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THe TRESENT DAY, concepts of the parhogenesis —

¢f atherosclzrosis have besn built upon autopsy
studies in man and experimental animals. The
drawback of this reliable approach to the preb-
lem is that the atherosclerobic process can be
visualized onlv at ene paint in time in 2 given
casc. Nevertheless, by integrating all the fuets
from a large autopsy series, some idea has been
gaincd as to the nature of earhy and late lesions,

" However, the fate of an individual plague has

nover heen followed during life, ané there is thus
little accurate knoviiedme as to the rate of pro-
eression of the disease, nor is it known definitely
whether spontanenus rogression ever OCCUTS.
Thus failure to visualize the atheromatous plague
from time to Hme during life has placed the
assessment of aggravating or ameliorating factors
la=gelv 1:pon subjective or. at best, non-specific
grounds.

Perhaps the elosest approach to & feasible
period.c study of the vascular tree has been by
nphthaimoseopy. This method has been exten-
sivelv reviewed and although it permits direct
visuzclization of the fundal vessels, certain objec-
tions have beer raised.! The tvpe of vessel ob-
served in the retina is of arteriolar rather than
arterial calibre, and only the extcrnal aspect is
seen. Furthermore, in the great majority of cases
of atheroscicrosis there are no visible athero-
sclerotic plagues in the retinal vessels. Oph-
thalmoseany is considerably more valuable in

- studving bypertensive vascular disease than it is

in the assessment of atherosclerosis.
Other criteria used to assess atherosclerosis
have in actual fact been only ohservabions of

. secondary phenomena. Changes in svmptoms,

skin temperature, digital blocd flow and electo-
cardiogram zre all influenced by manv factors
other than atherosclerosis; they therefore fall
short as accurate criteria of the disease. The
reladonship of biochemical studies to athero-
sclernsis is even more uncertain. :
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To overcome thes® dlﬁicult:es it was dec:ded
to study the femoral and popliteal arteries by
serial arteriography. In this way, using a
standard x-ray technique, it is possible to ob-
serve the' patural history of atherosclerctic
plagues. The effect of infAluencing facters upou
the disease can likewise be evaluated. In a patho-
logical study of the femoral and papliteal artenies
previousiv reported,? it was noted that athero-
sclerosis in these arteries was uniformly associ-
ated with atherosclerosis elsewhere. Thus of the
132 cases siudied at autopsv, 27 had had a2 mvo-
cardial infarcHon at same time. and nane of
tiese 27 was free of atherosclerosis in the thigh
vessels. Aortc atherosclerosis likewise tended to
paralie] the atherosclerosis of these lower limb
vessels in degree. Dow” in his detailed examina-
tivn of all the main arleries in the body, noted
that the abdominal =orta, and common ilize,
femoral and poplitezl arteries were more ex-
tensivelv affected than any other vessel. A large
combined »-ray and pathological study made by
Lindbom* revealed that thrombosis of the lower
limb vessels is considerably more cormmen than
coronary thrombosis in the older age group. On
these grounds it may be taken that the degree of
atherosclerosis in the femoral and popliteal
arteries is a reliable indication of the degree of
atherosclerasis likelv 10 be present elsewhere.

MaTeERTAL AND METHODS

The patents studied by arteriography were
selected from the Queen Mary Veterans’ and St
Anne’'s Hospitals. All were men, varying in age
from 35 to 77, with an average age of 64 vears,
and were those who had shown many of the
clinical manifestabons ordinarily considered to
be associated with atherosclerosis. Frequently
the cases had been clinically diagnosed as
“generalized atherosclerosis,” _

Bilateral femoral arteriography was performed
in all cases. Premedication included Seconal gr.
lh“g, airopine gr. 1/150 and morphine gr. 1/6 to
14, given balf to one hour before the procedure.
No local an=sthesia was used, as this was found
to make arterial puncture more difficult. In spite
of this, there was only slight pain during the
insertion of the needle. A preliminary test dose
of 35% Diodrast was given to all patients, 0.5
c.c. being injected intrzvenously 1S to 20 minutes
prior to the intraarterial injection. No instance
of sensitivity to Diodrast was encountered The
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- ‘patient was sui:line with 'the fest ‘strapped 1o,

an inverted T shaped splint. The beels and toes
were held snugly against the upright. thus snsur-
ing the same projection on repeat arterivgrams.

