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Summary

Pancreatic ultrasound is employed to assess the structure of the organ and diagnose various conditions.
However, analyses of pancreatic images of high-risk newborn infants are scarce.

Aim of the study: to investigate pancreatic echogenicity in high-risk neonates and evaluate the association
between pancreatic echogenicity and clinical diagnosis.

Materials and methods. This prospective observational case-control ultrasound study included 105
neonates admitted to the neonatal intensive care unit or outpatient. The patients were divided into two groups:
group 1 (high-risk), which included 55 high-risk neonates, and group 2 (control), which included 50 neonates
of comparable age with no history of high-risk pregnancy or delivery who were presented for medical consul-
tation. Abdominal ultrasound examinations were performed, with a focus on the pancreas. Pancreatic
echogenicity was classified as hyperechoic, isoechoic, or hypoechoic, relative to the liver.

Results. No significant difference in pancreatic size was observed between the high-risk and control
groups. A significant predominance of hyperechogenicity over hypoechogenicity or isoechogenicity was
found in the high-risk group. A significant difference in echogenicity was found between the high-risk and
control groups (P=0.0001). Neonates in the control group were more likely to have pancreatic isoechogenicity
(60%) compared to hyperechogenicity (34%) or hypoechogenicity (6%). In the high-risk group, neonates had
a higher frequency of pancreatic hyperechogenicity (72.72%) compared to hypoechogenicity (10.9%) or isoe-
chogenicity (16.36%). Notably, 83.3% of infants born to diabetic mothers had a hypoechogenic pattern. Cer-
tain high-risk infants, such as preterm infants and those with perinatal asphyxia, had a higher frequency of
hyperechogenicity (83.3%). The percentage of hypoechoic pattern was comparable in male and female new-
borns (50%); isoechoic pattern was more prevalent in females (77.3%) than in males (22.2%), while males had
amore frequent hyperechoic pattern (57.5%).

Conclusion. Evaluation of the pancreas in high-risk neonates and monitoring of long-term outcomes are
of critical importance, especially in the infants of diabetic mothers.
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Pe3rome

YABTpa3ByKOBOE HCC/IeJOBAHNE MOMKeTYI0UHOH sKkesne3nl (IIK) mpuMeHSIOT /1S OIIeHKU CTPYKTYPbI
OpraHa ¥ [UarHOCTUKU Pa3INYHbIX 3a00seBaHuil. [Ipu aToM OMyOJIMKOBAHHBIX Pe3Y/IETaTOB aHAIN3a YJIBT-
Pa3ByKOBOro ucciaenoBanns [13K HOBOPOKIEHHBIX U3 TPYIIILI BBICOKOIO PUCKA OY€Hb MaJIo.

IeJss HcciIefOBaHUA — U3YYUTH 0COOEHHOCTH axoreHHOCTH ITJK y HOBOPOSK/IEHHBIX U3 TPYIIIBI BBICO-
KOI'O PUCKAa U OLIeHUTb CBA3b MKy IaTTePHOM 9XO0reHHOCTH [T7K 1 KIIMHUYeCKUM JUAarHO30M.

MarepuaJbl M MeTOJBI. B IpocrieKTUBHOEe 00cepBallMOHHOE YJIBTPa3ByKOBOE HCC/IeloBaHue TUIIA «CJTy-
4ali—KOHTPOJIb» BRJIIOUMIN 105 HOBOPOSKIEHHBIX, KOTOPBIX pa3esInu Ha JBe IPynnsl. B 1-1o rpynmy (BbI-
COKOTO PHCKa) BKJIIOYUJIU 55 AI[EHTOB OTAe/IeHUsI UHTeHCUBHON Tepaluy HOBOPOYKEHHBIX, BO 2-10 TPYIIITY
(cpaBHeHUs1) — 50 HOBOPOSK/IEHHBIX, JOCTABJIEHHBIX Ha aMOY/JIaTOPHBI TpueM 6e3 nHpopMaIuu 06 0CI0kK-
HeHUsAX OepeMeHHOCTH WX POZIOB B aHaMHese. [IpoBesin y/IsTpasByKoBOe Hcc/leloBaHe OPIOIITHOM I0JI0CTH
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c akuenToM Ha IT7K. 9xoremnocts 17K oneHnBaJM 110 OTHOLIEHUIO K IIEYEHN KaK TAIIEePIXOTCHHYI0, U309X0-
TEeHHY UJIX THIIO3XOT€HHYIO.

