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Abstract: Objective: To explore the predictive effect of umbilical artery color Doppler ultrasonography on adverse 
pregnancy outcomes in systemic lupus erythematosus (SLE) patients combined with gestational hypertension. 
Methods: A total of 124 SLE pregnant patients were retrospectively analyzed, of which SLE patients combined with 
gestational hypertension suffering from adverse pregnancy outcomes (case group), and those not suffering from 
adverse pregnancy outcomes (control group) were compared in terms of parameters measured by umbilical artery 
color Doppler ultrasonography, including pulsatility index (PI), resistance index (RI), and ratio of systolic peak blood 
flow rate to end diastolic blood flow rate (S/D), and a receiver operating characteristic (ROC) curve was drawn to 
analyze the predictive effect of those parameters on adverse pregnancy outcomes in SLE patients combined with 
gestational hypertension. Results: The case group showed significantly higher PI, RI and S/D than the control group 
(all P<0.05). The area under ROC curve and 95% confidence interval (CI) of PI were 0.840 (P=0.001) and 0.674-
1.000, respectively; those of RI were 0.770 (P=0.007), and 0.615-0.925, respectively, and those of S/D were 0.760 
(P=0.009) and 0.570-0.949, respectively. Conclusion: Umbilical artery hemodynamic indexes including PI, RI and 
S/D have good predictive value for adverse pregnancy outcomes and they are worthy of clinical promotion and ap-
plication.
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Introduction

Systemic lupus erythematosus (SLE), which 
commonly occurs in young women, is an auto-
immune disease that usually involves multiple 
organs of the whole body; regardless most 
female patients choose pregnancy and delivery 
when the frequency of SLE is reduced and the 
condition is stable [1, 2]. However, clinical find-
ings have revealed that pregnancy induces SLE 
to some extent, therefore SLE patients often 
suffer adverse pregnancy reactions during 
pregnancy, of which gestational hypertension 
occurs with relatively high incidence in SLE 
patients during pregnancy [3, 4]. Gestational 
hypertension, as an obstetric complication, 
poses a great threat to life safety. Fetuses 

absorb nutrition through umbilical arteries dur-
ing pregnancy, but the vascular resistance in 
the uterus and placenta in gestational hyper-
tension patients is increased significantly, and 
the blood flow through them is correspondingly 
slowed down, which results in frequent fetal 
hypoxia and ischemia [5, 6].

Pregnancy with SLE and gestational hyperten-
sion induces a high risk pregnancy. Clinical sta-
tistics reveal that SLE patients combined with 
gestational hypertension are prone to adverse 
pregnancy outcomes during pregnancy, such as 
premature delivery and intrauterine asphyxia, 
which brings heavy psychological and econom-
ic burden to patients [7, 8]. SLE patients  
combined with gestational hypertension show 
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changes in fetal umbilical artery hemodyna- 
mic parameters, including vascular resistance 
increase, and blood flow decrease; from which 
fetal growth and adverse pregnancy outcomes 
can be preliminarily inferred clinically according 
to umbilical artery blood flow. In umbilical art- 
ery color Doppler ultrasonography, resistance 
index (RI) reflects the peripheral resistance of 
umbilical artery, pulsatility index (PI) reflects 
the vascular elasticity, and the ratio of systolic 
peak blood flow rate to end diastolic blood flow 
rate (S/D) reflects the blood flow rate in umbili-
cal arteries in a cardiac cycle. Generally, a lon-
ger gestation period is accompanied by con-
stantly decreased PI, RI and S/D, and it has 
been confirmed clinically that umbilical arterial 
blood flow parameters are related to gestation-
al hypertension and fetal growth and develop-
ment [9-11]. In order to reduce the probabi- 
lity of adverse pregnancy outcomes in SLE 
patients combined with gestational hyperten-
sion, it is necessary to predict in a timely man-
ner whether adverse pregnancy outcomes will 
occur or not, so as to terminate pregnancy 
before or at the initial pregnancy stage to avoid 
more serious pregnancy outcomes.

Umbilical artery color Doppler ultrasonography 
provides a prediction for the disease, but there 
is no comprehensive and in-depth clinical study 
about it, so there is not enough clinical data  
to support the predictive value of umbili- 
cal artery color Doppler ultrasonography for 
adverse pregnancy outcomes in SLE patients 
combined with gestational hypertension. Th- 
erefore, this study analyzed umbilical arterial 
blood flow parameters of SLE patients com-
bined with gestational hypertension and SLE 
patients not combined with gestational hyper-
tension, in order to explore the predictive value 
of the parameters for adverse pregnancy 
outcomes.