The technigue of injection was modified from

J——

L

that of Lindbom.* After preparation of the skin

with jedine, the point of maximum pulsation af
‘the femoral artery was located at the inguinal

ligament and- Gixed betwesn two fingers, An 15

gauge 2io-inch (625 cm.) needle with stilette was

~ inserted, bevel up, in. s retrograde direction,
entering the skin sbout 15 inch below the 3o~

guinal ligament and penetrating te a peint where

the arterial pulsation was transmitted to the
needle. In most cases a distinct give was felt
when the artery had been pierced and this was

accompanied by slight pain, A definite arterial -

spurt after withdrawing the stilette confirmed
the insertion The needle was then rotated
through 1807 so that the bevel was parallel to
the posterior arterial wall, and then threaded up
1 to 2 em. to avoid extravascular injection. With
both asedies securely in place, 20 c.c. of 356

Diodrast was injected simultaneously into beth

arteries from 50 c.c. syringes ‘equipped with
stopeocks, polvethvlene tubing and Luer lodks.
The injection lasted ahout T seconds and was
accompanied by fairhy severe but transjent pain
foliowed by a burning sensatien passing down
into the legs and feet and lasting 20 w 30
seconds. This was followed by visible fushing of
the sNin of the legs in some cases. Meanwhile
5to 7 xray Blms 147 x 177 (35 x 425 cm] were
exposed with & cassotte changer at 1% second
intervals, starting wheo about 10 c.e. of the dye
had been injected. The needles were then im-
mediately withdrawn and. firn pressure was
applied te the site of injection for 2 to 3 minntes.
The only complications encountered were oc-
casional small hematomas at the injection site
which absorbed without sequelz. At the outset
of the study, several extravascnlar injections
were made without any complications, Fig. 1 is
a typical bilateral arteriogram,

Those cases in which there was arteriographic

evidence of intimal plagues were then divided -

into two groups. One was followed up with 2
view to studying the spontaneous changes oo
carring in arferies, while the other group was
used for the assessment of therapy. All the ceses
in the two groups were reviewed clinically in

detail, with partcular referepce to the vascular
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was made of these findings, -

paying aftention to'the extent of such symptome - 3
as intermittent claudication and angina pectoris. .-

In-addition, plusma cholestero] Jevels were deter. -~ - -
- mined {n.most of the cases at the outset znd "~ ==
- Buring the study, - S e _
. None of the patients,

group were given XK mgm. of ascarbic aca

. DraAllv thyee imes a day bul otherwise were the -
saMe as the controd group. ] et
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Fig. 1-—A typieal bilmiersl temora’ Arieriggram. Mote

the rumeroul slBeromhaldus Blsques. .

After varions periods of time ranging from
2 to 8 months, arteriography was repeated using
the same standard technique, The original
arteripgrams were then compared with the later
anes and aoy changes noted. In order that judge.-
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with the exception of -
diabetics, was given any special diet The treated -
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™ent on this matter would be unbiased, one of

us {AW.L.} made this decision without knowing
to which group a particular case belonged, The -
estimalion of the progression or regression of the

disease was based upon changes in the size of .'y

the intima] plagues. -

Besides observation ofﬂ:e ﬁlaques, m‘tam _

other interesting phenomens were studied, in-
tluding the development of collateral vessels,

occlusion of pre-existing channels. recanalization -
. of post-stenphic -
diatation distal to o plaque. ..o DL

