@’PLOS ‘ ONE

CrossMark

click for updates

E OPEN ACCESS

Citation: Mailath-Pokorny M, Polterauer S, Worda K,
Springer S, Bettelheim D (2015) Isolated Short Fetal
Femur Length in the Second Trimester and the
Association with Adverse Perinatal Outcome:
Experiences from a Tertiary Referral Center. PLoS
ONE 10(6): €0128820. doi:10.1371/journal.
pone.0128820

Academic Editor: Chang-Qing Gao, Central South
University, CHINA

Received: February 7, 2015
Accepted: April 30, 2015
Published: June 5, 2015

Copyright: © 2015 Mailath-Pokorny et al. This is an
open access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: The authors have no support or funding to
report.

Competing Interests: The authors have declared
that no competing interests exist.

Isolated Short Fetal Femur Length in the
Second Trimester and the Association with
Adverse Perinatal Outcome: Experiences from
a Tertiary Referral Center

Mariella Mailath-Pokorny' *, Stephan Polterauer®3, Katharina Worda',
Stephanie Springer', Dieter Bettelheim'

1 Department of Obstetrics and Gynecology, Division of Obstetrics and fetomaternal Medicine, Medical
University of Vienna, Vienna, Austria, 2 Department of Obstetrics and Gynecology, Division of General
Gynecology and Gynecologic Oncology, Comprehensive Cancer Center, Gynecologic Cancer Unit, Medical
University of Vienna, Vienna, Austria, 3 Karl Landsteiner Institute for General Gynecology and Experimental
Gynecologic Oncology, Vienna, Austria

* mariella.mailath-pokorny @ meduniwien.ac.at

Abstract

Objective

To determine the association between isolated mid-trimester short fetal femur length and
adverse perinatal outcome.

Methods

This is a retrospective cohort study of patients with singleton gestations routinely assessed
by second trimester ultrasound examination during 2006-2013. A fetal isolated short femur
was defined as a femur length (FL) below the 5™ percentile in a fetus with an abdominal cir-
cumference greater than the 10™ percentile. Cases of aneuploidy, skeletal dysplasia and
major anomalies were excluded. Primary outcomes of interest included the risk of small for
gestational age neonates, low birth weight and preterm birth (PTB). Secondary outcome pa-
rameters were a 5-min Apgar score less than 7 and a neonatal intensive care unit admis-
sion. A control group of 200 fetuses with FL > 5th percentile was used to compare primary
and secondary outcome parameters within both groups. Chi-square and Student’s t-tests
were used where appropriate.

Results

Out of 608 eligible patients with a short FL, 117 met the inclusion criteria. Isolated short FL
was associated with an increased risk for small for gestational age (19.7% versus 8.0%,

p =0.002) neonates, low birth weight (23.9% versus 8.5%, p<0.001), PTB (19.7% versus
6.0%, p<0.001) and neonatal intensive care unit admissions (13.7% versus 3.5%, p = 0.001).
The incidence of a 5-min Apgar score less than 7 was similar in both groups.
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Conclusion

Isolated short FL is associated with a subsequent delivery of small for gestational age and
Low birth weight neonates as well as an increased risk for PTB. This information should be
considered when counseling patients after mid-trimester isolated short FL is diagnosed.

Introduction

The fetal femur length (FL) is routinely measured to assess fetal growth during the second- and
third trimester ultrasound (US) examination. The detection of a femur length below the 5
percentile is often a diagnostic dilemma since this sonographic finding has been described as
normal variant in constitutionally small fetuses [1-2], but may also be associated with skeletal
dysplasia [3-4] or chromosomal abnormalities [5], especially trisomy 21 [6-8]. Recent studies
have also suggested an increased incidence of adverse perinatal outcome such as small for ges-
tational age (SGA) neonates [5, 9-11], low birth weight (LBW) [9, 11-12] and preterm birth
(PTB) [5, 9] because of a suspected association of short FL with placental insufficiency.

