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OBSEBVATIONS IN CI,INICAL SURGERY

f(r) A Methort of measuring Fixed. AdductionS.d,bduetion Deformi,ties of
the hip joint: \.
whenever there is fixed adduction or abduction deformity of

the hip joint, it is concealed by a compensatory tilt of the p"tviu
upwards or downwards on the affected side. such a tilt presents
a limb that appears nsrmal in position (i.e. parallel to the normal
limb) lut which exhibits apparent shortening or lengthening, res-
peetively. such a deformity is usually measured. by adducting or
abdueting the affected limb till the anterior superior iliac spine on
the affected side comes to the same horizontal level as the spine
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LEGENDS

Fig 1: Diagrammatic ex_
planation of the

_ suggested method.
B A and B are the twoanterior superior iliac

spines and AA' and BC thetwo lower limbs in their
normal position. For the
sake of convenience, the
lower limbs are consiiered
in relation to the anterior
superior iliac spines and
not to_-the hip joints pro-
per. B' is the position of
t-tle left anterioi superior
iha-c sping when the 

-pelvis

had tilted upwards to com-
pensate {or the fixed ad-
duction- deformity (CBC')
of the left hip. e,n'is th6
position, of the left low6r
limb in the compensated
position so that B'D . isparallel to BC.
' /B'AB is, therefore, the.. angle of Sxed adduction
according to the new me-
thod suggested; whereas
Z C'BC is the angle of
frxed adduction when
measured by the conven-

,eDq
Fig. I

tional method. It is to be shown that ZBAB: 1C,BC.
Proof: IC,BC = I B,EB (alternate angles).

In tiiangles AB'F and BEtr'
. I AB'E_ ITBtr.

I F b common
.'. IB'AB=4B'EB- lC'BC

Post-graduate student, K.E.M. H".ptt.l ""@Bombay 12.
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on the normal side. The arc through which the limb had to be moved
measures the angle of fixed adduction or abduction.

A method which is simpler and obviates any manoeuvre on the
patient is suggested as follows: Do not disturb the compensation.
Join the two anterior superior iliac spines (AB' in !'ig. 1). From
the spine on the normal side, draw a line horizontally towards the
normal position of the opposite spine (AB). Then the angle between
these two lines (BAB') measures the angle of fixed adduction. Alter-
natively, join the two spines (AB') and drop a perpendicular from
the spine on the normal side (A) to the median vertical line. The
angle between these two lines measures the angle of fixed adduction.
By drawing imaginary lines as deseribed above, it is possible to ob-
tain the angle of deformity on inspection alone.

A geometrical proof (Fig. 1) showing that the angle measured
by the method suggested is equal to the one measured by the con-
ventional method is presented. The method, is equally useful for
measuring fixed abduction deformities of the hip joint.
{n) Al Inspection sign for Swellings in the fnguino-scrotal Region anil

the Groin :

While dealing with a swelling in the inguino-scrotal region, it
is customary for the clinical teachers and the books on Clinical Sur-
gery to insist on "reaching the top of the swelling on palpation" to
deeide the nature of the swelling, viz. inguinal, scrotal or inguino-
scrotal.

By observing the nature of, what I would call, the ir:guino-
scrotal €urve, this could be decided on inspection alone. The inguino-
scrotal curve, in the normal (tr.ig. 2) begins at the top of the con-
vexity of the scrotum as a line which has its convacity directed first
outwards and then .outwards and downwards before merging with
the inguinal region on either side. The curve remains unaltered in
swellings purely inguinal.or scrotal (Figs. 3-4). In case of an inguino-
scrotal swelling, however, the concavity of the curve is flattened
out or is replaced by a manifest convexity (Fig. 2).

It is ailso possible to iliagnose a femoral hernia from an inguinal
hernia on inspection. fn the case of a femoral hernia, a line traced
down'wards and inwards along the outer margin of the swelling has
no eontinuity with the inguino-scrotal or the inguino-Iabial curve
but forms an acute angle (inguino-femoral recess) with the curve
(Figs. 5-6)XSuch a line in the ca.se of inguinal herniae, falls in conti-
nuity with the inguino-scrotal or the inguino-labial curye (Figs. 3-7).
The inguino-labial curve is represented, in the normal, by the outer
margin of the labium majus.
(UI) A Preliminary Beport on Observations in cases of Silent Abilomens:

While examining a series of silent abd.omens (peristaltic
quieseence following peritonitis or a laparotomy), it has been ob-
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served that whenever there is intestinal quiescence, the chest and
the abdomen act as a single unit. All the respiratory signs on palpa-
tion and auscultation (viz. TVF, breath sounds and VR) of the chtst
can be perceived in a similar way all over the abdomen including
the entire anterior abdominal wall, the sides of the abdomen and all
over the back including the renal angles, and areas just above the
iliac crests and the sacrum. fn one case of perforative peritonities
in an old man, the vocal resonance could be heard on auscultation
just above the greater trochanter of the femur,.

It can be further emphasized here that it is'not the absence of
peristalic sounds that strikes one first on auscultation of the abdo-
men hut the active presence of the patient's groan heard all over
that appears ominous in cases of aeute abdomen. fn normal people,
such a transmission of chest sounds on to the abdominal parietes
is restricted to the uppermcst part of th6 anterior abdominal wall,
i.e. the epigastrium.

Tile mechanism of this interesting phenomenoyr described. above
js Cifficult to explain. It is possible that normally the sound waves
due to gastro-intestinal peristalsis actively repel most of the respi-
ratory sounds so that very little is transrnitted to the abdorninal
parietes via the abdominal cavity or the walls of the abdornen. Fur-
ther investigations with the aid of a phonograph to elicit and com-
pare phonothoraco- and phonoabdomino-grams for the better under-
standing of this phenor-nenon are pending till better facilities.
(IV) A Palpation Findling !n Distenrteci Urinary Bladder:

It"isa eqmriron experience that neither the clinical teachers nor
the books on'Clinical Surgery mention that a distended urinary
bladder, if,'.nlJ very tense, gives positive fluctuation as any cther
intra-abdo#iibl cSzstic swelling. I feel this finding forms a good aicl
in the differential diagnosis of svrellings in and around the hypo-
gastric region.

I am thankful to Dr. K. Das, F.R.C.S. (Eng. & Edin), Calcutta for
Iris kind permission to use Figs. 2, 3, 4, 5 and 6 from his "Clinicat Methods
in Surgery" and Dr. G. D. Adhia, F.R.C.S. (Eng.), Bombay for Fig. 7.
A part of the method for the hip joint is taken from Bailey's "Physical
Signs in Surgery", H.K. Lewis & Sons, London (1960).

LEGENDS

Fig. 2: Inguino-scrotal curve, normal on (R) side and convex on the (L) side
due to an inguino-scrotal swelling
Figs. 3 and, 4: Purely inguinal or scrotal swelling does not alter the curve.
Figs. 5 and, 6: A, line traced along the outer margin of the femoral hernia has
no continuity with the inguino-scrotal or the inguino-labidl curve. The line in-
stead forms an acute angle with either curve.
Fi,g.7: Inguinal hernia in a female. Compare it with Fig. 6.
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THE USE OF A SILICONE RUBBER SPLINT FOR POST-VASECTOMY

VAS DEFERENS ANASTOMOSIS: REPORT OF A NEW OPERATIVE TECHNIOUET

.D. S. Pardanani, M.S., M.A.M.S.

'M. L. Kothari, M.S.

M. N. Mahendrakar, M.8., 8.9.

S. A. Pradhan, M.B., B.S.

,Departments of Surgery and Anatomy
Seth G.S. Medical College and K.E.M. Hospital

Parel, Bombay 12, lndia

ABSTRACT

A new technique for the anastomosis of the vas deferens after
vasectomy is described; an important feature is the use of a large

diameter splint of silicone rubber. The splint is placed intraluminally
in such a way as to .reduce tension on the anastomosis during the
crucial immediate post-operative period. Of the 10 operations per-

formed with this technique. successful recanalization was achieved in 9

and pregnancy was recorded in 3 during a one to fourteen month
follow-up perigd. lt is Telt that the modifications of the operative
technique described here may lead to further improvement of the
results in vas deferens anastomosis after vasectomy.

