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Abstract

Background
Currently, FM is a sole subjective index which depends on self-assessment of pregnant women, and it can
objectively re ect the well being of intrauterine fetus. It has been the focus of obstetricians' research and
attention how to quantify fetal movement (FM) and change it into a relatively objective evaluation index.
We sought to predict and evaluate the well being of intrauterine fetal with umbilical cord around the neck
(UCAN) by performance of daily fetal movement counting chart (DFMC).

Methods
To retrospectively select 100-case pregnant women who met the enrolled requirements, and whether the
fetal was intrauterine safety or not was predicted by analysis of the DFMC before delivery. According to
the different perinatal outcomes after delivery, 100-cases pregnant women were divided into intrauterine
safety (IUS) group (44 cases) and intrauterine unsafe (IUNS) group (56 cases). And the independent risk
factors of fetal intrauterine safety, including maternal age, gestational week, umbilical artery systolic
blood ow to diastolic blood ow ratio (S/D), amniotic uid index (AFI), modi ed Fischer score of non
stress test (NST), DFMC and mode of delivery were analyzed by multi-factors Binary Logistic Regression.

Results
Only FM and mode of delivery were independent risk factors affecting fetal safety intrauterine (all p value
< 0.05). There was no remarkable difference between DFMC prediction and clinical retrospective
evaluation of fetal safety in natural delivery and forceps delivery (all P value > 0.05), except in cesarean
section (p < 0.05). The sensitivity, speci city and Yuden index of DFMC for predicting the intrauterine
safety in natural vaginal delivery were 86.5%, 90.0% and 0.77 respectively, and in cesarean section were
66.7%, 94.6% and 0.61, respectively. Abnormal DFMC may account for the highest proportion of
emergency cesarean section (87.5%, 35/40).

Conclusions
DFMC can effectively predict and evaluate the well being of intrauterine fetus with UCAN. At the same
time, it can also provide limited clinical proofs for pregnant women with UCAN to choose model of
delivery.

Background
Fetal movement (FM) is a unique behavior mode of mother-to-child communication that re ects the
active and passive activities of the fetus in the uterus. FM counting is a long-standing method of
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assessing fetal well being [1]. More than 99% of women who have given birth to a healthy baby say that it
is important to feel the baby's movements every day [2]. When the FM is reduced, they are worried and
visit their doctor or health care provider for further evaluations [3]. In women with decreased FM, there is
the risk of complications such as fetal growth restriction and stillbirth, especially for those women with
pregnancy complications [3, 4]. Although FM counting is simple, its usage is controversial. Gradual
reduction of FM and its perception by mother is an important sign of fetal damage that can demonstrate
complication [5, 6]. Maternal perception of reduced FM is the most important marker of decreased fetal
activity [6, 7]. If the mothers carefully count the FM and report on time decrease in fetal movements to
physician or health care providers, it is likely to prevent perinatal morbidity and mortality [3, 8]. In other
words, although FM is an objective index of assessment of fetal well-being, it is in uenced and interfered
by many subjective factors [3, 8, 9], for example, maternal mood, daily life pattern, behavior change,
cognitive ability and individuation difference, etc. Therefore, how to design a strategy for objective,
effective and individualized fetal dynamic counting method is the focus of many researchers. Daily FM
counting chart (DFMC) is an effective and objective FM counting and recording method, and the DFMC
may increase the mother's ability to recognize on time the warning signs and if the fetus is in danger, it
will be properly intervened [3, 4]. In this study, we quanti ed the FM counting and recording method into a
relatively objective evaluation index named DFMC, and we could predicate and evaluate the well being of
intrauterine fetal with umbilical cord around the neck (UCAN) by performance of DFMC.

