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Abstract

Background: Stillbirth, defined as fetal death ≥20 weeks’ gestation, is associated with poor fetal 

growth and is often attributed to placental abnormalities, which are also associated with poor fetal 

growth. Evaluating inter-relationships between placental abnormalities, poor fetal growth, and 

stillbirth may improve our understanding of the underlying mechanisms for some causes of 

stillbirth.

Objective: Our primary objective was to determine whether poor fetal growth, operationalized as 

small for gestational age (SGA), mediates the relationship between placental abnormalities and 

stillbirth.

Methods: We used data from the Stillbirth Collaborative Research Network study, a population-

based case-control study conducted from 2006-2008. Our analysis included 266 stillbirths and 

1,135 live births. We evaluated associations of stillbirth with five types of placental characteristics 

(developmental disorders, maternal and fetal inflammatory responses, and maternal and fetal 

circulatory disorders) and examined mediation of these relationships by SGA. We also assessed 

exposure-mediator interaction. Models were adjusted for maternal age, race/ethnicity, education, 

body mass index, parity, and smoking status.
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Results: All five placental abnormalities were more prevalent in cases than controls. After 

adjustment for potential confounders, maternal inflammatory response (odds ratio [OR]: 2.58; 

95% confidence interval [CI]: 1.77, 3.75), maternal circulatory disorders (OR: 4.14; 95% CI: 2.93, 

5.84), and fetal circulatory disorders (OR: 4.58; 95% CI: 3.11, 6.74) were strongly associated with 

stillbirth, and the relationships did not appear to be mediated by SGA status. Associations for 

developmental disorders and fetal inflammatory response diverged for SGA and non-SGA births, 

and strong associations were only observed when SGA was not present.

Conclusions: Fetal growth did not mediate the relationships between placental abnormalities 

and stillbirth. The relationships of stillbirth with maternal and fetal circulatory disorders and 

maternal inflammatory response appear to be independent of poor fetal growth, while 

developmental disorders and fetal inflammatory response likely interact with fetal growth to affect 

stillbirth risk.
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Background

In the United States, roughly 1 in 160 pregnancies end in stillbirth, defined as fetal death at 

or after 20 weeks’ gestation.1 Many placental abnormalities are more common in stillbirths 

compared to live births, although this may differ by gestational age.2 Additionally, while a 

potential cause of death is never identified for many stillbirths, one systematic review 

reported that 11.2-64.9% of stillbirths are attributable to placental abnormalities.3 

Identification of placental abnormalities is often based on postnatal placental assessment, 

which is a key component of stillbirth evaluation.4 However, evaluating placental function 

during pregnancy, including the use of biomarkers to assess placental function, has proven 

only marginally useful for reducing the risk of stillbirth.5

Placental abnormalities have also been associated with abnormal fetal growth. Inadequate 

placental function may prevent the placenta from meeting the needs of the fetus.6 

Additionally, poor fetal growth is associated with increased risk of stillbirth.7 In evaluating 

twenty-five placental abnormalities, Bukowski et al. (2017) reported that ten were related to 

both stillbirth and fetal growth, five were related to stillbirth but not fetal growth, one was 

related to fetal growth but not stillbirth, and nine were not related to stillbirth or fetal 

growth.8 While poor fetal growth has been reported as a risk factor for stillbirth, not every 

growth restricted fetus is stillborn.9

We sought to build on this work by estimating stillbirth risk in relation to placental 

abnormalities. Given the role of the placenta in regulating fetal growth, we also evaluated 

whether these associations were mediated by poor fetal growth. Placental abnormalities of 

interest included indicators of developmental disorders, maternal inflammatory response, 

fetal inflammatory response, maternal circulatory disorders, and fetal circulatory disorders.
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Methods

Case-control selection

The Stillbirth Collaborative Research Network (SCRN) study was a multicenter, ethnically, 

racially, and geographically diverse case-control study of stillbirth. Enrollment occurred 

between March 2006 and September 2008 from 59 hospitals representing five catchment 

areas of the United States: Rhode Island and counties in Massachusetts, Georgia, Texas, and 

