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Hditorial comment in British Medical Journal,
9th July, 1960 on

"Report on Confidential Enquiries into Maternal
Deaths in England and Wales. 1955 = 57."
H.lM.8.0. London 1960.

"Rupture of the uterus killed more

women (33) than did anaesthesia (31).
There is a tendency to regard this
accident as a thing of the past and

it is salutary to see a special section
of the report devoted to it. Ffor

every fatal case of ruptured uterus
theres must be many non-fatal ones."
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INTRODUCTION

During the last decade there has evolved
an almost negligible maternal loss from caesarean
section delivery in competent hands. With the
emphasis taken off maternsl mortality, one would
have thought it would have shifted to maternal
morbidity or, more precisely, to uterine morbidity,
There hes, in fact, been very little emphasis placed
on the uterine scar, as Judged by the attention it
has been given in the literature. Its safety has
been Jjudged by crude and inaccurate deductions such
as the patient's convalescence after the operation,
or the scar's sbility to withstand a further pregnancy
and labour. There is need of & more accurate and
reliable method of estimnting scar s afety.

Not only has the detection of uterine
morbidity been neglected, but its prevention has
enjoyved too little attention. Present day text-
books avold the problems of uterine closure almost
completely, while few, if any, real contributions
have heen made elsewhere,

These studies to be presented have
concerned themselves with two main aspects, Pirstly,

the development of a hysterographic method fopr
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detecting uterine scar defects after the caesarean
section operation, and secondly, a critical long
tern assessment of repair techniques in the humsn
uterus using this method.

At the same time, an experimental study
was conducted to obtain histological evidence of
uterine healing using different closure techniques
in the double horned uteri of animals after
caesarean section delivery. The results of the
animal experiments will show a definite relationship
between the inclusion of the decidual lining during
the closure of the uterine horn and subseguent
deformity of healing, as Judged histologically.

The human study, based on hysterographic
examinations of more than 200 uteri six months or
more after caesarean section, will show parallel
results. The neater the closure of the uterus,
particularly as regards the exclusion of the decidua
and the use of interrupted sutures, the less the
sear deformity that will be seen by hysterography.

Since this study was begun in 1956, many
authors have published confirmatory evidence of the
rellability of the hysterographic technigue used in

ny work. However, none have proceeded to show that



the best results are directly related to the neat-

ness of closure of the uterus at the time of the

caesaresn section.

13



RECUTREMENTS OF REGULATIONS 2 AND 2 OF THE

DEGREE OF MASTER OF SURGERY, UNIVERSITY OF
ADELAIDE
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In accordance with clause 2 of the
regulations of the Degree of Master of surgery
in the calendar (1963) of the University of
Adelaide

a)e The Faculty of Kedicine has already

approved my gualifications as g

candldate.

b). The thesis presented contains original
work relevant to the science and art
of surgerye.

c)s Four published papers are presented.

In accordance with clause 5
a)e I am indebted to the following for help

in the preparation of this thesis

1)s Mr. Peter Kempster, of the depart-
ment of histology, for the prep-
aration of all the histological
sections,

2)s Mr. Williem Nolan, of the photographic
sectlon of the department of medicine
for all the photographse.

3)e Professor i, J. Whelan, head of the
department of human physiology and
pharmacology for providing the
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laboratory facilities.
I4)e Others who also assisted me

—include Dr., Pater Vergs, who
reported on every film, and his
radiographer, ¥Mr. C. @i« ook,
Sister Ivy Stockings was respons-
ible for the clerical details and
the preparation of each patient.
Dr. Victor Bockner took some of
the early hysterograms used in
this presentation. I am also
grateful to Professor L. W. CoOX
for his reading of the manuscript

and his encouragement.

The thesis does not contain any material
presented for examination for any other degree
or diploma in the University.

b)e The nature of the problem investigated is
explained in the "Introduction".

c)e. and d). are adeguately covered within the

body of the thesis.,

Signed
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HISTORICAL REVIEW

The story of the ceesarean section
operation through the eges provides courage,
drama and disappointment as a backdrop to the
present day tranguillity. In the centuries
long before the Renaissance, reports indicate
that the Romans ordered abdominal delivery of
children after the death of the mother, Very
naturally man's endeavours were subsequently
directed to the recovery of the mother as well,
and s0 began the events which have provided such
a fascinating story of the almost infinite
variety of techniques used by our forefathers,
and even those self-inflicted by distraught
mothers.

The body of the uterus has been opened
anteriorly and posteriorly (Cohnheim 1881), using
longitudinal, transverse, and even oblique
incisions, the lower segment has been opened both
intra and extraperitoneally and even from the
upper vagina using the groin approach of Ritgen
(1825) and named by Baudelocque the "gastrow
elytrotomy." The production of a utero-sbdominsl
fistula was designed in the hope of preventing



fatal infection, and later the uterus was
amputated and the cervix fixed in the a bdominal
wound by Porro in his first successful case (1876).
The greatest reduction in maternal loss
was assoclated with the realisation that leakage
from the uterus into the general veritoneal cavity
was the great killer. The subtotal amputation
of the uterus, with exteriorisation of the cervieal
stump to the abdominal wall by Porro was a great
advance. It was from this moment onwards that
the maternal mortality began to fall. Other forms
of utero-asbdominal fistulae designed to prevent
intra~-peritoneal leaksge also demonstrated the truth
of this principle. Later came subtotal amputation
of the uterine body with closure of the cervical
stump. Although all these methods prevented
leakage and salvaged mothers, they, at the same time,
prevented further childbearing. It was natural
that they should have been followed by methods
which not only salvaged the mother but also her
childbearing function. These methods concerned
the adequate closure of the uterine wound, In
the first instance, therefore, closure of the uterus
had as its obJective the prevention of leakage, and
thus the salvage of the mother. In the second

19
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instance the achievment of sdequate and safe healing
was, and stlll is, simed at the prevention of
rupture of the uterus in subsequent pregnancies and
labours.

Until this period, closure of the uterus
was either nefflected or imperfectly done. Many
and varied were the suggestions for the direction
of the uterine incision in order to prevent sub-
sequent gaping of the wound. Lauverjat (1788)
recommended a transverse uterine incision as near
the fundus as possible. His two reasons were,
firstly, that the lower two-thirds of the uterus
would thus remain undamaged and so provide a cavity
in which blood eould collect without spillling into
the abdominal cavity. Secondly, he thought it would
heal better, since "contractions of the organ took
place from shove downwards." Xillian (41875)
suggested a diagonal uterine incision, thinking that
the wound would be less liable to gape, as the
contracted tissue would be divided through planes
where the fibres varied in direction. #s late as
1921 Jones proposed a grid-iron incision through the
three layers of the uterine muscle of the fundus.
fie incised the external layer transversely, separating

it from the middle layer, which was then incised,



together with the inner layer, in a longitudinal
direction.

Kehrer (1882) and Sanger (1882) seem to
have been the first to attempt a neat closure.
Kehrer began using interrupted silk sutures in the
uterine muscle and closed the peritoneum separstely,
as a free layer, also with interrupted silk., He
used the lower segment approach. How very modern!
To these men, it seems, should go the credit for the
birth of the present day caesarean section.

The writings of Osiander (1821), in the
first quarter of the 19th century, indicate that,
in those days, more than two~thirds of the women
subjected to caesarean section died, while in Paris
between the years 180C and 1850 forty women were
subjected to caesarean section and not one survived.
(Pehling 1925).

From this moment onwards all types of
suture materials have been tried. The maternal
mortality began to drop precipitously until, by 1900,
many clinics were reporting it as low as 5 per cent.

Cn the afternoon ¢f 6th May 1920 at the
Royal Socleiy of Medlcine meeting, Munro Kerr
sald "seees The fact that we have given the subject

of the uterine clcatrix the honour of a full dress
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debate is an admission that we are not quite
satlisfied, that by the methods we ordinarily
employ at the present time, we can secure a
cicatrix which will stand the straln of a
subsequent pregnancy and labour." were he alive
today to discuss the same subject he could egqually
well choose the mame words.

It was during the morning of the same day
that Bardley Holland presented his extensive survey
of this subjJect and gave us the figure of 4 per cent
as the subsequent rate of rupture of the classical
scar. This figure, though out of its text today,
is still quoted. In his large follow up of over
one thousand operations between 1912 and 1918 he
showed that cat gut repalrs were involved in sub-
sequent rupture with three times the frequency of
silk. He therefore advised against the use of cat
gut because aseptic healing could never be guaranteed,
and 1t was thought that cat gut disintegration was
speéded considersbly in the presence of sepsise.

Munro Kerr on that occasion gave six well
known reasons for scar weakness, although he did not
mention endometriosis within the scar. No mention
was made of this phenomenon. However, at a sub-

sequent Royal Society of Medicine meeting (4924),
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following a similar presentation by Munro Kerr,
MelIntyre presented histological studies in which
he showed, in some instances, that "..... is0lated
portions of the mucous membranes had been caught
between the two surfaces of the incision or
possibly had migrated there." Eden, during
discussion ",... doubted whether it would ever be
possible to get a perfect scar" and that "eeses dige
cussions in the future would range round technique."
licIntyre devoted much study to caesarean
section scars, always with emphasis on the path-
ological mechanism of healing. Endometrial deposits
were noted, but no suggestion was ever followed up
with proof that they were the direct result of s
mucosal inclusion suture, At clinical meetings of
that time 1t was advised that the mucosa be excluded
when repairing the uterus, while Munro Kerr even
suggested suturing it separately. Since then many
discussions have taken place, and numerous clinical
rapers written on this subject., Zmphasis has
continually been placed on the subsequent incidence
of uterine rupture and this has been used as the
yard stick of technique. Hven with its many
fallacies this is still so today. It appears that
no specific technical studies have been made, with
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the result that we lack scientific evidence in
favour of, or against, s certain technigue.
Many fewer are the histological
presentations. Schwarz and Paddock (1925)
reviewed what earlier work had heen done on smooth
mascle union and found there was general acceptamce —
of the early formation of a fibrin layer which
later formed a conjunctive scar. Gould (1906),
in his monograph on intestinal anastomosis, quotes
Murphy as showing that an exudate was first formed
between the smooth muscle ends and later fibroblasts
contracted tec form an imperceptible scar between the
muscle tissue. Whitridge Viilliams (1923), in his
text book, proposed the opposite view, that the
uterine muscle healed together by regeneration of
muscle fibres directly and not by original scar
tissue, It seems that he based this opinion on
the fact that he was not able to see any scar tissue
in well healed wounds. This is, of course, so, and
is a point often noted in well healed fundal
incisions, because the earlier deposition of connective
tissue has become completely invaded by muscle cells.
Schwarz and Paddock (1925) then proceeded
to confirm the view of the earlier workers and dis—

proved Williams' view. These authors used guinea



pigs to demonstrate that healing took place in the
first few days by a layer of connective tissue,
which caused adherence of the muscle edges, and
later thls layer so contracted and merged in with
the adJlacent muscle fibres that it was difficult
or even, in time, impossible to see. cchwarz and
Paddock used pregnant guinea pigs and sfter empty-
ing each horn they repaired them with "fine silk
continuous suture using small needles," They did
not mention the degree of sterility employed in
thelr operations. The snimals were examined from
day one to as late as ten weeks. They found little
or no reaction round the silk sutures!

“uilte by chance they noticed the
implantation of endometrial tissue in the line of
the incision and said "..s... the frequency and
extent to which this takes place is undoubtedly due
to the marked abundance of endometrial tissue in
these uteri.” They made no reference to any
relationship between the endomeirial derosits and
the actual technique of repair.

Nothing further appeared until 413 years
later, when Schwarz, Paddock and Bortnick (1938)
referred to the earlier paper just mentioned. They

reported further work using rabbits and they confirmed
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thelr earlier view that smooth muscle regeneration
tock place s0 slowly and meagerly that it could

not, by 1itself, bring about healing in so com=-
paratively short a period of time, In these exper-
iments they agailn used silk sutures and allowed
healing from 3 days to 26 days. They made no
mention of surgical sterility. 4 before, they
showed one case of wound failure due to a fistula
lined by endometrium, without suggesting a tech~
nieal etiology for this,

Siegel (1952) produced the only other
histological paper. file experimented with pregnant
and non=-pregnant dogs and closgsed the incisions with
continuous l/o chromic cat gut, examining all 14
days ﬁost—operatively. He concluded that connective
tissue formation following incisions into the
pregnant uterus was abundant in the wound and larger
in amount than in the non-pregnant uterus. He
confirmed the findings of Schwarz and his co-workers.

In a later section it will be apparent
that animal experiments in this study support the
view that initial union is by connective tissue
which becomes invaded by smooth muscle cells. The
earlier the examination is made post-operatively the

more apparent the scar tissue. The later the
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examination, the less the scar tissue, until at
6 or 7 weeks after cat caesarean sections, using
a neat technigue, no scar tissue can be seen at
all.

No other published experimental work
on this particular aspect has been found.
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PRESENT DAY SITUATION

The present day safety of this operative
form of delivery has been achleved, pari passu,
with surgery in general, by the advances in anti-
septics, asepsis, anasesthesia, anticoagulants,
antibiotics, and blood transfusion, together with
advances In medicine generally which have brought
a better understanding of the many disease states
which may sometimes complicate pregnancy.

fn analysls of a collection of 7762
operations published by Marshall and Cox (1949)
showed a maternal loss from the lower segment
operation of 6 per thousend. Many personal series
show an even lower maternal loss, for exanple,
D'Esopo (1949) reported 1064 consecutive operations
with no deaths, while in 1951 Harris et al. reported
2070 cases with one denth. In this same paper
the authors reported an almost identical maternsl
mortality (0.5 per thousand) with that from their
vaginal deliveries (0.8 per thousand). Their foetal
mortality from the vaginal series between the Yyears
1937-1950 was 3.13%, while from the caesarean section
serles over the same years it was 2.,99%. GSince

then many more favourable reports have appeared.
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With all these recent advances it should now be
possible to consider any death from this

operation as unavoidable, Those cases of avoide
able deaths, which are associated with inexpert
obstetric care, will be reduced in accordance with
the rate of dissemination of knowledge and facilities.