Pe3ynbraThl. Pasameps! [17K y HOBOPOKJeHHBIX 00€HX TPYIIII CYIIIeCTBEHHO He Pa3/InJaIich. Y HMaIreH-
TOB U3 I'PYyIIIbI BBICOKOI'O PYICKA BBIABUJIN 3HAYUTEJIbHOE Hpe06J1a,z[aH1/1e TUIIEPIXOr€HHOCTU HAaJl TUII03X0-
TeHHOCTBIO NJIN U309XOT€HHOCTHIO. YCTAaHOBUWJIN ME)KIPYIIIOBOe pasandue B axoreHHocTH [I2K (p=0,0001).
YV HOBOPOSKIEHHBIX TPYIIIBI CpaBHEHUA Tpeobiraiaia n30axoreHHocTs I17K (60%), peske 0OHAPYKUBAJIN I'H-
epPIXOTeHHOCTH (34%) 1 TUII09XOTE€HHOCTH (6%). Y HOBOPOSKIEHHbIX M3 I'PYIIIBI BBICOKOI'O PUCKA Yallle BbI-
ABJIAIN runepaxoreHHocTs 13K (72,72%) 1 3Ha4MTEJIBHO peske — IUI09X0reHHOCTh (10,9%) 1 n309X0reH-
HOCTBb (16,36%). ¥V 83,3% MJjajeHIEeB, POMKIEHHBIX OT Marepel, CTPAmaloNIUX CaxapHbBIM JUabeToM,
HabJTI0/1a/ 1 TUTI03X0TeHHOCTH [17K. BEICOKYIO 4acTOTY ruriepaxoreHHOCTH (83%) B TpyIIIie BHICOKOTO PHUCKA
OTMETHJIX Cpear HEJOHOIMEHHBIX HOBOPOXKICHHBIX U IIEPEKUBUINX ITIEPUHATATBbHYIO aC(bI/IKCI/IIO. l'umoaxo-
reHHOCTh [17K BcTpeyasnu ¢ paBHOU 4aCTOTOM Y HOBOPOSKIEHHBIX MaJIbUMKOB U AeBo4eK (50%); N309XOreH-
HBIH ITaTTepH Ipeodsanan y qeBodek (77,3%) 1o CpaBHEHUIO ¢ MaJIbuuKaMu (22,2%), a TUIIepPIXOTeHHBIN -

4aie BCTpPevyasiCa y MaJIb4uKOB (57,5%).

3akarodenue. Onenka coctognusa [IPK y HOBOPOKIEHHBIX U3 IPYNIILI BBICOKOTO PUCKA 1 MOHUTOPUHT
OTHaJIeHHBIX MICXOJ0B UMEIOT pelaioiiee 3Ha4YeHne, 0COOEHHO y JeTeld, YbH MaTepy CTPAJAI0T CaXapHbIM

nmabeToM.

Kntouesste crnoea: H080poiicoeHHbLe ZPYNNbL 8bICOKO20 PUCKA; NO0NHCELYO0UHAS Jicee3ad; YIbmpa3ey-
K060e Ucce008aniie; 2unepIxozeHHoCmy; U303X02eHHOCH1b; ZUN0IX02eHHOCHb; HOBOPOJCOeHHbLE

KoH(paukT HHTEpecoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUU KOH(IMKTA MHTEPECOB.

duHaHCcOBas MOAAePKKa. /[aHHOE HCCileJoBaHue IPOBeJr 6e3 (PUHAHCOBOH MOIEPIKKH.

Introduction

The pancreas, an organ located in the abdomen,
performs both endocrine and exocrine functions.
It produces hormones that regulate blood glucose
levels and secretes fluids containing bicarbonate
and enzymes for digestion. While pancreatic disor-
ders are difficult to detect using imaging techniques,
ultrasound can detect a variety of conditions in-
cluding pancreatitis, pancreatic insufficiency, cystic
formations, and pancreatic tumors [1]. Pancreatic
insufficiency is a condition in which the pancreas
does not produce enough digestive enzymes to
break down food in the digestive system [2].

Although challenging, imaging of the pancreas
can provide valuable information about morbidity
and mortality. Ultrasound is particularly useful for
examining the pancreas in children because it is
non-invasive, does not require sedation, and does
not expose children to ionizing radiation. The effec-
tiveness of ultrasound in evaluating the pediatric
pancreas is well documented, with children having
an optimal acoustic window due to their minimal
adipose tissue and large left hepatic lobe [3].