Utah. The final study included 663 women with a stillbirth (cases) and 1,932 women with a 

live birth (controls) selected through a stratified random method.10 Details of the study 

design, including sampling methods, are available.10

Women had the option to consent to a placental examination, which was conducted by 

trained perinatal pathologists using a standardized, study-specific protocol.11 Pathologists 

also participated in centralized workshops to ensure consistent and standardized placental 

assessment. Of the 663 women with a stillbirth, 98.6% consented to a placental examination.
11 Among the 573 singleton stillbirths, the placental examination was completed and 

considered adequate in 483 (Figure 1). Similarly, of the 1,932 women with a live birth, 

93.4% consented to a placental examination.11 The placental examination was completed 

and considered adequate for 1,135 (Figure 1). The most common reason for an incomplete 

placental examination was the placenta being discarded before collection.11 Information on 

covariates, including maternal, pregnancy, and neonatal characteristics, was obtained from 

medical chart abstraction and maternal interview.

Our secondary analysis was restricted to singleton stillbirths and live births with a complete 

placental examination (Figure 1). Additionally, we excluded intrapartum stillbirths and 

stillbirths with a cause of death attributed to genetic/structural abnormalities or umbilical 

cord complications, as these stillbirths are likely unrelated to the mechanisms of interest.
12, 13 Our analytic sample included 266 stillbirths and 1,135 live births. Data weights were 

calculated to account for differential consent for enrolment, study design characteristics 

(oversampling of certain groups), and availability of the placental examination. Weights for 

the availability of the placental examination incorporated clinic site, induction, time trend, 

delivery time, weekend delivery, and mode of delivery. Additional information on data 

weights are also published.10

Exposure

We classified placental characteristics into five groups: developmental disorders, maternal 

inflammatory response, fetal inflammatory response, maternal circulatory disorders, and 

fetal circulatory disorders (see Table 1 for definitions of these groups). Placental group 

variables were then dichotomized based on presence of one or more characteristics within 

each group. Placentas could have characteristics for more than one group and each placental 

group variable was analyzed in a separate model. We approximated poor fetal growth using 

small for gestational age (SGA), defined as a birthweight for gestational age < 10th 

percentile. SGA was determined from adapting individualized norms using estimated fetal 

weight developed by Bukowski et al., which adjust for pregnancy characteristics.14 For 

stillbirths, SGA status was determined using estimated gestational age at fetal death to 
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partially account for potential misclassification of SGA status.15, 16 Additional details on the 

modifications made to the individualized norms in this study have been published.15

Outcome

Our primary outcome was stillbirth, defined as fetal death ≥20 weeks’ gestation.10 Stillbirths 

were identified based on APGAR scores of zero at one and five minutes after delivery or no 

signs of life by direct observation.

Statistical analysis

We conducted a mediation analysis using logistic models to evaluate the total association of 

stillbirth with placental characteristics, the indirect effect of this association that operates 

through fetal growth (mediation), and the direct effect that operates independent of fetal 

growth (eFigure 1). We also estimated the proportion of the total effect that is due to 

mediation. Mediation models additionally allowed for interaction between placental 

abnormalities and fetal growth (exposure-mediator interaction). Mediation models were 

operationalized using a SAS macro developed by Valeri and VanderWeele (with minor 

modifications to accommodate complex sample design weights) that uses a counterfactual 

approach to mediation analyses, allows for exposure-mediator interaction, and supports 

dichotomous mediators and outcomes.17 To satisfy assumptions for mediation analyses, 

models were adjusted for potential exposure-outcome, exposure-mediator, and mediator-

outcome confounders identified using the directed acyclic graph approach. Potential 

confounders included race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, 

other), maternal education (0-11, 12, ≥13 years), maternal age (<20, 20-34, 35-39, ≥40 

years), body mass index (<18.5, 18.5-24.9, 25.0-29.9, 30.0-34.9, ≥35.0 kg/m2), parity 

