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ABSTRACT 47 

Objective: This study aims to predict perinatal death or severe sequelae in isolated small-for-gestational-48 

age fetuses diagnosed at a periviable gestational age based on ultrasound and Doppler parameters at 49 

diagnosis. 50 

Design: Observational study 51 

Setting: A a tertiary perinatal center. 52 

Population: A cohort of singleton non-malformed fetuses suspected of small-for-gestational-age 53 

(estimated fetal weight<10th centile) diagnosed at 22-25.6 weeks. The following parameters were recorded 54 

at diagnosis:  severe smallness (<3rd centile), absent and reversed end-diastolic velocity in umbilical artery, 55 

abnormal middle cerebral artery Doppler, abnormal cerebroplacental ratio, abnormal uterine artery 56 

Doppler, and absent or reversed end-diastolic velocity in the ductus venosus.  57 

Methods: Logistic regression analysis 58 

Main Outcome Measures: Predictive performance of EFW and Doppler parameters for short-term adverse 59 

outcome of perinatal morbimortality and composite serious adverse outcomes (death, neurologic 60 

impairment, or severe bronchopulmonary dysplasia).  61 

Results:  155 pregnancies were included. There were 13 (8.4%) intrauterine and 11 (7.7%) neonatal deaths. 62 

A short-term adverse perinatal outcome occurred in 40 (25.8%) pregnancies. There were 31 (20%) cases of 63 

serious adverse outcomes. For the prediction of serious adverse outcomes, the combination of absent and 64 

reversed end-diastolic velocity in the umbilical artery and impaired middle cerebral artery detected by 65 

Doppler evaluation achieved a DR of 87% for a FPR of 14% [accuracy 86%]. 66 

Conclusion: In periviable-isolated small-for-gestational-age fetuses, a Doppler evaluation of the umbilical 67 

and fetal brain circulation can accurately predict short-term adverse perinatal complications and serious 68 

adverse outcomes.  69 
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TWEETABLE ABSTRACT  76 

Umbilical and fetal brain circulation can accurately predict serious adverse outcomes among periviable-77 

isolated SGA fetuses.  78 

 79 
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INTRODUCTION   81 

A fetus is considered SGA when its size (biometric evaluation) falls below a predefined threshold for its 82 

gestational age (usually, the 10th centile). Not interchangeably, fetal growth restriction (FGR) reflects a 83 

failure of the fetus to reach its growth potential. Both conditions are more relevant when diagnosed early 84 

in the pregnancy. Genetic abnormalities may be present in up to 20% of SGA fetuses detected early in 85 

pregnancy1, and chromosomal microarray analysis could be offered when there is suspicion of genetic 86 

syndrome2. When a genetic cause has been excluded, dating is accurately performed and no signs of 87 

intrauterine infection are observed, placental dysfunction is the most plausible condition in 80% of the 88 

cases3. In placenta-related early-onset growth-restricted fetuses, risks of perinatal mortality and neonatal 89 

morbidity are much higher than in late FGR4. 90 

Currently, placental FGR is not a treatable condition5 and is designated by the European Medicines Agency 91 

as an orphan disease6. Extensive research for improving poor placentation and/or uterine blood flow is 92 

providing encouraging results,7,8. Intensive management with timely delivery under antenatal 93 

neuroprotection and fetal lung maturity remains the standard of care to date9.  94 

It is well documented that extremely preterm SGA  fetuses have a worse prognosis at birth and long term 95 

than normal fetuses10. It has been proposed to move common thresholds for intervention at extremely low 96 

gestational ages in preterm babies (22-25 weeks) to 26-28 weeks when FGR is present, as this threshold 97 

identifies fetuses with significantly better survival rates without severe morbidity11,12. Identification at the 98 

time of diagnosis of FGR fetuses that will die in utero or have severe sequelae is crucial for parental 99 

counseling and shared decision-making. 100 

An expert consensus has been published on the definition of early and late FGR according to the gestational 101 

age at diagnosis [Delphi consensus]13.  Moreover, a stage-based classification based on Doppler parameters 102 

and the severity of smallness9 has been proposed for better optimization of the follow-up and timing of 103 