of thrombi apd the peowrenee
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_ . ST : Cl Time . Cholexteral Mpmo T
e - pbmered Chanpet i
C‘:.': ‘Diagnosis i in daye in plaguer Leforre efler © Symplem change
1 Severe peripheral atheroacierceis | 176 2 plaques bigger Impending pragrene
2 Beve=e peripheral atherosclerndds | . 70 | 4 DLE-?]UE!-biEREI‘; 2 . 200 Ne changs *
. T4 ) : multiple gmall N
: B - ) plagques un- -
- changed
Diakwdes. = , 760 | No change 200 278 | No change
= \—ﬂ-—xu "--!- e '-_-:il_.:_i— -: ST .
4 |- -Aiberoscierotic ‘beart ~disease, Mo change 216 v No change
5 Bevare periph. atheroscieroms |  §72 1 plague bigge- t1=i.i.=|:;:1in:-:l AR b
i 5g oh
5 Diabetes 142 X0 change ) 287 o change
T R3 )
TARLE IL ) "
ya Restors 1y Guave GiveEN AscomeIc A
A — - T —
_,z’/ Time ‘ . Cholesieral  Mpm. %|
. Coee ohserred | Chanpes
age Do osts ! ofnodays | plaguar be fore ojter Symuptem changes
7 Severe etheroscieroiic hean dis. &2 3 plagues bigger 350 262 Ined 1 mo, inter of
60 . . 2 unchungued Pneymonia
g Severy penph  astherosciersss 172 2 plaques 375 360 Ko chanpe
L1 Amp. Jefn - smeller . .
9 FPerph athernstlerosia  [wmp. 136 3 plague ; {Jlandieation
T2 EARETEDE emalles, ] decreased
3 ucchanged !
10* Old myoouniml infarcijon 145 2 plaques bigger © 323 87 No change
5E severnl unchanged:
I1 Diabetes. Xanthomatogin, Ang. 110 7 piagues 312 218 Xanthomats aoiter
56 pectoria smaller 240 and lese paioful, but
7 unzhanged 344 Eane Kize
12 Hypercholesierolemis, 105 6 p‘.ﬂ.f.ll.l.fs biggar 560 to 485 No chabge
o4 Oid myocardial inf. ? unckarged 1 435
13 Old myooardial inf. Cerebral 18 |5 plaques 258 255 No change
%) thrarebodis unchanged .
14 Diabeten Old myocardial iof. B3 1 plague smaller 255 . 312 No change
Bl - multipie : .
yorhanged )
15" Thabaten 100 1 plague smaller 21 . 248 No change .
55 " § un ged ) _ .
- 16 Angina pestoris 155 |3 plagques mmaller | | 292 300 Angins much leas -
— B3 _ | .- : ubtiphe N L

*Thess cases in error each bad a period up to 3 weels without therapy. All the others had continuous therapy. |
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Fig. 2--The arietiofravnic evidente of cniarpement of (nlimal piagues in ecase B3 Arero-
Rram L&) bt tha :nltdal obe whhie 0} iz Lbe refeat areriogram 106 gays later,
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ATteriogTam (&) 1 Lba initia. ane whils (&) la the repéal artériogram D days iater,

Resvrrs

The appearance of the opacified vessels on
different examinations was amazingly similar.
The thrombesed portions were always similarly
located; the profunda femoris always showed
the same relaticnship to the main vessels and
provided an opportueity to compare rotation in
subsequent examinations, The atheromatous
plaques that were visualized on one examination
could always be identified on subsequent ex-
aminations The plagues were most cosxnon in

14

the region of Hunters ranal anﬂ the upper

popliteal artery and varied in length from a few
millimetres to 2 to 3 cm. The decper ones were
most easily identifed and showed the more
dramatic changes while the more shaflow ones
usually showed little change on different examina-

tions, In areas where the femoral artery was com-
. pletely thrombosed, the same collateral cirenla-
. tion was demorstyated on later ezaminations, It~ 5 -
|is interesting to note that spasta was never en- ' <
countered during the course of iztn'ing:::p'hy."-
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" while the reslts of ascorbic acid therapy are
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_ 'I'he s-éll'i.a-log'raphic films taken over a 71;5 second
~-perind” demonstrated successfu] fliing of the

same vessels on repeat examinations. The degree
of rotationin ‘subsequent arteriograms matched
well with the originals, - - S

‘Table ! shows the results in the control group

. demonstrated in Table IL

Fig. 2 illustrates the arten'og?ﬂﬁhic evidence

of progression of an atherematous plague in case
12, while Fig. 5 shows the improvement in
case 11. . S -

Cases 1 and 3 were followed up for a time

_as controis and a second arteriographic study was

made, Thev were then placed oo treatment as
cases Y and 5 respectivelv and a third x-ruy study
was made after an intenal of treatment. Casc
15 was alwavs in the geated group but was
reviewed by arteriugraphy on three occasions.
It will be seen from the tubles tkbat intimal
plaques may enlarge or become smaller, change
being restricted to only some of the plagues
visualized in 2 given case. Regression aud pro-
gression of plagues were never found co-existent
ir. the same case. Without trentment none of the
& eases improved; 3 cases deteriorated while 3
were unchanged. In the treated group, 6 out of
10 cases improved while 3 became worse and 1

‘was stationary, The development of post-stenotic

dilatation distal to a plaque was observed only
onee {Case 1),

Although old occlusions were observed radio-
logically several times, recanalization was pot 2
striling feature. The channel was never observed
to increase in calibre between examinations.
Collateral vessels formed a much more prominent
source of biood supply followng occlusion. No
entirely new plagues were seen to develop during
the perind of observation.

