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Abstract

%DFNJURXQG Multiple pregnancies are an important complication of assisted reproductive technology (ART). The present study aims to indentify the risk factors for multiple
pregnancies independent of the number of transferred embryos.
0DWHULDOVDQG0HWKRGV This retrospective study reviewed the medical records of patients who underwent intracytoplasmic sperm injection (ICSI) cycles in Royan Institute
between October 2011 and January 2012. We entered 12 factors that affected the number
of gestational sacs into the poisson regression (PR) model. Factors were obtained from
two study populations-cycles with double embryo transfer (DET) and cycles that transIHUUHGWKUHHHPEU\RV 7(7 :HVRXJKWWRGHWHUPLQHWKHIDFWRUVWKDWLQÀXHQFHGWKHQXPber of gestational sacs. These factors were entered into multivariable logistic regression
(MLR) to identify risk factors for multiple pregnancies.
5HVXOWV A total of 1000 patients referred to Royan Institute for ART during the study period.
We included 606 eligible patients in this study. PR analysis demonstrated that the quality of
WUDQVIHUUHGHPEU\RVDQGZRPDQ¶VDJHKDGDVLJQL¿FDQWHIIHFWRQWKHQXPEHURIREVHUYHGVDFV
LQSDWLHQWVZKRXQGHUZHQW,&6,ZLWK'(77KHUHZDVQRVLJQL¿FDQWSUHGLFWLYHYDULDEOHIRU
PXOWLSOHSUHJQDQFLHVDFFRUGLQJWR0/5DQDO\VLV2XU¿QGLQJVGHPRQVWUDWHGWKDWERWKUHJUHVVLRQPRGHOV 35DQG0/5 KDGWKHVDPHRXWSXWV$VLJQL¿FDQWUHODWLRQH[LVWHGEHWZHHQDJH
and fertilization rate with multiple pregnancies in patients who underwent ICSI with TET.
&RQFOXVLRQ Single embryo transfer (SET) should be considered with the remaining embryos
cryopreserved to prevent multiple pregnancies in women younger than 35 years of age who
undergo ICSI cycles with high fertilization rates and good or excellent quality embryos. However, further prospective studies are necessary to evaluate whether SET in women with these
ULVNIDFWRUVFDQVLJQL¿FDQWO\GHFUHDVHPXOWLSOHSUHJQDQFLHVDQGLPSURYHF\FOHRXWFRPHV
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Introduction

Materials and Methods

At present, the use of assisted reproductive
technology (ART) is expanding worldwide. A related challenge after ovarian hyperstimulation is
multiple gestation and the health of children born
by ART. Recently, the rate of multiple pregnancies has dramatically increased due to the widespread use of ART (1). Multiple pregnancies are
associated with increased risk of maternal and
fetal complications (2). The ideal of infertility
therapy is to achieve one healthy baby at a time
(3). Despite the attempts to limit the incidence of
multiple pregnancies after ART by elective single
embryo transfer (SET), the average in vitro fertilization (IVF) treatment includes transfer of two,
three or sometimes more embryos into the uterus.
SET, as a clinical practice, has not been executed
in some countries.

This retrospective cohort study reviewed the
records of patients referred to Royan Institute between October 2011 and January 2012. The InstiWXWLRQDO 6FLHQWL¿F %RDUG RI 5R\DQ ,QVWLWXWH DSproved this study. Admitted patients gave written
consent that stated which the treatment informaWLRQZRXOGEHXVHGIRUVFLHQWL¿FSXUSRVHVZLWKRXW
mentioning names or personal details.

Previous studies evaluated embryo and cycleVSHFL¿F SDUDPHWHUV DVVRFLDWHG ZLWK WZLQ SUHJnancies after double embryo transfer (DET)
(4-8). Niu et al. (4) found that four factors-the
¿UVW WUHDWPHQW F\FOH JRRG RYDULDQ UHVSRQVH
higher number of top-quality embryos, and development stage score of the second-best embryo
transferred had an independent association with
twin pregnancies after DET. Xu et al. (5) reported that women’s age and the number of highquality embryos transferred were risk factors
associated with twin pregnancies after IVF with
DET. Groeneveld et al. (6) demonstrated that the
height of the women and the number of oocytes
retrieved were associated with an increased risk
of twins after DET.
In a recent study, Kim et al. (8) concluded that
younger age, higher body weight, and better
quality of transferred embryos showed an association with increased chance for twin pregnanFLHV DIWHU '(7 DW FOHDYDJH VWDJH ,GHQWL¿FDWLRQ
of risk factors for multiple pregnancies can enable medical personnel to provide counseling and
information to couples at high risk for multiple
pregnancies and suggest SET in their infertility
treatment program. The aim of present study is
to evaluate the factors that affect the occurrence
of multiple pregnancies after transfer of two or
three embryos in intracytoplasmic sperm injection (ICSI) by two different regression analyses
(poisson and Logistic).