(nulliparous, multiparous), and smoking status (0, <10, ≥10 cigarettes per day in the three 

months prior to pregnancy), as these characteristics may be related to placental morphology, 

fetal growth, and birthweight. We did not control for placental weight, as this may be on the 

causal pathway. We performed all analyses using SAS version 9.4 (SAS Institute INC., Cary, 

North Carolina) and SUDAAN version 11.0 (Research Triangle Institute, Research Triangle 

Park, North Carolina).18

Missing data

Of the 319 eligible cases and 1,760 eligible controls, placentas were not collected for 16.6% 

and 35.5%, respectively (Figure 1). Sample weights were calculated to account for 

characteristics related to missing placental pathology data.10, 11 Outcome data were available 

for all participants, 1.1% were missing data on fetal growth data (birthweight percentile), 

and 1.5% were excluded for missing information on ≥1 covariate.

Sensitivity analyses

For the primary analysis, we calculated E-values to assess the strength of an unmeasured 

confounder necessary to explain away the observed associations, as well as the strength of 

an unmeasured confounder necessary to result in the confidence interval crossing the null.
19, 20 In addition, we conducted four sensitivity analyses. First, we controlled for maternal 

conditions (chronic hypertension/preeclampsia and pre-gestational diabetes/gestational 
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diabetes) since these may affect placental development, fetal growth, and stillbirth. Due to 

uncertainty regarding direction of the relationships, these maternal conditions were not 

included in the primary analysis. Second, we defined SGA as birthweight <5th percentile to 

partially account for potential misclassification of stillbirths as SGA due to decline in 

birthweight after fetal death. Third, we restricted controls (live births) to term births since 

preterm live births do not reflect healthy ongoing pregnancies. Fourth, we controlled for the 

other types of placental pathology in each model to account for potential interrelationships.

Ethics approval

The study was approved by Institutional Review Boards at each clinical site, and all 

participants gave written informed consent.

Results

Descriptive characteristics

Placental markers of developmental disorders, maternal inflammatory markers, fetal 

inflammatory markers, maternal circulatory disorders, and fetal circulatory disorders were 

all more prevalent among stillbirths compared to live births based on presence of one or 

more characteristic (Table 1). Stillbirths in this analysis had a higher prevalence of SGA 

(41.2%) and preterm birth (<37 weeks’ gestation; 81.7%) compared to live births (15.0% 

and 9.0%, respectively) (Table 2). Women with live births were more likely to be non-

Hispanic white (44.1%), married (61.2%), and to have a body mass index within the normal 

range (50.9%) than women with stillbirths (32.5%, 45.5%, and 39.7%, respectively).

Analytic results

In adjusted models, presence of one or more developmental disorder (odds ratio [OR]: 1.94; 

95% confidence interval [CI]: 1.29, 2.94), maternal inflammatory response (OR: 2.58; 95% 

CI: 1.77, 3.75), maternal circulatory disorder (OR: 4.14; 95% CI: 2.93, 5.84), and fetal 

circulatory disorder (OR: 4.58; 95% CI: 3.11, 6.74) were associated with increased odds of 

stillbirth (Table 3). Associations between placental characteristics and stillbirth operating 

through poor fetal growth (natural indirect effects, eFigure 1) were weak, with ORs ranging 

from 0.99 to 1.15 and proportions mediated ranging from −3.0% to 16.7%. Thus, 

associations between placental characteristics and stillbirth not operating through poor fetal 

growth (natural direct effects) were similar to the total effects.

