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Definition of IUGR 

SGA fetus with abnormal umbilical artery             
blood flow velocity                                                 

The majority of IUGR cases                                                 
is due to placental pathology 

 



Savchev S et al, Fetal Diagn Ther 2014;36:129–135 
 

Timing of delivery in IUGR according Doppler 
(questionnaire among 15 experts) 



 

• RCT, 69 hospitals, 13 countries – 548 pregnancies 
• randomize when uncertain about the timing of delivery 
• ”immediate delivery” vs. ”delay until no uncertainty” 
• gest. age at entry (wks)  32 (30-33) vs. 32 (29-34) 

   
• time-to-delivery     0.9 days    vs.  4.9 days 

 
• mortality          10 %    vs.   9 % 
    OR  1.1 (95%CI 0.6-1.8) 
 
• death/severe disability at 2 y       19 %    vs.  16 % 
    OR  1.1 (95%CI 0.7-1.8) 
          



 

Criticism 
 
• no defined entry criteria 

• no management protocol 

• unknown number of eligible pregnancies 

 

• no conclusive and generalizable results !  
          



 

• multicenter observational study  
• 604 liveborn newborns with prenatally diagnosed IUGR 
• < 33 gestational weeks (median 29 wks) 
 
• major morbidity  36 % 
• IVH    15 % 
• NEC   12 % 
     
• mortality   21 %  

 
• intact survival    58 %       

 
 



 

Neonatal survival (black diamonds) 
and intact survival rates (black bars) 
per gestational week with advancing 
gestational week. 
Baschat. Neonatal Outcome in Fetal Growth 
Restriction. Obstet Gynecol 2007. 

Conclusion 
Gestational age and the birth weight are the primary 
quantifying parameters. Beyond these thresholds, ductus 
venosus Doppler parameters emerge as the primary 
cardiovascular factor in predicting neonatal outcome. 



 Baschat A et al.  
Infant neurodevelopment following fetal growth restriction:               
relationship with antepartum surveillance parameters.                       
Ultrasound Obstet Gynecol 2009; 33: 44–50 

Conclusion  
UA-REDV is an independent contributor to poor neuro- 
development. Gestational age and birth weight remain the 
predominant factors for poor neurodevelopment in IUGR. 

• single center,  113 patients,  25-37 wks,  2-year follow-up 

Criticism 
Patients were delivered for maternal indications or                          
an abnormal biophysical profile 

• 20 % acidemia 

• 26 % perinatal mortality 

• 39 % major neonatal morbidity 



 
 

 

Follow-up studies of growth restricted fetuses 

 

 

Consequences for the obstetric management based on 
Doppler velocimetry ? 

 

 

More active obstetric management ! 



IUGR fetus 

Good prognosis           Bad prognosis 



BLOOD FLOW CLASSES (BFC) 



IUGR fetus < 30 gest. weeks 

Dept. Ob & Gyn, Skåne University Hospital, Lund, Sweden 

 
•  delivery at the occurrence of reverse diastolic flow in the 

umb. artery or if rapid progress in the ductus venosus Doppler 
 
 

 or 
 
 

   - before the occurrence of FHR pathology !     
 



 

• single center observational study  
• 46 IUGR fetuses with umb. artery ARED flow  
• delivered < 30 gestational weeks 
 
• IUD      9 % 
• survival 2 years  90 %  
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Lund 1998-2011 – 106 fetuses with ARED blood flow delivered <30 gest. wks  

 
N (%) 

ARED  
n=106 

Controls   
n=830 

    

Perinatal mortality 7    (6.6 %) 114  (13.7 %) p=0.04 

    Stillbirths 4    (3.8 %) 57    (6.85 %) 

    Deaths <7 days 3    (2.8 %) 57    (6.85 %) 

Liveborn 102 773 

Very preterm IUGR 

Perinatal outcome 

 



Very preterm IUGR 

Pregnancy outcome 

 



Out come at  2  years of  age 

IUGR 
n=102 

Cont rol 
n=773 

 
   P 

 
Survival  

 
86 % 

 
85 % 

 
   ns 

Cerebral palsy  9  % 8 %    ns 

 



Follow-up at  6  years of  age 

Neurodevelopment , lung and cardiovascular funct ion, 
brain MRI (38 pret erm IUGR, 38 pret erm & 38 t erm 
mat ched cont rols)  
 
• No increase in CP but  more f requent  need for 

habilit at ion service 
 

• Reduced cognit ive funct ion in boys 
 

• Reduced lung funct ion  
 
• Reduced brain volumes – not  associat ed wit h 

funct ional def icit s 

 



Compared to preterm controls the observed 

outcomes in preterm IUGR were not 

sufficiently severe to refrain from delivery 
 

Nevertheless 
 



Reference Liveborn 
n 

Gestational 
age - inclusion 

Survival  
 

Schwarze et al. 
UOG 2005 

53 <32 wks 89 % 

Hartung et al. 
UOG 2005 

11 <29 wks 64 % 

Baschat et al. 
UOG 2007 

326 <30 wks 69 % 

Mari et al.      
JUM 2007 

34 ≤32 wks 71 % 

Brodszki et al. 
UOG 2009 

42 24 - 29 wks 90 % 

Lund 1998-2011 102 23 – 29 wks 86 % 

Lees et al. 
(TRUFFLE)    
UOG 2013 

503 26 - 32 wks 92 % 

Very preterm IUGR fetuses                         
with abnormal flow in the umbilical artery 



