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 Abstract    
Objective: A voluminous umbilical cord has been described in diabetic pregnancies. The aim of this study was to 
see if measurements of cord diameters might be of value in the evaluation of diabetic pregnancies and especially 
those suspected of a large for gestational age (LGA) fetus.

Methods: In an observational, prospective study, umbilical cord areas and vessel diameters were measured be-
tween gestational age of 22 and 40 weeks in transverse ultrasound images of the central part of the cord in 141 
normal and 135 diabetic pregnancies of which 30 were suspected  of being LGA. Wharton’s jelly area was calcu-
lated by subtracting the vessel area from the total transverse cord area. Normal reference curves were constructed 
for gestational age.

Results: Umbilical cord and Wharton’s jelly areas increased with gestation. The vessel area leveled out at 32-33 
weeks of gestation and the umbilical vein area decreased after 36 weeks of gestation. The umbilical cord param-
eters in diabetic pregnancies did not differ from controls.  Cord areas were enlarged in 1/3 of the LGA fetuses.

Conclusion: Umbilical cord area measurements are of limited value for the evaluation of diabetic pregnancies 
suspected having a LGA-fetus.
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Material and methods
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 Streszczenie 
Cel badania: W piśmiennictwie opisuje się zwiększony wymiar sznura pępowinowego w ciąży powikłanej cukrzy-
cą. Celem niniejszego badania była analiza przydatności wymiarów sznura pępowinowego w ocenie rozwoju płodu 
w ciąży powikłanej cukrzycą, w szczególności w przypadku podejrzenia nadmiernego wzrastania płodu (LGA). 

Materiał i metoda: Prospektywne badanie obserwacyjne z grupą kontrolną. Między 22 a 40 tygodniem ciąży mie-
rzono przekroje poprzeczne sznura pępowinowego i poszczególnych naczyń pępowinowych w 141 ciążach pra-
widłowych oraz 135 ciążach powikłanych cukrzycą, w tym 30 ciążach powikłanych cukrzycą z podejrzeniem LGA. 
Pole powierzchni galarety Whartona obliczano przez odjęcie pól powierzchni naczyń pępowinowych od całkowite-
go pola powierzchni sznura pępowinowego. Skonstruowano krzywe wartości referencyjnych dla ciąży prawidłowej. 

Wyniki: Pole powierzchni sznura pępowinowego i galarety Whartona wzrastało wraz z wiekiem ciążowym. Pole 
powierzchni tętnicy pępowinowej osiągało plateau w 32-33 tygodniu ciąży, a pole powierzchni żyły pępowinowej 
zmniejszało się po 36 tygodniu ciąży. Nie zaobserwowano różnicy parametrów sznura pępowinowego porównując 
ciężarne chorujące na cukrzyce z grupą kontrolną. U 1/3 płodów z LGA zaobserwowano zwiększenie przekroju 
sznura pępowinowego. 

Wnioski: Pole powierzchni pępowiny ma ograniczoną przydatność w ocenie rozwoju płodu w ciąży powikłanej 
cukrzycą z podejrzeniem LGA. 

 Słowa kluczowe:���������	�	
���
���/ ����	�	
���
���/ ������������
���/ 
     / ��������	��������
���/ �����������	�
���/ LGA /

 
Figure 1. The sonographic cross-sectional area of the umbilical cord (A), umbilical 
arteries (C) and umbilical vein (B) were measured in a transverse section of a free-
loop central part of the cord.
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Figure 2a. Sonographic measurement of total umbilical area in controls (references 
curves) and diabetic pregnacies (plots).  
Graph formula for LGA fetuses: y=-829.75=62.5943x-0.9304x2.

 
Figure 2c. Sonographic measurement of umbilical artery area in controls 
(references curves) and diabetic pregnancies (plots).  
Graph formula for diabetic pregnancies: y=-20.370+1.7740x-0.224x2.