Our objective therefore was to determine the association of isolated short FL detected on
second trimester ultrasound (US) examination and the subsequent development of adverse
perinatal outcome in a low risk patient population including only fetuses without chromosom-
al abnormalities and associated major congenital anomalies using a robust, prospectively ob-
tained perinatal database.

Materials and Methods

This is a retrospective cohort study of patients, diagnosed with a short FL, who received second
trimester ultrasonography (16-24 weeks of gestation) at our tertiary referral center between
2006 and 2013. Data were assessed retrospectively using the institutions electronic documenta-
tion system and patients’ charts. Privacy of medical records were maintained according to the
ICH Harmonized Tripartite Guideline for Good Clinical Practice and the guidelines of the Eth-
ics Committee of the Medical University of Vienna. Each member of the study personnel com-
mitted to these guidelines. Patients were assigned to consecutive identification numbers and
made anonymous after data collection was completed. Data was saved to the department’s
password protected server and analyzed anonymously. The responsible investigators ensured
that the study was conducted in agreement with either the Declaration of Helsinki and the laws
and regulations of the country, which ever provides the greatest protection of the patient. The
protocol has been written, and the study was conducted according to the ICH Harmonized Tri-
partite Guideline for Good Clinical Practice. The protocol was approved by the Ethics Commit-
tee of the Medical University of Vienna (ECS 1011-2015).

Included were only singleton fetuses of Caucasian origin. Given the known risk of adverse
pregnancy outcome in fetuses with chromosomal anomalies and severe malformations, all
cases of aneuploidy, skeletal dysplasia and other major congenital anomalies confirmed with
postnatal examination were excluded. Pregnancies were dated by the last menstrual period
when reliable or crown-rump length when dates where unreliable. Isolated short FL was de-
fined as FL below the 5™ percentile for gestational age in a fetus with an abdominal circumfer-
ence (AC) more than the 10" percentile at the time of the ultrasound examination. All
gestational age-specific biometry values were determined by standards derived by Hadlock
[13]. When a short fetal femur was suspected, a detailed second trimester fetal anomaly scan
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was undertaken according to routine clinical practice and the patients were offered fetal karyo-
typing. Doppler flow indices of the uterine and the umbilical artery were performed in all cases
at 20-25 weeks of gestation. Doppler examination was performed by the Pulsatility index (PI)
of the umbilical artery and the Resistence Index (RI) of the uterine artery. Additionally notch
evaluation of the uterine arteries was obtained. All ultrasound examinations were performed
by physicians certified in obstetric ultrasound and all measurements were performed in accor-
dance to the guidelines of the International Society for Ultrasound in Obstetrics and Gynecolo-
gy (ISUOG) (www.isuog.org). The PI and the RI were considered abnormal when Doppler
measurements were at the 95™ percentile or in the presence of diastolic notches in case of
uterine artery.

Our primary outcomes of interest included the risk of SGA, defined as birth weight (BW)
less than the 10th percentile, LBW (<2500g) and PTB (< 281 <327 <34% and <371 gesta-
tional weeks). Secondary outcomes included the risk of intrauterine fetal death (IUFD), defined
as fetal death at 20 weeks or more of gestation, a 5-min Apgar score < 7 and the incidence of
neonatal intensive care unit (NICU) admissions. Maternal demographic information, obstetrical
and medical history, maternal co-morbidities, ultrasonographic findings, genetic results, preg-
nancy complications, and neonatal outcomes were extracted from our perinatal database. Pre-
eclampsia was defined as blood pressure of > 140mm Hg systolic and/or 90mm Hg diastolic on
two or more occasions with proteinuria of 300mg or more in 24-hour urine specimen occurring
after 20 weeks gestation in a woman with previously normal blood pressure. The institution’s
perinatal database was used to identify 200 consecutive pregnancies with a femur length > 5%
percentile that were seen during the same time period at our institution’s outpatient clinic. All
baseline characteristics as well as the incidence of the primary and secondary outcomes were
compared between patients with and without a femur length below the 5 percentile.

