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FOUNDATION EDITORIAL

The European lymphology Group — Groupement Européen de Lymphologie —
this year celebrates its second five-year period.

The large number of meetings organized in Belgium, ltaly, France, Germany,
England and Portugal testify to the considerable interest shown in lymphology
by specialists from a wide range of backgrounds. Lymphology indeed embraces
many fields of medicine : anatomy, physiology, pharmacology, internal medicine,
surgery, ongiology, oncology, radiology, nuclear medicine, physiotherapy and
kinesitherapy. One of the topics to be discussed at the meeting of the GEL in
Coimbra is “ Lymphology and Orthopoedics ", while another reflects the growing
interest shown by specialists from various fields in the lymphatic system.

The European Journal of Lymphology and Related Problems thus plans to
provide support for the works carried out by all specialists interfested in Lympho-
logy. The magazine is also intended to serve as a meeting point for the various
specialist subjects, whereby one group of researchers can learn about the con-
triubutions made by their counterparts in a different field. The magazine, it is
hoped, will thus prove to be a source of mutual inspiration in basic and clinical
lymphological research.

In addition to original works, review anticles, etc., the journal's editorial policy
will be to focus each issued or a number of issues on certain specific themes,
with on in-depth look at the various aspects involved, thus providing readers
with a summary at the latest developments or new areas of application and/or
research. Articles on basic research and on clinical research as well as resulis
of treatments will be published in an effort to bridge the gap between theory
and everyday practice.

With Europe on the threshold of a new era, and the emergence of new borders,
there could be no better time to announce the creation of the “ European Journal
of Lymphololgy and Related Problems ”. The Journal aims to reach people of
all languages from all nations.

The succes of this journal will depend on those people — present of future —
who have taken or will take an interest in lymphology, a discipline which dates
back centuries and but much of which remains to be discovered in the years
that lie ahead. This challenge confronting us is our challenge and one which,
we hope, will be taken up by everyone who will read the journal.
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45 years of research on the lymphatic vessel

Marceau SERVELLE

Centre Chirurgical Vol d'Or, 16, rue Pasteur, 92210 Saine-Cloud, France.

SUMMARY

Lymphography in 655 cases of lymphedema led to betwer
understanding of the pathophysiology involved, and to the deve-
lopment of cflective treatment. The lymphatics of the diaphragm
were studied during thoracotomies. We supplemented the exis-
ting information on the anatomy and physiology of the lympha-
tics of the small intestine. The ligation of these intestinal lym-
phatics proved very uscful in arteriosclerosis. We demonstrated
that their congenital malformation produced a large number of
varicd diseases, the treatment of which was simplificd, Lympho-
graphy and lymphochremy of all the intra-abdominal organs
provided much information. Pulmonary and cardiac lymphatics
are dilated in heart failure.

KEY WORDS : Lymphedema, chyloperitoneum, chylous cyst
of the mesentery, protein losing enteropathy,
chyvlothorax,  chyluria, chylorragia, chyl-
arthrosis,

LYMPHOGRAPHY IN LYMPHEDEMA

In december 1943, we performed the first lymphography ever
done in lymphedema by puncturing a large lymphatic vessel,
aspirating 1500 ml. of lymph and injccting opaque material. In
the 45 years that followed, we used lymphography to study
597 lymphedema of the lower Hmb and genital organs and
60 lvmphedema with reflux of chyle in the lvmphatic of the leg
(1.2,3,5 7).

In most of our lymphedema, we also performed venography
after freeing the small saphenous vein behind the fibular malleo-
lus. On november 22, 1945, in o patient with significant edema
of the right lower limb without chylorrhea. we noted a large
milky lymphatic vessel parallel to this vein ; we punctured the
vessel, extracted 150 ml. of chyle and injected opague material.
Radiography showed an enormous deep lymphatic the size of
the great saphenous vein and backflow in the lymphatic of the
foot, thus demonstrating our first lymphedema with chyle reflux
in the lymphatic of the leg but without chylorrhea. In June of
1948, using the same technique. we made the diagnosis of lym-
phedema with chyle reflux and chylorrhea associated with

Reprint request :
Marceau Servelle
16, rue Spontini, Paris 75116, France.

a Klippel and Trenaunay syndrome in a 12 year old boy with
lymphedema, with chylorrhea and lenghtening of the alfected
limh. In 1949, we reported our first tive cases of lymphedemi
with chyle reflux and, in the ten years that followed, we studied
1) more cascs.

Pathophysiology of lymphedema
and therapeutic conclusions.

Lymphography of lymphedemas demonstrates significant disten-
tion of both the deep and superficial lymphatics, leading to loss
of valvular function in the affected vessels. When the patient is
erect, lymph flows back into the lymphatics of the foot and can
filter into the subcutaneous tissue surrounding the distended
vessels. We developed our total superficial lymphangiectomy, a
resection of all the subcutancous tissue of the limb in 2 stages,
in response to this pathophysiology. Kondoleon's technique,
lymphoplastics, partial rescetion of the subcutancous tissuc uand
lymphovenous anastomosis has not been successful in these cases
(5, 0).

In cases of lymphedema with ¢hyle retlux in the lymphatics of
the leg, we reseet the large laterouaortic lymphatic from L1 to
LS via a left subperitoneal approach, 4 hours after a fatty meal.
[n the sccond stage, we resect the lalerocaval and periiliac
lymphatics via a right subperitoneal approach, Following that.
we perfom the 2 total superficial lymphangiectomies,

LYMPHATICS OF THE DIAPHRAGNM.

On severat occasions from 1962 on, pedal lymiphographies in
lymphedemas with chyle reflux clearly outlined the jymphatics
of the diaphragm. Lymphographies of the smull intestine carricd
out after 1967 often showed the same diaphragmatic lymphatic.
During that period, in the course of left or right thoracotomies
for cardiac surgery, we injected Evans blue at different points
of the diaphragm. These lymphochromies demonstrated that the
lymphatics of the right diuphragmatic dome are much more
numerous than those of the left dome, which explains the more
frequent occurrence of right pleural effusions in heart failure.
Furthcrmore, Evans blue injected in the left dome, close to the
pericardium, stained a large interphrenopericardial lymphatic
coursing to the right to reach the lymphatics surrounding the
intrapericardial scction of the inferior vena cava.

The lymphatics of the diaphragm drain towards the base of the
neck by means of the internal mammary lymphatics, the lympha-
tics along the phrenic nerve, and, more distally, through the
inferior mediastinal lymphatics (4, 7, 13, 19).
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LYMPHATICS OF THE SMALL INTESTINE

The anatomy of the lymphatics and of the lymph nodes of the
small intestine and the mesentery is very well known, But this
is not 50 in the case of the large lymphatic vessels coursing from
the central group of the mesenteric lymph nodes to the cisterna
chyli. ROUVIERE described an intestinal trunk skirting around
the left border of the aorta, passing over the left renal vein and
ending in the left lumbar lymphatic trunk . occasionally. this
intestinal lymphatic trunk passes below the left renal vein (8, 11).
Following our ligation of the intestinal lymphatic vessels in cases
of arteriosclerosis, we noted that the intestinal lymphatics leave
the central group of the mesenteric lymph nodes and form 3 or
4 large lymphatic trunks at the level of the upper border of the
left renal vein. These big trunks run down anterior to the left
renal vein, skirt around its lower border and then course up
along its posterior surface where they join together in onc lym-
phatic trunk [cading to the cisterna chyli or to the left lumbar
trunk {35).

