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Altered Right Portal and Umbilical Vein Doppler Parameters in
Fetal Macrosomia Resulting from Pregestational and
Gestational Diabetic Mothers: A Prospective Case-Control Study
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ABSTRACT Objective: To evaluate the blood flow of the umbilical vein and right portal vein in macrosomic fetuses of diabetic mothers and
investigate the effect of maternal insulin treatment on these blood flows. Material and Methods: This prospective case-control study was con-
ducted between March 2019 and December 2019. Fetuses of the 49 pregestational and gestational diabetic mothers who had an abdominal cir-
cumference percentile above 97% were evaluated as macrosomic and formed the study group. The study group was divided into two subgroups:
patients treated with insulin and those who did not. In the control group, 48 non-diabetic pregnant women with matched gestational weeks
whose fetuses are at the 10-90% percentile were included. Time-averaged maximum blood velocity (TAMXYV) values of the right portal vein
and the free loop of the umbilical vein were measured. Results: The median right portal vein TAMXYV value and umbilical vein TAMXYV value
were found to be significantly higher in diabetic pregnancies (16.25 cm/s, and 15.28 cm/s, respectively) than in the control group (12.76 cm/s,
and 13.38 cm/s, respectively, p<0.001). Umbilical and right portal vein flows were similar in macrosomic fetuses of diabetic mothers who were
treated with insulin or those who did not. While umbilical vein flow in macrosomic fetuses increased as the gestational age progressed
(p=0.028), it was observed steadily in normally growing fetuses. Conclusion: The umbilical and right portal vein flows are higher in macro-
somic fetuses of diabetic mothers than in appropriately grown fetuses. Maternal insulin treatment does not affect fetal umbilical vein and
right portal vein blood flow in macrosomic fetuses.
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Since the umbilical vein is the only source that some fetal disorders such as fetal growth restriction
brings nutrients and oxygen from the placenta to the (FGR) and macrosomia, where these vessels’ blood
fetus, it deserves intense attention, and the unique flow may be theoretically affected.**
blood distribution after entering the abdomen has The left portal vein is dominant because it is the
been studied with great care by researchers who are continuation of the umbilical cord in fetal life and
highly experienced in this field. In these studies, portal vein studies have mostly focused on the left
firstly, the anatomical relation of the umbilical cord to portal vein.*’ Fetal abdominal circumference (AC) is
the portal system and ductus venosus after entering important in the diagnosis of fetal macrosomia and
the abdomen in normal fetuses, and then the func- FGR and the estimation of fetal weight. The size of
tional blood distribution was investigated.'-* After ex- the AC is directly related to liver mass and the right
plaining the physiologic blood distribution, Doppler liver lobe is also of great importance. Previous stud-
investigation of these vessels has been performed in ies demonstrated that the venous perfusion of the

Correspondence: Siileyman Cemil OGLAK o a0)
Department of Obstetrics and Gynecology, Health Sciences University Gazi Yasargil Training and Research Hospital, Diyarbakir, Tiirkiye .3
E-mail: sampson_21@hotmail.com =
Peer review under responsibility of Journal of Clinical Obstetrics & Gynecology.
Received: 14 Oct 2022 Received in revised form: 30 Mar 2023 Accepted: 03 Apr 2023 Available online: 07 Apr 2023

2619-9467 / Copyright © 2023 by Tiirkiye Klinikleri. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

88


https://orcid.org/0000-0003-1287-4306
https://orcid.org/0000-0001-7634-3008
https://orcid.org/0000-0001-9999-3273
https://orcid.org/0000-0001-9482-5481
https://orcid.org/0000-0002-2257-2355
https://orcid.org/0000-0002-6677-2087
https://creativecommons.org/licenses/by-nc-nd/4.0/

Salim SEZER et al.

JCOG. 2023;33(2):88-94

liver is reduced in FGR cases. They also showed that
in some extreme cases of FGR, the right portal vein
received the blood from the main portal vein, and al-
most no blood was given from the umbilical vein.!® In
fetal life, the right portal vein receives blood from
both the umbilical vein and the main portal vein.
Therefore, in this study, we aimed to investigate the
fetal umbilical vein and right portal vein blood flow
in macrosomic fetuses of diabetic mothers and to in-
vestigate whether insulin treatment affects fetal um-
bilical vein and right portal vein blood flow.

