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Causes of Birth Asphyxia and Trauma
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GEORGE B. MAUGHAN, M.D, CM., F.RCS.|C|, Montreal

ABSTRACT

Causes of birth asphyxin and trauma were
determined in the 208 most severely af-
fected infants of 10995 consécutive live
births; 159 infants had cerebral disturb-
ances, 39 had fractures and palsies, and 10
had fractures or palsies in pddition to cere-
bral disturbances. Most frequent causes of
hirth asphyxia and trauma were: prolonged
labour, midforceps or hreech delivery in
full-term infants; abruptio placentae, diffi-
cult breech delivery, and maternal sedation
in premature infants; and unattended pre-
cipitate deliveries in immature infants, As-
phyxia following wormal labour and de-
livery usually eccurred in infants with fetal
malnutrition.

Improved ohstetrical management with
more frequent use of Cesarean section de-
livery might have been of value in prevent-
ing much of this fetal injury,

Asphyxia and trauma due to complica-
tions of delivery were twice as frequent on
the ward as on the private service. This may
have been due in part to a lower Cesarenn
section rate on the ward service. A mouthly
review af hirth asphyxia and trawma is
recommended to help maintain a high stan-
dard of ohstetrical practice.

IN 1861, Little'™ described a cause-and-effect re-
lationship between asphyxin and travma at birth
and permanent cerebral injury, This association has
Leen confirmed repeatedly since that time in retro-

spective  studies  of children with cerebral
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SOMMAIRE

On a établi les causes d'asphyxie et de trau-
matisme ayent affecté 208 des nourrissons
les plus wravement atteints sur 10,995 nais-
sanees d'enfants vivants, Parmi les nourris-
soms on a trouvé 159 rlui soulfraient de
troubles céréhrals, 39 de paralysie et de
fractures, et 10 nourrissons avaient des frae-
tions et des paralysies aussi que des troubles
cérébrals, Les causes les plus fréguentes
ctaient: travail prolongé, emploi de lorceps
au détroit moyven o présentation de siége
chez des enfants 2 terme; ahruptio placen-
tae, accouchements difficiles dans des pré-
sentations de siége ot sédation maternelle
chez des prématunés et, enfin, accouche-
ments précipités inattendus chez des plus
prématurds, L'osphyde aprés un Lravail et
un aecouchement normaux a éb¢ habituel-
lement observée chez des nourrissons dont
Ia nutrition fétale était insuffisante.

De meilleures méthodes d'obstétrique et
un recours plus fréquent 4 la  section
césarienne complent parmi les ¢léments qui
guraicnt pu prévenir bien des accidents
ficheux. L'asphyxie et le traumatisme,
comme complications de  'anccouchement,
ont été deux fois plus nomhbreuses dans les
salles gu'en elientéle privie, cette dispro-
portion pouvant étre attribuée partiellement
it un recours moins Frégquent A la césarienne
danz les salles, On propose de puhlier
chaque mois un relevé de Pasphyxie et du
traumatisme & lp naissance pour maintenir
In réputation de la pratiqgoe ohstétricala.

palsy,® 018 20 deonrding to these studies it can be
estimated that even with modern obstetrical meth-
ods, cerebral palsy develops in one out of every
300 hirths. Becanse the majority of such enses are
directly attributable to obstetrical canses® greater
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understanding of the causes of birth asphyxia and
trauma is needed if these injurics are ultimately to
be prevented.

The purpose of the present study was to deter-
mine the relative role of various obstetrical and
fetal factors in the production of birth asphyxia and
trauma today. Neonatal sequelae of these processes
were investigated in a consecutively delivered live-
born population at onc maternity hospital; all cases
of severe asphyxia neonatorum, abnormal cershral
signs, convulsions, fractures and paralyses were in.
cluded. The incidence, probable primary cause,
and factors associated with these conditions were
analyzed. In seven out of every eight affected in-
fants a definite obstetrical complication or fetal
pathological finding was detected which was appar-
ently responsible for the neonatal injury. Certain
obstetrical complications and procedures were asso-
ciated with a risk of asphyxia or traumma to the
fetus of greater than 10%.

These were the findings in a university teaching
centre which has complete facilities and a special-
ized attending staff, and whose obstetrical results
compare favourably with those generally prevailing
{ Table I).