*This investigation was supported by the lndian Council of Medical Research,

New Delhi, lndia.
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CONTRACEPTION

INTRODUCTION

Vasectomy is becoming an important method for population control

in many countries. The simplicity of the operative procedure and its reli-

ability, with very small lailure rate, little or no loss of man-hours and the

relative freedom from complications makes it a method acceptable to many

men. However, its one disadvantage has been that the operation has become

reputed as one that is difficult to reverse. The popularity and acceptability

of the operation can be further enhanced if it is shown that fertility can

be restored whenever desired or indicated by a reversal procedure of vas

recanalization

satisfactory results of vas deferens anastomosis have been reported

recently, specifically with one of the commonly used techniques of this

operation (1 , 2]|. However. in our experience with this operation, we felt

that it might be possible to further improve upon these results if certain

modifications were made in the existing operative technique.

A new operative technique for vas deferens anastomosis is described

in which the splint rnaterial, the splint size and the splint placement have

been modified with the anticipation of achieving better results. This corn-

munication is the report of our f irst '10 cases utilizing this nrodif ied tech'

nique for vas recanalization.

MATERIAL AflD IIIETHODS

The recanalization procedure descritred below was performed in a

gror.lp of ten men with previous surgical vasectomies. Only those cases

where the previous vasectorny had been carried out very low in the scro-

tum involving the convoluted portion of the vas deferens near the cauda

epididymis, were excluded from the present series. The exclusion of these

cases was based on the fact that it is not possible to introduce a splint

inside the lumen of the convoluted portion of the vas deferens'

There were five cases each in the age groups of 21 to 30 years

and 31 to 40 years. Among the ten vasectomized patients, one was a

bachelor who now desired to get rnarricd. Of the remaining 9, 5 had

lost chiidren following vasectomy and 4 desired to have more children.

The duration between vasectomy and the vas deferens anastomosis opera-

tion varied between 3 months and 3 years {Table l}.

:
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TABLE I

Duration between vasectomy and vas anastomosis operation'

3 months

9 mgnths

1-2 years

2-3 years

OPERATIVE TECHNIOUE

The operation was carried out under general anesthesia. Each side

of the scrotum was explored by an anterior vertical incision. The two

segments of the severed vas deferens and the intervening fibrous nodule

were defined with minimum disturbance to the vascularity of the two

segments. The fibrous nodule and the adjoining fibrosed portions of the

vas deferens were excised with a sharp knife (Figure 2:i) and the patency

of the tlvo segments of the vas deferens was determined by introducing

a nylon thread O01 inches in diameter into the lumen of each segment

and by injecting saline into the distal segment. The whitish fluid ex-

truding from the proximal segment was collected and examined'

The splint consists of medical grade silicone rubber tubing (SilasticR*

Dow corning) with straight, round bodied needles attached to both ends

(Figure 1). The needles were purchased separately and attached to the

tubing with the use of Silastic Medical Adhesive Type-A (Dow Corning)'

The largest diameter tubing which could be introduced into the lumen of

the vas deferens without causing damage to its epithelial and muscular

layers was selected for the splintage. lt was found that in the majority

of the cases, the lumen of a normal vas deferens easily admitted a

silastic tubing with an outer diameter of o037 inches. ln cases where

the vas lurnen was found to be smaller, a silastic tubing with an outer

diameter of O025 inches was used.

* Polydimethylsiloxane

1

1

6

2

DURATION BEFORE ANASTOMOSIS NO. OF CASES

.lt'\l.l l9?:l \'o1.. 7 No. (r 19:l
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Figure 1. The splint consists of Silastic tubing with round

bodied needles attached to both ends'

Theneedlecarryingthesplintwasintroducedinsidethelumenof
firsttheproximalandthenthedistalsegmentsofthevasdeferensand
was brought out by piercing the wall of the vas deferens at a distance of

about 1.5 to 2'0 cm from each cut end (Figure 2:ii)' The two ends of

the vas deferens were anastomosed over the splint with 4 interrupted sutures

of 6/0 arterial silk on an atraumatic needle. When placing the sutures' care

was taken to include only the muscular and the adventitial layers of the vas

deferens without entering its lumen. The anastomosis was further reinforced

with the approximation of the fasciae around the two segments of the vas

deferens. The free ends of the Silastic splint were brought out through the

scrotal skin and were tied together {Figure 2:ii and iii)' The scrotal

incision was closed in layers. Gentle handling of the tissues' avoiding the

use of crushing instruments and proper hemostasis were considered very

important features of the surgical technique'

ThepatientswerekeptinbedforTdaystofurtherinsureagainstthedevelop.
ment of tension on the anastomosis which is very likely to occur if the patient is

mobilized early. Firm tissue union occurred by the 7th post'operative day when the

splintwasremoved.Thesplintwasremovedwithoutanyanesthesiabycuttingone
exteriorlimbofthesplintwithapairofscissorsandpullingontheotherlimbofthe
splint.Forremovingthesplint,thesamesurgicalprecautionsaretakenasaretaken
forremovinganordinaryskinstitch.Thei.emovalofthesplintwasyveryeasyand
therewasnoincidenceofbleedingoranyothercomplicationduringitsremoval.

494 JUNE 1973 VOL. 7 NO. 6
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RESULTS

ln the present series, the gap between the two segments of the vas

deferens after excision of the intervening fibrous nodule varied between 1.5 cm

and 4.0 cm with an average of 2.5 cm.

The ten operated cases were followed-up for periods ranging between

one month and fourteen months. Successful recanalization was achieved in

9. ln the 8 cases where the follow-up was more than 4 months, the sperm

count ranged between 20 million per ml and 154 million per ml with sperm

motility ranging between 40 percent and 80 percent one hour after the

collection of the semen. Pregnancy was recorded in 3 cases. ln one case

where the follow-up was for one month only, the sperm count was 2 million

per' ml with sperm motility of 40 percent. One case continued to show

absence of spermatozoa in the semen even at the end of one year and was

considered a failure of the recanalization procedure. ln all the successful

cases, the number, morphology and motility of the spermatozoa showed

improvement with the passage of time.

DISCUSSION

Many methods for vas recanalization after vasectomy have been

described. Between the 'non'splint' and the 'splint' techniques, the latter

appears to be more favored. A variety of splints have been used in the

past, including catgut (3), silkworm gut (4), stainless steel tube (5), tantalum

and stainless steel wire (6,7) and polyethylene tubing (8). Perhaps the most

commonly used splint today is the one made from nylon. The basic technique

for vas deferens anastomosis using a small monofilament nylon thread splint has

been adequately described (91 (Fisure 3).

ln our experience with vas recanalization, we found that the use of

the nylon splint in the manner described above has the following disadvantages:

(a) Nylon, like the other materiats which have been used so far,

causes a certain degree of local tissue reaction. The inflammatory reaction

so produced may lead to fibrosis and stricture formation at the site of the

anastomosis. A material which is less reactive and more acceptable to the

tissues is therefore likely to give better results. ln the present study, the

Silastic splint was preferred since it has been shown that this material causes

little or no tissue reaction. silastic, in various forms. has already been

extensively and satisfactorily used for subdermal and deeper implantations (10' 111.

I
t

{
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(b) The size of the nylon thread which can be introduced into the

lumen of the vas deferens by the hypodermic needle technique is usually

small. While such a small diameter splint may succeed in bringing about

proper alignment of the two segments of the vas deferens (Figure 3: @ t'
it does not open up the two . anastomosing segments. Normal vas deferens

with its highly muscular wall and the mucosa thrown into folds, does not

have the appearance of a hollow tubular structure like the intestine or the

ureter. lt was therefore felt that a device that could cause expansion of the

vas lumen and present two expanded ends for the anastomosis, would give

better results by prwenting luminal narrowing and stricture formation during

the process of healing. A large diameter splint was therefore preferred'

The O037 inch outer diameier Silastic tubing which has been used in the

present technique is about three-and-one-half times as thick as the 0.01 inch

monofilament nylon thread and eauses a greater expansion of the vas'lumen
(Figure 3: 1Q - (t However, to introduce a soft material like Silastic

intraluminally. it was necessary to devise a new type of splint by attaching

straight, round bodied needles on both ends. This greatly facilitated the

introduction of the splint in the manner described (Figure 2zli, 3: iSl; ana @)).