MATERIAL AND METHODS

The prospective case-control study was conducted at
the Kanuni Sultan Siileyman Training and Research
Hospital between March 2019 and December 2019.
Ethical approval for the study was provided by the
Kanuni Sultan Siileyman Training and Research Hos-
pital’s institutional review board (date: 22.03.2019,
no: 2019/03/58). This study was conducted in accor-
dance with the Declaration of Helsinki ethical prin-
ciples. We obtained written informed consent from
all participants. Fetuses of the 49 diabetic mothers
who applied to the perinatology clinic and had an AC
percentile above 97% according to the week of ges-
tation were evaluated as macrosomic and formed the
study group. The study group was divided into 2 sub-
groups: patients treated with insulin and those who
did not. Twenty-nine participants had gestational di-
abetes mellitus (GDM) and 20 participants had
pregestational DM; of these pregestational DM cases,
3 patients had Type 1 DM and 17 patients had Type
2 DM. All pregestational DM cases and 8 GDM cases
received gestational insulin treatment. In the control
group, 48 pregnant women with matched gestational
weeks whose fetuses with the AC percentiles be-
tween 10-90% were included.

Pregestational diabetes was defined as Type 1 or
Type 2 DM that existed before pregnancy. GDM was
defined as glucose intolerance that is first detected
during the second trimester of pregnancy by a 75-g
oral glucose tolerance test. We diagnosed GDM
based on at least one abnormal glucose value, as fol-
lows: a fasting plasma glucose >92 mg/dL, a 1-hour
value of >180 mg/dL, or a 2-hour value of >153
mg/dL."
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Cases with gestational hypertensive disorders
were excluded from the study since this pregnancy
complication might affect fetal growth.'>!* All preg-
nant women with chronic diseases other than diabetes
that may affect fetal growth were excluded from the
study. Other exclusion criteria for all cases were mul-
tiple pregnancies, smoking, maternal anemia, rup-
tured amniotic membranes, fetal chromosomal
abnormalities, and congenital fetal malformations.

We determined the gestational age by measur-
ing the crown-rump length in ultrasound (US) exam-
ination at the first visit at approximately 9-10 weeks
of gestation to accurately calculate the gestational age
and AC percentiles at the later weeks of gestation,
and thus, to make a correct diagnosis of macrosomia.
Gestational age was calculated in days to minimize
the margin of error. Second-trimester routine US
scans did not reveal any fetal malformation entire the
study cohort. Participants were examined using a Vo-
luson E 6 (GE Healthcare US, Milwaukee, WI, USA)
US machine equipped with a RAB 6D (2-7 MHz)
probe by an expert maternal-fetal medicine specialist.
In the Doppler US evaluation, we measured the time-
averaged maximum blood velocity (TAMXYV) values
of the right portal vein and the free loop of the um-
bilical vein during the fetal quiescence, with the angle
of insonation kept as small as possible, not exceeding
30° (median angle correction was 0, range 0-30°).°
Estimated fetal weight (EFW) was calculated based
on sonographic measurements of fetal biparietal di-
ameter, head circumference, abdominal circumfer-
ence, and femur length."* Amniotic fluid volume
(AFV) was measured in each case simultaneously by
the single deepest pocket. '

The initial gestational age of the study group co-
incided with the 200% day of pregnancy, i.e. approx-
imately the 28" week of gestation. Since gestational
diabetes screening was performed after the 24" ges-
tational week and a certain period was required for
macrosomia to develop, the data in the study include
the period from this week to the end of pregnancy.