In the dog, the anatomy of these lymphatics differs considerably.
In laparotomics performed following a fatty meal, we retracted
the entire small intestine to the left and exposed many large
whitc lymphatics coursing down to the left border of the inferior
vena cava where they come together into a large intestinal 1ym-
phalic trunk of 6 to 8 mm. in diameter. This intestinal lymphatic
trunk rises anterior to the vena cava for 6 to 7 centimeters, then
disappears between it and the lumbar aorta to join the cisterna
chyli at the level of the first lumbar vertebra. This anatomic
arrangement permits the insertion of one Abbocath T20 [ 1/4
into the lymphatic trunk and another one into a mesenteric vein,
Using a gastroduodenal catheter, we injected a solution of cither
glucose, total lipids, triglycerides or proteins into the duodenum.
Samples of chyle and mesenteric blood were obtained hourly.

A. Physiology

of the intestinal Iymphatics

The Abbocath in the intestinal trunk enabled us to register
Iymphatic pressure with 4 micromanometer. This is normally 6
to 7.5 mm. Hg. ; however, following an intravenous injection
of Prostigmine, it is 4 times the normal value. Following the
ligation of the chyliferous vessel, this pressure reaches 135 (o 20
mm. Hg.

16

Absorption of glucose,

Normal valucs are (.95 g/l in the chyle and 0.80 #/1 in the
mesenteric blood. Following the injection of 200 mt. of a 5%
solution of glucose into the duodenum, samples of chyle and
mesenteric blood taken hourly revealed a greater glucose absorp-
tion by the intestinal lymphatics than by the superior mesenteric
vein.

Absorption of total lipids and triglycerides.
These are absorbed solely by the intestinal lymphatics.

Absorption of the short-chain fatty acids.
These arc absorbed twice ns much by the intestinal lymphatics
as by the superior mesenteric vein (6).

B. Ligation of the intestinal lymphatics

in arteriosclerosis.

From 1964 1o 1966, we observed that a signilicant loss of chyle
(chylo-duodenai fistula, protein-losing cnteropathy) led to the
fowering of blood proteins, calcium, lipids and cholesterol.
Conversely, in arteriosclerosis, an increase of cholesterol and
lipids is commaon, Therefore, in 1963, in the dog, we ligated the
lymphatics of the small intestine and obtained a lowering of the
cholesterol and lipids. Starting in 1966, we added ligation of the
lymphatics of the small bowel anterior to the left renal vein to
the arterial surgery of arteriosclerotic patients. In the past
22 years, we have performed this metabolic surgery in
820 paticnts with very interesting results. In 1970, a 40 year old
paticnt with a thrombosis of the iliac artery presented with the
following values : cholesterol 3.2 g/1, total lipids 11 g/l, and
triglycerides 2.5 g/l. We performed an iliofemoral graft with
ligation of the intestinal lymphatics. Values recorded over the
following 16 years revcaled the lowering of cholesterol, lipids
and triclycerides (Fipure T) (22).

Prior to the ligation of the intestinal lymphatics in these patients,
we performed lymphogriphies of the small intestine. These rou-
tinc lymphographies were very useful in the study of potential
malformations of the lymphatics of the small intestine.
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C. Congenital malformation of the lymphatics
of the small intestine.

During the past 20 years, we studicd 300 patients with this
malformation and operated on 90 of them following fatty meal
and lymphography. Two abnormalities are responsible for this
syndrome : 1) an atresic cisterna chyli, and 2) abnormal mesen-
teric lymph nodes. The result of this double blockage of the
circulation of the chyle must be studied 1) in the abdominal
cavity, 2) in the retroperitoneal region and lower limb, and 3)
in the thorax,

1) In the abdominal cavity.

Laparotomy fellowing a fattymeal reveals very dilated and
sinuous intestinal lymphatics with loss of valvular function.
Localized dilatation produces a chylous cyst of the mesentery.
A dilated lymphatic can rupture into the abdominal cavity
{chyloperitoneum) or into the intestinal lumen (protcin-losing
entcropathy). Intesting! lymphography demonstrates the
backflow of opaque material and the development of alter-
nate lymphatic channels (peripancreatic, periaortic, hepatic)
draining the chyle into the lymphatics of the diaphragm. The
chyle can also flow back into the lymphatics of the sigmoid
and of the rectum and these can rupture into the abdominal
cavity {chyloperitoneum) or into the rectosigmoid (chyle loss
and mescnteric lymphangitis).

2. In the retroperitoneal region

and lower limb.

The atresia of the cisterna chyli produces a dilatation of the
2 lymphatic lumbar trunks and their valves become non-func-
tional. The mixture of lymph and chyle contained in the small
cisterna chyli can flow retrograde towards the inguinal lymph
nodes. The lymphatics of the kidney can also be overwhelmed
by the chyle backflow, with rupture of u lymphatic into the
renal pelvis producing chyluria. Finally, the chyle backflow
can extend to the lymphatics of the lower limb {lymphedcma
with chyle backflow in the lymphatics of the leg, chylorrhea,
chylarthrosis) (6).

3. In the thorax.

Chyle drains through the thorax towards the base of the neck.
The lymphatics of the diaphragm, when filled with cycle,
become greatly distended and may rupture into the pleural
cavity (chylothorax). These diaphragmatic lymphatics drain
towards the cervical region via the internal mammary lympha-
tics, and, specifically via the inferior mediastinal lymphatics,
towards the lymph nodes of the tracheal bifurcation. But
these nodes already drain the lymphatics of both lungs. Due
to the circulatory overload produced by the shunting of chyle,
the pulmonary lymphatics cannot drain normally and they
dilate, causing their valves to become non-functional. Conse-
quently, chyle can flow back from the lymph nodes of the
tracheal bifurcation into the pulmonary lymphatics. The rup-
ture of a chyle-filled peribroncheal lymphatic into the bron-
chial lumen produces acute pulmonary edema. The rupture
of a subpleural lymphatic into the pleural cavity produces
chylothorax. The chyle reflux can also invade the lymphatics
of the heart (chylopericardium).

Thus, malforimation of the intestinal lymphatics can produce
many discases, as indicated in the following table :

Diseases secondary

to the malformation of the intestinal lymphatics
Protcin losing entcropathy S 16
Chyloperitoneum and chylous cyst

of the mesentery ... . [5
Chyluria S e 17
Lymphedema with chyle reflux in lymphatics

of the fower limb . C 6
Chylothorax and chylous cyst

of the mediastinum S 17
Chylopericardium A . . 9
Reflux of chyle in the pulmonary lymphatics 13
Isolated hypoproteinemia | —— 4
Isolated tood allergies . .. . 19

Other discases are simply associated with the malformation
of the lymphatics of the small intestine :

Diseases associated with the malformation
of the intestinal lymphatics

Commion lymphedema ... . S 35
Lymphedema of the genital organs 6
Milroy's disease C 10
Common edema 4
Vascular comphications

aftcr use of oral contraceptives C 14

Therapeutic conclusions.

The lymphatics of the small bowel play a very important role in
intestinal absorption.