(c) The final placement of the nylon splint, as described in the

usual technique (Figure 3, €-)) was considered to be unsatisfactory. This

observation was based on the fact that tension usually develops on the

suture line after the vas deferens anastomosic. The occurrence of tension

is the result of excision of a segrnent of the vas deferens at the time of
vasectomy. The gap between the two segments of the vas deferens ready

for anastomosis rnay vary from 1.0 crn to 5.0 cm or more, depending

upon the extent of the previous excision. Ttre downward pull of the

testis further aggravates the already existing tension on the anastomosis

(Figure 4:i). The method of splintage with the nylon thread as described

above does not prevent or reduce the tension on the suture line (Figure 4:ii).

ln the present technique of splint placement, the two ends of the silastic

tubing are exteriorized and tied together {Figure 4:iii}. This helps to keep

the two anastomosing segments of the vas deferens in apposition in spite of

the moderate degree of tension which develops. Also, the actual technique

of the anastomosis and the introduction of the sutures is greatly facilitated

due to the close approximation of the two ends of the vas deferens which

is seen to occur when the splint is placed as described above.

Table ll shows some of the results achieved by other workers (1,2,
12 14). lt is obvious that good results can be achieved with different
operative techniques for vas deferens anastomosis. The aim of this presenta-

tion is not to make statistical comparisons with any of the larger series

shown in Table ll, but to report our initial experience with a new operative

{

I
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technique and to emphasize in particular some of its underlying principles.

It is felt that the modifications enumerated in the present technique are

likely to lead to further improvement of the results for vas anastomosis

procedures.Morerecentexperienceoftheauthorshasshownthatthe
presentoperativetechniquemaybecomeextremelyusefulparticularlyitr
those cases where a long segment of the vas has been excised at the time

ofpreviousvasectomy.lnthesecases,becauseofthepresenceofexcessive
tension on the suture line, it is cftcn necessary to ensure firmer healing

of the anastomosis before the splint is withdrawn. This may require re-

tention of the splint across the anastomosis for a period longer than one

week. The use of a splipt made from Silastic under these circumstances

would have a distinct advantage since it may be kept as a splint for

a longer duration without the fear of causing excessive tissue reaction,

f ibrosis or stricture formation.

rABLE II

Results of uaa 
"n"rtoaosis 

achieved by various intestigators'

INVESTIGATOR SUCCESS RATE*

O'Conor, V.J. (12)

Jhaver, P.S. (13)

Phadke, G.M., Phadke, A.G. (1)

Kar, J.K. (2)

Mehta, K.C., Ramani, P.S' (14)

35 - 4V/o

80%

86% (63 out of 73)

70% 163 out of 90)

87o/o fiS out of 17)

?ost-operative reappearance of spermatozoa in the semen'
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Draclineirlo3is, : ascariasis: and.'filatasisi'afe :tle :

rnost' 'impbitant diseases caused ' :bv' iibrnratbdeii':
which, affec1.a large number of persorts in thertropics.
everyl ye.qi-1.',.,Whi!e therapeutio:,jand: rprevenitve
aspebts':d....,e{ea.gas-is and filaria$ls,;,:haye,:reeeived
csnsiderible , dttenfion, guinea-worm disease has
been neglected by th* clinician and by other medi-
cal'scientists: The'aPathy of the patient infested by

-thc guinea-worm is qndeistanda-o-le, since till recent-
ly,,th-e, age-old-method of extracting the worm by
rolling il on a stick was alt that was offered to him.
by way,of treatment. This method has been found
to be unsatisfactory, unreliable and .often hazardous
since rupture of the worrit leads invariably to aggra-
vation of the lOsion,and worsening of the symptoms.

Recently, tbere'rhave appeare{ reports of trials
of :certain chemotherapeutic agents.ior dracunculo-
sis. Notable among these is the reported effective-
ness of niridazole (ambilhar-Ciba) in the treat-
ment of this disease (Gilbert, 1965: Oduntan et al.
1967; Kothafi et al., 1968a, 1968b, in press).

In our study of this disease in the Department
of- Swgery, K-E.M. Hospital, Bombay, various
chemother'apzutic agents'were tried and among these
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metronidazole (flagyl-May & Baker) was found
to be both effective, and safe in controlling the acute
clinical manilestations of the disease. The results
o[ i.reatment with metronidazole in l2 cases of
dracunculosis forms the subject of this preliminary
communication. : ,,.

MntEntel lNo MrrHon
All,the 12 cases'who presented for,this trial had

acute' lesions' of- tdurations varying from 4 days to
30 days. 3' cases had multiple lesions. All the
patients in this series gave the history of residence
in endernic areas and the dialnosis in all cases was
establishecl from recent history o[ extrusion of part
of the worm or'from clinical examination showing
the worm in the ldsion. All the patients in this
series were adult males.

Metronidazole was administered orally at the
rate of-25 mg. per kg. body weight pei day in
divided -doses ioi :trO days. In one case-thd drug
was administered for 15 days.

Since'this was only a piiot study, the response
to therapy was teeordeC as; (l) Satisfactoty:-when
the lesion showed heaiing and the patient felt sub-
jective improvement duringr: or Soon raftei eornple'
tjon 'irl' 'the treatment. (2) Nd response-When
there was no subjective improvement,and the lesion
remained, unaltered or became wors€. It has been
our observation during the clinical study of this
disease that without , treatment the acute guinea-
worm' Iesions ,may' persist for periods ranging
between 6 weeks and 6 :months (Kothari et al.,
1968a) during which the pafient is partially or com-
pletely disabled. The experience of the patients
who had suffered from this disease in the past and
the past clinieal and therapeutic observations of'-
the clinicians were taken'into account in recording
.the.responseof.the.diseaseinthepresentstudy.

R nsur .rs

All the cases in this study showed considerable
improvement in their symptoms and clinical signs.
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ln 9 cases the lesion showed healing during the
10-da5r:perio{ of treatment and in the remaining 3
cases healing wes seen 5 to 7 days after the com-
pletion of treaiment. Clinical exarnination showed
ihat all the acute lesions had become quiescent.+i : --'ement in ce.llulitis and'otherI here was t'Ptou,u,ion 

including o"a".l. 
"it 

"local signs of inflamm 
ief frompatients- at the same iime fult remarkable rel--- -_,

pain allowing eady' mobilisatiorr' .In 4'" cas€s a

whole worm was exlruded,through'the lesions'' In
anbther 4 ' cases ;'the- , worlns ruptured ; while , the
patient tried, to pull 'it out leaving a part of the
worm inside',thp tissues. In tfe remaining 4 cases

the .worms :failed 'to come. oui through the lesions.

Although the ;lesions healed rapidly in cases,where
the whole werln: w&g 'extruded causting the patient
considerable and immediate ielief, it was'observed
that undei,this treatment the lesions:in w[ich whole
or a part of ,the worsl was retained healed equally
weli, : However, in the'follorv.up study it'was ob-
served ihat. in cases where the whole of :a part of
the' wor,m was retainecl in the tissues, the patient
continued to:get slight itching locally ror !t-6 weeks

;ifter the tesion trad healed. 4 longer follow-up is
needed to study the fate of these retained lr'orms
after treatm€nt with metronida,zole' No new lesions
appeared ;during or so-on, after coinpletion of the
treatment with rnetronidazole; 'There were no s'ide

.nr.ir i"jf"*i"g udrninirtrution of metronidazole in
the dosage mentioned above.

Cowcl-uslott

Till recently there had been no specifiC treatment
for dracunculosis. Relief from the ' disease was
obtained mainly by mechanically pulling out the
worm through the lesion which took days and some-
times weeks,,subjecting the patient in the meantime
to pain,,irnmobilisation-and often"to aggravation of
tle '.lesion. ' The discovery of the effectiveiiess of
niridazole against this disease prompted us 10 carry
out a pilot itudy with metronidazole, another mem-
ber of the hitroimidazole group. of drugs.

