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ABSTRACT
Introduction: Hypercoiling of umbilical cord with stricture (HCS) is 
one of the most common etiologies of intrauterine fetal death (IUFD). 
Whether Wharton’s Jelly close to fetal abdomen plays roles in patho-
genesis is controversial. Methods: Fetal autopsies were reviewed 
between 2015 and 2022 and HCS with maternal and fetal factors 
were examined to determine if these factors were relevant to HCS 
and IUFD. Results: Totally 389 fetal autopsies were reviewed and 75 
cases of HCS were identified. HCS was found more frequently in older 
(maternal age ≥35) multiparous women with longer cords and 
increased umbilical coiling index (UCI) (both p < 0.01). There was no 
significant difference in maternal race/ethnicity, BMI, fetal sex, genet-
ics, seasonality, multiple pregnancies or anomalies in HCS. Conclusions: 
HCS appeared related to maternal characteristics and it occurred 
more frequently in older multiparous women associated with longer 
cords. Lack or poorly developed Wharton’s jelly close to fetal abdo-
men plays important role in IUFD.

Introduction

Intrauterine fetal death (IUFD) is one of the most catastrophic events in life affecting 
the family and society [1–3]. The etiology of IUFD is multifactorial, and placental 
examination during fetal postmortem examination or separately is critical to determine 
the causes for many cases [1,2,4,5]. There are many classifications of IUFD, and  
placental cause of IUFD is not always incorporated into or emphasized in the classi-
fication regimens [6–10]. Placental etiology of IUFD includes placental bed pathology, 
placental developmental/parenchymal abnormalities, umbilical cord abnormalities, or 
not otherwise specified [7,11]. Hypercoiling of umbilical cord with stricture (HCS) is 
one of the most common etiologies of IUFD in second and third trimesters [2,3]. 
Hypercoiling, in conjunction with other umbilical cord abnormalities (e.g. knots, vas-
cular abnormalities, thrombosis), is often categorized as a ‘cord abnormality’ leading 
to IUFD [4]. The risk factors of hypercoiling of umbilical cord include excessively 
long umbilical cord which may have genetic predisposition [12]. The factors influencing 
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umbilical cord coiling and methods to prevent such events remain poorly understood 
[13]. It also has been debated that lack of or poorly developed Wharton’s Jelly close 
to the fetal abdominal wall plays an important role in development of stricture of 
hypercoiled cord, but this view of Wharton’s jelly is controversial [14]. Some investi-
gators believed that the Wharton’s jelly was squeezed secondary to the coiling of the 
cord, and hypercoiling of cord with stricture in this location is secondary to postmor-
tem changes, rather than the primary cause of IUFD [15,16]. However, this view 
cannot explain the etiology of IUFD with focal stricture of umbilical cord close to 
the fetal abdominal wall with normal coils or even hypocoiled cord. Wharton’s jelly 
consists of mucoid stromal tissue that protects the umbilical vessels from compression. 
Development of Wharton’s jelly and factors influencing the developmental process are 
poorly understood. It is known that focal absence of Wharton’s jelly due to mechanical 
forces such as true tight knots of umbilical cord leads to fetal vascular malperfusion 
or IUFD [16,17]. Little is known what factors affect the development of Wharton’s 
jelly at this particular area [18]. To investigate maternal, fetal, and placental factors 
in development of IUFD, we reviewed a series of cases of IUFD and HCS in regarding 
these factors, and we have found that maternal factors are important in pathogenesis 
of hypercoiled umbilical cord with strictures [13,18].

