l(c-[l‘rimvll from
AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY
St. Louis
Vol 143, No. 5, pp. 501508, July 1, 1982
1Copyright - 1952 by The C. V' Mashy Company)
tPrinted in the US A

MA T 58

The development of an index of high-risk pregnancy

JUDITIL AL FORTNEY, Pu.D.
EDWARD W WHITEHORNE, AN,

Rescareh Triangle Park, Novih Carolina

Presented is a scheme by which an index of high-risk pregnancy can be evaluated. The proposed
scheme is applied to a nisk index developed for the purpose of illustration The usefulness of risk
Indices (or any other predictive measure) can be judged in clear statistical terms. The illustrative
model developed here behaves similarly with each of the two sets of data on which it is tested,
except to the extent that it is influenced by the incidence in the test popuiation of the outcome to be
predicted. The conclusion reached is that unreasonable demands are made of high-risk indices, that
no index can satisfy al! requiremen's. However, if the requirements are reasonably stated in
advance, indices of high-risk pregnancy can pe extremely useful. (AM. J. OBSTET. G\ KECOL.

143:501, 1982.)

Prv coxcrr orihe high-risk pregnaney is impop-
tant in obstetries. he abilics 1o predict the birth of o
Jeopardized intan® betore s delivery means that deci-
sioms abont the optimal ninngenient of the pregnancy
cin be nuade, and the chances of a Lnorable outeome
can be mereased. Anderson ind - colleagnes® have
shown, for example, that neonatal morbidiny s Sig-
nibcanth reduced Gnd the cost of hospialization ap-
proxunatels halvedy it patients are velerred hetore de-
livery varher than alter,

Becanse thivissoimpotiant, e attempts have heen
made to develop i indes or score for chssifving high-
risk pregnandies. None ol these, however, s been en-
trely satistacton and i isquestionable whether any real
progress fas heen made in this e 7

Fhioharisk tidices e most olten developed on a
rather arbinnoy basis, vaviables ave selected for inel-
sion on the hasis of divical judgment, sond the weights
areasstgned o the variables ina similar Bshion, Tndi-
cos based on appropriate statistical analosis of 5 large
nmumber of bivths are free of thesubittan iness, but tend
1o be excessively complicated 1o administer (e.g., the

index ol Donahue and Wan®,
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Atthe present time, itappears that a significant pro-
portion of pregnancies remains for which a poor out-
come occurs unpredictably, Rivhurn and colleagues?!
found that two thirds of disteessed infints horn i tern
were not prediciable, and Lesinski'™ refers to the “hig
unknown,” e the genetic factors of both parents and
the fetus that make predicion ditticult, i no Impossi-
ble. Goodwin and associates' found that halt of the
deaths i the low-risk aroup were attributable to con-
genitalmadtormations that are often difticul topredict.

A high-risk index s nov usetul if o significant pro-
portion of high-risk patients ave not diagnosed as such
talse negatived, or it signiicant proportion of it
tients are defined as being e high risk when they are
not (faise positive).

I evaduating the uaetulness of any diagnostic tool,
the comseqgniences of misdingnosis miast he considered.,
Often, this depends on what kind of action is 16 be
taken as o resalt of the diagnosis. et ns examine the
consequences ol error in clssifyving a patient.,

The consequences ol Talse negative results fi.e.,
high-visk paticnts who e mistakenty classified as being
atlow visk) may be v apatient who needs special care
does not receive it which may result in inereased mor-
tality or morhidity for the mother and/or the habv. The
consequences ol o false positive assessment siee that
paticnt who does notrequire additional care receives i,
perhiaps with the nse ol searce resonrees that conld be
better nsed elsewhere: the patient may be reterred o
another hospital unnecessarily and be subjected to un-
necessieyintenvention. Al ol these CONSCYUENCes it
he costly,

However it the hospital is well equipped, if anes-

thesiologists and pedian icians e rontinelv stinding
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Table 1. Delimitions of the live criterta of evaluation