 
Figure 2b. Sonographic measurement of umbilical vein area in controls (references 
curves) and diabetic (PGDM – , GDM – o) pregnacies (plots).  
Graph formula for GDM pregnancies: y=-161.03+11.3009x-0.1417x2. 
Graph formula for PGDM pregnancies: y=-101.93+8.4782x-0.1056x2.

 
Figure 2d. Sonographic measurement of Wharton’s gelly area in controls 
(references curves) and diabetic pregnancies (plots).  
Graph formula for diabetic pregnancies: y=-243.48+23.5489x-0.3748x2.
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Figure 3a. Sonographic measurement of total umbilical area in controls (references 
curves) and LGA-fetuses (plots).  
Graph formula for LGA fetuses: y=-829.75+62.5943x-0.9304x2.

 
Figure 3c. Sonographic measurement of umbilical artery area in controls 
(references curves) and LGA-fetuses (plots).  
Graph formula for LGA fetuses: y=-34.710+2.3960x-0.0288x2.

 
Figure 3b. Sonographic measurement of umbilical vein area in controls (references 
curves) and LGA-fetuses (plots).  
Graph formula for LGA fetuses: y=-371.15+24.4947x-0.3354x2.

 
Figure 3d. Sonographic measurement of Wharton’s gelly area in controls 
(references curves) and LGA-fetuses (plots).  
Graph formula for LGA fetuses: y=-357.62+31.1358x-0.5020x2.



©  P o l s k i e  T o w a r z y s t w o  G i n e k o l o g i c z n e Nr 11/2014814

P R A C E  O R Y G I N A L N E
  położnictwo

Ginekol Pol. 2014, 85, 810-814

Marek Pietryga, et al. Ultrasound measurements of umbilical cord transverse area in normal pregnancies and pregnancies complicated by diabetes mellitus.

