
ARTERIOVENOIlS FISTIILA FOR DISCREPANCY I N  

LENGTH OF LOWER EXTREMITIES 

The surgical construction o f  an :trterio\rnous fistula hctn cen thv 
fc>moral artery and 1 chin has  l,rtm uwr l  fo r  the purpose' of cyu:rlizing Icg 
length diffcrencvs in  5 casos o f  poliomyelitis. 'I'hc 1oc:tI and gcncral 
effects in thew cases ha\ c h w n  studictl f o r  10 yrars. 

H A C K K 0 11 N I )  At N I) D R V E I, 0 I' hl E N T 

Knowing tho growth stimulating effect often 1)roducctl in cases o f  
congenital vcssrl ak)normalities with artcriovcnous communications, 
it was an easy step to thv \urgical imitation o f  such it condition I ) ?  
creating an arteriovcnous fistula near thc actual growth zoncs in thc 
extremities with retarded length. .Innris & Jliisgrnvo ( 1949, 1950) 
showed i n  experimental studies the gro\i tli stimulating clffect of a 
surgically produced fistula bet\vccii the fr~rnoral artcry and 1 cin in 
puppy dogs. The method n.as :ipplietl clinically in thv Mayo Clinic, 
Dee. 5, 1950. According to .Jonc~.s ( l958),  44 children ha \"  hccn opcratcd 
there. Thc  method is a l w  undcr clinical trial in Toronto (Mristnrrl 
1957) .  At thv orthopacdic. clinic. o f  K a r o l i n s k : t  In4titutct thc incthotl \\;I\ 

first clinically applied i n  thc :tutuinn of 1950, on a suggestion from 
P h .  Snndhloiri. At the sanic tinic-, in collaboration with iV. Obcl,  a study 
\$as made of the arterial and 1 enous pressures and skin  temperatures 
adjacent to  3 and 4 armcd arteriovenou4 aiiasfomoscs in dogs. 

P A 'r 1 1  o P H Y s I o I, o G 

A direct communication between the high pressurcx arterial system 
and the low pressure venous system brings ahout a n  increased blood 
Yolumc passing through this rcgion. Thc total blood volume and the 
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Polio 
Case I I  
nnm- j sex j at tile age of 

i 

heart’s minute volume are increased and the involved artery, vein and 
fistula can be dilated. The situation and size of the fistula, and to a 
certain extent the duration of patency, are  of considerable importance 
in the local and general symptoms. According to Holmun (1937, 1955) 
a fistula of 1-11/2 cm. in diameter, hetween the aorta and the inferior 
vena cava invariably causes fatal cardiac insufficiency, whereas a 
fistula of the same size between the femoral vessels is ncver imme- 
diatcly deleterious. A strikingly rich local collateral circulation is 
obtained in the neighbourhood of an  arteriovenous fistula because of 
the hemodynamic changes. In  the tissues far distal to an  arteriovenous 
fistula, on the contrary, the artcrial circulation can become funda- 
mentally rcduced depending on how much artcrial blood is shunted 
passed the area. This in combination with the impeded venous return 
cxplains the periphrral ischemia and stasis, which can occur in both 
congenital and acquired artcriovenous fistulae. 

Paralytic distribution 

I 

TABLE I 

bI A T E R 1 A L 

During the tirnc 2318 1950 until 812 1951, an arteriovenous anasto- 
mmis between the fernoral artcry and vein has been pcrformed on 5 
children with retarded grom th in one lower extremity following polio. 

The ages, sexes, distribution of thc parescs, and the differences in 
the leg lengths are shown in TablcI. The leg lengths were measured 
partly with X-ray, partly with a tape measure, and partly evaluating 
the discrepancy by placing wooden blocks under the short leg when 
standing, until levelling of the pelvis is obtained. Orthoroentgeno- 
graph-/ was first introduced in the clinic in 1953, and before this, leg 
length was measured from a simplc survey film of the thigh and foreleg 
respectively. If not otherwise stated, the figures for leg length in this 



1 V F E ~ O K A l l i  

A €5 c 
F i g .  1 .  

A .  The site of  the fistula between a.  ant l  v. fernoralis.--H. 'l'lir posterior line sutured 
with adventit ia to atlventitia: C. The anterior l i n e  sutured witJi intima to intima. 

Black silk a round vein proximal t o  the fistula a h  guide t o  next stage. 