Methods

This retrospective study is exempt from institutional review board approval according 
to section 46.101(b) of 45CFR 46, which states that research involving the study of 
existing pathologic and diagnostic specimens in such a manner that subjects cannot 
be identified is exempt from the Department of Health and Human Services Protection 
of Human Research Subjects. Fetal autopsy reports, placental reports, genetic (chro-
mosomal microarray) reports between 2015 and 2022 were reviewed including the 
gross photographs. All IUFD cases were classified by using TULIP classification as 
described including categories of congenital, placental, prematurity/infection, other and 
unknown [7]. We combined the categories of prematurity and infection in TULIP 
classification as a single category because fetal infection and maternal/placental infec-
tion cannot be readily separated in most of the cases. Placental examination and 
sampling were performed by following the Amsterdam guideline [19]. Fetal autopsy 
and stillbirth workup were performed by following the existing guidelines [20]. Umbilical 
coiling index (UCI) was calculated based on the coil numbers per 10 cm umbilical 
cord in length recorded in the medical record, and the total length of the cord [2,19]. 
UCI less than 0.1 was defined hypocoiled, and UCI was 0.3 or over hypercoiled. UCI 
between 0.1 and 0.3 was classified as normal. Stricture of umbilical cord was defined 
as an area of the cord less than or equal to 50% of the cord diameter. Hypercoiling 
of umbilical cord with stricture and all other umbilical cord abnormalities were clas-
sified as placental abnormalities as described in TULIP classification previously [7]. 
Placental abnormalities as one group were not further subclassified in TULIP classi-
fication (placental bed pathology, placental pathology including developmental, paren-
chymal and localization pathology) as previously described for the purpose of current 
study of umbilical cord [2,7]. Umbilical cord length less than 10 cm was recorded as 
a category of missing data (no coiling data). Maternal, fetal, placental and genetic 
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information were recorded in Excel spreadsheet (Microsoft Corp). The patients’ racial/
ethnic data were retrieved from the electronic medical record (Cerner System) accord-
ing to the Center for Medicare and Medicaid Services (CMS) criteria as Asian, 
non-Hispanic Black, Hispanic, and non-Hispanic White. The racial/ethnic data also 
included “unknown”, “others”, or “declined” as one group without further information 
[21]. Fetal gender (sex) was retrieved from the medical record as female and male, 
and maternal marital status were defined as Married, Single, and Divorced/separated. 
Patients who declined to answer the marital status questions were recorded as “Other” 
including “decline,” “others” and “unknown.” The patients’ age, body mass index (BMI), 
para, gravida were retrieved from the medical record and recorded as previously 
described [21,22]. Spring of the season was defined as from March to May, Summer 
from June to August, Fall from September to November, and winter from December 
to February. Statistical analyses were performed by using baseline characteristics table, 
Student t-test, and multivariate ANOVA test in R-package. p < 0.05 is considered sta-
tistically significant.