Diatgrnoniy
Nt at
Netwal Atk ik Total
At aisk A B G
Nat . D 1
rish
lotad I F

Sensttiving = 3 G Speciticitn = DL False positive = G/l
Fise negative == B F Rate = AL

by, then the additional cost to bath the patent and the
hospital is minimad, I the patient would veniun in the
same hospital regardles of whether she is considered

to be at high or low risk, then the inconvenience to the

paticut is mininal, 1 resources are abundant, use of

them unnecessarily on o misclassified patient does to
mean that they will not he available Liter fora correcthy
classihed patient. Howevers in adl of these sitations,
the possibiliny of unnecessary intervention remins.,

A dingnostic tool can he analviically evilduated in
terms of live characteristios. These characteristios are
detined mathematically in Table |

False positive refers to the sttstion in which patients
are dehimed s having the condition when, in fact, they
do ot have i tues the obstetric patient whoe s classified
as high risk, when she s not at risky.

False negative velers to the sitnation in which pa-
tients with the condition are defimed as being free from
the condition (re. the Tagh-risk obsterric patient s
misclassified s being at low riskh).

Sensitivits relers to the abibin of the west to find the
condition i patents who are at high visk tae the per-
centage of lngh-risk patients who are delined as being
at high risky,

Specificiny refers to the ahility o test to dehine risk
ol when risk exists (e the percentage of fow-risk
patients who are classiiied as being at low risk).

Fhe vate is that ar which the predicted event oceurs
in patients cssified as being at risks (What percentage
of obstetrie patents elassiied as being ar high visk ace-
tadh hine ancadverse outcome of pregnancy

Animprovement inany one of the Lictors necessarily
occars onlvat the expense of one or more of the others,
For examples as the sensitivity increiases, so does the
vate ol e positivess as the specilicing increases (e,
mnproves), so does the rate of false negatives. Thas, o
factor in deciding the most appropriate catpoint is an
cvalaation ot the comsequences of the different kinds
of ervor. The physician or the hospital should decide

in advarce the negative consequences, in the partic-

Julv 1, Tas2
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ulie sitwation, of the false positives and of the false
negatives,

Administrative preference might be o decerease the
pereentage ol patents defined as being o0 visk (i.e.,
lower the sensitivity and false positives and inerease the
speailicity and false negatives by raising the catolf
point), whereas o clinician might prefer o lower the
cutolf point, thus increasing the sensitivity and false
positives and veducing the spedificity and false nega-
tives, Clearlv, neither response is “correet,” and a
trade-ofl must be made to werive ar the best judgment
ot balancee.

As Table H shows, maost risk assessment scores cls-
stfv a rather high percentage ol patients as being at
risk. Sensitivity tends to he quite high and the number
ol fulse negatives tends (o be low, Speciticity, on the
other hand, is rather low and the number of false posi-
tives is rensrkably high—up to 96, This is a conser-
vative approach from the dinical point of view, Several
of the high-risk scores shown in Table T are classified
into three groups—high, medium, and low risk. The
appropriate evidiation criteria are caleulated with the
mediam group included among the high-risk patients
and with the mediume-risk patierts included among the
lonverisk pattents. The second sitation, of course, cor-
responds 1o raising the cutott point, thereby improving
spealicity at the expense of sensitivite, Tuable 11 in-
cludes onlv those articles in the list of velerences from
which the calenlivions could be made. A surprisingly
Large number ol articles on this subject not only do not
give the senstivity, specilicity, or the percentage of
mischissihed cases baealso do not provide the reader
with sutlicient information to make those caleuliations,

Uhe rither high rate of false positives brings us to a
nujor problenimherentin the development of risk as-
scasment scoves, TEthe physician reacts appropriaely to
a ngh-risk assessment and manages the patient skillful-
Iv. then an unsatisbactory onteome of pregnancy s
avoided and the case is subsequentdy recorded as a
misclassification (e o false positive). Theoretically,
this would be most true i the outcome variable of in-
terest is perinatal mortadiny, Tess teae it a0 depressed
Apgar score is the outcome of interest, and feast trae it
cither Tow birth weight or low gestation is the outcome
ol interest since the physician s more casily able 1o
ifluence survival than either weight or gestation,