STATISTICAL ANALYSIS

Kolmogorov-Smirnov and Shapiro-Wilk tests were
used to test the normality. The factors that may cor-
relate with the outcome (group) were analyzed inde-
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pendently (univariate analysis) by either Student’s t-
test or Mann-Whitney U test, where applicable.
ANOVA and/or Kruskal Wallis tests were used to
compare more than 2 independent groups, and the
groups that made the difference were determined by
post-hoc multiple comparison tests. The differences
in proportions between groups were compared by
using chi-square or Fisher’s exact test. Descriptive
statistics were used to summarize the data and ex-
pressed as mean+standard deviation (std) for nor-
mally distributed continuous variables, median
(range) for skewed continuous variables, and count
with the percentage of the total for categorical vari-
ables. To define the risk factors of being patient, mul-
tiple logistic regression analysis and adjusted odds
ratios; their confidence intervals were calculated. All
covariates with missing data in less than 20% of ob-
servations and a p-value <0.2 in univariate testing
were considered for inclusion in the final multiple re-
gression model, but the correlations prevented them
from evaluation altogether. Highly collinear covari-
ates (defined as correlation coefficient >0.6) were not
included together in the final multivariate model. The
correlation coefficient of Spearman was used to ex-
amine the linear relationships between the variables
and the results are given with their respective p val-
ues. All statistical analyses were performed by using
IBM SPSS 20.0 for Windows (SPSS Inc., Chicago,
IL, USA).

RESULTS

The comparisons between macrosomic fetuses whose
mothers are diabetic and the control group in terms of

the maternal age, gestational age at the Doppler US
examination, AC percentile, right portal vein and um-
bilical vein TAMXYV values, and AFV are given in
Table 1. Accordingly, the mean maternal age and
gestational age at the time of the Doppler US exam-
ination were similar between diabetic mothers and
control cases (p=0.812 and p=0.857, respectively).
The median right portal vein TAMXYV value, umbil-
ical vein TAMXY value, and AFV were found to be
significantly higher in diabetic pregnancies (16.25
cm/s, 15.28 cm/s, and 8.79 cm, respectively) than in
the control group (12.76, 13.38, and 5.47 cm, re-
spectively, p<0.001).

We compared the diabetic mothers whether they
received insulin treatment in their pregnancies and
summarized the findings in Table 2. The mean ma-
ternal age, median right portal vein and umbilical
vein TAMXYV values, and AFV were similar in cases
that received gestational insulin treatment and those
that did not. Both of the groups’ median right portal
vein and umbilical vein TAMXYV values and AFV
were significantly higher than those of the control
group (p<0.001). The mean EFW of the group that did
not receive insulin treatment (3037.33£576.51 g) was
found to be significantly lower than the group that was
treated with insulin (2423.89+759.04 g, p<0.001).

The comparisons between pregestational DM
and GDM cases were presented in Table 3. There was
no significant difference in macrosomic fetuses of di-
abetic mothers regarding maternal age, the median
umbilical vein and right portal vein TAMXYV values,
and AFV. Both of the groups’ median right portal

TABLE 1: Comparisons of variables between macrosomic fetuses whose mothers are diabetic and the control group.
Diabetes mellitus group Control group

MeanxSD Median (range) MeanSD Median (range) p value
Maternal age, years 34.53+4.28 34.00 (18.00) 34.35+5.29 35.00 (19.00) 0.857
Gestational age, days 231.79+22.59 232.00 (82.00) 232.85+21.16 236.00 (80.00) 0.812
Abdominal circumference, % - 52.62+19.96 49.90 (76.85) N/A
Portal vein TAMXV, cm/s 16.233.00 16.25 (18.37) 12.76+1.59 12.48 (6.67) <0.001*
Umbilical vein TAMXV, cm/s 16.17+2.80 15.28 (14.51) 13.38+1.90 13.35 (8.68) <0.001*
Amniotic fluid volume, cm 8.83+1.57 8.79 (6.69) 5.47+1.62 5.09 (7.25) <0.001*
Estimated fetal weight, g 2686.80+746.09 2703 (2947) 2224.23+542.92 2312 (2244) 0.001

*Signed p-values express p-values for Mann-Whitney U test; others for Student’s t-test; TAMXV: Time-averaged maximum blood velocity; N/A: Not available.