Materials And Methods
Study participants
This study was conducted with a prospective cohort design and enrolled participants from the
department of obstetrics of Zhejiang Quhua Hospital between 2016 Jan and 2020 Jan, and the detailed
ltering process is shown in Figure 1. Finally, all selected 100-case pregnant women should meet the
following requirements: the gestational age between 37 and 41 weeks, singleton nulliparous women, no
high-risk factors con rmed in the assessment before delivery after admission according to the work
standard for pregnant women’s pregnancy risk assessment and management of Zhejiang province in
China [10], UCAN con rmed by B ultrasound before delivery and clinically after delivery, all pregnant
women required for participating in the training and teaching of standardized DFMC and passing the test
in the outpatient midwifery counseling agency, complete dates including DFMC from 32 weeks of
pregnancy to before delivery, and all enrolled patients agreement with acceptance of the suggestion of
vaginal delivery.
DFMC and evaluation method
DFMC based on a quanti ed FM counting method called “count-to-ten” is a maternal self-counting FM
and detailed recording of FM chart data [11, 12]. To count 3 times at the better active part of the whole
day, and the result is recorded in the time period between 09:00 am and 09:00 pm when FM appears the
most on the whole day. And 3-time total FM count ≥30 times is de ned as normal FM, moreover, while
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the FM after 09:00 pm should be recorded in detail when every time FM count <10 times. The term of
abnormal FM is strictly de ned according to previous research and literature reports [13, 14, 15], including
both FM count and regularity [16]. Three-time consecutive FM count <10 times are de ned as FM
reduction, and irregular FM including excessive FM (e.g. 3-time total FM count ≥60 times) and peak FM
in phase of non-peak time FM (e.g. signi cant changes of the regularity of FM). And absence of FM
shows FM disappearance during the periods of peak FM [13, 16]. The evaluation criteria of DFMC
prediction results are de ned as follows: the regularity of FM is de ned as fetal intrauterine safety, and
the reduction, irregular FM and absence of FM are de ned as fetal intrauterine insecurity. The detailed
recording method described in Figure 2 had showed the FM history of a pregnant woman at 37 weeks of
gestation in detail. From 33 to 37+0 weeks of gestation, FM showed good regularity, not only re ected in
the FM peak time (10:30 to 12:30 am everyday) distribution of DFMC, but also normal count distribution
(10 beats per half hour) and uctuation width (2 hour/day). In case of accident caused by umbilical cord
factors, rstly, the regularity of FM in 37+1 week of gestation had changed, the time distribution of the
most frequent FMs in a whole day showed a great change from the previous regular peak period of FM to
irregular multiple periods of time, the number of FM also increased signi cantly. Secondly, the FM in
37+2week of gestation consciously disappeared completely and this condition lasted near to ten hours
from 09:00 am to 70:30 pm. Finally, the fetal heart rate (FHR) was conformed complete disappearance by
Doppler ultrasound stethoscope and B-mode ultrasound after admission.
Statistical analysis
Statistical analysis was performed with SPSS version 19.0 software for Windows (SPSS Inc, Chicago, IL,
USA). Descriptive statistics were given as mean, standard deviation, frequency and percentage. The
homogeneity test of Levene variance was performed on, independent sample T test was used for
comparison between groups. Pearson Chi-square test or Fisher Exact test was used to compare the count
data which did not conform to the normal distribution. The risk factors of fetal intrauterine safety were
set as a dependent variable and classi ed into two categories (0: safety, 1: non safety). And age,
gestational week, AFI, S/D, UCAN, DFMC, NST and mode of delivery were all set as independent variables,
to analyze the high risk factors of fetal intrauterine safety by multi-variables binary logistic stepwise
regression analysis, P<0.05 was the inclusion criteria. All statistical signi cance was de ned as P<0.05.
Date collection
The maternal age, gestational age, umbilical artery systolic blood ow to diastolic blood ow ratio (S/D),
amniotic uid index (AFI), modi ed Fischer score of non stress test (NST) and the DFMCs between
gestation age of 37 week and 24 hours before delivery were all collected, and perinatal outcomes after
delivery were also included, such as 1-minute Apgar score, amniotic uid cleanliness, the loops of UCAN,
neonatal asphyxia or not and mode of delivery, including natural vaginal delivery, cesarean delivery and
forceps delivery.
Grouping according to the perinatal outcomes after delivery
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The Apgar score ≤6 at 1 minute, amniotic uid turbidity ≥ II, fetal death in uterus (only 1 case) and
neonatal asphyxia were considered as bad perinatal outcomes. One of the four cases mentioned above is
de ned as fetal intrauterine insecurity, and grouped into intrauterine non safety (IUNS) group (n=56), and
44-case patients were grouped into intrauterine safety (IUS) group.