The direct effect of developmental disorders and fetal inflammatory response on stillbirth 

diverged depending on whether the fetus was SGA (controlled direct effects), supporting 

exposure-mediator interaction. Stronger associations were observed among non-SGA births 

compared to SGA births. Associations of stillbirth with maternal inflammatory response, 

maternal circulatory disorders, and fetal circulatory disorders remained strong regardless of 

SGA status. E-values for the strength of confounding necessary to explain the observed 

associations ranged from 3.7 to 8.6. Results were consistent in sensitivity analyses 

controlling for maternal conditions (Table 4), using the 5th percentile as the cutoff for SGA 

(Table 5), restricting controls to term live births (eTable 1), and adjusting each model for the 

other types of placental pathology (eTable 2).
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Comment

Principal findings

Overall, we did not find that poor fetal growth, approximated by SGA, mediates the 

relationship between placental abnormalities and stillbirth. We observed consistent and 

strong associations of stillbirth with maternal and fetal circulatory disorders and maternal 

inflammatory response regardless of SGA status. These results suggest that indicators of 

maternal and fetal circulatory disorders and maternal inflammatory response in the placenta 

may affect the risk of stillbirth through a mechanism that does not influence fetal growth. 

The associations between stillbirth and both developmental disorders and fetal inflammatory 

response appeared to depend on whether or not the infant was SGA, suggesting that 

placental indicators of these conditions may operate through a mechanism influenced by (or 

that influences) fetal growth. Further, the E-values suggest that an unmeasured or unknown 

confounder would need to be strongly associated with both the exposure and the outcome, 

independent of the included confounders, in order to explain the observed associations.

Strengths of the study

Strengths of the SCRN study include recruitment of a large and diverse sample and the use 

of a thorough and standardized placental examination conducted by trained pathologists. 

Analytic strengths include the use of a data weight to account for differences in those who 

did not consent to a placental examination and for whom the examination was incomplete. 

We also evaluated the strength of unmeasured confounding necessary to explain the 

observed associations and conducted four sensitivity analyses that yielded consistent results.

Limitations of the data

One limitation of our analysis is potential selection bias due to consent to and availability of 

placental examination. Placental examinations were incomplete for a larger proportion of 

live births as compared to stillbirths (Figure 1).11 However, characteristics related to 

completion of a placental examination, including study site, induction, mode of delivery, 

year of study, time of day of delivery, and weekend delivery, were incorporated into the data 

weight as an attempt to account for these differences.

Potential exposure and mediator misclassification is also limitation of this analysis. 

Pathologists conducted fetal autopsies and thus were not masked to the outcome of the 

pregnancy when conducting the placental examination, which could have affected their 

reporting. Similarly, defining SGA as <10th percentile may misclassify some infants. 

However, when we conducted a sensitivity analysis using the 5th percentile as a cutoff, the 

results were similar. SGA misclassification could also be differential. Stillbirths may 

experience a reduction in weight between fetal death and delivery,21 though results were 

consistent when stillbirths were restricted to those delivered within one week of fetal death 

(results not shown).

Another important limitation of our work is the assumption that, within a given group (e.g., 

developmental disorders), all placental characteristics would affect stillbirth risk in a similar 

manner. Individual indicators likely reflect differing mechanisms and grouping the indicators 
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may mask associations with some individual indicators. However, we were underpowered to 

evaluate individual indicators due to the low prevalence of some indicators. Nonetheless, the 

observed summary associations would likely be biased towards the null relative to the 

strongest of those factors. Additionally, the inclusion of preterm births in the live birth group 

is a limitation of our work. Preterm live births are different from term live births and do not 

reflect healthy ongoing pregnancies at a given gestational age. Placental abnormalities, 

including fetal inflammatory markers, are also associated with preterm birth.22, 23 To 

account for this, we conducted a sensitivity analysis restricting controls to term births and 

results were consistent. Similarly, we were unable stratify by gestational age to evaluate the 

potential impact of gestational age at fetal death on the association between placental 

abnormalities and stillbirth due to concerns regarding the comparison of preterm live births 

and stillbirths and due to the small number of term stillbirths.

