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INTRODUCTION

The erect position and the resulting specialized de-
velopment of the upper extremities is undoubtedly one of
the main factors in the evolution of man, but it seems as
if perfect adjustment to this position has not taken place,
and that the circulatory system at any rate is meeting
‘but imperfectly the requirements which the ereot posture
has made upon it. In the lower extremities the maladjust-
ment has given rise to varicose veins,

A service in the Surgery Clinic at the University
Dispensary has convinced ﬁe that the problem of varicose
veins is a common one and responsible for much disability.
For this reason varicose veins was selected as the subjeot
of my thesis,

Varicoéities have been reported in the hemorrhoidal
veins, the pampiniform plexus of the spermatic¢ cord, in
the suboutaneous veins of the abdominﬁl wall, in the blad-
der, in the brain, but most frequently in the lower ext-
remities, This thesis shall be limited to a discussion
of varicosities of the lower extremities,

Varicose Veins may be defined as those having a per-

menent dilation due to changes in their walls,
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HISTORY

Any thesis on management of varicose veins must
of necessity discuss the development and evolution of
the treatment as a proper background,

The recognition and treatment of varicose veins
of the lower extremities is as old as medical litera-
ture, Hippoorates (1), described a method of obliter-
ation of a varix by scarification with the sharpest
and most slender instruments of irom. It is interest-
ing to note that the first recorded attempt to treat
varicose veiﬂs was an attempt to obliterate them in
situ and is exactly the same theory as the modern so~
oalled injection treatment of varicose veins,

Mayo (41), in his history of treatment of var-
icose veins, mentions puncture with the Paquelin cau-
tery or with eledtro—oautery, cutaneous and subcutan-
eous suture and ligature as practiced by Valpean and
'Delpech. The first surgical interference referred to
in the literature is ligation of a varicose vein above
the ulcer, performed by Celsus (2), during the first
century.

Aetius (20), in the 6th century, and Paulus Ae-
geneta in the'7th century A.D., were probably the
first to adopt actual seoﬁion and ligation of the sap-

henous vein itself. Par'e in 1579 and Howe in 1797



carried out the same procedure., Brodie (6), in 1846
very olearly under#tood the reverse flow in varicose
veins and urged ligation of these veins, especially
the saphenous, but also recommended other methods of
blocking the vein, such as compression or tamponage.
Sohode (63), in 1877 described his operation
whioch consisted of a more or less extensive division
between ligatures of the superficial veins above an
ulcer, In 1884 Madelung (40), published his method
of treatment which consisted in complete extirpation

of the entire greater saphenous vein and as many of

its branches as seemed indicated. Trendelenburg (69),

in 1890 and 1891, described the test bearing his
name and basing his Jjudgment thereon, advoocated high
ligation of the saphenous vein as a therapuetic mea-
sure, In 1899 Casati (52), described a method of
tearing out the vein (saphenous) through multiple
short inoisions, Keller in 1905 (32), described a
new method of extirpating the saphenous with a small
wire, stripping the vein subcutaneously by complete-
ly everting it., One year later, 1906, Mayo introduc=-
ed his vein stripping operation which has been most
widely used. (41).

Coincident with the development of the surgical
treatment of varicose veins there were attempts by

others to cure the condition by the injection of sol-
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utions directly into the vein lumen. The exact cause
and method of obliteration was not known although the
veins did thrombose and disappear in many cases,

The actual injection of varicose veins followed
the invention of the Pravoz syringe in 1851 (17). De-
Takats and Quint (17), state that Pravoz injeoted pre-
chloride of iron into v#ricose veins as early as 1853,
According to Johnson (30), Des granges' in 1855 used
iodotannic solution without accident, but accompanied
with a great deal of pain. Many different solutions
were used such as phénol, alcohol, Lugol's solution,
but these solutions fell into disrepute because of tox-
icity and irritating properities, In 1870 in Contin-
ental Clinics especially in those in Vienna developed
the "Bra of Perivenous Injections", The solutions used
were, phenbl, ergot, iron perchloride and alcohol. Ob-

literation of the vein was the result of excessive fib-
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rosis of surrounding tissues, This type of treatment was

found to be entirely dissatisfactory. (10)e

Sicard, Model, and Linser are given credit for re-
cent development of the treatment of varicose veins By
injection, Sicard and chworkers'discovered sclerosing
properities of drugs used in the treatment of syphiiis.

Linser noted the excellent venous thrombosis and oblit-

eration sometimes produced by the intravenous injection

of bichloride of mercury in the treatment of syphilis

~
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(1925). Also reporting the same results using 15 to 25
percent sodium chloride. Borcherds (5), reports curing
varicose veins and syphilis simultaneously by intraven-
ous injection of salvarsan, During the first part of

- the 20th century treatment of varicose veiné was based
on the results of both operative and injection treat-
ments, Schiassi (64), in 1908 was the first to use the
combined treatment., He was the first to inject.solution

into the distal segment at the time of ligation,.

ANATOMY

The veins of the iower extremity are subdivided in-
to three great groups; 1) the superficial veins which are
placed beneath the integument, between two layers of fasc-
ia, 2) the deep veins, accompanying the arteries and form-
the venae comites of those vessels, 3) communicating sys-
tem, which connects the two sets of veins,
The Deep Veins: All of the arteries of the lower extrem-
ity with the exception of the femoral and popliteal art-
ery are accompanied by two venae comites. (11). These
veins (venae comites) usually lie one on each side of the
artery and are connected by transverse channels which may
pass in frgnt of or behind the artery, and are provided
with numerous valves. The posterior tibial vein is form-
ed by the uniting &f the external emd internal plantar
veins, The anterior tibial veins are formed by the con-

tinuation upward of the venae comites of the dorsalis ped-
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is artery. The valves in these veins are quiet numerous.
The popliteal vein is formed by the junction of the ven-
ae comites of the posterior and anterior tibial veins,
This vein contains usually four bicuspid valves. (23).