V. FEM. 

Ll A. FEM. A.FEM. A.FEM. 

A €5 c 
Fig .  2 .  

d .  Stage 2. Ligation ant i  tranxect i o i i  o f  v e n a  fernoral is  proximal to t h e  f is tula  aftcr 
3 weeks. H. 'The 3-l;mhecl a-v-fistula. N o l c  Ihc dilatation o f  the  vein. -(;. Operative 

closure o f  t h e  f i h t u l a  a n d  arterial ~ e c ~ ~ n s t r u c t i o n .  

article were ohtaincd by c1inic:il riicasurt~riierit. All cases wcrc followed 
before operation reg:irding leg length antl they showed a progressive 
increase of the discrepancy. 

0 I'E K .4 T 1 0  N T E (:H N 1Q I ' E  

S f a g r  1 .  Thc femoral artvry antl vein were dissected free, jus t  nhovc 
the middle of the thigh. (Sw Fig. 1 ) .  After clarnping with soft vascular 
clamps, adjacent longitudinal incisions, about 10 mm. long, were niadc 
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in the artery and vein. Thc posterior artery and vein walls were sutured 
with 5- 0 Deknatrl s i lk ,  bringing adventitia to adventitia in the simplest 
way from the lumen sidc. The anterior suture line was made from the 
outside, bringing intinia to intirna. A black silk thi-cad around the 
femoral vein proximal to the fistula and brought out into the sub- 
cutaneous tissue, was used as  a direction marker for the second stage. 
S f cxgr 2 .  'l'h re e wee k s 1 ate r, when th e ar t  e r i al-ven ou s an as torno s i s 

was cndothrlialized, and the femoral vein was more adapted to the 
increased pressure, the femoral Pein was ligated and divided above 
the anastomosis. Transformation of a 4-linibed to 3-limbed anasto- 
mosis is designed to diminish thc shunting of artcrial blood to the 
heart, and direct it distally in the femoral vein. (Figs. 2 A ,  H and Fig. 7 ) .  

Effec t  o f  the Arteriovrnous fistula.  

After the construction of the arteriovenous fistula, all the cyanotic, 
atrophic and cold extremities showed a more normal skin colour and 
some swelling of the thigh and foreleg which partly masked the severe 
muscular atrophy. Furthermore there was a marked increase in the 
temperature of the thigh, knee, and greater part of the lower leg on 
the operated side. The veins over the thigh and leg became tense and 
pulsating. Blood from these pulsating veins had a lighter red colour 
and a higher O a  measurement than venous blood from the other side. 
Subjectively the feeling of peripheral coldness disappeared. To some 
degree the bulk of the thigh and calf became greater and this was inter- 
preted by the patients and the parents as  a reduction of the muscle 
atrophy. The improvement of the muscle function which was taking 
place according to the parents, could not be verified objectively with 
certainty. 

Skin te inpfrafurr  memuremrnts1.  

The temperature of the thigh, knee and upper parts of the foreleg 
was 1-3" higher than on the non-operated sidc. 

Distally, however, in only one cast ( n o .  1) and only on one occasion 
was there any significant difference in the temperature of the toes 
between the operated and non-operated side, when examined after 
vasodilatation (by bodywarming) and after subsequent cooling for 60 
minutes a t  room temperature. 

1 Performed in the Physiotherapy Department of the Karolinska sjukhuset. 



OSCILLOfIETRIC EXAMINATIONS 
CASE 1 

A F T E R  CLOSURE OF FISTULA AND ARTERIAL REPAIR h56 /  
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__ i RlGHT , .-. ....... 

mm wg 

Fig .  9. 
Oscillometric cxaminalions. Af ter  eonstrurtictn o f  a v fistula i n  the left thigh, strik- 
ingly increased oscillomctric readings are  ohtainrd. N o t v  normalizatioii after closurr 

of f istula.  

Oscillonietric studies I .  

Before operation thert. w c r c  solnewhat 1csst.r rcadingh 011 thc para- 
lyscd short sidc as  compared to the unaffected side, both ovcr  the thigh 
and foreleg. Aftcr the first stage of thc operation an essential increase. 
of the pulsations was cleteetcd over the thigh bu t  thosc over the foreleg 
continued to be small, and indccd werv less than preopc~rntively. Aftcr 
stage 2 the pulsations over the thigh became greater than normal but 

1 Performed in the Physiotherapq 1)rpartment of thc Karolinslia 5jukhusct. 
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F i g .  4. 
Phonoarteriogram with microphone placed over arteriovenoua fistula. Note the 
continuous character of the murmur.  Upper tracing ECG. Lower tracing phono- 

arteriogram. (Case 2 three months postoperatively). 