The foetus has shared almost as well as its
mother in all these advances. Traumatic deliveries
through the pelvis with their many and varied
sequelae may now be avoided. The experienced
operator will never inflict injury on a foetus
during an abdominal delivery. However, there still
remains one, and possibly two, hazards which the
product of an abdominal delivery has had substituted
for the difficulties of the birth canal. Hyaline
membrane disease is a considerable hazard pecullar
tc abdominal delivery (Martin and More 1955}, while
prematurity, strangeiy enough, heads the list of
causes of neonatal deaths from elective caesarean
section in some large centres.

%hether or not a baby born vaginally is
better or worse off than one born abdominally, all
other factors being equal, is still belng debated,
However, there does seem good evidence that premature

babies between 1500 and 2500 Gms. have a better ciiance



of survival if born vaginally (Bryant 1956).

Some instances of prematurity will be avoided when
the ability to accurately estimate foetal age is
readlily available. Although the fatalities from
hyaline membrane have been lessened in some
centres by certain attentions to technical details
(Pash 1954), it is not 1likely that the condition
will disappear entirely until the intricscies of
the pulmonary circulation and the physiology of
respiration in the foetal and newborn period are
unravelled.

The advantages of this present dsy Utopian
state would not be complete if the surgeon snd his
team were overlooked. It is not so many years ago
that a decision to perform a csesarean section was
not only far more onerous than it is today, but, to
the surgeon who had experienced them, it inevitably
flashed back his memory to past fatalities. He and
his team then realised the tension and responsibility
associated with his decision. The younger trained
obstetriclan of today cannot readily appreciate the
stress then involved, when he contemplates the tran-
quil attitude of his present surroundings.

There can be no argument with the rising

caesarean section rate over the last two decades.
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Nor should there be. On the contrary, a persist-
ing low rate indicates either a selective group

of deliveries or poor ocbstetric management. A
modern and well trained obstetric unit would
prefer a few extra caesarean sections with ilive,
healthy babies, rather than a few less casesarean
sections with thes odd foetal loss op d amaged
baby.

This happy situation as it exists in
this decade could well lead to complacency, were
it not inimical to the preservation of a seientific
outlook. The maternal mortality can be demonstra-
ted to be approximately the same as fop vaginal
delivery and there has been a manifold improvement
in foetal ocutloock; for example, all trauma can be
eliminated, anoxia can be short-circuited and from
the maternal hsemorrhages alone, the foetal lot
is bettered by 6 to 7 times.

What then is on the debit side? Intra-
peritoneal morbidity following the laparotomy was
possible and often followed the classical type of
operation in the form of adhesions with their
sequelae or peritonitis, Morbidity following the
lower segment intra-peritoneal operation is much

less likely, as evidenced by the ability to perform



repeated operations of this type on the same woman
with no intre-peritoneal adhesions or cbvious
defects, Morbidity, in the form of bladder
injuries, is more likely when an sxtra-peritoneal
type of operation is routinely used, but the almost
universel acceptance of the intra-peritoneal lower
segment operation has eliminated this. Deaths and
even morbidity from pulmonary embolism, other forms
of thrombophlebitis, peritonitis, ileus and hlood
losses have almost been eliminated with expert care.
The ansesthetic risk, in expert hands, 1s negligible.
There alone remains the uterine wound. The dilemma
concerning its safety is sufficiently emphasised by
a brief review of the two opposing schools of

¢linlical management,
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THE REPEAT SECTION SCHOOL

The present day situation resolves
itself into two very definite schools. There
is the school which does not trust the uterine
scar in subsequent late pregnancy and labour,
and believes that once having had a caesarcan
section, all subsequent deliveries should be
abdominal. This school is large and has the
support of many great and respected names in
obstetrics, Meredith (1955), Pedowitz and Schwartz
(1957), McNally and Fitzpatrick (1956), Cosgrove
(1952) , Balawin (1957), Bak and Hayden (1955),
Harris and Nessim (1959), Lane and Reid (1953),
to mention only a few. These adherents believe
that with present day techniques and present day
knowledge of the healing powers of the individual
they are still unsble to decide which uterine scar
has healed firmly and which one has not, and as
there appears to be no selection, they apply a
blanket type of msnagement to all cases and rractise
"Once a caesarean section, always a caesarean
section. Pedowitz and Schwartz (1957) of the State
University of New York, conducted a valuable

prospective study of 403 women who had a total of 482
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Previous caesarean sections. Most had been of

the lower transverse type. At subsequent
caesarean section they had found 48 disruptions
quite unexpectedly, in that none had presented with
symptoms or signs of rupture. Forty were complete
ruptures and 8 were incomplete. Ten rer cent,
therefore, had defective uterine wounds. A1L

were of long duration in that the edges of the
"windows" in the uterus were rolled over and showed
no evidence of recent tearing (see frontispiece).
They point out that unless one carefully searches
the lower uterine segment for these windows, sSOme=~
times small and sometimes large, and often to be
found laterally under the peritoneum, they will be
left undiscovered. They further point out that
from 1932 to 1952 in their hospital only 3 cases of
rupture of a previous casesarean section scar were
recorded, demonstrating the unreliable nature of
recorded data.

This incidence of silent rupture, which
these authors give as 104, may surprise some, yet
there are meny other authors, Posner Santos and
Posner (1959) and Meredith (1955) who have written
papers on rupture of the uterus and who have pointed

out quite clearly that their cases of rupture have
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not included those cases in which "windows" or
incomplete ruptures of the lower segment were
incidentally discovered at subsequent elective
caesarean section. Riva et al. (1957) delivered
85 women vaginally from a group of 123 women who
had previously had caesarean sections (69%). They
manually explored 27 cases after delivery, search-
ing for defects of 1 cm. or more, and found an
incidence of 13.8%. Baker (1955) reported 174 of
64 women had defective wounds. Louros et al. (1958)
reported a rupture rate of 12.7%. ‘uite obviously,
if the incidence of uterine rupture subsequent to
caesarean section is to be Jjudged by the number of
acute ruptures requiring immediate laparotomy, then
& completely false impression of the true situation
is gained. .

The adherents of this school have made
exhaustive clinical studles regarding post-operative
healing and pyrexia, the indications for the previous
section, the technigues used, as far as these were
available, parity, age, and many other factors, and
all usually conclude that technique and healing
power of the individual are the two most important
factors in wound healing, A8 nelther of these are

capable of' accurate measurement there exists no means



of predicting the behaviour of a uterine scar
during the course of a subsequent pregnancye.

The blanketing of management of these cases
into elective repeat caesarean section late in
pregnancy before labour begins is only a partial
protection against rupture, for many cases have
ruptured, and will continue to rupture, prior
to the time of elective section.

The Repeat Caesarean Section school
freely admits the possibility of uterine rupture
late in pregnancy and before the date set for
elective caesarean section, and often dwresses
that uterine rupture during pregnancy is more to
be feared than labour itself (McNally and Fitze
patrick 1956). Posner et al. (1959) reported
their earliest rupture at 22 weeks of pregnancy.
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On the other hand there is this school,
well attended by eminent British obstetricians,
which may be called the Selectionist School.

This school does not practise the dictum of "once
8 caesarean section; always a caesarean section”,
but sets out to select cases individually. Those
cases in which there is evidence of disproportion
are almost invariably resectioned, as well as any
case which p resents any "unfavourable" features.
Other cases done originally for non-recurring -
indications, and which appear to have had & normal
and non-morbid recovery, are frequently selected
for vaginal delivery. Jelection therefore depends
pPrimarily on an apyrexial post=operative period
with a knowledge of a supposedly correct technique.,
This latter point is often satisfied by a knowledge
of the surgeon's qualifications rather than his
actual technique, and on this point details are so
often lacking when records are examined. Most
present day textbooks avoid any reference %o the
correct method of repair and even those that do
attempt this, produce no supporting evidence for
their technique.
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The advocates of this school, with their
various criteria for selection, find that the
incidence of vaginal delivery following previous
caesarean section varies from 30 to 60 per cent,
Nattrass (1953) reviewed this question over a four
year period in Melbourne, during which 105 women
vere selected for vaginal delivery from a group
of 278 women previously submitted to caesarean
section. Our own figures from Adelaide over =a
5 yeer period, using selection, showed &3 vaginal
deliveries from 216 women who presented with a
history of previous caesarean section {Poidevin and
Bockner 1958). Thus both these surveys sre very
similar and show approximately 38 per cent of
vaginal deliveries after previous caesarean section.
Two cases of rupture were reported in the Melbourne
series and none in the Adelailde figures to the time
of reporting, although in the next two years two
cases of rupture from previous caesarean section
were reported (Poidevin 1959 (1)).

The criteria used by those of the Selection
School at present are sclentifically uwnsound.
Reliance upon the smoothness or otherwise of the
previous post-operative course in relation to sound

uterine healing is unjustified. ¥eNally and Pitze
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patrick (1956) showed that infection of the
abdominal wound does not always mean a defective
uterine scar and that a defective uterine scar
does not depend onm a parietal infection,
Further, the degree of deficiency of the sear
does not seem to have a direct relationship to the
severity of the infection. Pedowitz and Schwartz
(1957) said "ee.. an afebrile post-operative course
does not imply a good scar nor a morbid one a8
defective scar and the degree and severity of the
morbidity have little influence on the integrity
of the scar.," My own investigations support these
views and will be presented in a later section.
The other important criteria of previous detailed
technique and the individusl healing powers, st the
tine, are presently beyond scientific assessment,
The weakest defect of the Selection School
is found in the fact that its members universally
insist that any attempted vaginal delivery must be
conducted adjacent to full facilities for an urgent
caesarean section, should it be indicated. This
is surely proof that doubt concerning the integrity
of the scar is paramount. The only test of
integrity this school uses is therefore the ability
of that uterus to deliver without apparently rupturing.



Agaln, this test is unscientific, for there are
many reports of one vaginal delivery subsequent
to caesarean section, only to be followed in
the next labour by acute rupture. What proof,
therefore, of uterine integrity, is one vaginal
delivery after a caesarean section? Is it not
possible that a2 uterus with a small defect in the
lower segment may perform in an apparently normal
manner? The answer is yes. Une recent example
was case noe. 5651 Q.V.M.Hs, who had one vaginal
delivery after a caesarean section and suffered
a r uptured uterus in the succeeding 1 abour.

(See Fig. 89).
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UILERINE WOUND HEALING
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UTERINE WOUND HEALING

From the earlier work of Williams (1917)
already referred to, the concept was accepted that
healing of caesarean section wounds was by
regeneration of smooth muscle without the develop=-
ment of scar t issue, This opinion was based on
the microscopic examination of ten uteri which had
been removed by Porro's technique, and which had
previously had classical seetions. Bight of the
ten had no visible scars and no connective tissue
in the old wounds. One showed a failure of myo=
metrial union, thus produeing a furrow, and the
other had ruptured. Subsequently, the histological
studies of Schwarz et al. (1938) and Siegel (1952)
showed conclusively that original healing of wounds
in the uterus takes place by fibroblastic reaction
producing a fibrous tissue union, which is invaded
by muscle cells so that the healing then appears to
be by direct muscle to muscle union. This concept
has been confirmed by many workers and will be
demonstrated in the present atudy.

Under favourable conditions, snd with care,
the neatest healing may be obtained which demon=
strates histologically very little, if any, fibrous
tissue,. On this particular point Potter and Johnston



(1954) wrote a most thought provoking paper

in which they reported their findings in over
5,000 caesarean sections from their own unit,
Between 1941 and the reporting, they did 1,521
cases using, in most cases, a high vertical fundal
incision; some few cases were of the low trans-
verae typee. The fundal incision was sutured in
all ecases with interrupted silk sutures placed

2 cms. apart, using a straight round needle and
only taking up the superficial third of nyonetrium.
The stitches entered and left the wound about 1 cm.
from its edge and were only lightly tied. These
authoré claimed that physiological healing occurred
by the elimination of Pforeign body reaction to cat
gut, the elimination of tissue strangulation, and
the elimination of haematoma formation within the
wound . Furthermore, they provided proof in many
of their cases by subsequently recovering uteri and
submitting them to exact examination, Published
sections showed full thickness union and, impress-
ively enough, some fibrous tissue union in the
outer third, but almost complete muscle to miscle
union in the inner two thirds. Furthermore, in
500 repeat sections in their 19521 cases no case

of rupture was found.



Potter and Johnston are far from being
alone in their view that the fundal incision can,
and will, heal perfectly if correctly repaired.

Lane and Reid (1953) stated thelr conviction that
the classical incision is more likely to withstand
the forces of lsbour than the lower segment scar.
These authors stressed the important point that the
reported incidences of uterine rupture do not, in
many cases, report scar weakness or "windows" found
unexpectedly at subsequent operations and they
therefore place little credence in the difference
between the reported ratio of fupture in the lower
and upper segmentse

Lane and Reld recognise the restricted
usefulness of c¢linical eriteria as an indication to
future management. They practlse repealt caesarean
section in all cases and use a vertical incision in
the lower segment. Bowman and Seidner (1958)
reported s series of 98 classical caesarean sections
with no maternal or foetal loss and a post-operative
morbidity which compared favourably with the low
cervical operations in other institutions.

There must be few cbstetriclans practising
today who have not had first hand evidence of

perfeet healing from previous classical caesarean
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sections. Many hysterectomy specimens have
become avallable to demonstrate this. These
same cbstetricians could equally well recall
uteri with long deep furrows indicating deficient
healing from fundal incisions.

It has to be remembered that the conditions
present during uterine healing sre vnique. No
other organ in the body undergoes such s rapid
change in character as the involuting uterus.
Because of rapid involution the transverse scar
in the lower segment begins i1ts existence (at the
time of repair) four inches in length and within
6 weeks it is 1 cm. in length, The pathological
principles of healing are required to adapt theme
selves to this dynamic situation.

