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The utility of pulsatility index and diastolic notch presence in uterine artery doppler ultrasound between 
18-24 weeks for preeclampsia prediction
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ABSTRACT

Aim: To determine the importance of second trimester uterine artery pulsatility index 
(PI) value and the presence of diastolic notch in the prediction of preeclampsia in 
primigravid, low-risk pregnant women.

Materials and Methods: Primigravid, singleton, 244 pregnant women between 18-
24 weeks of gestation included the study. Doppler ultrasound measurements were 
done transabdominally. Uterine artery PI value and the presence of diastolic notch 
were noted. Presence of new-onset hypertension (> 140/90 mmHg) and proteinuria 
�����PJ�RU�PRUH�LQ����KRXU�XULQH��RU�V\VWHPLF�¿QGLQJV�DFFRPSDQ\LQJ�K\SHUWHQVLRQ�
in the absence of proteinuria in a pregnant woman who was normotensive before 
was considered preeclampsia. The development of preeclampsia before 32 weeks 
RI�JHVWDWLRQ�ZDV�GH¿QHG�DV�HDUO\�SUHHFODPSVLD�

Results: The mean PI value of the 15 pregnant women with preeclampsia (1,51) 
ZDV�IRXQG�WR�EH�VLJQL¿FDQWO\�KLJKHU�WKDQ�WKDW�RI�WKH�SUHJQDQW�ZRPHQ�ZLWKRXW�SUH-
eclampsia (0,89) (p<0.001). The threshold PI value with the highest sensitivity and 
VSHFL¿FLW\� IRU� WKH�SUHGLFWLRQ�RI�SUHHFODPSVLD�ZDV�FDOFXODWHG�DV�������7KH�SUHHF-
lampsia and early preeclampsia rates in pregnant women with diastolic notch were 
VLJQL¿FDQWO\�KLJKHU�WKDQ�LQ�SUHJQDQW�ZRPHQ�ZLWK�QHJDWLYH�QRWFK��S���������%LODWHUDO�
notch was positive in 13 of 15 pregnant women with preeclampsia, and unilateral 
notch was positive in two.

Conclusion: Uterine artery Doppler is a non-invasive and simple tool to identify hi-
JK�ULVN�SUHJQDQFLHV�DQG�PD\�LPSURYH�SDWLHQW�VSHFL¿F�SUDFWLFH��(VSHFLDOO\�SUHJQDQW�
women with a bilateral uterine diastolic notch accompanying with abnormal UA-PI 
values (> 1,13) have higher risk to develop preeclampsia. Closer monitoring may 
help to reduce both maternal and fetal morbidity and mortality in high-risk groups.
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3UHHFODPSVLD��3(��LV�D�PXOWLV\VWHPLF�GLVHDVH�FKDUDFWHUL]HG�E\�
the new onset of hypertension plus proteinuria and/or end-or-
gan dysfunction after 20 weeks of gestation and a common risk 
factor for both perinatal and maternal morbidity, mortality wor-
ldwide (1). Since the only effective treatment is delivery, predi-
FWLRQ�DQG�LQWHUYHQWLRQ�RI�3(�EHFRPH�YHU\�LPSRUWDQW�WR�LPSURYH�
maternal and perinatal outcomes.