Consequently, in a transplant of the small intestine, continuity
of the intestinal lymphatic trunk must be recstablished as well
as that of the small bowel, superior mesenteric artery and vein,
In cases of chyloperitoncum, we identify and suture the respon-
sible rupturcd intestinal lymphatics. In spontaneous chylothorax
we find and suture the ruptured chyle-filled lymphatics : of 17
patients, the rupture was on the diaphragm in 33%, on the
mediastinum in 14% and on the lung in 13%. In cases of chyluria
we severed all the lymphatics of both kidneys in 17 patients and
have had no recurrences.

LYMPHATICS OF THE GENITAL ORGANS.

In the male,

lymphographics of the testicles and spermatic cord of healthy
individuals show lymphatics coursing to the abdomino-aortic
lymph nodes on each side of the lumbar aorta from the left renal
vein to the aorlic bifurcation. In cases of lymphedema of the
genital organs with chyle backflow, these lymphatic vessels are
greatly distended and filled with chyle. They must be resected
prior to a total superficial lymphangiectomy. The lymphatics of
the penis drain partly into the lymphatics of the inguinal fold
and partly into the lymphatics of the spermatic cord and of the
abdominal wall, If chyle blackflow is prcsent, it usually disap-
pears following rescction of the latero-aortic, latero-caval and
iliac lymphatics (7).

In the female,

backflow of chyle in the lower third of the vagina comes from
the inguinal lymph nodes but, in the upper two thirds of the
vagina, the reflux originates from the lymphatics of the uterus.
The lymphatics of the ovary drain into the lumbar lymph nodes.
The lymphatics of the uterus flow into the iliac lymph nodes and
also into the lumbar lymph nedes.
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LYMPHATICS OF THE HEART (30-34).

In 1962, during thoracotomics performed for cardiac surgery,
we observed distended fymphatics on the main pulmonary artery.
We injected Ewvans blue at different areas of the heart in
44 patients. Staining of the extermal aspect of the left atrinm
showed [ymphatics coursing down to its buase, then up to its
superior edpe and traversing its internal surface to drain into the
Ivmphatics along the left coronary artery. In 44 cases. injection
of Evans blue on the surface of both the left and right veniricles
showed lymphatics running along the imterventricular artery up
to the base of the heart, then along the left coronary artery and
finally to the posterior aspect of the main pulmonary artery.
{njection of Evans blue on the right aspect of the right ventricle
showed lymphatics coursing along the artery at the cdge of the
right ventricle, and finally joining the main Jymphatic trunk
between the aorta and the main pulmonary artery (30).

The lymphatics of the superior segment of the right atrium drain
along the anterior aspect of the superior vena cava, The lympha-
tics of the inferior segment run down 1o the inferior vena cava
and disappear behind its posterior aspect.

In cases of very severe nifral stenosis, the lymphatics of the ripht
ventricle are numcrous and extremely distended. The lymph can
filter into the wall of this ventricle, producing ¢dema of the
myocardism. The lymph can also filter into the pericardial cavi-
ty. producing a pericardial effusion. After surgery or treatment
to improve myocardial function, the lymphatic vessels are no
longer distended and are able to reabsorb the pericardial effu-
sion.

In cases of chylopericardium. a rupture occurs in a chyle-fiiled
cardiac lymphatic. or one around the inferior vena cava and this
tear must be sutured,

In 10 cases of constrictive pericarditis, pedal lymphography
showed one normal thoracie doct and 2 enlarged thoracic ducts
with increased lymph motion. 7 thoracic ducts did not pick up
the dye (tuberculous mediastinitis).

LYMPHATICS OF THE LUNG.

In 1962, during mitral commissurotomies, we observed d disten-
tion of the left subclavicular lymphatics in 10% of our patients.
Two years later. we observed a distention of the subpleural
lymphatics on the left upper lobe of the left lung. In March of
1967, we noted 4 very marked distention of the subpleural lym-
phatics at the inferior edge of the lower lobe. We were easily
able 1o inject witrafluid lipiodol into these Targe lymphatics and
thus performed the first pulmonary lymphography ever done.
We carried out 250 lymphographics of the lung during the folle-
wing 20 years {23).

Prior to surgery, some cases of mitral stenosis had a history of
frequent pulmonary infections. Palpation of the lung revealed

hard cord and pulmonary lymphography showed an irregular
and inadequately filled sclerosed lymphatic. Pulmonary infection
must be viewed as ¢ pulmonary lymphangitis.

Other patients with mitral stenosis had pleural effusions and
during thoracotomy we observed greatly distended subpleural
I[ymphatics. Sometimes we noted Iymph oozing to the surface of
the fung. Pleural effusion is produced by oozing of the lymiph
of the subplenral lymphatics into the pleural cavity.

Pulmonary lymphography also showed a distention of the peri-
bronchial lymphatics. The lymph can filter into the bronchial
lumen and is mixed with the air of respiration. producing an
acute pulmonary edema.

DISCUSSION,

Our research on the lvmphatic system started with lymphography
in cascs of lymphedema, but spread to a wider ficld as we studicd
lymphedema with chyle reflux in the lymphatics of the lower
limbs. These vessels, when chyle filled and greatly distended,
arc suitable for lymphography by direet puncture. The procedure
is casily reproduced and injects the lumbar lymphatics and those
of the kidney, the small intestine, the pancreas and the dia-
phragm. In 1964, the study and treatment of a chylo-duodenal
fistula led to better understanding of congenital malformation
of the lymphatics of the small intestine. This malformation pro-
duces a number of diseases that appear quite different but,
following analysis of the lymphography, their treatment is usoally
simple. Pulmonary lymphography during cardiac surgery shows
pulmonary lymphatics that are dilated and full of a clcar lymph
(subpleural and peribronchial lymphaticsy. The pleural effusion
seen in some cardiae patients is praduced by filtration of this
clear lymph out of the dilated subpleural lvmphatics and into
the pleural cavity. Filtration of the lymph from the peribronchial
lymphatics into the bronchial cavity produces an acute pulmao-
nary edema,

When there is chyle reflux in the lymphatics of the lung, the
pulmonary lyinphatics become more distended and chyle filled
(rupture into the pleural cavity causes chylothorax, and rupture
into the bronchial lumen causes acute pulmonaryedema with
milky spittle).

Our study of the malformation of the intestinal lymphatics led
to a simple treatment @ in cases of chyloperitoneum and chylo-
thorax, we suture the rupture in the chyle filled lymphatics. In
cases of chvluria, we ligate and sever all the kidney lymphatics.

In cases of transpluntation of the small intestine, it is as essential
to restablish the continuity of the lymphatic trunk as that of the
small bowel and the superior mesenteric artery and vein,
There remains much rescarch to be done, including studies of
the lymphatics of the thyroid gland, the adrenal glund and the
pancreas.
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Physical treatment of edema
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SUMMARY

Physical treatment of edema is developed according to three

suceessive stages :

— the first onc consists of the application of manual lymphatic
drainage and of light pressotherapy.

— the sceond is started if results of the first stage arc unsatisfac-
tory. It consists to add to treatment multilaycred bandages as
well as specilic exercises, These bandages are apphed during
a relatively short time and replaced thereafter by permanent
restraints.

— the third stage consists of manual lymphatic drainage, light
pressotherapy and permancnt restraint.