It has been, and still is, often stated that
the involution process is one of the main causes
of wound failure. This factor was commonly Iinvoked
in the days when classical caesarean sections were
the rale. Post~operative contractions in the
puerperal uterus may create unfavourable conditions
for healing and it is comfortable to consider the
lower segment as being freer of these disadvantages
than the upper. Nevertheless, whatever may be one's

views on thls particular aspect, it is essentisl to
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remember that these suggested disadvanitages can
be, and are, cvercome because many uterine wounds
do heal safely both in the upper and lower
segments.

Therefore it would seem illogical to
invoke the autolytic processes of involution or
even the myometrial activity as being najor causes
of wound failure in some cases and not in others.
They are constant factors, yet the mpajority of
wounds heal well, Apart from this reasoning there
is neo scientific evidence to show that the involution
processes or uterine contractions are capable of
causing wound fallure. wWhat, then, are the
etlological factors of poor healing? They must be
sought e¢ither among technique, wound infection or
constitutional factors.

The purpose of this atudy has been primarily
to investigate the role of actusl technique, Some
observations were made concurrently on one
constitutional aspect and also on artificially
infected wounds,

An experimental study was therefore
designed to test various technliques of repairing
the uterus as judged by subsequent histological
examination, The study was conducted under full
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surglcal asepsis on cats and rabbits who, because
of the double horned organ, eliminated any
constitutional factor in healing.
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EXPERIMENTAT. OBSERVATIONS IN DOMESTIC CATS

AND CHINCHILILA RABBITS

Fifteen pregnant cats and four pregnant
tioes were the subjects of abdominal deliveries at
term 1n order to make histological studies of
healing in the uterine horns. This study occupied
nine months. The cats proved more satisfactory
for these experiments than the rabbits, for two
main reasons. Tiratly, they were larger and had
bigger uterine horns with better developed muscular
and decidual layers, and secondly, they were
generally easier to handle and convalesced with
better manners than the rabbits. The latter tended
to interfere with their abdominal wounds, while the
cats rested peacefully and kept their wounds very
clean. One of the four does died because it tore
open its abdominal wound and was found dead on the
third post-operative day. The animals that recovered
(18 our of 19 operations) were kept in the animal
house for periods up to ten weeks, during which
time the second operation —- g hysterectomy =
was done Tor the recovery of each uterine horn for
study of the scar. All the eighteen animals

recovered uneventfully from their second operatione.
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The use of animals with double-~horned
uteri proved ideal for these experiments. What-
ever technique was used to repair one horn could
be compared with the technigue used in the control
horn, knowing that the conditions operating during
the whole period of the convalescence were constant
for both horns within that animal. This particular
sltuation has been considered most important, as it
certainly s=liminated the possibility of constitutional
factors affecting the healing, because they would be
common to both horns.

A1l the operations were conducted in the
Department of Human Physiology of the University
of idelalde on a standard type of operating table
with an slectrically warmed top. Post—operatively
the animals were taken to the animal house in the
same bullding and made comfortable in their own
cages. As they convalesced the cats were fed s
generous diet of meat and milk and the rabbits
were given lucerne and compressed food pellets.

They were all kept under observation in the animal
house for the full time between the initial operation
and the later hysterectomy.
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When pregnancy was Jjudged to be nearing
Tull term each animal was ansesthetised with intra-
venous nembutal (Sagatal) using a fore-paw vein
in the cats and an ear vein in the rabbits. The
dosage was adjusted according to weight, with an
average dose of 100 milligrams for cats and
60 milligrams for rabbits. Once anaesthetised,
the anterior abdominal wall was closely shaved from
the sternum to the symphysis pubis snd lateraily
to the nipple line. A1l drapes and instruments
were sautoclaved and surgical serubbing of the
ocperator's hands was thoroughly conducted before
each operation, Rubber gloves were not used.
sfter cleaning the skin with hibitane, the drapes
were correctly placed and s midline incision about
3% inches was made upwards from the symphysis.
The left horn was ususlly delivered first through
the incision and then opened, using an asntimesenteric
longitudinal incision of about three inches in length.
(¥ige 1)« The muscle coats were quite thin at
term but guickly thickened to sbout two millimetres
after emptying. Each foetus with its placenta
was manually extracted. (Figs 2, 3). On the
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average,leach;hcrn held two kits, but with the
rabbits up to six foetuses were delivered from
each horn. No attempt was made to salvage the
ocffspring. The right horn was then delivered
and emptied. After closure of each horn the
abdominal wall was closed with iwo layers of
sutures and the wound mostly left uncovered.

At the conclusion of each operation,
which usually occupied 30 - 35 minutes, the animal
was placed on its side and kept warm. The rate
of post-operative recovery depended upon the total
dose of anaesthesia and usually required a full
2l4 hours before the animal was fully mobile again.
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In this study i1t was desired particularly
to investigate histological healing using a
decidual inclusion suture, as compared with one
excluding the decidua. LAfter emptying these
Pregnant horns the decidus was quite easlly recognised
as a layer of tissue approximately 1 millimetre in
thickness, so that it could be inecluded or excluded
at will from the suture. Because of the almost
complete absence of bleeding from this longitudinal
ineision 1in the uterine horn a very exact closure
technique was possible. For the sake of uniformity
the left horn was always repaired with an gall layer
decidual inclusion suture (Fig. L), snd the right
horn closed with a decidusl exclusion suture (Pig. 5).
&4 dlagrammatic sketch illustrates the actual needle
pathe (Figs. 6, 7). The haemostatic requirements
of the sutures being minimal, meant that the only
tension necessary was that required for apposition.
In all cases one layer of sutures only was used.

Purther, it was intended to study healing
when various suture materials were used. Fine
sutures were the rule and ranged from plain cat gut,
2/0 or 4/0, through chromic gut of the same order,
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to linen thread and, in one case, flne tendon wire
was usede In all cases, well known brands were
used, with atraumaitic needles, except with the
linen thread.

In one cat the specific sifects on healing
of a localised abscess were able to be observed in
one horn while uncomplicated healing occurred in the
other, by the deliberate inclusion of a small gauze
swab alongside one uterine wound.

Thirteen cats were held between 6 and 7
weeks belore sxcision of the horns, and two were
held 10 weeks. Cne of the Tour rabbits dled in the
early vost-operative period and the other 3 were
held ieiween 3 and 5 weeks before the second

operstion.
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EXPERIMENTAL FINDINGS
Macroscopic

When the abdominal cavities were reopened
variable degrees of omental adhesions to the uterine
scars were found, This was most pronounced in the
one cat whose left horn was repaired with fine
interrupted wire sutures. (Fige 8)s In another
cat in which linen thread was used in one horn and
chromic gut in the other, adhesions were excessive
on the linen thread side. (Pig. 9).

The only other macroscopic interest was in
the cat in whom & localised abscess was produced by
leaving alongside one horn a piece of gauze. This
created an inflammatory tumour over twice the size

of the involuted horn. (Fig. 10).

olocical

Those horns which were esxamined in the
early weeks af'ter hysterotomy (3 weeks in Figse 11
and 12) showed commencing union with much connective
tissue. Fibroblasts and ruscle cells could be seen
invading this tissue in various stages of union

until finally the scar tissue was replaced with
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muscles (Fige 16)e Examples of this healing
process are shown in Figs. 14 to 16 inclusive.
This evidence is in keeping with the findings

of Schwarz, Paddock and Bortnick (1938) and

siegel (1952), whose work also showed an initial
layer of connective tiasue which later was
replaced by muscle cell unione In the absence

of infection this can therefore be regarded as

the normal mechanism of uterine healing, provided
the edges are neatly apposed without undue tensione.

In the right horns of all the fifteen
cats and the three rabbits, various degrees of
good muscle to muscle union were found (Figse 17 = 20).
Tn the two horns in which linen thread was used there
was an excess of connective tissue (Pigse 21, 22)
and this can be interpreted as an irritant form of
suture material; however, it did not sppear to
prevent muscle to muscle union, but distorted it.

The exclusion of the decidua from the
suture allowed a f£inal muscle to muscle union without
any deformity. Therefore, fronm these 18 animals
no healing deformitles were noted, the edges had
been neatly aspplied and were found to heal without
any decidual inclusions. (Figse 17 = 20)s

In the other horn (the left), of thirteen
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cats and cne rabbit, that 1s, fourteen ocut of
cighteen animals examined, the inclusion of the
decidua produced deformities in healing. in

some cases large 1slands of decidua were found
amongst the myometrium. (Figs. 23, 24). In
others there was guite obvious extension and inter-
position of the decidua in between the muscle edges
(Figse 25 - 31). These findings were irrespective
of' the suture materials, but were directly related
to the decidual inclusion suture (Pig. 4).

This evidence of well marked and clearly
demonstrated deformity of healing in fourteen cut
of elghteen animals examined, in which a decidual
including suture technique was used, is most con-~
vincing. Particularly is this so when not one of
the eighteen control horns, in which the decidua
was excluded, showed any healing deformitye.

4 further histological finding of importance
concerned the vascular layer of the myometrium.

In those horns which were neatly apposed with g
decidual excliuding suture, the vascular layer could
easily be demonsirated crossing the area of incision
without any deformity {(¥igs. 19, 20). (Note
adhesion tc peritoneum indicating the abea of

incision). In the horns closed with an all layer
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inclusion suture the wmain vascular layer stopped
short of the uterine scar. (PFig. 23).

On the external surface of the left
horn of one cat there was a macroscopically cbvious
endometriosis lesion (Fig. 32).

Thus it can be concluded that there is a
definite relationship between the decidual inclusion
suture technlque and subsequent wound deformities.

MeIntyre (1924), whose work has already
been mentioned, and who suggested a migration
hypothesls for endometrial deposits within the scar,
devoted = great deal of time to the study of
caesaresn section scars in humans. He suggested
that these deposits may be a cause of weakness
within the scar, but much more interest wss centred
upon whether or not union was by muscle regeneration
or scar tissue. o attempt appears to have been
made to prove that these endometrial deposits
directly resulted from an inclusion technique,

The conclusions from this present study do prove
this, and thus lend no support %o sny wmigration
hypothesis.
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Cat 3 was selected for the production
of an inflammatory mass alongside the wound in
its right horn. After the uterine wounds in
both horns had been closed in the routine manner
of these experiments and replaced within the
abdomen, a portion of = gauze swab was placed
ad jacent to the wound in the right horn. The
abdominal wall was then closed as usual. The
convalescence appeared normal, with no complication
of abdominal wall healing, and the cat was clinically
normal and healthy in every way when it was decided
to reopen it seven weeks later.

There waz: a mass in the right side of
the abdomen involving the right horn, sbout 4 cms.
by 4 cms. Omental adhesions were Pirmly attached.
The left horn was not involved in this and could be
excised separately.

Histological examination of the right
horn and its adjacent adherent mass showed a doubte
fully healed myometrium with messive leucocytic
and round-celled infiltration. "There was abundant
fibrous connective tissue, and one piece of ehromie

cat gut, Broken up but unabsorbed (Fig. 33}. A
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higher powered view showed the endometrial 1lining
and the adjacent inflammatory tissues. (Fige. 34).

The ieft horn of this same cat showed
the usual type of healing when a decidual inclusion
suture was used. 4n area of endometrial inclusion
was present (Fig. 35)e No evidence of infection
was seen in this 1l eft uterine horn scar, and its
healing could be considered satisfactory and in
keeping with others in which the all inclusion suture
technique was usede.

This experimental method «f producing an
inflammatory reaction in association with the healing
in one uterine horn, whilst the healing in the control
horn is undisturbed, has been 1instructive. It has
demonstrated, within the one animsl, the specific
effects of such an inflammatory process on uterine
healing. There is no doubt, histologically, that
the wound in the infected horn failed to haal
adequately and, by inference, would be wnsafe in &
suuseqguent preunsncy. The method has zlso demon=
strated that there can be serious inflammatory dig-
turbances within the uterine wound without any
complication of abdominal wound healing,

There is evidence that the reverse is

equally true, f{rom other rabhit experiments not
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inciuded in this study, The effects of massive
rost=cperative doses of cortisone on actual uterine
wound healing were being studied in two rabbits,
It was found that abdominal wall healing was
seriously impaired. ‘The sbdominal wound broke
down completely in one rabbit ten days af'ter
cperation; a massive protrusion of contents Tollowe
ed, and the snimal died. The uterine wound was
found to be healing guite normally (Fig, 56). The
second rabbit did uot suffer a burst abdomeir, but
on the 20th dasy it was reopened by simply splitting
cpen the meist and infected abdominal wall, in which
very little fibroblastic reaction could be demone
strated. The ulerine wound sppeared to be unaffected
by the abdominal wound disturbances., {Fige 37}
The evidence strongly suggests that it
could be quite inaccurate to infer that uterine
healing is necessarily affected in ithe T resence of

an infected abdominal wound, and vice versa,



Fig, 36.
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EXPERIMENTAL RINDINGS WITH VARIOUS SUTURR
MATERIALS

During the course of these experiments an
endeavour was made Lo evaluate the effects of
various suture materiais in relation to the uterine
wound healing. Haterlals used were cat gut, either
plain or ciromic, linen thread, braided s8ilk, and
tine tendon wire. Atraumatic needles on 2/c and
L4/0 plain or chromic gut were used in thirteen
animals, linen thread in three, irajided silk in two,
and fine tendon wire in one. The uterine repair
techniques were kept standard, as already explained,
so that variations in healing and local reactions to

the various materials could be studied.

