus: 19G7, he had a sympathectomy tor treatment of Bueorger’s
disease of the left lower extremity. A fernaral angiogram revealed
corrugation of the antarior and peroneal arteries. He had alss baen
hospitalized twice fer alcoholism,

in February 1374, through the viny! chioride screening program
{93, a “"Te-sulfur colloid liver spleen scan datocted a superficial
4-cm lasion on the anterior intarior surtace of the right hepatic lobe,
Tha spléen was normal. An 3% roge bangal liver scan damaonstrated
the same defact. Hapatic angiography conlirmed a lesion corre-
spontting to the liver scan dalect (Fig. 4). The tumar margin was hy.
porvaccuiaf and containad a hypovascular center, Puddling anad pa-
riphoral stain persisted Irom the ‘early arteriol 1o the fate venous
phase (TAODLE B Splenic and portal veins were normal, Venous pres-
sures obtained were:  wedgad hepatic vein (WHV) 15 mm Hg and
free hapatic vein (FHV) 10 mm Hg. The frea hepatic venogram was
normal. The wedged hepatic venogram demonstrated portal vein ro.
flux with hepatooetit flow. On exploralory laparotomy, the turnor
could be seen on the surface of the liver, Biopsy revealad angigsar-
coma with exiensive necrasis, porlal ibrosks and moderate cerho-
sis. In spile of chomathorapy, there was peogressive enlargement of
the tumor, massive ascites and liver failure. The pationt died in
March 1975 Autopsy revealed angiosarcoma, multilocal tiwoughout
the liver, as well as droct extonsion into the thaphragm and gnit-
dlakiur. Motastases were found In regional lymph nodus, lungs,
scilp anJ skull,

'AP00008356
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MATERIALS AND METHODS

The radiclogic screening procedure for vinyl chioride
workers consists of a routina 6 ft. posterior-anterior and
Wt lateral chest x ray, a8 "*"Te-sulfur collold lver-
sleen scan, panangiography of tha tiver and spleen as
sscribed by Viamonte et al. (3Q), transjuguiar hepatic
iopsy as described by Hanalee (6) and Rosch (27), and
artal pressures and venograms.

if the liver-spleen scan is abnarmal, or Gl there are
srsistent abnormat biochemical liver studies, panangi-
yraphy is done, including a selective hepatic and celi-
: angiogram. The spleen is included in the cellac in-
ction. A superior mesenteric angiogram is obtained if

era is an accessory or replaced right hepatic artery or

the portal vein is not visuaiized. In selective hepatic
wgiography, films are obtained at 2/second for 3 sec-
wds, 1/sacond tor 4 seconds, and 1 film every 4 sec.
ds up to 35 seconds. Iniliaily, the hepatic pressure
udies and venography wera performed via the femoral
ute, Later, the transjugular route was used in order ta
clude a liver biopsy. Three to five biopsies were ob-
ined from sach patient.

Venous pressures are obtained with use of the Men-
n-Greatbatch? monitor. An average of thwee pres-
res are recorded within the inferior vena cava, the
tht atrium, and the free and wedged hepatic vein posi-
ns,

The Cook® transjuguiar blopsy needis and catheter
ve been modified; both were lcngthaned 1.5 cm be-
use the catheter could not be properly wedged. for
3 necessary pressure data in several patients, and the
flon catheter was enlargad to 10 Fr to accommodate
14-gauge biopsy ncedia o obtain better specimens,
i0, the bevel of the needle was reversed 10 the lesser
~ve side to allow entrance into more sharply angled
oatic velns and better penetration of the superpiater-
~aH of the right hepatic vein

CASE REPORTS

TASE | This 48.yenr-old man had werked as 8 chemicat opora-
in vimyl chioride polymerization for 16 years. Since JSanuary
4, he has had recurrant hematemasis and malena. initia) upper
rontestinal {G.1) swdles wera normal. in May 1965, hepatosple«
wehly, esophageal vances, thranthocylapoaa, and internal ang
¥nal henworrhoids devaiopod, A porlacuvat shunt was porformed
the spienoportagram was noraxnl oxcept for a possibile S.cm
¥t wilhin the right hepatic tobe. POrial vein pressure measured
nm Hg. in Oclober 1970, he undorwem surgery for cholelithiasgia
the liver diopsy revealed bile duct proliferation, pertal tibrosis
Kupliar eell hyperplasi@. in May 3971, becuuse ol contmungd
Sumiatalaqy, a hopatic angiogram was obtainad whish revanted
vnant feoplasm (Fig, 1 and Tame 1), Bobsy suGresied ana-
e hepatoma. In September 1972 follawmg chemoiheragy. a
wiuitue colloid liver sean domonstated 3 Brobutyr gotact