TABLE [,
fibstelrical
Statistical
Rapal Co-operatize'
Victorie (259 and [3670)
Hospilal (uededle goltenls
(1960 - I 93%) maly)
1. Mo oof births, . ... ... 1.!'!,'!!!35 ﬁ'ir11'?.'|
3. Cesarean section rafe B.1%% B.9%
3. Perinatal mortality ruie
{per 1000 hirths)
—over BOO ... ... 22.0 .2
—over OO0 ... .. 16. 5 oM.
—over 258000 ... e 6.1 0.0

In this hospital 40% of all deliverics are carried
ot on the ward service. 1t is probable that the fnei-
dence and causes of birth asphyxia and trauma here
are representative of those obtaining in most maod-
ern maternity centres,

SvejecTs anp MEeTUODS

The subjects consisted of 208 affected infanty
from a series of 10995 live hirths at the Royal
Victoria Montreal Maternity Hospital during 1980,
1961 and 1962. These infants had one or more of
the following conditicns:

TABLE 11

Ixvinkxce o Cererran DhsTurBancEs

(A} CEnEpnal DisTunBANCES

(i} Severe asphypcie neonatorum—Infants who
had an Apgar score® of less than 4 at one minute
of age, and requircd at least three minutes of
positive pressure resuscilation before the onsct of
sustained respirations,

(i) Cerchral depression and drriietion.—Infants
who had severe cerchral c[uprc‘ssinn and for irrita-
tion for more than 12 hours (usually 24 to 48
hours) after hirth, unrelated to co-existing discase.

(i1} Convnlsions—Infants who had one or more
generalized scizures during the frst week of life.

[B) PeripmeEral [njuRies

{i) Paralyscs.—Brachial plexus or facial, phrenic
or radial nerve palsies.

{ii) Frectures.—Fractures of the clavicle, skull
or humers,

Almost all of the infants were seen during the
neonatal period by one of the authors who also
supervised weekly chart rounds at which diagnoses
were assigned,

The obstetrieal and neonatal charts of each
affected infant were reviewed and, wherever
passible, a specific obstetrical complication or
tvpe of fetal pathology was assigned as the
primary cause of asphyxia of trauma. Cauvsative
Factors were classified as follows: complications of
labour, ecomplications of delivery, problems in
management, fetal pathology and unknown. Cord
loops or knots were considered significant when
associated with fetal distress. Labour was con-
sidered prolonged when it exceeded 24 hours in
i primipara or 16 hours in a multipara. Trial of
labour was considered prolenged when it exceeded
six hours before a Cesarean section performed for
cephalopelvie  disproportion.  Fetal distress was
diagnosed when meconium appeared in a vertex
presentation, or when the fetal heart was recorded
at less than 100/min, or more than 160/min.
or when it was irregular, All full-term breech
deliveries were considered to be potentially asphyx-
inting or tranmatic, but only those premature
breech deliveries were included in which difficulty
or delay was enconntered. Congenital anomalics
were considered to have caused asphyxia enly if
they could have interfered with onset of respira-
Hons, and erythroblastosis only if the infant’s hemo-
globin concentration was less than 7 g % at birth,

The second part of the study consisted of a
statistical analysis of the association between vari-

Full-derm Prremalure Fmrnetfeire
(mer 2500 9.} {1001 -2500 gy {G01-1000 g.) Taotal
Nowmbar af free barths {1222 (7I7) (4] [Fe),885)
Na, e Na. L Na, L Na, A

Cerehral desturbarnees;

Total number of affected infnnts. i. 9 0.t 42 .87 28 5000 Bk 1.54
Severe paphyxin neonaloram. ., . : b k1 0. 58 4 9.5% K 1N 1] 121 1 .41
Corebral depression and irritation . ah v 54 ] 1154 1 150 0z b LG
Convulsdong. .. ... .. ..... f b I8 018 2 028 1] (IR 1] 20 018
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ous ohstetrical complications and neonatal injury,
Control Bgures for this analysis were obtained frem
3431 full-term {over 2500 g.) and 264 prematurc
(1001-2500 g.) live births delivered during 1961,
and 28 unaffected immature (501-1000 g, ) infants
delivered during the three-year period of the study,

Resvrts
Incidence of Cerebral Disturbances | Table 1)

A total of 169 infants {16 per 1000 live births)
had one or more cerebral disturbances. The inci-
dence of severe asphysia neonatorum was 121 (11
per 1000), of cerebral depression or irritation 62
(5.6 per 1000), and of convalsions 20 (2 per 1004 ).
Different forms of cerebral disturbance tended to
occur together in the same infants. Thirty-one in-
fants had combinations of two or all three cerebral
disturbances; such combinations would have heen
expected by chance along in only one of the 10,993
live births.

The incidence of severe asphyxia neonatorum in-
creased with degree of prematurity from 0.3% in
full-term infants (over 2500 g. ). to 57 in premature
infants {1001-2300 g. ), o 307 in immature infants
{501-1000 g.).

