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Advancing female age is believed to have adversePurpose: The purpose was to determine the effect of basal
uterine perfusion on the pregnancy rates of in vitro fertiliza- effects on the outcome of assisted conception cycles.
tion and embryo transfer (IVF-ET) in women aged 40 In the literature, women aged 40 and above exhibited
and above. significant differences in reduction of number of antral
Methods: A total of 47 patient aged 40 and over underwent follicles, oocytes or embryos (1–3), poor ovarian
IVF-ET. The conception cycles and the nonconception cycles response to exogenous gonadotropins (4), lower
were compared. chance of pregnancy and higher chance of spontaneous
Results: Of the 47 patients, 4 patients were pregnant (8.5%).

abortion in in vitro fertilization (IVF) (3,5,6). TheThe mean age, basal follicle stimulating hormone (FSH),
number of follicles decreased between 22 and 42 yearsbasal estradiol (E2) level, antral follicle count (AFC), num-
of age, decreasing especially rapidly after the age ofber of ampoules of gonadotropin used, E2 levels and endome-
38 (1,7). In addition to the decrease in the number oftrial thickness on the day of human chorionic gonadotropin
oocytes, folliculogenesis also is compromised to yield(hCG) administration, number of retrieved and fertilized

oocytes, and number of transferred embryos were not statisti- more poor-quality oocytes in the reproductively aged
cally significant between the conception and nonconception ovary due to genetic degeneration within oocytes (8,9).
cycles. However, the basal uterine artery pulsatility index Similarly, the effect of age on the uterus may include
(UA PI) was significantly lower in the conception cycles reduced vascular perfusion (10). Accordingly,
(P , 0.001). The receiver operating characteristics (ROC) impaired uterine blood flow has been suggested as a
curve analysis for basal FSH, AFC, and basal UA PI in possible cause of infertility (10). Recently, the associa-
predicting the pregnancy rate of IVF in patients aged $ 40

tion of a lower preovulatory uterine artery pulsatilitywere demonstrated. The best prediction rate was achieved
index (UA PI) with a higher pregnancy rate andby a pulsatility index cutoff of , 2.0 for a receptive uterus.
implantation rate in IVF has been established by usingConclusions: Increased uterine perfusion in the early follic-
transvaginal color Doppler sonography (TV-CDS)ular phase enhanced the pregnancy rate of IVF in women
(11–13). Moreover, the use of low-dose aspirin treat-aged 40 and above. It is therefore essential that patients

aged $ 40 with poor basal uterine perfusion should be ment in the early follicular phase to increase the basal
identified early in the early follicular phase of the menstrual and subsequent uterine perfusion was reported to have
cycle to apply appropriate intervention to improve the uter- a higher pregnancy rate (11). This suggests that the
ine circulation for the subsequent chance of pregnancy. subsequently better endometrial receptivity may be

related to a higher grade of uterine perfusion in theKEY WORDS: Basal uterine perfusion; color Doppler ultrasound;
IVF-ET, pregnancy rate; women aged 40 and above. early follicular phase.

Despite awareness of good uterine blood flow in the
periovulatory stage for successful assisted conception,
little information is available regarding the uterine per-
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perfusion on the pregnancy rate of IVF among womenRepublic of China.
2 To whom correspondence should be addressed. aged 40 and above. Although basal follicle-stimulating

409 1058-0468/00/0900-0409$18.00/0 q 2000 Plenum Publishing Corporation



410 CHIANG ET AL.

hormone (FSH) and antral follicle count (AFC) have gonadotropin (hMG) (Pergonal; Serono Laboratories)
were administered daily for the first 3 days. Then, thebeen reported to be predictive on the outcome of IVF