The data related to infertile couples who underwent ICSI cycles and included: demographic
information, medical records, and cycle characteristics. Excluded from the study were: women
older than 40 years, uterine factor infertility
(myoma, polyps, and congenital malformations),
recurrent miscarriages, and stages II or III endometriosis. Cycles with donor oocytes or embryos,
preimplantation genetics diagnosis, and blastocyst embryo transfer were also excluded. In this
study we reviewed all ICSI cycles that had complete data. Embryo quality was recorded based on
the fragmentation degree and regularity of blastomeres on day 3 after fertilization, as follows
(9): excellent: 6-8 equal sized blastomeres with
IUDJPHQWDWLRQJRRGHTXDORUXQHTXDO
sized blastomeres with 10-20% fragmentation;
and fair: uneven sized and few blastomeres with
>20% fragmentation. We calculated the fertilization rate according to the number of fertilized oocytes per number of microinjected MII oocytes.
Multiple pregnancies were considered as the observation of more than one gestational sac with
heart beats by vaginal ultrasound evaluation six
weeks after embryo transfer.
6WDWLVWLFDODQDO\VLV
7KH¿QGLQJVZHUHGHVFULEHGDVPHDQ6'IRU
quantitative variables and number (%) for qualitative variables. We compared the study population characteristics according to the number of
embryos transferred, either DET or triple embryo
transfer (TET) according to the student’s t test
and chi-square test for quantitative and qualitative variables, respectively. To investigate the
relationship between factors and gestational sac,
we used the statistical software STATA 11 program and the logistic and poisson regression (PR)
models. On the basis of previous studies (5, 8, 10,
11), the possible variables that affected the num-
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ber of gestational sacs included: women’s age,
body mass index (BMI), infertility type, infertility cause and duration, acquired uterine anomaly,
endometrial thickness on the day of the human
chorionic gonadotropin (hCG) injection, type of
stimulation protocol, present cycle type, ovarian
response type, total number of gonadotropin ampules, total number of retrieved oocytes, number
of MII oocytes, fertilization rate, and quality of
transferred embryos were listed in the PR model
for both study populations (DET and TET). Multiple logistic regression (LR) model was used to
GHWHUPLQHVLJQL¿FDQWYDULDEOHVUHODWHGWRPXOWLSOH
pregnancies. We considered P<0.05 to be statistiFDOO\VLJQL¿FDQW

Results
A total of 1000 patients referred to Royan Institute
for ART during the study period. We included 606
patients in this study. There were 336 patients with
DET and 270 patients with TET. Table 1 lists the
demographic and medical characteristics of patients
according to group (DET or TET). The women’s

mean age, duration of infertility, and number of
previous ART cycles in the TET group were greater
than those in the DET group (P<0.001). The two
JURXSV VKRZHG QR VLJQL¿FDQW GLIIHUHQFHV LQ WHUPV
of BMI, infertility type, endometrial thickness, and
quality of transferred embryos. The DET group had
a higher mean number of retrieved and MII oocytes.
Despite a higher fertilization rate in the TET group,
we observed clinical pregnancy rate between the
two groups (P=0.1).
The distribution of the frequency of the numberof sacs in the DET and TET groups were shown in
Table 2. The results showed that the mean of the
observed gestational sac in the TET group (0.64
± 0.88) was greater than the DET group (0.48 ±
0.72, P=0.01). We calculated incidence rate ratios
(IRRs) for explanatory variables by the PR models
to identify the related variables to the number of
observed gestational sacs after the ICSI cycles. If
an IRR is greater than 1, the incidence rate (IR,
sac no.) increases as x (explanatory variable) increases. If an IRR is less than 1, the IR decreases
as x increases.

