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 Abstract    
Studies on fetal lung/brain circulation by means of power Doppler technique have suggested a marked reduction in 
lung perfusion in high-risk pregnancies as a sign of circulation redistribution. The ratio between lung/brain perfusion 
might therefore give a new method to predict fetal circulation centralization. 

Objective: The aim of the present study was to obtain fetal lung and cerebral artery ratio in normal and high-risk 
pregnancies. 

Study design: Doppler samples from proximal right pulmonary artery blood velocities and middle cerebral artery 
(MCA) were recorded cross-sectionally in 228 normal singleton pregnancies at gestational age 22 to 40 weeks. 
MCA / right pulmonary artery pulsatility index (PI) ratio was calculated. Doppler samples from proximal right pulmo-
nary artery and MCA were also recorded in 89 high-risk singleton pregnancies and the results related to perinatal 
outcome.

Results: In the normal controls, right pulmonary artery PI remained stable until 30 weeks of gestation with slight 
increase thereafter until term. The MCA to right pulmonary artery PI ratio increased between 22 and 28 weeks of 
gestation with the rapid fall towards term. In the high-risk pregnancies group, right pulmonary artery PI showed no 
significant correlation to perinatal outcome, but signs of brain-sparing in the MCA were correlated to all adverse 
outcome parameters. 

Conclusion: Velocimetry of the middle cerebral artery is better than velocimetry of right pulmonary artery in pre-
dicting adverse outcome of pregnancy. The brain/lung PI ratio does not improve the prediction of adverse outcome 
of pregnancy. 
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Introduction
e e el e   i e si al a  D ler ul ra-

s u  a e ssible -i asi e i es i a i   e al ir u-
la i  a  as i e  le e ab u  a er al a  e al ir-
ula i  D ler e a i a i s a e bee  u  use ul i  e 

e alua i   i -ris  re a ies, ar i ular  li a e  b  
i ra-u eri e r  res ri i   a  re a  i u e  

er e si   1-  
i s  e al brai -s ari  uri  r i  ia are ell 

es ablis e  ,  u ies  e al s ee  uri  ia a e 
re eale  re is ribu i   ir ula i  a ri  e i al r a s 
brai , ear  a  a re als   e eri e al la b s u ies, e-
al lu  bl   e rease  s   all r a s s u ie  uri  

ia  e s a e bee  a e  use e D ler e -
i ue i  e re i i  u a  e al ir ula i  re is ribu i  ur-

i  r i  ia  esear   si s  e rease    less 
i r a  e al r a s uri  e raliza i   ir ula i  su  as 
u , i e , li er, a  eri eral ar eries a e bee  isa i i  
-11  e er, s u ies  e al lu brai  ir ula i  usi  i -

i al a al sis  er D ler si al i e si  i  e  r a s 
a e su es e  a ar e  re u i  i  lu  er usi  i  i -ris  
re a ies 2  rai   si als ere i rease  a  e sa e 
i e  e ra i  be ee  lu brai  er usi  i  ere re i e 

a e  e   re i  e al ir ula i  e raliza i  2 . 

e ai s  e rese  s u  ere ere re  b ai  e al 
ri  ul ar  ar er  ulsa ili  i e    a  i le e-
rebral ar er  M   i  e urse  r al re a  e -

ar ,  al ula e i le erebral ar er    ri  ul ar  
ar er   ra i  M -ra i  uri  e urse  r al 
re a  i all ,  e alua e si s  ir ula i  re is ribu i  

i  ese essels i  e uses a  ris  r i rau eri e ia   

Materials and methods 
D ler sa les r  r i al ri  ul ar  ar er  

blood velocities and middle cerebral artery were recorded in 
a cross-sectional study in 22  normal sin leton re nancies at 
estational a e 22 to  wee s  ll re nancies ad an unevent ul 

course o  re nancy, labour and delivery  ll atients ave t eir 
in ormed consent and t e study rotocol as been a roved by 
t e os ital t ics ommittee Malmo- weden  estational a e 
ad been establis ed in eac  re nancy by ultrasound e amina-

tion er ormed in t e rst trimester o  re nancy
Do ler sam les rom t e ro imal ri t ulmonary artery 

and middle cerebral artery were also recorded in  i -ris  sin-
leton re nancies re erred or antenatal blood ow e amination 

indicated by intra-uterine rowt  retardation  n=  and 
re nancy induced y ertension  n=  e de nition 

used as re nancy-induced y ertension was  values o  blood 

 Key words: pulmonary artery / middle cerebral artery / brain-sparing / fetus /  
       / Doppler / pregnancy /

