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Abstract
Introduction: Fetal growth restriction is associated with adverse perinatal outcome 
and the clinical management of these pregnancies is a challenge. The aim of this study 
was to investigate the potential of cerebroplacental ratio (CPR) to predict adverse 
perinatal outcome in high-risk pregnancies in the third trimester. Another aim was 
to study whether the CPR has better predictive value than its components, middle 
cerebral artery (MCA) pulsatility index (PI) and umbilical artery (UA) PI.
Material and methods: The study was a retrospective cohort study including 1573 
singleton high-risk pregnancies with Doppler examinations performed at 32+0 to 40+6 
gestational weeks at Lund University Hospital and the University Hospital of Malmö 
between 29 December 1994 and 31 December 2017. Receiver operating character-
istics (ROC) curves were used to investigate the predictive value of the gestational 
age-specific z-scores for CPR, UA PI and MCA PI, respectively, for the primary out-
come “perinatal asphyxia/mortality” and the secondary outcomes “birthweight small 
for gestational age (SGA)” and two composite outcomes: “appropriate for gestational 
age/large for gestational age liveborn infants with neonatal morbidity” and “SGA live-
born infants with neonatal morbidity.”
Results: The performance in predicting perinatal asphyxia/mortality was poor for all 
three variables and did not differ significantly. The ROC area under curve (AUC) was 
0.56, 0.55 and 0.53 for CPR, UA PI and MCA PI z-scores, respectively. The ROC AUC 
for CPR z-scores to predict SGA was 0.73, significantly higher than that for either UA 
PI or MCA PI (P < .001). The ability of CPR and the MCA PI to predict appropriate for 
gestational age/large for gestational age infant morbidity and SGA infant morbidity 
was similar and significantly better than UA PI (P < .001).
Conclusions: In the present study, none of the three Doppler measures proved to be 
useful in predicting perinatal asphyxia and mortality. CPR and MCA PI were equally 
good in predicting neonatal morbidity, especially in SGA pregnancies, and both were 
significantly better predictors than the UA PI. CPR had a high predictive value for 
SGA at birth, better than that of its two components, UA PI and MCA PI.
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1  | INTRODUC TION

Fetal growth restriction (FGR) is associated with increased risk of ad-
verse perinatal outcome as well as long-term morbidity.1,2 The clinical 
management, including timing and mode of delivery, of pregnancies 
complicated by FGR varies between perinatal centers and is a chal-
lenge.3 Another matter of concern is fetuses appropriate for gesta-
tional age (AGA) that show signs of blood flow redistribution.4 The 
use of Doppler measurements of pulsatility index (PI) in the umbilical 
artery (UA) in surveillance of high-risk pregnancies is associated with 
a decrease in perinatal mortality and in the rates of cesarean section.5 
In recent years, the cerebroplacental ratio (CPR) has re-emerged as a 
potential predictor of adverse perinatal outcome, particularly in preg-
nancies with suspected FGR. The ratio between the PI in the middle 
cerebral artery (MCA) and PI in UA reflects both the preferential sup-
ply to the brain of the fetus and the increase in placental resistance.6 
Studies on the clinical usefulness of CPR have reported divergent re-
sults, and the integration of CPR in clinical practice is under debate.7-11 
Different thresholds for CPR have been used and no consensus exists 
regarding whether a fixed cutoff level is superior to a cutoff related to 
either estimated fetal weight or gestational age.12-14

The aim of this retrospective registry study was to investigate 
the ability of CPR to predict adverse perinatal outcome in moder-
ate, late preterm and term high-risk pregnancies. Another aim was to 
study whether the CPR has better predictive value than its compo-
nents, MCA PI and UA PI.

2  | MATERIAL AND METHODS

2.1 | Data collection

The study is a retrospective cohort study. Data were collected 
from a database including all obstetric Doppler measurements per-
formed at Lund University Hospital since 1994, and at the University 
Hospital of Malmö since 1990. The results of clinically indicated 
Doppler examinations of pregnancies were prospectively stored in 
the database. The background data of the study comprised 6049 
Doppler examinations performed at 32+0 to 40+6 gestational weeks 
(GW) with records of both UA PI and MCA PI between 29 December 
1994 and 31 December 2017.