Interpretation

Consistent with our previous work, we found that placental abnormalities are associated 

with stillbirth, but the inter-relationships with poor fetal growth vary. Bukowski et al. (2017) 

identified five patterns of relationships between placental abnormalities, stillbirth, and fetal 

growth abnormalities. Characteristics related to maternal inflammatory response and 

maternal and fetal circulatory disorders were associated with stillbirth but not fetal growth 

abnormalities.8 This is consistent with our finding that the maternal inflammatory response 

and maternal and fetal circulatory disorders were associated with stillbirth independent of 

poor fetal growth. The current analyses extend our prior work by estimating the strength of 

the associations between various placental abnormalities and stillbirth and by evaluating 

mediation by poor fetal growth. Further, our analyses suggest that although these placental 

characteristics are associated with both fetal growth and stillbirth, these characteristics are 

unlikely to affect the risk of stillbirth through poor fetal growth. This might explain the 

difficulties that others note in preventing stillbirth by examining placental function.5

The weaker association between the fetal inflammatory response and stillbirth may reflect 

the nature of the fetal inflammatory response. The fetal inflammatory response is often 

related to, and preceded by, the maternal inflammatory response and may reflect a more 

severe condition.24 Thus, infants with evidence of a fetal inflammatory response past 20 

weeks may have had to survive a significant inflammatory insult and survival bias could 

explain this apparent paradox. SGA fetuses with fetal inflammation may have a substantially 

increased risk of fetal death prior to 20 weeks’ gestation, which may explain the protective 

(though non-significant) association in SGA infants. Inflammation may also lead to stillbirth 

and preterm live birth via pathways independent of fetal growth or placental function. 

Similarly, survival bias may explain the null association between developmental disorders 

and stillbirth among SGA infants, as the double insult of developmental disorders and poor 

fetal growth may result in fetal death prior to 20 weeks’ gestation.

Conclusions

Our results extend earlier findings of the inter-relationships between placental abnormalities, 

fetal growth, and stillbirth by highlighting the importance of placental abnormalities to 
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stillbirth and by conducting novel analyses suggesting that the association between stillbirth 

and a variety of placental abnormalities is not mediated by poor fetal growth. We observed 

that maternal circulatory disorders, fetal circulatory disorders, and the maternal 

inflammatory response operate independently of poor fetal growth. However, the risk of 

stillbirth related to developmental disorders and the fetal inflammatory response may be 

linked to fetal growth. This is an important finding, given reported associations of placental 

abnormalities with stillbirth and the role of the placenta in regulating fetal growth. In 

conclusion, our results support different placental mechanisms related to stillbirth and poor 

fetal growth. Future studies should build on this by examining fetal losses at all gestational 

ages to reduce the impact of survival bias.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Social Media Quote

While placental abnormalities have been implicated in both poor fetal growth and 

stillbirth, and poor fetal growth is associated with stillbirth, our results indicate that poor 

fetal growth does not mediate the relationship between placental abnormalities and 

stillbirth.
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Synopsis

Study question:

Does poor fetal growth mediate the relationship between placental abnormalities and 

stillbirth?

What’s already known:

Both placental abnormalities and poor fetal growth are associated with stillbirth. Further, 

placental abnormalities are associated with poor fetal growth.

What this study adds:

We evaluated inter-relationships between placental abnormalities, poor fetal growth, and 

risk of stillbirth and found that poor fetal growth does not mediate the relationship 

between placental abnormalities and stillbirth.
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Figure 1. 
Stillbirth Collaborative Research Network study (2006-2008) enrollment and inclusion.
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Table 1.

Placental characteristics of singleton stillbirths and live births from the Stillbirth Collaborative Research 

Network Study (2006-2008) using the weighted sample.