The popliteal vein ascends through the popliteal space to
the tendenous aperture in the adductor magnus where it be-
comes the femoral vein, This vein accompanies the femor-
al artery through the upper two-thirds of the thigh, and
after receiving the profunda femoris and internal saphen-
ous vein in the femoral sheath at the fossa ovale becomes
the external iliac vein, (23). The valves are four to
five in number,

The Superficial Veinss The superficial veins lie in the
subcutaneous connective tissue between the skin and the
strong fasciae, They are composed of the great saphenous
and the small saphenous vein, V. Saphena Magna (interna)
begins at the ankle and the anterior surface of the int-
ernal malleolus, rises almost vertically, orossing the
medial margin of the tibia, enters the hollow between the
calf of the leg and the knee, and passes immediately post-
erior to the medial condyle of the femur, In the thigh it
ascends obliquely, in a somewhat anterior and lateral di-
rection, parallel with the sartorius muscle, perforates the
fascia cribrosa, passing over plica falciformis and term-
inates in the femoral vein 3-4 om. below pouparts liga-

ment, V., Saphena parva (external), begins posterior to the
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external malleolus, and ascends towards the poples, at
first passing along lateral border of the tendo- Ach-
illes and then running up in the interstice between the
two bellies of the gastrocnemius. In the upper foufth
of the calf it ceases to be subcutaneous and now cont-
inues in a fibrous channel in the aponeurosis, At the
level of the knee-joint it bends forwards into the dep-
th of the popliteal space and terminates in the poplit-
eal vein, Anomalies in the formation of the superfici-
al system may occur., Often, there maybe a bifurcation
of the great saphenous, with the formation of a smaller
branch, the minor saephenous which arises on the anter-
ior surface of the ankle-joint, crossing the main trunk
mid-way on the leg, ascending posterior to this and join-
ing it just below the kmee. Likewise there is often an
additfional small saphena which comes from the lateral
side of the foot and ascends on the lateral surface of
the leg.
The Communicating Systems The saphenous veins of the leg
tend to drain into the posterior tibial vein, while the
great saphenous above the knee drains into the femoral,
Loder, quoted by Meisen tabulated the number and distri-
bution of the communications as followss

6 in the foot

15 in the leg

7 in the thigh
R'emy (49) found a similar number,

 The Venous Valvess In the lower extremity the vertical
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veins-- deep as well as superficial are equipped with
valves, The horizontal and obiique branches have no
valves, The communications, however form an exception

to this rule, with the exception of the foot, their val-
ves indicate flow from the surface to the deep veins,

In the direct communications Berntsen found valves to be
absent in eight out of twenty-five cases., (49). Valves
are more plentiful in the deep veins., R'emy found three
pairs of valves in the great saphenous, nine in the ant-
erior tibial, mine in the posterior tibial, and seven in
the peroneal, Average of five valves in the thigh and
four in the‘leg in the great saphenous., Bemmtsen, found
an average of seven valves; the number varying between
three and fifteen, In the thigh the great saphenous usu-
ally has three valves, and distal to the inlet to the fem-
oral vein, one at the knee and one mid-way between the
two., In the communicating veins the arrangement of val-
ves is the same as in the great saphenous. At its inlet
into the femoral vein; as a rule there are a pair of val-
ves immediately before the inlet of the oommunicafion in-
to a deep vein, and an additional pair of "reserve valves"
a little farther back. In the femoral vein the last val-
ve is located in the immediate neighborhood of poupart's
ligament just before or after the passage of the vein under
the ligament., According to Gray (23), the distribution of

the valves iss great saphenous 10-20
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small saphenous 9-12
popliteal 4 usually
femoral 3

PHYSIOLOGY OF THE BLOOD FLOW,

The passage of the blood from the arteries to the en-
ormously developed capillary network is assocliated with a
marked slowing down of the stream and a decrease of the
blood pressure, (49). This is beleived due to the frict-
ion in the capillaries, and by the time the venules are
reached most of fhe force imparted to it by the heart has
been lost., (39). Never-the-less, this remaining vis-a-
tergo must be considered as the basic cause for the move-
ment of the venous blood near the periphery, As the veins
become larger two or three other factors come into play:
1) the massaging influence of the muscles, and the 2) val-
ves of the veins.‘ By movement of the muscles the veins
which lie between will be rhythmically compressed, and
this will tend to cause the blood to be moved forward and
backward in them, the backward movement being prevented by
the operation of the valves. Two such valves are, as a
rule, situated opposite to each other and allow only the
passage of blood towards the heart under normal conditions.(68).

Recklinghausen, quoted by Meisen states that indivi-
duals standing quit still there will nevertheless, always

be some involuntary muscular contraction which will promote
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the venous flow, The velocity of the venous flow is in-
creased by respiration, although the effect is slight in
comparison with the vis-a-tergo and action of the skele=-
tal muscles, ﬁeisen states, that inspiration impedes the
influx from the lower extremities, while expiration fur-
thers it. In the foot the capillary pressure is lower
than the hydrostatic pressure., The predominant role of
the hydrostatic pressure is evident from the ready and.
quick emptying and filling of the subcutaneous veins of
the extremities when these are elevated. (49), The im-
portance of gravity to the circulation of the blood is
also plainly evident from the experiments carried out by
Leonard Hill, quoted by Meisen and Starling, In a snake
suspended in the vertical position, the blood accumulates
in the lower two-thirds of its body; the circulation re-
turning to normal when the reptile was immersed in water,
According to Hills' experiments, various animal sPéoies
differ in adaptability ofthe circulation to various posit-
ions, this being partly dependent upon the vasomotor sys-
tem controlling the blood volume paséing through the small-
er arteries, partly upon the tightness of the skin, and
the strength of the fascime, especially those of the low-
er eitremities, and partly upon the general tonus of the
skeletal muscles., Hill, also showed that the pressure in
the veins of the foot is but little higher than that in the