For each stage of treatment, the fundamental and clinical justi-

fications arc given,

INTRODUCTION

The physical measures applied in the physical treatment of
cdema are numerous, We subjected the various measures to
basic experimcntation in order to understand the mechanics
of their action. We then tested these physical measures in a
veterinary clinic before finally transferring them to human
clinics,

We shall seck to describe the physical treatment of edema as
we understand it today.

PHYSICAL TREATMENT

Physical treatment is devcloped according to three successive
stages :

A. The first stage of physical treatment
consists of :
1. Manual lymph drainage
2. Light pressotherapy.

1. Manual lymph drainage

Manual lymphatic drainage consists of two principal maneu-
vers : the pull maneuver and the resorption mancuver. We expe-
rimented with the influence of these two maneuvers during lym-
phoscintigraphic examinations of the lower limb in humans.
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We are able 1o demonstrate the following facts (1) :

1. The pull mancuver stimulates the lvmphatic collectors which
evacuate the edema.

2. The resorption mancuver increases the reabsorption of pro-
teins and enhances their evacuation,

3. The resorption maneuver is more effective since it is preceded
by the pull maneunver.

From these experiments, which were performed on a large num-

ber of volunteers, we can conclude that

-~ Manual lymph drainage, applied in accardance with the tech-
nique we recommend, increascs both the reabsorption and the
flow of proteins.

2. Light pressatherapy

Light pressotherapy recommended in this first stage involves
a pressurc intensity of between 40 and 60 mmHg. Our investi-
gations demonstrated that pressotherapy acts essentially on the
reabsorption of liguid and that it has little if any cffcet on the
reabsorption of proteins (2).
Nevertheless, a decrease in the volume of the limb can be detec-
ted after pneumaltic pressotherapy. We therefore measured the
effect of pressotherapy on venous drainage.
Experiments were carried out on 12 patients hospitalized in a
coronary care unit. A Swan-Ganz probe was inserted in the right
auricle and in the pulmonary artery at the level of the pulmonary
capillary (4).
In a second approach, we demonstrated that the simple applica-
tion of pressotherapy pads to the two lower limbs had no effect
on the following hemedynamic parameters : right auricular pres-
sure (RAP), pulmonary artery pressure (PAP), capillary pres-
sure {capP). Nevertheless, these parameters did increase as soon
as pressure was applied to the pads. The rise in the hemodynamic
parameters was maintained throughout the experiment and
returned to its base value as soon as the pressure was removed
(duration of the pressotherapy : 20 minutes). We can conclude
{rom this experiment that staged pressotherapy increases venous
drainage.
From the two preceding experiments, we thus deduce that :
— The pressotherapy used in the treatment of lymphatic edema

is a contraindication (bccause it essentially drains water).
We would therefore advise that manual lymph drainage be com-
bined with pressotherapy in the first stage of physical treatment.

Nrol May 1990



EXEMPLES DE RESULTATS DU TRAITEMENT PHYSIQUE

Figure 1 Figure 2
(Edeme post-mustectomie le 17 jour du traitement (1988), Lo 10™ jour du traitement, maintien du résulial obicme (1990),
Posi mastectomy edema @ first day of treatment (1988). The temih day of wreatment : result maintained up 10 now.

Figure 3 Figure 4
(Edéme apres évidement inguinal, le 17 jour du traitement (1988). Le 8™ jour du traitement, maintien du résultat obtenu (1990).
Postinguinal edema, first day of treatment (1958). The eight day of treqrment, result maintained up ta now,
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B. The second stage of physical treatment
consists of :
1. Manual [yniph drainage.

Light pressotherapy.

Multilayered bandages.

Specific excreises,

bl

=

The second stage in the physical treatment of edema is under-
taken if the results obtained during the preceding stage have
proved insufficient. We have deseribed the rtole played by
manual drainage and by light pressotherapy.

We are therefore especially interested in the cffect of bandages
and specific exercises as well as of permanent restraints.,

[. Multifayered handages (3)

The bandage applied around the limb must be stff. We have
studicd the reactions of bandages rolled around urtificial limbs
as well as those applied to live patients. The multilayered ban-
dage we recommend consists of
[. One layer in jersey.

2. One foam bandage Thuasne N/NR or Comprex Binde

Lohmann®.

3. Several low-stretch bandages superimposed.

We noted that the pressure in the artificial limb is, in this case,
reflected i a guasi linear fashion.

This bandage functions like a ™ stiff ™ collar, while nevertheless
permitting the patient to perform quasi normal movements. The
bandage is gencrully well-tolerated at night. Given the good
physical functioning of this multiluyer banduge and its good
acceptance with patients, we decided to use it systematically in
the second phase of edema treatment.

2. Specific exercises

The specific excrcises consist of contracting the muscles si-
tuated in the arca of the edema in order to * stimulate ™ the
neighboring lymphatics. We injected nanocolloids hypodermi-
cally via the inside surface of the forearm. We then had contrac-
tions of the finger and wrist flexors performed for 10 minutes
against a set resistance (2/3 of IORM) at a metronome-control-
led rate. We did not record any aceeleration in the Iymphatic
flow during either the exercise or the relaxation phase which
followed the physical activity. We can assert that (at the forearm
level) muscular contraction docs not activate lymphatic flow.
The same cxperiment was performed after having applied a
multilayered bandage around the forcarm.

Once the bandage had been applicd, we recorded increused

Iymphatic activity during both muscular contraction and the

relaxation period subscquent to the series of contractions.

We may conclude from these experiments that

- Muscular contraction accelerates lymph drainage if a bandage
is applicd around the hmb in advance.

3. Permanemd restraints

Permancnt restraints are often indispensable at he end of
this second stage.
In fact, the limb * drained " of i1s edema tends to reassume its
initial volume if @ permanent restraint, which increases tissular
pressure, is not applicd.
The restraint is applied at the end of the second stape of treat-
ment.

. The third stage of physical treatment

consists of :

Manual lymph drainage.

Light pressotherapy.

Permanent restraint.
The application of a permanent made-to-measure restraint is
undertaken as soon as the treated limb has regained its normal
volume. Thus the third stage begins after £ 2 or 3 weeks of
" osecond stage U otreatment,
The permanent made-to-measure restraint and the manual treat-
ment associated with light pressotherapy constitute the essential
clements here of physical treatment. This treatment diminishes
progressively in frequency. Daily treatment s reduced o twice
weekly and 1§ finally given once a week.

CONCLUSIONS

We luve provided a survey of the physical measures that we use
in the treatment of cdemu today.
We have described the different stages we recommend.

Our therapeutic approach is the culmination of numerous years
of basic luboratory rescarch and clinical experimentation. Our
conclusions emphasize the advantages of non-aggressive thera-
peutic appreoaches. We are convinced that physical treatment
remains the best therapeutic approach that can possibly be
applicd in the fight against cdema.
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SUMMARY

Lymphatic pathways of drainage of the glabella have been stu-
dicd by lvmphoscintigraphic technigues in ten human volunteers.
Contralateral drainage has been tound in four cases.

Efficacy of manual lymphatic drainage in a patient with cdema
of one cheek after a Caldwel-Luc operation is demonstrated.
The importance of the contralateral lymphatic pathways of drai-
nage is thus stressed with regard to the problem of the manual
lymphatic drainage treatment of patients with edema affecting
the face.

