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INTRODUCTION 

The phlebograni of the lower extremity as a diagnos­

tic means is a comparatively new technique, as �ompared 

with other measures used in diagnosis of pathology of 

the venous sys em of the lower extremity. I will be 

shown, however, later in the content of this paper, 

that it has become a very useful adjunct in help:l,µg ' 

the clizxician, both the surgeon and the intern is , 

decide the pl:"oner course of treatment for the patient in 

question.   This is dependent, of e<::mrse, upon accurate 

diagnosis of the condition, and this 1s aided immensely 

by visualization of the vascular pattern of the venous 

system in the extremity. 

It is not the purpose of this paper to cover 

exhaustively the work that has been done i-n this field, 

but rather to reView some of the techniques of other 

radiologists, compare them with our own here a Uni­

versity Hospita-1, and to objectiVely survey 1t's value  to 

the clinician in applytng to various venous problems of 

the lower extremity. 

HIS10RY 

Among the first workers in the field of venous 

study by means of x-ray and a contrast medium were Frank 

and Alwens (1) (1910), who injected Wismitol 
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:l,nto veins and hearts of animals and studied them l?Y 

x .. ray. Berberich and Hirsch (2) (1923) were the first 

to make experimen al studies on humans using strontium 

bromide in the arm. Ratschow (3) (1930), using Uros·el­

ectan injected the arm and leg and observed the 

results. Barber and Orley (4) (1932) described 30 cases 

of var1cos1ties using Abrodil. Pomeranz (5) (1933) used 

Skiodan demonstrating venous pools and feeders in 

varicose ulcers. Allen and Barker (6) (1934) used 

thorium dioxide solution in studying varicosities. 

Barker and Camp (7) (1936) used Diodrast in study��g 

venous problems of the leg. Bauer (8) {194o) studied 

acute throm­bosis and chronic venous disease of the 

lower extremi�y.   Baker (9) (1940) began his s�ries of 

study of The venous pattern of the lower extremity. 

All of these men have contributed to the present qay 

techniques l;>y usin various types of contrast media, 

and stimulating interest in this type of study. 

TECIDUQUES 

Moore (10) advocates the use of a to"Q.l'neqµet at 

the thigh, using 140 mm of pressure, as well as one at 

the ankle, using the same amount o.f pressure, and in-    

j ecting 20 cc of Pyelosil at the medial base of the 

great toe. This technique, he contends, .is of 

definite 
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value in varicosi ties, because it shows if there is any 

tilling by reflux from the deep system. If there were 

no tournequ.et at the ankle, one could not tell which 

end the superficial system were filling from. If there 

were no tournequet at the thig4, the outflow is too 

great, and the dilution is too grent to get good 

visualization of the venous system. 

Baker (9), with precautions of skin testing and 

antihistaminics, uses 20cc of Diodrast, a 25 gauge 

needle and no tourn.equet. He states the site of 

injection on the dorsum of the foot makes little 

difference, but notes that if injected laterally, most 

of the medium travels up the external saphenous system 

first, and if injected media11y, the internal saphenous 

system fills first, but that .they both eventually fill 

if there is no block. Normally the f11:!.1ng time is 

rapid, however, if the l�g is swollen, it 1s much 

slower. Two films are taken from ankle to knee, two are 

of the Upper leg, knee and lower thigh, and two are of 

the thigh and pelvis. He routinely uses three 14 x 17 

films, taking two stereos on each. The first film is 

made after 8cc of Diodrast has been injected, and the 

remainder of the films are taken serially in rapid 

succession, being completed when the Diodrast is 

completely injected. 
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He believes the tourn�quets used in other techniques 

blot ou-t and distort the superficial channels which are 

necessary for correct inter_p retation ot the entire ven­

ogram. 

Massel and Stinger (11) describe a echnique which 

is essentially the same as that used by Moore (10) 

described earlier. 