In addition to s predictive abiling, a high-risk score
shauld be simple to administer. The index developed
by Donahue and Wi involved only nine variables, but
cach was given o “lactor valae™ 1o two decimal places
and a tweighting Bctor™ o mwo decimal places that are

then muhiplicd: the scores for the nine variables e
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Table IL. Performance of various visk assessment scores in predicting perinatal ontcome
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Peveentage

aseed Falwe False
al vk Semsttizin Specifreity Jrositie negalive
Dependentvariable pevinaal moraling:
Goodwin et al™ I 778 u7.1 17.0 4.0
Martison and Olsen® 1 607 R2.0 3.0 0.7
Akhtar and Sehgal
High and medinm risk 20 700 i .
Hobel et al e 34 BTN 77.2 1.8
Edwinds erals 47 hhR3 93.7 0.7
Sokol e al. 44 hi R HERY 0.4
Hallidin et al
High and medium risk 62 06,8 Rh] 6.2 0.2
Highorisk onls 16 67.7 75.0 3.6 1.1
Dependent variable - preterm birth:
Akhtin and Sehgal
High and medium risk 206 446 6.7 79.1 0.2
High risk onl 12 25.5 80.9 7.1 10.3
Creases et al+
High and medinm risk Ri 0.7 70.9 hERY] 1.8
High risk onls [N} -4l 90,1 64,6 2.5
Neshittand Aubiy
Hhigh and mediam risk 6y 78 R 92.6
Hligh risk onh ROE 46,4 703 808 hl
Dependent variable < low birth weighe$
ARhto and Seheal”
tigh and medium risk 26 REW] .2 80.0 110
High risk onls [ 25.1 a0 7200 1.3
Neshitr and Aubr
High and medivm rvisk tY 76.5 326 8h.2 10.0
High nisk anly 30 13,2 72.8 S04 10.6
Dependent vaniable - depressed S-minute Apgar score:
Goadwin et al. 14 07.3 07.0 19.5 4.1
Akhrar and Sceheal
High and medinm ik 26 hhY 76.5 S48 4.3
High tisk onls [ 300 SO.8 8.4 H.Y

“Using Hobel's scoting sastem.
Fhess than 37 weeks,
Sless than 56 weeks.
SLessthan 25000 am,
Less than 4
lessthan 7.

added. and give a0 seore with four decimal phices.
Hobel's score imvolves 31 prenatal tactors and 10 in-
traparium Lactors, cach of which ave scored 1o 10,0005
Itis nor possible 1o Galeulate sensitivity or specificity
dom Donahuoe and Wan's? published data: in the case
of Hobeland associates” data, they are not particularly
good ee Lable Tho Thus, complexity does not neces-
savily contribire 1o accinacy ol prediciion. The method
developed by Addelstein and Fedrick uses 10 risk fac-
tors, with scores onceacho factor vanging from O.1 o 5.9
tnot the same for cach Lactory, and the indisidual scores
are mudiplicd . Notenough information is given 1o cal-
culate Talse negative sonl posttives, or specificing, g
sensvVIty appeins ta be s satistactory 609 when 127

ol the popealaiion is identitied as heing at high visk.