INTRODUCTION

ROUVIERE (1), CAPLAN (2) und LEDUC (3) have described
facial lymphatics in cadaveric studies. Nevertheless, the authors
are not in agreement as to the existence of contralateral lymph
drainage in the area of the glabella. For this rcason, we began
by studying the drainage of the glabella using lymphoscintigraphy
after a left lateral injection.

In a sccond stage, we studied the drainage of the glabella in a
patient with a minor case of facial cdema. In this same patient,
we verified the effects of manual lymph drainage. In a third
study, we investigated the nasal fosse (middle and lower turbi-
nates) and verified the effect of manual iymph drainage maneu-
vers on the different sites.

In this summary, we shall confine oursclves to a description of
the results obtained after injections in the glabella,

MATERIAL AND METHODS

Three hundreds microcuries (in 0.2 ml) of 99mTc labelled nano-
sized (95 % of the particles arc less thun 80 nanometers in size)
Human Serum Albumine colloids {(Nanocoll®, Solco Basle,
Switzerland) were injected subcutanceously at the level of the left
glabella of ten normal healthy volunteers, 9 men and 1 woman,
between the ages of 21 and 31. Nonc of the subjects exhibited
an affection in the ENT region. The technique was also applied
concurrent with a Caldwel-Luc operation on one patient exhibi-
ting facial cdema.
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After injection, the subjects lay in a relaxed position on their
backs for 60 minutes, their heads beneath the gamma camera.
Continuous recording was made of the evolution in radioactivity
for facial views. Profile views were recorded at the beginning
and at the end of the investigation.

The markers (+) were setted on the scintigraphic images in order
to pinpoint with precision the ganglionic zones. Three negatives
were made simultancously at  different  shutter  apertures
(Fig. 1B. 2B, 3B. 413, 3B. 6B : apertures : medium, minimal.
maximal).

RESULTS

Table I compiles the observations obtained from the left plabella
injections among the 10 subjects.

We noted that in all cases the left ganglionic parotid zone was
infiltrated by the imaging agent {via a [ymphatic vessel bordering
the eyebrow fold, vbsp, see also fig. 8).

The left submandibular ganglionic zone was visualised in 8 of
the investigated cascs (three of which via a lymphatic vessel
bordering on the check, vnsm, see also fig. 7).

The right parotid nodes could be observed in two cases and
the right submandibulair ones in threc subjects {the labelling of
these last nedes was carricd out via the vnsm lymphatic
pathway).

lNlustration of the scintigraphic resuvlts
obtained from healthy subjects

Figure 1A represents a graphic illustration of what is observed
using lymphoscintigraphy on figure 1B (facial view).

Figure 1B shows, at 3 different sensitivities of the gamma came-
ra, both the lymphatic vessel passing via the eyebrow fold (vbsp)
contralateral to the injection and the vesscl running the length
of the nose (vnsm) on the injected side.

Figurc 2B depicts the vsbp, hemolateral and contralateral to the
injection, as well as the vnsm on the injected side.
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Figure 3A is 4 graphic tllustration of what is obscrved using
lymphoscintigraphic on figure 3B (profile view).

Figure 3B shows a lymphatic vessel running via the cyebrow fold
contralateral to the injection. This vessel supplics the ganglionic
parotid sitc {(vsbp).

Also shown are the ganglionic submandibular sector (1 single
ganglion) and the above-mentioned vessel (1 ganglion).

Also to be noted is the depiction of one genial ganglion on the
evacuation channcl emptying into the submundibular duct
{vnsm).

Figure 4B illustrates the vnsm on the side of the injection. This
vessel leaves the injected region via the confines of the check
and nose in order to infiltrate the submaxillary and submaundibu-
lar ganglionic ducts. Onc parotid (preauricular) ganglion is also
shown along with two ganglia of the lower parotid sector.

Hlustration of the scintigraphic results
obtained from one patient exhibiting edema
of the left cheek

The profile in negative 3B indicates that, 60 minutes after injec-
tion, the nanccolloid had not yet migrated.

During a different investigation, we carried out 10 minutes of
manual lymph drainage on this same patient after an injection
to the left of the glabella (fig.6).

In figure 6B, we can pereetve activity in the parotid and sub-
maxillary ganglionic zones 60 minutes after injection. Several
ganglia are saturated in the preauricutar and maxillary scctors.

DISCUSSION

M. A. EBERBACH uscs lymphoscintigraphy in order to guide
surgical operations in cases of melanoma of the head, neck and
upper part of the thorax (4).

In the present study, we were able to highlight by lymphoscinti-
graphic techniques the contralateral lymphatic transfer of the
labelled colloids in four of our ten subjects after injection in the
left of the glabella. These results confirm the cadaveric obser-
vations of A, LEDUC (3, sec also figures 7 and 8) who demons-
trated two lymphatic pathways of drainage for the glabella, onc
bordering on the cheek and emptying inte the submandibular
duct {vnsm, see fig. 7) and another one extending along the
cycbrow fold and supplying a ganglionic parotid duct (vsbp, see
fig 8).

For kinesithcrapists, our demonstration of the existence of con-
tralateral vessels in live patients confirms the technique of
manual lymiph drainage proposed by LEDUC (3), who advecates
manual bilateral drainage during unilateral treatment of facial
edema.

We have also demonstrated the efficacy of lymph drainage in
one patient exhibiting discrete edema of the left cheek after a
Caldwel-Luc operation.

BIBLIOGRAPHIE

1. H. ROUVIERE — Apatomie des lymphatiques de 'homme.
Masson Ed., 1981,

2. 1. CAPLAN — Estudio ¢ investigacion de tos linfaticos con-
trolaterales de labio inferior. Publicaciones, Revista de la
Sociedad Rioplatense de Anatomiu, 1971/2, N® 4, pag. 44.

3. A. LEDUC — Drainage lymphatique. Théorie ct pratique.
Monographies de I'Ecole de Cadres de Kinésithérapie de Bois
Larris. Masson Ed., 1978,

4. M.A. EBERBACH., R.L. WAHL, L.C. ARGENTA,
J. FROELICH, J. NIEDERHUBER -— Utility of lympho-
scintigraphy in directing surgical therapy for melanomas of
the head, neck and upper thorax. Original communications
in Surgery, vol. 102, n® 3, sept. 1987,

Table 1
Visualised nodes afler injection of the left glabella
vinsm = lymphatic vessel running the length of the nose,
vbsp = lymphatic vessel bordering the eyebrow in the direction of

the parotid lymph node.

Visualized nodes
Ipsilateral Controlateral
Casc Pre-auricular Sub-maxillar Pre-auricular Sub-maxillar

1 X X ynsim
2 X X vnsm X vbsp X vnsm
3 X X
4 X X vnsm X vnsm
5 X X X vbsp
6 X X X vnsm
7 X
8 X X
9 X X
10 b4

10 8 (3/vnsm) 2 vbsp 3/vnsm
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VUE DE FACE; INJECTION GLABELLE GAUCHE

rnject\lon

.- +. > Vvoiesde drainage B

+ repéres Fig. IB
0 anali Scintigraphic tmage with three differenr sensitivities of :
ganglions — vasm = drainage vessel homolaieral to the Tnjection,
— vbsp = drainage vessel contrafateral to the injection.