Pig .  5 .  
Phonoarteriograms over the fistula ( A )  in  1955. (B) in 1956 (Case 4) .  

A. There is a loud high frequent murmur beginning just  under the middle of T Wave 
of ECG and ending in  protodiastole. Another murmur of much less frequency and 
intensity begins with P wave and goes on into the first murmur.  

H .  There is only one late systolic murmur.  The amplitude is lower than before. 
These changes correspond to  partial thrombosis of vena femoralis. 



o\ r r  the forclcg they rcinaincd sinall for :I time. Later thc rcatlings 
werc greatcr th:m norm:il (’1 c.11 o\ c r  thc foreleg. l’hc curies shown in 
Fig. 3 (case 1 )  arc charactc.ristic. After closure o f  the fi i tula and rvpair 
of the ar t r ry ,  the oscillomc4ric readings becamc norrrial and equal on 
both limbs. 

T h  r il I ,  m 11 r m 11 r p a  Is c ra 1 tJ (in cl li K rc1 n ha tn ’ .’i s i g n  If. 

A palpable thrill, antl :I clcarly audible inurinur almost 01 machinery 
type, were prescnt o\ c r  t h r  urterio\ enous conncction in the thigh. 
Thesc, signs result from thr  turbulence in thc hloocl strcaining through 
thc relatively sinall fistula into the dilated vein. ‘I’hc systolic acccntua- 
tion of the iriuriiiur is due to variation in the ipc’ed of f l o m  with c \ e q  
pulse beat. This could he studied during synchronous phonoartcrio- 
grams and ECG dctt.rrriinatioris. Fig. -1 shows a I’honoartcriograni over 
a fistula (case 2 )  with a \trong continoui murmur.  In another case 
(case 4 )  tho phonoartcr io~rnm showed that  the murmur  \\,as not full! 
continuous and instead \\:is tli1)hasic (F ig  5 )  I n  this c a w  :I strong 
high frequency iiiurinur licgan late in  s j  stole, then thcrc ){as :i clear 
pausc k f o r e  :inother murmur  hcgan in diastolcx. ‘The changes i n  the 
ph on oa rt e r i og r a in c or rcs pon (1 etl \v el 1 \v i t h o th e r met h od s r CT o r tl i n g 
changes in the c i rc u 1 a t  ion . \V it h c a I ib r a t c ~ l  1) hono a r t  e r i og r a p h y , i t  is 
1)ossible to rcgistcr, classify a n t l  comparc the murmurs- e\ c’n f o r  
purpose4 of  tcbaching. T h e  i i iurii iur \vas 1)ropagated ~)roxiniall> and 
distally, to t h r  groin and to the kncc .  

In t n o  cast's after the artcrio\c.nous t istula, the pulse rat(. \ \ a s  

regularly soniev hat highcr than hcfort. operation. No definite dit- 
f crencc was cstabliihed 1wtwcc.n the 1)ulsc. rates after \tage 1 antl 
stage 2. There wcrc in\ufficicnt ohservationi in the other cases to r  a n  
assessment of the pulw ratcs aisociated with 4-branched and 3 
branched arterio\ enous tistular. After the first half-year a certain 
adaptation probably occurred. \Vith rcpeated csarninations during the 
f irst few ycars after operation, normal e lectrocardio~rar~is  and pulsc 
rates kverc found.  
h dcfinitt. reduction of thc pulse rate by 6-10 beats per min. \\a\ 

rcgularly obtained with compression of thc fistula either rnanunlly or  
with :i blood-pressurc cuff. Thii sign which is u\ually callcd “Hrnn- 
ham’s sign” in the textbooks, is explained by reflex reduction of the 
heart  rate with increasing of  the peripheral resistance in the circulatory 
system. 
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F i g .  6 .  
Survey of determinations of total  amount  of haemoglobin (THb), blood and  heart  

volume after creation of a n  A-v fistula. 



c A it D r A <: s I z E ,  13 I. o o D Y o I, 11 ar E A N I) '13 o T A I, H 1.: XI o (; I, o I< I N 

During thc years following thc creation of an  arteriovcnous fistula 
these patients had many examinations of their hearts, hlood volurncs 
and total hernoglohin. These wtrc pcxrformcd at the clinical physiology 
1:ihoratory of the Karolinska sjukhuset. 