The European multicentric 
randomized trial   

TRIAL  
RANDOMIZING 
UMBILICAL and 
FETAL 
FLOW  in 
EUROPE 

Lees et al.  2013 



• RCT,  20 hospitals, 5 countries in 2005-2010  
• 503 pregnancies 
• entry criteria 

• singleton 
• 26 – 32 weeks 
• abd. circumference <10th centile 
• EFW >500 g 
• umb. artery PI<95th centile and normal DV PI  
• normal FHR short-term variability (STV) 

 



Randomized management study in IUGR 

TRUFFLE study 

Computerized 
CTG 

 
 
 
 

Early ductus 
changes 

 
 
 
 

Late ductus 
changes 

 
 
 
 

All groups as safety net  -  computerized CTG (STV) 
           -  umbilical artery Doppler (after 30+0 wks) 

Lees et al.  2013 



Total 

Total 503 

Fetal death No intervention* 5 (1%) 

  Unexpected# 7 (1%) 

Live birth 491 (97%) 

Neonatal death 27 (6%) 

Death due to congenital abnormality 2 

Overall mortality 39 (8%) 

Neonatal data missing 1 (0%) 

Survival at discharge 463 (92%) 

Short term morbidity & mortality 

 

Lees et al.  2013 



 

Lees  2014 



• analysis acc. to randomization  
• STV    n=166  
• early DV   n=167 
• late DV   n=170 

 
• primary outcome – survival without cerebral palsy or 

neurosensory impairment or a Bayley III developmental 
score <85, at 2 years of age 

 



Neonatal morbidity CTG STV DV PI 95th DV no A TOTAL 
Received mechanical ventilation  72 (44%) 63 (39%) 69 (42%) 204 (42%) 
Received supplemental oxygen 98 (60%) 96 (59%) 103 (63%) 297 (61%) 
BPD >28 days 32 (20%) 28 (17%) 31 (19%) 91 (19%) 
BPD >36 weeks † 16 (10%) 17 (10%) 16 (10%) 49 (10%) 
Sepsis (Proven) † 33 (20%) 31 (19%) 23 (14%) 87 (18%) 
NEC Pneumatosis † 3 (2%) 3 (2%) 1 (1%) 7 (1%) 
 Perforation † 2 (1%) 2 (1%) 5 (3%) 9 (2%) 
GMH Grade III or IV †  0 (--%) 4 (2%) 8 (5%) 12 (2%) 
PVL Grade II or III †  1 (1%) 2 (1%) 2 (1%) 5 (1%) 
Death following severe morbidity † 10 (6%) 6 (4%) 9 (5%) 25 (5%) 

Adjusted age of survivors at discharge in 
days ‡ 

-9  
(-39 to 170) 

-7  
(-37 to 99) 

-10  
(-38 to 169) 

−9  
(−39 to 170) 

Survival following severe neonatal 
morbidity  
(% of survivors) †  

38 (25%) 42 (27%) 38 (25%) 118 (25%) 

Survival without severe neonatal morbidity  
(% of all study entrants) 115 (69%) 115 (69%) 115 (68%) 345 (69%) 

No differences between the groups for morbidity 

 

Lees C  2015 



CTG STV DV p95 DV no A Total 

Study group at inclusion 166 167 170 503 

Infants with known outcome* 144 (87%) 142 (85%) 157 (92%) 443 (88%) 

Survivors evaluated for neuro-
development** 131 (86%) 131 (84%) 140 (92%) 402 (87%) 

Survival without impairment 
 Percentage of evaluated surviving 
infants a 
 Percentage of all infants with known 
outcome b 

111 
(85%) 
(77%) 

119 
(91%) 
(84%) 

133 
(95%) 
(85%) 

363 
(90%) 
(82%) 

& Includes adjusted Bayley 2 MDI scores (MDI + 5points) 
a Linear association p = 0.004; Chi-square DVnoA vs CTG-STV p = 0.005 
b Linear association p = 0.09;   Chi-square DVnoA vs CTG-STV p = 0.09 
* Percentage of all infants 
** Percentage of surviving infants 
# Percentage of evaluated infants 

Neurodisability 

Perinatal death Composite primary outcome 
at 2 years of age 

Lees C  2015 

 



Risk of neuro-impairment remains the same within 
randomized group & is unrelated to inclusion gestation 

Lees C  2014 

 



Better neurodevelopmental outcome if you 
wait for late DV changes, but a slightly 
higher risk of perinatal death.  