 Streszczenie    
Wstęp: Ocena przepływu krwi przy pomocy metod ddopplerowskich w krążeniu płucnym I mózgowym sugerowała 
istotny spadek perfuzji płuc w ciążach wysokiego ryzyka jako wykładnik zmienionej redystrybucji krwi w ustroju pło-
du. Stworzyło to koncepcję z której wynika, że stosunek perfuzji krwi w płucach i mózgu może być nową metodą 
oceniającą centralizację krążenia.

Cel pracy: Celem badań było określenie współczynnika określającego stosunek przepływów krwi w płucach i mó-
zgu w ciąży o przebiegu prawidłowym i w ciąży wysokiego ryzyka. 

Materiał i metody: Przepływ krwi oceniano metodą dopplerowska w proksymalnej części prawej tętnicy płucnej 
oraz w tętnicy środkowej mózgu w dwóch grupach pacjentek: u 228 ciężarnych z ciążą pojedynczą o przebiegu 
prawidłowym między 22 a 40 tygodniem ciąży oraz u 89 ciężarnych z ciążą wysokiego ryzyka. W oparciu o uzy-
skane wyniki obliczano stosunek wartości PI w naczyniach płucnych i mózgowych.  Uzyskane wyniki odnoszono 
do stanu noworodka po porodzie.

Wyniki: W grupie kontrolnej wartości PI tętnicy płucnej są stabilne aż do 30. tygodnia ciąży z następowym nie-
znacznym wzrostem aż do terminu porodu. Wartości stosunku PI w tętnicy środkowej mózgu do PI prawej tętnicy 
płucnej wzrastają między 22. a 28. tygodniem ciąży z następowym spadkiem do terminu porodu. W grupie ciąż 
wysokiego ryzyka, nie stwierdzono istotnej zależności między wartościami PI prawej tętnicy płucnej a stanem no-
worodka po porodzie. W tej grupie ciąż wykładniki centralizacji krążenia wykazywały zależność w odniesieniu do 
parametrów charakteryzujących zły stan noworodka po porodzie. 

Wnioski: Ocena przepływu krwi w tętnicy środkowej mózgu, w porównaniu z oceną przepływu w tętnicy płucnej, 
ma większą wartość predykcyjną w prognozowaniu stanu płodu. Analiza współczynnika – PI mózgu/PI płuc – nie 
poprawia tej oceny.

 Słowa kluczowe: t tnica p ucna / t tnica rod o a m gu / centrali ac a r enia / 
      / p d / Doppler / ci a /
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ressure 1  mm , an increase o  systolic blood ressure 
o   mm  and diastolic blood ressure o  1  mm  above 
t e basic values  aminations were re eated in some cases, but 
results rom t e last e amination be ore delivery were only cor-
related to outcome o  re nancy  Median estational a e at t e 
last e amination was  wee s ran e 2 -  wee s  e median 
interval between t e e amination and labour was ,  days ran e 
-  days  e clinicians were only in ormed o  t e umbilical 

 and uterine artery t  blood velocimetry, but not o  etal 
cerebral and ulmonary blood ow recordin , w ic  were er-
ormed at t e same time as

cuson  and e uoia ultrasound units iemens Medical 
o  wit  ulsed, color and ower Do ler ossibilities was used 

durin  t e study  onventional -mode sono ra y was used to 
visualize t e etal c est at it s transverse, cross-sectional lane at 
t e level o  t e ulmonary artery  e main ulmonary artery was 
located and t en t e ri t ulmonary artery ust beyond bi urca-
tion o  t e main ulmonary artery 12  e blood velocity wave-
orm was obtained by ositionin  t e Do ler sam le volume 

into ro imal art o  ri t ulmonary artery ust beyond bi urca-
tion o  main ulmonary artery  e ri t branc  was c osen or 
t e measurements as t ere is no di erence between wave orms 
obtained rom ri t and le t ulmonary artery 12,1  arac-
teristic o  ri t ulmonary arterial blood velocity wave orm is 
illustrated in i ure 1