   
 

   
 

delivery to minimize the risk of intrauterine death. However, none of these classifications has been 104 

designed for predictive assessment of mid- and long-term neonatal outcomes at the time of diagnosis of 105 

periviable SGA.  106 

This study aimed to predict intrauterine or perinatal death and severe sequelae in isolated SGA fetuses 107 

diagnosed at periviable gestational ages  based on findings of placental insufficiency at diagnosis.  108 

 109 
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METHODS 111 

Subjects 112 

A cohort was collected of consecutive patients referred between January 2010 and January 2020 to a single 113 

center [Barcelona Center for Maternal-Fetal and Neonatal Medicine].  The inclusion criteria for this study 114 

were as follows: (i) singleton pregnancy, (ii) an estimated fetal weight (EFW) of less than the 10th centile 115 

according to local reference values14, and (iii) diagnosis between 22.0 and 25.6 weeks (according to first-116 

trimester crown-rump length15). Exclusion criteria were severe/major congenital anomalies, genetic 117 

abnormalities with clinical significance, and congenital infections. In consequence, we have defined them 118 

as isolated SGA. Because the aim of the study was to define predictive tools for counseling women with 119 

previable SGA, conditions that were not diagnosed in the initial workup study were not excluded.  120 

The study was approved by the local ethics committee, and all women gave their informed consent to 121 

participate (IRB/2008/7315). The study design, analysis, and reporting adhered to the STROBE 122 

(Strengthening the Reporting of Observational Studies in Epidemiology) recommendations16.  123 

Measurements 124 

In all study cases, experienced fetal medicine specialists performed an accurate anatomical examination, 125 

fetal biometry, and prenatal Doppler ultrasound examinations at the time of diagnosis. The estimated fetal 126 

weight (EFW) was calculated from the biparietal diameter, head and abdominal circumferences, and femur 127 

length using the Hadlock formula17. Doppler measurements of the umbilical artery (UA), middle cerebral 128 

artery (MCA), uterine artery (UtA), and ductus venosus (DV) were performed according to standardized 129 

recommendations18. The cerebroplacental ratio (CPR) was calculated as the ratio of MCA to UA pulsatility 130 

index (PI).  131 



   
 

   
 

In those cases with an EFW below the 3rd centile before 24 weeks of gestation, microcephaly (<-3 SD), 132 

and/or short femur length (<-3 SD), invasive testing was offered for a karyotype or chromosomal microarray 133 

analysis. In addition, unless there was serological evidence of negative immunoglobulin G (IgG) and 134 

immunoglobulin M (IgM), a study of cytomegalovirus infection by amniotic fluid PCR was performed.  135 

All pregnancies were classified as FGR if any of the following criteria were met19: EFW below the 3rd 136 

centile13, abnormal UA (≥95th centile20), or abnormal UtA PI (≥95th centile21). When none of the criteria were 137 

met, pregnancies were considered SGA. Follow-up was performed every 2 weeks in cases without criteria 138 

for FGR, and at least weekly in those meeting these criteria.  139 

Preeclampsia and severe preeclampsia were defined according to the ISSHP criteria22.   140 

Patients were not involved in the research project. 141 

Management 142 

Umbilical and cerebral Doppler evaluations were performed on each visit. Uterine Doppler evaluation was 143 

performed at diagnosis and, when the evaluation was found to be normal, re-evaluated every 4 weeks. 144 

Ductus venosus Doppler evaluation was done at diagnosis and afterward only when Doppler signs of 145 

placental insufficiency/hypoxia were present (abnormal uterine, umbilical, or cerebral Doppler). 146 