: -.::''
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Management of
Dracontiasis

ii.
es&rrrui end Awui*pius (Fig. l) frohr
ably owe their origin to this evcnt. A
saying quoted by Moorthy (1g3Ab) .gK
NARU HAUAR DARU' sums up rhe
problem faeed by a elinician in the
menagelncnt of draeontlasis. In tli-e rb.
sente of a speciffe woruricldel dr-ug. the
management has consisted of every IXIE-
sible naustrum {?ab}e Ii and, or surgi-

M. L Kornem
D. S. Penorxexr*
M- P^ T{lcAND**
'Lopa Mrrrre
D. L Kornenr

The Deprrttnretl4 of Atutomy anil Strr-
gery, G.S. Mediesl Collcge & K. E. M.
Hospitcl, Bornbcgr

Iu the managemeut of dracontiasis, rnany
remedies, includiag surgical measiures,
harre beerr tried in & pa. Beeeutly,
we were preseated wi*! tle opportunity
to use a ltsw &enotherapeutic agen! in
a large field trial" far tk managernent
of active guinea-werm disase. A variety
of guinea-wom leiens were seen and
several, differecrt qlects of the disease
were studied (Ifutlari et al 1969a, 1g6gb,
197Ca, 19?0b, 19?e). The advent of this
new drug (qiridezole) hrs, io our etrpe-
rience, radically d,rang€d the manage-
ment of dracontiesis. This has encourag-
ed us ts review brie8y tlre measures used
so faf, as qrell es to pretsrt a definite
plaa for the laaargtno€nt of dracoatiasis.

Masee was perhap the first in history
(Boyd 1951; lWarkell ISE; Kintzen 19$8)
to dernoastrate the clxsical method of
removing the guinee-worm when he
made a serpent of brass aed put it on a
1bl,e, thus providing a visual aid to in-
struct his people in the technique of
remcving the parasite. The motifs of

* Dept. of Surgiery, S€th C. S. Medical College
& K"E-M. lt$t"t" Fornbay.

o* Fierently: Ifed. il6edieal Divisicr, Gla-xo
Laboratoriec, Eombay-l&

TABIJ I
"Elc l{cru, IIwr Daru"

1. Moces and 6i5 rr{ic Ward
2. Fresh Aerial Bot d Buyan Tree
3. Bug between Trrs Fieces of Bread
4. Central Eye of Peacock Feather
5. Variisus Leaves as I-ocal Dressings
6. D5.l{. (Grrs + NItrCL + IODINE)
7. Guinoid
t. Calnist (Camf*ror 1 Asfoetida * Lime)
9. Die{frdcarbamazine

lC. Phenothiazine Orally or Lccally
11. furgical Extraction
12- Niridezole (Amhilhrr 

- CIBA)

cal iaterv€ntion. Fatekb and Kulkarni
{1958) in a controlled trial evaluated the
efficecy of many of these measures, only
to conclude thet none had any specific
actioa against guinea-wonn disease-

The Eranagement o{ draeontiasis may
k considrfed according to the stages in
the developrneat of the disease:

1. Prodromal symptoms
2. Subcirtaneous symptomless worm
3 " Actir,'e guinea-worm lesion
4. Seccndary bacterial infection
5. Sequeiae

TRODROMAL SYMPTO$IS

These occur in about half the number
of patients, are short-lived and generally
do not reguire any treatrnent. The treat-
merrt'in sievere cases is symptomatie with
aatipyretics, analgesics and antihistam!
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Frc: 1. The motiJs of caduceus and."desculapius.

nics. In the event of an anaphylactic
reaction, subcutaneous injecti'on of 

, 
adre-

naline 1:1000 gives immediate relief
(Moorthy 1932a; Belding 1966; Manson-
Bahr 1966).

ACfIVE GUINEA.WOBIII LESION

ta) Locsl Dressing: A elean dry &ess-
ing is all that is needed in the majority
of open $rinea-worm lesions. A large

absorbent dressing may b€ applied when

multiple guinea-worm ulcers etude a
large quantity of dischar€e or when a

guinea-worm abscess has burst open In
the rural area, majority of the patieats

use a variety of leaves ior locatr dressing.

Itis is because sf the belief in the cura-
tive value of certain leaves as also due
to the scant rnedical facilitres in the
remote areas where tle disease generally
occurs. In our experienee, treatiag such
patients with niridazole, without any sur-
gical dressing, did not delay healing of
the lesions (Kothari et al 1968a; 19$ga).

(b) Speciltc Therapg :u,ith Ni'rridnzole:
Niridazole (Ambilhar-CIBA) is a nitro-
thiazole and was fust introdueed as a

schistcsmi,eidal agent (Jordan, 1966).
Raffier (1965), Oduntan et al (196?) and
Kothari et al (1968a; 1968b; 1969a) found
it to be highty efieetive in guiaea-worra
disease" We have carvied out an exten'

TA3I.E N

Heabng of the lasion* acecrdi46 to thegr av*itg

Niridazole

Type oi
lesions

Total
No. of Healed
patients

Unchasged Total
or l,Io. o{ Heated

rvorsened. patieats

Unchanged
or

worsesed

xr - 16.497
df--1
P .001
xt - 12.n4
df.*l
P .001
Numbs too small for
enelysis,

4t 37
(e0%)

4
tl0%)

120
(lm%)

tl
{66.69;) (33.S,o,;)

t5
(47%l

6
(30%)

7
lntol

t7
(ss%)

l:*
W"')

s
(s%)

Moderatc

l0
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sive study of niridezole 6 flsasstiasis in
several villages of the Kolaba district in
the State of folaharasbtra. In a pilot study
of 46 cases, ths cure rate was more th&r
ninety per cent {Kothari et ol, 1968a)'

Later, a blind, controlled trial (Kothari
et al, 1969a) using a placebo as a control,
was carried out on a series of 118 patients

which qlosely confirmed tle results of

the pilot trial (Tabl,e II).

The therapeutic action of the drug
starts within 48 to ?2 hours of tlre initia-
tion of tbe treatnent and is seen as a

marked amelioration of the local symp-

toms. The local signs show regression by

about the 5th day and in the majority of
patients the lesions heal within 15 days

of starting the treatrnent' We feel that

the drug irritates tfie worm initially,
thereby promoti:lg quicker spontaneous

expulsion; later, it paralyses the worm,

thus rendering its rnanual extractioa

easier. In one third oI the patients treat-

ed with niridasole, the worm is prob-

ably killed in situ and is therefore not

expelled. The rate of healing however,

is not afiected by tJrc expulsion or reten-

tion of the worm (Kothari et ol, 1968a,

1969a). Rarely, as observed in two s{

our patients, under niridazole therapy'
the worrr escapes through the rectum, a

fact elready reported by Reffier (1965J'

The syrnptomatic relief notieed as early

as the third day of the treatment is prob-

ably due to the peralysing effeet of the

drug on the worm whieh can na longer

irritate the ti:ssrle. It is diffiruit to ryy
whether the drug also has a non-qrecifie

anti-inflammatory action' In summary'

it can be stated that niridezol'e greatly

faeiiitates the manage$ent of a very dis-

abling parasitie diseass for which no

s*tidactory trestrn€nt was available so

fur. 1lrl*; niridaale is used' *rrgical
interyerrtion is ntrly ca[€d for and anti-

I
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bioties ,'a" be spared. The dosage of niri-
dazole used in this series was 25 mg'iks'
body weight (one tablet of 500 mg'

three times a day for an average adult),
given daily for 10 days. ALl patients

were advised to take the drug after food

to minimise gastric irritation'

The drug gives rise to intense red

colouration of urine which may be rnis-

taken for haematuria- The patient must

be foretold of this othelwise innocuous

side efiect. In many patients the drug
gives rise to headache, bodyache and gas-

trie discomfort. Repeated assurance by

the physician is necessary for t'he patient

to continue taking the drug. The side

efreets in our trials were never so severe

as to force tvithdrawal of the drug' In
two patients, inadvertent overdosage pro-

ducned neuropsychiatric reactions on the

third day of the treatment. These were

meai{ested ss restl,essness and delirium,
and in one casa as involuntary unilaterai
rnovernents of the face and limbs'

These side effects disappeared rapidly
after rrithdrawal of niridazole. 

.

