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ABSTRACT

Background The incidence of multiple gestation
after therapy for infertility is especially high among
women in whom ovulation is induced with gonado-
tropins. Whether the number of high-order multiple
pregnancies (those with three or more fetuses) can
be reduced is not known.

Methods We analyzed data on 3347 consecutive
treatment cycles in 1494 infertile women, 441 of which
resulted in pregnancy. The data collected included
the peak serum estradiol concentration, the number
of follicles 16 mm or larger in diameter, and the total
number of follicles on the day of induction of ovula-
tion with human chorionic gonadotropin. Receiver-
operating-characteristic curves and ordinal logistic-
regression analyses were used to identify values that
predicted multiple conceptions.

Results Among the 441 pregnancies, 314 resulted
from the conception of singletons, 88 of twins, 22
of triplets, 10 of quadruplets, 5 of quintuplets, and 2 of
sextuplets. Neither the number of follicles 16 mm or
larger nor peak serum estradiol concentrations great-
er than 2000 or 2500 pg per milliliter (7342 or 9178
pmol per liter) (the cutoff values currently in wide use)
were significantly associated with the incidence of
high-order multiple pregnancy. However, increasing
total numbers of follicles and increasing peak serum
estradiol concentrations correlated significantly with
an increasing risk of high-order multiple pregnancy
(P<0.001), as did younger age (P=0.008). The risk of
high-order multiple pregnancy was significantly in-
creased in women with a peak serum estradiol con-
centration of 1385 pg per milliliter (5084 pmol per li-
ter) or higher (multivariate odds ratio, 1.9; 95 percent
confidence interval, 1.3 to 2.8) or with seven or more
follicles (multivariate odds ratio, 2.1; 95 percent con-
fidence interval, 1.2 to 3.9) on the day of induction of
ovulation.

Conclusions Gonadotropin stimulation that is less
intensive than is currently customary may reduce
the incidence of high-order multiple pregnancy in in-
fertile women, though only to a limited extent and at
the expense of overall pregnancy rates. (N Engl J Med
2000;343:2-7.)
©2000, Massachusetts Medical Society.
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HE incidence of high-order multiple ges-

tation, defined as a pregnancy involving

three or more fetuses, has been rapidly in-

creasing, because of the growing use of in-
fertility treatment, especially induction of ovulation
with gonadotropins and in vitro fertilization.!3 In the
case of in vitro fertilization, this risk can be consid-
erably reduced by transferring only two embryos,
with minimal effect on overall pregnancy rates.* The
American Society for Reproductive Medicine cur-
rently recommends the transfer of a maximum of
three to five embryos that have been fertilized in vi-
tro.5 Furthermore, the ability to culture embryos to
the blastocyst stage® now permits the transfer of fewer
but more highly viable embryos.”® The transfer of
only two such embryos to the uterus can be expect-
ed to result in a clinical pregnancy in up to 60 per-
cent of women.”® High-order multiple pregnancies
thus do not occur except in rare instances of mono-
zygotic splitting.

In contrast, there is no way to reduce the risk of
multiple births after induction of ovulation alone
without reducing the rate of conception.® As a con-
sequence, multiple pregnancies after induction of ovu-
lation have come to constitute the majority of all
multiple pregnancies related to infertility treatment,?
and this proportion will increase as in vitro fertiliza-
tion results in fewer such pregnancies. The recent in-
crease in the incidence of multiple births after ovu-
lation induction suggests that this treatment may now
be in clinical use on a broader scale. The consider-
able human and financial costs of high-order multiple
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births!%-1! therefore necessitate a reevaluation of con-
trolled gonadotropin-stimulated induction of ovula-
tion. We conducted this study to assess the risk fac-
tors associated with high-order multiple pregnancies
after induction of ovulation and to determine wheth-
er the incidence of such pregnancies could be reduced
without adversely affecting the overall rate of preg-
nancy.

METHODS

Between January 1, 1997, and November 30, 1998, the Center
for Human Reproduction—Illinois scheduled 4035 cycles of ovar-
ian stimulation in 1661 women. Of these 4035 cycles, 688 (17.1
percent) were canceled before stimulation with gonadotropins was
started, and 210 of the remaining cycles (6.3 percent) were can-
celed during stimulation, before the administration of human cho-
rionic gonadotropin, leaving 3137 completed cycles for analysis
(Table 1).

These completed cycles of stimulation were performed in 1494
women; their mean (=SD) age was 34£5 years. These women ei-
ther were anovulatory or were undergoing ovarian stimulation on
an empirical basis,!2 usually in conjunction with intrauterine in-
semination, as previously described.!3

Among the 3137 completed cycles, 441 (14.1 percent) resulted
in a clinical intrauterine pregnancy, defined as a sonographically
confirmed pregnancy with fetal heart activity, and were analyzed
in this study. In addition, there were 11 ectopic pregnancies (0.4
percent of completed cycles) and 44 pregnancies manifested only
by an elevated serum chorionic gonadotropin concentration (1.4
percent of completed cycles); neither of these types of pregnancy
was considered in this study. Of the 441 intrauterine pregnancies,
76 (17.2 percent, or 2.4 percent of completed cycles) ended in
loss during the first trimester, and 12 (2.7 percent, or 0.4 percent
of completed cycles) ended in loss during the second trimester.