Cowses of Cerebral Disturlanees
{ Table III and Fig, 1)

Because the causes of all three types of cerchral
disturbance were similar, they are considered to-
gether,

In full-term infants the cause of the cerebral dis-
turbance was considered to be a complication of
labour in 44%, a complication of delivery in 39%,
sedation in 495, and fetal pathology in 37, leaving

Cavses oF BT AspHYXIA )

TABLE HL—Cavnes or CrEsnsas Dsernndssg

Fl:lf.-n'rrul ;"‘rrluqlurn dmmature
Numder sl agfeeiod dnfante it H] [#97] (gD
Cumplications of labowr =#E e ey
Abrugpitio placenias, 1T 120 1495
Pralapss] cond, | a H (1]
Card leopa or knots 4 il i
Pralanged labaiir, oo !'r-11| r.||:||.r|-:n. & - k]
FProloaged Inboar, fetol distress. 15 ¥ L1}
"rolenged trial of labour. . B n il
Ulenzpluined leinl dint e : H 1] (1]
Tutal ia LU 44 Ed | 18
tlomplicadinng af delirery:
Aidforcepe deliveny. 18 1] i
Shoalder dyatosia, 6 (1] il
Hroeeh delivery 1] m 4
!;!Erl.ll weight aver 4506 g, e 0 L
nlpreseniatbon 1 1l i
Trecipitaie delivery . A i} l:l
‘Totsl . " " a9 1% [} ]
Pradiema dn meusape sseml:
Snlation 4 7 I8
Vesttended ’E|I.‘-Erj|' f ] ] 4
Inndequnie remuncination. .. 4 (1] a &
J 1 FEDRRTE S R T L 5
Frtal parhalogy;
Cangenital ancianljes - il T i
b erythroblsstosis . R 1 12 0
Insrnutaring inlectiion . | a 2 T
Total....... . RO mo 7
i/ nkmowa
Fetal malnutrition. i | +
Mot malnsueiske| 4 0o HE]
Totadiaooo o0 vimae 10 o e
Tatul-. ... 1075 TG 1HH

and breech delivery, these together accounting for
ome-half of the cases.

Among premature infants the cause of the cere.
bral disturbance was a complication of labour in
21%, a complication of delivery in 19%, sedation
or [n.idequnte resuscitation in 109, and fetal path-
ology in 219, In 29% no cavse was determined.
The most common specific causes of cerebral dis-
turbance in this weight group were diffcult breech

10% unexplained. The most frequent specific  delivery, abruptio placentae, and Rh ervthro-
causes were prolonged labour, midforceps delivery  blastosis,
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TARLE IV, —Ixvipexce op Oesrerarcan Compiicarioss 18 Ivpants wirvin Cerenman DisTorpasces avn v Uiz

Full-terme Preputurs Fmmaliver
Cerebral {rraliral Crrefraf
disturbance  Condead  dislurbanee Condrol desturbanes {wretenl
Number uf infanis (E (3431 (42) (264) (28 {28)
Uégrr.:r:ml coplical ion:
Abruptio pliventue. . 1% 0.6%, 127, 2.97% 157 e
Prolupsed cord & * 0.4 I * 1.5 0 ]
Prolonged labour, no dl-t'lhﬂu . i * 3.5 12 * 3.4 4 1]
Peolonged labour "with distress, g * 1.4 2 0 L] ]
Pealonged trial of labour. .. 5w 0.5 1] 1] 4] 1]
Unexplained fetal distress, . .. 12 14.7 ] 12.9 0 12
Lelivery
Midioreeps, . .. 2 ¢ 5.6 1] i} L] 1]
Sheulder d_',hhn'ill. AT i . .5 0 0 n 0
Bregoh. .. . 1% ¢ 3.0 43 0.5 32 it
Hirth uetght over 4500 |.: L a " 1.1 1] (1] i 0
Malpresentation. : 5 * 0.8 7 3.4 14 ]
Su]l.hl:m within four |li:|lln-l 31 0.3 24 168.7 25 &

*Signifivantly |nrrm|.~«_;| ineidence among infunts with cerebral disturbanee [P0 055,

In inumature infants, only 18% of cases were due
to complications of labour, 11% to complications of
delivery, and 7% to fetal pathology. In these small
infants maternal sedation, unattended delivery and
inadequate resuscitation accounted for 35%, and a
[urther 29% remained unexplained.

Complications of labour and delivery accounted
for 835 of cerebral disturbances oceurring in full-
term, 407 in premature, and 29% in immature
infants so affected. Fetal pathology accounted for
8% of cases, Congenital anomalies were noted in
three infants, Rh hemalytic disease in six, and intra-
uterine infection in five.