�
�� �+� "�$���� *�"��� ��� &�� �*�"������ �+� ���!���� )
���������0�

=��
�������$!�"���"�*����"�������&�
��'����""(��
�����
�������

��"(����FHU��+�&�����������
���"���������A%�����!�
�0�

�����
��������&���$!�"���"�)�
�$��
��:!�"���.H&�)�
����"�;�

���� ����� ��� #%�� +������ ��� ��
� ���(0�4&�(� $��&� ��������

��������"� )�
�$��
�� +�
� )
�������� �+� ��
����
���� �
��&�


��
�����0�N���*�
��&����$!�
��+�#%��+�����������$�""0�4&��


���"���&��"��&�
�+�
��!���������
�����&�������0��

=����
����(��&���$!�"���"��
�
(��
��������������"�
������
��

&�������+�)
������(0�4&���$!�"���"�*�����
����&�������������(�

�����
�������&�������+�����������&�
�����$!�"���"���
����"�

�
��� �����&�
��'�� ��""(� �
��� ���
������ &
���&��� )
������(0�

��
�5������$�(�)
�*������)����!"���C)"�������+�
���
��������

����$!�"���"�*������!"����X���&��&���!����
�)�
�����&������

�+���������-BH/0���
��*�
��)"�����"�)�
+������)�
���"��
�$��+�

&��+��"��������������������
�������&���������&��$�(��"���

��

��)��������
�������*������"�$���&���������
�!��������
�

��&�
�����
$�)
������(�-BB�BF/0� �4&����$�������"���
�)�
���

�+�
�FF��������+�����������������"����"(�����+�)�C�"������(��+�

)"�����"�)���
���))"�
������"���&������� 
������������"� -BE/0�

N���"�����"��&���������&��)"����� &�*��!����)��
"(���

�"����

������������*�
�(�������!����-.G�.8/0�N���*�
���������

�"�����

&���!����
�)�
���!�������!��
$�"�)"�����"��)��
�"���))"�
�

����&���"��(�-BG�B6/0

4&��
���"���+���
����(��
����������������&�&��5�������

�+� �����$��� �� �"0�� �&�� 
�)�
��� ��� ���
����� ��� �����
�)&���

�$!�"���"�)�
�$��
�����)
������������$)"������!(���������"�

���!���� -@/0� 4&��� ��++�
����� $��&� !�� ���� �� ��""����
�""���

$��
��"� �"(��$��� ��� ��
� ���!���� )������� &�� )����!"(�

�$�"��
���� &����++�
����� ��� +��"� �
��&�!��������
$�"� ����

���!����)
�����������5��""(� 
���"���� ��� ��$�"�
��$!�"���"� ��
��

)�
�$��
�� !������ &�� �
��)�0� N���*�
�� ��
� 
���"�� ��� ��
��

��
�����
��&�
��
�����+������
�$�������"������&�&�����+�9����

����%&�������&���"���
�)�
���������
������
�����+�#%�����+������

��&����$�""��$!�"���"���
��-.H�.B/0

Conlusion
V�� �����5���� ��++�
����� ���� +����� !������ �����
�)&���

���$������+�&���$!�"���"���
�����$��
�������
��������
$�"�����

���!����)
���������0�  

Authors’ statement :
This is to certify, that the publication will not violate the copyrights of a third 
party, as understood according to the Act in the matter of copyright and 
related rights of 14 February 1994, Official Journal 2006, No. 90, Clause 
63, with respect to the text, data, tables and illustrations (graphs, figures, 
photographs); there is no possible relationship(s) of the author(s) with the 

any other journal.

Authors’ Contribution: 
1. Marek Pietryga – study design, data collection, prepared a draft of the 

manuscript. 
2. Jacek Brązert – study design, reviewed and contributed to the final 

manuscript.
3. Ewa Wender-Ożegowska – reviewed and contributed to the final 

manuscript.
4. Agnieszka Zawiejska – statistical analysis, reviewed and contributed to 

the final manuscript.
5. Maciej Brązert – data collection.

6. Mariusz Dubiel – study design, data collection, reviewed and contributed 
to the final manuscript

7. Saemundur Gudmundsson – study design, data collection, reviewed 
and contributed to the final manuscript

in a financial or personal relationship which unjustly affects his/her 
actions associated with the publication of the manuscript.

References:

  1. Benirschke K. A review of the pathologic anatomy of the human placenta. Am J Obstet Gynecol. 
1962, 84, 1595-1622.

  2. Benirschke K, Kaufmann P. Pathology of the human placenta. Springer-Verlag. 1995.

  3. Gebrane-Younes J, Haang NM, Orcel L. Ultrastructure of human umbilical vessels: a possible 
role in amniotic fluid formation? Placenta. 1986, 7, 173-185.

  4. Vizza E, Correr S, Goranova V, [et al.]. The collagen skeleton of the human umbilical cord at 
term. A scanning electron microscopy study after 2N-NaOH maceration. Reprod Fertil Dev. 
1996, 8, 885-894.

  5. Nanaev AK, Kohnen G, Milovanov AP, [et al.]. Stromal differentiation and architecture of the 
human umbilical cord. Placenta. 1987, 18, 53-64.

  6. Gill P, Jarjoura D. Wharton’s jelly in the umbilical cord. A study of its quantitative variations and 
clinical correlates. J Reprod Med. 1993, 38, 611-614.

  7. Weissman A, Jakobi P, Bronhstein M, Goldenstein S. Sonographic measurements of the 
umbilical cord and vessels during normal pregnancies. J Ultrasound Med. 1994, 13, 11-14.

  8. Raio L, Ghezzi F, Di Naro E, [et al.]. Prenatal diagnosis of a lean umbilical cord: a simple marker 
for the fetuse at risk of being small for gestational age at birth. Ultrasound Obstet Gynecol. 
1999, 13, 76-80.