Records from multiple pregnancies and pregnancies with major 
fetal malformations, chromosomal abnormalities, fetal arrhythmias 
or isoimmunization were excluded (n = 3334). When there was more 
than one Doppler examination during pregnancy, the last one be-
fore delivery was used in the analysis; pregnancies with the last ex-
amination ≥14 days before delivery were excluded as well as those 

delivered at ≥42+0 weeks. Pregnancies with absent or reversed 
end-diastolic (ARED) flow in umbilical artery were also excluded be-
cause that Doppler finding is an established indication for delivery 
after 32 GW (n = 23). Figure 1 presents a flowchart of the study. Two 
subgroup analyses were performed:

Subgroup A (n = 1241): Pregnancies after exclusion of cesarean 
sections before onset of labor. Subgroup B (n = 814): Pregnancies 
with spontaneous onset of labor (prelabor cesarean sections and in-
ductions of labor excluded).

The indications for Doppler examinations were suspected FGR, 
maternal hypertension or preeclampsia either in the present or pre-
vious pregnancy, pregestational diabetes, oligohydramnios or poly-
hydramnios, decreased fetal movements, and concomitant maternal 
diseases, for example, autoimmune diseases. Only records with avail-
able neonatal and maternal clinical information obtained from a re-
gional perinatal quality register (Perinatal Revision South; PRS) were 
included.15 PRS contains data from all obstetric and neonatal units 
in the Southern Healthcare Region of Sweden since 1995. Maternal 
background information, such as body mass index (BMI) and smoking, 
refers to records from women’s first visit to the antenatal care clinic. 
Gestational age (GA) was based on routine ultrasound dating in the 
first half of pregnancy. Medical conditions and diagnoses were based 
on International Classification of Diseases (ICD) codes (ICD-9, ICD-10). 
Infants were defined as small for gestational age (SGA) or large for ges-
tational age (LGA) when weighing respectively >2 standard deviations 
(SD) below or >2 SD above the mean birthweight for GA and gender 
according to the Swedish intrauterine growth curve.16

2.2 | Doppler ultrasound examination

The Doppler examinations were performed using ultrasound sys-
tems that belonged to the top class scanners at the time of exami-
nations (Acuson, ATL, Philips, GE). All examinations were done in 
one of two ultrasound laboratories specialized in obstetric Doppler 
by just a few experienced sonographers, guaranteeing uniform and 
good quality examinations.

K E Y W O R D S
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Key message

All three Doppler measures had poor predictive value for 
perinatal asphyxia/mortality. Cerebroplacental ratio had 
high predictive capacity for small for gestational age at 
birth.
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Doppler signals from UA were obtained from the free-floating 
portion of the umbilical cord with the insonation angle kept below 
30°. Sample volume was located to cover the vessel lumen, care-
fully avoiding the nearby umbilical vein. The fetal MCA artery was 
located in a transverse view of fetal skull and the Doppler signals 
were recorded from the MCA closest to the transducer. The sample 
volume of the spectral Doppler was located in the proximal third 
of the MCA, close to its origin in the circle of Willis. The insonation 
angle was kept as close to 0° as possible. Undue pressure by the 
ultrasound transducer was avoided.

A sequence of Doppler signals corresponding on average to 10 
heart beats with uniform waveform appearance were recorded from 
the two vessels of interest during maternal voluntary apnea and 

during periods of fetal quiescence, that is, without fetal general and/
or breathing movements, and periods with no uterine contractions. 
With very few exceptions, the thermal index was kept below 1.0, 
never exceeding 1.5. The tracing of maximum blood flow velocity 
(envelope of the Doppler spectrum) and calculation of PI was done 
automatically by the ultrasound machine and the resulting PI was 
stored in the clinical database of the Doppler laboratory. The results 
of MCA Doppler examinations were not used clinically. A hard copy 
of the frozen image of the Doppler signals accepted for calculation 
was stored. The individual CPRs were calculated post hoc for the 
purposes of the present study.