Thirty infants had cerebral disturbanees which
could not he attributed to obstetrical complications
ur to fetal pathology. Of these, 17 were underweight
as judged from the calculated period of gestation
or showed soft tissue wasting at birth. This inci-
dence of fetal malnutrition (57% ) among infants
with otherwise unexplained cerebral disturbances
can be compared to the incidence (109 ) of such
malnutrition in infants in the total hospital popula-
ton* If fetal maloutrition is acc&pl‘.ed A5 a cause
of intrauterine asphyxia, only 13 of 1689 infants
(7.5% ) had cerebral distorbances without obvions
ohstetrical or fetal cause: seven of these 13 were
immature,

Associarion Berween OBSTETRICAL
CoMPLICATIONS aND CEREBRRAL
Distureances ( Table 1V)

The most probable primary cause of cerebral
disturbance in each infant in this study was
presented earlier. In order to demonstrate whether
an assnciation did in Fact exist between obstetrical
asphyxia or trauma and neonatal cerebral distur-
bance, a statistical analysis was performed. The
incidence of various obstetrical complicabons in
infants with cerchral disturbances was compared
with that in controls. The following statistically
signiﬁcﬂ:rt differences were noted.

Full-term infants with cerebral disturbances had
a higher incidence of prolapsed cord, prolonged
labour with or without fetal distress, pmlonge:d
trial of labour, midforceps or breech delivery,
shoulder dystocia, malpresentation, and a hirth
weight exceeding 4300 g. than did controls. Pro-
lomged labour or prolonged trial of labour was
noted in 38% of full-term infants with cerebral
disturbanees and in anly 5% of the unaffected full-
term popuolation (P = 0,001), Midforceps delivery,
breech delivery or other malpresentation accurred
in 49% of full-term infants with cerebral distur-
bances but in only 9.4% of the unaffected full-term
population (P < .001). A statistically significant
association was not ohserved between  cerebral
disturbance and unexplained fetal distress, or ma-
ternal sedation within four hours of delivery.

Premature infants with cerebral disturbances
had a higher incidence of abruptio placentae, pro-
lapsed cord, prolonged labour and breech delivery
than did controls. Abruptio placentae, prolapsed
cord or prolonged labour oceurred in 369 of
affected premature infants and in only 8% of
unaffected premature infants (P < 001). Forky-
three per cent of premature infants with cerebral
disturbances were the product of breech deliveries,
compared with 8.5% of the unaffected premature
infants (P < 001). An association could not he
demonstrated between cerebral disturbance and
unexplained fetal distress, midforceps delivery,
malpresentation, or matemal sedation within four
hours of delivery.

Among fmmetere infants, maternal sedation was
administered within four hours of delivery in seven
of the 28 severely asphyxiated infants and in only
one of the 28 unaffected (P =0.051).

Bisk oF CeEneBnal DISTURBANCE WITH

Ossrermcar, ComericaTions (Table V)

{n the basis of the relative incidence of obe
shertrieal L-nmp]it-miaus in affected infants and in
the unaffected population, it was possible to de-
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TABLE ¥, =iisk u¥ CEHEBRAL ]Jlsru:kun::- . I:|tu MA
ff:ﬂ'.‘ n_r .ﬁ'rsk u_,r
cerebral Eirth

didurbance  frawma
) (%) (el
Inoamll e Birtha:, S ; | B 0,45
With comiplications af labuner. i
Abruptio placentae, ..., . 12.4
Prolapaed cornd. | 17.4
I'rolonged Lubeour withoul fatal
disiresy, 4.4
I"mlmlp:nd absouar with fetul 8
oy 3.
I"ralnn:ed trial of labour. . 15.6
Unexplained fetal distress. . . n.7
Witk complications of defivery:
Midioreeps. ., ., ... .. 5.0 3.6
Shoulder dystareia. 13.3 230
Freerh :I-e]wcry {hull-ieem un]\n} .2 1.0
Large haby {u\rcr-i&:'l}g jl ..... 6.2 1.6
Mulpresentntion . . R T, 11.1 0.0

termine the incidence or risk of cerebral disturb-
ances in the dofant whose birth was associated
with specific ohstetrical complications, The inci-
dence of cerchbral disturbanee was highest [ greater
than 10% ) with prolapsed cord, prolonged trial of
labour, prolonged labour with Ffetal distress,
shoulder dystu::i:t. u!urupl‘iu iﬂac!.'utuv, and rna]pn:'-
sentation. There was a somewhat lower incidenes
following full-term breech delivery, midforceps de-
livery or prolonged labour without fetal distress, or
when the birth weight exceeded 4500 ¢.

Frucinres and Paralyses
{a) Incidence

Fracture of the clavicle occurred in 10 infants
(0.9 per 1000 live births), and of the humerus and
skull in two infants each. Facial nerve paralysis
occurred in 25 infants (2.3 per 1000 live births],
brachial nerve paralysis in 15 infants (1.4 per 1000
live births), and radial and phrenic nerve paraly-
sis in one infant each. These 58 lesions ocourred in
49 infants. Seven of these infants had combined
lesions {five with combined brachial and Ffacial
nerve parilyses, ome with brachial and phrenie
nerve paralyses, and one with fractured humerus
and radial nerve paralysis). All but two infants
who had fractures or paralyses were full-term by
weight,