Statistical analysis

In this cohort study we used descriptive statistics for analyses of patients’ demographic data.
Values are given as mean (standard deviation (SD)) when normally distributed or as median
(range) at presence of skewed distribution. Student’s t-test was used to compare continuous
variables, and chi square test and Fisher’s exact test was used to compare categorial variables.
The statistical software PASW Statistics version 18.0 (SPSS, Chicago, IL, USA) was used for sta-
tistical analyses. P-values of <0.05 were considered statistically significant.

Results

Our study cohort consisted of 608 patients. After excluding patients with aneuploidy, skeletal
dysplasia, major congenital anomalies and incomplete pregnancy data, 117 cases of isolated
short FL < 5" percentile with an AC > 10" percentile remained for analysis. The mean (stan-
dard deviation (SD)) gestational age at the time of diagnosis was 22.4 (2.4) weeks. The mean
(SD) FL at the time of the diagnosis was 33.7 (6.7) mm and the mean (SD) AC was 166.1 (29.3)
mm. The demographic characteristics of the patients with a FL > 5" percentile were similar to
patients with a FL < 5™ percentile in terms of maternal age, gravida, parity, maternal weight
and height, body mass index, smoking status and the incidence of gestational diabetes, chronic
hypertension and preeclampsia (Table 1). Fetuses with isolated short FL were delivered earlier
(p =0.002) and had a lower birth weight (p<0.001). Patients with isolated short FL were more
likely to deliver SGA neonates (p = 0.002).

Of the 23 cases of SGA neonates 3 patients showed a history of an SGA infant. In addition
we investigated the influence of a history of an SGA neonate on the rate of SGA neonates in
our isolated short FL group. Women with a previous SGA infant did not show a higher rate of
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Table 1. Maternal demographic and clinical characteristics of patients diagnosed with an isolated short femur compared with controls.

FL < 5th percentile (n = 117) FL > 5th percentile (n = 200)
N or mean % or SD N or mean % or SD P- Value
Maternal age (years) 30.3 5.9 29.21 6.5 0.132"
Gravida 2.4 1.6 2.8 1.7 0.0051"
Parity 1.2 1.4 1.1 1.1 0.234!
Maternal weight (grams) 63.9 15.3 65.4 15.9 0.428'
Maternal height (cm) 163.9 6.9 164.4 6.6 0.455"
BMI (kg/m?) 23.9 5.4 25.1 8.5 0.189"
Diabetes 7 6.0% 7 3.5% 0.299%
Hypertension 5 4.3% 8 4.0% 0.9062
Preeclampsia 8 6.8% 12 6.0% 0.7672
Smoking 33 28.2% 39 19.5% 0.0742

'Student’s t-test
2Chi-square test
SD: standard deviation, BMI: body mass index, FL: femur length