veins of the hand. (68). Therefore according to Starling,
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when a man assumes the upright position, the arteries of
the leg and foot are contracted down until, under the
combined effects of the heart and gravity the blood supp-
ly of the capillaries is just adequate. The return of
blood from tﬁe dependent parts is due to not only the act-
ion of the heart,(vis-a-tergo), but also to the contract-
ion of the muscles of the limb which force the blood to-
wards the heart due to the presences of valves which hind-
er its back flow, This explains why it is so difficult

to stand for any length of time without moving and emph-
asises the need of moderate excerise for the maintenance

of a normal circulation. (28),

HISTOLOGY

Maximow and Bloom (44), state that individual veins
show much greater variations than do the arteries, In-
dividual veins may show great variations in different
parts. Therefore, each vein has its own structure., Most
authors agree there are three layers in the walls of the
veins; intima, media and adventitia, In reference to the
veins of the lower extremity, the intima, oonsists of a
layer of flat endothelial cells, supported by a layer of
connective tissue which may be thickened in patches and
contains bundles of smooth muscle fibres running parallel

with the direction of the blood stream, 2) the tunica med-
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ia is considerably thicker than the intima and consists
of muscle bundles running slightly oblique to the long
axis of the vessel. Each muscle bundle is enveloped by
a rather abundant amount of connective tissue.(18)(49).
Maximow and Bloom, state that the media of the saphenous,
especially adjacent to the intima, is devoid of muscle
and consists of longitudinal collagneous and elastic
fibers, The adveﬁtitia is usually much thicker than the
media and cansists of a rather loose connective tissue
made up of collagenous and elastic fibers. Within the
adventitia are found the lymphatics, sympathetic nerve

branches and vasa wvasorum,

ETIOLOGY

Numerous theories have been brought forward to try
to account for the histological appearance and various
observers have attributed them to toxic, mechanical, in-
flammatory or atrophic changes,

Incidence. According to Berntsen (49), 75% of varicose
veins occur before the age of thirty; 1% oscur between
ten and twenty years of age; 18.1% between twenty and
thirty years of age; 27.5% thirty to forty; 24.7% forty
to fifty; 16.75% fifty to sixty; 10.8% sixty to seventy,
and 1% seventy to eighty years of age. The youngest pat-

ient being nine years old and the oldest seventy-seven,
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Nicholson (51), states the age of predilection is be-
tween eighteen and twenty-five.

Sex. The various authors' reporting on the distzibution
of cases between males and females seem to vary to quite
an extent. Berntsen and McFheeters find that varicose
veins occur more frequently in the female, with the ratio
of four to one, Meisen, finds a ratio ofkthree to one.
Nicholson, finds the ratio to be 69% males and 43% females
in 112 cases, Nobl (53), states the lesion is just as
frequent or more so in the male.

Occupation. As shown in the anatomy and physiology muscu-
lar contractions are responsible in a large part for the
venous circulation and return of blood towards the heart,
Individuals whose occupation requires standing for long
hours at a time lose the pumping effect of the muscular
contractions, and instead have continous back pressure of
the venous columns. (13)(47).

Heredity. From the etiological standpoint the family hist-
ory is of extreme interest. Nicholson (51), found out of
a group of 112 ocases, sixty-two, or 55% gave a positive
family history and fifty or 45% could not give a definite
history, or gave a negative one. These facts seem signi-
ficant, when one considers that in many instances the pat-
jent could not be expected to know a great deal about the
condition of the legs of other members of their family;

especially, might this be true of cases in whichjthe var-
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ices may have been slight and were not causing symptoms,
Klotz (37), explains the formation of varicose veins by
his belief that there is progressive degeneration of the
valves with age, and thus conseguent loss of function,
allowing the reverse flow to occur, He based his theory
on the embryology and development of the valves in the
veins, many more valves being laid down in fetal growth
from the third to the fifth month, than survived to even
the period of fetal maturity. Many of the valves contin-
ued to degenerate and were not present in the adult.
Delbet in 1913 (47), advocates the theory that the |
valves are placed at intervals in the veins with the idea
of preventing a reverse flow of the blood distally in the
extremities after it has been carried forward towards the
heart, His conclusions are, there is a primary weakening
of the valves in the external iliac veins, which allows a
back pressure to develop against the valves in succession.
Mbrro (47), beleives the insufficiency of the valves first
develops in the communicating veins between the superfici-
al and the deep, thus allowing for a reverse flow from the
deep system, Zanocani, Fischer and Schmeiden, by experi-
mental work showed +that dilatation of the varices is not
due entirely to back pressure as a result of defective val-
ves, These men made anastomoses between segments of the
saphenous vein and femoral artery, or femoral artery wifh

the femoral vein. Rarely did dilatation of the veins occur,
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Hesse and Schaak, found the valves of the saphena magna
under normal conditions could withstand a pressure of
180 mm, of mercury., From these findings they explained
the formation of varicose veins on the basis of accept-
ing the normal back pressure in the venous sysfem due to
intra-abdominal pressure acting on weakened valves,
Harper (24), beleives the etiology may be due to
increased intra-abdominel pressure. The abdominal veins
have no valves and blood may be forced either towards the
heart or in the opposite direction., During violent ab-
dominal straining the thigh muscles are contracted, which
protects the deep veins, but the valves of the saphenous
veins have been shown to give way at a pressure of about
180 mm. of mercury, which ié not unusually high for ab-
dominal pressure during violent muscular work. As the
upper valves give way, more pressure is transmitted to
those below and the whole superficial system of veins be-
comes a wide open channel. Schumacher and Lederhose (a7),
beleive that weakening of the valves may occur secondarily
to many factors such as congenital weakmess, injury or in-
flammation, Kashimura, a prominent Japenese surgeon ex-
plains the formation of varicose veins on the basis of it
being entirely a congenital proposition, but that during
life there is a loss of nervous and muscular tone of the
walls of the veins which allows dilatation to take place.