The incidence of associated cerebral disturbances
among full-term infants with Fractures and para-
Iyses was 10/47 or 2190, considerably higher than
the 0.87% incidence in the remainder of the full-
term infant population (P < 0001}

{h) Causes of Fractures and Paralyses (Fig, 2)

Sixteen infants with Facial nerve paralyses were
delivered by midforeeps, while in the remaining
nine infants there were no evident abnormalitics of
labour or delivery to account for the lesion,

Of 15 infants with hrachial paralysis, seven were
delivered hy midforeeps, six had shoulder dystacia,

e

Fig, &.—Cpupes of fractures and perlpherg]l nervn paralyses
(1T I? full=term mnd twoe prempotoure infantz in a =erics of
10,396 live births,

one was a second bwin delivered h}r breech ex-
traction, and the last was a 4840-g. infant delivered
to a primiparous mother.

OF 10 infants who had fracture of the claviele,
six had shoulder dystocia, angther was a large
infant {4760 g.) without recorded shoulder dysto-
cin, and in the remaining three the cause was
unexplained. The infant who sustained a fractured
hwmerus and radial nerve paralysis weighed 3440
g. and was delivered by version and extraction
because of a prolapsed cord.

Of the two skull fractures, one was associated
with a difficult midforceps delivery carried out
after a 38-hour labour, the infant dyving at age 12
hours with subdural and scalp hemorrhages. The
other skull fracture was caused by difficult forceps
delivery of the aftercoming head in a breech pre-
sentation after a 32-hour labour, the infant dying
immediately after birth,

(e} Risk of Fracture or Paralysis with
Obstetrical Complications {Table V)

Fragture or paralysis occurred in 229 of de-
liveries complicated by shoulder dystocia, in 4.8%
where the infants weighed more than 4500 g, and
in 3.6% where midforceps were used.

TABRLE Vi—Amspoiriox Drrwers ornem Opsrernicin FACTORR AND
Iil:u.'m ASPITELL AND m:-m.

J'Mﬂ]‘rnul D,l"

upi:v.rh asd  Slodistioel
Irauma sigmifioamce
Fopulaiton Mo, -5 of difference
Paraly: nrimiparity . . ... 440 92 L.4T
A mulGparity FaGs 1 1.6 P o< .00
arimale, . e e 5 i ] ki) g 28
femnde.....0on0 vy . HiE L U L Pl
(Festaional oge:
fover 2 . onl¥)
42 waky smil bean, - @had 1% 1.43 i
4% k. 71, NN 12 41] - I.2E Yot
et B eigniGoant
Maternod  wger
Y Primipaca: 35 snd over . 1 BEOT.ET
n IIERATRS o o 34 . 7 A O R
by Mulsipars; 15 amd aver 1118 an kAR
up to 34 ¥r. B8R0 RA 1 33 | L [
Wampirnld sfatun* pablis, . . . . T K14
S LF:i-f."bg. L b L] N o« D0

*Ineluding only tliosr cases of saphysin aml trainen sssocisted with
romgdicntions of delivery
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Assoczamion Berweeny OTHER OBSTETRICAL
Factors ano BETH ASPHYXIA AND TRAUMA
[ Table VI}

A statistically sigmificant increase in the incidence
of asphyxia and trauma was noted in primiparous
mothers, in elderly mothers, and in male infants,
A higher incidence was not encountered in post-
mature infants. The incidence of asphyxia and
trauma associated with complications of delivery
was twice as high on the ward service as on the
private service,
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Fig. 3. —Incldence by 500 g weight rﬂm‘ga af earebral
paralya

disturbances (0} and of fractures and s (@) por
L0 five births.

The incidence of asphyxia snd trauma by 500 g.
weight groups is shown in Fig. 3. An increased
incidénce of cercbral disturbance was seen among
low-weight infants, and of fractures and paralyses
among high-weight infants.

Neonarar Dearns Cavsen my
ASPHYRTA AND TRAUMA

Twenty-seven of the 28 immature infants, 18 of
the 44 premature infants, and seven of the 134
full-term infants who had cerchral disturbances,
fractures or paralyses died in the neonatal period,
It was difficult to determine the contribution of
asphyxia and trauma to the fatal outcome in im-
mature and premature infants. A definite cause-
and-effect relationship between antenatal asphyxia
or trauma and neonatal death was obvious in the
full-term infants.

All seven Full-term deaths were the direct result
of complications of labour or delivery. As pre-
viously mentioned, two infants died from skull
fractures. Three died from meconium aspiration
which occurred in association with prolapsed cord
in one case, with midforceps delivery in another,
and with prolonged labour in the third. One infant
died of a large subdural hemorrhage following
midforceps delivery, The seventh died from cere-
biral ederna resulting from prolonged trial of labour
and three failed forceps applications, the Infant
appearing to be decerebrate from birth until death.