e middle cerebral artery was visualized at t e level o  
circle o  illis by t e use o  color Do ler  e ulsed Do ler 
sam le volume was laced in t e middle cerebral artery at near 0 
an les to t e ultrasound beam and t e blood velocity wave orms 
were obtained and stored  are was ta en not to us  on t e etal 
ead, w ile e aminin  middle cerebral artery as t at mi t in-

crease ressure and, conse uently reduce cerebral er usion 2  
etal brain s arin  e ect was de ned as   mean - 2 D

mbilical artery velocimetry was recorded rom a ree oat-
in  loo  o  t e cord  e blood velocity wave orm was analysed 
or  and com ared wit  normal re erence values 1  ll Do -
ler e aminations were made durin  absence o  etal breat in  

movements  
Uterine artery blood velocity was located bilaterally by color 

ow ma in  in an obli ue scan, wit  t e sam le volume laced 
in t e artery ust cranial to t e a arent crossin  o  t e e ternal 
iliac blood vessels  ree subse uent blood velocity wave orms 
or eac  vessel were analyzed or  accordin  to oslin  et al , 

w ic  is an ac nowled ed measure o  downward vascular im-
edance 1  e mean o  bot  uterine arteries  were calcu-

lated,  e ceedin  1 20 was deemed abnormal 1  Middle ce-
rebral artery over ri t ulmonary artery  ratio M   
ratio  was calculated  ll e aminations o  normal controls were 
er ormed by one o erator MD

n t e i -ris  re nancies, t e Do ler results were attrib-
uted to erinatal outcome, includin  estational a e at delivery, 
birt wei t, ar score at  minute o  li e, umbilical arterial 
and venous , t e need or o erative delivery or etal distress 

D D , t e needs or admission to neonatal intensive care unit 
U , arti cial ventilation and erinatal mortality   small- or-

estational-a e  in ant was de ned as birt wei t below 
t e tent  ercentile or corres ondin  estational a e 1 . 

e com uter so tware tatistica version 0 tat o t, 
nc  was used or statistical analysis  ormal re erence c arts 

or M  ,   and M  ratios were constructed by 
olynomial re ression analysis by t e uadratic met od ivin  

mean, 2  and  ercentiles cut-o s  is er s e act test was 
used to determine numeric di erences between rou s wit  
normal and abnormal blood ow velocity  e Mann- itney 
non- arametric test was used to com are continuin  variables in 
t e two rou s  

Results
i t ulmonary artery  in t e normal controls remained 

stable until 0 wee s o  estation wit  sli t increase t erea ter 
until term i ure 2  n t e course o  normal re nancy t e mid-
dle cerebral artery curve is uite similar to t e curve resented by 
Mari and Deter 1  i ure  

e middle cerebral artery to ri t ulmonary artery M
  ratio increased between 22 and 2  wee s o  estation 

wit  t e ra id all towards term i ure 
n t e i -ris  re nancy rou , t e median estational a e 

at delivery was  wee s ran e 2 - 1 wee s  

 
Figure 1. Typical spectrum of blood velocity waveforms of proximal branch right 
fetal pulmonary artery in normal pregnancy.

 
Figure 2. Mean and 95% CI of right proximal pulmonary artery pulsatility index (PI) 
in in the second half of pregnancy.
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e mean birt wei t o  in ants was 1 0   and  
1  newborns were small- or- estational a e at birt  e 

needs or D D were in 2 cases and  neonates were admitted 
to U, w ere  o  t em were ventilated  ar score  at  
min was ound in 1  rterial  1  and venous  20 was 
ound in 2  and 2  cases, res ectively  ere were seven erinatal 

deat s  all a ter delivery due to severe U  and rematurity 
2  wee s o  estational a e  10  2  wee s o  estational 

a e  20  2  wee s o  estational a e  0  2  wee s o  
estational a e  0  2  wee s o  estational a e  0  2 

wee s  0  2 wee s  0

n t e i -ris  re nancies, 0  ad a normal ro i-
mal ri t ulmonary artery  ere were no si ni cant di -
erences in erinatal outcome between cases wit  normal and 

abnormal ulmonary artery  i ns o  brain-s arin  in M  
were ound in   etuses and was i ly correlated in all 
adverse outcome arameters e ce t  newborns  e rou  o  
i -ris  re nancies consists o  1  etuses wit  abnormal 