Results
Mode of delivery
All enrolled 100-case pregnant women accepted the suggestion of vaginal delivery after admission,
including one case fetal death in uterus also accepted vaginal delivery by induced labor. This dead fetal
was diagnosed as having the UCAN for 4 loops and knotting con rmed by examination after delivery.
Thirty- ve cases of emergency cesarean section for various reasons after parturition. Selective cesarean
section was performed in only ve-case pregnant women with a strong desire for cesarean section after
parturition. And 47-case pregnant women had experienced successfully natural vaginal delivery, 13 cases
had done forceps delivery because of abnormal fetal position.
Prenatal factors of 100-case pregnant women
The comparison of age, gestational week and AFI between two groups all showed no great signi cance,
all P value >0.05. And the comparison of S/D, UCAN, DFMC, NST and mode of delivery all showed
remarkable difference between two groups, all P value <0.05 (Table 1).
Table 1 Comparison of different risk factors affecting fetal intrauterine safety between different groups
(M±SD), [n (%)].
Factors
IUS [n=65]
IUNS [n=56]
t/x2
P
Age (years)
27.34±5.38
28.75±5.26
-1.456
0.148
Gestational week(weeks)
39.32±1.02
39.17±1.37
0.655
0.514
S/D (value)
2.41±0.35
2.52±0.30
-1.752
0.082
AFI (centimeter)
10.10±3.22
9.98±2.52
0.226
0.821
UDCA (loop)
26.130 0.000
1 [27]
22(81.48)
5(18.52)
2 [42]
18(58.06)
14(41.94)
≥3 [52]
11(24.44)
34(75.56)
FM (DFMC)
53.880* 0.000
Normal [62]
58(89.20)
4(7.10)
Irregular [23]
2(3.10)
21(37.50)
Decrease/Absence [36]
5(7.70)
31(55.40)
NST (scores)
24.292* 0.000
≥8 [91]
62(68.13)
29(46.70)
[6-7] [22]
2(4.50)
20(35.70)
≤5 [8]
1(2.30)
7(12.50)
Mode of delivery
61.742* 0.000
Natural vaginal [68]
58(85.29)
10(14.71)
Cesarean section [40]
3(6.80)
37(66.10)
Forceps [13]
4(9.10)
9(16.10)

M±SD: Mean±standard deviation, IUS: Intrauterine safety, IUNS: Intrauterine non safety, S/D: Systolic period and
diastolic period blood flow ratio of umbilical artery under ultrasound. AFI: Amniotic fluid index. *showed by Chi-square
test.
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Logistic regression analysis of high risk factors which affected the in uence of fetal intrauterine safety
The results of binary logistic stepwise regression analysis showed that DFMC and mode of delivery were
the in uencing factors of the outcome of fetal intrauterine security, FM (Wald=13.286, P=0.000) and
mode of delivery (Wald= 21.816, P=0.000) in detail. The Exp (B) and (95%CI) of abnormal DFMC were
separately 22.065 (4.155-117.178) for irregular FM and 21.282 (3.443-131.588) for decrease FM
compared with normal FM (Table 2).
Table 2 Logistic regression analysis of high-risk factors that effects fetal intrauterine safety.
Variables

B

SE

Wald

Exp(B) 95%CI (Lower -Upper ) P

1

Step
Age(years)
0.053
0.067
0.431
1.054
0.924-1.202
0.431
GA(week)
0.322
0.288
1.246
1.379
0.784-2.426
0.264
S/D(value)
-0.128
1.012
0.016
0.880
0.121-6.398
0.899
AFI(cm)
0.038
0.103
0.138
1.039
0.848-1.273
0.710
UDCA(loop)
2.524
0.283
UDCA(2 ) -1.426 1.109
1.654
0.240
0.027-2.211
0.198
UDCA( ≥3 ) -1.797
1.136
2.501
0.166
0.018-1.537
0.114
FM(DFMC)
13.484
0.001
Irregular
4.053
1.162
12.173
57.553
5.907-560.709
0.007
Decrease/Absence
3.513 1.266
7.697
33.563
2.805-401.607
0.068
NST
2.524
0.283
[6-7]
1.672
1.065
2.464
5.321
0.660-42.960
0.117
≤5
0.674
1.293
0.272
1.962
0.156-24.722
0.602
Mode of delivery
17.191
0.000
Cesarean
3.120
0.918
11.546
22.642 3.744-136.909
0.001
Forceps
2.910 0.996
8.541
18.348
2.607-129.132
0.003
Constant
-17.190 12.229
1.976
0.000
0.160
Step2
FM(DFMC)
13.286
Irregular
3.094
0.852
13.190
Decrease
3.058
0.929
10.825
Mode of delivery
21.868
Cesarean
3.249
0.865
14.121
Forceps
3.058
0.929
10.825
Constant
-3.369 0.755
19.893

0.001
22.065 4.155-117.178
0.000
21.282
3.443-131.588
0.001
0.000
25.763 4.732-140.259
0.000
21.282 3.443-131.558
0.001
0.034
0.000

B: Partial regression index coefficient, SE: Standard Error, Wald: the square of B/SE. Exp (B): Odds Ration.
Note: binary logistic stepwise regression analysis, Dependent variable: fetal intrauterine safety (safety: 0; non
safety: 1), Independent variables: Age, gestational week, S/D, AFI, UDCA (1-2 loops: 0; ≥3 loops: 1), DFMC
(regular: 0; irregular: 1; Decrease/absence: 2), NST (≥8: 0; 6-7: 1; ≤5: 2), Mode of delivery (natural vaginal: 0;
Cesarean section: 1; Forceps: 2).