Conventional cardiotocography was done after 26 weeks of pregnancy in those pregnancies with placental 147 

insufficiency/hypoxia (abnormal CTG is defined as reduced/absent fetal heart rate variability, recurrent 148 

decelerations, or persistent bradycardia).  149 

Before 30+0 weeks, only abnormal CTG and absent or reversed end-diastolic velocity (EDV) in the DV were 150 

fetal indications for delivery (cesarean section). After 30+0 weeks, reversed EDV in the UA or a DV pulsatility 151 

index of >95th centile were additional indications for delivery (cesarean section). Absent EDV in the UA was 152 

an additional indication for delivery after 34+0 weeks (cesarean section). Induction of labor was 153 



   
 

   
 

recommended at 37+ weeks in cases with UtA of >95th centile or CPR of <5th centile or EFW of <3rd centile. 154 

In the remaining pregnancies, induction was recommended at 40+ weeks of pregnancy.  155 

Magnesium sulfate for neuroprotection and steroids for pulmonary maturation were administered as soon 156 

as the termination of pregnancy was decided at 34+0 and 35+0 weeks of gestation, respectively.  157 

Outcome definitions 158 

• A short-term adverse outcome of perinatal morbidity or mortalityas defined by any of the 159 

following: intrauterine death; neonatal death (<28 days); neonatal sepsis (systemic inflammatory 160 

response syndrome with a central positive culture); abnormal cranial ultrasound (cystic 161 

periventricular leukomalacia and/or intraventricular hemorrhage > grade II); hypoxic-ischemic 162 

encephalopathy; necrotizing enterocolitis (requiring surgery); acute renal failure (serum creatinine 163 

>1.5 mg/dL); cardiac failure (requiring ionotropic agents); respiratory distress syndrome (clinical 164 

signs of breathing difficulties, such as grunting sounds, rapid, shallow breathing, sharp pulling 165 

inward of the muscles between the ribs when breathing, widening of the nostrils, or flaring, with 166 

each breath, and X-ray signs of atelectasis or lung collapse);  167 

• A composite serious adverse outcome as defined by as mortality or severe morbidity:  168 

1) Mortality was defined as intrauterine death [including feticide/termination of pregnancy 169 

(TOP)], neonatal death, or infant death during the follow-up.  170 

2) Severe morbidity was defined as cognitive impairment below 85 [Bayley Scales of Infant and 171 

Toddler Development third edition (Bayley-III)]; cerebral palsy23; hearing loss (evaluated by 172 

evoked otoacoustic emissions at <2 years of age, play audiometry at 2-4 years of age, or 173 

conventional audiometry at >4 years of age; visual loss [6 months to 2 years of age: failure to 174 



   
 

   
 

fix and follow; 3-4 years of age: visual acuity <0.4; 4-5 years of age: visual acuity <0.5; and >5 175 

years of age: visual acuity <0.66]24; or severe bronchopulmonary dysplasia (need for >30% 176 

oxygen and/or positive pressure at 36 weeks postmenstrual age or discharge, whatever comes 177 

first)25.  178 

 179 

Statistical analysis 180 

The student-t-test for independent samples and Chi-squared test (or Fisher exact test) were performed to 181 

compare variables between groups. The univariate association of each parameter with the main and 182 

secondary outcomes was assessed by calculating the adjusted odds ratios from a logistic regression model. 183 

The multivariable association of the clinical predictors with the main and secondary outcomes was 184 

evaluated by logistic regression and backward selection of variables (inclusion and exclusion probability 185 

criteria for the admission and exclusion of variables were 0.05 and 0.1, respectively). As a background 186 

comparison, the predictive performance of the Delphi consensus13 for FGR and that of the stage-based 187 

classification proposed by our group, both at the time of inclusion9, were also calculated by logistic 188 

regression. The predictive capacity of each model was evaluated with receiver operating characteristic 189 

(ROC) curve analysis of the predicted probabilities. Confidence intervals of the performance parameters 190 

were obtained by bootstrapping (2000 replicates). Optimal cut-offs were identified by the Youden method 191 