Tofu1 niriorinf of hemoglobin ( I 'Hb) .  The 'I'Hb was dctcrmincd hy 
the alvcolar CO nicthod, rcyortcd in 1948 by Sjiisfrantl (and  with sonit' 
minor modification\ by Carlstcn of (11. 195-1 and Wiklnnder 1956). 

Blood uolumr. The total blood volume was calculated from the valucbs 
for THb arid the hcmoglobinconccntratioii ( Hb)  tleterinincd from 
finger blood, disregarding the slight underestimation thus ohtained tluc 
to the assumption that the hemoglobin concentration is constant in 
the wholr hlood voluinc. The normal \. aluc waq calculated from thc 
predicted THh/l5,4. 

Thr hmr t  volzzrnc.. The hcnrt volume was determined in the pronc 
position with two plane rocntgcnograins according to the inethotl dc- 
scribed by ? ~ ~ r s s o n  & lijcillbcrg 1948, and Kjellberg Pt a1. 1951. 

A s  shown by the curves in Fig. 6 the THh valucs in two paticnts 
( c a w  4 and 5 )  were somewhat lower than estimated. In the remaining 
three C ~ S C S  t h t  ~ a l u e s  found w e r e  at  the saint' level as cxpectctl. The 
hlood \oIunies of all paticnts with thc cxccption of case 5, lay at a11 
timcs soincwh:it abo\e the normal values. The samc tmdcncy wa\ 
found in casc 5 during thc first years aftcr the perforrncd fistula. 'I'hc 
hearts were slightly cnlargcti in four c a w s  (casc 1 ,  2, 4, 5 ) .  In c a w  3,  
the cardiac voluinc was judgctl as normal on mery examination. Ncithcr 
exceptionally high v d ~ e 5  nor any signs of progrc.ssive cardiac dani:tgv, 
werc found in :my of the cases. 

'1' If I.: (; 0 N I) I '1' I 0 N 0 v 1' II K v 13 N 0 IT s 1' A I,  v K s 

Angiography studics werv pc.rfornicd in all the cascs. 
In  1 paticnts this was donc in conjunction with stage 2 of thc opera- 

tion hy iiijccting contrast niatcrial distally in the femoral vein. 
Thc problems were 1 ) did thc valves nearest the operation area con- 

stitute a11 absolute barrier to a distal flow in the femoral vein? 
2 )  were thew large venous branches near the fistula which too 

quickly dirvctcd the shuntcd artcrial blood in a centripetal direction 
before it reached the growth zonvs in the knec region? 

could these questions he Even hy arteriogranis undcrtalwn later 
~ ~~~ 

1 These werc. performed in  the Karrilinska sjukhuset, Radiolog\ Department, in 
snme occasions with stereo-technique. 



F i g .  7. 
Arteriogram 5 %  years after creation of arterio-venous three-limbed fistula between 
the femoral artery and vein. (Case 1). There is  a large dilatation of the femoral vein. 

For explanation see the schematic drawing compiled from several projections. 

answered in the negative, and therefore an additional operative attack 
on the valves and the collateral veins was not required. 

Fig. 7 shows a typical picture of thc anastomoses area with the con- 
trast medium filling the whole femoral artery and into the grossly 
dilated femoral vein distal to the ligature. Sortie of the contrast rapidly 
passed proximally via superficial w ins  but a large part travelled in the 
distal direction. 

A4s shown in Fig. 8, neither the venous valves nor the profuse col- 
lateral veins were able to divert the blood stream from the lower thigh 



Fig.  8. 
Arteriogram 5 yeai 's af te r  cre:ilion o f  
arteriovenous fistula (Cab? 5 ) .  'I'hcre 
is a marlied dil:itation o f  the  vciiis (if  

t h r  leg a n d  incrcastd vasciilarit> 
around the knev. 

3 Chronic 111cer 20 x 20 Inin above the  medial malleolus 1951ib195H. 

4 1951 Chronic ulcer 20 x 2 0  m m  o f  the  calf. 2 months  1955. Pulsating 
hem orr ti a ge I ) 11 c) ne iwca s i 011. s 1) ont  an  c( ti s t h r omho s i s of  the v c i II 
distal  t o  the fistula. 1959 t lwginning  1956?)  Local tenderness 
2 months.  