Table 1:^ƚƵĚǇƉŽƉƵůĂƟŽŶĐŚĂƌĂĐƚĞƌŝƐƟĐƐŝŶƉĂƟĞŶƚƐǁŝƚŚĚŽƵďůĞĞŵďƌǇŽƚƌĂŶƐĨĞƌ;dͿĂŶĚƚŚƌĞĞĞŵďƌǇŽƚƌĂŶƐĨĞƌ;ddͿ

9DULDEOH

'(7
Q 

7(7
Q 

3YDOXH

Women’s age (Y)

29.3 ± 5.2

32.2 ± 4.2

<0.0001*

Body mass index (BMI)

25.2 ± 3.7

25.7 ± 3.8

0.1

Diagnosis infertility
Female
Male

116 (34.5)
220 (65.5)

112 (58.5)
158 (41.5)

Duration of infertility

5.9 ± 4.2

7.5 ± 5.3

Type of infertility
Primary
Secondary

270 (80.4)
66 (19.6)

212 (78.5)
58 (44.6)

Previous ART attempts

1.09 ± 1.2

1.6 ± 2.0

<0.0001*

Number of used gonadotropin ampules

26.8 ±11.1

29.1 ±11.3

0.01*

Endometrial thickness on hCG day

10.3 ±1.8

10.3 ± 2.0

0.6

Total number of retrieved oocytes

9.9 ± 5.1

8.6 ± 3.5

0.001*

Number of MII oocytes

8.4 ± 4.5

7.6 ± 3.1

0.009*

Quality of transferred embryos
Fair
Excellent
Good

28 (8.4)
48 (14.3)
260 (77.3)

14 (5.2)
34 (12.6)
226 (82.2)

Fertilization rate

0.59 ± 0.24

0.65 ± 0.22

0.002*

Clinical pregnancy rate

119 (35.4)

112 (44.6)

0.1

0.09

<0.0001*
0.5

0.1

5HVXOWVDUHSUHVHQWHGDVPHDQ6'Q  $57$VVLVWHGUHSURGXFWLYHWHFKQRORJ\K&*+XPDQFKRULRQLFJRQDGRWURSLQDQG 6LJQL¿FDQWDWWKHOHYHO
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Table 2: ŝƐƚƌŝďƵƟŽŶ ŽĨ ƚŚĞ ĨƌĞƋƵĞŶĐǇ ŽĨ ŽďƐĞƌǀĞĚ ŐĞƐƚĂƟŽŶĂů
ƐĂĐƐ ŝŶ ƚŚĞ ĚŽƵďůĞ ĞŵďƌǇŽ ƚƌĂŶƐĨĞƌ ;dͿ ĂŶĚ ƚƌŝƉůĞ ĞŵďƌǇŽ
ƚƌĂŶƐĨĞƌ;ddͿŐƌŽƵƉƐ

1XPEHURIVDFV

'(7
Q 

7(7
Q 

3YDOXH

)UHTXHQF\   )UHTXHQF\  

*

0

217 (64.6)

158 (58.5)

1

78 (23.2)

62 (23)

2

39 (11.6)

38 (14.1)

3

3 (0.6)

12 (4.4)

0.01*

6LJQL¿FDQWDWWKHOHYHO

The quality of the transferred embryos and womDQ V DJH VLJQL¿FDQWO\ LPSDFWHG WKH QXPEHU RI REserved sacs in the DET group (Table 3). It means that
the IR of multiple sac in excellent grade embroyos
group was 9 times and meanwhile in good grade
embroyos group was 6 times respect to fair grade
embryos as refrence group. The results showed that
the IRR for women’s age was 0.96 (95% CI: 0.930.99). In other words, one year increases in female
age showed an IR of the observed gestational sac
that decreased 4%. The other explanatory variables
did not impact the number of sacs.
In the TET group, women's age, type of infertilLW\DQGIHUWLOL]DWLRQUDWHVLJQL¿FDQWO\LPSDFWHGWKH
number of sacs (Table 4). The IRR for maternal
age was 0.94 (95% CI: 0.90-0.97) and IRR for the
fertilization rate was 6.02 (95% CI: 2.96-12.22).
The one year increase in female age showed an IR
of the observed gestational sac that decreased 6%.

