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DETECTION QF LIVER ARD SPLEEN PATSOLOGY AFTER
VINIL CELORIDE EXPOSURE~-PQTENTTAL OF
GREY-SCALE ULTRASOUND AND DOPPLE? TECENIQUES

Kenneth J.W. Teylor, M.D., Ph.D.

Peter Atkinson, Ph.D.

Department of Diagnostic Radioloegr
Yale University School of Medicirs
Bev Haven, Connecticut

Diagnostic ultrasound is an sitractive modality for the examination of soft
oTrgans such as the liver end spleen sinee it is totally sonizvasive, causes
0o discomfort and no deletericus effects have been found at diagnostic
doses.

Exposure to vinyl chloride monorer used izm the production of FVC can lead

to widespresd abnormalities, an Iincressed incidence of cancer in many sites
and particularly, is associated vith characteristic liver and spleen changes.
Hepatetoxicity consists of capsular 2ibrosis and periportal fibrosis lesding
to portal hypertension and splenic eanlargement. Portal hypertension often
results in masgive fatal hemorrhigs.

Dlagnostic ultrasound was used iz a small sample of FVC workers in whem
abnormalities identified by invesive techniques vere confirped, and in
several patients other abmorzslities vere noted which had hitherto been
unrecognized.

A further development in ultrasomnd diagnostic techniques is the use of the
Doppler principle to estimate blood velocity and flow. This technique may
be applied to determine the direction and voluxze of blood flow in the portal
veino and to quantitate thereby the degree of portal vein obstruction
resulting from pathological changes in the liver.
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DETECTION OF LIVER AND SPLEEN PATHOLOGY
AFTER VINYL CHLORIDE EXPQSURE~-POTENTIAL OF GREY~-SCALE
ULTRAGOUND AKD DOFPLER TECHNIQUES

DMaognostic ulirasound has been used for many years in obstetrics and
&rnecology. Recent improvements in technology have incressed the resoluticn
to approximately I-3 my BN this is adequate to display the liver apd
associated vasculature.”'“*® Seetions through the upper abdomen using the
nev grey-scale ultrasound technique now reveal similar anatomical details

i0 those vhich hitherto could only be observed postmortem by pathologiesl
exa=ination. Tne transverse anatcy vhich can be demonstrated by ultrasound
is showvn ipn Figure 1. Smal) subdivizions of the right branch of the portal
veiz are seen [arrowed] and the liver consisteney is vell displayed. This
is a prereguisite for the identificaticm of liver and spleen changes in
Tesponse to vinyl chloride exposure.

One of the major visceral complications of prolonged exposure to vinyl
chloride monomer (VCM) is the development of subtle pathological changes in
the liver vhich result in opstruction te blood flov and development Of hyper-
sension in the portal vein. One seguel of such hypertension is the develop—
aent of varicose veins in the lover escphagus, and 25X of patients with
portal hypertension die from massive heporrhage due to rupture of these
varicoze veins. In ninty percent of patients, portal hypertension is
associated wvith cirthosis of the Yver due te alechol abuse. Thus, tech-
zsigues to imege the liver substance must attexpt to differentiate betveen
alcohelic cirrhosis and VCM-related liver changes. Ultrascund is the only
modality which displays normal and abnormal consistencies thereby permitting
this differentiation. Since portsl vein obstruction results from VOM
exposure, the anstomy of this systex is first considered,

Figure 2 shows a schematic disgras of the portal vein systex which collects
tlood from the bowel. The vein drsining the spleen i3 a Jarge structure
which is joined by the inferior mesenteric vein, receives small tributaries
fro= the pancress, and then joins the superior mesenteric vein te form the
sorzal vein posterior to the neck of the pancreas. The portal vein thereby
cocveys blood to the liver. A transverse ultrasound seetion [Figures 3a

% b] shovs the splenic vein receiving tributaries from the spleen, receiving
the inferior mesenteric vein and loiming the superior mesenteric vein to
form the portal vein.

The portal vein seen in Figure 2 passes froz the region of the ducdeoum to
the porta hepatis. At this point it lies anterior to the inferior vems
cava. An ultrasonograz [Figure L] in the longitudinal plane shovs tbe portal
vein [arroved] es a rather styaight structure, vhich is well visuslized in
every patient, In patients vith vinyl chloride-related liver pathology,
there is obstruction to the purtzl vein, and the pressure rises vithin it.
At surgery, & large, tortuous portal vein is seen; and this is also seen ¢m
ultrasound examination [Figure 5). The most commop cause of portal hyperw
tension is cirrhosis of the liver, but the appearances of a cirrhotie liver
on ultrasound examination are Adifferent from the more localized periportal
fibrosis one szees in the liver of these workerz vith vinyl chloride-related
disense.’ In VQMd-exposed workers, Zibrotie changes have been described om
the surface of the liver.5 and the dense echoes seen on the surface of the
liver [arroved in Figure 5] are copsistent with such capsular fibrosis. The
liver substance does not appear as abrnormal ss that seen is a cirrhotie
liver from vhich abporamlly large echoes are returned wvith inereased
attenuation.T
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Yhen there is obastruction of the portal vein and portal hypertension develops,
the spleen becomes passively congested since the splenic vein drains into