(14–16), the optimal parameter in predicting the preg- dose was tailored according to the number and sizes
of follicles as monitored daily using transvaginal ultra-nancy rate of IVF in women aged 40 and above is

currently absent. The aim of this study was to deter- sound and serial serum estradiol levels. Ten thousand
international units of hCG (Pregnyl; Organon, Oss, themine the effect of basal uterine perfusion on the preg-

nancy rate of IVF in women aged 40 and above and Netherlands) were administered intramuscularly when
the mean diameter of two or more leading folliclescompared it with aforementioned predictive markers

with receiver operating characteristics curve. reached 16 mm. Transvaginal ovum retrieval was
scheduled 36 hr later. Embryo transfer was performed
48–72 hr following fertilization. Luteal phase support
was supplied for all patients in the form of oral proges-MATERIALS AND METHODS
terone (Utrogestan, Laboratories Piette International,
Brussels, Belgium) and hCG (Pregnyl) injections, 2500From December 1997 to December 1998, a total of

58 patient aged 40 and over were scheduled to undergo IU intramascularly every fourth day starting on the
day of embryo transfer and continued for 2 weeks. AIVF at our IVF unit. Of these, 11 patients were can-

celled due to poor ovarian response. Forty-seven urine pregnancy test was performed 17 days after the
transfer procedure. Clinical pregnancy was defined aspatients aged 40 and over undergoing IVF-ET were

enrolled. This study was approved by the institutional the presence of at least one intrauterine gestational sac
on transvaginal sonography or pathological confirma-review board at Chang Gung Memorial Hospital. Hyst-

eroscopy was routinely performed on all patients to tion of gestational tissue from surgical procedures.
Parameters determined on all patients included age,confirm a normal uterine cavity in the preceding men-

strual cycles before IVF. day 3 FSH, day 3 estradiol (E2), antral follicles count,
basal uterine artery PI, number of ampoules of gonado-Ultrasound evaluation was carried out routinely for

all patients on day 3 of the cycle between 0700 to tropins used, E2 level and endometrial thickness (mm)
on day of hCG administration, number of dominant0900 using an Acuson computed ultrasound 120XP/

10 (Acuson Inc., Mountain View, CA) by one operator follicles, number of retrieved and fertilized oocytes,
number of embryos transferred, and clinical pregnancy(CHC). A 7-MHz high-frequency transducer vaginal

sector scanner for imaging with a 5-MHz pulsed Dopp- rate. The conception and nonconception cycles were
compared.ler system for blood flow analysis was used. The spatial

peak temporal average intensity of ultrasound for B- Results are presented as mean values 6 standard
deviation (SD). Comparisons between means amongmode and Doppler examinations was below 50 mW/

cm2. First, both ovaries were scanned carefully and the study groups were performed using t test. A value
of P , 0.05 was considered statistically significant.total antral follicles (2–8 mm) were counted (16).

Then, the color signal for the main uterine artery was Receiver operating characteristics (ROC) curve
(GraphROC for windows, Turku, Finland) and reliabil-sought paracervically. Both sides of uterine artery PI

were measured during each scan. Maximum waveform ity tests were used. Areas under the ROC curve with
standard error were shown.amplitude was obtained by moving the angle of the

transducer. The lowest PI value for each patient was
used for statistical analyses. The intraobserver coeffi-
cients of variability for all the measurements of PI RESULTS
was , 12%. Each examination lasted approximately
20 min. Of the 47 patients aged 40 and over undergoing

IVF, 4 patients were pregnant. The pregnancy rate wasAll patients received leuplide acetate (1 mg/day sub-
cutaneously) (Lupron; Abbot Australia Pty, Ltd, Kur- 8.5%. The mean age, basal FSH, basal E2 level, and

AFC were not statistically significant between the con-nell, New South Wales, Australia) 10 days before the
expected day of menstruation (long protocol) or on day ception and nonconception cycles (Table I). There was

no statistically significant difference in the number of2 of menstruation (short protocol). This was continued
through the treatment cycle until the time of human ampoules of gonadotropin used, E2 levels and endome-

trial thickness on the day of hCG administration, andchorionic gonadotrophin (hCG) administration. Two
ampoules of FSH (metrodin; Serono Laboratories, number of dominant follicles between both groups

(Table I). There was no difference in the number ofRandolph, MA) and 2 ampoules of human menopausal
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Table I Cycle Profile of the IVF Program Between the Pregnant Group and the Nonpregnant Group of Women Aged 40 and overa