doi:10.1371/journal.pone.0128820.t001

SGA neonates than patients without a history of SGA 19.0% versus 25% (p = 0.702).PTB < 32
(p=0.002), < 34 (p=0.003) and < 37 (p<0.001) weeks of gestation as well as LBW infants
(p<0,001) and NICU admissions (p = 0.001) were more frequent in the isolated short FL
group. We observed 16 cases of NICU admissions. In 13 cases the fetuses had to admitted be-
cause of prematurity and in three cases the term neonates suffered from transient postnatal dis-
tress. Isolated short FL was not associated with a delivery < 28 weeks of gestation or a higher
rate of postnatal 5-min Apgar scores < 7. The cesarean section rate was similar in both groups
(Table 2). The SGA cases (n = 23) were born at a mean (SD) gestational age of 37.7 (3.3) weeks
with a mean (SD) birth weight of 2168.0 (571.1) grams. Eight fetuses in the SGA group were
delivered prematurely, 3 patients because of placental abruption at 30, 35 and 36 weeks of ges-
tation, respectively. Two fetuses had to be delivered because of signs of placental insufficiency
at 30 and 34 weeks of gestation, respectively. The remaining three fetuses were delivered be-
cause of premature rupture of membranes. Doppler ultrasound studies of the uterine arteries
were abnormal in 2 cases, Doppler ultrasound studies of the umbilical artery was abnormal in
4 cases in the SGA group; One of the 23 SGA cases developed preeclampsia. Both groups
showed similar rates of abnormal Doppler studies of the uterine arteries, 17.9% in the short FL
group versus 13.5% in the control group (p = 0.268), respectively. Additionally we studied simi-
lar rates in terms of the presence of diastolic notches of the uterine arteries in the two groups
with an incidence of 6.0% versus 2.0% (p = 0.062), respectively. However fetuses with an isolat-
ed short FL were at a significantly higher risk of developing abnormal umbilical cord Doppler
measurements, 5.1% (6/117) versus 0.5% (1/200) (p = 0,007), respectively. Four out of 6 cases
with abnormal umbilical artery Doppler measurements in the short FL group were born before
37 weeks, at 30, 30, 35 and 36 weeks of gestation, respectively. Preterm birth was caused by pla-
cental abruption in two cases, one patient suffered from premature rupture of membranes and
one patient underwent secondary cesarean section because of severe growth retardation and
contractions. Intrauterine fetal death occurred in one fetus. Beside the diagnosis of an isolated
short FL the pregnancy was normal and the routine US examinations until 38 weeks of gesta-
tion revealed no other pathologic findings. At 37+1 weeks of gestation the patient presented at
the labor ward because of reduced fetal movements. The US examination revealed an
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Table 2. Perinatal outcome in fetuses with isolated short femur length compared with controls.

FL < 5th percentile

FL > 5th percentile

(n=117) (n =200)
N or mean % or SD N or mean % or SD P- Value

Gestational age at delivery 38.4 3.4 39.3 2.1 0.002"

< 28 weeks 2 1.7% 1 0.5% 0.2832

< 32 weeks 10 8.5% 3 1.5% 0.0022

< 34 weeks 11 9.4% 4 2.0% 0.0032

< 37 weeks 23 19.7% 12 6.0% <0.0012
Birth weight (grams) 2785.9 752.4 3185.4 583.5 <0.001"
SGA 23 19.7% 16 8.0% 0.0022
LBW 28 23.9% 17 8.5% <0.001?
Umbilical cord blood Doppler measurements >95" Percentile 6 51% 1 0.5% 0,0072
Gender

Female 51 43.6% 95 47.5% 0.500?

Male 66 56.4% 105 52.5%
5-min Apgar score <7 2 1.7% 2 1.0% 0.5852
NICU admission 16 13.7% 7 3.5% 0.0012
Cesarean section 60 51.3% 88 44.0% 0.210?

Student’s t-test
2Chi-square test

SD: standard deviation, SGA: small for gestational age, LBW: low birth weight, NICU: neonatal intensive care unit

doi:10.1371/journal.pone.0128820.t002

intrauterine fetal death. Autopsy showed an appropriate for gestational age male neonate with-
out other pathologic findings than the isolated short FL.