Materials and methods

Clinical data

The clinical data of 124 SLE patients combin- 
ed with gestational hypertension admitted to 
Shandong Provincial Hospital Affiliated at 
Shandong University from March 2015 to 
February 2018 were collected, and the patients 
were divided into a case group and a control 
group according to whether adverse pregnancy 
outcomes occurred or not; of which the case 
group consisted of 35 patients who had 

adverse pregnancy outcomes with an average 
age of (30.4±4.3) years and pregnancy of 
(29.4±4.3) weeks, and the control group con-
sisted of 89 patients who did not have adverse 
pregnancy outcomes with an average age of 
(31.3±4.5) years and pregnancy of (29.9±4.1) 
weeks. The study was approved by the Ethics 
Committee of Shandong Provincial Hospital 
Affiliated to Shandong University.

Inclusion criteria: Patients between 18 and 40 
years old who met the diagnostic criteria of SLE 
combined with gestational hypertension [12].

Exclusion criteria: Patients with severe dysfunc-
tion of important organs such as heart, liver 
and kidney; patients combined with eclampsia; 
patients with essential hypertension or history 
of gynecologic malignant tumors; patients with 
a history of diabetes or combined gestational 
diabetes mellitus, history of habitual abortion, 
other combined rheumatic diseases other than 
SLE; patients with multiple pregnancy; patients 
without complete clinical data.

Color Doppler ultrasonography for umbilical 
arterial blood flow

A Philips EPIQ color Doppler ultrasound diag-
nostic instrument with a two-dimensional con-
vex array probe at 2-5 MHZ in frequency was 
used to detect the umbilical cord cross section. 
The PI, RI and S/D were recorded using a blood 
flow spectrum. Among color Doppler ultrasound 
parameters, vmax was the maximum umbilical 
artery end systolic blood flow rate (S); vmin was 
the end diastolic blood flow rate (D); S/D was 
the ratio of S to D. PI=(S-D)/M, where M was the 
average value of the sums of vmax and vmin. 
RI=(S-D)/S [13]. The above indexes were mea-
sured at the 29th week of pregnancy. Those 
indexes were recorded 3 times in succession in 
each examination, and the average blood flow 
rate was taken.

Observation indexes

(1) Systemic Lupus Erythematosus Disease 
Activity Index (SLEDAI) score: the two groups 
were scored based on SLEDAI before mea- 
surement according to their clinical symptoms 
[14]. (2) Adverse pregnancy outcomes: adverse 
pregnancy outcomes included abnormal birth 
body mass of newborns (less than two stan-
dard deviations of average body mass of new-
borns under the same gestational age and 
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same gender), intrauterine distress (the pred-
icative criteria was heart rate deceleration for  
2 consecutive beats or turbid amniotic fluid 
based on fetal heart rate monitoring), prema-
ture delivery (delivery of a live baby before 37 
weeks of pregnancy), neonatal asphyxia (hypox-
emia or hypercapnia due to inability of normal 
breathing autonomously in the intrauterine 
fetus within 1 minute of birth for lack of oxygen) 
[15].

Statistical analysis

Data were processed and analyzed using the 
statistical software SPSS 17.0. Measurement 
data were expressed as (

_
x±sd), and differenc-

es between groups were checked by t-test. 
Enumeration data were expressed as n, and 
differences between groups were checked by 
chi-square test. P<0.05 indicated a significant 
difference. A receiver operating characteristic 

The pulsatility index, resistance index and S/D 
score of the case group were 1.05±0.21, 
0.74±0.11 and 3.21±0.21, respectively, which 
is significantly higher than those of the control 
group (all P<0.001). More details are shown in 
Table 3. Typical umbilical artery color Doppler 
ultrasonography results of the case group and 
control group are shown in Figures 1 and 2.

Prediction of adverse pregnancy outcomes in 
SLE patients combined with gestational hy-
pertension based on parameters measured by 
umbilical artery color Doppler ultrasonography

A ROC curve was drawn, the AUC, standard 
error, and 95% confidence interval of PI were 
0.840, 0.085, and 0.674-1.000, respectively; 
those of RI were 0.770, 0.079, and 0.615-
0.925, respectively, and those of S/D were 
0.760, 0.097, and 0.570-0.949, respectively. 
More details are shown in Table 4 and Figure 3.