Chronic ulcer  25 x ?5 mm uhovr~ Iatcral rnallt.olus. 

1950 

5 1951 

.. . 
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I Discrepancy in length of lower 
extremities in cm according to 

tape measuremcrits 
('ase I , -  _ _ _ _  ______ 

and upper part of the foreleg. A fairly large proportion of the contrast 
in this way reached the foreleg before the direction of the stream 
became centripetal. The arteriograms showed in a convincing way the 
extremely rich vascularization in the neighbourhood of the growth 
zones in the knee region. In  the region of the fistula the femoral artery 
was somewhat narrowed but any significant pre- or  post-stenotic 
dilatation of the artery was not seen. 

Duration of fistula 

- ~. - - - - - - _ _ ~  

(1 0 M P I, I C A T I 0  N S 

Chronic ulceration of the lower leg on the operated side appeared on 
three cases (see Table 11). These were preceded by induration and 
tenderness and became fairly superficial sores of the type usually seen 
in chronic stasis. They healed with rest, applications of Burow's solu- 
tion and elastic bandages, but had a tendency to recur. In one patient 
(case 4)  a pulsating hemorrhage occurred on one occasion from the 
ulcer 2 cm. in diameter, situated above the medial malleolus. The 
bleeding was arrested by compression. The same patient later had a 
spontaneous venous thrombosis into the fistula. 

Dorsalis pedis and posterior tibia1 pulses could be demonstrated in 
all cases. 

T H E  G R O W T H  S T I M U L A T I N G  E F F E C T  

The clinical measurements with a tape-measure, and by wooden 
blocks under the short leg until the pelvic obliquity was abolished, 
both showed a clear reduction of the leg length discrepancy during the 
observation time in all cases (see Figs. 9-10 and Table 111). 

* Last follow-up 1956. Unsuccessful tracing for follow-up study 1960. 
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Fig .  9. 
Results  o f  growth xtimulation hy A-v fixtula. 

Thc orthoroentgenographical method which has  been used rou tinely 
in this clinic since 1953, and is dcxscrihed by Snndaa (1953), gives morc 
exact values. The figures from these later examinations ought not to 
he directly compared with those obtained by another roentgen nieasur- 
ing method which was used prior to 1953. This mcans that  a complctcly 
satisfactory objective roentgen measurement of the growth stimulating 
effects produccd by the arteriovriious fistulae is lacking in this study. 

If  thc effect is judged only by orthoroc.ntgenography (since 11153) it 
is seen (Fig. 9 )  that the leg length differencc has hccn reduced in two 
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F i g .  I0 A. (Case l j  

cases (case 1 and 5 ) .  Deviations of 0.5 cni. and less arc probably not 
significant. According to thc orthoroentgenographs, thc reduction in 
case 1 amounted to 2.5 cin. and in case 5 to 1 cm. during the time the 
fistula was open. 

Based on clinical mrasuring incthods, and partly on orthorocntgeno- 



graphic nicthotls during a Iiinitcd tiiiic, a significant rcduction o f  t h r  
leg Icngth tliffcrcwcvs i4  tlcinonstratctl ( Figs. 9 1 0 ) .  This  is interl)rctt.tl 
a s  a grov th  stirnul:ttion o f  thts short  1)olioinyclitic cxtrcniiticbs. 

(, 1, 0 X I H E 0 F ’I H E A I( ’I’ E H I0 V K N 0 I1 X F I X ’I‘ 1’ 1, A F, 

Olwr:tti\ t h  closurt. of thv t istulwti \ \ a s  untlcrtakcn in c a s e  1 and  cast’ 3 
a t  cightccn and so\ e n t w n  years of : i g ~  rcslwcti\ ely. ‘I’hc large \ cnous 
sacs w t ~ r c  ligatcd ;tnd the  fistula(. rcscbctcd. I n  C R ~ O  I ,  a tninor rescbction 
of tlic ar tcry v, :ts I)t’rforincd !wc:tLi\c o f  thicltming of  t h e  \valls :ind 
luminal n:irron ing a t  thp I ( ~ ( l 1  o f  tho fistula. .\rtcrial continuity \ \a\  

rcstorcti 1)y v i t t l  to c 3 n d  suture ( s c ~  Fig. 2 (:, 1 1  and 3 ) .  ‘I’hcrc* \\:I\ 