Discussion

The aim of the present study was to investigate the association between an isolated short fetal
FL, diagnosed at the second trimester US scan and adverse perinatal outcome. We used a strict
definition of isolated short FL by excluding all fetuses with an AC < 10 percentile. Addition-
ally we excluded all cases with chromosomal and structural abnormalities to be able to reliably
evaluate the effect of only isolated short FL on perinatal outcome. In this study a short fetal FL
was significantly associated with a subsequent delivery of SGA and LBW neonates, as well as
PTB < 32, < 34, < 37 weeks of gestation and the rate of NICU admissions after delivery. There
was no association with a delivery < 28 weeks of gestation and the incidence of 5-min Apgar
score values < 7. A few recent studies investigated the short FL as a feature of fetal growth re-
striction and confirmed the association of isolated short FL in the second trimester with an in-
creased risk of delivering an SGA or LBW neonate [1, 3, 9-11]. Todros et al reviewed 86
consecutive referrals for femur length below the 10™ percentile and investigated that 21% of
the patients delivered structurally normal, euploid SGA neonates. Additionally the group de-
termined that the diagnosis of SGA was made about 9 weeks after the finding of a short femur
[3]. Weisz et al, Ventura et al and Goetzinger et al similarly demonstrated an increased risk of
fetal growth retardation, showing SGA rates of 19% [1], 19.7% [11] and 21.5% [10], respective-
ly. A recent large study of 312 fetuses with a short FL, which included only cases with an

AC > 10™ percentile showed an incidence for SGA of 13.8% and a rate of almost 19% for a
birth weight < 2500 grams [9]. Our study supports the finding of about 20% SGA neonates in
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cases with isolated short FL. We report even a higher incidence of neonates with a LBW than
in the study of Ozlii et al [9] with an incidence of 23.9%. In terms of PTB the literature reveals
conflicting results. Consistent with our findings, two recent large cohort studies report a signifi-
cant increase in PTB < 34 and < 37 gestational weeks [9-10]. However both reports did not
study the association of isolated short FL with PTB in indicated or spontaneous PTB separately.
In our population we studied no significant difference in the incidence of cesarean deliveries
between the cohort of short FL and the control group, drawing the conclusion that isolated
short FL is a risk factor for PTB, independent of the delivery mode. On the other hand no dif-
ference in the incidence of PTB was observed in a smaller study by Weisz et al, which included
only 58 isolated short femur cases [1]. Likewise, Ventura and coworkers reported that the fe-
tuses with short FL delivered significantly earlier (38 vs 39 weeks, p = 0.01), but they did not
study an increased risk of PTB [11].

The etiology of femur shortening in SGA fetuses is still unclear. However, there is a known
association between abnormal placentation and fetal growth restriction. A study of SGA fetuses
reported a concordance of a reduced femur length with a small AC [14], which might be ex-
plained by redistribution of blood due to chronic hypoxia, with increased flow to the heart and
brain and decreased flow to the lower body [15-16]. Early identification of SGA fetuses is cru-
cial as it is possible to decrease the risk of adverse neonatal outcome by four fold with a struc-
tured program of surveillance and accurate delivery [17]. Placental function evaluation by
uterine and umbilical artery Doppler velocimetry is the clinical standard for identifying early-
onset intrauterine growth restriction [18-19]. Todros et al showed an incidence of 61% of ab-
normal Doppler findings in pregnancies with a short FL, indicating a vascular origin of the
growth disorder [3]. Similarly, in the study of Papageorghiou et al 46% of the isolated short FL
cases required delivery < 37 weeks of gestation because of severe intrauterine growth retarda-
tion (IUGR) associated with abnormal Doppler studies [20]. The study of Vermeer and co-
workers also reported an association between IUGR and abnormal Doppler measurements of
the uterine and umbilical arteries, drawing the conclusion that Doppler studies might help to
differentiate between constitutionally small fetuses and those at risk for growth retardation
[12]. Our cohort of fetuses with short FL showed a significant higher amount of abnormal
Doppler studies of the umbilical artery. In this group we observed 4 cases of SGA, requiring
preterm delivery. Interestingly, the cause of PTB was placental abruption in half of the cases.
Unfortunately our study lacks continous data about amniotic fluid values and serial Doppler
findings, which clearly reflects a limitation of our study, since a differentiation between consti-
tutional and pathological SGA, including abnormal Doppler findings and oligohydroamnios is
not possible. Additionally, as our study was not designed to evaluate the timing of growth retar-
dation in fetuses with a short FL, it is not possible to draw definitive conclusions if serial growth
assessments including Doppler studies may be warranted in these cases.