He further states that varicose veins are rzare among his
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people in their own country. This he attributes to the
fact the oriental people do there work in the sitting
‘posture, It is also a fact that some of the most severe
cases of varicose veins are found among the oriental
people inhabiting this country. They no longer use the
sitting position for doing work but stand for many hours
of the day in their laundries, which woﬁld cause the same
etiological factors to be present as are found in our
people., Varicosities during pregnancy are not due to
pressure of the gravid uterus on the veins of the pelvis,
because this is impossible, nor to increased intra-abdom-
inal tension, because this seldom exists to such a degree.
DeLee (14), beleives there is some obstruction to the re-
turn oirculation from the legs, but there must be some

' change in the vessel wall or of the blood which predisposes
to venostasis during pregnancy. He also states there is
some relatidnship between varicosities and corpus luteum
vasodilating ferment, for the pelvic vessels tend to dilate
as pregnency progresses., Also the veins tend to dilate as
soon as conception has occurred and collapse if the fetus
dies in utero. L8hr and Kownatske' explain the formation
of varicosities during pregnancy as being due to the dilat-
ation of the genital collection vein, with its great incr-
ease in the volume of blood in the uterus. They beleive
this would account for the increase of the compensatdry

back pressure in the external iliac and saphenous veins.
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Infeoction Theory., Much can be said in favor of the infect-

ion theory as the causative factor in the development of
varicose veins, The origin of infection may be emboliec or
hematogenous, or may occur by extension from the surround-
ing tissues, such as occurs following trauma and injuries,
This could be followed by low grade phlebitis or periphle=-
bitis which would not give rise to clinical symptoms and
yet sufficient to initiate destructive processes in the
vein wall, which later goes on to muscle degeneration in
the media and formationof fibrous connective tissue, Mc-
Pheeters quotes Thorel as beleiving the condition starts
as endophlebitis, later extending to the media and vessel
wall., The fact that varicosities are associated with in-
fectious diseases i,e., typhoid, diphtheria, influenza
and bronchial infections lends evidence to the theory that
infections may be classed as a primary causative agent.
Zezas, also presents a theory, he beleives bacterial
toxins or hemotoxic substances liberated in the blood stream
during infectious processes in the body are responsible
for destruction of the vein wall, He also calls attent-
jon to the fact that varicosities are associated with scar-
let fever, rheumatic fever, pneumonia and other infectious
diseases., (54).

Endocrine Theory. Perhaps the most outstanding advocate

of the endocrine theory associated with the development of

varicose veins is Professor Sicard. In his theory,he
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speaks of the three endocrine and ovarian periods of a wo-
man's life, The first-- before puberty, the second--before
menopause, and the third-- menopause and thereafter, He
draws attention to the fact the blue cords develop at pub-
erty, becoming larger with each menstrual period until pre-
gnancy, at which time they may become quite larger, and
finally menopause, at which time they may become extreme,
If this physiological condition isdue entirely to endocrine
dysfunction, why'can it not be remedied by administration
bf Jndocrine products? This has not been accomplished al-
tho#gh effects have been made along these lines, Other
evidence against this theory is that varicose veins rarely

ocour following hysterectomies and double ovariectomies,

SYMPTOMS

The most common symptoms resulting from varicosities
are 1) sensations of heaviness or pain, 2) cramps of the
legs, 3) fatigue, 4) and burning. (51) (49). These symp-
toms are not always proportional to the extension or the
severity of the varices; often they are dependent upon
the demands that are made on the lower extremities as the
working in the erect posture, Now and then it may be some
comparatively small varices that give the most trouble.

As a rule women complain of pain in their varices during

menstruation. (49).
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GROSS PATHOLOGY

Berntsen, quoted by McPheeters, classifies the var-
icose veins according to the pathological formation pres-
ent or the type of varices:

l., Isolated or saccular varix, It is usually pres-
ent on the main trunk of the saphenous magna in
the thigh,

2. Serpentine or sinuous varix, These two forms are
encountered at the same time on the principal
trunk of the saphenous and the collaterals.,

3. Varix of uniform dilatation, One may call it the
normal vein interposed between two varicosed parts
of the vein, yet where the wall is hypertrophied
on account of the abﬁormal pressure caused by the
true varices on both sides, This is seem in all
parts of the thigh and leg.

4, These are the fine cutaneous dilatations most fre-
quently found on the inner thigh of fleshy individ-

ualse

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

In making a diagnosis of varicose veins, not only those
veins which show apparent dilation, but also veins which >
cause pain must be considered, Many conditions ocourring

in the lower extremities assimilate waricosities, and for

that reason a differential diagnosis must be arrived at,
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MoPheeters (47), beleives that rheumatism is the most com-
mon cause of pain, with the rheumatic pains about the knee
and ankle. Often the two conditions are associated, or
there may be a primary varicose vein about the knee with
a secondary rheumatic infection developing. The rheumatic
pains often disappearing following the treatment of the
varicosity. Sometimes patients are seen with arthritie
pains of the hip which are secondary to varices, Abnorm-
al tension on the skin may result in irritﬁtion of the
nerve endings and result in pain assimulating any condit-
ion of the lower ektremity. True sciatica must be differ-
entiated from the sciatic type of pain associated with var-
ices, periostitis secondary to congested varix, ostitis
and polyneuritis., Buerger's disease is sometimes found
associated with or assimulating varix of the lower extrem-
ity. Varicose veins may be secondary to the presence of
pelviec tumors, in which case the pelvic pathology should
be caréd for first. Arteriovenous aneurism may be diagnos-
ed as congenitai varicose veins, as the mother may state
‘the condition has been present since birth. The diagnosis
in this condition is arrived at by detemination of the
estimation of the oxygen content of the varices as compar-
ed to that of normal veins and arteries, Probably the
chief differential diagnosis to be made is between a simple

varix and a compensatory varicosity which is the result of
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blockage of the deep circulation, Harper (24), states
that pigmentation is diagnositic of impaired nutrition

from varicose veins,

Before any type of treatment is started a complete
physical examination should be done, including a urin-
alysis and a careful abdominal and pelvic examination--
the latter in search for possible obstructing tumors,
Secondly, certain tests should be done to determine the
patency of the deep femoral vein.(3l). This test is
called the Perthes test and is performed by having the
patient stand, applying a tourniquet above the knee tight-
ly enough to cut off the superficial venous return and
then having the patient walk the length of the room sev-
eral times, If the deep venous return is not open the pat-
ient will‘experienoe pain very soon thoroughout the leg,

