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ins ufficie ncy trigge rs  com pe ns atory m e ch anis m s  in
th e  fe tus  th at aim  to m aintain ade q uate  oxyge n and
nutritional s upply to th e  m os t vital fe tal organs , th e
h e art and th e  brain.4 O ne  of th e s e  prote ctive
m e ch anis m s  of th e  fe tus  is  re dis tribution of cardiac
output. Righ t ve ntricular cardiac output de cre as e s ,
w h e re as  le ft ve ntricular cardiac output us ually re m ains
unch ange d. Furth e r de te rioration in place ntal function
and oxyge n s upply als o re s ult in de cre as e d le ft
ve ntricular cardiac output, w h ich  le ads  to incre as e d
s ys te m ic ve nous  pre s s ure .5

A ris e  in place ntal vas cular im pe dance  h as  be e n
as s ociate d w ith  incre as e d pe rinatal m orbidity and

OBJECTIVE: Th e  purpos e  of th is  s tudy w as  to corre late  Dopple r ultras onograph ic param e te rs  of fe tal h ae m odynam ic
com prom is e  w ith  ne onatal um bilical arte ry cardiacTroponin T (cTnT) le ve l as  a bioch e m ical m ark e r of fe tal cardiac
dys function in pre gnancie s  com plicate d by pre e clam ps ia (PE)). PATIENTS AND METH ODS: In th is  s tudy, 50
pre gnant w om e n w e re  include d, re cruite d w ith in tw o ye ars  duration, from  th e  ante natal care  clinic and th e  h igh -
ris k  pre gnancy unit of Alnoor s pe cialis t h os pital, h oly Mak k ah , KSA. Th e ir ge s tational age s  w e re  ranging be tw e e n
32-38 w e e k s  and th e y w e re  divide d into: control group (20 w om e n) w ith  norm al pre gnancie s  (GI) and s tudy group
(30 w om e n), out of th e m  20 w ith  PE w ith out any ultras onic Dopple r de te ction of trans m itte d atrial puls ations  to th e
intra-abdom inal portion of fe tal um bilical ve in (GII) and 10 w om e n w ith  PE w ith  ultras onic Dopple r de te ction of
trans m itte d atrial puls ations , to th e  intra-abdom inal portion of fe tal um bilical ve in (GIII). For all cas e s  routine  ultras ound
s canning, Dopple r ve locim e te ry (S/D ratio) for um bilical arte ry (UA) and for th e  intra-abdom inal portion of um bilical
ve in w as  done . Mate rnal cubital ve in and ne onatal UA s e rum  troponin-T le ve ls  w as  m e as ure d. RESULTS: Cardiac
troponin T conce ntrations  s h ow e d s ignificant incre as e  (P <0.01) in ne onate s  w h o h ad trans m itte d atrial puls ations
in fe tal intra-abdom inal part of um bilical ve in, s ugge s ting fe tal m yocardial ce ll dam age , w ith  th e  h igh e r le ve ls  in
fe tus e s  w ith  s e ve re  place ntal ins ufficie ncy s h ow ing abs e nt e nd-dias tolic or re ve rs e d flow  in UA. Mate rnal troponin
T conce ntrations  w e re  w ith in norm al le ve ls , e ve n in cas e s  in w h ich  ne onatal troponin T le ve ls  w e re  incre as e d, w h ich
de m ons trate  th at th e  um bilical arte ry troponin T m e as ure d in ne onate s  w as  not of m ate rnal origin. CONCLUSION
AND RECOMMENDATION:  Dopple r de te ctable  trans m itte d atrial puls ations  in th e  intra-abdom inal part of th e
um bilical ve in is  an om inous  Dopple r s ign for fe tal outcom e  in cas e s  of PE as s ociate d w ith  place ntal ins ufficie ncy,
indicating fe tal m yocardial dam age  and m andate s  prom pt de live ry in h os pital w ith  w e ll-e q uippe d ne onatal inte ns ive
care  unit. Th e  optim al tim ing of de live ry in s uch  cas e s  s h ould be  be fore  th e  appe arance  of th is  bad prognos tic s ign,
de pe nding on oth e r Dopple r param e te rs  of fe tal circulation.
Ke yw ords : Dopple r ultras ound; Fe tal cardiac dys function; Pre e clam ps ia