As placental insufficiency is the most common cause of growth retardation it seems likely
that TUGR and short FL might be linked to hypertensive disorders and preeclampsia. Zalel et al
observed that seven out of nine patients with an isolated short FL developed hypertension [21]
and Todros et al observed a 19% incidence of preeclampsia in structurally normal fetuses with
a short FL [3]. Our study did not show a difference in the incidence of hypertensive disorders
or preeclampsia between the two groups, which might be explained by the small number of
cases. Consistent with our findings, the recent large cohort studies have demonstrated no sta-
tistically significant increased risk of preeclampsia in patients with an isolated short FL [9-10].

Beside chronic hypoxia as a cause of short bones, two other mechanisms were suggested for
the etiology of short FL. Zalel and Mancilla et al proposed altered secretion of fibroblast growth
factor 2 (FGF-2) due to abnormal placentation, resulting in inhibition of long bone growth
[21-22]. Additionally other studies could show that maternal serum Pregnancy-associated
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plasma protein A (PAPP-A) levels measured at 10-14 weeks of gestation are significantly asso-
ciated with the length of fetal long bones [1, 23-24], which can be explained by the fact that
PAPP-A regulates osteoblast proliferation by increasing the bioavailability of insuline-like
growth factor-binding-protein-4 [25]. Unfortunately, due to the retrospective design of our
study, we lack data about PAPP-A, which seems to be a promising prognostic parameter for
the FL in the first [23] and second trimester [24]. Further studies are needed to test these
hypotheses.

Some authors have described the different ethnic origins in their study population as a
study limitation [1, 10] and recommended ethnic specific femur length growth charts [9]. All
of the patients in our study, both in the short femur and normal femur length group were of
Caucasian origin, which may reflect a strength of our study. A limitation is clearly the retro-
spective study design as well as the relatively small number of cases, compared to the recent
large studies by Ozlii et al and Goetzinger et al [9-10]. Additionally we did not adjust for ma-
ternal height and weight, since we observed no difference in these parameters between the case
and the control group as both were of the same ethnic origin.

Conclusions

In conclusion this study shows a significant association between the finding of an isolated
short FL at the second trimester US examination with SGA and LBW neonates and PTB. How-
ever it is important to clarify that the prospective parents can expect a term delivery of a
healthy, appropriate for gestational age neonate in 73.5%. Abnormal Doppler measurements of
the uterine and umbilical arteries may help to differentiate between fetuses with a constitution-
ally small FL and those at risk for SGA. Larger studies are needed to determine the performance
of a reliable screening protocol by the combination of serial US examinations, Doppler studies
of the uterine and umbilical arteries and biomarkers such as PAPP-A.

Supporting Information

S1 Dataset. Contains all relevant data and was provided upon submission.
(XLSX)

Author Contributions

Conceived and designed the experiments: MMP SP KW SS DB. Performed the experiments:
MMP SP KW SS DB. Analyzed the data: MMP SP. Contributed reagents/materials/analysis
tools: MMP KW SS DB. Wrote the paper: MMP DB.

References

1.  Weisz B, David AL, Chitty L, Peebles D, Pandya P, Patel P, et al. Association of isolated short femur in
the mid-trimester fetus with perinatal outcome. Ultrasound Obstet Gynecol. 2008; 31: 512-516. doi: 10.
1002/uog.5349 PMID: 18432603

Nyberg DA. May all your femurs be long! Ultrasound Obstet Gynecol. 2008;31: 489.

3. Todros T, Massarenti |, Gaglioti P, Biolcati M, Botta G, De Felice C. Fetal short femur length in the sec-
ond trimester and the outcome of pregnancy. Br J Obstet Gynaecol. 2004; 111: 83-85.