(maximizing the sum of Sensitivity and Specificity). Paired ROC curves were compared by the De Long 192 

method26. 193 

The statistical packages IBM SPSS 23.0 (New York, USA) and R v3.1.2 (The R Foundation for Statistical 194 

Computing) [package “pROC”] were used to conduct all the statistical analyses.  195 

 196 

  197 



   
 

   
 

Funding 198 

Funding support for this research was received from “LaCaixa” Foundation (grant agreements 199 

LCF/PR/GN14/10270005, LCF/PR/GN18/10310003, and INPHRET_19_005) and the Instituto de Salud Carlos 200 

III (grant agreements PI14/00226, PIE15/00027, PI16/00861, PI18/00073, PI19/01872, and CM19/) within 201 

the Plan Nacional de I+D+I. The research was co-financed by ISCIII-Subdirección General de Evaluación 202 

together with the Fondo Europeo de Desarrollo Regional (FEDER) “Una manera de hacer Europa”, Cerebra 203 

Foundation for the Brain Injured Child (Carmarthen, Wales, UK), and AGAUR 2017 SGR grant nº 1531. EE 204 

received funding from the Departament de Salut under grant SLT008/18/00156, and KV was supported by 205 

grants FPU_17/5579 and CM19/00140. The funding sources were not involved in the study design, 206 

collection, analysis, data interpretation, or the writing of this report. 207 

  208 



   
 

   
 

RESULTS 209 

Of the 161 cases recruited, 99 women were offered invasive genetic testing and six declined, 44 had a 210 

chromosomal microarray analysis, and 49 had a conventional karyotype procedure. Fifty-one women were 211 

tested for cytomegalovirus (CMV) by polymerase chain reaction (PCR) in amniotic fluid because of the 212 

presence of maternal serologies other than negative IgG and IgM antibodies. For the final analysis, six cases 213 

were excluded; two cases because of a severe major malformation (one case of lissencephaly and one case 214 

of esophageal atresia), and four cases because of prenatal genetic abnormalities (47 XXY, trisomy 21, micro-215 

duplication of 3p26.3, and micro-deletion 12p of 5q15) with clinical implications. 216 

Among the remaining 155 cases, one case with a genetic anomaly without known clinical significance [46, 217 

XX inv (8) (p11.2q13)] was included. Seven additional cases had isolated minor abnormalities with normal 218 

microarray analysis (two with ventricular muscular septum defects of <2 mm, one with bilateral club feet, 219 

one with hypospadias, one with a webbed penis, one with a horseshoe kidney, and one with an incomplete 220 

cleft lip).  221 

During the antenatal follow-up, 25 women (16.1%) developed preeclampsia. 23 out of the 25 cases with 222 

PE occurred in cases meeting Delphi criteria for FGR 223 

 224 

There were 13/155 (8.4%) intrauterine deaths, including one termination of pregnancy for severe FGR in a 225 

woman with severe preeclampsia. Among the 142 live births, there were 11 neonatal deaths (7.7%). A 226 

short-term adverse perinatal outcome occurred in 40 (25.8%) pregnancies. Infants were followed up for an 227 

average of 69 months (IQR 46.2, range [9.4-122]). There were 31 (20%) cases with serious adverse 228 

outcomes. In one of them, a postnatal diagnosis of a linear nevus sebaceous syndrome was made. No other 229 

congenital malformations or genetic syndromes were found postnatally.  230 



   
 

   
 

The baseline characteristics and the ultrasound and Doppler findings at diagnosis are shown in Table 1, and 231 

the perinatal outcomes are shown in Table 2. The Doppler characteristics at diagnosis and the univariate 232 

association of each parameter to the adverse outcomes are shown in Table S1 and Figure S1, respectively.  233 