SD: Standard deviation.
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TABLE 2: Comparisons between diabetes mellitus cases whether they received gestational insulin treatment and control group.
Gestational insulin treatment (-) cases  Gestational insulin treatment (+) cases Control group
MeanSD Median (range) MeanSD Median (range) MeanSD Median (range)  p value
Maternal age, years 34.57+3.64 34.00 (14.00) 34.50+4.78 34.50 (18.00) 34.35+5.30 35.0 (19.0) 0.983*
Gestational age, days 2421917112 242.00 (62.00) 224.00+23.31° 225.00 (79.00) 232.85+21.16% 236.0 (80.0) 0.013*
Portal vein TAMXV, cm/s 16.37+2.80 16.82 (11.73) 16.12+£3.19 16.13 (18.37)2 12.76+1.59 12.48 (6.67)° <0.001
Umbilical vein TAMXV, cm/s 16.29+2.70 16.01 (8.97) 16.09+2.91 15.18 (14.44) 13.38+1.90 13.35 (8.68)° <0.001
Amniotic fluid volume, cm 9.06+1.78 8.90 (6.69) 8.66+1.40 8.71 (5.06) 5.47+1.62 5.09 (7.25)° <0.001
Estimated fetal weight, g 3037.33+576.51 3018 (2138)° 2423.89+759.04 2424.5 (2639)° 2224.234542.92 2312 (2244) 0.001*
abab; Mean/median denoted by the same letter index are the same and denoted by the same different letter statistically different;
*ANOVA p-value and all others from Kruskal Wallis test; TAMAXV: Time-averaged maximum blood velocity.
SD: Standard deviation.
TABLE 3: Comparisons between gestational diabetes mellitus, pregestational diabetes mellitus, and control groups.
Pregestational diabetes mellitus cases ~ Gestational diabetes mellitus cases Control group
MeanSD Median (range) MeanSD Median (range) MeanSD Median (range) p value
Maternal age, years 33.90+4.77 34.5(17.0) 34.97+3.95 34.0 (16.0) 33.35+5.30 35.0 (19.0) 0.738
Gestational age, days 222.65+23.322 2200 (79.0) 238.10+20.12b 241.0 (82.0) 232.85+21.16®  236.0 (80.0) 0.048*
Portal vein TAMXV, cm/s 15.54+2.12 15.73 (8.8) 16.70+3.44 16.40 (16.83)° 12.76+1.59 12.48 (6.67) <0.001
Umbilical vein TAMXV, cm/s 16.18+3.30 14.99 (14.19)2 16.17+£2.45 16.01 (8.97) 13.84+1.90 13.35 (8.68)° <0.001
Amniotic fluid volume, cm 8.63+1.51 8.71 (5.06) 8.97+1.62 8.84 (6.69) 5.47+1.62 5.09 (7.25)° <0.001
Estimated fetal weight, g 2398.1£791.33 3018 (2138)2 2885.9+654.78 2931 (2919) 2224.23+542.92 2312 (2244) <0.001*

abab: \ean/median denoted by the same letter index are the same and denoted by the same different letter statistically different;

*ANOVA p value and all others from Kruskal Wallis test; TAMXV: Time-averaged maximum blood velocity.

SD: Standard deviation.

vein and umbilical vein TAMXYV values and AFV
were significantly higher than those of the control
group (p<0.001). The mean EFW in the pregesta-
tional DM group (2398.1+791.33 g) and in the con-
trol group (2224.23+542.92 g) was found to be
significantly lower than in the gestational DM group
(2885.90+654.78 g, p<0.001).

The data regarding the variables examined in
terms of the correlation coefficient are presented in
Table 4. According to these results, a significant pos-
itive correlation was found between the gestational
age and umbilical vein TAMXYV value only in the fe-

tuses of diabetic mothers (p=0.028). The scatter graph
of this significant relationship is given in Figure 1.

DISCUSSION

Fetal liver dimensions are correlated with fetal size
and weight, like other fetal biometric measurements,
including biparietal diameter, head circumference,
AC, and femur length.'® In macrosomic fetuses, AC
and therefore liver sizes are also large. The majority
of the nutrient-rich blood carrying from the mother
to the fetus through the umbilical vein in fetal life first
comes to the liver.!” Experimentally, when the ductus

TABLE 4: Spearman correlations between gestational age and other variables.