Cat gut: The wounds in these uterine horns were not
able to be covered with peritoneum as in the human
lower segment operation, so that various degrees of
adheslions between omentum and the uterine horns were
not unexpected. The use of cat gut, whether plain
or chromic, wee associated with the fewest sdhesions.
The least histological tissue reaction was
seen when chromic ecat gut wes used, except in the

case of tendon wire, In many cases fine chromic gut



caused no obvious reaction, the chromic sut being
very slow to absorb in most cases could of'ten be
seen intact 8 - 10 weeks arter its use. {Figs.
38, 39)e Flain cat gut was associated with more
tissue reaction than chromic. (Fig. 40). It
disintegrated earlier in most cases, s0 that it
could not be found in many sections taken through
horns where it was used. These differences could be
demonstrated within the same cat. 4 continuous
suture was used in each horn and, alter 5C days,
the 2/0 plain gut had been absorbed, while the

L/5 chromic was still intact.

L ¥ s : This was used in three animals and
external adhesions were the rule, In some the
tissue reaction was excessive, as Judged by round
celled infiltration and giant cells, The strands
appeared to break up early. (Pigs. 21, 22),

Silk: Braided silk was used in two animals.
thesions were agein the rule, and when a ccntinuous
suture was used 2 conglomerate mass of silk Jev-
elored as the uterine horns involuted, The s trands
of silk seemed tc disintegrate early, and the

general structure was quickly lost, with much surround—
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ing reaction. (Fige L)

Wire: These interrupted sutures had to be very
carefully removed before section cutting was
possible. Wire was used in one animal only.

There was nc tissue reaction seen around the site

of the wire (Fig. 42}, The external adhesions
were excessive. A high power view of Fig. L2

shows absence of resction (Fig. 43). whilst a high
power view of the silk suture shows the glant celled

reaction to a forelgn body {Fig. Lk),

From this aspect of the study it mey
therefore be concluded that fine chromic cat Zut,
used elther zs continuous or interrupted sutures,
produced the least tissue reaction in the scar area
and the minimal smount of external adhesions. Inter—
rupted sutures gave the impression of allowing the
involution to cceur more evenly than when a continuous

suture was used,
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QENERAL CONCLUSIONS FROM EXPERIMENTAL WORE

The facts which have resulted from this
series of caesarean sections in animals with

double horned uteri can be enumerated thus:

Te A repair technique which completely
excludes the decidua gives the neatest

histological healing.

397
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4 repair technigue which includes the

decidua produces a deformed uterine

scar with great consistency, namely in

Tourteen ocut of eighieen horns.

3e P'ine chromic cat gut produced the neatest
histological wounds of all materials used,

L Ghromic cat gut was associated with
fewer and smaller omental adhesiocns than
other suture materials.

He The most massive adhesions were assocliated
with the use of wire and 1linen thread.

6e 4 deliberately induced localised abscess
adjacent to one uterine scar seriously
interTered with the healing process.

{e The cat is a better snimal for this type

of uterine work than the rabbit.
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Are we entitled to transfer this hypo-
thesis, sustained in the cat and the rabbit, to
the human uterus? In general terms, conclusions
which concern chemical reactions er physiological
processes in animal work have to be regarded with
much caution btefore they can be applied to the
human and, in some cases, may be completely mis—
leading. flowever, it may be argued here that
findings which concern myometrial healing in the
cat could be gquite relevant within the human
myometrium because the basic physiology of healing
is known to be common to both. Whether this
point is conceded or not, the essence of this work
emphasises the part played by technique slone,
within the one snimal,.

Sueh an experiment is never likely to be
conducted within the human myometrium in the one
individual. To have the same set of controlled
conditions one would have to postulate a double
uterus, pregnant in both horns, snd hoth to he
delivered by caesarean section. Murtherpore, the

likelihood «f' recovering such a double uterus within
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a reasonable time of delivery for complete histo-
logical study of the different closure technique
used in each horn would not appear to be within
the realms of poassibility.

In the humen, therefore, any studies of
uterine healing must overlook such a control system
within the one individual. The only two approaches
that are available concern either histological
examinations of caesarean section scars in uteri
that have heen the subject of hysterectomy szome time
af'ter the caesarean section, or the development of
some indirect method of making an examination of the
scar area while the uterus is still in the pelvis.
The first spyproach, that of walting, perhaps up to
half a life-time, for the recovery of = uterus, in
order to submit it to histologlcal scrutiny is too
slow for our present reguirements of knowledge.

It is also too indefinite sclentifically, because so
many of these cases would disappear from follow=up,
and even those who did not would have had to be
conducted personally for sccurate documentation of
the precise technique used at the caesarean section.
Nevertheless, as time goes by some such csses will
and have appeared in my personal records. To date,

I have =aine of my own hysterectomy specimens from
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women upon whom I had previously periormed
caesarean section deliveries, and these will be
bresented in some detail a 1little later,
(4ppendix Bj).

The second approach, namely the develop=
ment of some indirect method by which the uterine
healing may ve measured in vivo, has been studied
with much interest since 1956. 4 hysterographic
method has been developed and used in more than two
hundred humpan cases gince that date. The method
has been proved reliable and evidence will be
presented to support this, (sppendix A)e It is
simple and occasions the woman little inconvenience.
It produces a direct outline of the caesaresn
section scar areas by the use of a contrast wedium and
X~rayse In this way it is possible to nmeasure
sccurately any deformity, and to show failure of hesl-
ing by the presence of a leakage of the contrast
medium through the scar area. This hysterographic
method has been used to test various uterine closure
techniques., In particular, it has shown up a great
difference between the closure technique used in the
earlier years of this study and the modified teche
nique of the later years. This c¢linical study will

be presented following the description of the method.



HYSTEROGRAFPIIIC METHODS

HISTORY AND DESCRIPTION
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DEVEIOTMENT OF THE HYSTEROGRAPHIC WETHOD
M

Baker (1955) was the first to publish
any results of a hysterographic study after
caesarean section. He manually examined the
interior of the wuterus of 64 patients who had
vaginal deliveries following previous ilower segnment
operations, and reported 53 as having s "souné
scar's In 24 of his 64 patients he abtained hystero=
grams about three months after the veginal delivery.
He was able to demonstrate = deformity in the lower
anterior wall of the uterus in only 5 cases out of
2L.

One's own experience of manual exploration

of a previously sectioned uterus immediately follow

Y

ing 2 veginal delivery has been inconclusive. The

%)

soft and flabby state of this lower segment area at
this time makes any firm convietion regerding the
scar arees very doubtful. It was therefore decided

to concentrate on an X-ray technigue which would

accurately outline the scarred ares in botii the iateral

and antero-posterior views, this examinstion not to
be done before six months had elapsed since the
ceesarecan sectiocne By this time the healing was

assumed to have been completed and the final shape of
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the scar area determined.,
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DESCRIPTION OF HYSTEROGRAPHIC TECHNIQ

All hysterograms were done in the first
half of the menstrual cycle. A vaginal examination
was done following the taking of a short history.
The patient was then placed in the left lateral
position on the X=ray table and so positioned that
the central ray would pass through the femoral
heads. The thighs were flexed and a pillow placed
between her knees., 4 bivalve vaginal speculum was
next inserted, with the usual aseptic precautions
and the anterior lip of the cervix gently grasped
with a fine toothed tenaculum. 4 screw-in metal
cannula with a wide cervical head of the leech=-
Wilkinson type, previously filled with the contrast
medium, was then used to procure a tight fit.
Several different sized heads were always available
and a suitable one chosen for each individual cervix.
The contrast medium finally decided upon for this
work was a viscous iodised oil (Lipiodol Lafay) and
this has been used in all the cases in this study.

Having obtained a tight fit within the
cervical canal, a 10 ml. syringe was then joined to
the cannula, using an appropriate adaptor. Under

direct vision 1.5 millilitres of Lipiodol was then
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injected to confirm free flow and no leakage. A
protective lead shileld with a small slit in its
lower edge was next dropped into place for the
protection of the operator, the cannula and tenaculum
projecting through the slit. & further 4 mls. were
then slowly injected and, as the last millilitre

was being injected, the exposure was made. It

has always been considered an essentlal part of the
technique to keep up a positive pressure within the
uterus whilst the plcture was taken. At this

point the radiographer developed this film, and only
after it was found to be satisfactory would the
patient be placed in the dorsal position with her
thighs flexed, the cannula and speculum having been
carefully retained in position during the move.

With the protective screen repositioned,
the radliographer rearranged the direction of the
central beam, according tc¢ whether the uterus was
in anteversion or retroversion. The bivalve
speculum was next withdrawn almost to the introitus,
and a further 2 mls. of Lipiodol injJected, and a
further £ilm taken as the second nillilitre was being
forced into the uterus.

These two £ilms were taken on all patients.

The amount of contrast medium already mentioned was
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found to be best, Too 1little failed to properly
outline the uterus, too much caused excessive tube
fi1lling and peritoneal spill. No untoward reactions
have been encountered in this series, and no
morbidity has resulted from this examination.

The X=-ray exposure details for the latersl
poslition were KV90; MA200; +time 1 second, anode film
distance 4L inches; Bucky ratio 8 to 1; Target area
2 mm square; Du Pont Hi-speed thick screen, using
Gold Seal film and phenisol developer. The area of
radiation was restricted to 12" x 410" with the aid
of a Videx Palmer light beam diaphragm, and total
Tfiltration of tube and diaphragm approximsted the
equivalent of 5 mm of aluminium. The antero-
posterior position required 72% to 774 K.V., time
0.5 second, 200 M.A., 44 inches distance and
12" x 10" £ilm with other details as for the lateral
film.
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EARLY CLINICAL STUDIES

The work was done on patients of the ward
service of the “ueen Victoria Maternity Hospital,
Adelaide. At the same time as the hysterographic
investigations were begun on patients after caesarean
section delivery, a control series was begun. For
this control, primigravid women who had normal
vaginal deliveries were asked to volunteer for
X=ray examination. Thirteen such women were
examined six months after the natural birth. During
the first year's work, forty three women who had
caesarean sections volunteered for the examination.
A1l except four of this original group had the
caesarean section operation done at the “ueen Victoria
Haternity Hospital, by various members of the staff,

The findings from this pilot study were
most conclusive in the following respect. The
hysterograms from the women in the control group all
showed perfectly normal internal uterine outlines.

A regular smooth contour extending from the tip of
the canula up into the fundus of the uterus was
demonstrated in a1l 13 cases., This was so, even if
the uterus were in retroversion. Typical examples of

this control group are shown in FPigs. 45 and 46,



Fig. 45,

Fig. 46.
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The hysterograms from the 43 women who had
previous caesarean sections all showed some
deformities in the uterine outline, Those who had
lower segment transverse incisions showed various
degrees of deformity in the lower anterior uterine
wall at the site of the incislon. (Figs. 47, L8).
One uterus, which had been subjected to a classical
type of caesarean section, showed 2 massive defornity
along the whole of the snterior wall of the body of
the uterus (Fig. 49).

In order to prove that the deformities
being demonstrated were, in fact, resulting from the
caesarean section area, an attempt was made to
localise the internsl os 1n the followling waye
7ith the patient in the lateral position on the X~ray
table a uterine sound was introduced into the
cervical canal until the resistance of the internal
os was felt. /An exposure was then made. The sound
was next removed and without disturbing the position
of the patient, the cannula was screwed into the
cervical canal, Lipiodol injected, and a further
exposure made. These two developed films were
then superimposed 1n exact anatomical register,
giving the result shown in Pigs. 50, 51« The area
of deformity can be seen to be gbove the tip of the
cannula. The level of the deformity varies quite



Fig, 49,



Fig. 50.

Fig, 51,
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conslderably because of the actual level of the
incision in the uterus. In s ome cases, in
obatructed labour, when the lower segment has been
well stretched out, quite often the resultant
deformity has been noted very low. In others, not
in labour at the time of the section, the resultant
scar deformity may be quite highe An sctual
specimen of & uterus subsequently removed shows a
high position of the scar. (Flg. 52). Five cases
were used for this particular experiment using the
cannula to localise the internal os area.

From this original pilot study it was
realised that many different types of deformity
could result from the operation. In order to make
some arpltrary levels the deformities were graded
into small and large, depending on whether they were
less than 5 mm in depth or over 6 mm. Five cases in
this original study could not be safely interpreted,
mainly i'or technlical reasons, so that they were not
included in the totals. Of the remaining 38 cases,
twenty seven had small and eleven had large deformities.
It should be noted particularly that gll the 38

cases showed deformities.



Fig. 52.



CONCLUSIONS

The conclusion from this pilot study
showed:

1« Normal uterine outlines were demonstrated in
all the control group of primigravid women
who had had normal births.

2+ 4bnormal uterine outlines were demonstrated
in all uteri which had been subjected to
caesarecan section.

Further, i1t was noted that there was no
apparent detectable relationship between the uterine
deformity and the many variables such as age, parity,
indication for the section, pest-~operative pyrexia,
abdominal wound healing, or operative technique,

The results of this study were published

in 1958 (Poidevin and Bockner). Since that time
several groups of workers have published confirmatory
papers (Benzi et ale. 1962, Lonnberg et al. 1962,
Obolensky et al. 1963, Waniorek, 1963). The studies
of Lonnberg, Obolensky and Waniorek confirm in
exact detail the conclusions Just enumerated.
Ie Page et al. (1959) studied 22 uteri by hysterography
and found 11 cases with minor deformities and 11 with
more extensive ones. Varangot et al. (1959) found

10 deformities in 25 cases.
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DISCUSSION

These f indings (Poidevin and Bockner, 1958)
were important because they made a considerable
advance on those of Baker (1955)., No previous
study had been published on such a large series,
all conducted six months or later after the
caesarean section. The lateral view was emphasised
and a rellable technigue had been established.

However, many questions remained unanswered.
Namely:

1. #hy was there always a deformity in the
section scar area?

2e If this deformity was not related to age,
parity, post-operative pyrexis and sbdominsl
wound healing, could it possibly be related
to the technique of closure of the uterus?

3e Is 1t poesible to use such a technigue for
uterine closure that will produce a hystero=-
gram free of deformity?

Le Could the large deformities which were
thought to represent a considerable leakage
of contrast medium from the uterine cavity
be demonstrated at subsequent caesarean

section?
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Two main requirements were obvious.
Firstly, a much larger series would need to be
studled, with particular emphasis being placed on
any relationship between the actual technique of
closure of the uterus, as well as that between
other factors, such as age and post-~operative
convalescence. Secondly, animal experiments to
1llustrate the part played by technique. No
publications of any animal studles comparing various
technigues of closure of the uterus could be found
in the literature.