The neonatal mortality rate among full-term in-
fants with cerebral distorbances or tranma was
529, a rate 33 times greater than the neonatal
mortality rate of 0.16% among unaffected full-
term infants (P<O.001). These seven full-temm
deaths due to obstetrical asphyxia and trauma
represented 309 of the total full-term neonatal
mortality during this period.

Dhiscussion

This study showed that the neonatal conditions
selected for investigation were valid indicators of
birth asphyxis and trauma. The vast majority of
infants with severe asphyxia neonatorum, abnormal
cerebral signs, convulsions, fractures and paralyses
either had a history of asphyxiating or traumatic
obstetrical complications, or had associated fetal
pathology which could have produced the result
noted.

Studies of children with cerebral palsy have
shown that at birth such children had a higher
incidence of asphyxiating and traumatic obstetrical
complications!- % * 12 21 and alse a higher inci-
dence of neonatal cerebral disturbances™ ®* tham
normal control infants, The immediate cffects of
birth asphyxia and trauma seem to be manilested
by asphyxia neonatorum, abnormal cerebral signs,
and convulsions. In some instances permanent in-
jury has resulted and cerebral palsy develops. In
the majority, however, the injury is apparently
temporary and reversible, cerebral function re-
covering completely ™7

In the present study no apparent differences
were found between the neonatal cerebral mani-
festations of asphyxia and those of trauma, Similar
cerebral disturbances were noted following poten-
Hally asphyctic eomplications of labour and poten-
tinlly trauwmatic complications of delivery. Infants
who sustained definite traumatic lesions (fractures
and paralyses) during delivery often had asso-
ciated cerebral disturbances, presumably asphyctic
in origin. Burnard® has suggested that direct trauma
to the brain is probably uneommon, brain damage
in travmatic delivery uwsually being due to the
associated asphyxia of a difficult delivery.

In two-thirds of the cases, birth asphyxin and
trauma in full-term infants were the direct con-
sequences of prolonged labour or difficult delivery.
If it had been possible to prediet these evenls in
these cases and avoid them by abdominal delivery,
the Cesarean section rate would have been in-
creased by only 0.8%. The higher incidence of
birth asphyxia and trauma on the ward service
associated with complications of delivery | pri-
marily midforceps or breech delivery, and shoulder
dystocia) may have been due to less experienced
obstetrical care, to a higher incidence of abnormal
pelves, and to a lower Cesarean section rate [3.9%
vs. 5.9% on the private serviee), common tn many
teaching institutions.'”
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Prematurity, although it predisposes to neonatal
cerebral disturhances. was rarely the sole factor
operating in any individual case, Even in premature
infants abnormal delivery plaved a significant role,
as ope in five cases of corebral disturbance were
considered to be due to difficult hreech deliver}',
and there was a statistically sipniticant association
between breech delivery and cerebral disturbance.
Another one-quarter of the infants with cerebral
disturbances in the premature-weight group were
not truly premature at all, They were low-weight
full-term infants who suffered from fetal malnu-
trition, a condition in which there is a predisposi-
tion to intrauterine asphyxia

Among immature infants, the difficulty in as
sessing progress of labour and in hearing the fetal
heart during labour often resulted in sedation
being given shortly before delivery, an unattended
delivery, or inadequate resuscitation following de-
livery, Omly too frequently the immature infant
was delivered unexpectedly into the bed, or a living
but sedated immature infant was born after being
considered dead,

[t was discouraging to note that in spite of
obstetric teaching to the contrary, sedation was
often given shortly before delivery to mothers de-
livering prematurely and to mothers with compli-
cations of labour and delivery which already repre-
gented severe handicaps to the fetus. Maternal
sedation was employed in approximately one-sixth
of all premature and immature infants delivered
during the period under study. Mothers of one-
third of the full-term infants with cerchral dis-
turbances were sedated even though prolonged
labour, fetal distress, and some degree of cephalo-
pelvic disproportion were nsually present.

The couses of fractures and peripheral nerve
palsies were similar to those deseribed pre-
viously;!™ 13 15 228§ wag again noted that many
facial palsies and elavicular fractures are associated
with normal, spontaneous deliveries. Excessive
traction of the shoulder on the neck has heen con-
sidered to be the cause of brachial plexns palgy =5
This acconnts for the prevalence of this lesion in
breech deliveries and in association with shoulder
dystocia, However, seven of the 15 infants with
Lrachial plexus palsy in the present series had
peither of these complications, but were de-
livered by midforceps extraction, It seems likely
that traction on the head or rotation of the head
during midforceps delivery may exert sufficient
tension on the brachial plexus to produce paralysis.