The pancreas can be affected by a variety of
diseases, both focal and diffuse.

Transabdominal ultrasound can detect acute
pancreatitis, congenital anomalies, cysts, and tumors.
However, assessing the pancreatic images may be
limited because of the variation of pancreatic area
in echogenicity and size. Although the ultrasound
investigation provides a rapid, noninvasive, and
safe method of examining multiple organs in the
NICU, the knowledge of the neonatal pancreas re-
mains limited. Studies on the echogenicity of the
neonatal pancreas are still limited. While the
echogenicity of a normal adult pancreas increases
with age [4], it may appear isoechoic or hypoechoic
in children [3]. A marked increase in echogenicity
in children may indicate conditions such as cystic

fibrosis [5]. High-risk infants, including those born
prematurely or with health problems at birth, have
an increased risk of morbidity and mortality re-
gardless of gestational age or birth weight. These
newborns are vulnerable to both immediate and
long-term health and developmental problems. Al-
though high-risk neonates may present with varying
degrees of pancreatic disease, few studies have fo-
cused on pancreatic imaging in NICU patients. Un-
derstanding the diverse pancreatic imaging patterns
in high-risk neonates may facilitate early detection
of a pancreatic pathologic pattern(s) and personalize
treatment to improve outcomes.

The aim of the study was to investigate pan-
creatic echogenicity in high-risk neonates and eval-
uate the association between pancreatic echogenicity
and clinical diagnosis in high-risk neonates.

Material and Methods

The study was conducted at AL Zhrraa University
Hospital. It was an observational case-control study. The
study was approved by the Ethics Committee of the
Faculty of Medicine for Girls (registration number
RHDIRB 2018122002 and OHHP Reg.No. IRB00012239 /
study number 2461).

Informed consent statement. Informed consent
was obtained from the parents of the neonates enrolled
in the study.

The study period was from November 2023 to June
2024. We hypothesized that neonates and high-risk
neonates have specific patterns of pancreatic echogenicity
and that high-risk neonates may have a different pattern
than other normal neonates that can be detected by US
examination. The power was set at 0.8 (80%) to avoid
false-negative results, with 80% representing a reasonable
balance between alpha and beta risk.

Sample size was estimated using the equation:

_ 22xp(1-p)

= -z

www.reanimatology.com

GENERAL REANIMATOLOGY, 2024, 20; 5



Knunudyeckue HCccJJaeqoBaHuA

A minimum sample size of
101 patients was required to
achieve a 95% confidence level.
The study prospectively enrolled
105 patients, including neonates
admitted to the NICU and con-
trols brought in for consultation.
Participants were divided into
two groups: Group 1 (high-risk)
with 55 neonates and Group 2
(control) with 50 neonates. The
high-risk group included preterm
infants, infants of diabetic moth-

ers (IDM), and those with peri-
natal asphyxia (PA), jaundice, meco-
nium aspiration (MA), sepsis, in-
trauterine growth retardation (IUGR), and neonates from
post-date pregnancies. To ensure optimal abdominal visu-
alization, infants with major congenital anomalies, liver
disease, and necrotizing enterocolitis were excluded [6].
The control group consisted of normal neonates of compa-
rable age with no history of high-risk pregnancy or delivery
who were presented for medical consultation. The patient
selection process is illustrated in a flow chart (Figure).

In addition, laboratory tests were performed for
blood gases, electrolytes, blood glucose, complete blood
count, and C-reactive protein (CRP).

Pancreatic ultrasound examinations were performed
using a SIEMENS Sonoline Elegra unit with a 3.5 curvilinear
transducer. Patients were positioned in the supine position
with the option to move to either side for improved visu-
alization. The echogenicity of the pancreas was assessed
in relation to the liver, which served as a reference
point [7-8]. Pancreatic images were categorized as hy-
perechoic, isoechoic, or hypoechoic compared to the
liver at a similar depth. The examining radiologist was
blinded to the clinical diagnoses of the patients.

Data analysis. The collected data were coded and
processed. All analyses were performed with IBM SPSS
version 25.

Qualitative variables were presented as numbers
and percentages, while quantitative variables were ex-
pressed as means with standard deviations (SD).

Fig. Study flow diagram.

Table 1. The characteristics of the studied groups.