Characteristic Stillbirths %w Live births %w

N=266 N=1135

Nw=262 Nw=915

Developmental Disorders

Any Developmental Disorder 20.3 11.0

Umbilical cord

 Single umbilical artery 5.2 1.8

 Velamentous insertion 3.2 1.1

 Furcate insertion 1.9 3.6

Placental Membranes

 Circummarginate insertion 1.0 0.5

 Circumvallate insertion 0.7 1.0

Fetal villous capillaries

 Terminal villous immaturity (diffuse) 8.3 2.4

 Terminal villous hypoplasia (diffuse) 3.5 1.9

Inflammatory Disorders

Any Maternal inflammatory response 34.7 15.6

 Acute chorioamnionitis - placental membranes 30.9 11.9

 Acute chorioamnionitis - chorionic plate 24.0 11.9

Any Fetal inflammatory response 13.9 8.5

 Acute funisitis 11.6 3.4

 Acute umbilical cord arteritis (≥1 artery) 4.2 1.8

 Acute umbilical cord phlebitis 5.4 3.0

 Chorionic plate acute vasculitis 7.2 4.9

Circulatory Disorders

Any Maternal circulatory disorder 58.8 29.6

 Retroplacental hematoma 27.5 4.2

 Parenchymal infarction 29.6 15.8

 Intraparenchymal thrombus 18.4 13.6

 Perivillous, intervillous fibrin, fibrinoid deposition 7.9 1.5

Any Fetal circulatory disorder 41.5 14.5

 Fetal vascular thrombi in the chorionic plate 24.4 7.3

 Avascular villi 19.4 6.9

 Placental edema 5.3 1.1

Abbreviations: Nw – weighted sample size; %w – weighted percent
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Table 2.

Descriptive characteristics of singleton stillbirths and live births from the Stillbirth Collaborative Research 

Network Study (2006-2008) using the weighted sample.

Characteristic

Stillbirths %w Live births %w

N=266 N=1135

Nw=262 Nw=915

Adjusted birth weight percentile
a

 <5th percentile 33.9 9.0

 5th-10th percentile 7.3 6.0

 10th-25th percentile 11.6 15.0

 25th-50th percentile 15.7 23.7

 50th-75th percentile 8.2 21.2

 75th-90th percentile 8.1 11.7

 90th-95th percentile 4.6 5.6

 95th-100th percentile 10.5 7.8

Gestational Age

 <20 completed weeks 1.3 0.0

 20-23 completed weeks 29.4 0.3

 24-27 completed weeks 14.3 0.4

 28-31 completed weeks 15.9 0.7

 32-36 completed weeks 20.7 7.6

 ≥37 completed weeks 18.3 91.0

Maternal Age, years

 <20 15.5 10.4

 20 – 34 70.5 76.1

 35 – 39 12.3 11.0

 ≥40 1.7 2.5

Maternal Race/Ethnicity

 Non-Hispanic white 32.5 44.1

 Non-Hispanic black 22.4 11.7

 Hispanic 38.9 37.1

 Other 6.1 7.1

Maternal Education

 0 – 11 (none/primary/some secondary) 25.3 18.4

 12 (completed secondary) 30.8 27.2

 ≥13 (college) 43.8 54.4

Marital Status

 Not married or cohabitating 27.2 15.7

 Cohabitating 27.3 23.1

 Married 45.5 61.2

Maternal BMI

 <18.5 2.6 2.8
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Characteristic

Stillbirths %w Live births %w

N=266 N=1135

Nw=262 Nw=915

 18.5 – 24.9 39.7 50.9

 25 – 29.9 25.7 22.3

 30 – 34.9 18.0 12.7

 ≥35 14.0 11.2

Pre-gestational diabetes/gestational diabetes 9.0 10.1

Chronic hypertension/preeclampsia 12.0 9.2

Insurance

 No insurance 7.1 4.3

 Any public/private insurance 58.3 49.8

 Veterans Affairs/commercial health ins/health maintenance organization 34.6 45.9

Maternal Smoking Status
b

 Did not smoke 80.3 87.3

 < 10 10.2 6.5

 ≥ 10 9.5 6.2

Alcohol Use
c

 Did not drink 59.6 58.8

 Drank, no binging 18.6 23.3

 Binged 21.8 17.8

Illicit Drug Use
d

 Never used drugs 68.7 71.7

 Ever used drugs w/o addiction 26.9 26.2

 Ever used drugs w/ addiction 4.4 2.0

Abbreviations: BMI – body mass index; Nw – weighted sample size; %w – weighted percent

a
Based on adapted individualized norms 14, 15

b
Average number of cigarettes during three months prior to pregnancy, self-reported

c
Alcohol consumption during three months prior to pregnancy, self-reported

d
Lifetime drug use, self-reported
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