The most usetul of the indices developed 1o date
appears to he that of Goodwin and  colleagues,!
Twentvseven Factors are grouped ino three cate-
gories: cach ot the three categories receives o score,
and the sunvolthe three ranges from O 1o 10, Although
svnergism is recognized by seoring 1 for a factor alone
hut 24 the Tactor occurs simultancousty with another,
the index does not permit recording more than two
fctors within o singie category, The great value of
Goodwin'sindex ivthat, with the test populiion used,
onlv T of the nopulition was defined as being at risk,
which accounted Tor 7784 of the perinaral deaths andd
67.3% ol the depressed Apgar scores e, high sen-
sitivity),

Much of the published work on the development of
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Fig, 1. Five statistical criteria used to evaluate an anepartum index and an antepartem and in-
trapartun index of high visk of perinatal mortaine betore hospital disclirge. Data from Colombia,

risk scores is conceptually confused Gand confusing),

The relevint outcome variables are often not clearly

stated and sometimes appear 1o be a combination of

low hirth weight, perinmal death, depressed Apgar
score, and even maternal complications. Usually, the
criteria by which the score will e jidged are not clear:
the most conmmonly wsed is the percentage of all peri-
matal deaths cor whatever the outcome variahle is
defined 1o bey that were defined as high risk.
Another souree ol confusion is the time at which the
assessment s nade. T is not useful 1o predict a poor
outcome at o time when it is oo late 1o clunge the
treatment. A condition discovered ivmapartum will not
chimge the namagement of the pregnaney, although it

mav change the method of delivery, In some of the
nurterial published on this subject, the writers do not
specify the time at which the assessment should be
made, and even include some postpartum factors,
With these desirable characteristies in mind, we de-
veloped aomaodel for a high-risk index and tested this
index an two Lrge sets of data, The model was devel-
oped with the use of dita collecied from a random
sample ol hospitads in Colombia, The variables were
selected for inclusion by a multiple diserimimnt analy-
siscand the weights were assigned 1o these viriables by
determining the velitionship among the variables and
scaling the proportions 1o integer weights, Fimlly,
curves were plotted which showed the relationship
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among sensitivity and specificity, Talse positives and
false negatives, and the rate of adverse outcome.

Fhe adverse outcomes that we selee ed for the model
were (I stillbirth or neonatal deatl, belore mother's
disehirrge trom the hospital and (2 low birth weight
(2500 ams or less),

Nine Lictors in two categories were selected for in-
clusion e the seores Phe fivst five Tactors can be ascer-
tined atany point during the pregnancy and require
no tests and no clinical judgment 1o be made, These
antepartim factors and their weights e as follows,

Lo Mother's ager Less tlam 16 veirs = 92, 1610 17
vers L IR o 29 vears - 0030 10 31 vewrs = 1 and
A vears -2,

2o P Nulliparice = 1opariny 1o 3= 9, parin |

to B Toand parity T+ = 20 (Parity is dehimed as de-
liveriesat 20 weeks or more, whether live ar stillborn. )

S0 Gravidine Nulligravidine = 1ograsidin Tod = 0,
Aaravidinn o6 - Toand graviding 7+ = 2o tGravidity s
defimed as live births, stillbivths, spontancous and in-
duced abortions)

Lo Bad obsterric history: The numbers of previons
stillbivihs, spontancous abortions, and cesarean sec-
tons are added tozether: it the resulting sum is none,
the score 00t one, the score 1L it more than one,
the score - 2,

JoAntepartum condition: No pathologic condition
during pregnancy is scored tany condition is seored 1,

Fhe ather fom facors are determined when the pit-
tientisadmitted o the hospital for delivery e, Libon
has already strted. Again, none ol 1the four Lictors
requites that may tests be nade: although clinical judg-
mentis called for the scores G easily be assigned by
midwile, The fom intraparinm factors are as follows,

O Namber of antenatal visits nnede:s None or | vise
202 0 0 s [, 6 visits 0,

7o Presentition: T othe presentation is vertes, oc-
CIPHOAUTCHIOr, or 1ransyerse, score 0 any othe pre-
sentation s scored 1,

No Duvation ol Tibor: No dabhor (e, eledtive cosarein
section or precipiate ibory is scored 1, up to I8 hours

isseoted O more than IS hotrs is scored 1,

O Estimaned gestation: 20010 27 weeks
weeks B ab o 39 weeks 1 1000 12 weeks - 0, 13
weekhs ormore .