The data exhibited a normal distribution, allowing
the use of Student's #-test to compare group means. Chi-
squared test was used to determine statistical significance
between categorical variables.

A Pvalue ofless than 0.05 was considered statisti-
cally significant. The study used a 95% confidence
interval and accepted a 5% margin of error. Therefore,
two-tailed P values of 0.05 or less were considered sta-
tistically significant.

Results

The results are presented in Tables 1-6.

Demographic and clinical features of the groups.
While no significant differences were observed be-
tween high-risk and control infants with respect to
gestational age, sex, body length, head circumference,
and mode of delivery, significant differences were
found in birth weight, postnatal age, and Apgar
scores at 1 and 5 minutes in high-risk infants.

The corresponding P values were 0.003, 0.0029,
0.0001, and 0.0001 (Table 1).

Table 2 shows the clinical diagnoses and their
frequencies among the patients. In the high-risk
group, each of the following conditions accounted
for 10.9% of cases: preterm birth, infants born to di-
abetic mothers, perinatal asphyxia, meconium as-
piration, sepsis, intrauterine growth retardation, and

Parameters

Values in groups P-value

High-risk, N=55 Control, N=50
Gestational age, weeks 38.15+3.05 38.5+1.5 t=0.734%, P=0.46
30-44 37-41
Birth weight, kg 3.07+0.61 3.34+0.18 3.012%, P=0.003
1.800-4.300 3.100-3.500
Gender, male/female 28/27 30/20 ¥2=0.8671, P=0.35
Postnatal age, day 5.89+3.02 7.9+3.73 t=3.047*, P=0.0029
3-11 3-5
Body length, cm 48.82+1.44 49.1+0.88 1.188%, P=0.237
Head circumference, cm 34.33+0.68 34.5+0.47 t=1.476*, P=0.143
Mode of delivery
Normal vaginal 39 28 t=2.4970, P=0.114
Cesarean section 16 22
Apgar score at 1 min 4.8+2.03 7.9+1.34 9.137*, P=0.0001
Apgar score at 5 min 6.49+1.95 8.5+1.35 t=6.082%, P=0.0001

Note. * — t-Student t-test; 2 — chi-square test.
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post-term pregnancy. In addition, jaundice was ob-
served in 12.72% of the high-risk infants (Table 2).

Laboratory findings. The high-risk group had
significant decreases in hemoglobin, RBCs, platelets,
and blood glucose (P=0.0001, 0.0001, 0.023, and
0.0001, respectively). In contrast, the control group
showed significant increases in WBCs and bilirubin
(P=0.039 and 0.0001, respectively) (Table 3).

Ultrasonographic evaluation of the pancreas.
Ultrasonography revealed that the pancreas of the
studied neonates had well-demarcated borders and
consistent echogenicity. Pancreatic dimensions did
not differ significantly between the high-risk and
control groups (Table 4).

In the control group, isoechogenicity was ob-
served in 60% of patients, while hyperechogenicity
and hypoechogenicity were observed in 34% and
6%, respectively. Conversely, high-risk infants had
a higher proportion of hyperechogenicity (72.72%),
followed by isoechogenicity (16.36%) and hypoe-
chogenicity (10.9%). The high-risk group showed a
significant prevalence of hyperechogenicity com-
pared to the other patterns. Post hoc power analysis
for dichotomous data (alpha=0.05) in high-risk in-
fants showed 100% power for hyperechogenicity
versus isoechogenicity and hypoechogenicity. How-
ever, a low power of 12.9% was observed between
hypoechoic and isoechoic patterns.

Table 3. Laboratory findings in the studied groups.

Table 2. Diagnoses of high-risk newborns and their

frequency.

Diagnoses Values, N (%)
Hyperbilirubinemia 7 (12.72)
Infant of diabetic mother 6(10.9)
Perinatal asphyxia 6 (10.9)
Meconium aspiration 6(10.9)
Premature rupture of membranes 6(10.9)
Sepsis 6 (10.9)
Prematurity 6 (10.9)
Intrauterine growth retardation 6(10.9)
Postdate pregnancy 6 (10.9)

A significant difference in echogenicity was
found between the high-risk and control groups
(P=0.0001). The control group showed predominantly
isoechogenicity compared to hyper- and hypoe-
chogenicity. Post hoc power analysis for dichotomous
data (alpha=0.05) in the control group showed a
100% probability for isoechogenicity versus hypoe-
chogenicity and hypo- and hyperechogenicity com-
bined. In addition, there was a 96.8% probability
for isoechogenicity versus hyperechogenicity.