M   ratio  i ni cance o  di erences was ound in all 
arameters studied e ce t  newborns, ventilation in U 

and D D

Discussion 
e results demonstrate a c an e in etal  and M  

blood ow wit  advancin  estation in second al  o  re nancy  
M     ratio was also demonstrated rom 22nd to 0th week 
o  re nancy  he analysis o  blood ow in hi h-risk re nancies 
showed that ri ht ulmonary artery  seems to be a oor marker 
in redictin  erinatal outcome  here were no di erences in 
erinatal outcome between etus with normal and abnormal ri ht 
ulmonary artery   owever, an abnormal M  ratio was 

related to adverse outcome, but this was mainly due to chan es 
in M   his study revealed that middle cerebral artery  
better corres ond with chan es in etal redistribution and adverse 
outcome o  re nancy than does the   

lthou h 1 etuses mani ested abnormal values o  M
-ratio, M -  seemed to be a better redictor o  adverse 

erinatal outcome than was M - -ratio  urthermore, 
the rou  o  etuses with abnormal ri ht ulmonary artery  
consisted o  0 etuses  only ,  o  the hi h-risk re nancy 

rou  his su ests that ri ht ulmonary artery blood ow mi ht 
chan e durin  etal circulation redistribution, but this reaction is 
robably not constant durin  this eriod and mi ht occur in the 

be innin  o  this rocess  esults by ensen et al  su ests that 
lun  er usion mi ht be im roved a ter re eated hy o ic insult 
1   

asanen et al  described decrease o  ulsatility inde   
o  ro imal ulmonary artery with advanced estational a e un-
til th week o  estation 12  he con ictin  results between 
the resent study on normal controls and the revious study by 

asanen et al  may be e lained by the di erence in number o  
investi ated atients, as their o ulation rou  consisted o  only 
100 atients 12

en- n  ian  et al  in their study analyzed di erences be-
tween multi ate s ectral Do ler scannin  with the ower Do -
ler ima in  o tion and traditional s ectral Do ler ultrasono -

ra hy with color ow ma in  1  heir study revealed a si -
ni cant di erence between main ulmonary artery and eri heral 
blood ow  his may e lain revious results in studies on etal 
brain  lun  circulation usin  di ital analysis o  ower Do ler 
si nal intensity, where a marked reduction in lun  er usion was 
seen in hi h-risk re nancies  he ower Do ler mi ht thus re-

ect tissue er usion, while s ectral Do ler re ects vascular im-
edance in the vessel  his mi ht e lain the con ictin  results 

o  resent study and a revious results 2  
tudies on animal and the human etus have shown that etal 

cardiac out ut is redistributed durin  hy o ia, avorin  vital or-
ans such as the brain, heart and adrenals  y reducin  blood 
ow to less im ortant or ans the need or o y en and nutrients 

is reduced and the etus is able to maintain o y en and blood 

 
Figure 3. Mean and 95%CI of middle cerebral artery pulsatility index (PI) in in the 
second half of pregnancy.

 
Figure 4. Mean and 95%CI of middle cerebral artery pulsatility index (PI) over right 
pulmonary artery PI ratio (MCA/RPA) in the second half of pregnancy.
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as status within normal limits  lood  may remain stable due 
this henomenon  he centralization o  etal circulation results in 
reduced ow in the kidneys and ut, which may cause oli ohy-
dramnios and necrotizin  enterocolitis in the newborn  ircula-
tion redistribution mi ht also lead to asymmetrical rowth o  the 
etal body  

tudies ocused on etal su erior mesenteric and he atic 
arteries revealed that si ns o  redistribution in the mesenteric 
artery mi ht be a late si n o  etal com romise  The vascular 
s arin  o  the etal liver can be seen at an early sta e o  etal 
com romise  This s arin  e ect seems to disa ear in severely 
com romised etuses1  The velocimetry o  s lenic artery and  
values in the course o  hi h-risk remained within normal values 
20  rudini et al  revealed in their studies on the renal artery, 

that blood ow in this vessel is decreased durin  lon  term 
etal hy o ia 21  ti ter et al  studied in uence o  chan es 

in etal renal artery on etal condition in the rowth-restricted 
reterm etus 22  They revealed that redistribution is re ected 

by chan es o  eak-systolic velocities rather than by chan es 
in ulsatility inde  ectrum o  both the renal and ulmonary 
blood velocity has low ow velocities in diastole  han es durin  
reduction mi ht be di cult to inter ret by Do ler, es ecially in 
the severely a ected etus where reversal o  venous ow durin  
atrial contraction mi ht be su erim osed in the diastolic ow 
attern  