If the deep‘system is open, no pain will be felt and the
dilated veins will tend to collapse, When the deep venous
return has been found to be open, the next most important
test is to see whether the arterial supply is sufficient,
Pulsations are felt for in the dorsalis pedis and the tib-
jalis postiocus arteries. In doubtful caées Samuels test

is made, wherein the leg is elevated to an angle of 45' and
the ankle is altermately flexed and extended, white blanch-
ing of the plantar surface of the foot and pain in the calf
are ascertained, (35). A more accurate test ocan be used

bif needed. This is the so-called histamine acid phosphate
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test as described by Sir Thomas Lewis of England., A
131,000 solution of histamine acid phopphate in physio-
logical solution of sodium chloride is applied with a
medicine dropper to the skin and six or seven punctures
with a fine hypodermic needle are made through it, with-
in a few minutes a response is observed. This consists

of a small purple-red area, followed by a wheal and sur-
rounded by a red flare around the puncture., This is the
normal response, The degree of the flare and the latent
period of its appearance are the points to be observed and
recorded. (15). If the arterial system is not impaired,
the question now arises as to just what veins should have
treatment, In deciding this, two other tests are done.
These are the Trendelenburg tests, With the patient ly-
ing on a table or bed the leg is elevated so that the vein
drains out and a tourniquet is then applied above the knee.
The patient\is then asked to stand., If the veins fill
quickly from below upward, it means that the valves of the
communicating veins are incompetent and the deep system

is overflowing into the superficial, This is called the
Trendelenburg Negative test. If one should release the
tourniquet as soon as the patient stands up and the sapF
henous fills rapidiy from above, it is a sign that the val-
ves at the sapheno-femoral opening are incompetent. This
is the Trendelenburg positive test. A combination of the

two tests is called a Tendelenburg Double test. (31).
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Mahorner and Ochsner (43), presented to the profess-
ion a new test for detemining incompetency of varicose
veins, The test is carried out as followss The patient
is disrobed sufficiently to show the thighé and legs. The
observer arranges himself so that the best possible obser-
vations cdn be ﬁade. The patient then walks to and fro in
front of the observer, who carefully notesvany changes in
the size of the veins as compared with their size in the
standing position. After the patient has passed in review
several times in this fashion, a tourniquet is tied around
the upper third of the thigh, sufficiently tight to compress
the superficial veins. The patient again walks to and fro
several times, and the observer notes any changes in the
prominance of the varicosities, Thé procedure is carried
out with the tourniquet in the mid-thigh and lower third
ofthe thigh, Observations and comparisons being made with
previous findings. In instances in which the greatest im-
provement is seen when the tourniqmet is around the lower
third of the thigh, some variable must account for the fact
that the improvement is greater under this condition than
when the tourniquet is around the upper third of the thigh,
This further improvement indicates not only that the retro-
grade flow through the saphenous vein comes through the

main opening into the femoral vein but that there is a back-
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ward flow below the highest application of the tourniquet
which is caught when the tourniquet is moved lower. This
backward flow is undoubtedly through incompetent communi-
cating veins between the superficial and the deep system
of the thigh, It seems therefore according to these ob-
servers, that if there is incompetency not only of the
valves of the long saphenous and the femoral vein, the low-
or the ligation in the thigh the more improvement in the

condition can be expected.

TREATMFNT

The literature dealing with the injection treatment
of varicose veins with sclerosing solutions has become
quite enormous, and for that reason my discussion will be
limited to the injection treatment of wvaricosities and sol-
ﬁtions used within the past decade,

Until 1927 the solutions of choice for injection ther-
apy of varicose veins were sodium citrate, quinine solutionms,
sodium salicylate 25% and sodium chloride 10%. During the
same year McPheeters recommended the use of sodium chloride
20% (48). In 1929 Colt (10), reported good results with
the use of sodium salicylate, with the exception of pain
radiating down the extremity which lasted rarely more than
a minute following injection., Kilbourne (33), advocated

the use of strong solutions of sodium salicylate or quinine
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and urethane solution in doses not larger than 2 c.c..

He states that the sclerosing agent is very toxic and must
be injected slowly. At this same time Kilbourne made a
survey to determine the mortality of surgical treatment

in ocomparison to injection treatment, He reports the mor-
tality by injeotion cannot be so accurately determined,

but a study of about 50,000 cases shows that it is less than
one in four-thousand as compared to one in every two-hundred
fifty cases treated by surgical methods., Recurrences after
operation average 30% and following injection therapy only,
6% Schmier (65), recommended the mse of sodium chloride
20-40% strength, Although the injeotions were quite pain-
ful and the danger of slough formation was more marked than
with other solutions. In 104 cases treated by this method,
417 injections were given, averaging 4 injections per case.
One case required 24 injections to effect a cure in both
limbs, Rogers (60), states that he first prepared sodium
morrhuate in 1919 in Calcutta for use in leprosy and tubercle,
and found in strengths over 3% it caused a strictly local-
lized mild inflémmation of the vein wall, followed by firm
fibrous occlusion of the vessel; just as did the intravenous
injection of sodium hydnocarpate and gynocardate which he
reported in 1916, Kittel (36), while using sodium morrhuate
for intravemous injections for therapﬁetic purposes other
than varicosities noted its action upon the vein injected

and advocated its use in treatment of varicosities. After
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careful observation and experimentation over a prolong-

ed period he obtained the following statistics; 1) sod-
ium morrhuate has no toxicity, and amounts up to 10-12

c.c. of the 10% solution have been given at one time, 2)

no general symptoms occurred in any of these treated

with sodium morrhuate, 3) the effect on the injected

vein is usually quite prompt and striking, 4) vein at the
site of injection becomes hard within a few moments for

a distance up to an inch, 5) on withdrawal of the needle,
the puncture seals itself quickly and subsequent extrav-
asation does not occur, 6) sodium morrhuate for practical
purposes is innocuous to the subcutaneous tissues, 7) re-
actions on the vein injected produces very little discom-
fort, Kittel states, that dﬁring there series of 187 cases
there were no instances of necrosis and there were only 13
known instances of periphlebitis., Zimmerman (76), al-
though advocating the use of sodium morrhuate states that
some individuals are sensitive to this type of therapy.