Women aged 40 and over undergoing IVF

Variable Nonpregnant (n 5 43) Pregnant (n 5 4) P

Age (year) 41.8 6 2.0 42.0 6 0.7 NSb

Day 3 FSH (mIU/ml) 6.9 6 2.8 5.9 6 0.6 NS
Day 3 E2 level (pg/ml) 49.5 6 31.3 40.7 6 15.8 NS
No. of antral follicles (2–8 mm) 7.8 6 3.8 9.5 6 3.0 NS
Basal uterine artery PI 2.6 6 0.5 1.9 6 0.2 , 0.001
No. of ampoules of gonadotropins used 47.7 6 12.8 43.5 6 5.1 NS
E2 levels on the day of hCG used (pg/ml) 1551.0 6 907.0 1714.0 6 878.0 NS
Endometrial thickness (mm) on the day of hCG administration 11.2 6 2.3 10.4 6 1.1 NS
No. of dominant follicles 8.0 6 2.5 9.0 6 3.5 NS
No. of retrieved oocytes 6.5 6 3.7 6.8 6 2.0 NS
No. of fertilized oocytes 5.4 6 2.4 5.7 6 1.2 NS
No. of transferred embryos 4.5 6 1.9 4.0 6 0.5 NS
Pregnancy rate (%) 0/47 (0%) 4/47 (8.5%) —

a Data are mean 6 SD.
b Not significant.

retrieved and fertilized oocytes and number of trans- 0.1214, and 0.6337 6 0.1810, respectively (Fig. 1).
The predictive values of different pulsatility index cut-ferred embryos in either group (Table I). However, the

basal UA PI was significantly lower in the conception offs for a receptive uterus are given in Table II. The
best prediction rate was achieved by a pulsatility indexcycles (P , 0.001) (Table I).

The use of basal UA PI in predicting the pregnancy cutoff of , 2.0 with a sensitivity of 75%, specificity
of 84%, positive predict rate of 30%, and negativerate of IVF in patients aged $ 40 was superior to that

using basal FSH or AFC in the ROC curve analysis predictive rate of 97% for a receptive uterus. The
efficacy was 83% (Table II).(Fig. 1). Areas under the ROC curve for UA PI, basal

FSH, and AFC were 0.9070 6 0.0000, 0.6395 6

DISCUSSION

Advancing age has been shown to have adverse
effects on female fertility due to tubal disease from
pelvic infection, deciliation of the fallopian tubal endo-
thelium, ovulatory dysfunction, endometriosis and
fibroids, and reduced vascular perfusion of the uterus
(17). In addition, there also is an increased risk of
decreasing retrieved oocytes, transferred embryos, and
pregnancy rate and increasing cancellation rate and
spontaneous abortion rate in assisted reproduction in
women aged 40 and above (2–6,17). Moreover, the
pregnancy rate of assisted reproductive technologies

Table II. Predictive Values of Basal Uterine Artery Pulsatility
Index (UA PI) Cutoffs for a “Receptive” Uterus in IVF Patients

Aged $ 40

Sensitivity Specificity PPVa NPVa

UA PI , 2.0 75% 84% 30% 97%
Fig. 1. Receiver operating characteristics (ROC) curve of the basal UA PI , 2.5 100% 58% 18% 100%
uterine artery pulsitility index (basal UA PI), antral follicle count UA PI , 3.0 100% 19% 10% 100%
(AFC), and basal follicle-stimulating hormone (basal FSH). A, The

a PPV, Positive predictive values; NPV, negative predictive values.area under the ROC curve; SE, standard error.
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in women aged 40 and above ranges only from 6.1 One might speculate that basal E2 levels may play
a role in influencing the basal uterine artery pulsatilityto 9.5% (17). Despite the poor pregnancy rate, there

currently is no optimal predictive marker to predict index because several studies have shown the relation-
ships between the effect of estrogen and uterine bloodthe pregnancy rate of IVF in women aged 40 and

above. In the present study, we have studied the rele- flow, while other studies were contradictive (12,13,20–
22). de Ziegler et al. (20) indicated that E2 at physiolog-vance of uterine artery impedance in the early follicular

phase in predicting the pregnancy rate of IVF in women ical levels decreases vascular resistance of uterine
arteries in young women with absent or nonfunctioningaged 40 and above.