Results

A total 389 fetal autopsy cases with placental reports and gross photographs were 
reviewed between 2015 and 2022, and the TULIP classification was used for all the 
cases (Table 1). There were 59 cases of congenital/syndromic anomalies (15.2%), 89 
cases of placental abnormalities (22.9%, 101 cases of prematurity including maternal/
placental/fetal infections (26%), 11 cases of others including maternal diabetes, pre-
eclampsia, lupus and other maternal diseases (2.8%), and 129 cases of unknown etiology 
(33.2%) (Table 1). These results in TULIP classification were similar to those published 
previously [2]. The category of unknown etiology in our data appeared higher than 
some previous studies but similar to other published results [2,7]. The most significant 
differences among the various categories of TULIP classification were related to umbil-
ical cord including umbilical cord length, UCI, gestational age and umbilical vascular 
abnormality (two vessel cord) and recurrent IUFD were more common in the category 
of congenital abnormalities (Table 1). The umbilical coiling index was significantly 
higher in placental category than other categories as expected, since the umbilical cord 
abnormalities were classified as placental category in TULIP classification (p < 0.001, 
Fig. 1). This result is also consistent with those published previously [2]. The umbilical 
cord length was moderately correlated with gestational age with Pearson correlation 
coefficient of 0.58 (Fig. 2). All IUFD cases were categorized as hypercoiling, hypoco-
iling and normal coiling by using umbilical coiling index, and umbilical coiling abnor-
malities were statistically significantly associated with fetal weight, gestational age, 
umbilical cord length and placental weight (Table 2). There were 95 cases classified 
as hypercoiling (UCI 0.3 or over), 29 cases as hypocoiling (UCI less than 0.1), and 
143 cases as normal (UCI between 0.1 and 0.3). There were 122 cases with incomplete 
data and unknown UCI (Table 2). A total 75 cases of hypercoiled umbilical cord with 
stricture as cause of IUFD were found to be associated with fetal, maternal and pla-
cental characteristics (Fig. 3). Totally 50 of these 75 (67%) cases were categorized as 
hypercoiled by using UCI, 9 of the 75 cases were normal coiled by using UCI, and 
2 cases were hypocoiled (p < 0.01, Table 2).
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Hypercoiled cord with stricture was not only seen significantly more common in 
hypercoiling category, but also seen in hypocoiling and normal categories (Table 2). 
Hypercoiled umbilical cord with stricture was significantly more frequent in older mul-
tiparous women (p = 0.04 and p < 0.01, Table 3). Hypercoiled umbilical cord with stricture 
was statistically significantly associated with lower birth weight (p = 0.01, Table 4). 
Hypercoiled umbilical cord with stricture was statistically significantly associated with 
longer umbilical cords (p < 0.01), increased number of coils per 10 cm in length (p < 0.01) 
and UCI (p < 0.01) as previously reported (Table 5) (Fig. 4). There appeared to be more 
married women than singles with hypercoiled umbilical cord with stricture, but statistical 
significance was not reached (Table 3). It affected female and male fetuses equally  
(Table 4). There were no significant differences in multiple pregnancies, fetal umbilical 
vessels, and fetal genetics (Table 4). There was no significant difference in maternal 
race/ethnicity, BMI, gestational age, seasonal variation, or fetal anomalies in hypercoiled 
umbilical cord with stricture (Tables 3 and 6).

Discussion

Measuring umbilical cord coiling accurately has been a challenge for pathologists and 
obstetricians, as significant variations can occur in measurement of the cord length 

Figure 1. T ULIP classification of IUFD and umbilical coiling index (UCI). Statistically significant differ-
ences of UCI in various categories of etiologies in TULIP classification of IUFD.

Figure 2. C orrelation of gestational age and fetal umbilical cord length with Pearson correlation coef-
ficient of 0.58. Pearson correlation coefficient was calculated in Microsoft Excel spreadsheet.
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and number of coils, resulting in large variations of the collected data [23]. The prac-
tice in labor and delivery room in regard to how long the cord should be attached 
to the baby also varies. Current guideline from College of American Pathologists 
recommends count the coil number per 10 cm umbilical cord in length, and 3 coils 
per 10 cm or less is considered normal, and more than 3 coils per 10 cm is considered 

Table 2. H ypercoiling and hypocoiling and intrauterine fetal death.
Cord coiling by 
UCI No coiling data Hypercoiling Hypocoiling Normal

(N = 122)(31.4%) (N = 95)(24.4%) (N = 29)(7.5%) (N = 143)(36.8%) p-value
Hypercoiled with 

stricture
14 (11.48%) 50 (52.63%) 2 (6.90%) 9 (6.29%) <0.01

Sex 0.10
  Female 48 (39.34%) 40 (42.11%) 14 (48.28%) 74 (51.75%)
  Male 74 (60.66%) 53 (55.79%) 15 (51.72%) 69 (48.25%)
  Unknown 0 (0.0%) 2 (2.11%) 0 (0.0%) 0 (0.0%)
Fetal weight 

(gram)
84.50 [35.00;243.00] 270.00 [103.00;1342.00] 156.00 [71.00;188.00] 317.00 [132.00;955.00] <0.01

Gestation (week) 17.00 [15.00;20.00] 22.00 [19.00;32.00] 18.00 [16.00;19.00] 21.00 [17.50;28.00] <0.01
Placental weight 