The evaluation o  lacental and etal liver, adrenals, kidney, 
and lun  blood ow by ower-Do ler ultrasound has im roved 
our knowled e on etal circulation  n normal re nancy, the 
ower-Do ler com uter analyzed si nal intensity seems to in-

crease in all or ans with estation u  to  weeks, a ter which 
a decline in intensity is noted 11  The chan e in the other or ans 
mi ht be e lained by centralization o  etal circulation second-
ary to ailin  lacental unction  n hi h-risk re nancies the de-
crease in or an blood ow is even more ronounced, su estin  
urther develo ment o  etal circulatory centralization  etal 

cerebral ower-Do ler si nal intensity and the brain lun -ratio 
increases towards the end o  normal re nancy  The data rom the 
revious study shows that ower Do ler re resents centraliza-

tion o  etal circulation durin  chronic hy o ia by evaluation o  
etal or an tissue er usion, rather than vascular im edance  

Conclusion
The main conclusion o  this study is that velocimetry o  the 

middle cerebral artery is better than velocimetry o  ri ht ulmo-
nary artery in redictin  outcome in hi h-risk re nancy  M

  ratio was o  limited value in redictin  redistribution o  
etal circulation in hi h-risk re nancies

Acknowledgements:
 The medical faculty, University of Lund, research funds at the University 

hospital in Malmö and Region Skåne supported the study.

Oświadczenie autorów
1. Andrzej Bręborowicz – autor koncepcji i założeń pracy, zebranie materiału, 

przygotowanie manuskryptu, analiza wyników, zebranie piśmiennictwa.
2. Mariusz Dubiel – zebranie materiału, analiza statystyczna wyników, 

przygotowanie manuskryptu.
3. Marek Pietryga – współautor tekstu pracy, współautor protokołu i aktualiza-

cja literatury.

4. Grzegorz H. Bręborowicz – autor założeń pracy, analizy i interpretacji 
wyników, przygotowanie, korekta i akceptacja ostatecznego kształtu pracy 
– autor zgłaszający i odpowiedzialny za manuskrypt.

5. Saemundur Gudmundsson – udział w przygotowaniu koncepcji badań, 
korekta oraz ostateczne zatwierdzenie manuskryptu.

Źródło finansowania: 
 Praca nie była finansowana przez żadną instytucję naukowo-badawczą, 

stowarzyszenie ani inny podmiot, autorzy nie otrzymali żadnego grantu.

Konflikt interesów: 
 Autorzy nie zgłaszają konfliktu interesów oraz nie otrzymali żadnego 

wynagrodzenia związanego z powstawaniem pracy.

References 

  1. Rizzo G, Capponi A, Chaoui R, [et al.]. Blood flow velocity waveforms from peripheral pulmonary 
arteries in normally grown and growth-retarded fetuses. Ultrasound Obstet Gynecol. 1996, 8, 
87-92.

  2.  Dubiel M, Breborowicz GH, Ropacka M, [et al.].Computer analysis of three-dimensional power 
angiography images of foetal cerebral, lung and placental circulation in normal and high-risk 
pregnancy. Ultrasound in Med& Biol. 2005, 31 (3), 321-327. 

  3.  Wladimiroff JW, vd Wijngaard JA, Degani S, [et al]. Cerebral and umbilical arterial blood flow 
velocity waveforms in normal and growth retarded pregnancies. Obstet Gynecol. 1987, 69 (5), 
705-709.

  4.  Dubiel M, Gunnarsson GÖ, Breborowicz GH, Gudmundsson S. Blood redistribution in fetal brain 
during chronic hypoxia. Ultrasound Obstet Gynecol. 2002, 20 (2), 117-21.