S -Crambateh Eluchonics,
N Y. 10400,
bk b PO Dow 409, Riounmsguon, Imtoany 17400

ne., 10123 Mun Steerist, Clire

HEPATIC ANGIOSARCOMA IN VinvL CHLORIDE WORKERS
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Fig. 7. CAsz v, Splenlc arteriogram, 10 ssconds. Thore are
fwa pis-shaped defects on the tatarat and infarofater al aspect of the
spleen. The spleen is not eniarged.

within the liver (Fig. 21. Tha patient died in March 1973, Postmortem
linding was hepatic angiosarcoma. Earlier liver biopsies also dom-
gnsiratad subcapsuiar and periportai fiorosis and Kuptfar cail hypee-
plasia.

Case ). This A7-year-0ld man had workad as a chermical opera-
tor in vinvi chloride polymacization for 12 yaars. In September 1266,
he presented with intzrna! and external remorrhoids which weore
then excised, In January 1970, painfess mealuna occurrsd for the
first time. Ssveral uppur G studies were normal. In May 1970,

meisna recurred and he was found 10 have hepaiosplanomegaly, ~
esophageal varices and thwambocylopania. An '*Au liver scan ra- |

vealed a large lesion replacing the Jeft iobe with extension int the

vight iobe {Fig. 3). Exploratory lapargtormy revealed 8 markezly 7

thickenad liver capeuie and hopatic angiosarcaoma. In spite of “Co
radiation ang chemotiherapy, massive ascilas and liver faiture devel-
oped and he died in Septembder 1971,

CASE ill,  This £42-year-0ld man had worked as a chemical opera-
tor in vinyl chloride polyn‘erization for approximaicly 20 years. In
August 1387, he had 8 sympathectomy for treatment of Butrpar's
disease of the lalt lovar axtremity, A femoral angiogram revanled

corrugation of the anterior and peroneal arterics. Ha had also Lean

hospitatized twica for alcobholism.

In February 1974, through the viny) chioride screaning program

{9}, & ¥™Te-suttur collod liver spleon scan detected a superficial
4-cm |esion on the anigrior inferior surfacs of the right hepatic loba.

The splaea was normal. An '$1 rose bengat liver scan demansteated B

the samae defect, Hepalic angioqraphy confirmad a fesion cerro-
sponding to the livar scan dafect (Fig. 4). The lumoar nurgin wis hy-
parviacuin? and conined & hypovascular cantar. Puddling and po.
ripharal stain porsisted fram the early ntienn! 1o the ke venous'
prase (TAGLE 1. Splenic and portal veins were normal. Venous pras-
sures pbtained wora:  wedged hopatic vain (LWHVY 15 mm Hg and
free Nepatic vein (FHV] 10 mim Hg. The oo hopale veoogram was
normial. The wodged hasatic venogram desionstrated portl wisi rie-
fhux with hepatopetal How On erploriiony laparotomy, due kanoe

could e wCon 0 ther Surtit e of the liver BNty tvealm! tngha e.
oMYl WAN eXICANIVE ACronie;, Poelal idu gwas (i Muofeornte Cinhn.
sis. In spit of Chemottingapy, e wins, [T GnRIVE 208 et Of
et Wmn, Masave etk iul b fdias Yhee prabient shesd n

Mach 196 Aulopiey covilof andquesieseam, miadifon o) tieonl st

Bt lvee, ave Wit e chirescl grabent Jiart sestes Uhe it ety und g ot

Bladdiker  Redointaies; woerear foacand e toepeannad bypmph nodes, uugs,

P I

Ougrostic _»
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Fig. 8. Case IV, Frae hnpatic vonogram, The hepatic vein is markedly displaced caphalad by tumor with amputation of lrihutery
tranches tarrow). This is the “thora sign' as dascribed by Doehner (Radintogy 90: 11241131, Jun 1963).