The IR of the observed gestational sac increases 6
times when one unit increases in the fertilization
rate. The results demonstrated that the IR of the
observed gestational sac in patients with secondary infertility decreased 42% with respect to those
with primary infertility (Table 4).
All the possible affecting variables that included
women’s age, BMI, infertility type, infertility cause
and duration, acquired uterine anomaly, endometrial thickness on the day of the hCG injection, type
of stimulation protocol, present cycle type, ovarian
response type, total number of gonadotropin ampules, total number of retrieved oocytes, number of
MII oocytes, fertilization rate, and quality of transferred embryos were entered in the multiple logestic regression (MLR) model. The result showed that
women's age, duration of infertility, and number of
transferred embryos were the most important variables related to multiple pregnancies in this population (Table 5). Therefore, we repeated the MLR
analysis in the two separate populations (DET and
TET). The results showed that none of the variables
LQWKHPRGHOKDGDVLJQL¿FDQWDVVRFLDWLRQZLWKPXOtiple pregnancies in the DET group. Multiple LR
showed that in the TET group, women's age and
IHUWLOL]DWLRQUDWHZHUHVLJQL¿FDQWO\UHODWHGYDULDEOHV
(Table 6). Women with increased age had a 20% reduction in the odds for multiple pregnancies. When
the fertilization rate increased one unit, the odds for
a multiple pregnancy increased 19.7 times.

Table 3:ZĞƐƵůƚƐŽĨƉŽŝƐƐŽŶƌĞŐƌĞƐƐŝŽŶĨŽƌĂƐƐĞƐƐŝŶŐƚŚĞĞīĞĐƚŽĨĞǆƉůĂŶĂƚŽƌǇǀĂƌŝĂďůĞƐŽŶŶƵŵďĞƌŽĨƐĂĐŝŶƉĂƟĞŶƚƐǁŝƚŚĚŽƵďůĞĞŵďƌǇŽƐƚƌĂŶƐĨĞƌ

9DULDEOH

&RHI¿FLHQW

6(

3YDOXH

,55 &,

Women age

-0.05

0.02

0.004*

0.96 (0.93-0.99)

Quality of transferred embryos
Excellent
Good
Fair

2.20
1.79
Reference

0.73
0.71
-

0.003*
0.012*
-

9.00 (2.16-37.50)
6.01 (1.48-24.37)
-

6(6WDQGDUGHUURU,55,QFLGHQFHUDWHUDWLR&,&RQ¿GHQFHLQWHUYDODQG 6LJQL¿FDQWDWWKHOHYHO

Table 4:ZĞƐƵůƚƐŽĨƉŽŝƐƐŽŶƌĞŐƌĞƐƐŝŽŶĨŽƌĂƐƐĞƐƐŝŶŐƚŚĞĞīĞĐƚŽĨĞǆƉůĂŶĂƚŽƌǇǀĂƌŝĂďůĞƐŽŶŶƵŵďĞƌŽĨƐĂĐŝŶƉĂƟĞŶƚƐǁŝƚŚƚŚƌĞĞĞŵďƌǇŽƐƚƌĂŶƐĨĞƌ

9DULDEOH

&RHI¿FLHQW

6(

3YDOXH

,55 &,

Women age

-0.07

0.02

<0.001*

0.94 (0.90-0.97)

Type infertility
Primary
Secondary

Reference
-0.55

0.23

0.016

0.58 (0.37-0.90)

Fertilization rate

1.79

0.36

<0.001*

6.02 (2.96-12.22)

6(6WDQGDUG(UURU,55,QFLGHQFHUDWHUDWLR&,&RQ¿GHQFHLQWHUYDODQG 6LJQL¿FDQWDWWKHOHYHO
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Table 5:DƵůƟƉůĞůŽŐŝƐƟĐƌĞŐƌĞƐƐŝŽŶĂŶĂůǇƐŝƐďǇďĂĐŬǁĂƌĚŵĂŶŶĞƌĨŽƌ
ƉƌĞĚŝĐƟŶŐŵƵůƟƉůĞƉƌĞŐŶĂŶĐǇŝŶĂůůƐƚƵĚǇƉŽƉƵůĂƟŽŶ
9DULDEOH