VUE DE FACE: INJECTION GLABELLE GAUCHE

..»«» VOies de drainage

+ repéres B

Fig. 28
0 ganglions Scintigraphic image with 3 different sensitivities of :
— vasm = homolateral to the infection.
— vbsp = homolateral and contralateral 1o the injection.
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VUE DE PROFIL DROIT: INJECTION GLABELLE GAUCHE

...-» VOiesde drainage B
Fig. 3B
+ reperes Scintigraphic image with 3 different sensitivities of :
vhsp = contralateral to the injection.

0 ganglions

VUE DE PROFIL GAUCHE: INJECTION GLABELLE GAUCHE

A

.....» VOies de drdinage

e repéres Fig. 4B
. Scintigraphic image with 3 different sensitivities of ©
O gangl 10ns vism = homolateral to the injection.
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Profil g.

Inj. Glab. g.

60" apres inj.
A P ‘

’ fréDéres Fig. 5B
Scintigraphic image of the stagnation of the infecled medium
in one patient exhibiting discrete edema
af the left fucial hemisphere.

Profil g.

Inj. Glab. g.

60" apres D.1.M

B

Fig. 68

. Scintigraphic image illustrating the migration of the colloids
+ reperes following manual tymph drainage
. in one patient exhibiting discrete edema
© ganglions of the left facial hemisphere.
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Fig. 7
Lymphatic vessel running the length of the nose,
vasm appearing after injection of the glabella.

Fig. 8
Lymphatic vessel bordering the eyebrow fold in the direction
of the parotid panglionic duct (vbsp).

i — THE FUROPEAN IOURNAL OF LYMPHOLOGY  — Vol ! — Nro ! —  May 1990



LA PRESSOTHERAPIE
AU MERCURE i

o , ULCERES REBELLES
SN , HYPODERMITES

, SEQUELLES
DE PHLEBITES

B | PATHOLOGIE
" POST-TRAUMATIQUE

— Gradient de Pression évacuateur important.

— Moulage atraumatique régulier des membres supé-
rieurs et inférieurs (hypodermites et ulcéres).

— Technique fiable et rapide, donnant de 75 a 85 %
de bons et trés bons résultats selon la pathologie.

H.G. MEDICAL

65, Avenue DE LA CHATRE - 36000 CHATEAUROUX
Tél. 54.34.24.00




Lympho-scintigraphic demonstration
of a protein loosing enteropathy

P. BOURGEOIS™, M.D., and F. WOLTER" ", MD.

THE EUROPEAN JOURNAL

OF
and related problems
Q_i'a_:_u_:.'.F 1. 7r_4_-..-'.-IJEIFE T-_ MAY 1650

() Laboraioire des radioisotopes, Service de Radiothérapie (prof. J. Henry},

Institut f. Bordet,
and

(*") Servive de Pédiatric, Hopital Saimt-Pierre, Free University of Brussels, Brussels, Belgium.

SUMMARY

A case of chylangioma with lympho-duodenal fistula respensible
of a severe protein loosing enteropathy and first demonstrated
by radionuclide bipedal lymphangiography is reported.

The observation and the interest of the technic in the diagnosis
of protein loosing enteropathy are discussed.

KEY WORDS : Protein Loosing Enteropathy,
Bipedal Radionuclide Lymphangiography.

INTRODUCTION

Intestinal lymphangioma also called chylangioma is a rarc cause
of Protein Loosing Entcropathy (1), However since a long time
described (2), only few cases have been reported in the literature
{1. 3 - 10).

Diagnosis is usually based upon demonstration of intestinal loss
of protein by the RISA or chromium test and visualization of
intestinal megalymphatics by luparotomy (1, 11, 12). More rare-
ly, dircct loss of lymph into the digestive tract has been demons-
trated by X-Ray lymphangiography (3, 5- 7, 9).

We report here a case of intestinal lymphangioma for the first
time demonstrated by radionuclide lymphangiography as a fistula
from the lymphatic system to the digestive tract,

CASE REPORT

M.N. was admitted to the hospital at the age of 12 years for
edema of recent appearance,

General physical examination was normal except for fluctuating
edema of the face and of the lower limbs. The serum total protein
was 4,1 g/dl with a normal clectrophoretic pattern. Other labo-
ratory lindings were normal. There was no albuminuria. The
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diagnosis of Protein-Loosing-Enteropathy was suggested on the
basis of decreased biological half-live and increased excretion of
radiolabelled serumalbumin, Barium study of the bowel and
jejunal biopsy were normal. Pedal X-Ray lymphography showed
a dilated network of lymph vessels in the upper abdomen. The
thoracic duct was visualized. On laparotomy, the pancreas and
duodenum were covered with distended lymph vessels which
were resected and ligated. Transitory improvement of serum
proteins was observed after operation.

With two successive operations (anastomosis of lymph nodes
sections to three different abdominal veins) and adequate diet,
the paticnt was maintained in relatively satisfactory conditions
until the age of 20 years and despite two episodes of intestinal
obstruction treated by aspirations at 18 and 19 years of age.

Al 20 years of age, she started to have hypocalcemic tetany.
Hypoproteinemia with edema persisted. Supplements of calcium
and vitamin D were given.

Two years later, the clinical and biclogical status worsened pro-
aressively, The patient was hospitalized for general edema and
tetany. The serum total protein was 2,9 g/di with 1,3 g/dl of
albumin. Serum calcium was 4,4 mp/dl and serum magnesium
0,94 mg/dl. Continuous gastric feeding with high protein and
low fat dict supplemented with caleium, magnesium and vitamins
brought somec improvemcent. Laboratory findings werc normal
except for constant hypoproteinentis, hypocalcemia, hypo-
magnesia and lymphopenia. Baryum study showed a dilated duo-
denum and edema of the intestinal mucosa. Computed tomogra-
phy of the pancreas was normal.

Radionuclide bipedal lymphangiography with study of the elimi-
nation of the marker at the sites of injection was then performed
in order to exclude a lymph mode or lymph vessel pathology.
Marker's climination at the sites of injection was normal and
abdominal lymph nodes were normally visualized. But the inves-
tigation showed (fig. 1) six hours after injection an unexpected
accumulation of the marker in the colon. A direct loss of lymph
into the digestive tract was then suspected and a second radio-
nuclide lymphangiography performed in order to precise the
level of the fistula, The investigation evidenced a chylous reflux
in the epigastric region and a loss of lymph into the digestive
tract in the same region {fig. 2). Later, accumulation of the
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Figure 1
Picture centered on the abdomen {anterior view), realized 6 hours after injection at the time of the first radionuclide bipedal {vinphangiograpiry.
Visualization of the iliac and hanboaortic nodes but also of activity in te right wnd iransverse colon (arrows).

Figure 2
Samie view as in ’ﬁg. I but realized at the time of a secund (control) lynphaoscintigram and twenty minutes after the radiolabelled molectdes
!

had reached the lumbaoaortic nodes. Visualization of non nodal activity (before the lympl nodes in lateral view) in the epigastric region (arrow).
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Figure 3

Control X-Ray
Iymphangiogram

t and B opichires centered an
the epigastric region.