Spearman’s rho (p) Portal vein TAMXV

Control cases (n=48) 0.230 (0.115)
Fetuses of diabetic mothers (n=49) 0.223 (0.124)
All cases 0.168 (0.100)

Umbilical vein TAMXV Amniotic fluid volume

0.026 (0.863) 0.116 (0.433)
0.314 (0.028) 0.107 (0.463)
0.140 (0.172) 0.078 (0.448)

TAMXV: Time-averaged maximum blood velocity.
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FIGURE 1: Scatter graph for gestational age and umbilical vein time-averaged
maximum blood velocity.
TAMXV: Time-averaged maximum blood velocity.

venosus was narrowed, that is, when the blood flow
to the liver increased indirectly, cell proliferation in-
creased in the fetal liver, heart, kidney, and skeletal
muscle.'® These all indicate that the liver is the cen-
tral organ in human development in fetal life.

In fetal life, the left portal vein has been used as
an indirect determinant of the right portal vein flow,
as it is considered the main tap of blood flowing to
the liver.>* There is a positive correlation between the
umbilical vein blood flow and left portal vein, right
portal vein, and total liver venous blood flow. When
the umbilical vein flow increases, the left portal vein
flow also increases because, in fetal life, the left por-
tal vein is the continuation of the umbilical vein."
Also, since approximately 18-20% of the blood com-
ing from the umbilical vein goes to the ductus veno-
sus and from there to the heart, it directly passes into
the systemic circulation without entering the portal
system.”’ While this is the case in normal fetal de-
velopment, in FGR, the venous flow to the liver is re-
duced because the blood coming from the umbilical
vein gives priority to the systemic circulation, and
this decrease is more pronounced in the right liver
lobe.'"” While the right portal vein flow was de-
creasing in fetuses with FGR, how would it be in
macrosomic fetuses? Also, as known, in pregnancies
complicated with DM, the risk of macrosomia in-
creases 2-fold to 3-fold, even with treatment.?'** In
this study, we investigated how is the blood flow of
the right portal vein, which has a more passive role in
fetal life compared to the left portal vein, in macro-

92

somic diabetic mothers’ fetuses, and whether the ma-
ternal insulin treatment affects this blood flow.

In the study conducted by Haugen et al., the liver
blood flow did not change in the fasting state, while
the increase in the 2 hours after the glucose challenge
test was associated with fetal size.!”” While the liver
blood flow of macrosomic babies increased after glu-
cose exposure compared to normal fetuses, no sig-
nificant difference was observed in the fasting state.
In our study, regardless of the fasting status or ma-
ternal glucose intake, our results of the random
Doppler US analysis were consistent with the glucose
exposure in the study of Haugen et al. Since all fe-
tuses in our study group were macrosomic, the study
group was divided into 2 subgroups whose mothers
were treated with insulin and those who did not.
Among these subgroups, TAMXYV values were not
significantly different between the umbilical vein and
the right portal vein.

In the study of Kessler et al. and Ebbing et al. in
macrosomic fetuses of nondiabetic mothers, they
found that the blood flow to the liver in these fetuses
was higher than in the control group. The increase in
liver blood flow continued during the last trimester,
but blood flow was observed to be stable in the nor-
mal growth control group.** Our results were similar
to these studies. While the week of gestation increased
in our control group, right portal vein and umbilical vein
flows were observed constantly. Similar to these stud-
ies, we observed in the study group that the increase in
the umbilical vein flow as the gestational age progressed
was statistically significant. However, the slight in-
crease observed in the right portal vein as the gestational
age progressed was not statistically significant. The dif-
ference between our study group from these studies is
that mothers of macrosomic fetuses were diabetic in
our study, while were not diabetic in their studies. We
observed that maternal insulin use did not affect fetal
umbilical vein and right portal vein flow in macro-
somic fetuses. The venous blood flow of macrosomic
fetuses of pregestational diabetic mothers was simi-
lar to that of macrosomic fetuses whose mothers were
diagnosed with GDM. Based on these findings, um-
bilical venous return increases in macrosomic fetuses,
whether the mother is diabetic or not and whether she
was treated with insulin or not. Also, in a recent
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study, Grindheim et al. randomly prescribed met-
formin/placebo to pregnant women with polycystic
ovary syndrome (PCOS) in the first trimester of preg-
nancy. They compared fetal venous liver blood flow
in both metformin vs placebo-exposed fetuses of
mothers of PCOS at 32 weeks of gestation. They con-
cluded that metformin treatment during pregnancy
did not affect fetal blood flow, as documented by
TAMXYV measurements of the umbilical vein, duc-
tus venosus, and portal vein.” These results show that
the venous blood flow to the liver is increased in
macrosomic fetuses, regardless of the etiology.