SECONSAIY'ACTES,IAL INTECTION

The majority of guinea-worm lesions

are open and are secondarily infected or

rather colonised by bacteria, the com-

r:ronest organism being Siaph. aureus

coagulase positive (Kothari et aL, 1969b,

fSTSc). In our experience, both closred

{sterile) and open (infeeted) guinea-

worrr lesions respend equally well to

niridazole therapy without the additional
use of any antibioiics (Kothari et aLo

196Sb, 1969a, 1969b, 1970c)' Bandi
(19SS) hss used streptomyein for instil-
lation into closed guinea-worm abscess

cavities alter aspiration and has found

this mersnre to be useful. In our in
oitro sttr,ily, streptornycin was formd to
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be effective against most of the crga-
nisms isolated from open guinea-worm
lesions (Kothari et ol, 19?0c).

NOLE OF SURGENY

Many people (Manson-Bahr and Wal-
ter 1$62; Belding 1965; Manson-Bahr
1966; Kintzen 1968; Markeil 1968) reeom-
mend the use of a matchstick around
whicb the ernerging wofln can be pro-
glessively wound, after douching the
lesion repeatedly with water. This me-

'thod, 
despite many claims, is not always

successful and it takes a long time before
the worm eomes out completely (Man-

son-Bahr 1966; Eelding 1965). During
this proeess, the worm often breaks lead-

ing to severe local and general reactions.
Surgical attempts at removal of the
worm are still made on a wide seale

wheiever the facilities exist in the ende-

mic areas (Banks, 1963). Books on para-

sitology olten depict that the removal of
ihe worm througb a surgical incision is
quite easy (Fig. 2) and therefore appli
cable to 

'a large number of cases. We

TNDTAN JounDrAi, or suFssay Sept.-Oet. 7970

have, however, found tbai the worm iies
very tortuously, over wide areas, in dif-
ferent tissue planes at the same time
{F.ig. 3) and, in practice, it is very &ffi-
cult to take out the worm intact. It was
rightly pointed out by Elliott (19t12) that
the attempt at surgical removal of the
worm is like trying to find a needle in a
haystaek. I]re worm as it lies in a zig-
zag m:urner cornpels the surgeon to make
multiple incisions with quite an uncer-
tainty about removing the worm intact
or completely (Belding 1965).

An acute guinea-$/orm abscess calls
for incisi,on, evaqration and prirnary clo-
suFe of the abeeess, under niridazole
eover. As described elsewhere {Kothari
et al, 1970b) the worm sometirnes lies
free in a closed subeutaneous. guinea-
worm abscess. Ilris fact is e:rploited by
the rural "nan'u specialists" or "turadi-
walas" who apply powerful suction
through a hollow tube and sometimes
succeed in removing a part or thb whole
of the worrn. This method is unpredict-
eble and the authors have sucaeded in

.z i rf*:

1-'-

\:,_,,o,

Frc: 2. Removal of the worm throwh a arrgicd in-
eisi,crr. (From Mmsonl ?rqical Diseaces, 19St, after

N. H. Fairhy).
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removing the worm iataet thmuSh asFl-

ration, only on two oceasions. The afflict-
'ed villagers do not testify to the claims
of the "tumdiwalas".

Reddy et al (1968), have rePorted
acute guinea-worrn arthritis of the hnee
joint treated by artbrotomy and rcmoval
of the jntra-artieular lvorrn. Acute gui-

nea-worm arthritis is charact€rised by
intense fibrinous exudate in the joint'

In our experieace, this complication ot
guinea-worrn disease calls fsr aspiration
of the joint, compression bandagg an'at

pbysiothempy, and with rhe availability
of niridazole no surgical intervention is

required (Kothari et al, 1968b).

SEQUELAD Of GTNNEA.WOBM DISEASE

I'he sequelae of guinea-worm lesions

consist of cysts containing caleified gui'
nea-worm, tendon contractures and anky-
losis of joints (Kothari 1965; Kothari et

cl, 19?0a; Kotirari et al, 19?0b) ' The

cysts if troublesome may be excised and

the ankylosis and contractures should be

surgicelly corrected tc res'iore {unction.

it83

Frc: & ?ha worm lying ver"y tortuously, over wide areas,
in diferent planes at the same time. (From Manson's

Tropical Diseases, 1Si5, after Dr. Botreau-Rougsel).

tasPsyl,Axts

It is indeed a pity that the disease,
which is completely preventable, should
still be so widespread. The preventive
steps should be closure of infected well
and ponds, and supplying filtered water
to all areas whsrever the disease is ende-
rnic. In the absence of such a water
supply, the residents in endemic areas
must be educated and informed about
the efficacy of filtering their drinking
water through ordinary clotb. An infect-
ed cyclop measures at least 1.5 x 1 mm.
and can be arrested by an ordinary cloth
frlter. Other methods whieh have been
used to get rid of the eyelops infected
with larvae are: boiling the water, using
potassium pelmanganate sr D.D"T. and
breeding fishes of the genus Barbus in
infected ponds (Belding 1965). All the
step wells must b: replaeed by parapated
wells and the drinking vrater must be
protected from pollution by guinea-worm
patients" There are some reports that
the use of diethylearbamaaine following
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exposure to rn{ected water may' abort
the guinea-worm disease bv preventing
matr:ration of larvae into aduit female
l.vofms (Oi'rabamiro, 1956). There are no
further reports confi.rming this observa-
tron.

SUJII}IARY AI{F} CONCLUSIONS

General nranagenlent of guinea-worm
disease is described. It has been empha-
sise<i that niridazole is specific lor all
active lesions and promotes rapid heal-
ing of even infec'ced lesions without the
concomitant use of antibiotics. Surgery
is called for in certain acute conditions
and lor sequelae of guinea-worm disease.
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MRIDAZOLE IN DRACONTIASIS: A CONTROLLED STUDY

M. L. KOTHARI, D. S. PARDANANI, LOPA MEHTA and D. L. KOTHARI
Departments of Anatomy and Surgery, G.S. Medical College and K.E'M. Hospital' Bombay

AND

M. P. ANAND
Department of Clinical Research, CIBAT Bornbay

Niridazole (Ambilhar-CIBA) has been reported to be useful for dracontiasis
(Rerrren, 1965; OluNrAL et al., 1967; Korrranr et al., 1968). Studies by Raffier and
Kothari were not controlled whereas Oduntal et al. had kept some patients as untreated
controls. Having had some initial experience of Ambilhar in guinea-worm disease,

we decided to undertake a double-blind study of it.

Material and methods

Ifle carried out a field study in 3 villages of the Kolaba district near Bombay. 150

subjects in whom a definite diagnosis of guinea-worm disease was made were selected
and their lesions were graded as severe, moderate or mild. As reported previously by
Kornenr et al. (1968), the lesions were graded as (i) seaere: when there was acute oedema,

erythema, ulcer and swelling accompanied by severe pain and marked disability; (ii)
moderate: when there was local swelling and ulcer with some pain and disability; (iii) mild:
when there was local swelling and ulcer or both but no disability. Initial examination
was carried out by two investigators who kept a full record of each patient's lesions.

The same investigators examined the patients during subsequent follow-up. After the
initial examination, the patient was referred to a third investigator who prescribed
either niridazole or placebo according to a previously randomized list of 75 patients for
each treatment. In view of certain specific side-effects produced by niridazole e.g. red
discoloration of urine, only the third investigator recorded the side-effects, the other
two investigators confined themselves to the clinical examination of the patient, and were
therefore not aware of the nature of the treatment prescribed. Niridazole was given
at a dose of 25 mg. per kg. body weight (1 tablet of 500 mg. t.d.s. for an average adult)
daily for 10 days. Placebo tablets were similarly administered. No other local or
systemic treatment was prescribed. The patients were followed up regularly for up to
60 days when the final assessment of their local lesion and general condition was made.

Of the 150 selected for the study, 9 in the niridazole group and 13 in the placebo group
could not be followed up because they had left the area. 10 in the niridazole group

stopped the drug after taking it for a day or two and were not included in the analysis.

The details of the remaining 118 patients, who were regularly followed up, are discussed

here.

' 'We are grateful to the Dean, K.E.M. Hospital, Bombay, for allowing us to carry -out
this study, to Drs. B. M. Dhatrak and S. N. Bhave for their unending. assistance, and to
CIBA of India Limited, Bombay, for supplying us niridazole (Ambilhar).
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Of the 118 patients (59 males and 59 females) 29 males and 27 females received
niridazole; 30 males and32 females received the placebo. Patients were aged 4-60 years,
7l were aged I l-30 yearc, 34 being in the niridazole group and 37 in the placebo group.