) Anlerior view.,
Visualization of radicopague
material in the epigasiric
reglon (pancreas) signing
the chivlous reflux and furrow;
in the 2nd pare
of the duodenum.

b) Lateral view.
Radicopagque material
s clearly prenodal and hus
already progressed in the
digestive tract (drrow),

¢} Pretdres centered
on the abdonien 6 awrs Faler.
The radivopague maierial
can be visialized
inn the rransverse colon
farrows,.
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marker could be observed in the colon after having transited in
all the digestive tract.

Endoscopic retrograde cholangio-wirsungography (CWR) was
normal. Duodenuscopy, although demonstrating presence of
lymph in the duodenum, failed to visualize any lesion of the
duodenal wall. X-Ray lymphography confirmed the chylous
reflux (fig. 3) and the localized lymph loss in the duodenum
(fig. 3).

On laparotomy, a chylangioma was found in the right upper
abdomen, cxtending from behind the duodenum to the right
lumbar region and below the liver. Megalymphatics were clipped
and devided and the lymphoduodenal fistula was closed through
duodenotomy. Post-operative course was favorable with increasc
of serum proteins and calcium.

DISCUSSION

Lymphoscintigraphy in comparison with other technics is a sim-
ple and non fraumatic mcthod in order to investigate the mor-
phology and functional aspects of the lymphatic system (13 - 15).
In case of bipedal radionuclide lymphangiography, after subcu-
tancous injections in the feet, the radiolabelled microcolloid
migratcs upwards through the lymph vessels of the limbs, is
trapped by the successive lymph nodes it encounters and which
arc by this way visualized (13).
Liver and spleen visualization is a frequent and normal finding
because the radiccolloid that has bypassed the lymph nodes and
reached the systemic circulation is clearcd by the elements of
the Reticulo-Endothelial System. Kidney or bladder visualiza-
tion are due to accumulation of free “™TeO7 or of isotope
secundary released by the reticulo-endothelial cells.

Three facts seemed to suggest that the intestinal activity observed

did not correspond in this case to free pertechnetate (controlled

by chromatography in the preparation and inferior to 3 % of

the total activity injected) but well to true colloidal i.c. lymphatic
originary activity :

— the very weak return of lymph and colloid to the systemic
circulation as suggested by the abscnce of net visualization of
the liver.

— thc absence of thyroid imaging at the time of cach investigation
(considering the avidity of this organ to TcO7).

— the absence of measurable TcO7y activity in aliguots of gastric
juice taken at the same time of onc investigation and the
absence of gastric imaging,.

The only possible cxplaination to our observations was the direct
loss of lymph into the digestive tract, more precisely as suggested
by the pictures in the pancreaticoduadenal region. A fistula
between the Wirsung and a lymph vessel, as reported in a case
of protein loosing enteropathy had been excluded by a C.W.R.
Loss of lymph at the level of the duodenum was then confirmed
by X-Ray lymphography and pcroperatively.

The main contribution of the radionuclide technic was here the
clear demonstration and localisation of the fistula,

For the following reasons, especially in pediatric paticnts, this
method can be recommended owing Lo its advantages over its
radiological counterpart :

1. The radiocolloid is injected subcutancously without disconfort
1o the patient and the technic dees not require blue patent
injection, skin excision and lymphatic cannulation.

2. Patients can be studied without anaesthesia : general anacs-
thesia appears to be a need in one case upon five in Gasquet’
serics (16).

3. The presence of cdema adds no difficulty to the procedure.

4. There is no complication from the study. In the case here
reported (owing to the possible risk of lipiodol pulmonary
embolisation secundary to the previously performed lympho-
venous anastomosis, 17 - 20), we had not dared to perform
X-Ray lymphography up to the moment where on the basis
of the lymphoscintigraphic data, we were sure that the return
of lymph to the systemic circulation was wcak.

5. The radiation dosis 1s lower than those of a radiographic
lymphangiogram.

Independently of the value of the technique in the management
of neoplastic diseases, all this advantages have already led scve-
ral authors to purposc radionuclide lymphangiography as a
screening technic in the management and / or differential diagno-
sis of lower and / or upper limbs cdemas of adult and / or
pediatric patients (21 - 20).

As suggested by this case report, another indication of this tech-
nic could be, in cases of protein loosing enteropathics, the
demonstration of a chylous reflux and / or of a Joss of lymph
into the digestive tract. However, with rcgard to the surgical
sanction that remains the main trcatment of such situations,
X-Ray lymphography has to be performed in all casces.
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SUMMARY

The process of revascularization in supra-panniculur skin grafls
in the mice were studied at various intervals up to 50 weeks
after transplantation by a combination of microscopic and
lvmphoscitigraphic techniques. Grossly, the grafts appeared to
he healed on the 20th day after grafting. Microcirculatory
parameters are obscrved during the healing process @ the vein
regenerated on the 45th day after prafting in 100 % of the cases .
the lymphatic collector through the transplant only in 50 %.
Lymphoscintigraphic studies revealed a contralateral drainage
on the first postoperative day.

Skin grafts represent a form of tissue transplantation of skin as
frec grafts from & donot area to a recipient site were they acquire
a new blood supply derived from the recipient bed. Free skin
grafts differ from skin flaps in that the revascularization of skin
grafts is derived solely from the recipient bed. The process of
revascularization and reattachment of a skin graft to a recipient
bed is generally referred to as a * take ™.

The survival of any free skin graft is dependend on the re-csta-
blishment of adequate circulation (17). Altough many papers
(5, 8, 16, 18, 28,32) have been published on the revascularization
of fuli-thickness skin grafts in the initial postoperative period,
vascular changes afler a longer period have remained largely
uncxplored. For this reason this paper reports the vascular chan-
ges up to 1 vear after grafting in full-thickness skin grafts to mice.

The theories about revascularization that have heen reported to
datc can be summarized as follows : the first stage involves
anastomosis, with circulation restored in the onginal graft vessels
(primary revascularization). The second stage of revasculariza-
tion involves the growth of new vessels into the transplant from
the vasculature of the bed (secondary revascularization).

The purpose of this study was to epproach the processes of
regeneration of the blood- and lymphatic vessels during the hea-
ling of free skin grafts in mice, The process of revasculurization
and reattachment of a suprapannicular skin graft to its
recipicnt bed is studicd by means of vital transillumination
microscopy. The microscope was connected with a SONY

CCD-color camera (fig. 1). The Iymphatic regeneration is visua-
lised by intradermal and intraganglionic injection of Patent Bluc
V dye. The sccond part of the study consists of a lymphaoscinti-
graphic study to measure the quantity of radioactivity in the
different lymphnedes in function of the regenerated lymph-
vessels,

MATERIALS AND METHODS

A, Microcirculation protocol

After anesthesia by cether the hair was cut over the left

lateral sides of the mice. Under aseptic conditions, free skin
prafts (fig. 2} were raised by cutting round fouor sides {1 cm X
1 em). The place of the graft is so chosen that the abdominal
main vessels (artery, vein and lymphatic vessels) are interrupted
twice. The graft is totally removed and controlled (fig. 3). Sutu-
ring the graft on its bed with 5/0 silk suture follows. Finally, a
dressing with extensible bandager (Leukoflex, Beicrsdorf, W.-
Germany) was applied. The dressings were removed 10 days
after garafting,
At different intervals (from 1 day to 1 vear) anesthesia was
performed by urethane injection. The macroscopic parameters
(adhesia, external aspect, colour, thickness and cdeina) even us
the microscopic parametcrs (caliber, permeability, backflow, res-
toration and congestion of blood- and lymphatic vesscls) were
cxamined. Therefore the left ubdominal side of the mice was
turned inside out after medial incision of the abdominal skin,
The total population consisted of 561 mice.