The assessment of uterine artery circulation on the ovaries. Hillard et al. (21) also reported that HRT
(transdermal E2, 0.05 mg/day) has a profound effectday of hCG administration or following oocyte

retrieval has been suggested as a predictive marker of on arterial tone in postmenopausal women. Moreover,
Cacciatore and co-workers (13) found that E2 levelspregnancy rate among women undergoing IVF treat-

ment (11–13). Steer et al. (12) have suggested that a at the moment of ET were correlated with uterine artery
pulsatility indices. Besides, uterine artery pulsatilitypulsatility index . 3.0 on the day of ET indicated a

particularly low uterine receptivity. Cacciatore et al. index on the date of ET also correlated with the number
of retrieved oocytes (13). However, Steer et al. (12)(13) found implantation becoming very unlikely when

pulsatility index was . 3.3 and resistance index . did not find any correlation between E2 and uterine
artery pulsatility index in their IVF patients before the0.95 or when no velocities were detected at the end

of the diastole of the uterine artery. Coulam and co- time of ET. In addition, high E2 levels during and after
the 10th week of gestation might be associated withworkers (18) also found a significant decrease of preg-

nancy rate when uterine artery pulsatility index was decreased uterine blood flow volume (22). In the pres-
ent study, the lower uterine artery pulsatility index was. 3.3 before ET. However, a prospective, randomized,

double-blind, and placebo-controlled study showed not secondary to the elevation of basal estradiol levels
in the pregnant women aged $ 40. The basal E2 levelsthat low-dose aspirin treatment started on the 21st day

of the preceding menstrual cycle significantly were not statistically significant between the concep-
tion and nonconception cycles.improved the ovarian responsiveness, uterine and ovar-

ian blood flow velocity on the day of HCG administra- Whether the aging human uterus has an age-related
decrease in the basal uterine artery pulsatility indextion, implantation, and pregnancy rates in IVF patients

(19). Wada et al. (11) showed that aspirin in low daily remains controversial, although Goswamy et al. (10)
reported that uterine artery pulsatility index decreasedamount, started from day 1 together with hormone

replace therapies (HRT) was associated with improved with age and suggested a detrimental effect of age on
uterine perfusion. In contrast, Cacciatore et al. (13)uterine blood flow and satisfactory pregnancy rate.

These findings suggested the importance of improved could not find any correlation between age and uterine
artery pulsatility index or endometrial growth at thebasal uterine perfusion, essentialness of evaluating

uterine artery pulsatility indices in the early follicular time of ET. Moreover, Guanes et al. (23) showed that
age did not affect uterine resistance to vascular flowphase, and correlation between basal uterine perfusion

and pregnancy rate of IVF. The present study showed from week 6 of pregnancy to week 12 in pregnant
patients receiving oocyte donation. Kurjak et al. (24)that pregnant IVF patients aged 40–45 years presented

lower uterine artery pulsatility index (mean 5 1.9 6 reported that the uterine artery resistance index did not
change significantly in the first postmenopausal years,0.2) in the early follicular phase compared with the

nonconception cycles (mean 5 2.6 6 0.5). The pres- suggesting the thesis that the aging process initially
affected the uterus less than the ovary.ence of lower basal uterine artery pulsatility index may

indicate a more prominent uterine perfusion in the Although several markers have been used to assess
the ovarian reserve and pregnancy rate of IVF, noearly follicular phase and subsequently might have

a higher grade of uterine perfusion during ovarian marker is available to optimally predict the pregnancy
rate of IVF in women aged 40 and above. Basal FSHstimulation. As a result, a better endocrine, paracrine,

and autocrine milieu within the uterus may be present and AFC commonly have been used to predict the
outcome of assisted reproduction (15,16,25). A previ-in the early follicular phase and during superovulation.

Hence, a better subsequent uterine receptivity or higher ous report on basal FSH has shown that women with
elevated basal serum FSH levels might have a lowerchance of implantation may be expected in woman

aged 40 and above with lower basal uterine artery pregnancy rate in IVF (15). The ongoing pregnancy
rate per attempt of IVF were 18%, 15%, and 0% forpulsatililty index.
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