Here at the University of Nebraska Hospital, 

several methods were attempted in an effort to find the 

one most suitable and most practieal for the needs of 

the clinician. The patient ·was always :prepared for the 

procedure with lee of Bena.dryl, skin tested with 

Diodrast and severa1 dro-ps of Diodras- were placed in 

the conjunctiva, as precautionary measures to protect the 

patient from possible sensitivity reactions to the 

solution. Two types of injections were used. (l) A 

-portion of the patients were being studied for venous

pressures and circula ion times at the same time, -f or

a more complete picture of the venous cireulation in the 

lower extremity. These had a venous cut-down anterior 

to the medial malleolus and a s�gment of poJ,:y-

thene tµb�ng insar ·- ed directly into the vein. Through tl 

is_ tubil).g, all three studies were carried out. It · was 

lear.ned that · 1t was much easier to inject the Diodrast 

through this tubing, because of it's flexability 
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and accessibil1�i, than to insert a needle diree-tly 

in,;. to the vein. This, however, would be imprac icable 

as a routine procedure where ol.1ly a venog�am is to be 

desired. {2) On the other po�tion of the patients, the 

needle was inserted en;mtere on e dorsum of the foot 

where a vein 1..ras rea�ily accessible. At times, this 

was no small task, due .!.to the fragility of the veins in 

the feet of some of the elderly patients. A small 

amount of blood was withdrawn into a 2cc syringe, than 

a three�way stop-cock was placed on the needle and a 

20cc syringe containing the diodrast was a·tached. The 

s op�cock was used to prevent mechanieal difficulties 

due o pos1t1oni:ng of the pa ient. The patient was 

_en p�ced upon ·the :fluoroscopic table. A rubber 

tubµig tournquet was pl:a.ced ju,st above the anlkle to 

prevent direct rili1ng of the superficial veins. A 

blood pressure cuff was used in a portion of the patients, 

infl�ted to 60 mm of mercury, but it ·ras found that a 

:rubber tourn�qU-ett was adequate to accomplish the 

desired results. The table was then eleQited to 

apptoximately an 80 degree angle with the horizontal. 

Injec ion or the dye was made under direct fluoroscopy 

and films were taken when f"illing seemed to be mos 

comple '-e. Th.is has the advantage of being able o 

visualize directly (1) 
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the rapidity of filling of the deep sys em, (2) the 

competency of the communicating veins, (3) any block 

which might be present in the deep system and (4) the 

competency and valves present in the deep sys�em. A 

record can then be made with film at the optimum time 

'When filling is at a maximum, or when pathology is best 

demonstrable. An A-P and stereo film of knee to ankle 

in rapid succession was then talten. Following this, a 

film of the circulation at the knee was taken, after 

visualization with the nuoroscope. A few times films 

higher up in the thigh were taken, but these did not 

show much, due to the dilution factor. The tournequet 

was then released, and a follow-up film was ma.de. These 

were taken at 60 .. 65 KV, 100 milliamperes at one-fourth 

second. 

IUTERPRETATION 

Normally, the posterior tibial and peroneal veins 

ppear double, large and contain many valves. The 

anterior tibial rarely fills. The muscle veins a1pear 

large, profuse and with many collaterals and no valves. 

The popliteal has a smaJ.l valve above the knee joint,  

and the lesser saphenous fills some with or without 

varico.sities. The femoral appears broa.d, smooth and 

has one or two valves in the lower one-third. The 

nrofunda femoris is not seen. 
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If one uses the tourneqttet at the ankle, the superficial system 

does not fill. If a to,p-nequet is no' used, the superficial 

system fills qti1te readily and rapidly, al­though the amount of 

dye enterili� the superficial sys­tem 1s a rela ively small 

a!lnount, the major1 y enters the deep circulation above and 

close to the ankle. The sa:pheno-q_s system pa;rticularly is well 

visualized. The ra'-e of f11:+_i ng is accelera ed greatly W'itn 

exercise 

(Baker 9). 

Pathological�,:, the finllings on the venogram differ 

markedly from those out ined above. The echnique out­lined by 

Baker (9) is par icularly useful in demonstrat­ing obs ruction 

1n the system, including the site, de� gree and whether it is 

acute or chronic. The latter is decided upon by the appearance 

of the veins, especlally the superficial system. In (l) Acute 

superficial block, the dye ;:;nters the deep circulation above· 

the ankle. It also enters the superficial system up to the 

site of, the block, then throug communica t1ng vessels, oes to 

the deep cireula ion, or to another superficial plexus. From '·he 

block upward, no block is demons�·rated, and the dye may fade ou· 

in the tissues around the block. (2) Chronic superficial block 

is evidenced by the deep veins filling again, but the 

superficial sys;em is di­lated, tortuous, and the dye 

p�ogresses very slowly 
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upwa�d. Small connecting veins extend inward to the 

deep circulation, or outward fro:m the deep for 1 .... 3 em 

and seem to end abruptly in the issues. (3) Acute partial 

or complete block of e deep sys-·em is alway$ accompanied 

by definite evidence of acu·e block in the superficial 

circuI'ation. The deep circulation is not visualized. Acute 

and chronic deep block are d1ffer­entia· ed by the appearance 

of the superficial circulati·on. In acute deep block, the 

superficial c1reulation shows acute block. (4) Chronic de.ep 

block shows the deep circulation partly or entirely absent. 