Table I gives details.

In addition to a complete clinical examination, each patient was asked about his
prodromal symptoms, and swabs for bacterial culture were taken from open lesions.
Details of all these will be reported separately.

Results

The niridazole and the placebo groups were statistically homogeneous in age and
sex distribution, presence or absence of guinea-worm infection in the past, duration of
present illness and the number of lesions in each patient. However, when the group of
patients with severe lesions (niridazole 41, placebo 32) was compared with the group
having moderate and mild lesions (niridazole 15, placebo 20), it was found that a signi-
ficantly higher proportion of patients with severe lesions received niridazole treatment
(x':4'94,P<0'05).

Healing of lesions
Details of healing are shown in Tables II, III and IV.

Inthe niridazole group healing occurred rapidly whenever there were only l-3 lesions;
when there were more, healing took 3-4 weeks. In the placebo group healing took more
than 4 weeks in the large majority of patients, irrespective of the number of lesions.

Teern I. Details of patients

Niridazole group Placebo group

Age 11-30 37

38

24

36

20

Past history of guinea-worm

No past history of guinea-worm

Duration of present ilhess
1-3 weeks
4-8 tt
8- tt

26
30

6

18
33

5

Lesions
severe
moderate
mild
total

Patients with
I lesion
2,,
3,,
t"
^tt5-8 r,

66
39
L3

118

39
50
20

109

32
l8
8
3
1

26
l4
7
6
3
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To determine the relationship of healing of the lesion according to its severity, patients
with mild and moderate lesions were grouped together as the number of patients with
mild lesions was rather small. Results are shown in Table IV. An analysis of the
data showed that the triple interaction (ffeatment x severity x results) was not signifi-
cant (1'? :0'196, P < 0'50). This implies that the response to the drug was not
significantly different from response to the placebo in patients with severe lesions,
compared with that in patients with moderate or mild lesions. This incidentally reduces
the relevance of unequal distribution of severe lesions between the niridazole and the
placebo groups of patients.

Tasre II. Healing of the lesions in groups treated with niridazole or placebo

Drug
Total no. of

patients Healed
IJnchanged or

worsened

5
(e%)

34
(55%)

Niridazole 56 5l
(et%)

Placebo 62 28
(45%)

x'z:27'993 df :l P<0'001

Tenrr III. Healing of lesions (No. of days after starting treatment)

0-10 days 2l-60 days Total

5t

n

Niridazole 4
(8%)

Placebo 25
(8e%)

x':51'594 df :2 P<0'001

TABLE IV. Healing of the lesions according to their severity

Niridazole

xz : 16'497
df:1
P <0.001

xz : 12'224
df :1
P <0.001

Nmber too
small for
malysis

Total
No. of

patients

12)
f,
I3)

Unchanged
or worsened

t7
(53%)

Unchmged
or worsened Healed

l5
(4?%)(eo%)

l2)
I

I 
t4 (e1%)

2)

4
(10%)

0)
I

, | (7y.)
I

IJ

t4
(70%) 

I

lL7

,r]*r)

6.
Qo%)l

l13(
,1,

(7o9/") )

Extrusion of worms

In the niridazole group the worms were spontaneously extruded in 30 (59o/o) of the
5l completely healed patients. ln 22 the worm was extruded within 5 days and in the
remaining within 6-14 days of starting the treatment. The rate of healing was unaffected
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by the extrusion or retention of the worm. In the placebo group the worm was spon-
tanenously extruded in only 3 (ll%) of the 28 patients who healed completely.

Side effects

2l of the 56 patients in the niridazole group had 1 or more of the following side
efects: 13 vomiting, 9 giddiness, 3 headache, 3 abdominal painr 2 diarrhoea, 2 anorexia,
I fever, I weakness and I had generalized itching. The side effects were generally
mild and patients continued to take the drug although persuasion and reassurance
were sometimes required. 6 patients who received placebo treatment also complained
of giddiness, vomiting, diarrhoea and red coloration of urine.

Discussion

Dracontiasis can be eradicated by supplying filtered drinking water in endemic areas.

Such a simple necessity, however, has not been provided for in many parts of India and
hence the incidence of the disease in this country is still very high-in 1957 there were
approximately 5 million cases in India (JesweNr SrNcn and RecseveN, 1957). The
mortality in guinea-worm disease is low but the morbidity is very high. Many patients
suffer from this infection almost every year, become bed-ridden, with much pain and
discomfort, and are away from work for long periods. Removal of the worm by rolling
it on a stick or by surgery has traditionally been acclaimed successful, but is both cumber-
some and dangerous, and is unpredictably successful in a small propoftion of cases.

No effective medical treatment was available until Raffier, Oduntan et al. and Kothari
et al. reported the successful use of niridazole.

An objection may be raised that the present trial was not strictly double-blind as

one of the investigators knew the nature of treatment given to each patient, A strictly
double-blind trial with niridazole is virtually impossible as the excretion of the drug
produces intense red coloration of urine which the patient is keen to report. This
was the reason why only the investigator who initially gave the randomized treatment
inquired into the side effects produced in each patient. This investigator was thus
likely to find out the nature of treatment given to any patient. He, therefore, took no
part in the initial or the subsequent clinical assessment of local lesions.

This study confirms the results reported by us as well as those reported by others.

In the niridazole group 9Io/o of the patients obtained complete healing of their lesions.

Of these 92o/ohealedwithin 20 days and the rest within 30 days of starting treatment. In
the placebo group the lesions healed in 45o/o, but in 89V" of these patients it took l-2
months before the healing occurred. In the placebo group apart from the delay in
healing, 34o/o of the patients remained unchanged and 2lo/o had deteriorated at the end

of 2 months. OluNreN et al. (1967) reported more or less similar results in their un-
treated control group of23 patients. The persistance ofthe lesions when left untreated,
predisposes to marked fibrosis at the local site with a risk of developing contracfttres or

ioint deformities. A striking feature of this study was the rapid healing obtained with
niridazole, without the use of sulphonamides or antibiotics, of severe lesions with cellulitis
or abscess, where, in many instances, the organism responsible for the secondary infection
was coagulase positive Stapl4tlococcus aureus (Koruam et al., 1969).

Another interesting feature of niridazole treatment was the marked symptomatic
relief obtained within 3-4 days of starting treatment, even in the absence of any apparent

change in the local signs. Many bed-ridden or house-bound patients could walk about
freely and attend to their work within 3-4 days.
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The rapidity with which healing of lesions occufs with niridazole, irrespective of
the extrusion or the retention of the worm, suggests that the drug acts directly on th9

adult worm, but its exact mode of action is not 
-known. It man however, be postulated

ihat(ay it irritates the worm and causes its early spontaneous extrusion, (b) it paralyses the

*or*r'tno, minimizing its hold on the tissues, whereby it can be pulled out with remark-

able ease-a fact noticid by many patients and the investigators, and (c) in many.cases

it kills the entire worm o, it, ..mt unt s in situ,thus obviating the necessity of removing it'

The incidence of the side efects in the present study was higher than in our previous

report; they were generally mild, or moderate in a few cases. No neuropsychiatric

side-effects (powerr .t at., tSOOi were encountered, but in another study conducted

.*."rr."af' in a different'^rr^r2 patients showed neuropsychiatric side-effects' The

first was a woman 50 years old wiigtring 36 kg. who was prescribed, through error, 500mg'
- ti*., 

" 
a"y. On the third day oitr"a-tmeni she became disorientated, started muttering,

developed jlrky movem.rrt, of ,igh. side of the body and, exhibited marked tachycardia'

ih" r..ou.r.d iompletely witnniqhours of withdrawal of the drug. The second patient,

a woman of 25 yeari, was prescribed niridazole 500 mg. 3 times a day, but owing to some

misunderstandi.rg sfre toti 1000 mg. 3 times a day. She became excited and disorientated

;; ,h. third dayiut showed .ottt!l.t. recovery within 24 hours of stopping niridazole'

In both these instances the drug administered was nearly twice the recommended dose

""a, 
i" our opinion, the neuropJychiatric side effects were dose-dependent.