Multivariable analysis of the adverse outcomes is shown in Table S2. It is noteworthy that both for short-234 

term adverse perinatal outcome and serious adverse outcome, only the UA and MCA Doppler results 235 

retained an independent and significant association. We further explored (in a post hoc analysis) whether 236 

there would be an effect on MCA PI as a predictor using different comparisons of UAPI. Hence, we re-run 237 

the regression using UAPI>95th vs <95th centile, instead of <95th centile vs. >95th centile with +DV and 238 

AREDV. The MCA remained as a significant independent predictor. 239 

 240 

The prediction capacity of the model combining the UA (<95th centile, >95th centile with positive diastolic 241 

flow and AREDV) and the MCA (<p5th vs. >5th centile) Doppler results was significantly better than the model 242 

including only the UA, both for short-term adverse perinatal outcome (AUC 0.82 vs. 0.75; p=0.018) and 243 

serious adverse outcome (AUC 0.89 vs. 0.79; p=0.01). The predicting performance for fixed false-positive 244 

rates is shown in Table 3.  245 

The ROC curves and predictive performance of the optimal cut-off are shown in Figures 1a and 1b. 246 

Regarding the prediction of short-term adverse perinatal outcome, the combination of umbilical and MCA 247 

Doppler results achieved a detection rate (DR) of 73% for a 14% FP [accuracy 83%] (+LHR 5.21 [3.18-8.53]; 248 

-LHR 0.32 [0.19-0.53]). For the prediction of serious adverse outcome, the same combination of parameters 249 

achieved a DR of 87% for a 14% FP [accuracy 86%] (+LHR 6 [3.83-9.39]; -LHR 0.15 [0.06-0.38]). 250 

Figure S2 and Figure S3 show the predictive performances of the model combining the UA and MCA 251 

Doppler results of the stage-based FGR classification and of the Delphi consensus for FGR. Of note, the 252 



   
 

   
 

AUCs [95% CI] of the model combining AU and MCA were higher for short-term adverse perinatal outcome 253 

(0.82 [0.73-0.91], 0.79 [0.72-0.87], 0.61 [0.56-0.67], respectively) and for serious adverse outcome ([0.89 254 

(0.81-0.96), 0.85 [95% CI 0.78-0.91], 0.63 [95% CI 0.58-0.68], respectively).  255 



   
 

   
 

DISCUSSION 256 

Main findings 257 

Following the diagnosis of SGA at a periviable gestational age, parents’ concerns focus on short-term 258 

adverse outcomes, especially intrauterine/neonatal death, and long-term severe morbidity outcomes like 259 

neurological impairment. Therefore, parental counseling is needed for decision-making options (e.g., 260 

expectant management, planned delivery, termination of pregnancy). . In periviable SGA fetuses without 261 

known congenital and genetic abnormalities, the prediction of serious adverse outcomes could be achieved 262 

at an accuracy of 86% by combining UA and MCA Doppler results. 263 

Comparison with previous studies 264 

In our study, 4 of 5 pregnancies with periviable SGA without major fetal structural or genetic abnormalities 265 

had intact survival outcomes (live infant without severe sequelae). Monier et al.12 evaluated the impact of 266 

gestational age at diagnosis on rates of live birth and survival to discharge of 436 SGA fetuses diagnosed 267 

before 28 weeks; 67% were live born and 42.8% survived to discharge without severe morbidity. These 268 

poorer outcomes are probably due to placental dysfunction severity as 61% had fetal Doppler findings, 269 

suggesting selection bias towards more severely affected babies. A retrospective study27 comprising 122 270 

SGA babies diagnosed at 21.1 (SD 3.6) weeks found that 80.3% resulted in a live birth after 34 weeks of 271 

gestation. Dall’Asta28 evaluated outcomes of 136 non-anomalous SGA fetuses diagnosed at 22-26 weeks, 272 

after structural or genetic anomalies were excluded. Like our results, 90% of all non-anomalous SGA fetuses 273 

survived into infancy, but a high mortality rate (93%) was found among those born before 28 weeks. 274 