Adding the scores ob the individanl factons produces
ancindes that tanges Tram 0 1o 9 when the nteparium
Lactors alone are added, and Trom 0 10 18 when the
combined antepirtim and ntpartum Lictors e
added. Multiplving the scores awhich would give
aelded weighe 1o facrors held i combination In per-
mitting interaction between twa or more Lactorsy did

not produce a better index in terms ol predictive vidue.
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Fhe combined antcpartom and intrapartum  factors
produced i beter index interms ol predictive value
than did the amtepartum Factors alone,

Fig. 14 10 1) shows the five eriteria by which the
index is sovabuated, for the antepartum index alone,
and for the antepartum and Hitrapartum parts coms-
bined. Sinee other awthors (Donahue and Wan®) have
found thae it is more ditficuli 1o identify high risk
among nullipirous women than among parous women,
Fig, Lulsoshows the two indices for nulliparous women
(Coand 1y and tor muhiparous women (£ and £) S
ratelv. In Fig 1, the ontcome of interest is perinatal
deadhe before hespital discharge: the data ave from Co-
lombia. Fables that show the data which were used 1o
generate the graphs nas be obtained by writing to us,

Fig. 1. oA shows the cmtepartum pant of the indes.
Phis part of the index adone does not predicet well: the
death rate an the bigher scores is close to zero, and is
highest at the middle scares. False positives rennin
high acalllevels of the score, and the sensitivity is quite
poor. Adding in the inwapartam part of the index
produces much better results (252 the correspondence
between increasing death rate and increasing score on
the index is good and achieves 1007 at the highest
score, The false positives decline, particularly alter o
score of S.Since the death vate betore discharge is a low
LRI inevitable that False negatives remain low ;i
alllevels of the score. Sensitivity and specificity are op-
tinal at o score of 5,

Suppose, alter examining Fig, 1, 8, we dedded
that o score of 5 is an appropriate catolt at which to
dedme patients as being at high risk, i.e. it a woman has
iscore of 6 or higher, she will 1eceive some kind of
special arentien. This would mean thin 38,14 of all
woimen would he clssitied as being at high visk, and
that 6RO of all the deaths belore discharge would
have been predicied sensitivity), However, 91,65 of
those classilicd as being athigh rvisk would not have had
anadverse ontcome of pregnamey (false positives), On
the other hand, 776 of the low-risk patients would
have been corvecthy identified (specificity)., By raising
the cutolf just one point G.e., 7 or higher is high risk),
and by clissitving less than o fourth (23.87) of the
women as heiag at high risk, we can still accomnt tor
more than (6170 ot all deaths (sensitivity). False
positives are Towered 1o SR8 (which is still highy, and
alse sregatives increase only 1o 1.3 86.7% ol 1he
low-risk women are correctls identitied (specilicity,

Compiaring the resulis Tor the parous and the nullip-
arous women for the combined amepartim aned intea-
parion index oFigs Lo and 29, we fmd that there is
remarkably livde ditterence in the predictive value of
the index Tor the two groups of women. Fhe curves in
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Fig. 2. Five statistcal ariteria used 1o evaluate an antepartom and o antepartom and intrapartum

index of high visk of petinatal mortaling hetore hospitad dischirge and high visk of Tow birth weight.
Dt trom Colombia and Banglidesh,

Fig, 1D amd Fare quite similar. excepn that they he- Fig. 2 shows the antepartum-only index and the

combined antepartium and irapartum indes for all
women in which the outcome olinterest is hirth weighi
(i.c.. the probability of weight heing 2,500 g or less),
Fig. 2.0 and B shows data for Colombia, whereas the
other tour pancls show Tor Bangladesh the equivalents
of Fig. oA and B oand Fig, 204 and B.

come ervatic at the higher scores for nutliparous woms-
en, priniily because the nombers are small. Taking
the same cutotl point ol 50w Iind that the sensitivity s
G697 Tor nulliparous women aned 6099 for parous
women: specilicity is 7865 Tor nulliparans women aimd
7.0 for parans woren: false positives are 9269 and