At the same time Kittel published his statistics on sodium
morrhuate, Winchester (74), reported a case of unconscious-
ness following intravenous use of sodium morrhuate and re-
quiring the use of stimulants to produce consciousness, He
states that the sclerosing effect of the substance was most
satisfactory, but feels inclined to doubt the safety of the
drug after his recent experience. During 1931 Cattell (7),

recommended the use of quinine and urethane solution in
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treatment of varicosities, or varicosities complicated by
ulcer formation, Lewis (38), also beleives the solutiom
to be superior to other solutions used because of ease of
administration and the small quantity required to givé re-
sults, According to Johnson (30), quinine-urethane sol-
utions became more popular in European clinics while hyper-
tonic solutions of dextrose and sodium chloride were found
to be more popular in America. He does beleive the quinine
solutions have some advantages such as, formation of a
firm thrombus following the use of small amounts of the mat-
erial, but were over-shadowed by its disadvantages, toxic-
ity, danger of sloughing as a result of escape of fluid in-
to the surrounding tissues, and pain caused by injection.
The disadvantages were somewhat reduced by the addition of
urethane to the solution. In 1932 Tunick and Nach (70),
reported 200 cases which they treated with sodium morrhuate
and obtained excellent results. In all cases a firm oblit-
eration of the vein was produced with little periphlebitis,
no toxic symptoms were noted, and no complaints of cramps
or pain following injection were made by their patients,
During the same year, Kilbourne, Dodson and Zeiler (34),
carried out a number of experiments to determine the tox-
icity, slough producing qualities, and bactericidal powers
as related to phlebitis and embolism of various solutions
used in the treatment of varicosities, They concluded that

mercury bichloride was too toxic being found to be fatal in
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three cases; metaphen, less toxic and not likely to cause

a slough, .Sugar derivatives, and sodium chloride, are
non-toxic and relatively painless, Unlike quinine-urethane
they are not self sterilizing or bactericidal. Sloughs
they produce are less serious than the salicylates and
quinine sloughs. Sodium salicylate is efficient as a scler-
osing agent, bactericidal, and causes painful cramps follow-
ing injection and produces a more serious slough than those
following sugar derivatives and sodium chloride, Sodium
morrhuate is not toxic, sloughs are not as serious as the
salicylates and quinine sloughs, but it is not bacter-
icidal or self sterilizing. They beleive the sclerosing
agent of choice is quinine-urethane because of its bacter-
icidal action. Because of the many cases being reported

in the literature concerning the toxicity of sedium morrhu-
ate, Praver and Becker (57), made studies of the sensiti-
zation fbllowing the injection of sodium morrhuate and re-
ported seven out of one hundred-seventy-five patients re-
ceiving 783 injections showed sensitization reactions to
the solution., During the same year Barker(3), states that
although sodium morrhuate is thought to bé more toxic than
other sclerosing agents, it is still the solution of choice
at the Mayo oclinic., The search still continued for the
ideal sclerosing agent and it has centered mainly around
the solutions of fatty acids or the salts of these acids.
Postlethwaite (56), recommended the use of sodium ricino-

leate 2% solution, instead of the 5% solution which had been
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used by Froehlich, He states that the 2% strength is
sufficiently active to produce sclerosis without the dang-
er of recanalization and less likely to cause the appear-
ence of toxic symptoms., Johnston (31), used 5% sodium ricin-
oleate in combination with ligation of the great saphenous
vein, and obtained good results. Biegeleisen (4), iﬁ

1937 presented four new solutions which are supposed to be
the active ingredients found in older preparations used as
sclerosing agents in treatment of varicosities, All contain
fatty acidss

1. Moru-quin., Combination of sodium morrhuate and quin-
ine, The morrhuate being present in the greater concentrat-
ion and is therefore the more important ingredient,

2. Oleate quinine, Composed of 5% potassium oleate,

2% quinine alkaloid and 2% Benzl alcohol in water,

3. Sylnasol, Composed of salts of fatty acids derived
from the psyllium seed oil.

4, Monoethanolamine Oleate, Composed of organic base
combined with oleic acid., Biegeleisen, beleives all sol-
utions to be less toxic than sodium morrhuate and are good
sclerosing agents, more so the latter one mentioned. Using
Monoethanolamine oleate for 500 injections, patients have
not complained of toxic symptoms, no pain or cramping on
injection And but slight discomfort due to perivascular in-
jection; sloughing was not observed in the total number of

injections, Meyer (50), because of the allergic reactions
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ocourring with the use of sodium morrhuate advocates the
use of a new synthesized sclerosing agent, Monoethanol-
amine oleate, In a clinical trial on 43 cases, a total
of 345 injections were given., In every case a good throm-
bus could be produced either at first or subsequently on
injection. There were no cases of slough or any evidence
of allergic reaction. Meyer, beleives this agent super-
ior to sodium morrhuate because it is of known standard
composition, more stable in solution, and has less tend-
ency to produce allergic reactions. Schwartz and Wolfort
(66), have used three different solutionskat the Jewish
. Hospital of Brooklyn, with more than 3000 injections.,
There results show that 30% saline produced the most uni-
form results, 5% sodium morrhuate second, and a solufion
of 30% saline and 50% glucose was third. |

The treatment of varicosities during pregnancy has
brought about several disputable questions, mainly, what
solution should be used. Quinine-urethane has been stated
by many to becontra-indicated for use as sclerosing agent
during pregnancy. Solomons (67), in a study of sixty
cases of pregnant women treated with quinine-urethane, ob-
tained satisfactory results in 97% of the cases with no
serious complications occurring. He also found that the
use of quinine-urethane during pregnancy does not affect
the uterus.,