Few studies assessed long-term neurological morbidity in very early SGA/FGR. A recent systematic review29 275 

of seven series of SGA fetuses (diagnosed before 32 weeks) reported cognitive impairment and/or cerebral 276 

palsy in 12% of surviving children. Only one series30, comprising fetal growth restricted fetuses, included all 277 

relevant domains in the definition of neurodevelopmental impairment (Bayley III score, cerebral palsy, 278 



   
 

   
 

hearing or visual loss). Ten percent of surviving children were affected at follow-up, and all fetuses had 279 

signs of placental insufficiency. These results represent a homogeneous group of FGR babies diagnosed at 280 

26-32 weeks. This evidence would be difficult to translate into the clinical scenario of diagnosis before 26 281 

weeks, when SGA-diagnosed babies present a higher phenotypic variability, including placental, genetic an 282 

infectious and constitutional causes. 283 

Clinical implications 284 

Consensus exists to differentiate early (<32 weeks) and late FGR according to gestational age at diagnosis 285 

[Delphi consensus13, ISUOG guidelines 202019]. Early-onset cases have a high degree of placental 286 

involvement as reflected by the large proportion of abnormal umbilical artery Doppler results and strong 287 

association with preeclampsia (up to 50% 11); therefore, the prognosis is a priori poorer in terms of fetal 288 

and perinatal outcomes. However, SGA fetuses detected at a periviable gestational age correspond to a 289 

more heterogeneous group than placental-FGR cases. After major malformations were ruled out, 10% of 290 

cases with genetic abnormalities remained. One clinical implication of this is genetic testing should be 291 

strongly recommended for decision-making. We and others reported that genetic array has a 10% 292 

incremental yield over conventional karyotypes in this group of babies31. Of the remaining non-genetic and 293 

non-anomalous fetuses, placental insufficiency as reflected by abnormal UA or UtA artery Doppler accounts 294 

for half the cases. The heterogeneous composition of the periviable SGA fetuses group is further supported 295 

by our finding that only 15% developed pre-eclampsia during follow-up.  296 

 We found that the predictive capacity for serious adverse neonatal outcomes with our model based on UA 297 

and MCA at very early diagnosis is more accurate than the stage-based protocol model and Delphi 298 

classification for growth restricted fetuses  While the latter models are not primarily intended to predict 299 

adverse outcome but to guide the follow-up and delivery of small fetuses through the third trimester, our 300 



   
 

   
 

model aims to assess the risk of death and serious adverse outcomes based on initial findings at diagnosis 301 

of periviable small fetuses. 302 

 303 

 304 

Pathophysiology of findings 305 

One novel finding is abnormal brain Doppler (MCA PI<5th centile) at diagnosis of periviable SGA adds 306 

predictive value to UA Doppler for adverse outcomes predictions. The Delphi consensus13 of the early-onset 307 

FGR definition did not include MCA Doppler because 25% of experts considered this parameter relevant 308 

for the distinction of FGR from constitutional smallness. In our series, abnormal MCA at diagnosis conferred 309 

a 9-fold increase in the likelihood of death or long-term sequelae. This association may be due to the role 310 

of MCA as a surrogate of brain hypoxia. In a seminal study, Akalin-Sel et al.32 performed fetal blood sampling 311 

in 32 severe FGR fetuses and found an association between low pulsatility indices in MCA, low levels of pO2, 312 

and reduced pH values in umbilical cord blood. Few clinical studies have reported the additive contribution 313 

of MCA to UA Doppler in predicting abnormal neurological outcome in early FGR33,34. However, contrary to 314 

our series, they considered MCA assessment before delivery and not at diagnosis. These studies included 315 