QLOY vespectivelvs and talse negatives are L aned

I general wany, perhaps the most apparent fact in
L, respedtivelv, Exen the percentiges of women Fig. Lis thaa in the three graphs oncthe vight (e, those
chassihed as being ac high risk in the two groups--
gy s

225 o mallipimous wamen and 265 of parons
WOIICN e vers similar,

for the combined antepartam and intrapinrtinm scores)
the line that represenis the proportion with the out-

come ol interest shows iomuch more pronouneed up-
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ward trend thaon is the case with the antepartun index
alone. Fhis conlirms onr conclusion from Fig, 1 tha
the combined scove is aomueh heter predictor than the
antepartin score alone. The nest important Lt to
notice is that onlyv with the combined indes does the
cunve tin represents false positives dechine very sub-
stantiallv, This contirms the statement by Rashurn gind
colleagnes thatitis dithenlo o predico which infants are
turcatened wnil labor has begun,

Fhe similarities between the resulis tor the two coun-
(ries ave quite surprising, given how ditferent the two
settings are. Hwe tike perinatad death helore nanernal
discharge as i example, e Colombia, 2.9 of babies
aled betore maternal dischinree: in Bungeladesh, the
[rercentage was S0 Sensiiviny sind specihein were
optimized a0 scare of 5o Colombia and 6 in
Banglidesh ar that scove, sensitvin andd speatlicitg ay-
craged TR2% i Colombia and 76,59 i Bangladesh:
and at that point, 25877 ot the Colombian women and
2300 ot dhe Baneladesht women were classibied s
betng at ligh cisk T we look i Tow birth weight instead
ol periatal deatlh, 12070 ol the Colombian babies
weighed 2000 i o less compared with 23,69 of the
Bangladesht babies: sensitivin and spedificitng were ap-
tmized ar b Colombin and ae 5 in Bangladesh (hotly
one point lower than the optimal score oy perinatal
death, and at thiat potnt, sensitivin spectficin -
eraged 621 Colombia and 60,040 in Bangladesh,
and ARGt the women were classitied as being
igh sk i Colombia and 3707 in Bangladesh.

Fhe Bive statistical arteria e altecred by the inci-
dence at the omtcome vartable in the population. In
Boanaladesh tor example, 3009 of the infunts died he-
fore maernal dischinee, and 235607 of the nlants

werghed 2500w or Jesss Sensiiviny s much Ligher a
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Wl scores Tor death than it is for low biveh we

ights spee-
iliitn, on the other hand, s almost identical i each
score, False positives are higher with the rarver outcome
tdeathn, and false negatives are lower at cach level of
the score, The incidence at cach score is obviously
higher, the higher the overall incidencee.

Comment

Although many high-risk indices have been deve!
oped v grear deal of work remiains to be done. Also o
may he trac thar we are asking oo much of the high-
rish index: there are 1oo mam contlicting dennds, 1
is impossible 1o keep both talse positives and false neg-
atives Tow, since, as specthicity inereases, sensitivity in-
evitably decrcases, TCis impossible 1o keep small the
pereentage classibied as heing ar high visk and e the
sne e predict o large percentage of the jeopir-
dized habies,

Nevertheless i is nossible to make isensible classifi-
cation ol obstetric paticnis based on the score ol a
high-risk index as long as consideriion has been given
to expected vites of ervor and the consequences of er-
ror. It must be accepted that error is inevitable: there-
fore, deasions need 1o be made as o the most aceept-
able tvpe ol ervor thar allows for maximum use ol
available resources. Risk indices can contribute greatly
tothe overall management ol high-risk pregnaney by
providing o mechanism for coarse sereening, Finer
soreening by dinical testing can then be used 1o
maximize the allocation ol often scarce resources and

positivel mfluence the outcome of the pregnaney,

We acknowledge the Programa Regional de Toves-
tigaciones en Fecundidad, Bogota, Colombin, and the

Bingladesh  Fertilitn Research Program,  Dacea,

Bangladesh, for providing the daga.
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