calcification in thc \valls o f  tlic. fistuI;i in c a w  3 m t l  thew change.\ 
prm cntcd direct artcrinl su ture  uftcr ligation o f  the \ enous sac. Artcrio- 
plasty w a s  \vithhcld 1)ecausc~ o f  very good pulsating hernorrh:igc froiii 
thc  distal 1)art o f  the  ar tcry and instcad ihc  ar tery \\:is also ligated. 
Oscillomctry ~)ost-opcrati \  tbly sho\ved the  l)rv\ iously hyptlrnorinal rtlatl- 
ings to IW soni(w ha t  less thnn thr. readings on thc non-ol)c,ratc.tl \id(>. 
Thc  ulccrations on t h r  calf healcd. 

In case 5 t h r  fistula w:t\ closcd at’ttbr 7 >ears whew thc  1)aticnt w:ts 
thirteen. ‘I‘hc~ rcason for this s o r n c v h a t  too early closurc. was that  thc 
patient’s parcnts w ~ r c  orricd about  thc 1ongst:tnding ulceration on 
the lateral mallcolus ( s w  Table 111). Thc large vtnous sac was ligatcd 
and  the artcrinl wall could hc suturcd and thc  patcncy retained. Aftcr  
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F i g .  1 1 .  
Arteriogram after operative closure of 
fistula and  arterial  reconstruction (Case 
1 ) .  For comparison see (Fig. 7 ) .  

some months the artery became occluded over an  area of about 10 cm. 
The collateral circulation was, however, satisfactory, the ulceration 
healed quickly. Furthermore a subsequent triarticular subtalar ar- 
throdesis healed without delay. 

Spontaneous closure by thrombosis of the femoral vein occurred in  
case 4 probably already after 6 years, i.e. 1956 (see Fig. 5 ) .  Xngio- 
graphy in 1959 and 1960 showed passage in the femoral artery but no 
longer an arteriovenous shunt. 

Case 2 lives in another country and could not be reached at  the time 
of the last follow-up examinations. 

Complications from the long term arterialization of the veins were 
not observed in any of the cases after closure of the fistulae. No case of 
massive edema has occurred either during the time of function of the 
fistulae or  afterwards. 



D I s (. r‘ s s I0  N 

Thc nunibcr of opcratcd c a w s  has been limited to f i k c  in order to 
follow thccc carefully and study the cffc*ct and po\sible complic* A t’ ions. 
‘Th(. rwults of the larger scrics which have heen opcratcd in the M:iyo 
Clinic and in Toronto are anaitcd with great interest. Kcgarding thc 
technique for establishing the artcriovcnous fistulae, the t\vo-stagcd 
nirthod developed by Johnston e f  al. 1950, seemed to be suitable. 

The local cffcct of the artcriovcnous fistula could be tlctcrmincd by 
\iiiiplt clinical methods of examination. A loud “machinery” typc of 
murmur and :I clearly pall,ablc~ thrill were demonstrable over the wholc 
thigh, with the maximal point over thf fi\tula. The kcins in the thigh 
and foreleg t)ecanic tens<. xiid pulsating, and thcir contents 1ightr.r rcti. 
‘I’hv ~~a tho~)h~~s io log ica I  condition was studicd closcr by :I nuinher o f  
laboratory studics. 

I t  was feared that thc val\ cs in the 1 cins iiiight offcr such a rcsistancc 
that the arterial hlootl  would quickly turn in a centripetal dircction. 
Hut this w:t\ shown not to h c b  the case. An incrca\cd \~ascularizntion 
throughout thc thigh and forc,lcg and  into thc kncc cpiphyst\ w a s  con- 
firincd by nngiographic studies. In this connection may k~ mcntiont.d 
t h :i t wh cn con g eni t a1 vascu I a r ah norm a 1 it ies with :i r t e r iovcnou s coin - 
munications arc’ situated closc~ to the growth zones, t h r  risk of  over- 
growth of thc affected cxtrcmity is greatcr (according to If’nrti B 
Ilorfon 1940) than whcn thc artcriovcnou\ connections lic farther 
away. 

Thc incrc.asctl prcssurr in thc vcins in the ~ i c i n i t y  of thc f i s tuh  
likely product4 a certain dcgrcc of stasis. Artificial venous stasis has 
long hccn recognized a\ a growth \tiinulating factor and was employed 
most by Bier ( 1903) in the form of a tourniquet left in place for scveral 
hours a day in order to causc :I temporary hlockagc of thc vcnous rcturn. 