Table 1. Comparison in general clinical data
Group Control group Case group P
Age (years) 31.3±4.5 30.4±4.3 0.839
Pregnancy (weeks) 29.9±4.1 29.4±4.3 1.321
Primipara (n) 56 22 1.012
Systolic pressure (mmHg) 158.67±58.67 160.75±60.75 1.213
Obesity (n) 54 26 0.648
SLEDAI score 3.09±1.21* 6.32±1.51 0.021
Note: SLEDAI, Systemic Lupus Erythematosus Disease Activity Index. Note: 
*P<0.05 compared with the control group.

Table 2. Incidence of adverse pregnancy outcomes in the 
case group
Adverse pregnancy outcome Case (n) Proportion (%)
Abnormal birth weight 18 51.43
Intrauterine distress 10 28.57
Premature delivery 2 5.71
Neonatal asphyxia 5 14.29

Table 3. Comparison in parameters measured by umbilical 
artery color Doppler ultrasonography (

_
x±sd)

Group PI RI S/D
Case group (N=35) 1.05±0.21 0.74±0.11 3.21±0.21
Control group (N=89) 0.80±0.11 0.62±0.21 2.43±0.31
t 10.488 5.034 20.294
P <0.001 <0.001 <0.001
Note: PI, pulsatility index; RI, resistance index; S/D, ratio of systolic peak 
blood flow rate to end diastolic blood flow rate.

(ROC) curve was drawn and the area 
under the curve (AUC) of parameters 
in predicating adverse pregnancy 
outcomes was calculated.

Results

Comparison in general clinical data

The two groups showed no significant 
difference in age, pregnancy, blood 
pressure, primipara identity and obe-
sity (all P>0.05). The case group 
showed significantly higher SLE- 
DAI score than the control group 
(P<0.05). More details are shown in 
Table 1.

Incidence of adverse pregnancy 
outcomes in the case group

The case group showed 18 newbo- 
rns with abnormal birth weight 
(51.42%), 10 fetuses under intrauter-
ine distress (28.57%), 2 patients with 
premature delivery (5.71%), and 5 
newborns with neonatal asphyxia 
(14.28%). More details are shown in 
Table 2.

Comparison in parameters mea-
sured by umbilical artery color Dop-
pler ultrasonography



Predictive effect of umbilical artery color Doppler ultrasonography

13669 Int J Clin Exp Med 2019;12(12):13666-13672

Discussion

SLE is an autoimmune disease common in 
childbearing age females, which is likely to 
cause premature delivery and intrauterine dis-

reduce serious maternal and infant health and 
safety problems.

SLE patients combined with gestational hyper-
tension are accompanied with continuous 

Figure 1. Umbilical artery color Doppler ultrasonography in systemic lupus 
erythematosus combined with gestational hypertension patient (patient with 
adverse pregnancy outcome). A 31-year-old woman at 30 weeks of gesta-
tion had a PI of 1.21, a RI of 0.69 and a S/D of 3.2. PI, pulsatility index; RI, 
resistance index; S/D, ratio of systolic peak blood flow rate to end diastolic 
blood flow rate.

Figure 2. Umbilical artery color Doppler ultrasonography in systemic lupus 
erythematosus combined with gestational hypertension patient (patient 
without adverse pregnancy outcome). A 29-year-old woman at 29 weeks of 
gestation had a PI of 0.89, a RI of 0.58 and a S/D of 2.4. PI, pulsatility in-
dex; RI, resistance index; S/D, ratio of systolic peak blood flow rate to end 
diastolic blood flow rate.

tress after onset [16, 17]. 
Pregnant women have incre- 
ased probability of gestation- 
al hypertension during the 
20th week of pregnancy. 
Gestational hypertension pa- 
tients have significant placen-
tal blood flow decrease, sys-
temic small vessel spasms, 
cardiac output decrease, pe- 
ripheral resistance increase, 
myocardial perfusion decre- 
ase in many organs, and even 
hypoxia-ischemia of tissues, 
which leads to hypertension, 
proteinuria, edema, and other 
clinical manifestations in ges-
tational hypertension pati- 
ents. This disease usually 
causes premature delivery, 
intrauterine asphyxia and 
other severe complications 
due to ineffective treatment 
and fast onset, which brings 
safety problems to both pa- 
tients and fetuses. In addi-
tion, it has an annual increas-
ing incidence. Therefore, this 
disease has been regarded as 
an important clinical research 
topic [18].