8ince this pilot study in humans was
completed z further 166 cases have been studiled,
thus making a total of 209 for detaliled examination.
Animal experiments have been done using pregnant cats
and rebbits and have already been presented earlier
in this thesis,

Therefore, the hypothesis must concern
itself with the relationship between the technigue
of uterine closure and subsequent uterine deformity
as measured by hysterography. With the conclusive
animal experiments in nind it was postulated that:

THE NEATER THE UTERINE REPAIR TECHNIQUE

IN THE HUMAN, THE IBESZ DEFORMITY THERE

SHOUID BE IN THE HYSTEROGRAM,
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Zince 1958 a few minor modifications have
been made in the i-ray technique. The actual
film used has been changed and the exposure and
developing times have been slightly adjusted.
Otherwise the method used and the contrast medium
have remained constant. The same radiographer has
actually positioned every patient and taken every
£film. The same nursing sister has been in attend-
ance at every examination. I, personally, have done
over 100 of the injections and have supervised all
the others, done by a succession of obstetric
registrars,

Approximately the same rate of caesarean
section delivery has operated in the ward service
at the ‘ueen Victoria Maternity Hospital over the
study period. The caesarean sections have been done
by many different members of the staff (22 different
operators in all). 1In each case, however, the
actual detalls of the closure technique have been
recorded and fuil records of the post-operative
course have been asccurately kept. A few private
patients, referred by their own practitioners for
hysterography, have been included in the larger

ET0UD.



Although all women having caesarean sections
were contacted six months later for hysterographic
study, only about one in every three presented for
examnination. The large loss was due to several
factors,; elther another wregnancy, the patient had
moved interstate, or otherwise was lost, or, in some
cases, Just no response to the requests, There were
very few refusals zfter an explanation had been given
as to the purpose of the examination.

The findings of this larger series are
mainly in keeping with those of the smaller pilot study
as regards age, parity, post-partum pyrexia, and
abdominal wound healing, in respect of the hysterogram
deformity. However, they differ in one main respect.
A very close relationship between technigue and the
f=ray findings ham been demonstrated. The more
exact suturing methods used in the latter part of the
study period have frequently produced hysterograms
with no deformities, and which are indistinguishable
from those of women who have had only vaginal deliveries.
The animal experiments, which were so conclusive as
regards the importance of technique, have had some
influence o the closure of the human uterus, particular-
ly as regards neatness, exclusion of the decidua and

the use of interrupted sutures,
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From the available details in the records of

the cases in the pilot study, it is apparent that the
recognised method of uterine closure was to use a
continuous suture, usually of Ho. 2 plain cat gut,
and to quickly cobble the gaping wound edges together,
using large bLites through all layers, and to pull
the suture quite firmly for haemostatic purposes. '
This was quick, and saved blood in some cases. The
second layer, again, was usually a continuous plain
cat gut suture in the more superficial layers of the
myometrium which c¢ overed the first layer. The
bladder peritoneum was then replaced. In some case
records no detalls of closure were mentioned, and in
the four cases who had their caesarean sections eise-
where, no details were available. However, knowing
that most operators during the 1950's used this rapid
all=inclusion technique and, from knowledge since
gained, it is a reasonable assumption that all these
early cases were closed in the way Just outlined. It
should be stressed that all cases in the pilot study
showed some deformitye.

In the second part of the study, when many
operators were making every endeavour to repair the
uterine edges with more finesse and with g greater

emphasls on neatness, there began to appear much
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better hysterograms. It will be apparent irom a
study of the results that the most perfect hystero-
grams were, in general, assoclated with a neat
apposition, using interrupted chromic cat gut
sutures and excluding the decidua from the suture.
4% times a very good result has been shown afterla
continuous suture was used, and also even in some
cases where the decidua was reported as being
incliuded. However, those cases do not detract from
the general findings, because the emphasis in the
latter part of the study has been primsrily on neat-
ness and exactitude, rather than speed, irrespective
of the actual detsils., An example of the decidual
exclusion suture in the human uterus is shown being

inserted in Figure 53,
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Fig. 53,



in order to assess the results in terms of
relationship, a punch card was devised for recording
the following information:

Hospital number

Surgeon (by code number)

cuture material

Continuous or interrupted stiteh

Inclusion or exclusion of decidus

Post-partum pyrexis

Fresence of &« sinus

Grade of deformity: mild; moderate,

SQVEersce

The grading of the deformity was altered
from that used in the pilot study. It seened uiore
appropriate to include three grades, rather than two,
and all the cases in the pilot study have been
regraded ror the purposes of this total study. Mild
deformities have been recorded as those of 2 mm.
depth or less (Figs. 54, 55, 56), moderate deformities
from 5 mm. to & mm. (Figs. 57 - 62), and severe
deformities, those of 6 mm. or more (Figs. 63, 6L, 65).

Perfect results have been recorded, when no deformity
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Fig. 56.



Fig. 57.

Fig. 59 ®



Fig. 60.

Fig. 62,



Fig. 64,

Fig, 65,



88

at all was apparent (Figs. 56, 67)s The measurements
were made on the actual X~ray films,

The presence of a sinus was recorded when
it was apparent that contrast medium hed gscaped
through a deficiency in the uterine scar and tracked
away from the uterus, Examples of this are shown
in Migs, 68 - 72.

Post-partum pyrexia has been recorded
according to whether or nct there was a temperature
of 100.4° P, on two occasions within a 24-hour period
during the convalescence, irrespective of etiology,.
It was found to be too inexact For this surpose to
further subdivide the many causes of the poste
partum fever.

When this information was punched out on
the eards, the following relationships could be
established:

Two cases from the 166 in the second
portion of this study were unable to be 2lassified

for technical reasons and have thus been rejected.



Fig. 66.

Fig, 67.



Fig. 68,

Fig, 69,



Fig. 70.

Fig. T1. Fig. 72.
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FINDINGS FROM TOTAL CLINICAL STUDY

Number of cases examined {excluding controls)

209

Cases rejected as unsuitable for classification
7
Total number for study

38 in pilot study
164 subseguently studied

202
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Perfect = L3
Mild deformity = 60

Moderate deformity 85 (4 with sinuses)

Gevere deformity = 14 (8 with sinuses)

i

COMMENT :

The twelve cases with "sinuses" all
exhibited a leakage of contrast medium glving an
irregular itrack of the dye. Figs. 68 - 72 are
examples. In several of these cases it has heen
possible to confirm the actual deficiency in ihe seaw
at a subseguent caesarean section. (See Appendix A4).

As well as classifying the results into the
four detailed grades shown in Table 1, they may also
be grouped more simply into "good" or "bad". This
glves a good working derinition. Those cases
classified as "perfect" and “"mild deformity" can well
be considered together as "good", and those classified
as "moderate deformity” and "severe deformity” can be
considered "bad". This will be done in each tabie

to follow.
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TABLE 2.

Perfect - 2.
good = 2Tk

Mild —— 32--
Moderate -~ 79-.. )
bad = 75: @

Severe — 14"
KEleven cases of "sinuses" occcurred in this

"bad" groupe.

EX sion Tec i

Number of cases = I3
Ferfect - b4 A
ngood = 92k
¥ila - 28~
Moderate = 6-. .
~bad. = a
Severe e 0

One case of '"sinus" occurred in this "bad"

group .



—————avidencs
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COMMENT 2

The figures indicate a close relationship
between the best hysterographic findings and the
decidusl exclusion technique. The figures do not
indicate, however, that the emphasis on the decidual
exclusion technique affected the cases in the latter
half of this study, and particularly following the
theaninal experimentss  There is no

RS

doubt that simultaneously with the attempt to exclude
the decidua there was automatically a greater emphasis
on neatness generally. It is therefore impossible to
attribute the outstandingly improved results to the
decidual exclusion technigue alone, but nevertheless,
it cannot be denied that it has nlayed s most important
roiees

It must be noted also thai 43 cases have -
been reported as "perfect” in the total study, whereas
in the early pilot study there were none. Thus,
from the emphasis on neatness in the laiter part of
the study has resulted L3 perfect results from 164
operations, an incidence of 26j.

There were twelve cases found in the whole
study which showed leakage of contrast medium,
indicating a sinus track, and eleven of these occurred

among the decldual inclusion group.



Cases closed with a gontinucus suture = 169

Perfect - 23 - _
~oBood = L3k
Mild - L9

Moderate == &3 (4 with sinus)

, bad = 5T
Severe == 14 (8 with sinus)

Cases closed with an

Ferfect == 20 .
#ild Ead b
fioderate = 2 ...

Severe s o

COMMENT :

Many more cases were closed with a continuous
suture than an interrupted, for several reasons. In
the presence of bleeding sinuses it often appesars more
prudent to the operator tc hurry along the closure for
haemostatic reasons. Thus speed and haemostasls are
important factors in this decialon. Thirdly, I do
not believe many operators have been as impressed as
I have that neater healing can be expected in this

rapidly involuting scar area when interrupted sutures

are used. I, personally, believe the continuous
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suture material must become considerably concertinaed
within a few days during the normsl process of
involution, whereas interrupted sutures should

produce less 4 istortion during this shrinizing process.
Thus, most of the cases in which interrurted sutures
have been used have been personal ones. The other
reason for the greater number of continuous suture
cases is that in the first half of the study all
operators used a continuous all-inclusion suture for
the {irst layer.

Although there are Tewer cases, there are
sufficlent to make the finding significant that better
results can be obtained with a neat, interrurted suture
technigue in the first closing layer. There is also
good evidence that perfectly neat results can follow
the use of a contimuous suture technique, but not as
of'ten.

The twelve cases showing sinuses 21l occurred
in the group reraired with a continuous suture. Twelve
cases in 169 is an incidence of 1 in 14. Applying
this same incidence to those repaired with interrupted
sutures (33), there should have been two cases of
sinuses, but none developed.

Lonnberg and his colleagues {1962} reported
good scarring in 43.l% of cases when interrupted



sutures were used and 29,03%¢ when a continuous
suture wae used for the first closure layer.
Thelr study involived 54 cases, and Lipicdol was

their preferred contrast mediume.
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TABLE iie

Perfect ==
Mila -
Moderate ~—
Severe —
~flain cat gyt

TPerfect e
Mild ——-
Hoderate ==

Severe
Other moterigl

Perfect ]

¥Mila —

foderate ==

Severe =

52"
55 (2 sinuses)
7 (4 sinuses)

41 cases

28 (2 sinuses)

7 (4 sinuses)

]

6 cases

3% )

]

good

bad

il

6054

8554

96
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COMMRNT :

The findings significantly favour chromic
cat gut. It must be remembered that »lain cat gut
was used in the earlier wpart of this total aztudy
when other bad factors were also operating, so
that the difference may not be as grest as appears.

The incidence of sinus formation was
greater when plain cat gut was used, namely € cases
in b1, as agsinst 6 in 155 with chromic gut,

The other materials, mainly linen, were used
in too few cases tc allow conclusions,

Greenhill (1962) stated: "I fully agree
with Foidevin that wound fallure after cesarean
section is very common, that the decidus should not
be included in the closing sutures znd that fine
chromic catgut is the best suture material. In
former years, when infections after cesarean secitions
were fairly common, I upfied the use of interrupted

sutures in all cases.”
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TABIE 5. REI&TIONSHIP DETWEEN HYSTEROGRAPHIC FINDINGS

Perfect == 9.
3 good = H1%
Mild - L
Moderate -= 20 (2 sinuses)
bad = L9
Severe -= 2 (2 sinuses)
= 157
Perfect  e= 34 - f
o good = 51k
Mild -
Moderate -~ 65 (2 sinuses) y
bad = LGk

Severe - 42 (6 sinuses)

COMMERNT ¢

The incidence of post-partum pyrexis was
noted to have been spread fairly evenly over the
years of this study and represents 22¢ of all
caesarean section casese. The causes have ranged
from breast engorgement, upper respiratory tract
infections, renal and genital itract infections and
thrombophlebltis to abdominal wound infection and
other rarer causes. “rom & close study of each
case, no evidence nhas been found which could relate
any of the abdomninal wound infections with a higher

incidence of hysterographic deformities,
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The figures show an identical incidence
of "good" and "bad" results in the two groups,
so that the presence of puerperal pyrexia, from
whatever gause, would appear to have no influence
on uterine wound deformity.

There is, however, an incidence of sinus
in the uterine scar of 41 in 11 in the pyrexial
group and 1 in 20 in the apyrexial group.
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Perfect - 20 (66%)..

: good 100%
Mild - 10 -
Hoderate

Lsevere

Perfect - 24

87

®
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&
]

«

Mild -— 18 -

lloderate «= 6 (4 sinus)

i

bad 13%

severe e 0
COMMENT :

The 30 cases in which care was taken %o
exclude the decidua and in which interrupted sutures
were used have produced 20 hysterograms with perfectly
normal outlines and 10 with minor wedging deformities.
Although the numbers are not large, they indicate
the most successiul technique so far used. The use
of continuous sutures produced excellent results also,

but 1 sinus was found in this group.



Perfect e [}

Hila w1
Hoderate == 2

severe - ()

Decidual inclusion .

Ferfeet — —- 2-.
Mild == 3q e

HModerate == 77 {3 sinuses)

bad

i

Severe ~= 44 (8 sinuses)

COMMENT :

The decldusl inclusion technigue using a
continuous suture produced the worst hysterographic
results. This was the method used in the earlier
part of the study when the older fashioned "cobbling
in haste" technique was used in most cases. As has
already been indicated, if the same desire for neate
ness had been evident in the earlier study even
this technique of decidual inclusion and a continuous

suture may not have appeared as bad as these figures
indicate.