OR

&,

3YDOXH*

Women age

0.93

(0.87-0.99)

0.04

Duration of infertility

1.07

(1.00-1.15)

0.03

No. of transferred embryos
(0.96-3.10)
Three embryos
1.73
Two embryos
Reference

0.06

252GGVUDWLR&,&RQ¿GHQFHLQWHUYDODQG 6LJQL¿FDQWDWWKHOHYHO

Table 6:DƵůƟƉůĞůŽŐŝƐƟĐƌĞŐƌĞƐƐŝŽŶĂŶĂůǇƐŝƐďǇďĂĐŬǁĂƌĚŵĂŶŶĞƌĨŽƌ
ƉƌĞĚŝĐƟŶŐŵƵůƟƉůĞƉƌĞŐŶĂŶĐǇŝŶǁŽŵĞŶǁŝƚŚƚŚƌĞĞĞŵďƌǇŽƐƚƌĂŶƐĨĞƌ
ŝŶ/^/ĐǇĐůĞƐ
9DULDEOH

OR

&,

3YDOXH*

Women age

0.8

(0.79-0.99)

0.06

Fertilization rate

19.7

(2.6-100.6)

0.004

252GGVUDWLR&,&RQ¿GHQFHLQWHUYDO,&6,,QWUDF\WRSODVPLFVSHUPLQMHFWLRQ
DQG 6LJQL¿FDQWDWWKHOHYHO.

Discussion
In present study, on the basis of the PR model, we
found that the quality of transferred embryos and
ZRPHQ¶VDJHKDGDVLJQL¿FDQWHIIHFWRQWKHQXPEHU
of observed sacs in patients who underwent ICSI cycles with DET. However, based on the multiple LR
PRGHOZHIRXQGQRVLJQL¿FDQWSUHGLFWLYHYDULDEOHIRU
multiple pregnancy in these patients. Previous studies reported that maternal age (5, 8), body composition (6, 8), good ovarian response, cycle number, and
the number of retrieved oocytes (4) had a relationship
to multiple pregnancies after DET. The current study
results showed no impact by body composition, cycle number, number of retrieved oocytes, and type of
ovarian response. In agreement with previous studies
(5, 8), we found that the quality of transferred embryos
VLJQL¿FDQWO\LQÀXHQFHGWKH,5RIVDFQXPEHUV.DVHU
et al. (7) stated that there were six risk factor for twin
live births after cryopreserved cleavage stage DET cycles: age <35 years, resumption of mitosis, 7-8 viable
cells in the non-lead embryo, transfer of a lead embryo
ZLWKFHOOVDQGDWRWDORIYLDEOHFHOOV
Groeneveld et al. (6), in a large nationwide Dutch
cohort, demonstrated that tall stature and increased
number of retrieved oocytes independently increased
the chance for dizygotic twins after IVF with DET. In
FRQWUDVWWRWKLVVWXG\ZHGLGQRW¿QGDQ\UHODWLRQVKLS
between multiple pregnancies and BMI or number of
retrieved oocytes in ICSI cycles with DET.
In agreement with Niu et al. (4), we found that
excellent and good quality transferred embryos in-
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dependently increased the chances of multiple implantation after ICSI with DET. They suggested that
it was advisable to perform SET when patients had
high risk factors for twin pregnancies that included
initial IVF-ET treatment, good or high ovarian response, more number of top-quality embryos, and
development stage score of the second best embryo
transferred. Fauque et al. (12) concluded that not
only the implantation and pregnancy rates, but also
the live birth rate depended on embryo quality.
On the basis of our knowledge, the present study
ZDV WKH ¿UVW WR HYDOXDWH ULVN IDFWRUV IRU PXOWLSOH
pregnancies in patients who underwent ICSI with
7(72XU¿QGLQJVGHPRQVWUDWHGWKDWERWKUHJUHVsion models (poisson and logistic) had the same
outputs. In both models, women’s age and fertilizaWLRQUDWHVKRZHGVLJQL¿FDQWUHODWLRQVKLSVZLWKPXOtiple pregnancies in these patients. It could be taken
as a measure of oocyte quality, which has been
shown to be associated with increased implantation
potential. A higher rate of fertilization would likely
result in a higher number of MII oocytes and, consequently, a higher chance of good quality embryos
would be associated with higher chances for multiple pregnancies. In agreement with previous studies
we found a negative correlation between female age
and multiple pregnancies in ICSI cycles with TET.
Younger women had increased implantation potential and multiple pregnancies (10, 11).
In the present study, we have sought to evaluate
the risk factors of multiple pregnancies after transfer of two or three embryos in ICSI cycles. If the
risk factors of multiple pregnancies could be idenWL¿HGZHFDQJLYHSURSHUFRXQVHOLQJWRFRXSOHVDW
risk for multiple pregnancies and suggest SET in
their infertility treatment programs.
Currently an ideal target is considered in ART;
a healthy baby is the success, not a positive pregnancy. The majority of twin or high order multiple
pregnancies (HOMP) are not successful or associated with poor maternal and neonatal outcomes (13).
De Neubourg and Gerris (14) have reported that the
twin rate after IVF/ICSI dropped by at least 50%
simply by transferring only one good-quality emEU\RLQWKH¿UVWDQGVHFRQGIUHVK,9),&6,F\FOHV
in young women, without a reduction in the overall
pregnancy rate. They believed that preventing ‘the
second half‘ of IVF/ICSI twins constituted another, probably tougher challenge because the target