Pregnancy with SLE and ges-
tational hypertension causes 
high risk pregnancy. Patients 
with such pregnancy are more 
prone to adverse pregnancy 
outcomes than healthy preg-
nant women. Their adverse 
pregnancy outcomes are usu-
ally serious, and their treat-
ment is usually undesired. 
Clinically, it is believed that 
active measures should be 
taken early to predict the 
probability of adverse pr- 
egnancy outcomes in SLE 
patients combined with gesta-
tional hypertension, so as to 
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increase of umbilical artery vascular permea-
bility, so plasma exudation will lead to hemo-
concentration, increased blood flow resistance, 
and increased blood pressure, thus leading to 
a variety of adverse pregnancy outcomes, such 
as premature delivery, intrauterine distress, 
and even maternal and fetal death. Mothers 
and fetuses exchange nutrition and gas mainly 
through the umbilical cord, so abnormality and 
placenta perfusion in umbilical arteries are 
shown as changes in umbilical arterial blood 
flow parameters [19]. Clinically, it is found that 
SLE patients combined with gestational hy- 
pertension are accompanied with vasospas- 
ms, smaller vascular caliber, and resistance 
increases, so the nutrition supplied to fetuses 
are reduced, and metabolites and toxins from 
them cannot be discharged in time, causing 
the fetus to be prone to adverse events. 
Therefore, detecting umbilical arterial blood 
flow parameters through umbilical artery color 
Doppler ultrasonography is of great signifi-
cance for understanding the growth of fetuses. 
Umbilical arterial blood flow parameters can 
reflect umbilical artery vascular resistance. 
Under normal clinical conditions, pregnant 
women are accompanied with placental periph-
eral resistance decreases, blood flow increas-
es, and significant increases of the main umbil-
ical arterial blood flow parameters such as PI, 
RI and S/D; however, SLE patients combined 
with gestational hypertension show continuous 
increases of umbilical arterial blood flow 
parameters due to resistance increases, which 
are significantly different from healthy preg-
nant women, therefore fetal development can 
be estimated based on umbilical arterial blood 
flow parameters. In terms of umbilical artery 
parameters, S/D reflects the placental vascu-

lar resistance. Clinically, it is shown that if S/D 
value increases significantly in late pregnancy, 
the possibility of adverse pregnancy outcomes 
increases. RI is the ratio of blood flow rate 
change to maximum systolic blood flow rate in 
a cardiac cycle. RI increase mostly indicates 
fetal intrauterine hypoxia. PI is the ratio of dia-
stolic blood flow rate change to average blood 
flow rate in a cardiac cycle, and PI change may 
indicate fetal intrauterine ischemia [19, 20]. 
Analyzing the above parameters jointly is of 
great significance to the prediction of adverse 
pregnancy outcomes, which indicates that 
umbilical artery color Doppler ultrasonography 
may be an important means to detect adverse 
pregnancy outcomes in SLE patients combined 
with gestational hypertension.

In this study, the case group showed signifi-
cantly higher umbilical artery blood flow param-
eters including PI, RI and S/D than the control 
group (all P<0.05), which indicated that blood 
flow parameters have relatively high predic- 
tive value in adverse pregnancy outcomes. 
Clinically, it is suggested that more close moni-
toring and more attention can be paid when the 
parameter levels exceed the optimal predictive 
thresholds, and other monitoring methods can 
also be adopted together to find adverse preg-
nancy outcomes and prevent adverse pregnan-
cied from becoming more serious, if necessary. 
A experiment by Wang found that the specificity 
of parameters measured by umbilical artery 
color Doppler ultrasonography, PI, RI and S/D 
to adverse pregnancy outcomes were 88.4%, 
83.7% and 88.4%, respectively, which further 
supported the our study results [21]. A ROC 
curve was drawn, and it was found that the AUC 
of PI, RI and S/D was 0.840 (P=0.001), 0.770 
(P=0.007), and 0.760 (P=0.009), respectively. 
AUC of the three indexes was within the range 
of 0.7-0.9, which indicated that the three index-
es had strong diagnostic value for adverse 
pregnancy outcomes. The disadvantages of 
this study were as follows: only PI, RI and S/D 
were adopted to predict adverse pregnancy 
outcomes, so subsequent studies could select 
multiple umbilical arterial blood flow parame-
ters for analysis and study, so as to provide 
more clinical data. In addition, this study only 
studied the overall prediction of blood flow 
parameters on adverse pregnancy outcomes. 
In the future, studies can focus on the monitor-