The dye enters the great saphenous promptly, which is 

USWllly tortuous and di·la.ted. Short communicators fade in o 

the surrounding tissues, and are larger and more tor­tuous 

than normal. Incompetent deep veins, owever, may not show 

and still may have no block. Thrombi 

may appear one of three ways. There may be a sudden block at the 

head of the c◊lumn, or the veiri may not be complete.Iy obliterated 

and may show a ragged adg.e, or the dye may t'o1low the wall of the 

vein and outline a mass in the lumen. 

In using the technique devised hel'e !)• 'he Univer­sity 

Hospital, one may visualize (1) The location of incompetent 

c- ol1ml'Uilicating veins between th superficial and deep venous

systems. Their exac location may be 
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determined by this method. The visualization of the 
• .  

. 

coi:rimunicators depends p�imar�ly upon the competency of 

their valves • If' they are incompetent, they fill by 

reflux from the deep system, thence �o the superficial 

system by "retrograde flow". It also denends upon the 

filling of tlre deep system by the dye. It block is pre­

sent, and in some cases o� incompetent deep circtilation 

without block, they may not be visualized for this 

reason. By using tou:rnequets alone in evaluati�g the 

presence of inc,, "1et;ent C:Ol!lmllnicators, the segments of 

superficial veins .whicn beeQme visible between the tour• 

nequets are usually not directly over the incompetent 

communicators. •In, .addition, there are often present 

incompetent conmrunicators which are not de:tected by 

toµ.,rneque.:t exa-mina-' ion alone. For this last reason, 

· rea:tment of varicose veins by ·11gh saphenous ligation

in some ins ances has been unsuccess.ful when evaluated by 

tournequet testing alone before operation,µnler (12). The 

location of ineoJJU)e.tent communicators may be impor­tant 

in doing a segmental resection of' the superficial system 

in the treatment or varicosi·t ies. It is also 

pa · icuJ.arly "help:f'ul in localizing lateral communicators 

(Massel and Et inger 11) which :µiay overwise have been 

undetected. (2) The patency of the deep system may be 

shown also py using this technique. Ir the deep sys tem 
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:fills rapidly and completely, it means that system is

patent. However, as pointed out aboV$, the deep sys-

tem may not be visualized in some cases of incompetency, 

and still the system may have no block �d be patent. It 

is of value then, in a negative sense, onJ.y if the deep 

system is visualized. (3) One may ga1_n an idea of the 
competency ot the deep cireula_·ion by following .the course

of the dye UJ>wal"d. If the rate is slow and sluggish , and 

the deep vessels are widely dilated and show few valves, 

i't may be judged incompetent. In our exuerience here at 

the University Hospital, µs:i,ng the technique devised by Baker 

with no tournquet, the results were disappointing. The deep 

syStem, which was the one we were primJrily interested th, 

could not be clearly visualized either beca�se the dilution 

factor or was too great, especial;J.y with widely dilated 

varicosities, or the nattern of the superficial system 

almost completely occluded that of the deep sys em, so that 

accuracy in: interpretation was difficult • 

The technique used here at the University Hospital 

has the distinct advti:ntage over other techniques 

1n being able to record on'x-ray film the pathology 

present at the time when the fi'.ll
l

ng of the vessel and

the. dye concentl!a.tion are the greatest·.  It is al so ad-

vantagous in that the relative rapidity o:t filling of 
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the deep circulation may be judged more accurately by 

Visually following the course of the dye upward by 

fluoroseopy. 

our technique as well as that used by Moore ('10) and 

Massel and Et��ger (11) demonsfrate much more clearly than 

the technique used by Baker (9) the location of in• 

competent communicating veins, primarily because ofthe  

use of the tournequet at the ankle, and the filling of 

these incompetent vessels by reflux. The technique of 

Baker (9), however, is valuable in st�dying eases of ob­

structive phenomena in the superficial and deep systems. 