ABSTRACT

Introduction

Place ntal ins ufficie ncy, pre e clam ps ia and fe tal grow th
re s triction are  com m on obs te trical proble m s , w h ich
m ay h ave  long-te rm  cons e q ue nce s .1 Noninvas ive
Dopple r ultras onograph y e nable s  th e  e xam ination of
place ntal, fe tal ce ntral and pe riph e ral h e m odynam ics .2,3

Abnorm al place ntal function and intraute rine  fe tal
grow th  re s triction are  com m on findings  in pre gnancie s
com plicate d by pre e clam ps ia. Se ve re  place ntal
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m ortality.6 Th e  pre s e nce  of path ologic um bilical arte ry
blood ve locity w ave form s  indicate s  th e  ne e d for clos e r
fe tal s urve illance . In th e s e  cas e s , th e  tim ing of th e
de live ry h as  ofte n be e n bas e d on path ologic fe tal h e art
rate  tracings .7

Th e  obs e rvation of puls ations  in th e  um bilical ve in and
an incre as e  in th e  re ve rs e  com pone nt of flow  from  th e
righ t atrium  into th e  infe rior ve na cava w ith  atrial
contraction indicate s  alte rations  in cardiac function
and h e art failure  in cas e s  of s e ve re ly incre as e d
place ntal re s is tance , arrh yth m ias , and nonim m une
h ydrops .8

It h as  als o be e n s h ow n th at ch ange s  in um bilical
ve nous  ve locitie s  originate  in th e  fe tal ve nous  s ys te m
and are  trans m itte d tow ards  th e  place nta.9

De te riorating fe tal w e ll-be ing m ay le ad to abnorm al
blood ve locity w ave form s  in th e  s ys te m ic ve ins ,
including an incre as e d atrial contraction w ave  in th e
h e patic ve ins , ductus  ve nos us , and infe rior ve na cava,
and to th e  de te ction of atrial puls ations  in th e  portal
and um bilical ve ins , w h ich  re fle ct incre as e d s ys te m ic
ve nous  pre s s ure  in th e  fe tus 5. Th e  inte rval be tw e e n
th e s e  abnorm al ve nous  s ignals  de te cte d by Dopple r
ultras onograph y and an abnorm al nons tre s s  te s t re s ult
or fe tal de ath  is  us ually only a fe w  days .10

Place ntal ins ufficie ncy w as  de fine d as  an abnorm al
um bilical arte ry blood ve locity w ave form  profile
(um bilical arte ry S/D ratio>3.5).11

Place ntal ins u fficie ncy m ay le ad to cardiac
dys function.12 Incre as e d puls atility in th e  blood ve locity
w ave form s  of fe tal s ys te m ic ve ins  h as  be e n as s ociate d
w ith  bioch e m ical e vide nce  of a ris e  in fe tal s ys te m ic
ve nous  pre s s ure .13

Cardiac troponin T, a th in-filam e nt contractile  prote in
pre s e nt in h igh  conce ntrations  in th e  m yocardium  but
us ually not in oth e r tis s ue s , is  re le as e d rapidly afte r
m yocardial injury in dire ct proportion to th e  e xte nt of
injury,14 and s ugge s ts  an as s ociation w ith  w ors e
prognos is

th e  ante natal care  clinic, h igh -ris k  fe tal as s e s s m e nt

clinic and O b/Gyn. e m e rge ncy room  of Al-Noor

Spe cialis t H os pital, H oly Mak k ah , K.S.A.

Th e y w e re  clas s ifie d into th re e  groups :

Group I (GI): 20 w om e n w ith  norm al pre gnancie s .

Group II (GII): include d 20 patie nts  w ith  m ild to s e ve re

pre e clam ps ia, w ith out any trans m itte d atrial puls ations ,

to th e  intra-abdom inal portion of fe tal um bilical ve in.

Group III (GIII): include d 10 patie nts  w ith  s e ve re

pre e clam ps ia w ith  e vide nce  of trans m itte d atrial

puls ations  to th e  intra-abdom inal portion of fe tal

um bilical ve in.