27

735
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FROGRESSIVE IYSTEROGRAPHIC STUDY

There are three women who were subjects
of the early pilot study and who later had another
cagesarean section and became part of the later
study. They were each personal cases in which
thelr first caesarean section was done using =
decidual inclusion technique with continuous plain
cat gut. Thelr next caesarean sections were
repaired with a declidual exclusion technique using
interrupted chromic cat gut sutures. The hystero-
grams show the level of improvement. These three
cases will be presented.

Cese JeBey GeVelicHe 738, aged 28,
The first hysterogram was taken in spril 1956 follow=
ing a caesarean section in February 1955, and showed
a medlum sized deformity in both lateral and antero-
posterior views, Figs. 73, The

Caesarean section in ¥ebruary 41960 sllowed
exclsion of" the old scar and as neat an apposition as
possible using interrupted sutures, exeluding the
decidus. A hysterogram taken in September 1960 showed

a considerable improvement. Pigs. 75, 76.



Fig. 73. Fig. 74.

Fig. 75. Fig. 76,



Case M.L., QeVeMoHo 4/M25, aged 32.
The first hysterogram taken in sugust 1958 followed
a caesarean section in 1957. 4 sinus was assoclated
with a marked deformity seen in both views. (Pigs.
77s 78)s A repeat section was done ln December 1959
because of this major degree of deformity and a
“"window" was found in a very thin scar. Excislon of
portions of the ¢ld scar and as neat a repair as
possible was done, excluding the decidua with inter-
rupted sutures. 4 second hysterogram in June 1960
showed a greatly improved anterior wall almost as
perfect as those seen after vaginal deliverye. The
antero-posterior view was also excellent, Plgse 79,

80,

Case AeTe, LeVollolle 825, aged 38,
After her third caesarean section in HMareh 1957, for
a contracted pelvis, a hysterogram was done in
September 1958. The 0ld scar had been easily seen
at cperation znd the wound was repaired with No. 2
plain cat gut using an all layer inciusion technique,.
The hysterogram showed a medium sized deformity,

Pig. 81, In October 1859 & fourth caesarean

section was done, the ¢ld scarred area, which was thin,
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Figo 1. Fig. 78.

Fig. 79. Fig. 80.



Fig. 81.

Fig. 82.
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was exclised, and the edges united using interrupted
sutures and excludling the decidua as well as
rossible. In June 1960 the hysterogram showed
some improvement. (FPig. 82). This case does not
demonstrate a great improvement, but then it is
probably a little unfalr to judge, in view of the
sultiple sections. IHowever, there was sonme

improvement demonstrated.
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DISCUSSICN OF CLINICAL STUDIES

From an asnalysis of this long c¢linical
study there hus developed support Lor the hypotiiesis,.
Sufficient evidence hasc been produced o prove a
close relationship vetween technigue of closure
and subsequent hysterographic findings. The
results presented in the tables show guite clearly
that with greater attention to details of clicsure
of the uterus, better results, as measured Ly
hysterograrvihy, can be produced. Three cases have
been documented to show the progressive improvement
which can be achieved in the same uterus with
better techulques.

The hypothesis has therefore been

sustained,
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CONCLUSION

From thils long term study o caesarean
section scars, both in domestic snimais and hiuman
beings, there emerge several positive findings.

In the origlnal pilot study of lLiysterograms,
taken six months or uore after caesarean section
operations, all the 58 uteri showed some delormity,
go that it was possible in every case ic¢ differe
entiate these hysterocgrams from tiose Iin the control
group of womesn who had veginal deliveries, Although
in some cases the deformities were guite small they
were, nevertheliess, present in all the secilon caseg,
none of them showing the perfect cutline of the
control vaginal delivery cases.

Following these original findings and while
the study was being enlarged to include many more cases,
some animal experiments were conducted to study the
healling of the uterus in histological detail. Prom
this work it was concluded that the best hezaling
resulted from a careful suture technique using chromie
cat gut and deliberately exciuding the decidua Ifrom
the suture. Excellent histological healing was
demonstrated in sll the animal opersations in which

this method was used. Not one csasse showing perfect
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healing resulted from the opposite uterine horns
in the same animals when a decidual inclusion
technigue was used.

The findings from this animal study put
a greater emphasis on obtaining the neatest
possible apposition of the uterine edges in the human
and bhave undoubtedly influenced the resultc of the
latter part of the human study. In the lsat 164
human cases studied there were 43 cases showing a
perfect hysterogram, that is, 26%.

The detailed tables presented of the human
studies clearly demonstrate that the most perfect
hysterograms resulted from a careful spposition of
the uterine edges, using interrupted chromic cat gut
sutures and excluding the decidus from the needle
track. Almost as good results were obtained with a
continuous suture, provided the deciduz was e xcluded,
The worst hysterograms resulted from the use of a
rgpld closure technigue in a wound, through which there
had been difficulty in delivering the baby, vsing a
eontinuous plain cet gut suture through «ll layers.

The postulate that the hysterogrsphlic findings
are directly related to the degree of neatness of
the closure technique has been sustained. Answers have

also been provided Tor the guestions posed sfter the
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pilot study.
Eirstly: There need not slways be a
deformity in the section scar area.
Sgeondly:  The uterine deformity was
not related to poste=operative pyrexia or
abdominal wound healing, but was related
to the closure technique.
Thirdly: It is possible with present
knowledge and techunigues and favourable
conditions to produce a hysterogram free
of deformity in 665 of cases (Table 6).
Fourthly: It is possible to confirm the
hysterographic findings of large
deformities at subsequent caesarean
section, if care is taken to search for

them, (RPPENDI'K A)

This study of 202 cases compiled over
several years, in which full details have been
recorded at the time of the ceesarean section, and
who have all been subseguently X-rayed using a
constant technique and in the same radiographic
department, is unique. One of the latest
authors (Waniorek, 1963) has published his conclusions
(Appendix C) based on 85 examinations, and it will be
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seen that they colncide closely with those
presented in this thesis., However, he has not
attempted to show a relationship between technigue
and final results.

Poat-partum pyrexia following caesarean
section has been shown unrelated to the hysterographic
findings, and would thus appear to have little
influence on uterine wound healing. However,
there was a higher incidence of sinus trascks in
the pyrexial group. There were 45 cases showing
poat-partum pyrexia snd because of the multiple
etiologles of the pyrexia, no firmer conclusions
are possible.

The objective has been direct. The
hysterographic examination with its exact findings
has been used as the measure of efficiency of any
technique. The hysterographic method has been
proved rellable, not only in our hands, but by many
authors throughout the world.

No attempt has been made to use uterine
rupture in any way as a measure of any technique.
This would virtually be impossible in human work.
It may be argued then that all the emphasis on
neatress, which has been the essence of this thesis,

is unnecessary, for it has not been proved that



clinical rupture of the uterus is more commcn in the
"bad" group of hysterograms. As there have been
only two cases of clinlcal uterine rupture from
previous caesarean section in the fCueen Victoria
Maternity Hospital in the last ten years, it is
most unlikely that any real figures will ever be
avallable on this point. However, as regards
"sub=~ciinical” rupture of the uterus, or, as I have
frequently referred to it in the text, "sinus
tracks" or "windows", there is abundant evidence
that neatness and care lessens their incidence.
Twelve such sinuses were seen in these 202 cases,
an incidence of 64, and eleven of these twelve

were assoclated with s “cobbling" type of decidual
inclusion suture. The whole 12 were reported as
being ciosed with a continuous suture. Even if
this evidence were unconvineing, then the aesthetic
satisfaction alone, of & neat hysterographic record,
should be one's unchallenged objective.

The impact of these findings during the
yeare of this study has led to the present policy
of doing a repeat caesarean sec¢tion in those cases
showing moderate or severe deformities and all those
with sinuses. Those cases whose hysterograms show

perfect and mild deformities are usually allowed
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vaginal delivery unless there is some other
contrary factor.

Fysterographlic examination is requested
as an established routine of all women who have
caecsarean section at the “ueen Victoria Maternity
Hospitals. As explained earlier, only ome third
actually have the examination. The study

continues.



113



APPENDIX A

It was mentioned earlier that evidence
would be presented to demonstrate the reliabllity
of the hysterographic indings. Four cases willl
now be given in some detall as examples. In each
case a major cdeformity was shown by A=ray and an

opportunity was later presented to prove it,

CASE 4e MeVe, GaVeM.H,, 41664, aged 31.

This woman had five uneventful pregnasncies
and labours, after which she had a Manchester-
type repair operation. In August, 1956 she had a
lower cegment caesarean section for the delivery of

her sixth child, the indication then being "... cerve

ical rigidity subsequent to amputation of the cervixz".

The obstetriclan at the time recorded "... great
difficulty was experienced in suturing the left
extrenity of the uterine wound, which had extended
laterally into the broad ligament." The abdominsl
wound did not heal well, and a pyrexia of 1019 »,
was recorded for the first iwo post-operative days.

Hysterography in February 1957 showed a
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sinus from the left end of the wound in the uterus.
(Fige 83)s The woman became pregnant again in
June 1958 and, on 18th March, 1959, an elective
caesarean < ection was done ©because of the hystero=
graphic findings. The peritoneum was opened transe
versely and, at the extreme left end of the old
scar, a "window" was seen. After delivering the
baby a photograph was taken to demonstrate this.
(Fig. 84 and frontispiece). The edges of the hole
were rolled and firm and showed no evidence of being
recent. Biopsy proved this. The wound and the
window were repaired and a bilateral partial salpin-
gectomy performed.

This case 1llustrates the whole story,
from the torn left end of the uterine wound at
caesarean section and the difficulty of a proper
repair, through the hysterographic findings, to the
repeat caesarean section and photograph to prove the

sinus or "window" in the orilglnal scar.

CASE 2. VeLe, QeVeMoHe, 4/7893, aged 23.

In 1958, when a primigravida, this woman
had a Jlower segment caesarean sectlion for a breech
presentation, The bhaby weighed 8 pounds 15 ounces.
The operation was performed in a teaching hospital
by = specialist obstetrician before laboukr had begun,






and with unruptured membranes. Conditions for
good healing should therefore have been ideal.

The operation was uneventiul, with an equally
normal and apyrexial convalescence. An all

layer mucosal inclusion continuous suture was

useds Routine hysterography in 1959 showed &
medlum sized deformity with a sinus track leading
from it at the right end of the scar. (Figs. 85,
86}es Luring her second pregnancy, in 1960, she

was under the care of another d¢hstetrician, and

she again had & persistent breech presentaticn. Her
expected date of confinement was 5th November, 1960,
An elective caesarean section was done on 6th Nove
ember, early in the {lrst stage of labour. Then
the perltoneum was reflected from the 1 ower segment,
8 large deficiency was seen towards the right end

of the old scaire. This window measured 5 cms. »

3 cms., had rolled edges, and had membranes and one
foetal buttock pressed hard up against it. There
was no evidence i recent tearinge. Ho camera could
be found avallable at the time, so0 & sketch was made
(Fige. 87)s The hole was enlarged laterally in
both directions, the baby delivered, snd the wound
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edges excised =2nd repaired with No. 1 chromic cat gut,

excluding the decidus. The baby weighed 9 pounds
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8 ounces. The patient has been lost to further
follow up, so that no further hysterogravhy has
peen possible.

This is a further complete example of
the hysterographic findings belng confirmed at
subsequent caesarean section. Because of the
“jdesl” conditions present at the first caesarean
section, this woman may well have been allowed
vaginal deiivery, had there been & head presentation
late in the second pregnancy, and if no hysterogram
had been taken, there would have been no knowledge
of the sinus. Perhaps she would have passed quite
uneventfully through such a vaginal delivery, for
1% is now known that such sinuses or "windows"
mey give nc evidence of their presence during a

vaginal dellivery. The next case is such an example.

CASE 3+ Helley HeVeMeHe, 5651, aged 3l.

In 1948 this woman had a vaginal delivery.
In 1950 she was delivered by lower segment caesarean
section for "failed forceps delivery', in a small
south Australian country town. The consultant
called in =t that time explained that, during the
delivery of the head, much diffieculty had been
experienced, with a considerable splitting of the
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incision down through the anterior portion of the
cervix. [Repair had been difficult and the woman
later developed an infection of the "pelvic tissues".
A collection of pus discharged ten days post-
operatively per vaginam.

In 1954 she had an apparently normal
vaginal delivery of a male infant weighing 8 pounds
134 ounces in 21 hours. In 1956 a hysterogram
revealed a gross deformity of the lower uterine
segment. Fig. 88. This was difficult to interpret
at that time, but it was concluded that it was
certainly not normal and any subsequent delivery
should be by casesarean sectlon.

In 1957 she became pregnant and was cared
for by an cbstetrician who was unaware of the
hysterographic findings. After 410% hours of labour
in March 1958 she developed intra-partum haemorrhage,
& placenta praevia was suspected, and a caesarean
section performed. The operation notes described
visible blood and blood clot under the peritonsum
of the lower uterine segment, and when this layer
was opened the foetus was found protruding through a
large rent in the anterlior lower segment. The
foetus was lost, as it was stillborn, and a hyster-
ectomy was necessary. The specimen is shown in

Fige. 89, and when it is compared with the hysterogramg,



Fig. 89,



119

the latter can then be properly interpreted. This
was a most unusual case with findings difficult %o
understand until the uterus ruptured. (Published
by Bockner, 1960).

CASE lie ReCey ReBeHe, 642, aged 30.

Her first six pregnancies had been unevent-
ful and all deliveries had been vaginal. The
seventh labour, in 1958, was complicated by a
prolapsed cord, and a lower segment caesarean sectiocn
was done, using a transverse inclsion. It was
repaired with a continuous suture of No., 2 plain
cat gut, including all layers. & second continuous
suture covered the first layer. The abdominal wound
became infected, and reguired resuture cn the 8th daye.
Six months later a hysterogram showed a large defect
to the left with a filling deformity thought to be a
granuloma. Wlzse 9C; M. One month later a
hysterectomy was done because of palnful and heavy
menstruation, and a strong request for sterilisation.
%When the intact specimen was examined it showed 2 sinus
in the left end of the old scar area. Pig. 92.
Liipiodol was next injected per os, and the oil was
easily seen escaping through this sinus. An Xeray
at this time proved this. Fig. 93. When the
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uterus was opened a granuloma was found in the
caesarean section scar. Fig. 94, HMNuch cat gut
can be seen within the granuloma and the very weak
and thin scar of the caesarean section is well
demonstrated. A glose up view of the wound

shows the granuloma and undigested cat gut seven
months after operation. Fig. 95,

Bach of these four cases provides proof
of the reliability of the hysterographic method
used in thic studye. In the first two cases the
X=-ray findings were accepted and subseguent
caesarean scctions were done, with saf'e results.