Fig. 9. Case (V. Operative portal venogram. The sxposurs & made at the complation of a nand injaction of 49 mi of Penografin-
76. The intrahepatic portal voins are markedly Cispisced by tumor, almost campletoly compressing 1he teft branch. The area of tumar

is hypovascular with a0 evidence of tumor stain or puddiing,

B
1

¥mTe.sutfur colloid liver scan. anta-

Fig. 10.
rlor view. A peripheral 2.5-cm celect is present
on the dome of Ine right hopatic lobe (single
arrow). A Jefect trom the confiuence ef hepatic
veins appears more med! (dauble arrows).

CASE IV. A 45.year-cld man had worked as 2 chemical operator

in viny| chleride polymerization for 12 yeurs, During a sereening test
in February 1974, ho was found to have a persistent'y elevated lac.
tic acid cehydrogonase. A ¥ Tc-sulfur colloid liver spleen scan re-
vealed 2 large defact on the posterior periphery of the right (obe of
tha liver (Fig. 5). Hapalic angiography demonstrated a multitobular
tumor corresponding to the liver s¢an defect (Fig. 6). The anglo.
graphic leatures are described in Taalz 1. Two pie-shaped defects
weare present within thy spleon (Fig. 7). Venaus pressures obtiined
warg:  right attium (RA) 14 mm Hg; infarior vena cava (IVC) 18 mm
Hg: WHV 20 mm Hg, and FHV 14 mm Hg. On#a hepatic vein branch
was partially compressed by tumnor (Fig. 8). On wadged venography,
there was portal vein reliux with soma portal stagnation. Exploratory
laparolomy and biopsy revealnd hopalic angiesarcoma, eapsular li-
brovis, sinusoidat ditatation ang partal Imrosis. The spleen wag nor-
mal ta paipation. A portal venoqram domansirated marked displace-
maent by fumor {Fig, 9). Portal vein prossute tneasured 20 mm Hy,

in spite of *%Co radition and chemotherapy. the twinor pec-
gressed. Massive ascites and liver faduro developad and the patient
died in July 1975, At postmosiom, thae angiosiweoma was reratiifocal
throughout the tiver and extended into the dinghragn, There were
extensive metastazes to regeonal, sutraperitonenl and muxhastinat
tyrniph nodes, kungs, adecenal Qhands aed Guotubethan, The splecn was
noemal and Iroe of molastasis in spitu of thu angiagraptue twvlngs,

CASE V:  falso-positive anglosnrconn.  Thin 50-ye-ar-ok! man .

ot buon & chamnical vperatr iy vinyl chlogidn polynesizitcsy for 18
yuars, I May 1974, theugh o vinyl chivndn sereemng prsyam, a

v

$smTe-sulfur coliold liver spleen scan was done which suggest
defect on the dame of the right hepatie iohs (Fig. 10), that was

in \he anterior and right lateral viaws. lnitial hepatic angiogr,
was unsuccessful. The following day, transjuguiar hepatic ve.
studies and biopsy were performed. A wedgad hepatic venst
demonsirated portal velit reflux with hepatopatal tfow (Fig. 11).
day later, 8 repeat hepatic angiogram via the transaxillary rout-
veaied & 3.5 X 4.5-cm ovpl iesion within the suparior right he)
iobe consisting of a peripheral stain with & central hypovas:
area (Fig. 12).

Savan days later, a right hepatectomy was performad bec.
the angiograghle pattarn resemzicd tht of anglasarcoma On ¢
@xasunation, the lasion apneared as a 2-cm pyramidal lesion
tha base on the livar capsule. This was {ound 10 be a haating in!
which corresponded to tho exact configueation® and area of
welged venogram. In addition, thers was some degree of port.
brosis.

PATHOLOGY

Hepatic angiosarcoma is a tumor believed to ar
from the endothelial cells lining tha sinusolds. T
turmor is also relerred to as malignant hemangio
dothelioma, or Kuptfer cell sarcoma. The histole
characteristics have recently been well described (
22, 28), and the spread of this tumcr Is mainly by dir
invasion and by the coelomic route (22). Matast:
tumor has been tound within portal veins, bone mart
and peritoneal cavily, lung, spleen and the thyraid
10, 22, 29). Edmundson reported that up 9 50%
these tumors have pulmonary metastases (3).

Seven of the 8 vinyl chloride workers had tum
outside the livar. Throo of these directly invaded the
aphragm, ona extended into the duodenum and anoti

.had reached the ‘posterior abdominal wall on follow-

exploration. There Is no histologic evidence of splh:
involvenient in any of these cases.