  5.  Dubiel M, Gudmundsson S, Gunnarsson G, Marsal K. Middle cerebral artery velocimetry as a 
predictor of hypoxemia in fetuses with increased resistance to blood flow in the umbilical artery. 
Early Hum Dev. 1997, 47: 177-184.

  6. Jensen A, Roman C, Rudolph AM. Effects of reducing uterine blood flow on fetal blood flow 
distribution and oxygen delivery. J Dev Physiol. 1991, 15 (6), 309-323.

  7. Jensen A, Garnier Y, Berger R. Dynamics of fetal circulatory responses to hypoxia and asphyxia. 
Eur J Obstet Gynecol Reprod Biol. 1999, 84, 155-172.

  8.  Gembruch U, Baschat AA. Demonstration of fetal coronary blood flow by color-coded and 
pulsed wave Doppler sonography: a possible indicator of severe compromise and impending 
demise in intrauterine growth retardation. Ultrasound Obstet Gynecol. 1996, 7, 10-16.

  9. Korszun P, Dubiel M, Breborowicz GH, Gudmundsson S. Fetal superior mesenteric artery blood 
flow velocimetry in normal and high-risk pregnancy. J Perinat Med. 2002, 30 (3), 235-241.

10.  Scalvi S, Valcamonico A, Soregaroli M, [et al.]. Role of middle cerebral artery velocimetry in 
predicting neonatal outcome in IUGR fetuses. Ultrasound Obstet Gynecol. 1996, 8, Suppl. 1, 
166.

11.  Dubiel M, Dobek A, Breborowicz GH, [et al.]. Comparison of power Doppler and velocimetry in 
predicting outcome of high-risk pregnancy. Eur J Ultrasound. 2001, 12, 197-202

12. Rasanen J, Huhta JC, Weiner S, [et al.]. Fetal branch pulmonary arterial vascular impedance 
during the second half of pregnancy. Am J Obstet Gynecol. 1996, 174 (5),1441-1449.

13.  Mitchell JM, Roberts AB, Lee A. Doppler waveforms from the pulmonary arterial system in 
normal fetuses and those with pulmonary hypoplasia. Ultrasound Obstet Gynecol. 1998, 11, 
167-172.

14.  Gudmundsson S, Marsal K. Umbilical and uteroplacental blood flow velocity waveforms in 
normal pregnancy-a cross-sectional study. Acta Obstet Gynecol Scand 1988, 67, 347-354.

15. Gosling RG, Dunbar G, King DH,[et al.]. The quantitative analysis of occlusive peripheral arterial 
disease by a non-intrusive ultrasonic technique. Angiology. 1971, 22, 52-55.

16. Dubiel M, Krajewski M, Pietryga M, [et al.]. Fetal biometry between 20-42 weeks of gestation for 
Polish population. Ginekol Pol. 2008, 79, 746-753.

17. Mari G, Deter RL. Middle cerebral artery flow velocity waveforms in normal and small-for-
gestational-age fetuses. Am J Obstet Gynecol. 1992, 166, 1262-1270.

18. Liang RI, Prapas N, Detti L, [et al.]. Assessment of blood flow velocity waveforms of the 
pulmonary circulation by multigate spectral Doppler scanning and tradittional pulsed Doppler 
ultrasonography.  J Ultrasound Med. 2002, 21, 31-37.  

19. Dubiel M, Breborowicz GH, Gudmundsson S. Evaluation of circulation redistribution in 
pregnancies with absent or reversed diastolic flow in the umbilical artery. Early Hum Dev. 2003, 
71 (2), 149-156.

20.  Dubiel M, Gudmundsson S, Kozber H, [et al.]. Fetal splenic Color Doppler Energy imaging and 
velocimetry in normal and high-risk pregnancies. Prenat Neonat Med. 1997, 2, 205-209.

21. Arduini D, Rizzo G. Fetal renal artery velocity waveforms and amniotic fluid volume in growth-
retarded and post-term fetuses. Obstet Gynecol. 1991, 77, 370-373.

22.  Stigter RH, Mulder EJ, Bruinse HW, Visser GH. Doppler studies on the fetal renal artery in the 
severely growth-restricted fetus. Ultrasound Obstet Gynecol. 2001, 18 (2), 141-145.