(gram)
79.50 [55.50;154.00] 108.00 [76.00;252.00] 76.00 [59.00;107.00] 114.50 [78.00;222.00] <0.01

Tulip classification <0.01
 C ongenital 20 (16.39%) 10 (10.53%) 5 (17.24%) 24 (16.78%)
  Placenta 17 (13.93%) 45 (47.37%) 5 (17.24%) 22 (15.38%)
  Prematurity 29 (23.77%) 12 (12.63%) 7 (24.14%) 53 (37.06%)
 O ther 3 (2.46%) 2 (2.11%) 2 (6.90%) 4 (2.80%)
Unknown 53 (43.44%) 26 (27.37%) 10 (34.48%) 40 (27.97%)
Cord length (cm) 17.00 [13.00;23.00] 33.00 [25.00;46.00] 18.50 [14.00;25.00] 26.00 [21.00;33.50] <0.01
Umbilical coiling 

index (UCI)
– 0.40 [0.30;0.60] 0.00 [0.00;0.00] 0.20 [0.10;0.20] <0.01

Maternal age 
(year)

31.18 ± 5.86 30.28 ± 5.59 28.72 ± 5.04 29.67 ± 6.03 0.09

Gravida 3.00 [2.00;5.00] 3.00 [2.00;4.50] 3.00 [2.00;4.00] 2.00 [2.00;3.00]
Para 1.00 [0.00;2.00] 1.00 [0.00;2.50] 1.00 [0.00;2.00] 1.00 [0.00;1.00]
BMI 30.00 [25.00;36.00] 30.00 [25.00;36.00] 29.50 [25.50;33.00] 29.00 [25.00;33.00] 0.61
Multiple 

pregnancies
13 (10.74%) 6 (6.38%) 2 (7.14%) 14 (9.79%) 0.69

BMI: body mass index; IVF: in vitro fertilization.
Data presented as mean/average with percentage of the total or 95% confidence intervals. p < 0.05 is considered significant 

and bolded.

Figure 3. H ypercoiled umbilical cord with stricture close to the fetal abdominal wall as a cause of 
intrauterine fetal death.
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hypercoiling [19]. In cases of IUFD in second and third trimesters, the fetus, placenta 
and umbilical cord are usually delivered together with less variation, and umbilical 
cord length and coils can be measured more accurately. In our experience, it is import-
ant to take a closer look at the umbilical cord close to the fetal abdominal wall when 
the fetus was examined, and it is suboptimal when the placenta is examined alone 
separately and the fetus is not present.

Our data showed that hypercoied umbilical cord with stricture is a significantly 
common etiology of IUFD, representing 19.3% of all IUFD cases in our data. This 
result is similar to those previously published [2]. Our data also revealed statistically 
significant association of hypercoiled cord with stricture with multiparous mothers 
with advanced maternal age (maternal age ≥35). Hypercoiled cord with stricture was 
also associated with long hypercoiled umbilical cord and significantly lower fetal 

Table 3. H ypercoiled cord with stricture and maternal characteristics.
Hypercoiled with 
stricture Absent Present Total p-value

(N = 314)(80.7%) (N = 75)(19.3%) (N = 389)
Maternal age (year) 29.0 [26.0;34.0] 32.0 [27.5;36.0] 30.0 [26.0;35.0] 0.01
Gestational age (week) 20.0 [17.0;27.0] 20.0 [18.0;26.0] 20.0 [17.0;27.0] 0.56
Maternal age group 0.04
 G roup 1 (<20 years) 9 (2.9%) 0 (0.0%) 9 (2.3%)
 G roup 2 (20 to 34) 227 (72.3%) 47 (62.7%) 274 (70.4%)

Group  
3 (35 or older)

78 (24.8%) 28 (37.3%) 106 (27.2%)