)DFWRUV$IIHFWLQJ0XOWLSOH3UHJQDQF\DIWHU,&6,&\FOHV

group was a heterogeneous mix consisting of patients in very different clinical situations. However,
they suggested expanding the SET policy to women
<38 years of age until the third cycle and to cryoperservation cycles. In many European countries
the SET policy is the primary prevention method
used to prevent multiple pregnancies. However, in
Iran, the transfer of just one embryo, even with excellent morphology and quality, is taboo because it
is feared that the pregnancy rate will decline (15).
Despite warnings from physicians about the risks
associated with multiple pregnancies, patients that
have long-term infertility problems perceive twin
or multiple pregnancies as blessings from God. In
VRPH FDVHV WKH\ DUH QRW VDWLV¿HG ZLWK PXOWLIHWDO
pregnancy reduction. However, physicians are ethically obligated to inform the patients regarding the
risks of multiple pregnancies.
A limitation of the present study is its retrospective
nature; therefore, we could not evaluate the effect of
some possible factors reported in previous studies.


3.













Conclusion
We suggest the SET policy for prevention of multiple pregnancies in women younger than 35 years
of age who undergo ICSI cycles with high fertilization rates and excellent or good quality embryos.
The remaining embryos should be cryopreserved.
However, further prospective studies are necessary
to evaluate whether SET in women with these risk
IDFWRUVFDQVLJQL¿FDQWO\GHFUHDVHWKHPXOWLSOHSUHJnancy rate and improve cycle outcomes.

Acknowledgements
We would like to express our appreciation to our
co-workers and all participants involved in this
VWXG\7KHUHLVQR¿QDQFLDOVXSSRUWDQGFRQÀLFWRI
interest in this study.