However, the hypoechoic pattern was preva-
lent (83.3%) in infants born to diabetic mothers.
Certain high-risk infants, including those born pre-
maturely or with perinatal asphyxia, had a higher
frequency of hypoechoic patterns (83.3%) (Table 5).

The occurrence of hypoechoic patterns was
equally distributed between male and female new-

Parameters Values in groups P-value
High-risk, N=55 Control, N=50

Hemoglobin, g/dL 14.74£1.5 16.8+1.9 t=6.194, P=0.0001
RBC, 106/mm?3 4.39+0.85 5.01+0.04 t=5.150, P=0.0001
WBC, 108/mm? 14.32+6.27 12.42+1.46 t=-2.091, P=0.039
Platelets, 103/puL 192.93+85.71 225.8+56.23 t=2.299, P=0.023
Blood glucose, mg/dL 56.89+9.75 67.3+4.08 t=7.010, P=0.0001
Serum bilirubin, mg/dL 6.03+4.56 1.69+0.096 t=-6.726, P=0.0001

Note. t — Student’s 7-test.

Table 4. Comparison of pancreatic dimensions between the control and high-risk groups.

Parameters Values in groups P-value
High-risk, N=55 Control, N=50

Head, cm 1.1+0.4 0.94+0.4 t=1.28, P=0.2

Body, cm 0.6+0.04 0.6+0.15 t=0.00, P=1.00

Tail, cm 0.97+0.14 1+0.14 t=-1.09, P=0.27

Note. t — Student’s ¢-test.

Table 5. The echogenicity of pancreas in the studied groups.

Groups Values in groups, N (%) P-value

Hypoechoic Isoechoic Hyperechoic

High-risk:

Hyperbilirubinemia 1(14.3) 1(14.3) 5(71.4) ¥2=38.06, P=0.0001

Infants of diabetic mother 5(83.3) 0 (0) 1(16.7)

Perinatal asphyxia 0 (0) 1(16.7) 5(83.3)

Meconium aspiration 0 (0) 2(33.3) 4 (66.7)

Premature rupture of membranes 0 (0) 0 (0) 6 (100)

Sepsis 0 (0) 2(33.3) 4 (66.7)

Prematurity 0 (0) 1(16.7) 5 (83.3)

Intrauterine growth retardation 0 (0) 0 (0) 6 (100)

Post-date pregnancy 0 (0) 2 (33.3) 4 (66.7)

Total 6(10.9) 9 (16.36) 40 (72.72)

Control 3(6) 30 (60) 17 (34) ¥?=20.9818, P=0.0001

High risk — Control ¥?=21.3988 P=0.0001
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Table 6. The echogenicity of the pancreas concerning
sex in the high-risk group.

Sex Values, N (%)

Hypoechoic Isoechoic Hyperechoic
Male 3 (50) 2(22.2) 23 (57.5)
Female 3 (50) 7(77.3) 17 (42.5)
Total 6 (100) 9 (100) 40 (100)

borns (50%). Isoechoic patterns were more common
in females (77.3%) than in males (22.2%), whereas
hyperechoic patterns were more common in males
(57.5%) than in females (42.5%) (Table 6).

Discussion

Ultrasound examination of the pancreas has
proven valuable in both adults and children. The
pancreas develops around the fifth week of preg-
nancy, arising from the endodermal lining of the
duodenum as separate ventral and dorsal buds. As
a result, this organ is susceptible to several in-
trauterine risk factors, including infection, blood
glucose fluctuations, and oxygen deprivation. Limited
research has focused on the pancreas during the
neonatal period, with no studies specifically exam-
ining high-risk neonates, except for a 1990 investi-
gation of premature infants [9]. Our study aimed to
characterize the sonographic features of the pancreas
in high-risk neonates admitted to the NICU.

The study found no significant differences
in pancreatic dimensions in the head, body, and
tail regions between the high-risk and control
groups. These findings are consistent with previous
research in healthy neonates [10-11], although
D. S. Raut et al. [12] reported lower values.

The study revealed a marked prevalence of
pancreatic hyperechogenicity in the high-risk neona-
tal group, whereas isoechogenicity predominated
in the control neonatal group. Pancreatic echogenic-
ity was assessed using the liver as a reference point.