the portal venous system, Thus, portal hypertension is suggested by the
demonstration of an enlarged, congested spleen, However, the spleen ig an
organ vhich i{s difficult to azmzess clinically sisce it is under cover of the
ribs, vherest rsdiography of the abdopen i{s also unrelisble for the detection
of ={]4 to moderate splencoegaly. Spleen size can, hovevar, be sssessed by
gltrasound examination, and the spleen of a vinyl chloride vorker iz shown

in Figure 3b. The longitudinsl axis iy 1b cm, vhersas the normal is less
than 10 exm.

A prelimipary gurvey vas undertsken inal TS of 19 workers from the British
Petroleust plant, Svansea, South Wales.”s? Their exposures were wvell docu-
pegted, apd their medical condition fully investigstad. The ultrusound
examination vas performed vithoyt knowledge of their exposure mor of thelir
sedical Mistory, All ultrasound exacingtions were carried out by one of the
authors (X.J.W.T.) and results subseguently compsred with their medical and
expasuze history. These preliminary results have been published and are
nuzearized here.

Your pstients unequivocably normal after full investigation were found to be
80 on ultrasound examinstion. Minimal ¢hanges iz two other patients were
not detected Ly ultrasound. HNine patients vith known liver disease varying
from winoy fatty infiltration to establisked porial hypertensicn vere all
confirzed to be abmormal on ultrasound exemipatien. The four remaining
patients vers all definitely abpormal on ultraso:nd, although enly tvo had
kpovh &inimal changes consisting of elevated liver enzyzmes. On further
Iipvestigation, three out of four of these abnormalities vere confirmed. In
assessing the value of ultrasound, it st be recalled that this method does
not igvolve ionizing radistion nor auy other knowvn hazard, is totally pain-
less to the patient and is thergfore a method idexlly suited for mass
screening.

Since these preliminary results were reported, further technical developments
Lave evolved vhich should refine the techrique a-i increase the sensitivity.
The batic pathological result of VOM liver dasage appears to be the pro-
gresgive obliteration of the portal vein radicles vhich must be accompanied
by umuﬁunwuﬁemvmﬁthutmtwnmu in flow
direction.” Ultrasound using the Doppler technigue should be & sensitive

and poninvasive modality to detect these changes in flov rates.

Toppler flowmeters. are based on the principle that the echo reflected by =
roving tazget is shifted in frequency, The apourt of shift depends, amongst
other things, on the velocity of the target in the direction of the trans-
¢ucer. Thus, if the portal vein can be demonstrated ultrasonicslly, then
the veloeity of blood flov through it can be estissted by frequency analyzing
the Doppler shifts in the returning echo end correcting for the angle of
incidence. In order to study only those xignals originating from the portal
vein (vhich {s located close to other major vessels), it is necessary to use
4 pulse-Doppler flowvmeter. This device is able to monitor the flow at any °
selected point on the ultresound scan. A short burst of ultrascund is transe
mitted and the returning echo is sampled efter a delay which allows time for
the wlirasound to travel to and from the vessel of interest. This ensures
that ecy Doppler shifts vhich are detected origirste from blood moving at

the selected rauge vithin a small region kaowz as the sanple volume, By
pointicg the transducer in a different direction and varying the range delay

time, the sa=ple volume can be positioned in any ultrasonically accesaible
region.
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Reliable Dopnler flow studies of the portal venous system can be performed
by linking a rulse-Doppler flowmeter to a conventional ultrasound scanner,
Such 'f interfaze has been achieved and described by one of the authors
{P.A.)30 A long section of the veasel is identified cn the ultrasound scan
and then the marzhine switched to the Doppler mode. The sazs transducer is
used for botk roies of eperation. The sample volume is matked by a bright-up
cursor on the S~scan [arrowed in Figure b], and is maneuvered 4{nto the
lumen of the portil vein. The Doppler signals from this point are monitored
and frequency zcaiyzed to determine the velocity flov cazponents. If
required, volu=e Zlow rate can be estimated by measuring the calibre of the
vesgsel ani the arzle of the ultrasound beanm.