In the third cases; had the X~ray findings been
followed up by caesarean section, this woman would
have had a live baby and, possibly, her uterus.
The fourth case was most instructive, also, as
regards the formation of a cat gut granuloma, seen
seven months aifter the original section.

There have been some occasions when a
repeat caesarean section has been indicated because
of a moderate degree of hysterographic defornity and
at operation no "window" has been found. In all
such cases, however, one of twe conditions has been
noted. Either the scar was extremely thin znd transe

parent to the uterine contents or, on later
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inspection from within, a dimple could be found
at the site of the hysterographic deformity.
A recent case will demonstrate this latter

condlition.

CASE _KeEe, QeVeMeHe, B/5121, aged 23,
Gravida 2.
An elective caesarean section was dons in 1961
because of a breech presentation and placenta
praevia. The delivery of the baby was reported
as difficult and the uterus was repaired with =
continuous suture of chromic cat gut passing
through all layers, including the decidua.
There was no post=-partum pyrexis. Hysterogram
on 27th September, 1962 showed a tongue-iike
projection of contrast medium with s smooth ocut-
line round the whole of the projection.
Figse 96, 97« rs. K.£. subsequently became preg-
nant and reported to the “ueen Viectoria Maternity
Hospital on 20th December, 1963 for ante-natal
care, her expected date bheing 27th March, 196!,
At the caesarean section on 7th Harch the scar,
although seen to be thin after veflecting the
bladder peritoneum, was intact. Af'ter the foetus

wag delivered a very obvious dimple was seen from
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within at the left side of the wound area.
The sketch in Fig. 98 illustrates the finding,.

In these cases when no actual deficiency
was ahble to be demenstrated at subsequent caesarean
section, one must conclude that the thin scar
tissue was able to be ballooned out at the time of
the hysterogram by the Iipiodol injection under
pressure. Therefore, although no actual leakage
of contrast medium seems to cccur from this type
of' scar, the significance of the finding is no

less important, ffor it indicates & thin scar.



LPPENDIX B

HISTOIOGICATL, EXAMINATION OR
FROM HYSTRERECTOMY SPECIMENS

With the progress of time several such
uterl have become availavle for study. To date
I have nine personal cases. The caesarean
sections were all of' the lower segment type,
using a transverse incision. Hy technique ¢f
closure in all these earlier cases was by the use

of & continuous suture of Ho. 2 plain cat gut,

including the decidual layer. 4 second layer of

Hoe. 1 plain cat gut was used to cover the first
layer, Tollowing which the bladder peritoneur was
replaced with a continuous No. 0 plain cat gut
suture.

For various reasons these nine uteri

have been removed by total hysterectomy sand the

scar areas have been examined in detail, Deposits
of endometrium have been found in the depths of the
scars in eight of the nine specimens, The scar of

the ninth rfailed to demonstrate this. Illustrations

of ihe phenomenon in the elght cases are shown in

Flgse. 59 - 107 inclusive. It will be remembered
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Fig. 106. Fig. 107.
(Higher power)



that the experimental work in animals demonstrated
the relationship between the decidual inclusion
suture and the subsequent decidual deformities and
defects within the scar. Thus, from e¢ight out of
nine human cases examined, and from fourteen cut of
eighteen animals examined, in all of whom the decidua
had been included in the closing suture, endometrium
was found in the scar.

The significance of this constant finding
has still tc ke determined. It cannot yet be
claimed that such =z scar which includes endometrial
glunds or strome is necessarily weakened as fer as
a subseguent pregnancy is concerned, though it 1s
not unreagsonable Lo pose such a gquestion. It can
be claimed that it is surgically untidy zrd thet it
is avoidable. idenomyosis has already been
cbserved more frecquently in the wuteri of women

who have had caesarecan sections {Weed, 1950),
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APPENDIX ©

Hysterography enables us to assesg the
guality of a caesarean section scar on

the hasis of the depth and the zurface

of the defcrmations observed close to

it.

I greater o¢r lesser degree of deformstion
ig present in the region of the scar in
ald cases.

The "minor" deformations indicate a normal
cicatrization with the possikllity of a
subsequent vaginel delivery.

The "major' deformaticus with images of
escape o Lhwe coawvrast medium constitute
evidence that the cicatrizsition is defectw
ive, in such cases, a subsequent pregnancy
will agaln have tc end in caesarean
section, vaginal delivery being too danger-
TRiBe

4 defective clcatrizsiion may be seen in
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spite of favoursble pre- and pocte
operative conditions. Special

attention must be given to accurate
suturing of the wound edges.

The major deformations are twice as freguent
above the isthmus, It sppears advisable,
therefore, to incise the lower segment

a8 low as possible,

The degree of the malformeticn has no
correlation with the conditions of the
snerstion: the indication of the
caesarean section, the age, the psarity,
the dilatation at the moment of the
operation, the duration of the labour

and the moment of runture of the nenbranes.
Nor is the degree of deformation
correlated with the post-operstive conditions;
fever, anpearznce of the zabdominal scap,
cuantity of bleod transfused, antibiotics.
“omen who exhibit "major" deformations
mist be kept wnder regnlar mediesal control
when they become pregnant once more, and
must be admitted to hospital 3 weeks prior

to the delivery."
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CAESAREAN SECTION SCAR SAFETY

BY

L. O. S. POIDEVIN, M.B., M.R.C.0.G.

Reader, Department of Obstetrics and Gynaecology,
University of Adelaide

After a caesarean section, the question *“Once or
always ? ” still remains most pertinent, the answer to
which verges on gambling. There is no clinical test
for the estimation of scar safety in a subsequent
pregnancy or labour short of the practical experience.
Radiology is capable of providing guidance in some
cases.

A recent specimen of a uterus previously subjected to
a lower-segment caesarean section and later removed
because of fibroids shows quite clearly the typical
appearance of a healed transverse incision in the lower
segment (Fig. 1). On opening all uteri which have
previously been subjected to lower-segment caesarean
section a larger or smaller depressed scar will always
be seen. That this scar is at the site of the previous

F16. 1.—Arrow points to the typically seen scar of a previous
lower-segment caesarean section.
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caesarean section can be confirmed by inspecting Fig. 2.
A hysterogram prior to opening this particular uterus
shows a sound in the external scar and the typical
internal depression at the same level (Fig. 3). Histo-
pathological evidence (Fig. 4) adds further confirmation
in that this thinned area, with both an external and an
internal depression, consists entirely of fibrous tissue.

F1a. 2.—Arrow points_to the external scar of a previous lower-
segment caesarean section shown at the same level as the internal
scar.

F1g. 3.—Hysterogram of same uterus, as in Fig. 2, before opening.
The sound is in the external scar, and the internal scar is shown
by a typical wedge-type deformity.
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Now this finding, far from being unusual, is present
after all lower-segment caesarean sections. Poidevin
and Bockner (1958) previously reported the results of a
hysterographic study of uteri after caesarean sections
and compared the findings between 13 control subjects

s o dCma]

F1G. 4.—Section of scar area fir%m same uterus-as in Figs. 2
and 3.

Fi6. 5.—Hysterogram six months after a normal vaginal delivery.
Note smooth contour of anterior uterine and cervical walls.
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who had vaginal deliveries and 43 who had
caesarean section deliveries. The lateral x-ray view
was used, and is again stressed because of the position
of the lower-segment wound, which would not be
expected to show up in an antero-posterior view. All
the control cases showed a smooth anterior lower-uterine
outline (Fig. 5). - All the 43 section cases showed some

Fi6. 6.—Hysterogram nine months after a lower-segment
caesarean section. Note wedge-type deformity on lower anterior
uterine wall at site of scar. This is a typical finding.

F1a. 7.—Hysterogram 11 months after lower-segment caesarean
section. Note irregular deformity at site of scar,
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deformity. The deformities usually took the form of a
wedge depression (Fig. 6), but occasionally a larger
irregular deficiency was shown (Figs. 7 and 8): :

Since this report, further cases have been examined
hysterographically by Bockner, and again all previously
sectioned uteri showed some deformity. (All figures
used here are from the new series.)

The only other reported work on this subject that a
previous search revealed was that of Baker (1955). His
study concentrated on a digital palpation of the previous
section area immediately following subsequent vaginal
delivery, and found that 53 out of 64 examined had
sound scars. In 24 he carried out hysterograms, but
was able to demonstrate a deformity in the lower
anterior uterine wall in only five cases. :

F1G. 8.—Same uterus as in Fig. 7, showing antero-posterior view.
This demonstrates a lateral pouching.

Significance of the Deformity

It is not permissible to label all these deformities as
defects. There is no proof that they are all defective.
In fact, there is much proof to the contrary in the
abundant clinical evidence of subsequent safe vaginal
delivery in many cases. Further investigations and
follow-up of our cases tend to confirm the view that the
small wedge deformities—that is, those of 5 mm. or less
in depth—are those on which reliance can be placed. On
many occasions now, at repeat caesarean section in such
cases, no deformity has been found in the lower segment
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except the white scar line. No doubt as the lower
segment is stretched out in late pregnancy over the °
enlarging presenting part.this deformity, involving scar
tissue, is pulled out and holds quite well.

One of the cases used in the previous report showed
an irregular deformity high in the cervix. The patient
subsequently passed uneventfully through an easy
vaginal delivery, and then in the mnext labour suffered
an extensive rupture from the site of this deformity in
the cervix. The details of this case form the subject
of another publication at present being prepared by
Bockner.

In the search for the real significance of these x-ray
findings this case seems to emphasize that deformities,
other than the acceptable wedge type, are to be
distrusted, and in the present state of our knowledge
should serve as an indication for repeat caesarean
sections.  Further, in these irregular deformities the
integrity of the scar should be suspect during the whole

‘pregnancy.

Suggested Reasons for the Uterine Deformity

The lower uterine segment is composed of smooth
muscle, and this tissue is known to heal by scar-tissue
union (Schwarz et al., 1938 ; Siegel, 1952). The original
length of the uterine wound is approximately 3 in.
(7.5 cm.) at the time of its surgical suture. Within the
next few days scar tissue is laid down by fibroblastic
activity, while concurrently a gradual and relatively
rapid shrinkage of the whole uterus is occurring. Thus
the scar tissue which sets out to heal a 3-in. (7.5-cm.)
long wound is reduced, after a few weeks, to a i-in.
(1.3-cm.) long wound. This is an extraordinary situation
which is found only in such an organ as the rapidly
involuting uterus. Thus some redundancy of scar tissue
is understandable in the resting state. Also, the union
is by scar tissue rather than muscle regeneration, so that
a narrowing of this part of the uterine wall (Fig. 4) is
understandable. The wedge-shaped deformity is thus
explained.

The larger and more irregular defects are most likely
due to an initial failure of scar-tissue union. This could
follow a technical defect, such as the giving way of the
suture material, or the failure to close completely a
torn angle wound or even haematoma formation. Could
it also possibly be related to a residual inherent hyper-
cortisonism of pregnancy ?
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Defective union of wounds, due to a failure of
fibroblastic reaction, is well known in such conditions
as Cushing’s syndrome and during cortisone or cortico-
trophin administration, both experimentally in animals
and therapeutically in humans (Creditor et al., 1950 ;
Alrich et al., 1951 ; Baxter er al., 1951 ; Conway and
Stark, 1951). In all these conditions we are able to
attribute the failure of wound healing directly to the
increased amount of circulating corticosteroids.

Pregnancy itself is another condition of marked
adrenal cortical hyperactivity leading to increased
amounts of circulating corticosteroids (Venning, 1946 ;
Gemzell, 1953 ; Robinson et al., 1955; Jailer, 1956 ;
Gold, 1957 ; McKay et al., 1957). This rise in steroid
blood levels persists into the puerperium for a
questionable time, Robinson er al. (1955) stating that
six weeks is required before a return to normal levels
is achieved. Could it be that, in some women, this
inherent hypercortisonism of pregnancy, which continues
into the puerperium, causes a failure of fibroblastic
reaction and thus poor healing of caesarean section
wounds ?

Practical Considerations

The problem obviously is to find a measure by which
the integrity of each caesarean section scar can be
judged. In the absence of such a measure there are
those who may legitimately believe and practise the old
dictum, “ Once a caesarean section, always a caesarean
section.” This should avoid any possibility of uterine
rupture in labour, but will not prevent the rare rupture
during pregnancy.

On the other hand, there are those who would argue
that uterine rupture is so rare after the modern lower-
uterine-segment operation that repeat caesarean section
is unjustifiable when the original indication does. not
recur. They support their argument with statistics.
This line of argument was suggested in the previous
report (Poidevin and Bockner, 1958) when in the
preceding five-year period, during 17,000 deliveries,
there had not been a case of uterine rupture. Of 216
women who had previous caesarean sections, 83
were selected for subsequent vaginal delivery and safely
conducted through, while 133 had repeat sections.
Since then there have been two cases of uterine rupture
in the clinic service of our teaching hospitals, both
having had previous caesarean sections. One was the
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case referred to previously with the grossly deformed
upper cervix on hysterography, the other an emergency
admission on whom no hysterography had been done.
Thus the statistics have changed from no cases of
rupture in- 17,000 . deliveries to 2 cases in 21,000
deljveries.

- There are many reports of scar weaknesses and even
scar ruptures found at the time of elective repeat
caesarean sections ; conversely, there are many reports
of large numbers of cases safely conducted through
vaginal deliveries subsequent to caesarean sections.
What, therefore, is the correct scientific approach to the
individual under one’s own care ?