CONCLUSION

TAMXYV values of the right portal vein and umbilical
vein were significantly higher in fetuses whose moth-
ers were diabetic compared to the control group.
While these values were approximately constant in
the appropriately grown fetuses from 28 weeks to the
end of the gestation, the umbilical vein TAMXYV in-
creased until the end of the gestation in the macro-
somic fetuses of the diabetic mothers. Maternal
insulin therapy did not affect these venous flows.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,

working conditions, share holding and similar situations in any

firm.

Authorship Contributions

Ildea/Concept: Salim Sezer, Siileyman Cemil Oglak, Alev Atis
Aydin, Sema Siizen Caypinar, Basak Kaya, Melih Bestel; Design:
Salim Sezer, Siileyman Cemil Oglak, Alev Atis Aydin, Basak Kaya;
Control/Supervision: Salim Sezer, Alev Atis Aydin, Sema Siizen
Caypinar, Data Collection and/or Processing: Salim Sezer,
Analysis and/or Interpretation: Salim Sezer, Siileyman Cemil
Oglak, Alev Atig Aydin, Melih Bestel, Literature Review: Salim
Sezer, Siileyman Cemil Oglak; Writing the Article: Salim Sezer,
Siileyman Cemil Oglak; Critical Review: Siileyman Cemil

Oglak; References and Fundings: Salim Sezer.

REFERENCES

1. Kessler J, Rasmussen S, Kiserud T. The fetal portal vein: normal blood flow
development during the second half of human pregnancy. Ultrasound Obstet
Gynecol. 2007;30(1):52-60. [Crossref] [PubMed]

2. KesslerJ, Rasmussen S, Kiserud T. The left portal vein as an indicator of wa-
tershed in the fetal circulation: development during the second half of preg-
nancy and a suggested method of evaluation. Ultrasound Obstet Gynecol.
2007;30(5):757-64. [Crossref] [PubMed]

3. Haugen G, Kiserud T, Godfrey K, Crozier S, Hanson M. Portal and umbilical
venous blood supply to the liver in the human fetus near term. Ultrasound
Obstet Gynecol. 2004;24(6):599-605. [Crossref] [PubMed]

4. Kessler J, Rasmussen S, Godfrey K, Hanson M, Kiserud T. Venous
liver blood flow and regulation of human fetal growth: evidence from macro-
somic fetuses. Am J Obstet Gynecol. 2011;204(5):429.e1-7. [Crossref]
[PubMed]

5. Ebbing C, Rasmussen S, Kiserud T. Fetal hemodynamic development in
macrosomic growth. Ultrasound Obstet Gynecol. 2011;38(3):303-8. [Cross-
ref] [PubMed]

6. LundA, Ebbing C, Rasmussen S, Kiserud T, Hanson M, Kessler J. Altered de-
velopment of fetal liver perfusion in pregnancies with pregestational diabetes.
PLoS One. 2019;14(3):e0211788. [Crossref] [PubMed] [PMC]

7. Ebbing C, Rasmussen S, Godfrey KM, Hanson MA, Kiserud T. Redistribu-
tion pattern of fetal liver circulation in intrauterine growth restriction. Acta Ob-
stet Gynecol Scand. 2009;88(10):1118-23. [Crossref] [PubMed]

93

8. Jokkaew N, Pleankong M, Smanchat B, Prommas S, Bhamarapravatana K,
Suwannarurk K. Nomogram of fetal right portal vein diameter at gestational
age 30 to 35weeks and prediction of small for gestational age at birth. J Ob-
stet Gynaecol Res. 2021;47(9):3084-90. [Crossref] [PubMed]