References


)DXVHU%&'HYURH\30DFNORQ160XOWLSOHELUWKUHVXOWLQJIURPRYDULDQVWLPXODWLRQIRUVXEIHUWLOLW\WUHDWPHQW/DQFHW  

5DR$6DLUDP66KHKDWD+2EVWHWULFFRPSOLFDWLRQVRI
WZLQSUHJQDQFLHV%HVW3UDFW5HV&OLQ2EVWHW*\QDHFRO
  
3UDFWLFH&RPPLWWHHRI$PHULFDQ6RFLHW\IRU5HSURGXFWLYH
0HGLFLQH0XOWLSOHJHVWDWLRQDVVRFLDWHGZLWKLQIHUWLOLW\WKHUDS\DQ$PHULFDQ6RFLHW\IRU5HSURGXFWLYH0HGLFLQH3UDFWLFH&RPPLWWHHRSLQLRQ)HUWLO6WHULO  
1LX =+ )HQJ< =KDQJ$- =KDQJ +4 6XQ<- /X ;:
)DFWRUVUHODWHGWRRFFXUUHQFHRIWZLQSUHJQDQF\DIWHUGRXEOHHPEU\RWUDQVIHULQYLWURIHUWLOL]DWLRQF\FOHV=KRQJKXD
)X&KDQ.H=D=KL  
;X:+7RQJ;0=KX+</LQ;1-LDQJ/<=KDQJ6<
5LVN IDFWRUV DVVRFLDWHG ZLWK WZLQ SUHJQDQF\ LQ GRXEOH
HPEU\RWUDQVIHU=KRQJKXD<L;XH=D=KL  
2615-2618.
*URHQHYHOG ( /DPEHUV 0- 6WDNHOEHHN 0( 0RRLM 70
YDQGHQ%HOW'XVHERXW$:+H\PDQV0:HWDO)DFWRUV
DVVRFLDWHG ZLWK GL]\JRWLF WZLQQLQJ DIWHU ,9) WUHDWPHQW
ZLWKGRXEOHHPEU\RWUDQVIHU+XP5HSURG  
2966-2970.
.DVHU'-0LVVPHU6$&RUUHLD.)&H\KDQ67+RUQVWHLQ
0' 5DFRZVN\ & 3UHGLFWRUV RI WZLQ OLYH ELUWK IROORZLQJ
FU\RSUHVHUYHGGRXEOHHPEU\RWUDQVIHURQGD\-$VVLVW
5HSURG*HQHW  
.LP06.LP-+-HH%&6XK&6.LP6+)DFWRUVDIIHFWLQJRFFXUUHQFHRIWZLQSUHJQDQF\DIWHUGRXEOHHPEU\R
WUDQVIHU RQ GD\  - 2EVWHW *\QDHFRO 5HV    
1223-1228.
$VKUD¿ 0 .DULPLDQ / (IWHNKDUL<D]GL 3 +DVDQL )$UDELSRRU$%DKPDQDEDGL$HWDO(IIHFWRIRRF\WHG\VPRUSKLVPV RQ LQWUDF\WRSODVPLF VSHUP LQMHFWLRQ F\FOH RXWFRPHVLQQRUPDORYDULDQUHVSRQGHUV-2EVWHW*\QDHFRO
5HV  
7XU5%DUUL31&RUROHX%%X[DGHUDV50DUWLQH])%DODVFK - 5LVN IDFWRUV IRU KLJKRUGHU PXOWLSOH LPSODQWDWLRQ
DIWHU RYDULDQ VWLPXODWLRQ ZLWK JRQDGRWURSKLQV HYLGHQFH
IURPDODUJHVHULHVRIFRQVHFXWLYHSUHJQDQFLHVLQD
VLQJOHFHQWUH+XP5HSURG  
'LFNH\537D\ORU61/X3<6DUWRU%05\H3+3\U]DN
55LVNIDFWRUVIRUKLJKRUGHUPXOWLSOHSUHJQDQF\DQGPXOWLSOHELUWKDIWHUFRQWUROOHGRYDULDQK\SHUVWLPXODWLRQUHVXOWV
RI  LQWUDXWHULQH LQVHPLQDWLRQ F\FOHV )HUWLO 6WHULO
  
)DXTXH 3 /HDQGUL 5 0HUOHW ) -XLOODUG -& (SHOERLQ 6
*XLEHUW - HW DO 3UHJQDQF\ RXWFRPH DQG OLYH ELUWK DIWHU
,9)DQG,&6,DFFRUGLQJWRHPEU\RTXDOLW\-$VVLVW5HSURG
*HQHW  
*HUULV - 'H 1HXERXUJ ' 6LQJOH HPEU\R WUDQVIHU DIWHU
,9),&6, SUHVHQW SRVVLELOLWLHV DQG OLPLWV - 2EVWHW *\QHFRO,QGLD  
'H1HXERXUJ'*HUULV-:KDWDERXWWKHUHPDLQLQJWZLQV
VLQFH VLQJOHHPEU\R WUDQVIHU" +RZ IDU FDQ VKRXOG  ZH
JR"+XP5HSURG  
%DUXI¿5/0DXUL$/3HWHUVHQ&*1LFROHWWL$3RQWHV$
2OLYHLUD-%HWDO6LQJOHHPEU\RWUDQVIHUUHGXFHVFOLQLFDO
SUHJQDQF\UDWHVDQGOLYHELUWKVLQIUHVK,9)DQG,QWUDF\WRSODVPLF6SHUP,QMHFWLRQ ,&6, F\FOHVDPHWDDQDO\VLV
5HSURG%LRO(QGRFULQRO
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