2.3 | Outcome measures

The primary outcome measure was the composite adverse outcome 
“perinatal asphyxia/mortality”, defined as one or more stillbirths, Apgar 
score <7 at 5 minutes, death during neonatal hospitalization, seizures 
and hypoxic ischemic encephalopathy grades II and III. The secondary 
measures were the SGA birthweight among liveborn infants with no 
asphyxia/mortality, and two composite adverse outcomes: “AGA/LGA 
liveborn infants with neonatal morbidity” and “SGA live-born infants 
with neonatal morbidity”. Neonatal morbidity was defined as admis-
sion to neonatal care unit, mild respiratory disturbance, meconium as-
piration syndrome, respiratory distress syndrome, bronchopulmonary 
dysplasia, persistent pulmonary hypertension of the newborn, supple-
mental oxygen at discharge, intraventricular hemorrhage grades 3 and 
4, periventricular leukomalacia and seizures.

2.4 | Data processing and statistical methods

We used the reference curves of Ebbing et al to transform the ac-
tual Doppler measures (UA PI, MCA PI and CPR) to GA-specific 
z-scores.12

Receiver operating characteristic (ROC) curves were used to 
investigate the predictive value for the four outcomes of the GA-
specific z-scores for CPR, UA PI and MCA PI, respectively. The 
method proposed by DeLong et al was used to compute the ROC 
area under curve (AUC), the variance of each ROC AUC, and the vari-
ance of the difference between two dependent ROC AUCs.17

2.5 | Ethical approval

The study was approved by the Research Ethics Committee of Lund 
University, Sweden, 26 February 2015 (reference number 2015/82).

3  | RESULTS

After exclusions, the study included 1573 singleton pregnancies 
(Figure 1). The population characteristics data and the perinatal 

F I G U R E  1   Flowchart of the study. ARED, absent or reversed 
end-diastolic flow; MCA, middle cerebral artery; PI, pulsatility 
index; UA, umbilical artery [Color figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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outcome are shown in Table 1. Of the 1573 fetuses, 46.7% were 
SGA and 3.3% died in utero or during neonatal hospitalization, or 
had postnatal signs of asphyxia (see above). Of the liveborn AGA 
or LGA infants, 250 (16.0%) suffered from neonatal morbidity. The 
corresponding number for SGA liveborn infants was 27.6% (Table 2). 
For population characteristics data and the perinatal outcome of the 
two subgroup analyses see Tables S1 and S2.

Figure 2 shows the ROC curves for the z-scores of the three 
Doppler variables as predictors of the four outcome measures. The 
performance in predicting perinatal asphyxia/mortality was poor 
for all three variables and did not significantly differ (ROC AUC 
was 0.56, 0.55 and 0.53 for CPR, UA PI and MCA PI z-scores, re-
spectively) (Table 3). In the Subgroup A (prelabor cesarean sections 
excluded), the corresponding ROC AUC for predicting perinatal 

asphyxia/mortality was 0.57, 0.60 and 0.51 for CPR, UA PI and 
MCA PI z-scores, respectively. The P-value for the difference be-
tween the ROC AUC for CPR and MCA was .012 (Table S3). Among 
pregnancies with spontaneous onset of labor (Subgroup B), UA 
PI performed significantly better than CPR and MCA PI; the ROC 
AUC was 0.54, 0.60 and 0.46 for CPR, UA PI and MCA PI, respec-
tively (Table S3).

The ROC AUC for CPR z-scores to predict SGA was 0.73, which 
was significantly higher than that for either UA PI (0.69) or MCA PI 
(0.67). The ability of CPR and the MCA PI z-scores to predict AGA/
LGA infant morbidity was similar (ROC AUC 0.63 for both) and sig-
nificantly better than that of UA PI (ROC AUC 0.55). The predictive 
capacity of CPR for SGA infant morbidity (ROC AUC 0.74) was simi-
lar to that for MCA PI (ROC AUC 0.73). Both were significantly bet-
ter than UA PI ROC AUC (0.62) (Figure 2, Table 3). The results of the 
two subgroup analyses for the outcomes SGA, AGA/LGA and SGA TA B L E  1   Characteristics of the study cohort, n = 1573. The 

data are presented as median [range] or n (%)

Maternal age, years 30.0 [14-46]

<20 43 (2.7)

≥35 322 (20.5)