4. Kurtz AB, Needleman L, Wappner RJ, Hilpert P, Kuhiman K, Burns PN, et al. Usefulness of a short
femur in the utero detection of skeletal dysplasias. Radiology. 1990; 177: 197-200. PMID: 2399317

5. Mathiesen JM, Aksglaede L, Skibsted L, Petersen OB, Tabor A and the Danish Fetal Medicine Study
Group. Outcome of fetuses with short femur length detected at second-trimester anomaly scan: a na-
tional survey. Ultrasound Obstet Gynecol. 2014; 44: 160—165. doi: 10.1002/uog.13286 PMID:
24357398

PLOS ONE | DOI:10.1371/journal.pone.0128820 June 5, 2015 7/8


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0128820.s001
http://dx.doi.org/10.1002/uog.5349
http://dx.doi.org/10.1002/uog.5349
http://www.ncbi.nlm.nih.gov/pubmed/18432603
http://www.ncbi.nlm.nih.gov/pubmed/2399317
http://dx.doi.org/10.1002/uog.13286
http://www.ncbi.nlm.nih.gov/pubmed/24357398

@’PLOS ‘ ONE

Isolated Short Fetal Femur

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Snijders RJ, Platt LD, Greene N, Carlson D, Krakow D, Gregory K, et al. Femur length and trisomy 21:
impact of gestational age on screening efficiency. Ultrasound Obstet Gynecol. 2000; 16: 142—145.
PMID: 11117083

Bromley B, Lieberman E, Shipp TD, Benacerraf BR. The genetic sonogram: a method of risk assess-
ment for Down syndrome in the second trimester. J Ultrasound Med. 2002; 21: 1087—-1096. PMID:
12369663

Nyberg DA, Resta RG, Luthy DA, Hickok DE, Williams MA. Humerus and femur length shortening in
the detection of Down’s syndrome. Am J Obstet Gynecol. 1993; 168: 534-538. PMID: 8438923

Ozl T, Ozcan T. fetal isolated short femur in the second trimester and adverse pregnancy outcomes.
Prenat Diagn. 2013; 33: 1063—1069. doi: 10.1002/pd.4197 PMID: 23839963

Goetzinger KR, Cahill AG, Macones GA, Odibo AQ. Isolated short femur length on mid-trimester ultra-
sound: a marker for fetal growth restriction and other adverse perinatal outcomes. J Ultrasound Med.
2012; 31: 1935-1941. PMID: 23197546

Ventura W, Huaman J, Nazario CE, Ingar J, Huertas E, Limay OA. Perinatal outcomes after sonograph-
ic detection of isolated short femur in the second trimester. J Clin Ultrasound. 2012; 40: 63—67. doi: 10.
1002/jcu.20889 PMID: 22031099

Vermeer N, Bekker MN. Association of isolated short fetal femur with intrauterine growth restriction.
Prenat Diagn. 2013; 33: 365—-370. doi: 10.1002/pd.4068 PMID: 23440724

Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park SK. Estimation of fetal weight with the use of
head, body and femur measurements- a prospective study. Am J Obstet Gynecol. 1985; 151: 333-337.
PMID: 3881966

Todros T, Plazzotta C, Pastroin L. Body proportionality of the small-for-date fetus: is it related to aetiolo-
gical factors? Early Hum Dev. 1996; 45: 1-9. PMID: 8842635

Sheldon RE, Peeters LL, Jones MD, Makowski EL, Meschia G. Redistribution of cardiac output and ox-
ygen delivery in the hypoxemic fetal lamb. Am J Obstet Gynecol. 1979; 135: 1071-1078. PMID:
517592

Peeters LL, Sheldon RE, Jones MD, Makowski EL, Meschia G. Blood flow to fetal organs as a function
of arterial oxygen content. Am J Obstet Gynecol. 1979; 135: 637-646. PMID: 507116

Lindqvist PG, Molin J. Does antenatal identification of small-for-gestational age fetuses significantly im-
prove their outcome? Ultrasound Obstet Gynecol. 2005; 25: 258. PMID: 15717289