Data on all treatment cycles were entered into an electronic data
base and analyzed monthly. A coordinator generated monthly re-
ports on outcomes and extracted the data to be analyzed in this
study. Ovarian cycles were stimulated by administration of gonad-
otropins and monitored as previously described.!3 Serum estradiol
was measured and ovarian ultrasonography was performed serially
from day 4 of stimulation until peak serum estradiol concentra-
tions were reached, at which time human chorionic gonadotropin
was administered to induce ovulation. Similarly, the number of
preovulatory follicles with a diameter of 16 mm or more and the
total number of follicles were counted serially beginning on day 4.

The cycles of ovarian stimulation were managed by physicians
according to general guidelines.’* They were given a choice of var-
ious gonadotropin products, but during the latter half of 1997
and most of 1998, more than half the women were given a generic
preparation of human menopausal gonadotropins (Ferring Phar-
maceuticals, Tarrytown, N.Y.), described elsewhere in detail.!s In-
stitutional guidelines strongly recommended the cancellation of
cycles of stimulation if serum estradiol concentrations were greater
than 2500 pg per milliliter (9178 pmol per liter) or if there were
six or more preovulatory follicles 16 mm or larger in diameter on
the day of human chorionic gonadotropin administration; cancel-
lation was suggested if serum estradiol concentrations were greater
than 2000 pg per milliliter (7342 pmol per liter) or if there were
four or five follicles 16 mm or larger in diameter.

Serum estradiol was measured with a competitive immunoassay
that uses direct chemiluminescence (Automated Chemilumines-
cence System 180 Estradiol-6 Assay, Bayer/Chiron Diagnostics,
Norwood, Mass.). The lower limit of detection of this assay is 10
pg per milliliter (37 pmol per liter).

Comparisons among the women with intrauterine pregnancies
according to the number of gestations were made by one-way
analysis of variance. Candidate variables for multivariate analysis
were examined with use of receiver-operating-characteristic curves

TABLE 1. CHARACTERISTICS AND OUTCOMES
OF THE CYCLES OF OVARIAN STIMULATION
IN INFERTILE WOMEN.

PERCENT OF
COMPLETED
VARIABLE NuMBER CvcLes
Cycles
Scheduled 4035
Canceled before gonadotropin 688
stimulation
Started 3347
Canceled during gonadotropin 210
stimulation
Completed 3137
Clinical pregnancy 441 14.1
Loss of pregnancy
During first trimester 76 2.4
During second trimester 12 0.4
Ectopic pregnancy 11 0.4
Pregnancy manifested only by an el- 44 1.4

evated serum chorionic gonad-
otropin concentration

and Pearson’s correlations. Quintiles of the group of women de-
fined according to the number of follicles and according to the
peak serum estradiol concentration were examined with respect
to the outcome of pregnancy with use of receiver-operating-char-
acteristic curves that were constructed with SPSS software (SPSS,
Chicago),'¢ with high-order multiple pregnancy as the test state.

Multivariate ordinal logistic regression with the proportional-
odds model, performed with SAS-NT software (version 6.12, SAS
Institute, Cary, N.C.), was used to determine the extent to which
the peak serum estradiol concentration, the total number of fol-
licles, and the age of the woman were associated with the number
of gestations. From the ordinal logistic-regression model, propor-
tional odds for cumulative probabilities were generated. Quintiles
of peak serum estradiol concentration and quintiles of the total
number of follicles were transformed into four dummy variables
cach with the lowest level serving as the reference value. The ages
of the women were entered as a continuous variable.

The C statistic, calculated with the SAS Proc Logist proce-
dure,'” was used to evaluate the predictive ability of the examined
models in the form of a rank correlation. The ordered form of
the dependent variable, coded as 1 (to indicate no pregnancy in
a cycle), 2 (to indicate one or two gestations), or 3 (to indicate
three or more gestations), vielded the highest C statistic (0.64),
representing the area under the curve, and hence had the greatest
predictive value. This form of the model was used to derive pre-
dicted probabilities, with all the terms simultaneously entered into
the model. The statistical tests were two-sided.

RESULTS

Of the 441 clinical intrauterine pregnancies, 314
(71.2 percent) resulted from the conception of sin-
gletons, 88 (20.0 percent) of twins, 22 (5.0 percent)
of triplets, 10 (2.3 percent) of quadruplets, 5 (1.1
percent) of quintuplets, and 2 (0.5 percent) of sex-
tuplets. Low-order pregnancies (singletons and twins)
thus made up 402 (91.2 percent) of the pregnancies,
and high-order pregnancies (three or more embryos)
39 (8.8 percent) of them.
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TABLE 2. RESULTS OF UNIVARIATE ANALYSIS
OF THE CORRELATION BETWEEN THE WOMAN’S
AGE AND TYPE OF PREGNANCY.*

Woman’s
VARIABLE Ace
yr
Type of pregnancy
Singleton 334
Twins 32+4
Triplets 32=*3
Quadruplets 32+4
Quintuplets 33+4
Sextuplets 28+1
D for trend 0.008
Pregnancy ordert
Low 33*+4
High 32+4
P value 0.12

*Plus—minus values are means £SD.

tA low-order pregnancy was defined as one in-
volving the gestation of a singleton or twins, and a
high-order pregnancy as one involving triplets, quad-
ruplets, quintuplets, or sextuplets.