Maternal BMI, kg/m2 23.2 [15.4-50.0]

<18.5 56/1342 (4.2)

≥30.0 166/1342 (12.4)

Maternal smoking 222/1431 (15.5)

Nullipara 944 (60.0)

Male sex 785 (49.9)

Gestational age at delivery, 
weeks + days

37+6 [32+0-41+6]

32-33 140 (8.9)

34-36 385 (24.5)

37-39 851 (54.1)

40-41 197 (12.5)

Delivery start spontaneous 814 (51.8)

Induction of labor 427 (27.2)

CS before delivery start 332 (21.1)

Mode of delivery 
spontaneous vaginal

755 (48.6)

Operative vaginal 49 (3.2)

Emergency CS 572 (36.8)

Elective CS 177 (11.4)

Missing 20

Interval Doppler 
examination to delivery, 
days

3 [0-13]

Apgar score at 5 min 10 [0-10]

0-3 13 (0.8)

4-6 31 (2.0)

7-10 1515 (97.2)

Missing 14

Birthweight, g 2495 [1025-5242]

Abbreviations: BMI, body mass index; CS, cesarean section.

TA B L E  2   Perinatal outcome

n %

Total 1573 100

Stillbirth 9 0.6

Apgar score 5 min <7 44 2.8

SGA 734 46.7

Admission to neonatal care unit 681 43.3

BPD 26 1.7

RDS 26 1.7

Mild respiratory disturbance/ transient 
tachypnea of newborn

34 2.2

PPHN 2 0.13

Meconium aspiration syndrome 0 0

IVH grade 3-4, PVL 2 0.13

Seizures 7 0.4

HIE II-III 1 0.06

Death during neonatal hospitalization 6 0.4

Composite adverse outcome

Perinatal asphyxia/mortalitya  52 3.3

AGA/LGA liveborn infants with neonatal 
morbidityb 

250/1564 16.0

SGA liveborn infants with neonatal 
morbidityb 

431/1564 27.6

Abbreviations: AGA, birthweight appropriate for gestational age; BPD, 
bronchopulmnonary dysplasia; HIE, hypoxic ischemic encephalopathy; 
IVH, intraventricular hemorrhage; LGA, birthweight large for gestational 
age; PPHN, persistent pulmonary hypertension of newborn; PVL, 
periventricular leukomalacia; RDS, respiratory distress syndrome; SGA, 
small for gestational age (>2 SD below the expected mean according to 
the Swedish intrauterine growth curve for gestational and sex16).
aPerinatal asphyxia/mortality: Stillbirth, death during neonatal 
hospitalization, Apgar score <7 at 5 min, seizures, HIE II-III. 
bNeonatal morbidity; At least one of the following: Admission to 
neonatal care unit, BPD, meconium aspiration syndrome, RDS, mild 
respiratory disturbance/transient tachypnea of newborn, PPHN, IVH 
grade 3-4, PVL, seizures. 
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infant morbidity showed results similar to those of the whole study 
population (Table S3).

4  | DISCUSSION

In the present study on a high-risk population of moderate preterm, 
late preterm and term singleton fetuses with positive end-diastolic 
velocity in umbilical artery, all three Doppler variables had ROC AUC 
close to the line of identity for perinatal asphyxia or mortality, sug-
gesting that none of the three measures possesses any predictive 
value in this regard.

CPR showed a relatively high predictive capacity for SGA birth-
weight and performed better as a predictor of SGA than its compo-
nents UA PI and MCA PI. However, although statistically significant, 
the differences between the absolute values of ROC AUC were 
small, and it is uncertain whether the differences are of any clinical 
importance. This study has no data on other methods, such as es-
timated fetal weight, as predictors of SGA. Randomized controlled 
trials showed that fetal weight estimated with ultrasound in the third 
trimester is a better predictor of SGA than reported for the Doppler 
variables in this study.18 For neonatal morbidity, CPR and MCA PI 
had better predictive ability among infants born SGA than among 
infants born AGA/LGA, and these Doppler measures were signifi-
cantly better than UA PI.