Gravida 2.0 [2.0; 4.0] 4.0 [2.0; 5.0] 3.0 [2.0; 4.0] <0.01
Para 1.0 [0.0; 2.0] 2.0 [0.0; 3.0] 1.0 [0.0; 2.0] <0.01
Race /ethnicity 0.48
 A sian 38 (12.1%) 11 (14.7%) 49 (12.6%)
  Black 39 (12.4%) 7 (9.3%) 46 (11.8%)
 H ispanic 135 (43.0%) 26 (34.7%) 161 (41.4%)
 O ther 31 (9.9%) 8 (10.7%) 39 (10.0%)
  White 71 (22.6%) 23 (30.7%) 94 (24.2%)
Marital status 0.05
 D ivorced 9 (2.9%) 0 (0.0%) 9 (2.3%)
  Married 170 (54.1%) 46 (61.3%) 216 (55.5%)
 O ther/Unknown/

Declined
1 (0.3%) 2 (2.7%) 3 (0.8%)

  Single 134 (42.7%) 27 (36.0%) 161 (41.4%)
Body Mass Index (BMI) 29.5 [25.0;34.0] 30.0 [26.0;34.5] 30.0 [25.0;34.0] 0.28

BMI: body mass index.
Data presented as mean/average with percentage of the total or 95% confidence intervals. p < 0.05 is considered 

significant and bolded.

Table 4. H ypercoiled cord with stricture and fetal characteristics.
Hypercoiled with 
stricture Absent Present Total p-value

(N = 314) (N = 75) (N = 389)
Fetal sex
  Female 142 (45.2%) 34 (45.3%) 176 (45.2%)
  Male 172 (54.8%) 39 (52.0%) 211 (54.2%)
  Unknown 0 (0.0%) 2 (2.7%) 2 (0.5%)
Fetal weight (gram) 199.0 [80.0;605.0] 108.0 [47.0;533.5] 180.0 [70.0;590.0] 0.01
Twin/triplet 28 (9.0%) 7 (9.3%) 1.00
Two vessel cord 8 (2.6%) 3 (4.0%) 11 (2.8%) 0.78
Genetics (any) 24 (16.3%) 8 (17.0%) 32 (16.5%) 1.00

Data presented as mean/average with percentage of the total or 95% confidence intervals. p < 0.05 is considered 
significant and bolded.
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weight, similar to those described previously [2]. In addition, our data showed that 
hypercoiled cord with stricture can occur in cases with hypocoiling or normal coiling 
cord, and this finding indicated that focal hypercoiling close to the fetal abdominal 
wall without overall hypercoiling of umbilical cord or increased overall UCI is an 
important etiology of IUFD, and focal hypercoiling may relate to poorly developed 
Wharton’s jelly at this particular area without hypercoiling of the entire umbilical 
cord as defined by UCI. This result supports the view that poorly developed Wharton’s 
jelly close to the fetal abdominal wall plays an important role in umbilical cord 
stricture and IUFD, and argues against the view of umbilical cord hypercoiling with 
structure being secondary to postmortem changes. This finding also implies that both 
hypercoiling of umbilical cord and poorly developed Wharton’s jelly are necessary 
primary factors for development of IUFD, and neither hypercoiling of umbilical cord 
nor poorly developed Wharton’s jelly alone is sufficient to result in IUFD. The unique 
and heterogeneity of mechanical features of Wharton’s jelly at fetal end and placental 
ends in recent study seem to support our results that the Wharton’s jelly at fetal end 
of umbilical cord is important in protecting the umbilical vessels from compression 
or occlusion [24]. Reduction of Wharton’s jelly close to fetal abdominal wall can be 

Table 5. H ypercoiled cord with stricture and placental characteristics.
Hypercoiled with 
stricture Absent Present Total p-value

(N = 314) (N = 75) (N = 389)
Placental weight (gram) 105.0 [70.0;209.0] 84.0 [59.0;158.0] 104.0 [66.0;202.0] 0.06
Placental infarct 16 (5.3%) 6 (8.0%) 22 (5.9%) 0.54
Intervillous thrombi 16 (5.3%) 4 (5.3%) 20 (5.3%) 1.00
Chorioamnionitis 