Subcapsular tibranis, portal fibrosis, sinusoidal ditu
tion and atypical sinusoidat lining cells have been fou
to couxist with this tmar (2, 4, 10, 22, 29). It is pn
ently feell that the lesions of portal fibrosis, sinusoidal
latation, and wtypical kning cells niny represent a pr

" AP00008358
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Fig. 11, Transjugular wedged hepatic venogram: 8 mi of Renografin.78 injectad at 2 mi per second. There is portal
vein reflux with hepatopatal flow.
Fig. 12. Hepalic antariogram 2 days fallowing the wedged hepatic venogram. A 3.5 X €.5.cm oval lesion containing a
periphoral stain and hypovascular centor Darsisiad into the late venous phase. This cotresponds 10 the area of the wedged - -
hepatic venogram which was hisiologically proved ta be an Infarct. .
rsor stage in the development of angiosarcoma {4).  had varying degrees of portal and subcapsular fibrosis.
I groups of vinyl chloride workers with tumors have  Up 1o 40% of these tumors have been reported to have
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TFable I;  Angiographic Features of kHepatic Anglosarcoms

Casa § Case 11l Case iV
Arteridl :
HepJatic arlery size . Normal Normal Normal
{te tumor
Encasement - - No No No
Displacement Yes No -Yes
Hyparvascubarity Yes (2 sec) Yes {2.5 soc) No
Central vascularity Hypovascu!lar Hypovascular Avascular
ALV, shunts © Ne No . No .
Peliosis hepatis Yas (left lobe) No No
Tumar stain : . -
Central No No No
Peripharal : Yes Yes Yes
Time 4-15 sec* 5—34 sec* 6=30 sec
Maximum stain 8 sec 10 sec 6 soc
Puddling timne . 2-15 sec* 5~14 sec §=40 sec*
Venous .
Portal Not demonstrated 10 sec 13 sec

{portacaval shunt);
splanic vein;: 11 sec

*_ast flim in series

.

coexisting cirrhosia (22). The relationship of cirrhosis to
this tumor is not determined. Only 2 of the 8 vinyl ¢chlo-
ride workers with tumor had cirrhosis.

DISCUSSION

Liver and Spleen Scans

- Angiosarcoma appears as a negative defect on liver
scan with use of either '*®Au, *'l-rose bengal, or
mTesulfur collold. Sufficiont %7Ga studies have not
been performed to be conciusive. Althsugh mast le-
sions appear Initlatly as a single focus, one patient pre-
sented with two separate lesions. At serial scans and
autagsy, the tumor [s saen to progress to muitifocat le-
sions throughout the liver. Even though most lesions,
when detected, were rather large, they appeared pe-
ripheral In location, This was also found to be true at
surgery. In the tangential view, there is no radicactivity
surrounding the detect and no activily within the cefect
itself. We used the camera technique to view the stud-
ies of 2 other patients with this fumor, These zlso ap-
peared as peripheral lesions, Without the history of
vinyl chioride exposure. it would be difficult to difleren-
tiate this lesion from an extrahepatic contiguous leslon
(24). it is also dilficult to ditferentiate from normal ana-
tomical defects such as portahepatis, gallbladder fossa,
confluence of hepatic veins, or rib and xiphoid. Periph-
gral development of this tumor is possibly related 1o the
subcapsular fibrosis found in these workers (7, 28).
Their peripheral location is also the most likely roason
that these tumors show early direct extension through
the liver eapsula.

Four of the 8 vinyl chloride workers with tumor had
splenic enlargement, demonstrated in one patient after
the tumor was detocted. Three of these patients pre-
sented wilh Banti's syndrome, Watson and Baltaxe (31)
aitnbutad splenic enkwrgnment to massive replicement
ol liver parenchyma, or invasion of the portal vein by
tumor. Splenic enlargemeant occurred i onc of our pa-

tients (CASE 1) prior to massive tumor involvement. in 3
others, portal venograms did not demonstrate occlusion
or invasion. On postmortem examination in Cases |l
and [V, no tumor was demonstrated within the portal
veins. We have found, in fact, approximately 10% of
the 1,180 employees screened to have splenic enlarge-
ment without evidence of tumor. Splenic enlargament
may be due to stimulation of splenic cells by chronic
exposure to vinyl chloride, thus praducing an increase
in splenic blood flovs, Further hemodynamic studies are
currently being conducted.