There was a correlation between the arterio-
graphic changes and the signs and symptems in
oaly some of the cases, The plasma cholesterol

_ levels failed to fluctuate in relation to the chapges
~ in the plagues. .

- Dwsorsion :

Excep: for a singie ease reported by Lindbom,*
this is the Erst time that the evolution of athero-
matous plaques has been observed over a period
of time. Not only have the plaques been deman-
strated, but they have been followed up and any
changes noted in them It is true that in the

L

 hemorrhage.
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- projection emploved, the plaques situated along

the medial and lateral walls of the arteries were
best visuzlized and those alang the anterior and

" posterior walls were indistinct. However, by
standardizing the method. on all subsequent ex-

aminations the same plagues were demoostrated.

‘The period of observation sv far has been short,

but it is believed that it has been possible to

. visualize the same atheromatous plagues in the
same patient on different occasions even though

slight rotation of the limb was sometimes un-
avoicable and the relationship of the vessel to
the femoral shaft changed a little, The fact re-
mains that on some of the patients it has been
possiole to take three different arteriograms at
various Hime intervals, and some of the plaques

hauve remained perfectly constant in outline while

other plaques alung the same vessel showed a
chunge.

From these serial arteriograms it may be ap-
preciated that atherosclerosis is not always a
slow and inevitably progressive disease. Flugues
mav enlarge or become smaller with surprising
rapidity, The fact that only some of the plagues
in a given rase are seen to progress in the
interval of observation is evidence in favour of
the importance of local rather than systemic
etiological factors, This local factor & most
likely partlv mechanical in nature, as outlined
in a previcus paper.® Intimal heemorrhage is very
cnmmon® and plays an important part in en-
larging the plaque in which it vecurs.® Although
there is no proof, it would seem likely that in
the present series some of the instances of en-
largement of plaques are atmibutahle to intimial
F ! '
Of major :rmporta.uejs is the observation of re-
gression of plagues. Hegression of plaques in
cholesterol-fed hetbivorous animals is said to be
very slow when cholesternl feeding is dis-
continued.” This is probably due te the pro-

—-_.__U_‘_ﬁu-_.-__..._.--—--_.-"""'—
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longed persistence of the etological  factor,

namely hypercholesterolmmia. In the dog, on the
other hand, hypercholesterclemia passes off in

isss than & week from the cessation of chols ™~

esterol feeding and regressiom of lesions is
rapid.! The repart of regression of atherosclerotic
lesions in human subjects dying of wasting dis-
eases® is speculative, as the arteries were seen
only at one point in time. Furthermore advanced
atherpsclerntic plagues are = striking feature of
the arteries of victims of malnutrition

r
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Iu the six eontrol cases in this present study,
spontaneous regression was not observed. The

number of cases is obviously tog small to warrant .

the conclusion that such regression never oceurs.

THERAPY ™ Amcscr_:nos;;'

Several forms of therapy have proved effective |
in inhibiting the development of atherosclerosis

in animals subjected to cholesterol feeding. Ces-

sation of cholesterv! feeding is followed by some

regression; of lesions as previously mentoned.

Desiccated thyroid has been shown ta inhihit
- atherosclerosis in cholesterol-fed rabbits."! Corti-

sone.”® alloxan? and heparin® &all have the
same beneficial effect. (Esaogen therapy, while

promoting atherosclerosis in the chick aortm, -
exerts a sparing efect on the coronary arteries of

the same animal® Finally certain wetting
agents have been shown to protect the artery
from hypercholesterol®mia.’®

Recently it has been shown that ascorbic acid

- Qeficiency in guinea-pigs is followed rapidly by
; atherosclerosis  without chalesterel feeding.**

Parenteral ascorbic acid has a protective effect
against atherosclerosis in the cholesterol-fed
guinea-pig.'’ '

In searching for & feasible form of therapy for
atherasclerosis in man. the results in experi-
menizl animals have naturally been the guide.
Marny of the forms of therapy described wn be
discarded at once because of undesirable side
efiects. Low cholesterol diets are at present very
popular. The rationale for their use is based
upon the fact that cholesterol feeding with sub-
sequent hypercholesterolemia resuhts in athero-
sclerosis in some animals. However the hyper-
cholesterclasmia and reticulo-endothetial lipid

depnsits have no counterpart in the usual case of

_ atheroscleresis in man.™ An objective assessment

of the effeacy of the low cholestersl diet in
hurnan atherosclerosis has not yet been reparted.