Another feature *tti.n -"y te stressed is the rather large number of patients (10 of

7t ;h; discontinued the treaiment. In another uncontrolled study 15 of 50 patients

;;;d.J taking niridazole after l-2 days. This, we feel, is largely due to their passing

dark red urini, which along with other minor side effects, frightens them. Secondly,

as the selected patients in aield trial live in a very close community, in the event of one

p"ri""a experiencing some side effects, patients living close by automatically stop taking

any further treatment. This is borne-out by the fact that some of the patients who

,.J.iued the placebo also complained of the same side effects as the patients given

niridazole. In our experience 
"tt 

ttt. patients who are admitted to a hospital and are

under constant medical supervision invariably complete the treatment'

SummarY

A double-blind trial with niridazole has conclusively shown the value of the drug

in the treatment of dracontiasis. The therapeutic efficacy was evident from the rapidity

with which healing occurred in more than t0% of the paticnts. in the niridazole group'

eitrro"gl, minor siie effects were seen in a large number of patients, the acceptability of

the drug was fairlY high.
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The guineaworm (or the medina-worm)
is a tissue nematode. The species of
guineaworm for which man is a natural
host is called Dracunculus medinensis; it
was also called Filaria medinensis (Filum-
thread). The species-specific name medi-
nensis is probably derived from the fact
that the worm was first discovered and
described in or around Medina. Accord-
ing to Belding (1965), Bastian described
the morphology of the adult female para-
site in 1863, and Fedtschenko observed
the existence of the larvae in cyclops in
1870. It is only the adult female woun
which is pathogenic in man. The adult
male worm has been rarely seen and was
not fully described till Moorthy (1937)
isolated it from experimentally infected
dogs. During our work on the guinea-
r,vorm disease in the State of lMaharashtra

{'Department of Surgery, Seth G. S.

College & K.E.M. Hospital, Bombay.
':'*Department of Clinical Research

Bombay.

Medical

CIBA,

"*'".Presently: Head, Medical Division, Glaxo
!abs., Bombay, 18.

we observed certain features hitherto
undescribed. This has prompted us to
review the biology of the worm and relate
the same to the pathogenesis and patho-
logy of lesions.

MORPHOLOGY

The fully grown adult female worm has
a smooth cylindrical body, ivory-white in
colour, measuring 60 to 120 cm. in length
and 1 to 1.5 mm. in thickness (Fig. 1). In
a gravid female, the body is filled up with
a pair of uteri distended with about 3
million larvae (Fig. 2). The space oc-
cupied by the uteri leads to atrophy of the
entire alimentary tract (Belding, 1965;
Manson-Bahr, L966; Lapage, 1968). The
male worm measures 1 to 3 cms. by 0.4
mm. (Moorthy, 1937). A mature larva has
a flattened, spindle shaped body, a round-
ed head and a slender long tail (Flg. 3).
It measurs 500 to 700 microns in length
and 15 to 20 microns at its greatest
breadth (Belding, 1965; Manson-Bahr,
1966). The larvae exhibit con.stant move-
ments within the body of the mother.
Freshly isolated mature larva is a highly
motile organism exhibiting undulating
mcvements.

Frc: 1. Adult female guineawgrm,
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t

Frc: 2. A part of the gravid uterus packed with larvae

A
&t

A guineaworm larva

LIFE CYCI,E

Infection in man occurs by drinking
water containing infected cyclops. Many
species of cyclops have been identified as
efficient intermediaries (Manson_Bahr,
1966). Ifowever, Mesocyclops leukarti
and Mesocyclops hyalinus are the two
most common species fould infected with
guineaworm larvae (Moorthy and Sweet,1936). It has been postulated the,i
hyperchlorhydria ofiers protection against
the cyclops and the larvae tfvfol"tfrv,

1932; Parekh and Kultr<arni, 1g5g; Scott,1e60). Giiles and Bail (1e64) 
"rrJ'cli,i.Devi et ol (196g) however, found no suchcorrelation. The dissoluti"" .f d";;;;;.

relea-ses the larvae in intestinaf t"u"t-iit
the route of their further odyssey ;;; ;;,bee,n established. Onabamiio ard;;;;;suggested lymphatics as the .o,rtu of tfr"metamorphosing larva from the alimen-tary carral to the subcutaneous tissues ofthe host. Manson-Bahr (1966) ha;;;.;_
fied the worm as a parasite 

"f if," fv*pfr"-tic system. However, it has nolU;il;;
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reported to inhabit either the lymphatics
or the lymph nodes.

Fertilization probably occurs in the re-
troperitoneal tissues (Manson-Bahr,
1966) , the male dying and getting absorb-
ed soon after copulation with a female
of its own size (Moorthy, 1938; Manson-
Bahr, 1966). The growth of the embryos
occurs pari passu with the growth and the
migration of the female. In a guineaworm
obtained from a hernial sac in the inguinal
region, it was found that most larvae were
incompletely developed and stages from
the 8-celled embryos to fully formed
larvae were observed. On the other
hand, the larvae from worms removed
from the lower limb were all mature (Fig.
2) . It is not yet clear how the mature
adult worm and its larvae maintain their
nutrition, withstanding the fact that in a

gravid female the distended uteri lead to
atrophy of the entire alimentary tract
(Manson-Bahr, 1966; Lapage, 1968). We
have often observed that the gravid
female in uiuo is surrounded by a rich
exudate. Nutrition through surface ab-

sorption may therefore maintain the
growth of the mother and the larvae.

The female worm discharges its brood
into water through a lesion in the skin of

the host. The larvae cannot swim in
water (Manson-Bahr, 1366), sink to the
bottom and are taken up by the cyclops,
who advantageously cannot swim except
near the bottom of the well or the pond
(Moorthy, 1938). Infection in man,

therefore, generally occurs in dry seasons

when the well or the pond is almost
scooped for water (Moorthy, 1938; Mason-
Bahr, 1966). We have observed that in
the State of Maharashtra, the highest in-
cidence occurs between March and July
of every year. The time between inges-
tion of larvae and the occurrence of ciini-
cal manifestations is 10-12 months
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(Moorthy, 1932; Chitwood, 1933; Manson-
Bahr, 1966).

PATHOGENESIS

The attributes of a successful parasite
are infectivity, invasiveness, pathogene-
city and toxigenicity (Jawetz et al 1968).
The guineaworm possesses all these fea-
tures. In endemic areas it exhibits a high
degree of infectivity and its odyssey from
the intestinal lumen to the lower limb rs

the function of its invasiveness. Its patho-
genicity is evident from the wide variety
of lesions it gives rise to. However, its
toxigenecity is poor and is manifested as

the prodromal allergic syndrome. The life
cycle of the female worm, in man, is well
oriented towards having its large larval
progeny discharged to the exterior
through skin areas most likely to be in
contact with water. This quality of
hydrotropism leads to the occurrence of
lesions in the region of the leg and foot in
the rural people who go bare.footed, on
the backs of water-carriers (Boyd, 1961;

Manson-Bahr, 1966) and in our experi-
ence on the lower part of upper limbs in
city dwellers. Boyd (1961) states that
the worm usually appears on the sole o{
the foot in rural people. However, we
came across only 2 lesions on the sole of
the foot amongst 794 lesions in 500

patients. Apparently, the worm avoids
being crushed under the weight of the
body. An interesting exception to the
hydrotropic behaviour of the worm is the
rarity with which it seeks fluid-contain-
ing areas of the body. It has not yet been
reported in the subarachnoid space nor in
the lurnen of the gut. Escape of the
worms through the rectum under nirida-
zole therapy has been reported (Raffier,
1965; Kothari et aL 1970c).