9. Vedmedovska N, Rezeberga D, Teibe U, Zodzika J, Donders GG. Adaptive
changes in the splenic artery and left portal vein in fetal growth restriction. J
Ultrasound Med. 2012;31(2):223-9. [Crossref] [PubMed]

Kessler J, Rasmussen S, Godfrey K, Hanson M, Kiserud T. Fetal growth re-
striction is associated with prioritization of umbilical blood flow to the left he-
patic lobe at the expense of the right lobe. Pediatr Res. 2009;66(1):113-7.
[Crossref] [PubMed]

11, International Association of Diabetes and Pregnancy Study Groups Consen-
sus Panel; Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano PA,
Damm P, et al. International association of diabetes and pregnancy study
groups recommendations on the diagnosis and classification of hyper-
glycemia in pregnancy. Diabetes Care. 2010;33(3):676-82. [Crossref]
[PubMed] [PMC]

Olmez F, Oglak SC, Gedik Ozkdse Z. Increased maternal serum aquaporin-
9 expression in pregnancies complicated with early-onset preeclampsia. J
Obstet Gynaecol Res. 2022;48(3):647-53. [Crossref] [PubMed]

Behram M, Oglak SC. The expression of angiogenic protein Cyr61 signifi-

cantly increases in the urine of early-onset preeclampsia patients. Journal of
Contemporary Medicine. 2021;11(5):605-9. [Crossref]


https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.4054
https://pubmed.ncbi.nlm.nih.gov/17559055/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.5146
https://pubmed.ncbi.nlm.nih.gov/17899574/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.1744
https://pubmed.ncbi.nlm.nih.gov/15517551/
https://www.sciencedirect.com/science/article/abs/pii/S0002937810025238?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/21354546/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.9046
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.9046
https://pubmed.ncbi.nlm.nih.gov/21557374/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0211788
https://pubmed.ncbi.nlm.nih.gov/30865630/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6415794/
https://obgyn.onlinelibrary.wiley.com/doi/full/10.1080/00016340903214924
https://pubmed.ncbi.nlm.nih.gov/19707895/
https://obgyn.onlinelibrary.wiley.com/doi/10.1111/jog.14884
https://pubmed.ncbi.nlm.nih.gov/34128277/
https://onlinelibrary.wiley.com/doi/abs/10.7863/jum.2012.31.2.223
https://pubmed.ncbi.nlm.nih.gov/22298865/
https://www.nature.com/articles/pr2009172
https://pubmed.ncbi.nlm.nih.gov/19287343/
https://diabetesjournals.org/care/article/33/3/676/38903/International-Association-of-Diabetes-and
https://pubmed.ncbi.nlm.nih.gov/20190296/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2827530/
https://obgyn.onlinelibrary.wiley.com/doi/10.1111/jog.15129
https://pubmed.ncbi.nlm.nih.gov/34927322/
https://dergipark.org.tr/en/pub/jcm/issue/62606/945345

Salim SEZER et al.

JCOG. 2023;33(2):88-94

14.

Oglak SC, Bademkiran MH, Obut M. Predictor variables in the success of
slow-release dinoprostone used for cervical ripening in intrauterine growth
restriction pregnancies. J Gynecol Obstet Hum Reprod. 2020;49(6):101739.
[Crossref] [PubMed]

Can E, Oglak SC, Olmez F. Maternal and neonatal outcomes of expectantly
managed pregnancies with previable preterm premature rupture of mem-
branes. J Obstet Gynaecol Res. 2022;48(7):1740-9. [Crossref] [PubMed]

Lund A, Ebbing C, Rasmussen S, Qvigstad E, Kiserud T, Kessler J. Pre-ges-
tational diabetes: Maternal body mass index and gestational weight gain are
associated with augmented umbilical venous flow, fetal liver perfusion, and
thus birthweight. PLoS One. 2021;16(8):€0256171. [Crossref] [PubMed]
[PMC]