In the search for an indicator of fetal hypoxia, CPR has been pro-
posed as suitable Doppler parameter in early 1990s.6 The rational 
for using CPR was the animal studies on experimental hypoxia that 
showed redistribution of fetal blood flow with preferential supply 
to the brain.19,20 Of Doppler parameters, the CPR was shown to be 
best at following the acute pO2 changes in sheep fetus.21 The early, 
usually small, human studies on the predictive performance of CPR 
with regard to the adverse outcome in fetuses at risk for FGR were 
promising.6,8,22 They raised hopes that CPR might be the indicator of 
imminent fetal hypoxia, especially in the late third trimester, when UA 
PI was not found to perform satisfactorily.23 An explanation for this 
generally accepted view of a worse performance of UA PI might be the 
large compensatory capacity of the placenta; animal experiments have 
shown that almost two-thirds of the fetal placental vascular tree has to 
be blocked to induce changes in UA hemodynamics.24 In humans, CPR 
was proposed to reflect the redistribution of fetal blood flow due to 
hypoxia even if the UA PI is within normal range.25

Several investigators have reported a robust ability of CPR to pre-
dict perinatal outcome in terms of emergency cesarean section indi-
cated by fetal distress and of admission to neonatal care unit.26,27 It 
should be kept in mind that the association between Doppler mea-
sures and emergency cesarean section might in many studies have 

F I G U R E  2   Receiver operating characteristic curves of the 
gestational age-specific z-scores for cerebroplacental ratio (CPR), 
umbilical artery pulsatility index (UA PI) and middle cerebral artery 
pulsatility index (MCA PI), respectively, for the four outcomes 
perinatal asphyxia/mortality, small for gestational age (SGA), 
appropriate for gestational age/large for gestational age (AGA/
LGA) liveborn infants with neonatal morbidity and SGA liveborn 
infants with neonatal morbidity

TA B L E  3   Area under the curve (AUC) for receiver operating characteristic (ROC) curves according to perinatal outcome and Doppler 
measures

UA PI z-score MCA PI z-score CPR z-score
Significance of 
difference, P-value

ROC 
AUC 95% CI

ROC 
AUC 95% CI

ROC 
AUC 95% CI

CPR -PI 
UA

CPR -PI 
MCA

Perinatal asphyxia/mortalitya  0.55 0.48-0.63 0.53 0.45-0.60 0.56 0.48-0.64 .38 .082

SGA (no asphyxia/mortality) 0.69 0.66-0.72 0.67 0.64-0.70 0.73 0.70-0.76 <.001 <.001

AGA/LGA liveborn infants with neonatal 
morbidity b 

0.55 0.50-0.59 0.63 0.59-0.67 0.63 0.59-0.67 <.001 .44

SGA liveborn infants with neonatal 
morbidity b 

0.62 0.58-0.66 0.73 0.70-0.77 0.74 0.70-0.78 <.001 .48

Abbreviations: AGA, appropriate for gestational age; CI, confidence interval; CPR, cerebroplacental ratio; LGA, large for gestational age; MCA, middle 
cerebral artery; PI, pulsatility index; SGA, small for gestational age according to the Swedish standard;16 UA, umbilical artery.
aPerinatal asphyxia/mortality: Stillbirth, neonatal death, Apgar score <7 at 5 min, seizures, HIE II-III. 
bNeonatal morbidity; At least one of the following: Admission to neonatal care unit, BPD, meconium aspiration syndrome, RDS, mild respiratory 
disturbance/transient tachypnea of newborn, PPHN, IVH grade 3-4, PVL, seizures. 



502  |     BONNEVIER Et al.

been confounded by cognizance of the Doppler results by clinicians. 
Some recent studies promoted the combined use of CPR and mean 
uterine artery PI, either with or without fetal biometry as an additional 
parameter, for prediction of stillbirth and perinatal loss at term.28,29 
However, an increasing number of studies could not confirm the po-
tential clinical value of CPR and no randomized trial has been per-
formed so far.14,30 Some authors have found a good predictive value 
for CPR and adverse pregnancy outcome before, but not after, 34 
GW,31 and several meta-analyses pointed out the heterogeneity of 
data sources, various cutoff values and the risk of publication bias.11,32