We would like to recommend that the 2% (ap-
proximately ) of surviving infants who present the
neonatal manifestations of birth asphyxia and
trauma analyzed here, undergo monthly review at
the maternity hospital perinatal mortality con-
ferences. These cases provide a sensitive index of
the standard of obstetrical practice, in many ways
a more sensitive index than that obtained by re-

view of perinatal deaths alone. Such a review would
foster a critical attitude toward current chstetrical
practices. 1t would focus attention upon those ob-
stetrical complications and methods of manage-
ment which most frequently lead to hirth asphyxia
and trauma, and thereby stimulate development
of improved obstetrical techniques.

On the strength of the experience gained during
this investigation, the following recommendations
can be made. Anticipation of obstetrical difticulties
beging with a careful review of the obstetrical his-
tary. Records of previous deliveries must be readily
available. The progress of labour sheuld be ac-
curately monitored by hourly assessments. Labour
should never be allowed to exceed 16 hours in a
multipara or 24 hours in a primipara without
vonsultation with a senior member of the obstetrical
attending staff. Deliveries associated with pro-
longed labour, malpresentation, or high fetal risk
such as prematurity, should always be attended by
an experienced obstetrician.

Only by a more judicious use of Cesarean scetion
in cases of horderline dispropertion can the con-
tribution of prolonged labour and difficult delivery
in the production of birth asphyxia and trauma
be eliminated. The risk of Cesarean section to the
fetus in the form of respiratory distress syndreme
appears ta be nil in cases done for disproportion,
probably because these are almost always done at
term.*!

Sedation should be aveided in premature labour
and in full-term Jabour where the fetus is already
jcopardized by obstetrical complications,'* Con-
duction analgesia is a safer altemative in such
situations.

The infant suffering from fetal maloutrition,
whose existence ean be suspected ante partum from
the failure of maternal ahdominal growth and from
tlecreased maternal estrogen output, has a high risk
of asphyxin during labour and at birth® ' Pro-
longed labour, difficult delivery, amd sedation
should be aveided when fetal malnatrition is sus-

pected,

Case Repowrs

Four full-term infants in whom altemative ob-
stetrical management would have avoided fetal in-
jury are deseribed. They represent the four most
tragic cases among 208 instances of asphyxia and
trauma oceurring in 10,995 consecutive live births,
in a hospital with a very low perinatul mortality
reord. These cases illustrate the necd for constant
vigilance if hirth asphyxia and trauma are to be re-
duced to the absolute minimum compatible with
present-day knowledge and technigues.

ase | —Prolonged trial of labour with fetal
distress in an infant with fetal malnntriton syn-
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drome, resulting in severe asphyxia neonatorum,
abnormal cerebral sipns, convulsions and death.

The mother, o 23-year-old primipara, was admitted
to hospital at 40 wecks” gestation because of moderate
pre-eclampsia and because the fetal head did not
engage at term. She was discharged a few days later
and readmitted in labour at 41% weeks' gestation,
having had contractions at home for 22 hours. On
admission the cervix was 2 cm, dilated and the vertex
was 2 em. above the level of the ischial spines (spines
minus two), with a left ccciput transverse presenta-
tion. Radiographic pelvimetry at this time showed a
small platypelloid pelvis with an anteroposterior di-
ameter of 9.8 cm. After 12 hours of strong labour in
hospital, the membranes ruptured, emitting a liquor
heavily stained with meconium. The fetal heart was
faintly audible at o rate of 118/min., later retuming
to normal. Vaginal examination showed 4-em. cervieal
dilatation, the head at spines minus one, and the presen-
tation still left oceiput tramsverse. Six hours later a
Cesarean section was performed wunder epidural anes-
thesia,

The infant weighed 2670 E., was severely asphyxi-
ated with an Apgar score of 3, and required five
minutes of resuscitation with bag and mask before
respirations began. Definite soft-tissue wasting was
noted. The neonatal course was marked first by cere-
bral depression, then hyperirritability leading to con-
vilsions and finally status epilepticus at age 4 days,
Although convalsions were eventually eontrolled. he
remained in a decerebrate condition until death at 14
days of age. Postmortem examination showed me-
conium aspiration but no cercbral hemorrhage or
tentorial tear. The cause of dexth was considered to
be cerebral anoxia, This death was not reported as a
neonatal death in this study, as it occurred after 7
days of age

Case 2—Prolonged labour and difficult mid-
forceps delivery resulting in moderate asphyxia
neonatorum, facial paralysis, and multiple intra-
and extra-cranial hemorrhages resulting in death.

The mother, o 2B-vear-old primipara, was admitted
te hospital at 41 weeks gestation in labour, the ante-
partum course having been normal. After eight hours
of labour the cervix was 3 em. dilated, and the vertex
was at the ischial spines with a left occiput posterior
presentation. After a further 28 howrs of labour the
cervix was only 4 cm. dilated, Radiographic pelvimetry
showed an adequate gynecoid pelvis, Membranes were
now ruptured and anm oxviocin drip was  started.
Eighteen hours later (48 hours after the onset of
labour}, the cervix was fully dilasted and the infant
was delivered following a difficult midforeeps pro-
cedure. At no point during the labour was fetal dis-
tress noted.