Table 4. Prediction efficacy of adverse preg-
nancy outcomes in SLE patients combined 
with gestational hypertension by umbilical 
artery color Doppler ultrasonography

Index AUC Standard 
error

95% confidence 
interval P

PI 0.840 0.085 0.674-1.000 0.001
RI 0.770 0.079 0.615-0.925 0.007
S/D 0.760 0.097 0.570-0.949 0.009
Note: PI, pulsatility index; RI, resistance index; S/D, ratio 
of systolic peak blood flow rate to end diastolic blood flow 
rate; AUC, area under the receiver operating character-
istic curve.
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ing value of blood flow parameters on a single 
adverse pregnancy outcome.

To sum up, if adverse pregnancy outcomes of 
SLE patients combined with gestational hyper-
tension can be predicted by umbilical artery 
examination, analyzing the PI, RI and S/D in the 
examination can increase the predication accu-
racy, and corresponding preventive measures 
can be taken to reduce the possibility of 
adverse pregnancy outcomes.

Acknowledgements

This work was supported by Medical and Health 
Science and Technology Development Program 
of Shandong Province (2014WS0073) and Key 
R&D Projects of Shandong Province (Public 
Welfare Projects) (2018GSF118112).

Disclosure of conflict of interest

None.

Address correspondence to: Chen Su and Juan 
Feng, Department of Ultrasonic Diagnosis and 
Treatment, Shandong Provincial Hospital Affiliated 

matosus in a southern european population: 
data from the community-based lupus registry 
of crete, greece. Ann Rheum Dis 2017; 76: 
1992-2000.

[3] Bundhun PK, Soogund MZ and Huang F. Im-
pact of systemic lupus erythematosus on ma-
ternal and fetal outcomes following pregnancy: 
a meta-analysis of studies published between 
years 2001-2016. J Autoimmun 2017; 79: 17-
27.

[4] Andreoli L, Crisafulli F and Tincani A. Pregnan-
cy and reproductive aspects of systemic lupus 
erythematosus. Curr Opin Rheumatol 2017; 
29: 473-479.

[5] Webster P, Lightstone L, McKay DB and Jo-
sephson MA. Pregnancy in chronic kidney dis-
ease and kidney transplantation. Kidney Int 
2017; 91: 1047-1056.

[6] Alsnes IV, Vatten LJ, Fraser A, Bjorngaard JH, 
Rich-Edwards J, Romundstad PR and Asvold 
BO. Hypertension in pregnancy and offspring 
cardiovascular risk in young adulthood: pro-
spective and sibling studies in the HUNT study 
(nord-trondelag health study) in Norway. Hy-
pertension 2017; 69: 591-598.

[7] Eswarappa M, Rakesh M, Sonika P, Snigdha K, 
Midhun M, Kaushik K, Chennabasappa GK 
and Sujeeth B. Spectrum of renal injury in 
pregnancy-induced hypertension: experience 

Figure 3. Predicting ROC of adverse pregnancy outcomes in SLE patients 
combined with gestational hypertension detected by umbilical artery color 
Doppler ultrasonography. PI, pulsatility index; RI, resistance index; S/D, ratio 
of systolic peak blood flow rate to end diastolic blood flow rate; ROC, receiver 
operating characteristic.

to Shandong University, No. 324 
Jingwuweiqi Road, Huaiyin Dis- 
trict, Ji’nan 250021, Shandong 
Province, China. Tel: +86-0531-
68773691; E-mail: suchen8b7@
outlook.com (CS); Tel: +86-
18753157579; E-mail: fengjua-
n6ac2@outlook.com (JF)

References

[1] Kinsey D, Paul CP, Taylor D, 
Caricchio R, Kulathinal RJ 
and Hayes-Conroy A. The 
whole lupus: articulating 
biosocial interplay in sys-
temic lupus erythemato- 
sus epidemiology and pop-
ulation disparities. Health 
Place 2018; 51: 182-188.