In the high-risk group, 72.72% of patients had
hyperechogenic pancreas, 16.36% had isoechogenic
pancreas, and 10.9% had hypoechogenic pancreas.
In the control group, 34% of neonates had hypere-
chogenic pancreas, 60% had isoechogenic pancreas,
and 6% had hypoechogenic pancreas. A previous
study found that 60% of healthy newborns had a
hyperechogenic pancreas [9], while another study
of newborns, infants, and children up to 19 years of
age revealed low echogenicity in 10%, isoechoic
pancreas in 53%, and high echogenicity in 37% [10].
Typically, the pancreas in neonates and infants is
described as slightly more echogenic than the liver.
However, one study contradicted this and reported
that the neonatal pancreas was relatively hypoe-
choic [11].The echogenicity and tissue reflectivity
of the pancreas may be influenced by the interaction
of external and internal factors. Increased pancreatic
echogenicity is attributed to the amount of intra-
and peripancreatic fat, connective tissue septa be-
tween lobules, and reticular tissue [13]. In addition,

the densely packed cellular elements in the pancreas
of newborns and infants contribute to increased
echogenicity, as it occurs in the kidneys [14]. In
older children and adults, increased echogenicity
may result from fibrosis, lipomatosis, hemosiderosis,
medications, congestive changes, fatty infiltration,
and calcification [11].

Hyperechogenicity may not necessarily indicate
disease, especially in preterm infants. A study by
E. Walsh showed that pancreatic hyperechogenicity
changes to an isoechoic pattern with age [9]. In this
study, analysis of echogenicity in various high-risk
infants showed that preterm infants, neonates with
perinatal asphyxia or delivered after premature rup-
ture of membranes, and infants with IUGR had a
predominance of hyperechoic pancreatic parenchy-
ma. This may be due to exposure to risk factors
during the intrauterine and perinatal period that
could affect blood flow and tissue perfusion or
cause energy depletion and oxidative stress that
alter organ structure and metabolism. Pancreatic
echogenicity in children is related to the volume of
parenchymal tissue [15].

Preterm infants have relatively small amounts
of subcutaneous tissue and intra-abdominal fat,
which facilitates the examination of abdominal or-
gans. The pancreas was hyperechoic in 83.3% of
preterm infants and isoechoic in 17.7%, which is
comparable to the data of E. Walsh et al. who
reported that normal pancreatic parenchyma in
preterm and term infants is hyperechoic with respect
to the liver [9]. This appearance is related to promi-
nent septa within the lobules, large amounts of
glandular tissue, and supportive reticular tissue
within the lobules. The shift from predominantly
hyperechoic patterns in preterm infants to isoechoic
patterns in term infants observed in our study may
be explained by near-term changes, including a re-
duction in these tissues and the development of a
more obvious lobular structure with tightly packed
glandular components [16]. Follow-up ultrasound
of premature infants and neonates showed isoechoic
transformation of the pancreas in some premature
infants who initially had hyperechogenicity. The
study concluded that hyperechogenicity relative to
the liver is common in premature infants and
neonates [9].

The present study also identified a high oc-
currence of hypoechoic patterns in infants born to
diabetic mothers, observed in 83.3% of IDM cases.
While the reason for this predominant hypoe-
chogenicity in these infants remains unclear, it may
be attributed to intrauterine metabolic changes
causing various structural alterations, and diabetic
fetopathy, which is closely linked to the intensity
and the time of onset of maternal hyperglycemia.
According to J. Pedersen's hypothesis, elevated ma-
ternal blood glucose results in fetal hyperglycemia,
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leading to beta cell hypertrophy and subsequent
hyperinsulinemia [17]. An alternative explanation
suggests that compromised placental blood flow
affects fetal and pancreatic development, potentially
resulting in long-term health issues such as diabetes
mellitus, hypertension, or cardiovascular disease,
as proposed by Barker et al [18].

Recent studies on fetal liver have demon-
strated that venous circulation reflects the impact
of maternal hyperglycemia. The umbilical return
from the placenta is disproportionately directed
to the fetal liver (exceeding that of normal fetuses).
The fetal liver is solely responsible for initial fetal
fat accumulation, regulated by the volume of um-
bilical liver perfusion [19-20]. Hepatic fat depo-
sition causes the liver to appear hyperechoic in
comparison to the pancreas. Additional factors
contributing to a hypoechoic pancreas include
edema, fluid accumulation, and exposure to in-
travenous fluids.

Ultrasound imaging provides a simple and
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