B. Lymphoscintigraphic protocol

The second part of this study consists of a lymphoscintigra-
phic study : we measured the quantity of radicactivity in the
inguinal and axillary lymphnodes at different intervals (one day,
two weeks and one month) after grafting. Therefore we injected
subcutaneously into the hind-limb of the mice 170 microcurics
in 0.2 ml of 99 mTc labelled Human Serum Albumin nanosized
colloid (Nanocoll®, Solco Basle, Switzerland). The imaging of
the whole body was performed with a gamma-camera (Sopha
Medical) connected to a data processing system. The recording
started 30 minutes after injection and consisted during 10 mi-
nutes,
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After this lymphoscintigraphic study, we excised the four lymph
nodes (inguinal and axillary homolateral and contralateral to the
injected limb) and counted the amount of radioactivity of each
lymph-node in a gamma-scintillationcounter. The total popula-
tion of this part of the study consisted of 92 mice.

RESULTS

A. Gross observations

In this study we controlled the following parameters : the
healing process of the skingraft, the color of the skingraft, the
appearance of edema and the measurement of the skinthickness.

The healing of the graft occured in all cases by the 20th day
after grafting. One week after operation the skin grafts were
firmly adherent to the recipient bed and appeared slightly red.
Two weeks after the operation the redness of the grafts had
faded and the hair had regrown slightly. At almost three weeks
the grafts appeared almost like normal skin. The hair regrowth
was almost complete. The difference between the arca of the
graft and the surrounding skin was for the controlled paramcters
no longer detectable. The edema reached his highest level
between the 4th and the 10th day after grafting. This was corre-
lated with the measured skinthickness of the grafis (fig. 4).

B. Microscopic examination
The results of this study are the following :

L. The vein regenerates on the 45th day after grafting.

It occured by anastomosis between the recipient vessels and
the vesscls of the skin graft in 87.3 % of the cases. In a period
of 45 days after grafting the incrcased permeability, the dilata-
tion and sludge of the vein was normalised. The rapid reesta-
blishment of an inadequate circulation is thc major concern that
ariscs. At two days, the grafts appeared grossly to be paler than
the adjacent skin. Graft edema which developed rapidly after
grafting, was still increasing. Although hypervascularity was
observed around the recipient bed, the grafls at this stage shewed
a hypovascularity. We obscrved on the 3rd day after grafting a
pinkish hue of the grafts. Edema was still noted.

2. The artery do not regencerates in his original position.

The blood supply in the graft arrives from collateral arteries
which enters through the different sides of the grafi. The artery
never regenerates through the graft as before the grafting,

3. The lymphatic vessel regenerated only in 50 % of the cases
on the 45th day after grafting.

This means that the vein and the lymphvessel did not rege-
nerate at the same time after grafting, The almost total restora-
tion of the lymphvessel (94,1 %) occured on the 6th month after
grafting (fig. 5).

4. There exists no correlation between the regenerated
lymphvessel and the decreasing of the postoperative edema,
The edema is totally reabsorbed on the 28th day after graf-

ting. Untill that day there is no regeneration of the lymphatic

vessel, Perhaps the opening of lymphovenous shunts gives us
the explanation of the decreased edema.

5. The lymphvessel regenerated first through a network

of tymphvessels before it takes his original morphological

structures back.

A network of lymphvessels is scen in all experiments untill
the 60th day after transplantation. Even if the lymphatic vessel
regenerates there still excists a network at the entrance and exit
of the graft (fig. 6). At 105 days after grafting this network is
only seen in 30 % of the cases.

This experimental study shows that after an interruption of the
lymphatic system by means of free skin grafts the lymphatic
system recovers by four possible mechanisms ;

1. The development of & collateral circulation ;

2. The opening of lymphaticovenous shunts ;

3. The appcarance of lympholymphatico anastomosis |

4. The regeneration of the lymphatic collectors.

C. Lymphoscintigraphic study

The results of the lymphoscintigraphic study can be resumed
as follows :

1. The injection of colloids in the hindlimb of the mice belonging
of the control group are only drained along the homolateral
side ; from the inguinal lymphnode to the axillary lymphnode
(fig. 7).

On the first day after grafting we found that the original way
of drainage is interrupted. No activity is found in the axillary
lymphnode. We found un important activity in the inguinal
lymphnode on the contralateral side. So, there exists a shift
of the injected colloids to the opposite side. We even remarks
a backflow from the homolateral inguinal lymphnode to the
popliteal lymphnode of the injected limb (fig. 8).

8%

3. One month after the skingrafting which interrupts the main
lymphatic vessel we found a normalisation of the radioactivity
in the 4 excised lymphnodes. No difference was found with
the control group. Nevertheless the lymphatic vessel did not
regencrated on that moment, we found that the lymphatic
system normally functionated as before,

Film-camera Yideo-camera ,
Yideo-
} Adaptor
= - 0
'
L=t —_ .
OP-microscope
Yideorecorder 2
Cold . ]
Lightsource LI' ]
o = a =
Monitor
Fig 1 — Schematic drawing of the experimental equipment.
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’\[/’\{f\ SKINGRAFT

Fig. 2 — Schemuic diagram of the grafting method.

The epidermis (E) and dermis (D) are removed leaving the Penniculum carnosis (PC) in place.
The graft is replaced in the original position and sutured.
{HF = Hairfollikal).

Fig. 3 — The suprapannicular skingraft.
{The interrupted vein and artery are well seen).

DISCUSSION

This experimental study shows that after an interruption of the
lymphatic system by means of free skin grafts the lymphatic
system recovers by four possible mechanisms :

1. The development of a collateral circulation ;

2. The opening of lymphaticovenous shunts ;

3. The appearance of lymphelymphatico anastomosis ;

4. The regeneration of the lymphatic collectors.

The network of lymphvessels still exists untill the 6th month
after the grafting. This was also confirmed in an other study
concerning the healing of the skin after incisions (28, 29). The
nctwork of veins did never occur in any case, possibly due to
the high hydrostatic pressure in the veins which allow the rege-
neration in one preferential way.

In a further study, we will examine the guality of the vein and
lymphvessel in the graft. Can we really speak of a restoration
or a regeneration of the vein or is it simply a “re”-functioning
of the cutted vein ? A histologic study can inform us about the
structure of the vein and lymphvessel. Do they consist of the
3 tunica or did they have only one layer of endothelial cells ?

A practical result of this study is the possibility to open pathways
to the controlateral side which allows to drain the edema due
to p.e. an excision of the inguinal lymphnodes by mcans of
manual lymphdrainage.
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Fig. 4 — Skinthickness meastred proximal, on the graft,
and distal from the graflarea.
(W mean, SEM).

Fig. 5 — Toually restoration of vein and lymphvessel.

Intradermal infection in the graft.
Note the existence of a retrogade bloodflow (arrow right)
and the regenerated lymphvessel (arrow lefl].

Fig. 6 — Regenerated Iymphatic vessel,

Note the appearance of a network by entering the graft.
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