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ABSTRACT

A m n io tic  pressure (AP) has been assum ed to  be ra ised in  
b o th  oligohydram nios and polyhydram nios, b u t has no t p reviously 
been m easured. The aim s o f th is  thesis were (i) to  characterize AP 
in  hum an  pregnancies w ith  no rm a l am n io tic  flu id  vo lum e (ii) to 
com pare w ith  th is  AP in  pregnancies w ith  abnorm al am n io tic  flu id  
volum e and (iii) to  investigate the re la tionsh ip  o f abnorm al AP w ith  
the  com plica tions o f d isorders o f am n io tic  flu id  vo lum e. AP was 
m easured d u ring  invasive procedures by a flu id  m anom etry system  
attached to  a needle positioned w ith in  the am nio tic  cavity.

In  pregnancies w ith  n o rm a l a m n io tic  flu id  vo lum e, AP 
increased  w ith  advancing  gesta tion , b u t was n o t re la te d  to 
am n io tic  flu id  volum e. In  com parison, AP was s ig n ific a n tly  h igher 
in  p regnancies w ith  po lyhyd ram n ios and low er in  those w ith  
o ligohydram nios, the degree o f abno rm a lity  in  AP co rre la tin g  w ith  
the  severity o f derangem ent in  am niotic flu id  volum e; fu rthe rm ore , 
AP re tu rn e d  tow ards norm a l w ith  drainage and in fu s io n  o f flu id  
respective ly.

In  p o lyh yd ra m n io s , a m n io tic  p ressu re  w as n e g a tive ly  
corre la ted  w ith  fe ta l pC>2 and pH, suggesting th a t ra ised AP m ay 
im p a ir u te rop lacen ta l perfusion . In  pregnant sheep however, fe ta l 
ac id /base  s ta tus was unalte red when AP was acu te ly elevated by 
am nio in fus ion .

In  h u m a n  p re g n a n c ie s  c o m p lic a te d  b y  seve re  
o ligohydram nios, resto ra tion  o f am niotic flu id  volum e d id  n o t a lte r 
the  incidence o f fe ta l b rea th ing  m ovem ents o r D oppler ind ices o f 
u m b ilic a l a rte ry  downstream  resistance; together w ith  the  fin d in g  
o f low  AP, these resu lts  challenge the concept o f fe ta l com pression 
in  o lig o h yd ra m n io s  th a t has become w id e ly  accepted in  the  
lite ra tu re . In  o rde r to  determ ine w he the r lu n g  h yp o p la s ia  in  
o ligohydram nios is caused by low  am niotic pressure d is tu rb in g  the 
trachea l-am n io tic  pressure gradient, fe ta l sheep were subjected to 
ch ron ic  pharyngeal drainage a t subam niotic pressures, b u t th is  had 
no effect on lu n g  development. Tha t trachea l drainage affects lung  
developm ent was confirm ed, b u t no evidence fo r th is  effect being 
v ia  a reduction  in  fe ta l breath ing could be obtained.

I t  is  concluded  th a t a m n io tic  p ressu re  is  e levated in  
po lyhydram nios and reduced in  oligohydram nios.
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW

1.1 Invasive procedures in  the study o f human fe ta l physiology
The study o f hum an feted physiology has u n til recen tly  been 

lim ite d  b y  th e  re la tiv e  in a c c e s s ib ility  o f th e  in tra u te r in e  
environm ent. Experim enta l studies in  anim als have provided m uch 
o f w ha t is  know n, a lthough find ings in  p redom inan tly  non -p rim ate  
species are no t always applicable to  hum an fetuses. S tud ies in  
hum an pregnancy have necessarily been in d ire c t, based e ith e r on 
u ltra s o n ic  observation o f fe ta l behaviour, o r on in ferences m ade 
from  biochem ical changes in  am niotic flu id .

D u rin g  the early 1980s, advances in  u ltra so u n d  re so lu tio n , 
toge ther w ith  increasing  experience w ith  invasive procedures in  
c o n tin u in g  hum an pregnancies, fa c ilita te d  the  developm ent o f 
u ltraso u n d -g u id ed  fe ta l blood sam pling (Daffos et a l 1985). The 
s im p lic ity  and re la tive  safety o f th is  procedure soon led to  an 
expansion in  its  usage and ind ica tions. S im ila r u ltrasound -gu ided  
need ling  procedures were applied fo r sam pling  fe ta l s k in  (Bang 
1985), liv e r (Golbus et a l 1988), u rin a ry  tra c t (G lick et a l 1985), 
and body cavities (Benacerraf et al 1986), w h ile  a lim ite d  num ber 
o f th e ra p e u tic  procedures were in troduced  (M anning e t a l 1986, 
N icolaides et a l 1986, Rodeck et al 1988).