The worrn possesses powerful motility
in uiuo. This we have observed in uitro
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as well. It secretes a powerful Iytic sub-
stance which permits it to travel in the
body of the host, from deeper to super-
ficial planes as well as over long distances
in the superficial planes. This lysin also

helps to dissolve the derma, forming a

blister, around the head of the emerging
worm. As the migration of the worm
from the deeper to the superficial parts
of the body of the host is a silent and sym-
ptomless process, it may be inferred that
the lysin, referred to, does not possess in-
flammatory or allergic properties. Active
guineaworm lesions are characterised by
inflammation and the factor responsible
appears to be an irritant secreted by the
worm. The existence of such an irritant
has also been suggested by Belding (1965)

and Manson-Bahr (1966). Fairley and
Liston (1923) disproved the popular con-
cept that the larvae constituted the
irritant. The severity of the local lesion
probably depends upon the amount of the
irritant secreted. This may account for
the remarkable waxing and waning of a

dracontial lesion when followed up over a

long perid. Another important aspect of
the activity of the irritant is its ability to
excite, especially in closed lesions, an in-
tensely fibrinous exudate. This is respon-
sible for the chronicity of dracontial
lesions, formation of thick walled cysts,
tendon coltractures, ankylosis of joints,
and rarely such lesions as constrictive
pericarditis or periureteric fibrosis lead-
ing to hydronephrosis.

The worm behaves differently in closed
and open lesions, As long as the lesion is
closed, the worm lies relatively free and
its extraction by a surgical incision or
aspiration through a wide bore needle may
be successful. As soon as the guinea-
worm lesion becomes open, the worm
exhibits a powerful hold on to the tissues.
Two spicules near its tail end have been
described (Belding 1965) which pro-

6
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bably serve as an anchoring agent. At a

time, only a small length of the worm can
be pulled out, the worm often snapping in
the process. When the worm which is
being pulled is suddenly released, it ex-
hibits a powerful recoil and a rapid re-
treat into the wound. This frightening
movement of the worm allows it to be
rightly called the little dragon or the dra-
cunculus.

R,OLE OF SECONDARY BACTERIAL
INFECTION

Secondary bacterial invasion of open
guineaworm lesions has been held respon-
sible for the acute inflammation and its
complications. In our opinion the entire
gamut of the clinical manifestations in
dracontiasis is attributable to the irritant
secreted by the gravid female. We feel
that secondary bacterial infection plays
;ro significant role in the morbidity of
guineaworm disease. Our observations
in favour of such a radical proposition
have been described elsewhere (Kothari
et al 1969b, 1970c).

IMMUNITY

There is a poor and inefiective iinmune
response to guineaworm infection. Re-
current infection is, therefore, a rule
rather than exception (Moorthy, 1932).
Sandground (1932) has stated that age-
immunity becomes particularly demon-
strable when species compatibility of host
and parasite is frankly low. In the ex-
perimental dogs, there is an increased re-
sistance to guineaworm infection with in-
creasing age suggesting that dog is an
unnatural host for the adult Dracunculus
medinensis.

PATHOLOGY OF DRACONTIASIS

a: Allergic syndrome-The occurrence
of the allergic syndrome (prodromal
symptoms) just prior to the appearance
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of the local lesion; its absence in nearly
half the patients (Kothari et al 1970,) and
its mild short-lived nature indicate that
the allergen is a weak substance, and the
response varies from patient to patient.

The nature of the various prodromai
symptoms and their incidence has been
described elsewhere (Kothari et aL

1970a) .

b: Inflammation-Actute dracontial
inflammation presents with local signs and
symptoms unaccompanied by systemic
clinical manifestations so characteristic of
acute bacterial inflammation. The only
consistent systemic manifestation, accord-
ing to Moorthy (1932) is an increased
eosinophil count (7 to 15'/ ), a feature not
commonly observed by us. Inflammatory
lesions can be best described as open and
closed. 80')i of the lesions in the present
series were open and presented as an
ulcer or a sinus. Such a lesion usually
started as a blister formed by the lytic
activities of the worm separating the
epidermis from the dermis. The blister
was often surrounded by a zone of ery-
thema or cellulitis. According to Manson-
Bahr (1966) , the blister fluid contains
many larvae. Belding (1965) described
the presence of mononuclears, eosinophils
and neutrophils in the fluid. We have
examined the blister fluid on several oc-
casions and found serous or serosanguin-
ous fluid containing red blood cells in
rouleau formation and pus cells with the
absence of larvae or any other cells.

Sizr.zrs: In the present study, l4l( of
the lesions were in the form of a sinus. A
sinus was seen as a circumscribed lesion,
2-3 mm in diameter and often rvith an
undermined edge. TilI such time that the
worm was completely discharged, manul-
ly removed or killed in situ by systemic
niridazole therapy, a sinus often persisted
as a cold, chronic lesion fol many weeks.

ULcer: This was the most common
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lesion seen in the present series (66i; ).
An acute ulcer had punched out edges,
pink granulation tissue lining the floor,
a soft base and copious, serous or sero-
sanguinous discharge. A chronic ulcer
had thick, well-defined edges, pale floor,
a thick base and scanty discharge, Oc-
casionally, exuberant granulation tissue
led to the formation of everted edges.

All the open lesions were colonised by
bacterial organisms, Staphylococcus
aureus coagula,se positive being the com-
monest (Kothari et al. 1969b, 1970b) .

Secondary bacterial infection, however,
did not appear to play any significant role
in the dracontial inflammation (vide
supra).

Microscopically, an acute inflam-
matory dracontial lesion was characteris-
ed by the presence of lymphocytes, mono-
cytes and polymorphonuclear leucocytes.
An intense exudation in a closed lesion
led to the formation of acute abscess con-
taining typical guineaworm pus: thick,
cream-coloured fluid with a mild odour
and having sp. gr. 1018-1024; protein con-
tent varying from 4.2 lo 6.0 grn. with
albumin globulin ratio of 1:3 and con-
taining large amount of fibrinogen which
led to clotti-rg on standing. Under the
microscope, it presented numerous fibrin-
ous strands and pu.s cells. No eosinophils
or bacteria were seen and pus from closed
lesions did not yield any organisms on
culture.

Subcutaneous tissue (Fig.  ) and skin
were the sites most commonly involved.
Occasionally muscles, bursae (Fig. 5),
joints (Figs. 6, 7), tendon sheaths (Fig. 8)
and rarely bones were affected. Involve-
ment of pericardium (Kinare et aI 1962)
testis and epididymis (Belding 1965) ard
extradural region (Reddy and Valli,
1967) have also been reported.

Chronic inflammatory lesions showed
intense lymphocytic infiltration and fibro-
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Frc: 5. Guineaworm as seen

in prepatellar bursa. Note the
multiple spontaneous knots
along the length of the worm.

Frc: 6. Chronic dracontial
synovitis in a female of 14

years. Patient presented with
painless effusion of knee joint

I of e -orrths duration. simulat-
ing tuberculous synovitis.
Synovial biopsy clinehed the

diagnosis.

Frc: 4. Guineaworm cyst removed from
a patient presenting with hydrocele of

tunica vaginalis.



468 TNDTAN ,rouRNAL oF suRGERy Sept.-Oct. 797C

:, ,o.n --lul---,

. (r- .: :.-.f
'. -.,' ':8 .,{ -_*.*

Frc: 7. A guineaworm in cross section can be

seen in ;uxtaposition to the synovial membrane
detailed in Fig. 6.

Frc: 8. This chronic dracontial cyst in-
volved the sheath of the extensor pollicis
iongus tendon in a girl of 12 years with
the pre-operative diagnosis of ganglion,

blastic proliferation. A iarge, chronic
granuloma in the quadriceps rttuscle in-
filtrated over a wide area, was remark-
ably vascular and mimicked a sarcoma.
The presence of guineaworm and the his-
topathology confirmed the diagnosis.

Chronic inflammatorv cysts showed thick
$/alls presenting on the innel side, pale,
velvety surface covered by nurllerous
fine calcareous particles which were also
present in the th:ck sticky, pastelike pus

filling the cavity. Microscopically, the
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cyst wall showed an outer fibrous and an

inner cellular layer of granulation tissue

often containing fragments of dead worm.
C: Aftermath': The healing bY marked

fibrosis of dracontial lesions at certain
sites gave rise to tendon contractures and

ankylosis of joints. Cutaneous scars 1'e-

sembled keloids. Calcification of the

worm in the subcutaneous region (includ-
ing the scrotum; Kothari, 1965) left
palpable nodules,

SUMMARY

Biological features of Dracunculus
medinensis are described and these have

been correlated with the pathogenesis of
dracontial lesions in man. The pathology
of the various stages of guineaworm
disease have been presented.
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