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Since the umbilical vein is the only source that 
brings nutrients and oxygen from the placenta to the 
fetus, it deserves intense attention, and the unique 
blood distribution after entering the abdomen has 
been studied with great care by researchers who are 
highly experienced in this field. In these studies, 
firstly, the anatomical relation of the umbilical cord to 
the portal system and ductus venosus after entering 
the abdomen in normal fetuses, and then the func-
tional blood distribution was investigated.1-3 After ex-
plaining the physiologic blood distribution, Doppler 
investigation of these vessels has been performed in 

some fetal disorders such as fetal growth restriction 
(FGR) and macrosomia, where these vessels’ blood 
flow may be theoretically affected.4-8 

The left portal vein is dominant because it is the 
continuation of the umbilical cord in fetal life and 
portal vein studies have mostly focused on the left 
portal vein.6,9 Fetal abdominal circumference (AC) is 
important in the diagnosis of fetal macrosomia and 
FGR and the estimation of fetal weight. The size of 
the AC is directly related to liver mass and the right 
liver lobe is also of great importance. Previous stud-
ies demonstrated that the venous perfusion of the 
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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.10 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 Süleyman Training and Research 
Hospital between March 2019 and December 2019. 
Ethical approval for the study was provided by the 
Kanuni Sultan Süleyman 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.11    

Cases with gestational hypertensive disorders 
were excluded from the study since this pregnancy 
complication might affect fetal growth.12,13 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 (TAMXV) 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 
30º (median angle correction was 0, range 0-30º).6 
Estimated fetal weight (EFW) was calculated based 
on sonographic measurements of fetal biparietal di-
ameter, head circumference, abdominal circumfer-
ence, and femur length.14 Amniotic fluid volume 
(AFV) was measured in each case simultaneously by 
the single deepest pocket.15  

The initial gestational age of the study group co-
incided with the 200th day of pregnancy, i.e. approx-
imately the 28th week of gestation. Since gestational 
diabetes screening was performed after the 24th 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 TAMXV 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 TAMXV value, umbil-
ical vein TAMXV 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 TAMXV 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 TAMXV 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 TAMXV values, 
and AFV. Both of the groups’ median right portal 

 Diabetes mellitus group Control group 
Mean±SD Median (range) Mean±SD 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 16.23±3.00 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 

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

*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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vein and umbilical vein TAMXV 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 TAMXV 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.16 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.17 Experimentally, when the ductus 

Gestational insulin treatment (-) cases Gestational insulin treatment (+) cases Control group  
Mean±SD Median (range) Mean±SD Median (range) Mean±SD 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 242.19±17.11a 242.00 (62.00) 224.00±23.31b 225.00 (79.00) 232.85±21.16ab 236.0 (80.0) 0.013* 
Portal vein TAMXV, cm/s 16.37±2.80 16.82 (11.73)a 16.12±3.19 16.13 (18.37)a 12.76±1.59 12.48 (6.67)b <0.001 
Umbilical vein TAMXV, cm/s 16.29±2.70 16.01 (8.97)a 16.09±2.91 15.18 (14.44)a 13.38±1.90 13.35 (8.68)b <0.001 
Amniotic fluid volume, cm 9.06±1.78 8.90 (6.69)a 8.66±1.40 8.71 (5.06)a 5.47±1.62 5.09  (7.25)b <0.001 
Estimated fetal weight, g 3037.33±576.51 3018 (2138)a 2423.89±759.04 2424.5 (2639)b 2224.23±542.92 2312 (2244)b 0.001* 

TABLE 2:  Comparisons between diabetes mellitus cases whether they received gestational insulin treatment and control group.

a,b,ab; 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.

Pregestational diabetes mellitus cases Gestational diabetes mellitus cases Control group 
Mean±SD Median (range) Mean±SD Median (range) Mean±SD 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±23.32a 220.0 (79.0) 238.10±20.12b 241.0 (82.0) 232.85±21.16ab 236.0 (80.0) 0.048* 
Portal vein TAMXV, cm/s 15.54±2.12 15.73 (8.8)a 16.70±3.44 16.40 (16.83)a 12.76±1.59 12.48 (6.67)a <0.001 
Umbilical vein TAMXV, cm/s 16.18±3.30 14.99 (14.19)a 16.17±2.45 16.01 (8.97)a 13.84±1.90 13.35 (8.68)b <0.001 
Amniotic fluid volume, cm 8.63±1.51 8.71 (5.06)a 8.97±1.62 8.84 (6.69)a 5.47±1.62 5.09 (7.25)b <0.001 
Estimated fetal weight, g 2398.1±791.33 3018 (2138)a 2885.9±654.78 2931 (2919)b 2224.23±542.92 2312 (2244)a <0.001* 

TABLE 3:  Comparisons between gestational diabetes mellitus, pregestational diabetes mellitus, and control groups.

a,b,ab; 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; TAMXV: Time-averaged maximum blood velocity. 
SD: Standard deviation.

Spearman’s rho (p) Portal vein TAMXV Umbilical vein TAMXV Amniotic fluid volume 
Control cases (n=48) 0.230 (0.115) 0.026 (0.863) 0.116 (0.433) 
Fetuses of diabetic mothers (n=49) 0.223 (0.124) 0.314 (0.028) 0.107 (0.463) 
All cases 0.168 (0.100) 0.140 (0.172) 0.078 (0.448) 

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

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.18 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.2,5 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.19 
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.20 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.10,19 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.21-24 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-

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.19 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, TAMXV 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.4,5 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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FIGURE 1: Scatter graph for gestational age and umbilical vein time-averaged 
maximum blood velocity. 
TAMXV: Time-averaged maximum blood velocity. 
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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 
TAMXV measurements of the umbilical vein, duc-
tus venosus, and portal vein.25 These results show that 
the venous blood flow to the liver is increased in 
macrosomic fetuses, regardless of the etiology. 

 CONCLUSION 
TAMXV 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 TAMXV 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. 
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