Diagnos tic crite ria of m ate rnal h ype rte ns ive  dis orde r

follow e d Am e rican Colle ge  of O bs te tricians  and

Gyne cologis ts  guide line s  (Com m itte e  on Te ch nical

Bulle tins  of th e  Am e rican Colle ge  of Obs te tricians  and

Gyne cologis ts  19 9 6).

In all groups  th e  ge s tational age s  w e re  ranging be tw e e n

32-38 w e e k s  and th e y w e re  com parable  re garding

m ate rnal age  and parity.

Afte r routine  h is tory tak ing, ge ne ral, obs te tric

e xam ination and routine  inve s tigations  all patie nts

w e nt th rough :

Subje cts  and m e th ods

W ith in 2 ye ars  (from  01/ 06/ 2004 to 30/ 06/ 2006), 50
w om e n w ith  s ingle ton pre gnancie s  w ith out fe tal
ch rom os om al abnorm alitie s  or m ajor m alform ations
w e re  include d in th is  s tudy. Th e y w e re  re cruite d from


















Ultras ound s canning for fe tal viability, biom e try,
m aturity, place ntal s ite  and fe tal bioph ys ical profile .
Dopple r ve locim e te ry (S/D ratio) for um bilical arte ry
(UA) and de te ction of puls ations  in th e  intra-
abdom inal portion of um bilical ve in (UV).
Non s tre s s  te s t (NST).
Mate rnal cardiac Troponin-T le ve l.
Ne onatal UA cardiac Troponin-T le ve l.
Apgar s core .
Cord blood pH .

Ultras conograph ic
m e as ure m e nts

Im age - dire cte d pu ls e d and color D opple r
ultras onograph ic e q uipm e nt (Alok a SSD-5500 color
pow e r Dopple r m ach ine  w ith  3.5 M H z  and 5MH z
curviline ar trans duce rs ) w as  us e d in th is  s tudy.
Dopple r param e te rs  (i.e . filte r, gate  w idth , gain, flow



52PJR April - June 2009; 19(2)PAK ISTAN JOU RNAL  OF RADIOLOGY

and ve locity s cale s ) w e re  optim iz e d for de te ction of
blood flow  in th e  um bilical arte ry and intra-abdom inal
part of um bilical ve in
Place ntal circulation w as  as s e s s e d by de te rm ining th e
S/D-value s  of um bilical arte ry in fre e  loops  of th e
um bilical cord.
Th e  prope r plain of abdom inal circm fe re nce  w as
obtaine d w ith  1/3 of um bilical ve in s e e n ins ide  th e
abdom e n and puls ation w ave s  (occurring during atrial
contraction) in th is  intra-abdom inal part of um bilical
ve in w e re  note d
Place ntal ins ufficie ncy w as  de fine d as  an abnorm al
um bilical arte ry blood ve locity w ave form  profile  (UA
S/D ratio>3.5, abs e nt e nd-dias tolic or re ve rs e d flow ).11

Cardiac troponin T (cTnT)

During labor or jus t be fore  e le ctive  cae s are an s e ction,
2m l of m ate rnal cubital ve in blood w e re  draw n th e n
im m e diate ly afte r de live ry and afte r cord clam ping,
UA blood s am ple s  of ≥  1 m l w e re  draw n and both
blood s am ple s  w e re  ce ntrifuge d and s e rum    s tore d
at -80°C.
Se rum  cTnT conce ntrations  w e re  m e as ure d w ith
com m e rcially available  e nz ym e -link e d im m unos orbe nt
as s ay k its  (Enz ym um -Te s t Troponin T; Boe h ringe r
Diagnos tics , M annh e im , Ge rm any) according to
m anufacture r’s  ins tructions
Th e  cut-off le ve l for m ate rnal ve in and um bilical arte ry
cTnT w as  s e t at 0.10 ng/m l,  w h ich  h as  be e n us e d as
a le ve l of clinically s ignificant m yocardial ce ll dam age
in adult patie nts