Prophylactic use of aspirin in high-risk women presents redu-
FH�ULVN�RI�SUHWHUP�3(������7KXV��WKH�GHWHUPLQDWLRQ�RI�KLJK�ULVN�
group becomes crucial but, the complexity of pathogenesis 
PDNH� LW� GLI¿FXOW�� 3ODFHQWD�PHGLDWHG� SUHJQDQF\� FRPSOLFDWLRQ�
has been widely used recently in the literature and includes pre-
eclampsia, placental abruption, intrauterine growth restriction, 
and late fetal loss (3). Abnormal placentation due to inadequate 
trophoblastic invasion is accused in these cases (4, 5). This 
process ended up with high resistance in uteroplacental circu-
ODWLRQ�DQG�UHÀHFWHG�DEQRUPDO�XWHULQH�DUWHU\��8$��'RSSOHU�SDW-
terns. Angiogenic modulators like vascular endothelial growth 
IDFWRU��9(*)���SODFHQWDO�LQGXFHG�JURZWK�IDFWRU��3O*)���VROXEOH�
HQGRJOLQ��V(QJ���DQG�VROXEOH�IPV�OLNH�W\URVLQH�NLQDVH����V)OW����
ZHUH�ZLGHO\�LQYHVWLJDWHG�IRU�3(�SUHGLFWLRQ�EXW��EORRG�DQG�XULQH�
levels of these factors have not been proven to be clinically 
useful for this purpose (6). A meta-analysis reported that an 
increased pulsatility index (PI) with diastolic notching (DN) es-
SHFLDOO\� LQ� WKH� VHFRQG� WULPHVWHU� SURYLGHV� WKH�EHVW� RYHUDOO�3(�
prediction in both low-risk and high-risk patients (6). Whether 
ultrasonographic screening does not recommend for the low-
ULVN�SRSXODWLRQ��¿QGLQJ�D�FXW�RII�YDOXH�IRU�8$�3,�DQG�WKH�HIIHFW�
RI�'1�SUHVHQFH�RQ�3(�GHYHORSPHQW�ULVN�ZRXOG�DOORZ�HDUO\�LQWHU-
YHQWLRQ�IRU�SRVVLEOH�3(�FRPSOLFDWLRQV�LQ�WKLV�JURXS�

This study aims to determine the utility of second trimester UA 
PI values and DN presences in primigravid, low-risk pregnant 
ZRPHQ�IRU�3(�SUHGLFWLRQ�

This is a prospective cohort study conducted in the Turkish 
0LQLVWU\� RI� +HDOWK� 2NPH\GDQÕ� 5HVHDUFK� +RVSLWDO�� 2EVWHWUL-
cs and Gynecology Clinics with primigravid pregnant women. 
Primigravid, singleton, healthy, between 18-24 gestational we-
eks pregnant women selected as a study population. Women 
known to have multifetal pregnancies, fetal structural anoma-
lies, maternal systemic diseases, maternal uterine anomalies 
were excluded. Written informed consent was obtained from all 

participants. The applied protocol was approved by the Medical 
5HVHDUFK�(WKLFV�'HSDUWPHQW�

7KH�ODVW�PHQVWUXDO�SHULRG�RU�¿UVW�WULPHVWHU�FURZQ±UXPS�OHQJWK�
was used to determine gestational age. Doppler measurements 
were performed between 18 and 24 weeks of gestation by the 
same obstetrician using software of the Toshiba Xario Ultra-
VRXQG� �86*��PDFKLQH�� WUDQVDEGRPLQDO�398����%7�&�� FRQ-
YH[�SUREH�����±��0K]���$OO�86*�H[DPLQDWLRQV�ZHUH�SHUIRUPHG�
E\�WKH�VDPH�REVWHWULFLDQV��6*$��5$���3DWLHQWV�ZHUH�H[DPLQHG�
LQ�D�VHPL�)RZOHU�SRVLWLRQ�WR�DYRLG�RUWKRVWDWLF�K\SRWHQVLRQ��8$�
ZDV� LGHQWL¿HG�DW� WKH� OHYHO�ZKHUH� WKH\�FURVV� WKH�H[WHUQDO� LOLDF�
artery bilaterally.  Pulsed wave Doppler is then applied with an 
insonation angle < 30° and a sampling volume of 2 mm. At least 
WKUHH�XQLIRUP�ZDYHV�ZHUH�DQDO\]HG��3,�LV�WKHQ�REWDLQHG�XVLQJ�
the average PI measurement of both right and left arteries and 
DN was noted if it was found.