ACOG committee opinion. Committee on Obstetric Practice. American College of Obstetricians and
Gynecologists. Utility of antepartum umbilical artery Doppler velocimetry in intrauterine growth restric-
tion. Number 188, October 1997 (replaces no. 116, November 1992). Int J Gynaecol Obstet. 1997; 59:
269-270. PMID: 9486523

SOGC Clinical Practice Guidelines. The use of fetal Doppler in obstetrics. J Obstet Gynecol Can. 2003;
25:601-607. PMID: 12851673

Papageorghiou AT, Fratelli N, Leslie K, Bhide A, Thilaganathan B. Outcome of fetuses with antenatally
diagnosed short femur. Ultrasound Obstet Gynecol. 2008; 31: 507-511. doi: 10.1002/uog.5265 PMID:
18286672

Zalel Y, Lehavi O, Schiff E, Shalmon B, Cohen S, Schulman A, et al. Shortened fetal long bones: a pos-
sible in utero manifestation of placental function. Prenat Diagn. 2002; 22: 553-557. PMID: 12124686

Mancilla EE, De Luca F, Uyeda JA, Czerwiec FS, Baron J. Effects of fibroblast growth factor on longitu-
dinal bone growth. Endocrinology. 1998; 139: 2900—2904. PMID: 9607800

Prefumo F, Canini S, Crovo A, Pastorino D, Venturini PL, De Biasio P. Correlation betwenn first trimes-
ter fetal bone length and maternal serum pregnancy-associated plasma protein-A (PAPP-A). Hum
Reprod. 2006; 21: 3019-3021. PMID: 16959807

Leung TY, Chan LW, Leung TN, Fung TY, Sahota TS, Lau TK. First-trimester maternal serum levels of
placental hormones are independent predictors of second-trimester fetal growth parameters. Ultra-
sound Obstet Gynecol. 2006; 27: 156—161. PMID: 16435317

Qin X, Wergedal JE, Rehage M, Tran K, Newton J, Lam P, et al. Pregnancy-associated plasma protein-
A increases osteoblast proliferation in vitro and bone formation in vivo. Endocrinology. 2006; 147:
5653-5661. PMID: 16946002

PLOS ONE | DOI:10.1371/journal.pone.0128820 June 5, 2015 8/8


http://www.ncbi.nlm.nih.gov/pubmed/11117083
http://www.ncbi.nlm.nih.gov/pubmed/12369663
http://www.ncbi.nlm.nih.gov/pubmed/8438923
http://dx.doi.org/10.1002/pd.4197
http://www.ncbi.nlm.nih.gov/pubmed/23839963
http://www.ncbi.nlm.nih.gov/pubmed/23197546
http://dx.doi.org/10.1002/jcu.20889
http://dx.doi.org/10.1002/jcu.20889
http://www.ncbi.nlm.nih.gov/pubmed/22031099
http://dx.doi.org/10.1002/pd.4068
http://www.ncbi.nlm.nih.gov/pubmed/23440724
http://www.ncbi.nlm.nih.gov/pubmed/3881966
http://www.ncbi.nlm.nih.gov/pubmed/8842635
http://www.ncbi.nlm.nih.gov/pubmed/517592
http://www.ncbi.nlm.nih.gov/pubmed/507116
http://www.ncbi.nlm.nih.gov/pubmed/15717289
http://www.ncbi.nlm.nih.gov/pubmed/9486523
http://www.ncbi.nlm.nih.gov/pubmed/12851673
http://dx.doi.org/10.1002/uog.5265
http://www.ncbi.nlm.nih.gov/pubmed/18286672
http://www.ncbi.nlm.nih.gov/pubmed/12124686
http://www.ncbi.nlm.nih.gov/pubmed/9607800
http://www.ncbi.nlm.nih.gov/pubmed/16959807
http://www.ncbi.nlm.nih.gov/pubmed/16435317
http://www.ncbi.nlm.nih.gov/pubmed/16946002