Comparison of DFMC predictive evaluation before delivery and retrospective evaluation after delivery
There was no signi cant difference between DFMC prediction before delivery and clinical retrospective
evaluation of intrauterine fetal safety after delivery, all P value of different mode of delivery showed
greater than 0.05, only except for mode of cesarean delivery showed great signi cance (Table 3). This
result completely con rmed the conclusion that the predictive value of DFMC was basically consistent
with the clinical outcome in the mode of natural vaginal delivery. And the predictive e cacy of DFMC in
different delivery modes showed natural vaginal delivery was the best, PPV, NPV, sensitivity, speci city
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and Yuden index were respectively 96.7%, 64.3%, 86.5%, 90.0% and 0.77. Besides, the predictive e cacy
of DFMC in cesarean delivery was the second, but with the highest speci city of 94.6% (Table 3).
Table 3 the comparisons between DFMC prediction and clinical results under different delivery modes
and evaluating indicators of DFMC (%).
DFMC prediction Clinical results
DFMC prediction before delivery
Before delivery After delivery
Evaluating indicators (%)
MD n Y N
Y N
P
PPV
NPV SE SP YI
NVD 68 44 24
37
10 0.795 96.7 64.3
86.5 90.0 0.77
CSD 40 4 36
3 37 0.000 50.0 97.2
66.7 94.6 0.61
FRD 13 5 8
4 9 0.428 28.6
66.7 50.0 44.4 -0.06
Total 121 53 58
44
56 81.8 85.7 81.8 85.7 0.68

MD: Model of delivery, n: case number, Y: safety, N: no safety, PPV: Positive prediction value, NPV:
Negative prediction value, SE: Sensibility, SP: Specificity, YI: Yuden’s Index.

Analysis of the distribution of reasons for cesarean section delivery
The distribution of prenatal reasons for 40-case pregnant women by cesarean section delivery showed
that the proportion of abnormal DFMC, fetal position and UCAN (≥3 loops) were separately 87.5%, 62.5%
and 62.5%. This result also showed that the predictive value of DFMC on fetal intrauterine safety was the
best. And the distribution of postpartum reasons showed the proportion of amniotic uid (≥II) was the
highest, with the rate of 47.5%, followed by asphyxia(Y) and Apgar’s score (≤6),with the rates of 40.0%
and 35.0% (Table 4).
Table 4 Distribution of reasons for 40-case cesarean section delivery [n (%)]
Fetal factors
A- DFMC FS FP

UD factors(UCAN/knot)
Amniotic fluid
1 2 ≥3 knot Normal I
≥II
≥7

E-CS

35(28.9) 10(9.2) 25(20.7)

S-CS

0

P-ECS 87.5

0

0
25.0

2(1.7) 8(6.6) 25(20.7)

1(1.0)
62.5

5.0

4(4)
20.0

0

0
62.5

1

3(2.5)
0

7.5

8(6.6)

0
20.0

≤6

Apgar’s score
Y
N

12(9.9)

5(5.0)
35.0

47.5

Asphyxia(Y/N)

18(14.9)

0

0
52.5

21(17.4)

14(11.6)

16(13.2)

19(15.7)

5(5.0)
35.0

40.0

47.5

E-CS=Emergency CS, S-CS=Selective CS, P-ECS=Proportion of emergency CS, A-DFMC=Abnormal DFMC, FS=Fetal Stress, FP=Fetal Position,
Y: asphyxia, N: non asphyxia. UCAN=Umbilical cord around neck.