Although good results have been reported in the use
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of sclerosing agents alone in the treatment of varicosi-
ties the trend of treatment during 1937 and 1938 began to
shift to the combination of ligation and injection treat-
ment as practiced by Par'e in 1579 and Howe in 1797.
Johnston (31), recommends the combined ligation and
injeotion therapy especially when the valves at the sap-
heno-femoral junoction aré impaired. Although he does not
state how many cases have been treated by this method, he
does state that no reoccurrences have occurred. Johnston,
recommends the use of sodium ricinacleate in this type of
treatment, Zimmerman (75), Hendrick and Owers (27), Ros-
enbaum (61), recommend the combination ligation and in-
jection treatment of varicosities using sodium morrhuate
5% as the sclerosing agent., Mahorner and Ochsner (42),
beleive the greater number of permanent results will be
obtainéd by the combined ligation and injection treatment
of varicose veins, Faxon and Barrow (21), found in 367
cases treated by the oombinedlligation and injection treat-
ment, 55% showed perfect results, 25% satisfactory and 20%
failures., The failures they beleive due to faulty opera- -
tive technique. They.recommend the use of quinine-urethane
as the sclerosing agent, Veal and Van Werden (71), carried
out a number of experiments on twenty-one patients which
were to be treated for varicosities by high ligation. They
found following high ligation of the saphenous vein, 1) the

rate of blood flow is slowed, 2) blood flow ceases entirely
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in the upper segment of the ligated vein, 3) at the point
of injection the flow is both upward and downward, 4) be-
low the knee the flow is downward and the rate is Slower
than before ligation. Other studies were made, by which
they showed that there is a rapid readjustment of the ven-
ous pressure in the varicosities, seems to indicate that
pressure changes play no part in the beneficial results
obtained by the ligation of the saphenous vein, Horgan-
(29), recommends the use of sclerosing agents, especially
sodium morrhuate, ligation plus stripping in the treat-
ment of varicosities, Clarkson (9), recommends the use
of sclerosing agents perferrably sodium mbrrhuate, only
in cases where the vein in which the valvular déficiency
does not extend to the valve at the sapheno-femoral Jjunc-
tion. He beleives that ligation therapy should accomp- |
any injection therapy when the valve at the sapheno-fem-
oral junotion is incompetent. During 1938 Verovitz (72),
completed ten years of experimental work with various
solutions used in the treatment of varicosities. In
seventy-five cases he found that quinine-urethane used as
a sclerosing agent was too toxic, caused considerable
pain following injection, much slough, and does produce
cinchonism on patients having an idiosyncrasy to the drug.
Sédium salicylate in 450 cases gave the most marked scler-
osing, but'aléo the most marked cramping. The drug is

very toxic and patients complain of headaches and ring-
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ing in the ears (salicylism), Varisol (NaCl 10%) does

not contain the necessary qualifications to make it an
ideal sclerosing solution, although many patients have
been satisfied with its use. Sodium morrhuate was found
to be dissatisfactory only because of allergic sensitiv-
ity to the solution by many individuals., Verovitz, be-
leives the solution of choice tobe, Moru-quin, In 1500
cases, he found its sclerosing action to be quiet rapid
and positive, cramping of muscles was reduced to the mini-
num, little tendeney to wroduce gangrene or sloughing and
is relatively non-toxic. Sarma (62), reports good results
in 9568 cases following ligation and injection treatment

of varicosities. He beleives the solutidn of choice is
sodium morrhuate or monoethanolamine oleate, Glasser (22),
advocates the use of monolate, a new sclerosing solution
which has been used in 550 injections without untoward re-
actions, Monolate is composed of monoethanolamine oleate

5% with benzl alcohol,
TECHNIQUE OF INJECTING SCLEROSING AGENTS

Before any attempt is made to inject a sclerosing sol-
ution those veins to be injected should be determined. This
may be done by having the patient stand. The varicose
veins will become distended, as occurs during daily work.

Then the sites for the injections into the varicosed seg-
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ments are selected and marked with an applicator with 5%
merurochrome. (47), The patient is placed in a prone posi-
tion, or the leg only may be held in a horizontal position,.
In this position the blood is the most stationary and re-
laxation of the calf muscles permits the injected.fluid to
stay in place for a lomger period of time.(17). This posi-
tion furthermore is preferable for it permits as little
blood as possible in the vein, thereby preventing unnecess-
ary}dilution of the hypertonic solution and insuring better
contact of the irritant fluid with the intima.(17)(30).
After the selected site of injection is gently rubbed with
alcohol, an intravenous needle, with short bevel perferably
of rustless steel and on a 5 or 10 c.c. Luer-Lok syringe

is inserted into the vein.(17). The use of too small a
needle slows up injection and causes unnecessary dilution
of the solﬁtion.(SO). As soon as blobd can be aspirated
info the syringe, the second and third fingers of the left
hand gently strip the vein proximally and distally from
the inserted needle, and maintain compression on the seg-
ment to be injected. Thus the vein is emptied as much as
possible before the injection is made, Following inject-
jon of the sclerosing solution the needle is withdrawn, a
dental pad or peice of sterile gauze is placed over the
site of injection and is pressed against the vein with a
wide adhesive tape or elastic pressﬁre bandage. MoPheeters,

states it is no longer necessary that veins be kept coll-
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apsed after injeotion, for a better obliteration follows
a full thrombus. (30). There is no restriction as regards

to work, Patients may assume their-regular duties,

COMPLICATIONS ASSOCIATED WITH VARICES

The most common condition associated with varices is
the development of an infectious thrombophlebitis.(19)(47).
This occurs in the superficial and deep group of veins in
the lower extremity., Large varices of the superficial
system predispose toward the development of a thrombophle-
bitis of the deep system, and a deep thrombophlebitis is
thus more liable to develop with large varices of the super-
ficial system present than otherwise, The blood of the
" la rge varices of the superficial system is either stag-
nated or flows in the reverse direction, With this concept
in mind it is easy to understand the blood is more poorly
oxygenated than any other blood in the system and conse-
quently more susceptible to infection. The infection may
arise from some distant foci of infection followed by the
formation of a hard clot or thrombus and the sacculated
veins becoming very painful and tender. Edwards (19),
divides thrombophlebitis into two types., Fifst, "ulcer-
ating phlebitis™, which he refers to as thrombophlebitis
of the surface veins at the ankle and on the foot. In

these cases, the skin is invariably adherent to the super-
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ficial veins and sloughs océur, forming ulcers which are
resistant to treatment., Second, "chronic sclerosing phle-
bitis" is a spontaneous chronic inflammation of the surface
veins of the leg which goes on for months or years and ult-
imately cripples or destroys the valves of the saphenous
system,