(infectious)
104 (34.6%) 7 (9.3%) 111 (29.5%) <0.01

Umbilical cord length 
(cm)

25.0 [18.0;33.0] 30.0 [23.0;43.0] 26.0 [18.0;36.0] <0.01

Cord coils per 10 cm 2.0 [1.0; 2.0] 5.0 [3.0; 8.0] 2.0 [1.0; 3.0] <0.01
Umbilical coiling index 

(UCI)
0.20 [0.10;0.20] 0.50 [0.30;0.80] 0.20 [0.10;0.30] <0.01

Data presented as mean/average with percentage of the total or 95% confidence intervals. p < 0.05 is considered 
significant and bolded.

Figure 4.  Statistically significant differences of umbilical cord length in cases of hypercoiled cord with 
stricture and non-hypercoiled cord (p < 0.001).
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visualized by ultrasound, and the reduced Wharton’s jelly was associated with reduced 
blood flow in the umbilical vein in female fetuses regardless the umbilical cord coiling 
[25,26]. Cross sectional area of Wharton’s jelly was significantly associated with fetal 
growth [27]. Careful monitoring of Wharton’s jelly close to fetal abdominal wall in 
early second to third trimesters by ultrasonography may help identify the patients at 
risk of focal stricture of umbilical cord with hypercoiling and IUFD.

We have not found any significant association between seasons of the year and 
hypercoiling of umbilical cord, although seasonal change in Southern California is 
mild, and study in a different geographic location with significant changes of weather 
pattern and seasons might yield different results. Association of seasonality with mental 
health is well established, and seasonal affective disorder (SAD) is a known type of 
depression related to the change of season [28–30]. Maternal depression during preg-
nancy can alter placental DNA through methylation [31], and it will be interesting 
and useful to examine the seasonal factors affecting maternal emotions during preg-
nancy on the fetal and placental pathology.

Limitation

The study is retrospective with a number limitations. Our data were collected from 
fetal autopsy cases without ultrasound data for evaluation of the umbilical cord when 
the fetuses were alive. As stated previously that the umbilical cord lengths in these 
cases were measured with both placentas and fetuses, making the cord length more 
accurate than measuring these for placentas and or fetuses alone. Some of the placentas 
were fixed with formalin and it is known that formalin fixation of umbilical cord 
reduced cord length [32]. Furthermore, there were 129 cases (33.2%) with unknown 
cause of death or missing data. Although it is similar to those published previously, 
this data with missing umbilical cord information may have skewed the results with 
impact on the study conclusion. Examination of both placenta and fetus by the same 
perinatal pathologist may help improve the outcome in reducing the missing case 
information and in determining the cause of IUFD.

Conclusion

Hypercoiling of the umbilical cord with stricture as the cause of IUFD appeared related 
to maternal characteristics, and it occurred more frequently in older multiparous 

Table 6. H ypercoiled cord with stricture and other factors.
Hypercoiled with stricture Absent Present Total p-value

(N = 314) (N = 75) (N = 389)
Season 0.91
  Spring 88 (28.0%) 21 (28.0%) 109 (28.0%)
  Summer 87 (27.7%) 18 (24.0%) 105 (27.0%)
 A utumn 75 (23.9%) 20 (26.7%) 95 (24.4%)
  Winter 64 (20.4%) 16 (21.3%) 80 (20.6%)
Recurrence 21 (6.8%) 3 (4.0%) 24 (6.2%) 0.54
In vitro fertilization (IVF) 6 (1.9%) 2 (2.7%) 8 (2.1%) 1.00

Data presented as mean/average with percentage of the total. p < 0.05 is considered significant.
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women associated with longer cords. Both hypercoiling and stricture, likely due to the 
poor development or absence of Wharton’s Jelly, appear necessary for IUFD in 
these cases.
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