Main findings : 
   
  <32 weeks,  
  management  
  based on ductus 
  venosus: 
 

 Lower risk of neuroimpairment 
- if delivery is based on absent or 
reversed DV ‘a’ wave  
OR  
- on CTG STV severely abnormal 

Lees C  2014 

 



Differences between Lund and TRUFFLE studies 

Lund TRUFFLE 

Pregnancies singletons and 
multiples 

singletons 

GA at entry (wks + d) 25+3 
(23+3 – 29+6) 

29+1 
(26+0 – 31+6) 

GA at delivery (wks + d) 26+5 
(23+4 – 29+6) 

30+5 
(27+1 – 38+4) 

Birth weight (g) 642 
(395 – 1165) 

mean 1013 
±SD   ±321 

median (range) 



Comparative study  Lund vs. TRUFFLE 

• singletons 
• gestational age at entry 26+0-29+6 weeks 
• ARED flow in umbilical artery 
• birth weight <mean-2SD 

Selection of comparable sub-cohorts: 

(in progress) 

Primary outcome: 
 1. survival at 2 years 
 2. survival without neurodevelopmental impairment               
          
Hypothesis: 

 Umbilical artery Doppler as surveillance tool in very 
preterm IUGR is as effective as DV Doppler and STV   
       



Comparative study  Lund vs. TRUFFLE 

Neurodevelopmental impairment (NDI) 

(in progress) 

(cerebral palsy) 



Comparative study Lund vs. TRUFFLE 
(in progress) 



Comparative study Lund vs. TRUFFLE 
(in progress) 



Comparative study  Lund vs. TRUFFLE 

Conclusion 
The use of umbilical artery Doppler in monitoring very 
preterm IUGR fetuses (<30 weeks) led to fewer fetal and         
neonatal deaths and to a higher survival at 2 years of age        
than did the use of ductus venosus Doppler or CTG            
short-term variability. 
There was no difference in the postnatal neurodevelopment.   
 
 

(in progress) 



Take home messages  
from the Lund and TRUFFLE studies 

• Active management of very preterm IUGR is associated 
with improved survival 

 
• The long-term outcome is not worse than that in very  

preterm infants with normal growth (AGA) 
 

• All available infomation on fetal condition is of importance 
(Doppler, CTG – preferably computerized, growth etc.)   

  
• Longitudinal development of Doppler findings is important 

 
• The most important fetoplacental Doppler parameters:                              

umbilical artery, umbilical vein, ductus venosus, CTG STV
  

      





 
• FHR without severe pathology 
• ductus venosus without reverse flow 

• hospitalization 
 

• Doppler daily 
 

• CTG several times a day 
 

• steroid treatment 

 

Absent or reverse EDF at 23-24 wks  

Dept. Ob & Gyn, Skåne University Hospital, Lund, Sweden 



≥ 25+0 wks  

Absent EDF Reverse EDF 

▪ hospitalization 
▪  steroid treatment 
▪  CTG several times a day 
▪  Doppler daily 

• steroids      
• delivery most 

often within 24 hrs 

 

Dept. Ob & Gyn, Skåne University Hospital, Lund, Sweden 

Delivery if abnormal findings in the FHR or DV, or if change to Reverse EDF 



SGA fetus 

Umbilical artery – 
the first doppler  
examination 

BFC normal 
+normal CTG 
+no clinical compl. 
 

BFC III B BFC III A BFC II BFC I 

Fetal weight 
deviation -22 - -27% ≤ -34% -28 - -33% 

Uterine  
artery 

Bilateral 
notch no 

Bilateral 
notch yes 

Control 
every 
second 
week: 

• clinical 
evaluation 

• doppler 

• CTG 

• AFI 

• fetometry 

Control 
weekly: 

• clinical 
evaluation 

• doppler 

• CTG 

• AFI 

 

+ every 
second 
week: 

• fetometry 

Control 
weekly: 

• clinical 
evaluation 

• doppler 

• CTG 

• AFI 

 

 

 

+ every 
second 
week: 

• fetometry 

Admission 
considered 
 
• karyotype 
and 
infection 
screen 
 
• doppler 
and AFI    
2-3 times   
a week 

• CTG daily 
or 
individually 

+ every 
second 
week: 

• fetometry 

Control     
1-2 times   
per week: 

• clinical 
evaluation 

• doppler 

• CTG 

• AFI 

 

 

 

 

 

+ every 
second 
week: 

• fetometry 

Admission 
considered 
 

• doppler 
CTG, AFI    
3 times             
a week 

• steroids 
(<34+0 wks)  

 

 

 

 

 

+ every 
second 
week: 

• fetometry 

Admission 
 

• individual 
manage-
ment acc. 
to the 
gestational 
age* 
 

• doppler 
daily  
 

•CTG twice 
daily 
 

• steroids 
(<34+0 
wks) 

Admission 
 

• cesarean 
section 
principally    
on the same 
day*                 
 

• at 24+0 to 
26+6 wks 
individual 
management 
 

• steroids   
(<34+0 wks 
 
If expectance: 
• CTG 2-4 
times a day  
 

*Pulsations in the umbilical vein and/or abnormal ductus venosus waveform = contributing indication to delivery                   
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