Diagnostic criteria for pre-eclampsia were new-onset persis-
tently high systolic (140 mm Hg) or diastolic (90 mm Hg) blo-
od pressure and proteinuria (0.3 g of protein in 24-hour urine 
collection) or hypertension and end-organ dysfunction after 20 
ZHHNV�RI�JHVWDWLRQ��(DUO\�3(�ZDV�GH¿QHG�DV�WKH�GHYHORSPHQW�
RI�3(�EHIRUH����ZHHNV�JHVWDWLRQ�

�6366����ZDV�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV��7KH�6KDSLUR��:LON�
WHVW��.ROPRJRURY±6PLUQRY�WHVW�ZHUH�XVHG�WR�GHWHUPLQH�WKH�GLVW-
ribution of normality. The continuous variables were presented 
as mean and standard deviations. Groups were compared with 
7KH�6WXGHQW¶V� W�WHVW�DQG�0DQQ�:KLWQH\�8�WHVW��$� W\SH���HUURU�
EHORZ������ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW��52&�FXUYH�
ZDV�XVHG�WR�HYDOXDWH�WKH�8$�3,�FXW�RII�YDOXH�IRU�3(�SUHGLFWLRQ�

Of the 244 primigravid pregnant women, 15 (6,1 %) developed 
3(��:KHQ�3UHHFODPSVLD�SRVLWLYH��3(3��JURXS�DQG�WKH�SUHHF-
ODPSVLD�QHJDWLYH� �3(1��JURXS�ZHUH�FRPSDUHG�� WKHUH�ZDV�QR�
GLIIHUHQFH� LQ� GHPRJUDSKLF� GDWD�� 3(3� JURXS�PHDQ�8$�3,� YD-
OXH�ZDV�VLJQL¿FDQWO\�KLJKHU� �S��������ZKHQ�PHDQ� WLPH�RI� WKH�
delivery week (p< 0,01) and fetal birth weight (p< 0,01) were 
VLJQL¿FDQWO\� ORZHU� WKDQ�3(1�JURXS��7DEOH� �� VKRZV� WKH� EDVLF�
FKDUDFWHULVWLFV�RI�SDWLHQWV�ZLWK�3(��Q� �����DQG�ZLWKRXW�3(��Q�
 ������
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Table 1. %DVLF�&KDUDFWHULVWLFV�RI�3DWLHQWV�ZLWK�DQG�ZLWKRXW�3UH-

HFODPSVLD��Q ��������

DN was negative (NN) in 163 (66,8 %) pregnant women, and 

found positive (NP) in 81 (33,2%) pregnant women (Table 2). 

7DEOH���SURYLGHV�D� UHODWLRQ�EHWZHHQ�'1�DQG�HDUO\�3(��8QLOD-

WHUDO�QRWFK�SRVLWLYLW\�ZDV�������������ZKLOH����RI�WKH�SDWLHQWV�
��������KDG�ELODWHUDO�QRWFK�SRVLWLYLW\��%LODWHUDO�'1�DQG�HDUO\�3(�
relation was given in Table 4, and Table 5 shows bilateral DN 

DQG�3(�UHODWLRQ��

Table 2.�'LDVWROLF�1RWFK�DQG�3UHHFODPSVLD�5HODWLRQ��Q �������

Table 3. 'LDVWROLF� 1RWFK� DQG� (DUO\� 3UHHFODPSVLD� 5HODWLRQ�
�Q ��������

Table 4.�%LODWHUDO�'LDVWROLF�1RWFK�DQG�(DUO\�3UHHFODPSVLD�5H-

ODWLRQ��Q �������

Table 5. %LODWHUDO�'LDVWROLF�1RWFK�DQG�3UHHFODPSVLD�5HODWLRQ�
�Q ��������

)LJXUH���VKRZV�5RF�DQDO\VHV�WR�HVWDEOLVK�FXW�RI�8$�3,�IRU�3(�
SUHGLFWLRQ�DQG������ IRXQG�PRVW�VHQVLWLYH� �������DQG�VSHFL¿F�
(88%) value for this purpose.