Two large screening studies at 30-34 GW (n = 30 780) and 
35-37 weeks (n = 6178) found a significant association between CPR 
and SGA;30,33 however, both studies found the CPR to have poor 
predictive performance regarding the adverse pregnancy outcome. 
This is in accord with our results in a cohort of pregnancies with 
complications mainly due to uteroplacental causes; the predictive 
power of CPR was good regarding SGA birthweight and neonatal 
morbidity but very poor with regard to perinatal asphyxia and mor-
tality. This may reflect the fact that Doppler velocimetry is aimed at 
predicting chronic hypoxia rather than acute severe hypoxia after 
obstetric events such as placental abruption and umbilical cord 
events. Mode of delivery can affect the pregnancy outcome, since 
the situation for fetuses subjected to the stress of labor contrac-
tions and fetuses delivered with cesarean section before the onset 
of labor is different. It has been reported that unfavorable cervix 
status at start of labor induction of SGA fetuses can affect perinatal 
outcome.34 The current study does not have any information on cer-
vix score. However, we performed subgroup analyses after exclusion 
of prelabor cesarean sections and labor inductions. The results were 
similar to those in the total cohort, but UA PI performed better than 
MCA PI and CPR when prelabor cesarean section was excluded and 
among pregnancies with spontaneous onset of labor in predicting 
perinatal asphyxia/mortality.

A strength of the current study is the relatively large material 
and the fact that the Doppler examinations were all performed by 
a few, highly specialized and experienced sonographers. The latter 
aspect is important in view of the fact that Doppler examinations 
are open to methodological error, something not always recognized 
by examiners. An important feature of our study is that the Doppler 
variable MCA PI was collected prospectively; however, it was not 
used in the clinical decision-making during the whole study period. 
In addition, the interval between examination and birth was short 
(median 3 days). Another advantage of the present study is that we 
excluded all cases with ARED flow, which is a generally accepted in-
dication for delivery after 32 GW. The information on neonatal out-
come was retrieved using a population-based, high-quality clinical 
register, keeping lack of information and drop-out rate to a minimum. 
Furthermore, the study investigated the performance of various 
Doppler measures by comparing the ROC AUCs, thereby evaluat-
ing the total predictive ability, not only the predictive capacity using 
arbitrarily selected cutoff levels. Only a few published studies have 
compared the performance of CPR with that of UA PI and MCA PI, 
respectively.13,35

A limitation of our study is that it is retrospective and that 
the indications for Doppler examinations varied. We attempted 
to circumvent this disadvantage by excluding all pregnancies 
with diagnoses of conditions that might have influenced fetal 
circulation in themselves. Thus, the study group comprised 
mainly pregnancies with complications of uteroplacental origin. 
Unfortunately, the subgroup of pregnancies with the composite 
outcome variable perinatal asphyxia/mortality was rather small. 
Another drawback was that the gestational age at examination 
varied from 32+0 to 40+6 gestational weeks, which could intro-
duce serious confounding, as all Doppler measures evaluated 
are known to be dependent on gestational age. Therefore, we 
used z-scores of investigated measures based on the published 
gestational age-specific reference values.12 The two composite 
adverse outcomes – “AGA/LGA live-born infants with neonatal 
morbidity” and “SGA live-born infants with neonatal morbidity” 
– included diagnoses such as bronchopulmonary dysplasia, per-
sistent pulmonary hypertension of the newborn and intraven-
tricular hemorrhage. The results might be affected by the fact 
that preterm infants born after 32+0 gestational weeks and days, 
were included. Even though we excluded all cases with ARED 
flow, the fact that the UA PI was available to the clinicians and 
potentially used in the clinical decision-making could introduce 
an intervention bias.

5  | CONCLUSION

In a cohort of high-risk pregnancies after 32 GW, none of the three 
Doppler measures proved to be useful in predicting perinatal as-
phyxia or mortality. CPR and MCA PI were equally good in predicting 
neonatal morbidity, especially in SGA pregnancies, and both were 
significantly better predictors than the UA PI. CPR was highly pre-
dictive of SGA at birth. Its performance was better than that of its 
two components, UA PI and MCA PI. The question of possible clini-
cal usefulness of CPR in the late third trimester still remains open, 
awaiting randomized controlled trials.
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