His technique, however, may be rather difficult to 

in­terpret, ju�ing from our own experience, unless one 

has run a large series using this technique. The con­

trast is rather difficult, also, in cases of super­ficial 

varicosities, using the amount of Diodrast which he 

employs. He points out that the entire venous sys­tem, 

both superficial and deep, must be studied, as the 

superficial plexus is of paramount importan.�_e in vein 

pathology of the lower extremity. He contends that 

all disease processes involving any of the_leg veins start

in the $:Uperfici l system. In many instances 

the superficial system may be involved with no deep 

thology, but in every case of deep venous obstruclion 

thare is always eVidence of superficial block. It �s 
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an especially important technique in cases -where the deep 

system may not be visualized by our techhiqo.e, 

but by using his yeehnique and studying the superficial system 

as well, a conclusion as to the presence or ab­sence of deep 

block may be reached. 

APPLICATION 

There are several clinical conditions in which the 

venogram, us;ng either Baker's (9) technique or our own ,_ may be 

utilized to advantage. (1) Acute deep venous thrombosis. 

Using either Baker's technique (9) or our own, the apex of the 

obstruction may be outlihed, ahd the diagnosis definite�y made. 

The condition may be studied both befare and fter treatment to 

evaluate the results of therapy an.a determine prognosis. It 

may be helpful in dete:rmilling the type of therapy, esp-eciaUY 

if a theraneutic ligation is to be considered to reduce the 

risk of e:mbolic ph�nomena., in tha"'" the superficial system, by 

using Baker's (9) technique, with it's ob­struc-ion may be 

visualized. It may be deemed inad­rtsable if the venogram 

shows comple e deep venous block also. (2) Chronic s�lling of 

the leg of venous origin. Using Baker's technique(9) the area 

of involvemen" and the collateral vessels may be demonstrated. 

This may assist in diagnosis and therapy. (3) Varicosities. 
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Here two things mus- be considered and ascertalned. The 

venogram, using our technique, may demons ra e both bet..;. 

t-er than clinical: tests. Orie is the competer;cy of the

communicators, the ot e:r the p�teney of the deep system. 

;rr either consideration is omitted before therapy in­

st1 tuted, the resul .... s may be poor, and may even augment 

the symptoms present, especially if the deep venous 

sys­tem is occluded. In cases where the patency of the 

deep system is in doubt, Baker's (9) technique may be 

�mployed. The method of treatment of the varicosities may 

be in .. tluenced greatly �y these findings. (4) Venous 

Anomalies. These may be studied either academically or 

with the pur­pose of treatment of the condition if' it 

proquces marked symptoms to the patient by means of the 

venogram. 

DANGERS 

The procedure of venog�aphy is not entirely with 

impunity as regards the patient, and these attendant 

dangers must be borne in mind when doing the procedure. 

Th.ere is always the :danger of drug sensitivity which 

should be obviated by using the routine precautionary 

measures ou ined above, and not using diodrast if, a 

positive reac'.ion is observed. In cases of obstruc­tion, 

there is a tendant danger of dislodging a throm­bus during 

;h procedure. Infection is al•rays possible, bu.i.: should be 

avoided if aseptic teclJ.nique is e1'Ap4i)y-ed. 
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Thrombus formation presents perhaps the most important 

attendant danger, and althO'ilgh rare, does occur. Homans 

(13) reported a case of thrombophlebitis after using 50%

solut1on of Diodrast. The patient was described as being 

"thrombophilicn , having a family his ory of throm• 

boPhlebitis, and who himself had had an earlier attack of 

thrombophlebitis with embolic phenomena. He presented 

mild pain upon dorsiflexion of the foot, in the region of 

the upper �ight calf, and the venogram was attempted 1n 

order to establish the diagnosis. Within 24 hours after 

the venogram was made, the patient had severe 

calf pain, a swollen right leg, and a palpable mass in 

the greater saphenous vein. Saphenou$ ligation was done 

in order to prevent embolic phenomena. Twenty seven days 

later this patient had an infected molar removed, and 

i d another episode of thrombophlebitis. Homans (13) 

regarded this as suf.f icient evidence of e irri ta . 1:ng 

nature of the drllg in this concenLra-ion to conclude that 

it was the preeipiti iri€ faetor in the pa '1or-i-enesis of 

thrombus forma ion :tn this pa t ient. As precautionary 

measures, one sb..ould conscientibu$1Y obtain a istory 

of thrombophlebitis from the patient in scre@.ing them 

for this diagnos,.tic aid. In the event that it does 

occur, heparinization and sap· enous ligation may be used. 
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Thr·om. bus forma t1on may be induced by: the irri a-Ling nature of 

the arn,g, ana must be borne in mind as a distinc.t. possibility 

in. ce�tain pa ients. 