Heparin has heen tied in atheroselerosis, -

again because of its value in the cholesterol-fed
animal. It does not produce regression of lesions

in the rabbit’ but dees inhibit their develop-

ment.!* This treatment is not without its side
effects' and studies in man based upon sympto-
matie relief in angina pactm-:s have shuwn no

" improvement.¥ _
Ascorbie acid tl:erapy h.-a.-; been mmbmed mth
rutin in an uncontrolled study of athercsclerosis _

-~
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' in man and the :esu.lls based on ﬂmptamat:c‘_

grounds were favnumble B
The rationale for ascorbic acid the:rap} is

‘based wpon studies of the pathogenesis of atherp-

sclerosis,’> = Gross depletion of ascorbic acid
has been demonstrated to be frequent io human
arteries at autopsy.* Ascorbic acid defici ency in
guinea-pigs is accompanied by rapid deposit of
lipid in the intima of arteries morphologically -
identical to human atherosclerosis.*” These
fesions occur at normal plasma cholestero] levels
and are not accompanied by lipid deposits in
the reticulo-endothelial system. The concept of
atherosclerosic as a lesien of the inEmal ground
substance localized at points of ‘mechanical
stress, as suggested by Virchow and Aschoff,™
is incorparated in the atherosclerosis of ascorbic
acid deficiency.® Finally the lipid accumulation
in the arteries would seem to be related to the

-increased rate of mcorporzbion of C acete
* into chelesterol which ocours in ascorbic acid
. deBciengv.r . '

Aote-mortem ascorbie aud therapy-is capabie
of making good the ascorbic acid deficiency
observed in the arteries at routine hospital
autopsies.** Although parenteral ascorbic acid
therapy is considerably more potent in inhibit-
ing the utherasclerosis of cholesterol-fed guinea.
pigs" it has certain practical drawbacks. For
this reason oral therapy for long term studies

‘was employed. No toxe effects have been re-

ported frum the vse of oral ascorbic acid, nor
were any observed in this study. The dose chosen
was based upon the studies of ascorbic acid
absarption and saturation as described by
Faulkner et al.** and Todbunter ¢f al.™ The aim
was to ensure mnl:mum:s s.ah.mahan of tisswes
with 2scorbic acid, :

The results in ﬂ:us present study af asmrl:m:- N

- acid therapy in- buman satherpsclerosis as fol-

lowed by seria] arteriography are encouraging.
Once again it must be pointed out that the
series 15 smnall and that fina]l econclusions must

-await studies carried out for a longer time with . -
. more cases added. This'is being done, and the ..
pmscnt review is to be mnsldewd as a pm—

T
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Fig. 4. a~The results of areorbic moid therapy in the case of xanthoms tuberosum Oeeeribed
1 the text. The piclures were taken (A) before apd (B} aluer 5 months of therapy.

Fig. 4 illustrates the results of ascorbic avid
therapy in a male of 30 suffering from xanthoma
tuberosum and a myocardial infarcticn. No study
was mace of this patient’s zrteries because of
technical difficulties. Successful therapy of
xanthomatosis has been reparted in a ease of
mvxcetdema after administratian of thyroid and
a low cholesterol diet™
-heparin therapy.®

SUNMMNARY axD CONCLUSIONS

I. The problem and the importance of study-
ing atherosclerosis objectively during life are
outlined and serial arteriography is suggested as
8 method of study, :

2. Evidence is set forth to indicate that famoral
and popliteal arteriography is 8 useful means of
estimating the degree of atherusclerusis Ekely to
be present throughout the body.

8. The method of serial arteriugraphy is de-
seribed,

4. The development of thrombosis, collateral
vessels, recanalization of thrombi and post-
stenotic dilatntion distal to a plague ir discussed.

5. Both progression and regression of plagues
are observed to oceur over relatively short
periods of time. Progression and regression did
not co-exist in the same cages du.nng ane peried
of observation. ]

8, Various forms of therapy in atberosclercsis

are ‘mentioned apd some of them discussed
Serial a.rtenog:mphv is mgge:ted as 8 means of
assessing therapy. S

'?' The rat:onale fur ascorbm acid therapy is

and 15 said to follow

=)

briefy ocutlined as based upon previous studies
of the pathogenesis of atherosclerosis.

8. Preliminary resulis of ascorbic acid therapy
in human atherosclerosis are encouraging.
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