A general survey of other mcthods for producing local hyperrnii:i in 
thc \ icinity of the growth zones can  hc found in “Surgical ’~rcatmcwt of 
Uncqual I:xtrcniitics” by Goff 1960. 

Thc gromth \timukiting affcct which is undoubtedly obtained aftcr 
the construction of  the arteriokcnous fistula probably can be explained 
hy 1 ) incrcnsctl circwlntion, 2 )  iwnoiJs sfnsis and 3)  constant i n c r r a s d  
tpnipernturc in thc growth  zonos. The obtained cffcct appears to 1.w 
grcater than hy other hypercmic measures. The local complications hac t> 

not been scrious but in one case a prolonged ulceration over the lateral 
mallcolu\ l c t 3  to an earlier opcr:itivc closure of the fistula than ~ v a \  
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planned. Careful studies of the heart and blood volume during the 
time the arteriovenous fistulae werc open showed no unfavourable 
effect. 

Thus it seeins that the method might be used in children with grossly 
retarded growth in one leg due to previous poliomyclitis. Careful twice- 
yearly control of thc blood and heart volumes, and thc E.C.G.,  is 
desirable. 

S 1’ A 1  hl A K I’ 

Surgical construction of a 3 armed artcriovenous fistula hetwccn the 
femoral artery and vein has been uscd as a growth-stimulating measure 
in 5 children hetwccn 6 12 years of agc, who showed progressive leg 
1 eng t h disc rep anc i es  . 

Thc pathophysiological background and operative techniquc are de- 
scribed. The local and gcneral effects of the artcriovenous fistula, 
cxamined and recorded by different methods are discussed. After func- 
tioning for 5-7 years, the grou.th-stimulating cffccts of the fistulae were 
obvious. 

Minor complications in the form of ulcerations of the leg appcared, 
but no adverse effect on the heart or  blood circulation. 

No venous insufficiency trouble appeared after closure of the fistulae 
and the distal chronic ulcerations healed. 

H E s I’ bI E 

Formation chirurgicalc d’une fistule artkrio-vcineuse de trois branches 
entre arteria et vena femoralis a ittk utilisit comme opitration pour 
stimulcr l’accroissemcnt en cas de diffkrence progressive des jambes B 
cinq enfants de I’age dc 5-12 ans. 

La base physio-pathologique et la technique dc I’opitration sont 
ditcrites. Les effets locaux et universels dc la fistulc artitrio-veineuse, 
enregistrks et contr6li.s par dcs methodes diffkrentes, sont discutks. 

A p r k  5-7 ans de fonction de la fistule I’effet stimulant sur  l’accrois- 
sement Ctait manifeste. Des effets secontlaires insignifiants en forme 
d’ulckrations au tibia se sont manifest&; par contre aucun effet 
dkfavorable sur le coeur ou la circulation. 

Z LJ S A R1 A1 E N I’ 4 S S IT N G 

Die artifizielle dreiwegige arterio-venose Fistel zwischen arteria und 
vena femoralis wurde zur Stimulierung dcs Langenwachstumes an  



fiinf Kindern im Alter von 5 his 12 .Jahren rnit zunch~nc~ndcr  LBngen- 
diffcrenz dcr  Hcinc :mgewandt. 

D e r path o I og i s c h- ph y s io 1 og i s c h c Hi n tc  rg ru n ti u n d ti ic () 1) t b  rat  i 011 s- 
tcchnik werdrn hcschrichcn. Die. mit  vrrschicdmcn Methoden wgi- 
strierten IAokul- und AIIgSrmc.inrcaktioneri n:ich hnlcgung dcr a.-v. 
Fist el n wer (1 cn d is ku t ir r t . 
,i- 7 J B h rc ~ L I  n k t ion i c re n t i  v F i s tcl n g ah en ei t i  rn  ti cu t 1 ic h en  s t in1 u - 

licrendcn Kffckt auf das  1,iingcnwachstum. Gcringfiigigc Nchen- 
wirkungen in Form von Ulccrationen an dcn Unterschenkcln kamen 
l o r ,  jedoch kcinc ungiinstigcn Nehcnwirkungen auf Hcrz oder Hlut- 
z i r ku I a t i on. 
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