Congestion of the skin associated with the presences
of varices at times causes a very intense dermatitis, and
later on an eczema, which may be of the most extensive,
moist and oozing type. (47). Rarely is there made ment-
ion in the literature of hemorrhagic varices, This con-
dition occurs quiet frequently as a result of light trau-
ma or spontaneous rupture., Probably the most severe and
sxtreme condition which develops as a complication assoc-
jated with varicose veins is varicose ulcer. (59). Cir-
culatory disturbances resulting from either experiment-
ally produced venous stasis or obstruction of the arter-
ial blood supply have been claimed to produce the changes
of chronic arthritis, McMasters (46), presented a study
of 30 cases of varicose veins of long standing in which
definite and prolonged edema of the ankles and feet had
existed. In 21 cases chronic arthritis of the joints of
the ankles or foot could not be demonstrated roentgeno-
graphically. Nine of the 30 cases showed roentgengraphic
evidence of chronic arthritis of the joints of the ankle

and foot, but in each there was associated ulceration of
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the leg or near the ankle joint in addition to the éass-
ive congestion from existing varicose veins, Ossifying
periostitis of either the tibia or the fibula or both did
not occur from venous stasis alone, but did occur in seven
cases in which uloerous lesions existed with the varicose
veins, Oldham (55), reported a case of chronic ulceration
of the leg for a duration of twenty years accompanied by
.arthritis of the leg and élbow joint., Following intemsive
treatment of the ulcer, the arthritis cleared up with lim-
itation of movement; Bdwards (19), states if the course
of inflammation is allowed to progress in the superficial
veins, by way of the perforators the deep veins are involv-
ed and pulmonary emboli are formed. Following the inject-
ion of sclerosing solutions, Probstein (58), reports 5
cases which resulted fatally in the production of pulmon- -
ary emboli, He beleives the emboli do not occur so fre-
quently in the bedridden patient and states the cooperat-
ion of the patient after injection in diécontinuing the
routine daily activities will lessen the frequency of pul-
monary emboli., Westerborn (73), found among 30,000 cases
treated by injection of quinine-urethane solution, death
ocourred in eleven and severe pulmonary embolism with re-
covery in five. Mortality rate being .037% Several
cases have been reported wherein the use of sodium morrhu-
ate as a Sclerosing agent has resulted in allergic re-

actions.(25)(45)(12).
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CONTRAINDICATIONS TO INJECTION TREATMENT

Certain ocontraindications to injection treatment of
varicosities must be observed, or severe complications may
develop., Extreme disability should be a contraindication
to extensive injection treatment, It is sometimes justi=-
fiable, however, to obliterate those veins directly caus-
ing symptoms., This is particularly true in the case of
uloers, (30). Patients with the history of white leg, or
in whom the deep veins have become occluded by infection,
must not be treated by injection, so that it is essential
to ascertain whether the varicose superficial veins are
acting only as a means of compensation, but & history of
old phlebitis is not necessarily a contraindication as the
deep circulation may be effective. dJohnson, is of the
opinion that the chief contraindication to any type of ther-
apy is thrombophlebitis, The presences of inadequate art-
erial ocirculation should be noted, since the tissues will
only withstand the mildest reactiom. (67). If the deep
circulation has been the site of extensive thrombophlebi-
tis in the past, it is unlikely that any type of therapy
will be of any benefit, and it may do great harm, De-
Takats, beleives if the injection is carried out the in-
flammatory process may be activated and emboli may be
formed., (16). Some authorities on varicosities beleive that

arterial diseases may be activated following injection treat-
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ment, (76). Ome of the greatest drawbacks to injection
treatment is the simplicity and ease of doing ite. For this
reason many unexperienced in its use will have numerous
accidents, Christopher (8), strongly advises against in-
jection of varicose veins in,l) cases of senile arterioscler-
osis of the leg with lack of pulsation in the dorsalis ped-
is and posterior tibialis afteries, 2) cases with past hist-
ory of phlebitis, 3) having subacute pelvic infectioms or
acute pharynitis,

The Varicose Vein Committee of the American Medical
Association at its exhibit on varicose veins at the 1930
meeting gave the following as contraindications to the in-
jection treatment of varicose veins: |

1., Systemic diseases,

a). Hyperthyroidism (requires immediate arrest
of the disease; precedes in importances any
other intervention).

b). Active Tuberculosis, Subfebrile patients
with slight pulmonary changes may flare up
after the use of tissue irritants.

¢). Acute colds, infections, These conditions
may be seen in office patients and may be
éveriooked or neglected,

2. Looal conditions.

a), Impairment of arterial circulation.

b). Lack of patency in the deep veins., Determin-
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ed by Perthes test,

o). Thrombophlebitis, edema with history of
deep phlebitis, .

d)e. Acute or subsiding superficial phlebitis,

SUMMARY AND CONCLUS IONS

In summary, it may be said that the modern or pres-
ent day treatment of varicose veins consists of occluding
them by the injection of sclerosing solutions, The comb-
ination of this method with ligation of the saphenous or
incompetent. communicating veins, where indicated is the
treatment of choice., At present 5% sodium morrhuate and
monoethanolamine oleate seem to be the solutions of choices
Other new sclerosing agents such as Monolate have been in-
tpoduced into the profession and may prove to be more sat-

isfactory than either of the two sclerosing agents mentioned.
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