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‘I am a fetus in the womb.
I fear it may become my tomb.
If only I could give a shout
To make my doctor get me out!’ 

unknown medical student, Dublin; Br J Obstet Gynaecol

Timing of Delivery



Mercer, Treatment of Preterm PROM Obstet Gynecol 2003



longitudinal monitoring



Antenatal CTG

Use each fetus as its own control

(Ilse Nijhuis et al, 1998)





Longitudinal Doppler Study
Hamburg, Amsterdam, Utrecht and London
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Hecher et al. Ultrasound Obstet Gynecol 2001



Randomized Management Study

in IUGR

TRUFFLE

Computerized

CTG

Early ductus 
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venosus

For all as safety net: computerized CTG, umbilical artery Doppler



CTG: STV < 3.5 (26-29w)

STV < 4 (29-32w)

Early DV: PIV>95th P. Late DV: zero/rev. ‘a‘

For all as safety net: STV < 2.6/<3; UA: AEDF >34w, reverse flow >32w

TRUFFLE Group 2005

Ductus Venosus Doppler Group

A B

CTG Group

TRUFFLE



Any hypertensive maternal morbidity 72%

Delivery indication < 32 weeks 71%

Birth weight (g) 1020 (+320)

GA at delivery (completed weeks + days) 30 + 5 (+16)

Lancet 2015;385:2162-72

n=503



Study group at inclusion 503

Infants with known outcome 443(88%)

Survivors evaluated for primary outcome (% of survivors at 2 yrs, n=463) 402 (87%)

Survival without impairment

Percentage of evaluated surviving infants 

Percentage of all infants with known outcome 

363

90% (363/402)

82% (363/443)

Components of abnormal outcome 

Perinatal/Infant death to 2 years 
41 (8%)

Impairments at 2 years 39 (10%)

Cerebral palsy (GMFCS >1) 6 (1%)

Neurosensory impairment 5 (1%)

DQ<85 26 (6%)

No test result, but reported impaired 11 (3%)

TRUFFLE outcome at 2yrs



Survival without impairment
% of evaluated surviving infants
(n=402)

111/131

85%

119/131

91%

133/140

95%

363/402

90%

Survival without impairment
% of all infants with known outcome 
(n=443)

111/144

77%

119/142

84%

133/157

85%

363/443

82%

Components of abnormal outcome 

Perinatal/Infant death to 2 years 13 (8%) 11 (7%) 17 (10%) 41 (8%)

Impairments at 2 years 20 (15%) 12 (9%) 7 (5%) 39 (10%)

P<0.005

P=0.09

CTG STV DV p95 DV no A Total

CTG STV DV p95 DV no A Total

Neurodisability

Perinatal death

(n.s.)

TRUFFLE outcome at 2yrs









TRUFFLE group findings & implications 

for management:

After 30 weeks: 

umbilical artery 

Doppler, deliver 

if…

– at 30-32 wks reversed EDF

– at 32-34 wks absent EDF

– at 34-36 wks increased PI (>95th 

centile)

<32 weeks, 
management 
based on ductus 
venosus:

lower risk of neuro-impairment if delivery 
is based on absent or reversed ‘a’ wave 

OR if CTG STV severely abnormal

BUT there may be a slightly higher risk of 
perinatal death U/C ratio??

• However, there was no DV safety net for the CTG group

• Always use both, cCTG and DV Doppler!

• Don‘t wait until both are severely abnormal
TRUFFLE 2
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Next step…
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RCT late IUGR (>32 weeks)
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Obstet Gynecol 1992;79:416

Accuracy (%):

MCA 79

UA 83

CUR 90





Hecher et al. UOG 1992;2

Umbilical Artery Middle Cerebral Artery

UC-Ratio





Outcomes according to GA at randomization,
monitoring method (left) and year of randomization (right)

26 - 27 wks

28 - 29 wks

30 - 31 wks

26 - 27 wks

28 - 29 wks

30 - 31 wks

Survival %
without
impairment 70    69     80    77    84     

Neonatal or late death was more frequent in GRIT (18% vs 6%; P<0.01)
Fetal death rate was similar (4.8% vs 5.5%)

GRIT TRUFFLE



Odds ratio for survival without neurodevelopmental impairment at 2 years)

Intervention/
monitoring
method

Year of
inclusion





Stampalija et al. UOG 2020



Stampalija et al. UOG 2020