Discussion
FM is a kind of activity mode in the process of fetal growth and development in the uterus. Clinical
description of such as rolling, leg kicking, burp-like and other forms of FM, it is a good physiological
reaction of fetus in the uterus [2, 4, 5]. From 18 to 20 gestational weeks, the pregnant woman can
perceive or touch the FM. A normal FM should include FM count and regularity, and the former mainly
describes FM count including excessive FM, decreased FM and absence of FM, the latter does the
regularity of FM including normal peak-time FM and non peak-time FM [16]. Every fetal FM is not
completely consistent, and pregnant women's activities, especially regularity of feeding is closely related
[16]. The fetus will have abnormal FM when the intrauterine environment is adverse, including the
increase, decrease and disappearance of FM [2, 3]. In 1976, Pearson et al retrospectively analyzed the
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counting of fetal movements of pregnant women and found that FM could predict the intrauterine fetal
safety. Some researchers all showed that the DFMC could successfully predict and evaluate the fetal
safety in uterus by improving the modi ed FM chart by the “counting-to-ten” method [11, 12]. In this study,
we selected the term pregnant women with UCAN, and found that DFMC can reliably predict the safety of
the fetus with UCAN in the uterus before delivery. In comparison of the two groups, AFI was not
signi cant, and the results were not consistent with those of previous studies [17, 18, 19] which were
positive correlation between AFI and fetal safety in uterus, and this reason may be related to the
inconsistent criteria for inclusion of pregnant women without any clear prenatal risk factors. In this study,
we found that the fetal intrauterine safety may be related to the loops of UCAN, DFMC, modi ed Fischer
score (NST), S/D and mode of delivery by comparison of the prenatal factors. The loop of UCAN was
found to be correlated with the safety of the fetus in the uterus, the more the loops of UCAN, the more
lower the safety of the fetus in uterus, and other studies also had same [20, 21] or different results [22,
23]. FM is closely related to the number of UCAN, the length of umbilical cord, the degree of tightness and
whether the knot is tied, which may indirectly affect the assessment of fetal safety in uterus [20, 24]. In
order to further solve the possible bias of research results caused by the mutual in uence or interference
among risk factors in this study, the eight factors described above were included in the multi-variables
logistic stepwise regression analysis, and it was clearly concluded that DFMC and mode of delivery were
two independent risk factors affecting the intrauterine safety of fetus.
This study also showed that the mode of delivery, only except for mode of cesarean delivery, did not
affect the effect of evaluation of fetal intrauterine safety. And DFMC had a better evaluation effect on the
intrauterine safety of fetal with UCAN delivered by natural vaginal mode, while the sensitivity of
evaluation of fetal safety in cesarean section mode is lower (66.7%), but the speci city is higher (94.6%),
and the overall e ciency is low. And the proportion of cesarean section delivery in abnormal DFMC was
the highest (87.5%), followed by fetal position and UCAN (≥ 3 loops), further con rmation of the
predictive value of DFMC in prenatal prediction of fetal intrauterine safety [22, 25]. And selective cesarean
section delivery had improved the good outcome of perinatal infants with an increase of no asphyxia
outcome from 47.5–60.0%. We speculate that moderate expansion of cesarean section indications may
reduce the adverse outcomes of perinatal infants, especially for those pregnant women with prenatal
prediction of abnormal DFMC, UCAN for more than 3 loops, and amniotic uid turbidity (≥ II). And this
result was in line with the suggestion of some obstetricians [22, 25, 26].
Although the results of this study had been con rmed that DFMC can objectively and effectively predict
and evaluate the intrauterine safety of fetus with UCAN, this study could still be very limited, rstly,
research object of this study was too small and narrow, it could only enroll 100-case pregnant women
and simple analyze normal pregnant women without high risk factors. Secondly, although we controlled
for important known confounders, abdominal wall hypertrophy, education status and cognitive ability of
FM also could confound the result of evaluation of FM [27]. And this confounded factor of cognitive
ability of FM had been narrowed in this study by strictly selected study population. In other word, these
100-case pregnant women with UCAN all had been accepted this standardized training and testing how
to perform this FM counting method called “count-to-ten” and how to record DFMC in the outpatient
Page 8/13

midwifery counseling agency, because this is the key to transform the subjective evaluation index of FM
into an objective evaluation index of DFMC. So further studies should consider more problems described
above. In view of many factors affecting FM, individualized FM monitoring may be the direction of further
research in the future.

Conclusions
By use of this quantitative FM counting method and recording strategy, DFMC can objectively and
effectively predict and evaluate the intrauterine safety of fetus with UCAN, and moderate expansion of
the indications of cesarean section delivery for pregnant women with UCAN, which may reduce the
adverse outcomes of perinatal infants.

Abbreviations
FM: fetal movement; DFMC: daily fetal movement counting chart; UCAN: umbilical cord around the neck;
S/D: umbilical artery systolic blood ow to diastolic blood ow ratio; AFI: amniotic uid index; NST: non
stress test; NPV: negative predictive value; PPV: positive predictive value.
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Figures

Figure 1
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Research object screening owchart

Figure 2
Daily fetal movement count chart (DFMC) of obstetric: To show a case of continuous change of FM from
rstly regular and normal FM between 33 and 36 week to excessive FM and then to the nal
disappearance of FM at the gestation age of 37 week and 1st day.
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