CONCLUSIONS 

1':le venogl'am <>f the lower extremity has 1:>ecome of 

partmount importance in the accura�e evalua·ion of ven­ous 

pathology. Only by this method of assistance in diagnosis may 

certain of the features characteristic 

of the pathology be ascertained. The b;igges' advan­tage of 

using this means of study is the abili; to visualize d1rectiy 

the disease process in question. By so doing, many of the 

inaccuracies of o her clinical tes s may be obviated. 

Two techniques in particular of perfor.ming the venogram 

have been considered, with reference to the·r advantages and 

applicability to various venous problems of the lower 

extremity • One is tha used by Baker ( 9) of Youngstown, Ohio, 

and the other the one devised here at the University Hospital. 

Baker's techniq1;1.e is ess­entially one of' injectjng Diodrast 

into the dorsum .o f the foot without the use of a tournequet a 

the ankle, and following the course of the dye up the 

extremity by taking serial x-rays. He points out that it is 

paTticu­larly useful in studying obstructive phenomena because 

both the superficial and deep systems mus be visualized 
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to be able to properly evaluate the condition. By 

this method one can determine whether the process is 

acute or chronic and superficial or deep or both. Th.is 

information 1s helpful to the clinician in determining 

the type of , herapy as in thrombophlebi ·-1s and 

phlebo­thrombosis, as well as determining the patency qf 

the deep venous system if' a saphenous ligation is being 

considered. This technique, however, in our own 

exper­ience is difficult to inte:rpret because of J_, e 

dilution factor, especial1y in varicosities, and because 

the pattern of the overlytng superficial veins make the 

evaluation of the deep sys-em diffieu.lt. 

The other technique pri�tly considered is the one 

used here at the Un1versity Ho�pital. This consists 

essentlally, of �njectip.g Diodrast into the dorsum of the 

foot of the patient ,wi th a rubber tubing cournequet a' 

the ankle, thereby shunt1ng the dye directly into the 

deep venous system, then followtng the course of the dye 

upwards visually with the fluoroscope. This technique 

has the following advantages: (1) Being able to take the 

x-ray when fiUing is at a maximum and the pathol­ogy

most demonstrable. (2) Visualizing incompetent 

communicating vessels which fill by ref'lux from the deep 

to the superficial system which is of utmost im port nce 

when considering varicos1 ies. (3) An idea 
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as to the competency of the deep circulation is gained by 

visualizing the rapidity of filling and contour of the 

deep vessels. (4) Eliminating the possibility of error in 

technique which may occur due to improper timing when 

serial exposures are taken without knowledge of the 

location of the dye. (5) Better contrast is obtained, 

because with one of the systems of veins ocncluded with a 

tournequet, the dilution factor is negligible. Th.e 

patient is not subjected to the hazard 

of increased amounts of contrast medium to obtain the same 

functional results with the other · echnique. 

From the foregoing one may conclude tha· Baker's (9) 

technique may be most helpful in the accurate diagnosis 

of obstructive phenomena for the reasons men­tioned, and 

tha-1- '·he technique used here at the Univ­ersity Hospital 

may be used in diagnosis of deep venous obstruction as 

well as varicosities to the best advan­tai,-e. 

SUMMARY 

1. A brief history of some of the workers ;n the field of 

venography 1s presented. 

2. Several techniques of venography in the lower extrem-

ity are .presented. Those of Moore(lo), Baker (9), Massel 

and Ettinger (11) and our own here at IDTH. 
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3. Interpre a-ti on of the films using these various

methods is presented with emphasis on the difference 

in results and comparing advantages as well as disad­

vantages of each as regards their appJ.icabilitt to 

various clinical problems involving the veins o.f the 

lower extremity. 

�- Clinical conditions in which the venogram is of 

definite value are given, as well as the reasons for 

using i �. 

5. Some of the at endant dangers of using the venogram

are given. 

6. Conclusions are drawn as to the relative value of

the t�,o main teohniques cons.:.dered. 

Acknowledgment is hereby given -i-o the Department 

of Surgery, the Depart�nt of Radiology, Dr. L. C. 

Steffens and Dr. Lou Blattspieler for their kind assis­

tance and help in mak:J.ng this paper possible. 
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