During a prelizinsry evaluation of the technique, the volume flov in a
series of five pormal subjects vas found to lie within the cormonly accepted
range of values., This study alao revealed that the mean velocity through
the portal vein was similar to that through the inferior vema cava, the
difference iz volirme flows being accommodated by differences in the calibre
of the twvo vessalx, The Doppler information will be improved by including

a direciion-semsizg facllity which is currently under constructien. This
vill allov recogonition of the large reverse flov vhich can occur in advanced

stages of pertal Lhypertension.

In conclusion, ulirasound is a safe, noninvasive modelity vhich permits the
display of the portal vein and spleen together wvith the characteristic
changes sassceiatel vith portal hypertension. The display of the liver
consistency sboyli permit differestiaticn frem cirrhosis. The addition

of blood-veiocity ponitoripg by Doppler should {pcrease the sensitivity of
ultrasound for the detection of V(M-related liver diseasze.

E. J. ¥. Taylar, D. A. Carpenter and V. R. McCready, "Grey-scale
schograzhy iz the diagnosis of iptrahepatic disesse,” J. Clin.
Ntrasoi=d, 2:28L=T7 (1973).

E. N. Cerlser and R. A, Filly, “Newer ultrasonographic amatomy in the
upper abdozexn: I. The portal and hepatic venous spatory,” J. (s,
WNtrasomé, k:85-90 (1976).

R. A. P11y and E. K. Carlsen, "Hever ultrasonogaphic anatosy in the
upper axdo=ar: IJ. The major systemic veips and arteries vith a special
- pote on localizatien of the pancreas,” J. Clin. Tltrascund, h:91-96 (1976).

J. L. Creech and L. Makk, "Liver disease among polyvinyl chloride
produstion wcrkers," Ano. K.Y, Acad, Sei., 246:83-9k (1975).

K. J. W. dor, J. J. Barrett, D. M. J. Williaws, P. X. Szmith and
B, W. Duck, "“Preliminary results of grey-scale ultrescnography in the
detection of vinyl chloride related liver and spieen disemse,” Froe.
Roya) Soe. Med., 69:292-295 (1976).

H. J. Marsteller, ¥W. K. Lelbach, R. Miller and P. Gedigk, "Unnsual)
splencnegaiic liver disease as evidenced by peritonecscopy and guided
liver biepsy amomg polyvinyl chloride production vorkers,” Amn. N.Y,
Acad. Sei., 206:95-13k (1575).

K. «. W. Taylor,
"orey=scale ultr

Sadfolegy, 119:4

ke 4. W. Taylor,
scale ultrasono;

agests,” The Jar

D. M. J. ¥Williax
B. W, M. %t
vorkers by grey-
(19_?6)-

P. Atkipsen, "Or
Ph.D. Thesis, Uz

L96€L1 SBY

2cr

R. branch of

portal vein

Hepatic artery o’

inferior vena cava




s system can be perforzed
{onel ultrascund scanner,

. By coe of the authors

i{ed on the ultrasound sean

+ The same transducer is
ume iy marked by & brightez;
s maneuvered into the

om this point are mopitored
flov components. If
asuring the calibre of the

, the volume flov in a
rithin the commonly acceptel
she pean velogity through
nferior vena cava, the
differecces in the calibre
L be improved by includizng
mder eonstruction. This
wvhich can occur in advamces

modality vhich perzits the
ith the characteristic
¢ disglay of the liver

: . The addition
.! senaitivity of
r dizensze.

teCready, "Crey-scale
disesse," J. Clin.

sonographic anatomy in the
mous anatomy,” J. Clin.

ionographic anatemy in the
s and arteries vith a apecil;_"

lin. Ultresound, L:91-96 (17%'.

apng polyvioyl chloride
2Lb6:88-9% (1975).

1liams, P. M. Smith and
ale wlitrssonography in the
nd spleen disease,” Proc.

and P. Gedigk, "Unusual
peritoneoscopy and guided
ction vorkers," Ann. N.Y.

T.

3.

9.

K. J. ¥, Taylor, D. A. Carpenter, V. R. McCresdy and C. R. HilL1,
"Grey-scale wltrasousd imaging: the anatomy and pathology of the liver,”
BRadiology, 119:415-k23 (1976).

£. J. ¥. Taylor, D. M. S, Williems, P. M. Smith and 3. W. Duck,"Grey-
scale ultrasonography for wonitoring industrial exposure to hepato-toxie

agents,” The Lancet, 1, 1222 (1975).

D. M, J. Villdems, P. M. Smith, X. J. ¥, Taylor, I. E. Crossley smoil

B. W. Duek, "Monitoring liver disorders in vinyl chloride monomer
i(n.rxzx)- by grey-scale ultresonography,” Brit. J. Indust, Med. 33:152-157
1976).