The age of the women correlated significantly with
the risk of multiple pregnancy (P=0.008), with
younger women at higher risk (Table 2). The peak
serum estradiol concentration and the total number
of follicles, but not the number of large follicles (those
=16 mm in diameter), also varied significantly ac-
cording to the number of gestations (Table 3). Re-
ceiver-operating-characteristic curves were calculat-
ed for quintiles of the number of follicles 16 mm or
more in diameter (<6, 7 to 9, 10 to 14, 15 to 21,
and =22 follicles) and quintiles of the peak serum es-
tradiol concentrations (<404, 405 to 660, 661 to 934,
935 to 1384, and =1385 pg per milliliter [ <1486,
1487 to 2426, 2427 to 3431, 3432 to 5083, and
=5084 pmol per liter]). Only the quintiles of the
peak serum estradiol concentration and the total num-
ber of follicles yielded areas under the curve that in-
dicated that their respective increasing values were
predictive of high-order multiple pregnancies.

A correlation matrix revealed that the peak serum
estradiol concentration and the total number of fol-
licles were directly correlated with the incidence of
high-order multiple pregnancy (for peak serum es-
tradiol concentration: r=0.24, P<0.001; for total
number of follicles: r=0.26, P<<0.001). Age was in-
versely correlated with the incidence of high-order
multiple pregnancy (r=—0.14, P=0.008). There was
no correlation between the number of follicles 16
mm or more in diameter and the incidence of high-
order multiple pregnancies.

Table 4 summarizes the number of cycles with no
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TABLE 3. SERUM ESTRADIOL CONCENTRATIONS, NUMBERS
OF LARGE FOLLICLES, AND TOTAL NUMBERS OF FOLLICLES
IN THE WOMEN WITH CLINICAL INTRAUTERINE PREGNANCIES. *

PEAK SERUM
VARIABLE ESTRADIOL No. oF FoLLICLES
LARGE (=16 mm) TOTAL
pg/mi
Outcome of pregnancy
Singleton 978+671 3.0x19 17.2+10.1
Twins 1458+922 4.0*+2.0 20.6+9.0
Triplets 1534+367 29*1.6 24.2+10.0
Quadruplets 1506+921 3.0x1.6 24.8+15.2
Quintuplets 1168+511 2.6x0.9 29.4+9.3
Sextuplets 1573+921 2.0*x14 30.0=14.1
P for trend <0.001 0.78 <0.001
Pregnancy ordert
Low 1057x716 3.2+2.0 17.8%+10.0
High 1482+583 2.8*15 25.3+11.3
D value <0.001 0.31 <0.001

*Plus—minus values are means =SD. Numbers of follicles are the num-
bers on the day of administration of human chorionic gonadotropin. To con-
vert the values for serum estradiol to picomoles per liter, multiply by 3.671.

tA low-order pregnancy was defined as one resulting in a singleton or
twins, and a high-order pregnancy as one resulting in triplets, quadruplets,
quintuplets, or sextuplets.

pregnancy, low-order pregnancy (singleton or twins),
or high-order multiple pregnancy and the respective
predicted probability of pregnancy, after adjustment
for age, according to multivariate ordinal logistic re-
gression. Table 5 presents an ordinal logistic-regres-
sion model of increasing incidence of multiple preg-
nancy according to the total number of follicles at
the time of administration of human chorionic go-
nadotropin, the peak serum estradiol concentration,
and age of the woman. For example, a peak serum
estradiol concentration of 1385 pg per milliliter or
higher was associated with a significantly increased
risk of a high-order multiple pregnancy (adjusted odds
ratio, 1.9; P=0.002), as was the presence of seven to
nine follicles (adjusted odds ratio, 2.1; P=0.01). In
fact, adjustment for all the terms in this model sug-
gested that for the peak serum estradiol concentra-
tion and the total number of follicles, these are the
respective threshold values that indicate an increased
risk of high-order multiple pregnancy. The data also
demonstrate that this risk increases further with in-
creasing serum estradiol concentrations and increas-
ing total numbers of follicles (and with younger age).

Table 4 also permits assessment of the effect of ter-
minating or continuing cycles characterized by cer-
tain combinations of serum estradiol concentrations
and total numbers of follicles. For example, when
the number of follicles exceeds nine and the highest
quintile for the peak serum estradiol concentration
(=1385 pg per milliliter) is reached, the probability
of pregnancy starts to exceed that of no pregnancy.
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