Angiographic Characteristics

TABLE | contains a summary of the angiographic fea-
tures in CASES |, lil and IV, The hepatic arteries are ol
normal size with soma displacement by tumor in Cases
I and 1V, ang of increased size of the left hepatic artery
not supplying the tumor in CASE i. Hypervascutar
changes were present in CASES | and Il around tha pe-
riphery of the tumor but not in CASE IV in which the
number of terminal vessels decrezased. No true tumor
vessels were demonstrated. Changas of pallosis he-
patis as, described by Pliskin (19), were present within
the left lobe in CASE |, The central portion of tumors in
these palients has soma degree o! hypovascularity,
most likely secondary to necrosis as was found in the
biopsy of CASE ill. A peripheral turno: stain was present
in all 3 cases, appearing in the miderteriat phase and
extending up to approximately 34 seconds. The stain in
Case | was faint at 18 seconds (the last film obtained In
that series). The hemodynamics of the hepatic circula-
tion may have been attared in this case due 1o the pre-
vious portacaval shunt, Puddling within tho hypovascu-
far portion of the Wwimor appeared for the samy period of
time. The amount of puidiing seemed to increase with
the increased cize of the turmor, again, probably rolated
1o the amount of necrosis. Maximum stain and puddlind
occurred prior to the partal vein phase; these change*
appeared closer to tho portal vein phase in the smatl
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tumor in CASE il. Mo stain or puddling could ha demon-

strated in the portal venogram in CASg IV during sur-
gery. The tumor, therefore, appears to receive its major
blood suppiy.from the hepatic arlery. Even though the
peripheral stain persists well into the venaus phase, lit
tie of this appears {o be due to the portal circulation,
The peripheral stain in these casos probably ropresaents
ginusoidal dilatation (2, 29). The portal and hepatic
veins in these cases are displaced but have not been
obliterated,

The angiographic characteristics of hapatic angiosar-
coma, therefore, appeoar to be: {a) a normal-size he-
patic artery supplying ther tumor which becomes diz-
placed as the tumor enlarges; (b) a peripheral tumor
stain and puddling appearing during the midarlerial
phase and persisting as late as 34 seconds; and {¢)
some degree of hypovascularity of the central portion
of the tumor including the smaller tumars,

Angiographic Differential Diagnosis

Multiple vascular tesions of the liver in adults are to
be considersd with hepatic angiosarcoma (TABLE i), Al-
though some variations exist, this review includes the
major description of these lesions. Weil-difterentiated
hepatomas difier from angiosarcoma due to enlarged
hepatic arteri@s with true neovascularity and a rather
diffuse stain which lasts only through the early venous
phase (8, 18, 20). Multicentric avascular hepatomas
{26), anaplastic hepatomas (8), and cholangiocarcino-
mas (7, 8) are excluded because of their ralative avas-
cularity with smalt scatiered areas of stain and lack of
puddling. Livar cell adenomas are exciuded due to the
presence of neovascularity and lack of a peripheral
stain (18). This lesion could simulate angiosarcoma if
central necrosis develops as in the case described by
Sacket et al. (28). A large cavernous hemangioma has
peripheral puddling of conirast material surrounding a
ceniral avascular area of tibrosis (11, 17, 21}. However,
there Is no evidence of peripheral stain. Metastatic le-
sions (15, 20) and hamariomas are excluded since a
stain appears only during the arterial phace. Racently,
bile duct hamartomas of the liver have becn visualized
as clusters of ring-like stains lasting from the arterial to
tha tate venous phasa, diffusely involving the liver (12).
Angiosarcoma has not prusenled with this pattern in
any of our cases. Macronodular regencration of cirrho-
sis can ho excluded since the stain appears rather unl-
form in the venous phase with no evidence of puddling
(13, 25) and the scan may also be narmal (25). Focal
‘nodular hyperpiasia may appear as a diffuse stain in the
arterinl ankd venous phases (13, 25); however, there is
no evidence bf central hypovascularity .or puddling of
contrast substance. Here, also, the scan may be normat
(25). .