P. Atkinson, "On the measurement of blood flow by ultrasound,”
Fha.D. Thesis, University of Bristol, Bristol, England (1975).

loferior vena cava

Plgure 1. Transverse ultrasound scan through the abdomen shoving
the great vessels and their small subdivizions. Vesxels
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B

Sehema of upper abdcminal organs and vessels to shov portal
vein formed by junctiom of splenic vein and superior
mesenteric vein seen in plane A-A. The portal vein so
formed passes wpwards ip front of the inferior vena cava
[ve] into the liver in the plane merked B-BE. A is asorta,
LE and RK are left and right kidneys and GB is pallbladder.
The level of the second lumbar vertebra [I2] is marked.

\ TrrRdEs s

Transverse ultrasound scan through liver in plane indicated
by line A-A om Figure 2 showing splenic vein [arrowed]
Joining supericr mesenteric vein to form partal vein [P).
The acrta {A] {s seen posteriorly.

Longitudinal section through an enlarged spleen in the

plane A=A of Pigure 2. The splenic vein [V] is seen leaving
the hiluz of the spleen. The spleen i3 limited above by the
left side of the diapbragm [D].




:d vessels to shov portal Loengitudinal section through liver aand great vessels in.

vein and superior plane B-3 in Figure 2. The inferior vese cava [VC] is seen X
b sl vein so posteriorly. The portal vein [P] extends upvards from its o
he or vena csva formation into the liver substance [L]. An electronic o
arked =3, A is aorta, curser [arroved] canm be moved into the portal vein to locate -
*s and G2 iz gallbladder. the source of Doppler flov information. -
iekra {L2] is marked. o
w0

\l

o

liver in plane indicated

lexie vein [arrowved] v
3 farm portal vein [P]. 14
S : Figare 5. Longitudinal scan of portal vein [P] passing into liver F
larged spleen in the substance, The portal vein is enlarged and highly tortuous Y
z vein [V] is seen leaving consistent with portal hypertension in a patient with VOM b
*n is linited above by the exposure. Iz sddition, multiple echoes appear as thick {

vhite lines on the surface of the liver [arrowed]. This is
consistent vith ¢apsular fibrosis.

125




- p——

. ———apeam b it 1

C e wesr meaise

L1Z6ELL SBY

TOXIC SUBSTAMCES S

. IR THE
ATR EXVIRDNPENT - L

DIz 3T _
THZ AIX POLLUTION CONTROL ASSOCIATION -
SPONSOKED BY _ '
THE NI ENCLAXD SECTION |
i . R
THE TLCHNICAL COURCIL .
. of the L

Rovember 7-9, 1976 .
Ryatt Regency Canbridge
Canbridge, Massachusatts :

A\




-

0 A DL B i WM wdtobol 8 B

e s e e

roN peir R

An Admiviscrative Respomse to TSCA

TARLE OF CONTENTS

Keynote Addrass
John D. Spengler

Toxic Substances legislation Opening & Closing Remarks
) - John A. 5. McGlennon

A Review of the Federal Toxic Subztances Legislatiom
Kanneth Olsen

The Toxic Substances Coatrol Act: Will it be a Ret for Whales
or a Net for Minnowa? -
£. H. BElair

Toxic Substances Legislation = Research Respondent
8. D, Murphy

Toxic Substances Control Act: Lagal Response
David Schoenbred

Herrill S. Hobman

Progress in a Community Arzenic Study
Genevieve M. Matanoski

Rarve Conduction Velocity Tests in Smelter Workers
Robert G. Feldman

Cancer Among Arsenic Exposed Workers in a Coppar Saslter
Fhildip E. Enterline

.Ar-m.e'n.mmn in Childyen Near Copper Smelters

Edwvard L. Bakar

NAS Report om Arsenic: A Critique
: Ioarme] Landao

Atsenic Measurement Difficulties and Sophisticacion in
Atmogpheric Monitoring
Thomas A. Hismers

viif

28

ki

42

78

Health Effects of Expos
Commynicy

An Epideninlogy Descrip
of the Liver

A Commynity Vinyl Chlor

Birth Defects Associace

Defects of T~ -~4 Sp
Exposure==p¢ of
Doppler Tec)

X

o
New Applied (N gy
MVC Manufac

L

k.

2
Perscnal AL (O ¥y Mo

~J

(9N
Risk Assess Ene-

Chamical Characterizati
from Eoerging Fossil Fu.

Toxicology of Foasil Fu
DA

N-Ritrosazines in the A:

Overview of Conference

Subjecr Index