Fe tal Non-Stre s s  te s t

Th e  Fe tal Non-Stre s s  te s t is  a s im ple , non-invas ive
te s t pe rform e d in pre gnancie s  ove r 28 w e e k s  ge s tation.
Th e  te s t is  nam e d “non-s tre s s ” be caus e  no s tre s s  is
place d on th e  fe tus  during th e  te s t. Th e  te s t involve s
attach ing one  be lt to th e  m oth e r’s  abdom e n to m e as ure
fe tal h e art rate  and anoth e r b e lt to m e as ure
contractions . Move m e nt, h e art rate  and “re activity” of
h e art rate  to m ove m e nt is  m e as ure d for 20-30
m inute s .15

Cae s arian Se ction, am ong th e m  tw o patie nts  be longe d
to GI group and indication w as  h is tory of pre vious  tw o
C.S, five  cas e s  be longe d to GII for abruptio place ntae
and faile d induction afte r pre m ature  rupture  of
m e m brane s  and pre e clam ps ia w ith  re fractory
h ype rte ns ion, w h ile  e igh t cas e s  w e re  from  GIII for
s e ve re  ante partum  fe tal com prom is e  (s ix of th e m ) and
abruptio place ntae  (re m aining tw o cas e s ).
Out of th e  nine  ne onate s  adm itte d to NICU, th re e
cas e s  (tw o from  GII and one  from  GIII) w e re  s h ifte d
to inte rm e diate  care  afte r couple  of days  and w e re
dis ch arge d afte r th re e  w e e k s . In th e  re m aining s ix
cas e s  from  GIII, th re e  e xpire d pos tnatally at day four,
tw o cas e s  de ve lope d brain de ath  and one  cas e
de ve lope d ce re bral pals y.
Th e  re s ults  of th is  s tudy w e re  colle cte d and s tatis tically
analyz e d as  de cribe d in th e  follow ing table s , and
(Fig.1), (Fig. 2) and (Fig. 3a and b).

Figure  1: M e an ± SD of m ate rnal and ne onatal UA cardiac troponin
T le ve l in control and s tudy groups

Re s ults

All w om e n include d in th is  s tudy w e re  de live re d in th e
h os pital. O ut of th e m  15 cas e s  w e re  de live re d by

Figure  2:  s h ow s  abs e nt e nd -dias tolic flow  in UA in s e ve re
place ntal ins ufficie ncy
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3(b)

Figure  3(a): s h ow s  trans m itte d atrial puls ations  in intra-abdom inal
portion of fe tal um bilical ve in. 3(b): Corre lation of trans m itte d atrial
puls ations  in intra-abdom inal portion in s e ve re  fe tal com prom is e .

3(a)

Table 1, s h ow s  th e  de m ograph ic data of all groups .

Th e y w e re  com parable  in m ate rnal age s  (M. age ) and

parity. Th e re  w e re  h igh ly s ignificant diffe re nce  be tw e e n

GI and GIII re garding ge s tational age  (GA) at de live ry

and birth  w e igh t (BW t). Th e  incide nce  of cae s are an

s e ction (C.S) w as  s ignificantly h igh e r in GIII m os tly

due  to fe tal com prom is e . Mate rnal cardiac troponin T

conce ntrations  w e re  norm al (le s s  th an 0.10 ng/m l) in

all groups .

Table  1: De m ograph ic data

Group I (n=20) Group II (n=20) Group III (n=10)
M. age  (m ±SD)
GA at de live ry (w k M±SD)
C.S
BW t (gm ) (M±SD)
Parity (M±SD)
Mate rnal cTnT (ng/m l)
(M±SD)

28.3 ± 2.5
37.5 ± 2.1
2(10% )
29 50 ± 244
2.1 ± 1.1
0.03 ± 0.015

29 .4 ± 3.5
36.1 ± 3.1
5 (25% )
2810 ± 206
1.9  ± 1.7
0.04 ± 0.014

27.6 ± 2.8
34.6 ± 1.8
8 (80% )
19 70 ± 320
2.2 ± 1.4
0.02 ± 0.005

H igh ly s ignificant us ing t te s t (P<0.01)