Angiographi¢ changes af peliosis hrptis have re-
cently baen described (19). This may also represaent the
changes as scen in hepatic vein occlusion (5) and thuse
described by Viamonts et al. (30} in longstanding portal

vein obstruclion. Thesa lesinns, however, tend to be
nurmerous, involve the entire liver, and have a dilfuse
stain throughout the nodules. The stain does seem lo
persist into the late venous phase. In 4 of the 50 vinyl
chloride workers evaluated. varying degrees of peliosis
hepatis have been demonstrated angiagraphically. This
pattern is also suggestod within the loft Jobo in CASE |
Some of these patients are being followed closely
since this histolegic change may be one of the prelimi-
nary findings helfore the occurrence of angiosarcoma in
vinyl chloride workers (2. 4). These nonmalignant
changes will be the subject of a tuture publication.
Hepatic infarction secondary to wedged hepatic ven.
ography was found to closely resemble angiographic
changes of anglosarcoma and, in fact, led to a right he-
patic lobectomy in CAse V. At the timeo of this discov-
ery, another worker had just besn studied by hepatic
angiography, foliowed by wedged venography (Fig.- 13,
A and B). Repeat angiography confirmed an area of in-
tarction (Fig. 13, C). Serial liver scans failed to detect
this lesion. In 3 cases in which the wedged venogram
was obtained first, the angiographic pattern was similar.

Hepatic Venography and Vanous Pressures

Venography and pressure studies are carried out to
evaluate the overall condition of the liver. The iree he-
patic venogram was normal except when enlarging
tumor has caused displacement. No occlusive changes
have been derncnstrated.

Because of latrogenic lesions created by wedged
venagraphy in 3 patients, this study has been discontin-
ued as part of the routine screening procedure. All vinyl
chloride workers were asymplomatic Inllowing wedged
venography. Scrial” hepatic scans from 1 day to 7
months postinjection have been negative. Tha small he-
patic infarct is probably insignificant due to the marked
regenerative power of tho liver, Wedged hepatic ven-
ography is still used in cases of nonopacification of the
portal vein during angiography to differentlate reverse
flow from obstruction. This study, if performed, should
tollow angicgraphy.

Hepatic vengus pressures were elevated In Cases Hl

‘and V. In a number of thesa workers, the free hepatic

vein pressure and the inforior vena caval pressure wera
taurd to be elevated from 7 to 25 mm Hg. The majority
of the corrected sinusoidal pregssures hava been within
the noarmal range (0-S mm Hg). Portal pressure, how-
ever, may not correlate with the corrected sinusoidal
pressure since periportat fibrosis is one of the predomi-
nant lesions found among thase workers. A more de-
tailed invesligation is being conducted to further evalu-
ate the systemic and splanchnic venous beds.

SUMMARY
Isotopic and angiographic studies of hepatic angio-

sarcomi i1 vingt chioride workers are presented. Of the
screening procedures inchided in our projoct (9), the
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-

~ AP00008362




ERT
b=
A
vt

fiver scan has be... the most useful in detacting the
tumor, No single biochemical liver test has, as yet, con.
sistently been found to be abnormal in thoso patients.
The peripheral defoct on the tver scan may be difficult
to differantiate from a normal anatomical defect or an
oxtrahepatic tasion contiguous with the tiver. The angio-
grophic features which are characteristic, if not diag-
nostic, of this lesion are peripheral tumor stain, pud-
diing ol contrast agent extending trom the midarteriad
phase up to 34 seconds, and some dagree of central

- hypovascularily within the tumor. Transjugular hepatic

pressures and biopsies are essentlal procedures since
systemic venous hypertension seems to develop in
some workers. Subcapsular fibrosis, portal tibrosis, si-
nusoidal dilatation and endothelial lining cell hyperpla.
sia are associated with the tumors, Follow-up studies
wifl be helpful 10 determine whather these changes are
reversible or can be arrested after removal of these
men from vinyl chioride exposura, and the aifccts of
therapeutic and other treatment regimens,
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sr scan has been the most uselul in detecting the
nor. No singls biochemicat liver test has, as yet, con-
tantly been found to ba abnorma! in these patients.
@ peripheral defect on the liver scan may be difflcuit
differentiale from a normal anatomical defact or an
trahepalic lesion contiguous with the liver. The angio-
aphic featuras which are characteristic, if not diag-
stic, of this fesion are peripherat tumer stain, pud.
ng of contrast agent extending from the midartarial
ase up to 34 seconds, and some dogree of central
povascularity within the tumor. Transjugular hepatic
assures and biopsies are essential procedures since
stemic venous hypertension seems 1o develop in
me workers, Subcapsutar librosis, portal fibrosis, si-
goidal ditatation and endothelial lining cetl hyperpla-
¥ are associated with the tumors. Follow-up Studies
il be helpful to determine whether these changes are
varsible or can be arrested aftar removal of these
an fram vinyl chloride exposure, and the aflecis of
srapeutic and other treatment regimens.
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