FGR fetuses delivered before 34 weeks, not only those diagnosed at a very early gestational age. Likewise, 316 

a study including 941 SGA babies showed superior performance of the CPR over the UA in predicting 317 

stillbirth (occurring before 34 weeks).35 Our finding of MCA Doppler adding predictive capacity cannot be 318 

explained by a treatment paradox bias, because decision-making in early FGR was not influenced by this 319 

parameter. Until 30 weeks of pregnancy, the only Doppler parameter that guided our clinical management 320 

was abnormal DV flow, which reflects diastolic failure secondary to fetal acidemia36. We found abnormal 321 

DV at diagnosis of periviable SGA was associated with a 12-fold increase in odds of death or sequelae. 322 

Padilla-Gomes et al..33 compared severely affected FGR neonates delivered before 32 weeks of gestation 323 

due to absent or reversed atrial flow in the DV, with premature newborns matched by gestational age 324 



   
 

   
 

without FGR. FGR neonates had a significantly higher prevalence of periventricular echogenicity or 325 

leukomalacia, intraventricular hemorrhage, and neonatal mortality. In our series, DV PI>95th centile was 326 

not independent of other Doppler parameters and did not remain significant at multivariate analysis. 327 

Twelve of 13 fetuses with absent or reversed end-diastolic velocities in the DV also had this pattern in the 328 

UA. Similarly, in a large cohort of early-onset FGR babies, Baschat et al.36 did not find a predictive value of 329 

DV for neonatal death or sequelae in babies delivered before 29 weeks. 330 

Strengths and limitations 331 

Most published series on very early FGR include only babies delivered below a given gestational age. 332 

However, they do not represent the full spectrum of babies diagnosed with such condition. At the time of 333 

initial parental counseling in periviable pregnancies affected with FGR, the gestational age at which the 334 

baby will be delivered is unknown and therefore it is likely to be counterfactual when based on results from 335 

preterm series. Besides, most studies evaluating the predictive value of Doppler parameters for adverse 336 

outcome in these babies consider the measurements before delivery, which are neither available at the 337 

time of initial diagnosis. By including all diagnosed cases of periviable FGR and by considering the baseline 338 

Doppler parameters, our study provides valuable information for parent-counseling. We also acknowledge 339 

some limitations. First, the sample size renders the study underpowered to analyze individual outcomes 340 

rather than composite ones. Similarly, the low prevalence of some abnormal parameters may have 341 

prevented their inclusion in the predictive model.   Second, the study data were collected in a real setting 342 

of routine health care, and therefore we cannot exclude that the knowledge by the managing clinicians of 343 

the study variables (such as the Doppler parameters) may have influenced the perinatal outcomes. 344 

However, our institutional practice adheres to well-established protocols and it is regularly audited, with 345 

little clinical variability. The Doppler parameters we found at the initial assessment for the prediction of 346 

adverse outcome (UA and MCA) are not triggers for delivery before 30 weeks in our clinical practice, and 347 



   
 

   
 

therefore a treatment paradox seems unlikely to have influenced our findings. However, we cannot 348 

completely rule out this bias, since the follow-up regime may have been influenced by the baseline findings. 349 

Third, the follow-up has been done before 2 years of life in some of the children, which may have limited 350 

our capacity to reliably assess the outcome.  We admit that a control group of non-restricted preterm 351 

babies would have been informative in distinguishing the effects of prematurity and growth restriction. 352 

Finally, our cohort of periviable small-for-gestational-age fetuses is only representative of the cases 353 

attended in a specialized unit and therefore caution is needed before translating our findings to other 354 

settings where referral to these units is not a common practice. 355 

Conclusion 356 

An overall assessment at diagnosis of periviable SGA is necessary for parental counseling about short-  term 357 

and severe outcomes. After congenital malformations and genetic abnormalities are ruled out, Doppler 358 

evaluation of umbilical and fetal brain circulation can accurately predict adverse perinatal complications 359 

and serious adverse outcomes, like death, impaired neurocognitive development, or severe 360 

bronchopulmonary dysplasia.   361 

 362 
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