Figure 1. 52&�&XUYH

$8&���������PRVW�VHQVLWLYH�������DQG�VSHFL¿F�������YDOXH�RI�8$�3,�IRU�3(�
prediction found 1,13

In the present study, we found a 1,13 value as a cut-off for 

8$�3,�WR�3(�SUHGLFWLRQ�EHWZHHQ�������*:�LQ�SULPLJUDYLG��ORZ�
risk pregnant women. In addition, the presence of bilateral DN 

LQFUHDVHV�WKH�ULVN�RI�3(�LQ�WKLV�JURXS�
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Basic Characteristics Preeclampsia

Negative (n=229, 
%93,9)

Mean +/-SD

Preeclampsia 
Positive (n=15, 

%6,1)

Mean +/-SD

P

Age 

   

       22,99 ± 3,58      22,23 ± 3,89   0,290

Gestational Week (USG)

   

       21,74 ± 1,33       21,07 ± 1,10   0,055

Pulsatility Index

   

       0,890 ± 0,20       1,510 ± 0,42  <0,001*

Birth Week

   

      38,27 ± 1,58       35,60 ± 2,64  <0,001*

Fetal Birth Weight (gr)       3221 ± 547       1952 ± 713  <0,001*
*p<0,05

PEN               PEP   

NN 163(%66,8) 0
p<0,0001NP 66 (%27,1) 15 (%6,1)

NN: Notch Negative, NP: Notch Positive, 

PEN: Preeclampsia Negative, PEP: Preeclampsia Positive

EPEN EPEP

NN 163(%66,8) 0
p=0,0037NP 76 (%31,1) 5 (%2,1)

NN: Notch Negative, NP: Notch Positive, 

EPEN: Early Preeclampsia Negative   EPEP: Early Preeclampsia Positive   

EPEN EPEP

NN + UNP 211(%86,5) 0
          p<0,0001BNP 28 (%11,4) 5(%2,1)

NN: Notch Negative, UNP: Unilateral Notch Positive, BNP: Bilateral Notch Positive, 

EPEN: Early Preeclampsia Negative, EPEP: Early Preeclampsia Positive

PEN PEP

NN + UNP 209(%85,7) 2 (%0,8)
p<0,0001BNP 20 (%8,2) 13 (%5,3)

NN: Notch Negative, UNP: Unilateral Notch Positive, BNP: Bilateral 
Notch Positive, PEN: Preeclampsia Negative, PEP: Preeclampsia 
Positive

DISCUSSION
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UA Doppler evaluation has been used to determine advan-
FHG�SUHJQDQF\�RXWFRPHV� IRU�PDQ\�\HDUV� ��������'XH� WR�SK\-
siological changes in spiral arteries between 6-24 weeks, the 
'RSSOHU� ÀRZ� YHORFLW\� VKRZV� KLJK� FDSDFLWDQFH� DQG� ORZ� UHVLV-
tance pattern (11-13). Therefore, inadequate placentation ca-
uses high impedance in UA and results abnormal UA Doppler 
parameters. Several studies investigated the value of uterine 
artery Doppler indices in predicting the development of adver-
VH�SUHJQDQF\�RXWFRPHV�DQG� UHVXOWV� YDULHG�ZLGHO\��6FKZDU]H�
et al. evaluated the role of uterine artery Doppler ultrasound in 
predicting adverse outcomes in pregnancy in low-risk women 
DW���±���JHVWDWLRQDO�ZHHNV�DQG��IRXQG�ORZ�VHQVLWLYLW\�IRU�SUH-
GLFWLQJ�3(��XVLQJ�UHVLVWDQFH�LQGH[��5,��FXWRII�RI������RU�����RU�
any notch in one or both uterine arteries. On the other hand, 
%KDWWDFKDU\\D�HW�DO�������DQG�(VSLQR]D�HW�DO�������UHSRUWHG�WKDW�
UA Doppler abnormalities are an independent predictor of the 
GHYHORSPHQW�RI�3(��,Q�WKH�SUHVHQW�VWXG\��3(3�JURXS�PHDQ�8$�
3,�YDOXH�ZDV�VLJQL¿FDQWO\�KLJKHU��S��������ZKHQ�WKH�PHDQ�WLPH�
of the delivery week (p< 0,01) and fetal birth weight (p< 0,01) 
ZHUH�VLJQL¿FDQWO\�ORZHU�WKDQ�3(1�JURXS��7KLV�LV�FRQVLVWHQW�ZLWK�
KLJK�UHVLVWDQFH�EORRG�ÀRZ�LQ�8$�DQG�DGYHUVH�RXWFRPHV�RI�LQ-
VXI¿FLHQW�SODFHQWDWLRQ�LQ�3(��

5RF�DQDO\VHV�GHWHUPLQHG�������8$�3,�DV�D�PRVW�VHQVLWLYH�����
���DQG�VSHFL¿F�������FXW�RI�YDOXH�IRU�3(�SUHGLFWLRQ��¿JXUH����
in the present study.  AUC calculated 0,952 ± 0,022 (p<0,001).