The infant weighed 3500 g and was moderately
asphyxiated [Apgar score of 6). He had a facinl
paralysis, bilatera]l large cephalohematomas, and a
scalp laceration. Subsequently he developed a coagula-
tion disorder, anemia with a hemoglobin conecentration
of 10 g. %, and congestive heart Failure. There was
evidence of severe cerebral damage with marked and
continned depression, repeated convulsions, and 2
tense fontanelle with spread sutures, He died ar B4

hours of age in spite of ransfusions of fresh blood and
plasma and subdural taps. Postmortem examination
showed an extensive left subdural hemorthope and
softening and hemorrhage at various sites of the brain.
The cause of death was considered to be a combina-
tion of cerebral truuma and anoxia.

Case 3 —Difficult midforceps delivery resulting
in severe asphyxia neonatorum, abnormal cerebral
signs and permanent severe cerebral damage.

The mother, a 30-yvear-old foreign-born patient who
spoke no English, had had one previous uneventiul
pregnoncy terminuting at 7% months. After a normal
antenatal course In the present pregnancy, she was
admitted in labour at 37 wesks gestation. Pelvic
assessment early in pregnancy was considered ade-
fquate, After six hours labour the cervix was fully
dilated but the vertex was only at the ischial spines,
in & left occiput anterior position, and a large
caput was noted. After a further two hours of second-
stage labour with little progress, she was anesthetized
with ether and three attempts were made to apply
forceps. On the third attempt the infant was delivered
after the use of considerable traction,

The infant weighed 2920 g. and had severe asphyxia
neonatorum with an Apgar score of 4, requiring 10
minutes of bag-and-mask resuscitation before the onset
of spontaneous respirations. He showed marked cere-
bral depression and irritation for days after birth, and
before 2 years of age was admitted to an institution
lrecanse of severe mental retardation.

A postpartum pelvic examination showed a wvery
short anteroposterior diameter, and Cesarean section
delivery was recommended for subsequent pregnancies.

CasE 4.—Prolonged second stage of labour and
failed forceps applications leading to severe as-
plyxia neonatorum, facial palsy, cerebral irritation,
convalsions and finally neonatal death at age 5
days.

The same mother as described in Case 3 was
admitted during her next pregmancy two years later
at 37 weeks gestation in strong labour of four hours®
duration. She had been [ollowed up in the antenatal
clinic but, because of a language barrier and failure to
review the previous chart, the history of the previous
difficult delivery was not elicited. On examination at
the present admission the cervix was fully dilated and
the head was at the spines minus one, Forceps applica-
tion was attempted three times, and finally abandoned
because the head was too high. After a total of three
hours in second-stape labour, & Cesarean section was
performed under epidural anesthesia,

A 330Megp. infant was delivered who had severe
usphyvxia with an Apgar score of 1: three minutes of
resuseitation was required before spontaneous respira-
tions began, The infant had a left facial paralvsis and
developed cerebral dmritation, convulsions, and conges-
tive heart Ffailure, dying at five davs. Postmortem
examination revealed aspiration of squames but no
cerebral hemorrhage or tentorial tear. The cause of
death was considered to be cerebral anoxin during a
profonged second stage of labour.
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Suninvany aND CoMNCLUSIONS

The cavses of birth asphyxin and trauma ot one
maternity hospital were studied in 208 affected new-
born imfants selected from a total population of 10,995
conseeutive live births. Common obstetrical complica-
tions aceounted for T3% and fetal pathology For another
15% of the cases.

From this study it appears that efforts (o reduce the
incidence of hirth asphyxia and trauma should be con-
centrated on the following areas:

1. Earlier recognition of compromised fetal status
and more frequent consultation in prolonged labour.

2, Attendance of a senior obstetriclan at all eompli-
cated deliveries.

3. More liberal use of Cesarean section in women
with borderline disproportion,

4. Avoidance of sedation in association with pre-
mature labour or in the pregence of potentially haz-
ardous obstetrical complications.

5. Recognition that eryvthroblastosis and fetal malnu-
trition predispose to severe asphyxia neonatorum and
require axceedingly cautious chstetrical management
without sedation.

6. Adaption of measures to reduce the increased
risk to the ward-service patient of hirth asphyxin and
traurma associated with abnormalities of delivery,

7. Provision of adequate forewarning of impencling
delivery of the high-risk infant—especially the im-
mature=—to allow time for a well-controlled delivery
and to provide experienced resuscitation immediately
thereafter.

It is suggested that & monthly review of deliverios
resulting in birth asphyxia or truma be adopted
as standard maternity hospital procedure.

Figures were drwn by Miss Lois Coons, RN, and
statistical analysis was pergumed by Dr. J. D Sharp,
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