[2] Gergianaki I, Fanouriakis A, 
Repa A, Tzanakakis M, 
Adamichou C, Pompieri A, 
Spirou G, Bertsias A, Ka-
bouraki E, Tzanakis I, Chat-
zi L, Sidiropoulos P, Boump-
as DT and Bertsias GK. 
Epidemiology and burden 
of systemic lupus erythe-

mailto:suchen8b7@outlook.com
mailto:suchen8b7@outlook.com
mailto:fengjuan6ac2@outlook.com
mailto:fengjuan6ac2@outlook.com


Predictive effect of umbilical artery color Doppler ultrasonography

13672 Int J Clin Exp Med 2019;12(12):13666-13672

from a single center in India. Saudi J Kidney 
Dis Transpl 2017; 28: 279-284.

[8] Wu J, Ma J, Zhang WH and Di W. Management 
and outcomes of pregnancy with or without lu-
pus nephritis: a systematic review and meta-
analysis. Ther Clin Risk Manag 2018; 14: 885-
901.

[9] Cui XJ and Zhu JF. Predicting obstetric out-
comes of advanced maternal age through de-
termination of hemodynamics of uterine 
artery,umbilical artery and fetal cerebral mid-
dle artery. J Hainan Med Univ 2017; 23: 121-
125.

[10] Zhang W and Ren M. Optimal dose of epidural 
dexmedetomidine added to ropivacaine for 
epidural labor analgesia: a pilot study. Evid 
Based Complement Alternat Med 2017; 2017: 
7924148.

[11] Zhan ZP, Zhan YF, Yang Y, Chen DY, Liang LQ 
and Yang XY. Pregnancy outcome of planning 
pregnancies in patients with SLE. Zhonghua Yi 
Xue Za Zhi 2017; 97: 2757-2761.

[12] Sun LP. Study on the pathogenesis of HMGB1, 
TLR2 and TLR4 and systemic lupus erythema-
tosus. Shanxi Medical University 2011.

[13] Morales-Rosello J. Doppler sonographic study 
of fetal brachial and umbilical artery blood flow 
during pregnancy. J Clin Ultrasound 2001; 29: 
152-156.

[14] Wang Y, Chen S, Chen S, Du J, Lin J, Qin H, 
Wang J, Liang J and Xu J. Long noncoding RNA 
expression profile and association with SLEDAI 
score in monocyte-derived dendritic cells from 
patients with systematic lupus erythematosus. 
Arthritis Res Ther 2018; 20: 138.

[15] Hall JA, Benton L, Copas A and Stephenson J. 
Pregnancy intention and pregnancy outcome: 
systematic review and meta-analysis. Matern 
Child Health J 2017; 21: 670-704.

[16] Pierce BT, Napolitano PG, Pierce LM, Kovac C, 
Hume RF Jr and Calhoun BC. The effect of fetal 
acidemia on fetal-placental vascular tone and 
production of the inflammatory cytokines inter-
leukin-6 and tumor necrosis factor-alpha. Am J 
Obstet Gynecol 2002; 187: 894-897.

[17] Shipman L. Systemic lupus erythematosus: pi-
lot study reveals placental abnormalities in 
SLE. Nat Rev Rheumatol 2016; 12: 312-312.

[18] Wang A, Liu X, Su Z, Chen S, Zhang N, Wang Y, 
Wang Y and Wu S. Two-year changes in protein-
uria and risk for myocardial infarction in pa-
tients with hypertension: a prospective cohort 
study. J Hypertens 2017; 35: 2295-2302.

[19] Abdelwahid HH, Wahab BA, Mahmoud MZ, 
Abukonna A and Taha EAS. Effects of gesta-
tional hypertension in the pulsatility index of 
the middle cerebral and umbilical artery, cere-
bro-placental ratio, and associated adverse 
perinatal outcomes. J Radiat Res Appl Sci 
2018; 11: 195-203.

[20] Wu J, Ma J, Bao C, Di W and Zhang WH. Preg-
nancy outcomes among Chinese women with 
and without systemic lupus erythematosus: a 
retrospective cohort study. BMJ Open 2018; 8: 
e020909.

[21] Wang XD, Zhan ZP, Tian YY, Wang SP, Zhan YF, 
Chen DY and Liang LQ. Predictive value of fetal 
umbilical artery doppler in adverse pregnancy 
outcomes in patients with Lupus nephritis. J 
Pract Med 2018; 23: 23-27.