8$� QRWFK� SDWKRSK\VLRORJ\� KDV� QRW� EHHQ� FODUL¿HG� FRPSOHWHO\�
and increased compliance of the arterial wall or UA endothelial 
FHOO� G\VIXQFWLRQ�EODPHG�SUHYLRXV�VWXGLHV� ����������5DWLX�HW�DO�
published a study that points, pregnant women with bilateral 
uterine notching had higher maternal and fetal morbidity com-
pared to women presenting only unilateral uterine notching in 
the second trimester (18). In the present study, we found similar 
UHVXOWV��1RWFK�SRVLWLYLW\�LQFUHDVHG�3(�DQG�HDUO\�3(�ULVN�VLJQL¿-
cantly when compared to notch negativity (p<0,001). 

2I� WR����3(3�JURXS�����KDG�ELODWHUDO� XWHULQH�QRWFKLQJ�DQG���
had unilateral uterine notching. Additionally, the mean PI value 
found 1,51 in the bilateral uterine notching group when it was 
1,06 and 0,84 in unilateral uterine notching and notch negative 
group respectively. However, 48 of unilateral uterine notching 
JURXS�RQO\���GHYHORSHG�3(��0HDQ�3,�ZDV�OHVV�WKDQ������LQ�WKLV�
group which may be the explanation of this result. 

7KH�XWLOLW\�RI�8$�'RSSOHU�DQDO\VHV� IRU�3(�SUHGLFWLRQ�ZDV�GH-
PRQVWUDWHG� LQ�D�V\VWHPDWLF� UHYLHZ�RI����VWXGLHV� LQFOXGLQJ�DO-
PRVW��������ZRPHQ������%RWK�ORZ�ULVN�DQG�KLJK�ULVN�SUHJQDQW�
ZRPHQ� IRU� 3(� DQG� ��� 8$� 'RSSOHU� LQGLFHV� ZHUH� LQYROYHG� LQ�

the study and reported that UA Doppler evaluation was more 
accurate when performed in the second trimester than in the 
¿UVW� WULPHVWHU��$OVR��8$�3,�ZDV�WKH�EHVW�SUHGLFWLYH�WRRO� IRU�3(�
prediction when accompanied with UA notching. In the present 
VWXG\�VHFRQG�WULPHVWHU��SUHJQDQW�ZRPHQ�ZHUH�H[DPLQHG�IRU�3(�
prediction using UA-PI and notching together consistent with 
this systematic review.

The main strength of this study is a prospective design with 
adequate follow-up until delivery and, a homogenous group 
DERXW� GHPRJUDSKLF� IHDWXUHV��7KH�VPDOO� VDPSOH� VL]H�ZDV� WKH�
main limitation of the present study.

 In conclusion, whether UA doppler examinations do not re-
FRPPHQG� IRU� URXWLQH� 3(� VFUHHQLQJ�� LW� LV� D� QRQ�LQYDVLYH� DQG�
simple tool for identifying high-risk pregnancies and may im-
SURYH�SDWLHQW�VSHFL¿F�SUDFWLFH��3URSK\ODFWLF�XVH�RI�DVSLULQ��FOR-
ser monitoring, and determining the best time for intervention 
to high-risk groups enables to reduce both maternal and fetal 
PRUELGLW\�DQG�PRUWDOLW\����������������(VSHFLDOO\�SUHJQDQW�ZR-
men with a bilateral uterine notch plus abnormal UA-PI values 
resulted a higher prevalence to develop these severe adverse 
outcomes (18, 21).
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