Opheim GL, Henriksen T, Haugen G. The effect of a maternal meal on fetal
liver blood flow. PLoS One. 2019;14(6):€0216176. [Crossref] [PubMed]
[PMC]

Kessler J, Rasmussen S, Godfrey K, Hanson M, Kiserud T. Longitudinal study
of umbilical and portal venous blood flow to the fetal liver: low pregnancy
weight gain is associated with preferential supply to the fetal left liver lobe. Pe-
diatr Res. 2008;63(3):315-20. [Crossref] [PubMed]

Haugen G, Bollerslev J, Henriksen T. Human fetoplacental and fetal liver
blood flow after maternal glucose loading: a cross-sectional observational
study. Acta Obstet Gynecol Scand. 2014;93(8):778-85. [Crossref] [PubMed]

94

20.

21.

22.

23.

24.

25.

Spurway J, Logan P, Pak S. The development, structure and blood flow
within the umbilical cord with particular reference to the venous system.
Australas J Ultrasound Med. 2012;15(3):97-102. [Crossref] [PubMed]
[PMC]

Oglak SC, Obut M. Expression of ADAMTS13 and PCNA in the placentas of
gestational diabetic mothers. Int J Morphol. 2021;39(1):38-44. [Crossref]

Akgdl S, Budak MS, Oglak SC, Olmez F, Dilek ME, Kartal S. Can maternal
abdominal fat thickness predict antenatal insulin therapy in patients with ges-
tational diabetes mellitus? J Obstet Gynaecol Res. 2022;48(3):634-9.
[Crossref] [PubMed]

Oglak SC, Yavuz A, Olmez F, Gedik Ozkése Z, Siizen Caypinar S. The re-
duced serum concentrations of B-arrestin-1 and B-arrestin-2 in pregnancies
complicated with gestational diabetes mellitus. J Matern Fetal Neonatal Med.
2022;35(25):10017-24. [Crossref] [PubMed]

Tunc S, Oglak SC, Olmez F, Ozkose ZG. The value of first-trimester mater-
nal abdominal visceral adipose tissue thickness in predicting the subsequent
development of gestational diabetes mellitus. J Coll Physicians Surg Pak.
2022;32(6):722-7. [Crossref] [PubMed]

Grindheim S, Ebbing C, Karlsen HO, Skulstad SM, Real FG, Lennebotn M,
et al. Metformin exposure, maternal PCOS status and fetal venous liver cir-
culation: a randomized, placebo-controlled study. PLoS One. 2022;17(1):
€0262987. [Crossref] [PubMed] [PMC]


https://www.sciencedirect.com/science/article/abs/pii/S2468784720300738?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/32251738/
https://obgyn.onlinelibrary.wiley.com/doi/10.1111/jog.15239
https://pubmed.ncbi.nlm.nih.gov/35411577/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0256171
https://pubmed.ncbi.nlm.nih.gov/34398922/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8367003/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0216176
https://pubmed.ncbi.nlm.nih.gov/31188835/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6561550/
https://www.nature.com/articles/pr200862
https://pubmed.ncbi.nlm.nih.gov/18338440/
https://obgyn.onlinelibrary.wiley.com/doi/10.1111/aogs.12419
https://pubmed.ncbi.nlm.nih.gov/24806823/
https://onlinelibrary.wiley.com/doi/10.1002/j.2205-0140.2012.tb00013.x
https://pubmed.ncbi.nlm.nih.gov/28191152/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5025097/
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-95022021000100038&lng=en&nrm=iso&tlng=en
https://obgyn.onlinelibrary.wiley.com/doi/10.1111/jog.15128
https://pubmed.ncbi.nlm.nih.gov/34931403/
https://www.tandfonline.com/doi/full/10.1080/14767058.2022.2083495
https://pubmed.ncbi.nlm.nih.gov/35674413/
https://jcpsp.pk/article-detail/pthe-value-of-firsttrimester-maternal-abdominal-visceral-adipose-tissue-thickness-in-predicting-the-subsequent-development-of-gestational-diabetes-mellitusorp
https://pubmed.ncbi.nlm.nih.gov/35686402/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0262987
https://pubmed.ncbi.nlm.nih.gov/35089960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8797196/