I believe most of us who have been satisfied with the
technical details and subsequent post-operative course
of the previous caesarean section would trust that wound
to a future vaginal delivery. In spite of this faith,
however, some large defects: have been shown by
hysterography in a series of cases that were each the
responsibility of a specialist obstetrician.

X-ray evidence has been demonstrated as a means of
visualizing the deformity in the uterus after caesarean
section. From this an opinion can be given on whether
the deformity is within the normal acceptable wedge
type range or whether it is an irregular pouching.

We therefore have the alternatives of firstly judging
the safety of caesarean section scars after an appraisal
of the details of the previous operation and puerperium,
or, secondly, of requesting any x-ray evidence of scar
weakness as judged by an irregular deformity. Reliance
on the former has been found insecure on occasion,
whilst the small amount of x-ray evidence to date
suggests that it may be safe to rely on the integrity of
the commonly seen wedge deformity but not on large
irregular ones. Both methods should be used in cases
of doubt even if not practicable in-all cases. So often
new cases coming under one’s care are already pregnant,
giving one no opportunity to use hysterography.
However, in the non-pregnant state, when evidence of
scar safety is sought, hysterography has a definite place.

Conclusion

Hysterography is an advance in our search for
evidence of the safety of lower-segment caesarean
section scars. Experience strongly suggests that the
usually seen wedge-shaped deformities may be
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considered within acceptable limits of normal healing,
and most reliance can be placed in them. The irregular
deformities, of any size, should be suspect, and indicate
subsequent caesarean section rather than vaginal
delivery.

It is suggested that the inherent raised blood cortico-
steroid levels of pregnancy may play a part in defective
union of caesarean section wounds of the uterus,
although technical failures must accept the major blame.
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The value of hysterography in the prediction

of cesarean section wound defects

L. O. 8. POIDEVIN, M.D.,
Adelaide, South Australia

AT PRESENT there is a relative com-
placency regarding the sequelae of cesarean
section delivery. There has been a gradually
rising rate during the past 10 year period.
The well-known outstanding facts are that
the maternal mortality from the operation
has practically disappeared and the fetal
salvage has improved with the rising rate.
The invitation to perform cesarean section
delivery is therefore freely accepted.

There is little doubt that the new decade
will bring a still higher over-all rate and
with this will come a still higher fetal sal-
vage. ‘The real effect on perinatal mortality
is still debatable. The elimination of all trau-
matic vaginal deliveries will be sought and
even the borderline forceps and breech
deliveries will tend to disappear if the
long-term morbidity of children is to be
improved. A clearer understanding and de-
tection of intrauterine anoxia will add im-
petus to the cesarean section rate. All this
will not only increase the cesarean section
rate in preference to these borderline trau-
matic deliveries but will involve more of
what we at present refer to as “unnecessary
cesarean sections.” Eastman®' has clearly
pointed out the futility of this term in that
regrets stem from failure to perform a ce-
sarean section rather than from performing
too many.

A prediction of the acceptable rate in 10
years’ time would neither be prudent nor,
in itself, of any real importance. Some in-
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dividual obstetricians have already arrived
at the stage when cesarean section delivery
is resorted to for all women deviating at all
from the bounds of accepted normality. This
policy quickly brings the rate up to 20 per
cent or more. There are, furthermore, those
enthusiasts who go almost the whole way in
order to protect the pelvic floor and lower
genitals from natural childbirth! For those
who fear the cesarean section rate will “get
out of hand,” let me predict that this tend-
ency will automatically be corrected by one
factor—uterine morbidity.

Uterine morbidity should no longer be
crudely judged by the incidence of uterine
rupture subsequent to cesarean section. The
thinking of the next decade should be more
delicate. Till now the rupture rate has been
a very rough yardstick of the subsequent
ability of any uterus after a cesarean sec-
tion. In an infinite number of publications
rupture rates have been compared and de-
bated with the general conclusion that the
classical scar is more vulnerable than the
lower segment scar.

Explosive or complete rupture

Assuming an equal degree of faulty wound
healing in both a vertical fundal incision
and a transverse lower segment incision, it
is easy to imagine that during labor the
weak fundal scar would be more likely to
rupture than that in the lower segment. The
fundal wound is unsupported and is in the
strongly active section of the uterus. The
lower segment is supported on all sides by
hard and soft relations and is also in a less
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Fig. 1. Case A. Anteroposterior hysterogram show-
ing dye escaping from left lateral end of cesarean
section wound.

active part of the uterus, hence the incision
here is less likely to explode than one in the
fundal area.

Silent or incomplete rupture

There is an ever-increasing body of evi-
dence to suggest that many lower segment
wounds either heal defectively in the first
instance or rupture incompletely and silently
in a subsequent pregnancy or labor. It is
also known that these minor wound defi-
ciencies are capable of a “safe” vaginal de-
livery.

Recently, we have seen a patient who had
a lower segment cesarean section with a
hysterogram 6 months later showing a major
defect. In her next labor, which was con-
ducted elsewhere, she was allowed a vaginal
delivery by an obstetrician with no knowl-
edge of our hysterogram findings. There
was apparently no cause for alarm during
this labor. However, in the next labor she
suffered a large uterine rupture through the
lower segment wound. Baker? found 11 of
64 patients that he examined digitally after
vaginal delivery following previous section
to have deficient scars. Whatever the future
holds regarding the relative merits of upper
versus lower segment operations, of one tech-
nique as against another, or of subsequent
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vaginal delivery as compared with repeat
cesarean section, it is certain that a more
accurate measure of wound healing is re-
quired. Our experiences with hysterography
have proved to us that the closer the exami-
nation the more deficient scars there are to
be found.

Method of detecting scar weakness

A hysterographic technique has been de-
vised and practiced since 1955, the method
and results of which, to 1957, have already
been published.? The work to that stage
showed that all uteri in the control series
examined 6 months or more after vaginal
deliveries presented a smooth, even contour.
In 43 cases examined 6 months or more
after cesarean section no case showed a

Fig. 2. Case A. Old wound deficiency in among
scar tissue lateral to the left extremity of the
present wound.

smooth, even contour. This 6 month wait is
important, for an earlier examination may
reveal no deformity owing to wound edema.
Twenty-seven showed a fairly typical small
wedge-shaped deformity which we have
learned to associate with sound healing and
which we believe to be safe in a subsequent
vaginal delivery. Eleven showed larger de-
formities. (Five cases were left unclassified.)
At that stage we had no knowledge of the
subsequent fate of the 11 women with the
large deformities. Since then, however, we
have detailed evidence of 3 of them. One
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has already been mentioned. One went to
another clinic, which was unaware of our
finding of a large retrovesical spread of dye;
she was allowed to go into labor, and she
suffered a severe rupture of the uterus. The
third case is reported below:

Case A (Q.V.M.H., 11664). The patient was
a 34-year-old gravida vii. Her first 5 pregnancies
terminated in uneventful labors. The sixth was
terminated in August, 1956, by a lower segment
cesarean section, with a transverse uterine in-
cision, for cervical rigidity resulting from a
Manchester operation after her fifth child. The
operator recorded that “great difficulty was
experienced in suturing the left extremity of
the uterine wound which had extended laterally
into the broad ligament.” There was postopera-
tive pyrexia up to 101° F. for the first 2 days
followed by a low grade pyrexia for the next
9 days, associated with a breakdown of the ab-
dominal wound.

In February, 1957, a hysterogram was per-
formed. Fig. 1 is an anteroposterior view show-
ing dye escaping from the cesarean scar arca
out toward the left broad ligament.

She became pregnant again in June, 1958,
and had a closely watched and uneventful preg-
nancy until near term when she noticed tender-
ness in the lower abdomen. On March 18, 1959,
an elective cesarean section was performed by
means of a transverse incision through the lower
segment. After a baby weighing 9 pounds, 4
ounces, was extracted, an inspection of the lower

Fig. 3. Case B. Anteroposterior hysterogram show-
ing wound defect with dye spill from left lateral
end of scar. Note filling defect due to granuloma
in the wound.
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Fig. 4. Case B. The excised uterus. Arrow points
to external appearance of wound defect.

segment was made; the findings are shown in
Fig. 2. An old deficiency, in among scar tissue,
can be seen lateral to the left extremity of the
present wound. The tip of the gloved finger
demonstrates the rounded edges of the hole.

This case shows to advantage the ease
with which hysterography can demonstrate
a uterine wound deficiency. The proof of
its interpretation was provided by actual
visualization of the deficiency at subsequent
cesarean section. The poor wound healing
in this case was due to a technical difficulty
at operation together with a subsequent
wound infection. The case also highlights
the silence of such a deficiency during preg-
nancy, even to term, except perhaps for
some lower abdominal tenderness which, in
itself, is so notoriously difficult to interpret
in late pregnancy. This case happened to
be the only one in the original series of a
large deficiency associated with a severe
pyrexia. Since then, a closer relationship
does seem to be showing up between severe
pyrexia and large defects. However, many
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Fig. 5. Case B. Injection of radiopaque dye into
specimen showing the early escape after 4 mils.
Fig. 6. Case B. Escape of dye after 6.5 mils had
been injected.

cases show major deformities when no tech-
nical or postoperative difficulties were en-
countered.

Case B (Q.E.H., Maternity, 642). This case
is one of the new series. The patient was a 30-
year-old gravida vii. Her first 6 pregnancies
were uneventful. During her seventh labor in
February, 1959, the umbilical cord prolapsed
from a transverse lie and after considerable vag-
inal manipulation, in order to keep pressure off
the cord, a lower segment cesarean section was
carried out by means of a transverse uterine in-
cision. Although there was considerable bleed-
ing, requiring wound edge clamps, there was no
great difficulty in repairing the wound in two
layers with continuous No. 2 plain catgut. She
subsequently developed peritonitis, paralytic
ileus, and abdominal wound breakdown with
prolapse of small intestine. The wound was re-
sutured and healed cleanly. For the next 6
months she complained bitterly of pelvic pain
and dyspareunia.

A hysterogram early in August, 1959 (Fig. 3),
showed dye escaping from the uterus at the left
end of the scar area. Another interesting finding
radiologically was a filling defect diagnosed as a
possible granuloma in the scar.

Because of the pelvic pain a total hysterec-
tomy was performed after separation of adhe-
sions. Both Fallopian tubes and ovaries were
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conserved. The bladder was adherent to the
anterior cervix and required more stripping than
usual. Fig. 4 shows the excised uterus with the
arrow pointing to a defect in the cesarean sec-
tion scar. Injection of dye shows an escape
along the sinus at the left end of the old
cesarean section scar (Fig. 5). As more dye was
injected it was interesting to see it slowly escap-
ing from the sinus (Fig. 6). The greater the
pressure exerted the more dye spilled out. This
sinus was easily found on opening the uterus
(Fig. 7). The granuloma also became apparent
on sectioning the uterus, and microscopy con-
firmed its nature and showed also the catgut
still present after 6% months (Fig. 8).

Comment

Two cases have been presented to demon-
strate the value of the hysterogram after
cesarean section. This method of investiga-
tion is capable of giving a detailed image of
the uterine scar with little disturbance to
the patient. No reason has been found to
vary the technique from that previously re-
ported. Further experiences are uncovering
cases of scar deficiency even in women who
have convalesced normally from operations
relatively free of technical difficulty.

The greater our experiences with this form
of investigation the greater has become the

Fig. 7. Case B. The opened uterus showing
granuloma in the scar and the position of the
sinus at left end of the old wound.
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Fig. 8. Case B. Section shows weak scar and much
catgut still unabsorbed in the scar and both edges
of the wound. (X6; reduced 3.)

conviction of the necessity and value of a
hysterogram after cesarean section. It is an
essential investigation to determine wound
security. Any pouching effect, other than
the commonly seen wedge-shaped deformity,
indicates an escape of radiopaque substance
through a sinus and the necessity for a re-
peat cesarean section.

Recently, Harris and Nessim* surveyed
the subject of cesarean section in a most
convincing fashion. Their paper made no
reference to uterine morbidity following the
operation. No doubt their lack of interest
in this aspect is covered by their following
the dictum of “once a section, always a sec-
tion.” The communities which do not fol-
low this dictum still need all possible in-
formation regarding wound security in order
to arrive at a logical decision on the future
conduct. Even for those who practice the
100 per cent repeat cesarean section policy
it may still be wise to have knowledge of
scar defects because complications of preg-
nancy are not unknown with such weak
scars.

We all agree that traumatic deliveries
must be eliminated and that this achieve-
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ment will mean a higher incidence of ce-
sarean section. This increasing rate should
cause no alarm for, in itself, it is of no
moment if it is productive of less fetal mor-
bidity, but let us not neglect completely the
fact that the uterus has been wounded. Good
uterine healing is far from automatic with
our present techniques. The disappearance
of the manipulative obstetric art should not
be mourned.

The next decade should see a more criti-
cal attitude toward the uterine wound, par-
ticularly as this group in the general popu-
lation will continue to grow. A reassessment
of operative techniques is indicated, and
modifications will undoubtedly be attempted.

Summary

1. Greater consideration will be given to
uterine morbidity after cesarean section in
the next 10 years.

2. The rupture rate is a crude and in-
accurate measure of uterine morbidity.

3. Reference is made to previous work
which demonstrated the value of hysterogra-
phy after cesarean section.

4. Evidence is now available on 2 cases
of rupture of the uterus in which previous
hysterography had demonstrated large de-
fects; one patient had an apparently normal
vaginal delivery in between the demonstra-
tion of the defect and the later rupture.

5. Another case is presented in detail
showing the hysterographic demonstration
of a defective scar subsequently confirmed
at cesarean section.

6. A fourth case is given in detail to
demonstrate a scar deficiency detected by
hysterography and confirmed subsequently
by examination after total hysterectomy.

7. A plea is made for a more critical
appraisal of uterine wound healing after
cesarean section.
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