Dis cus s ion

Fe tal cardiac and place ntal circulation are  inte rcon-
ne cte d th rough  th e  um bilical arte rial and ve nous
vas culature  abnorm alitie s  of um bilical arte rial ve locitie s
particularly re lative  de cre as e  in dias tolic ve locity
com pare d w ith  s ys tolic ve locity h as  be e n as s ociate d
w ith  incre as e  in pe rinatal m orbidity and m ortality.
H ow e ve r, fe tus e s  w ith  com prom is e  are  not cons is te ntly
ide ntifie d by m e ans  of um bilical arte rial ve locity
e xam ination. Re ce ntly it h as  be e n dis cove re d th at
alte rations  in um bilical ve nous  blood flow  ve locitie s
are  not only pre s e nt in fe tus e s  w ith  w ith  abnorm al
um bilical arte rial circulation but als o in fe tus e s  w ith
cardiac dys function lik e  abnorm alitie s  of cardiac rate
(h e art rate  m ore  th an 180 be ats  / m inute  or le s s  th an
120 be ats  /m inute ), in patie nts  w ith  pre m ature  atrial
contractions , h e art block .8

A cons is tant finding in fe tus e s  w ith  um bilical ve nous
puls ations  w as  an abnorm al incre as e  in th e  ve locity
of re ve rs e  flow  of blood into th e  infe rior ve na cava w ith
atrial contraction w h ich  m ay be  s e condary to abnorm al
um bilical arte rial circulation or cardiac dys function, but
in fe tus e s  w ith  cardiac dys function lik e  com ple te  h e art

In Table  3, th e  Apgar s core  afte r 1 and 5 m inute s  and

cord blood pH  w e re  s ignificantly low e r in GIII. Ne onatal

UA troponin T le ve l at de live ry s h ow e d s ignificant

incre as e  in GIII.

Table  3: ne onatal outcom e

Table  2: NST and Dopple r indice s

4
6
4
6

GI GII GIII

NST

UA S/D ratio

Re as s uring
Non re as s uring
Satis factory (<3.5)
Uns atis factory (>3.5)

19
1
18
2

15
5
14
6

Th e  Non Stre s s  Te s t (NST) re s ults  and th e  Dopple r

UA S/D ratio w e re  s ignificantly diffe re nt be tw e e n GI

and GIII as  s h ow n in Table  2.

Group I (n=20) Group II (n=20) Group III (n=10)
Apgar s core  (1m in) (M±SD)
Apgar s core  (5m in) (M±SD)
UA cord blood pH  (M±SD)
NICU adm is s ion
Ne onatal UA troponin
(M±SD)

8.2 ± 1.1
8.7 ± 0.5
7.15 ± 0.02
0
0.02 ± 0.004

7.8 ± 1.9
8.1 ± 1.6
7.1 ± 0.08
2
0.03 ± 0.02

4.6 ± 1.2
5.3 ± 1.8
6.75 ± 0.09
7
0.15 ± 0.03

H igh ly s ignificant us ing X 2

H igh ly s ignificant us ing t te s t P<0.01
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In th is  s tudy s e rum  troponin T conce ntrations  w e re
incre as e d s ignificantly in ne onate s  (cTnT>0.10 ng/m l)
w h o h ad trans m itte d puls ations  in fe tal intra-abdom inal
part of um bilical ve in, s ugge s ting fe tal m yocardial ce ll
dam age , w ith  th e  h igh e r le ve ls  in fe tus e s  w ith  m ore
s e ve re r form s  of place ntal ins ufficie ncy, s h ow ing abs e nt
e nd-dias tolic or re ve rs e d flow  in UA in GIII (2 cas e s
and one  cas e  re s pe ctive ly)
Ge s tational age  at de live ry, birth  w e igh ts , Apgar s core s
and um bilical arte ry pH  value s  w e re  s ignificantly low e r
in fe tus e s  w ith  e le vate d um bilical arte ry cTnT le ve ls
th an in fe tus e s  w ith  norm al cTnT value s  (<0.10 ng/m l).
Mate rnal troponin T conce ntrations  w e re  w ith in norm al
le ve ls , e ve n in cas e s  in w h ich  ne onatal troponin T
le ve ls  w e re  incre as e d, w h ich  de m ons trate s  th at th e
um bilical arte ry troponin T m e as ure d in ne onate s  w as
not of m ate rnal origin
Mode  of th e  de live ry and GA did not affe ct cTnT
conce ntrations  in ne onate s  born for GI and GII.
Ne onatal inte ns ive  care  unit (NICU) adm is s ion w as
s ignificantly h igh e r in GIII.
W e  notice d th e  puls ating patte rn in fe tal intra-abdom inal
part of um bilical ve in in 6 cas e s  of s e ve re  place ntal
ins ufficie ncy as  s h ow n by bad non-s tre s s  te s t and
abnorm al Dopple r of UA. Th e  outcom e  w as  poor in
th e s e  cas e s . Th e s e  re s ults  are  in agre e m e nt w ith  one
s tudy w h ich  conclude d th at puls ating ve nous  patte rn,
e xte nde d to th e  intra-abdom inal part of th e  um bilical
ve in, is  an om inous  finding in h igh -ris k  pre gnancy and
is  as s ociate d w ith  poor pe rinatal outcom e .17