  9. Weissman A, Jakobi P. Sonographic measurements of the umbilical cord in pregnancies 
complicated by gestational diabetes. J Ultrasound Med. 1997, 16, 691-694.

10. Ghezzi F, Raio L, Di Naro E, [et al.]. Normogram of Wharton’ s jelly as depicted in the sonographic 
cross section of the umbilical cord. Ultrasound Obstet Gynecol. 2001, 18, 121-125.

11. Raio L, Ghezzi F, Di Naro E, [et al.]. Sonographic measurement of the umbilical cord and fetal 
anthropometric parameters. Eur J Obstet Gynecol Reprod Biol. 1999, 83, 131-135.

12. Raio L, Ghezzi F, Di Naro E, [et al.]. Prenatal assessment of Wharton’s jelly in umbilical cords with 
single artery. Ultrasound Obstet Gynecol. 1999, 14, 42-46.

13. White P. Classification of obstetrical diabetes. Am J Obstet Gynecol. 1978, 10, 228.

14. Breborowicz A, Dubiel M, Pietryga M, [et al.]. Fetal pulmonary and cerebral artery Doppler 
velocimetry in normal and high risk pregnancy. Ginekol Pol. 2014, 85, 26-30.

15. Faye-Petersen OM, Heller DS, Joshi VV. Placental pathology. London & New York: 
Taylor&Francis. 2005. 161-162.

16. Mayhew TM. Enhanced fetoplacental angiogenesis in pre-gestational diabetes mellitus: the 
extra growth is exclusively longitudinal and not accompanied by microvascular remodelling. 
Diabetologia. 2002, 45, 1434-1439.

17. Bracero LA, Haberman S, Byrne DW. Maternal glycemic control and umbilical artery Doppler 
velocimetry J Matern Fetal Neonatal Med. 2002, 12, 342-348.

18. Weissmann-Brenner A, O’Reilly-Green C, Ferber A, Divon MY. Does the availability of maternal 
HbA1c results improve the accuracy of sonographic diagnosis of macrosomia? Ultrasound 
Obstet Gynecol. 2004, 23, 466-471.

19. Langer O. Ultrasound biometry evolves in the management of diabetes in pregnancy. Ultrasound 
Obstet Gynecol. 2005, 26, 585-595.

20. Lingman G, Marsal K. Fetal central blood circulation in the third trimester of normal pregnancy 
– a longitudinal study.I. Aortic and umbilical blood flow. Early Hum Dev. 1998, 13, 137-150.

21. Geirsson RT, Ogston SA, Patel NB, Christie AD. Growth of total intrauterine, intra-amniotic and 
placental volume in normal singleton pregnancy measured by ultrasound. Br J Obstet Gynaecol. 
1985, 92, 46-53.

22. Ferrazzi E, Rigano S, Bozzo M, [et al.]. Umbilical vein blood flow in growth-restricted fetuses. 
Ultrasound Obstet Gynecol. 2000, 16, 432-438. 

23. Acharya G, Wilsgaard T, Rosvold-Bernsten GK, [et al.]. Reference ranges for umbilical vein 
blood flow in the second half of pregnancy based on longitudinal data. Perinat Diagn. 2005, 25, 
99-111. 

24. Dubiel M, Bręborowicz GH, Ropacka M, [et al.]. analysis of three-dimensional power 
angiography images of feotal cerebral, lung and placental circulation in normal pregnancy and 
high-risk pregnancy. Ultrasound Med Biol. 2005, 31 (3), 321-327. 

25. Olofsson P, Laurini RN, Marsál K. A high uterine artery pulsatility index reflects a defective 
development of placental bed spiral arteries in pregnancies complicated by hypertension and 
fetal growth retardation. Eur J Obstet Gynecol Reprod Biol. 1993, 49 (3), 161-168. 

26. Sebire NJ, Sepulveda W. Correlation of placental pathology with perinatal ultrasound findings. J 
Clin Pathol. 2008, 61, 1276-1284.