Ve locim e tric m odifications  in th e  fe tal ve nous
com partm e nt cons titute  a re le vant prognos tic s ign in
th e  pre diction of pe rinatal m ortality and ne onatal
re s us citation. Th e  furth e r th e  ve s s e ls  com prom is e d
are  from  th e  h e art, th e  h igh e r is  th e  re lative  ris k  for
pe rinatal m ortality, th at m ay re ach  up to 9 5%  w h e n
puls ations  are  obtaine d on th e  um bilical ve in.18

Um bilical ve nous  puls ations  w e re  s ugge s ting adve rs e
outcom e  of s e ve re ly com prom is e d fe tus e s .19

Th e  las t tw o s tudie s  are  m atch e d w ith  th e  re s ults
obtaine d in th is  s tudy.
Ch ange s  in dias tolic ve nous  blood ve locity and puls ation
in th e  um bilical ve in w e re  clos e ly re late d to pe rinatal
m ortality.20 Th e s e  findings  are  s im ilar to our findings
w h e re  all th e  fe tus e s  w ith  puls ations  in th e  intra-
abdom inal part of um bilical ve in w e re  adm itte d

im m e diate ly to th e  NICU w h e re  th e y w e re  ve ntilate d
on h igh  ve ntilator param e te rs .
In norm al pre gnancie s  w ith  uncom plicate d de live rie s ,
ne onatal troponin T conce ntrations  w e re  not s ignificantly
incre as e d (<0.10 ng/m l).
Mate rnal h ype rte ns ive  dis orde rs  and pre e clam ps ia,
w ith  or w ith out s igns  of place ntal ins ufficie ncy and w ith
norm al um bilical ve nous  re turn, w e re  not re late d to
clinically s ignificant e le vations  of ne onatal troponin T
conce ntrations . O n th e  oth e r h and, w h e n th e s e
pre gnancy com plications  w e re  as s ociate d w ith
abnorm al fe tal um bilical ve nous  re turn, ne onatal
troponin T conce ntrations  w e re  clinically s ignificantly
incre as e d.5 Th e s e  findings  are  in agre e m e nt w ith  th e
re s ults  of th is  s tudy

Conclus ion and
re com m e ndation

Se ve re  de te rioration of place ntal function, le ads  to
de cre as e  in both  righ t and le ft ve ntricular cardiac
output (conge s tive  h e art failure ), and incre as e d fe tal
s ys te m ic ve nous  pre s s ure .
Th e  pre s e nce  of puls ations  in th e  intra-abdom inal part
of th e  um bilical ve in is  an om inous  Dopple r s ign for
fe tal outcom e  in cas e s  of pre e clam ps ia w ith  place ntal
ins ufficie ncy as  it is  us ually as s ociate d w ith  b io-
ch e m ically de te ctable  fe tal m yocardial dam age  and
m andate s  prom pt de live ry in h os pital w ith  w e ll-e q uippe d
ne onatal inte ns ive  care  unit.
Th is  s tudy re com m e nds  th at th e  optim al tim ing of
de live ry in cas e s  of pre e clam ps ia w ith  place ntal
ins ufficie ncy s h ould be  be fore  th e  appe arance  of
trans m itte d atrial puls ations  in th e  intra-abdom inal
portion of th e  um bilical ve in and s h ould de pe nd on
oth e r Dopple r param e te rs  in th e  fe tal circulation th at
could pre ce de  th e  de ve lopm e nt of th is  bad prognos tic
s ign.
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