A lthough  the am niotic cavity has been accessible fo r several 
decades, its  s tudy has been largely lim ited  to  gestations a t w h ich  
o ld e r sa m p lin g  p rocedures were p e rfo rm e d : 16 w eeks fo r
am niocentesis fo r ka ryo typ ing  (Steele &  Breg 1966) and a lpha - 
fe to p ro te in  d e te rm in a tio n  (B rock &  S u tc liffe  1972), the  th ird  
trim e s te r fo r am niocentesis fo r m o n ito rin g  Rh a llo im m u n iza tio n  
(L iley 1961) and fe ta l lung  m a tu rity  (G luck e t a l 1971), and te rm  
fo r in tra p a rtu m  pressure m on ito ring  v ia  an in tra u te rin e  ca the te r 
(T u rn b u ll 1957). The advent o f m odern u ltrasound-gu ided  invasive 
p rocedu res how ever, re c e n tly  rendered th e  a m n io tic  c a v ity  
accessible to s tudy  over a broader range o f gestation. In  the second 
and th ird  trim este rs, the am niotic cavity is  frequen tly  traversed en 
rou te  to the sam pling site d u ring  fe ta l d iagnostic and th e ra p e u tic  
procedures, w h ile  am niocentesis fo r cytogenetic  s tu d y  is  now  
te ch n ic a lly  possib le  in  the f irs t trim e s te r (Hanson et a l 1987). 
The recent recogn ition  th a t o ligohydram nios (H ackett e t a l 1987, 
G em bruch &  H ansm ann 1988) and po lyhydram nios (Landy e t a l 
1987, C arlson et a l 1990) are themselves in d ica tio n s  fo r invasive
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d iagnostic  procedures, now perm its investiga tion  o f th e  am nio tic  
cav ity  in  pregnancies w ith  abnorm al am niotic flu id  volum e.

The access to  the  fe ta l and in tra u te rin e  e n v iro n m e n t 
a fforded b y  m odern invasive procedures has opened up  several 
areas o f p rev iously  unstud ied  physiology and m edicine. T h is  has 
fa c ilita te d  recen t s tu d ie s  o f fe ta l haem ato logy, b io ch e m is try , 
endocrino logy, im m unology, etc, as reviewed elsew here (Rodeck 
&  N ico lin i 1988, F isk  &  Rodeck 1992), and m a jo r c o n trib u tio n s  
have been made tow ards unders tand ing  the  pa thophys io logy o f 
a llo im m u n iza tio n  and in tra u te rin e  grow th re ta rd a tio n  (IUGR). The 
p ressure  in  the a m n io tic  flu id  su rro u n d in g  the  fe tu s , a lth o u g h  
w id e ly  s tu d ie d  w ith  reference to  u te rin e  c o n tra c tility  and 
m ate rna l physiology (Csapo 1970), has no t been considered from  a 
fe ta l view poin t.

1.2 A m niotic pressure
A lth o u g h  a m n io tic  p ressure  (AP) has been e x te n s ive ly  

investiga ted  over the  la s t fo u r decades, the  em phasis has been 
a lm ost exclusive ly on its  change w ith  u te rin e  a c tiv ity . N um erous 
stud ies o f in tra u te rin e  pressure have been perform ed in  la b o u rin g  
wom en a t te rm  v ia  a needle or catheter inserted tra n sa b d o m in a lly  
in to  the a m n io tic  ca v ity  (W olf 1940, A lvarez &  C aldeyro 1950, 
C aldeyro-B arcia  &  A lvarez 1952, H endricks et a l 1959, H endricks 
e t a l 1962), o r tra n sce rv ica l ca the te rs in se rte d  e ith e r e x tra - 
a m n io tica lly  or in  pa tien ts  w ith  ru p tu re d  m em branes (W illiam s &  
S ta llw o rth y  1952, T u rn b u ll 1957, Csapo 1970, S teer et a l 1978). 
AP has also been stud ied in  the firs t and second trim e s te r p rio r to 
o r d u rin g  te rm in a tio n  o f pregnancy (Bengtsson &  Csapo 1962, 
W iq v is t &  E riksso n  1964, T u rn b u ll &  A nderson  1965, Csapo 
1969). The ra tio n a le  fo r these in v e s tig a tio n s  w as th e  
ch a ra c te riza tio n  o f p ressure changes d u rin g  spontaneous and 
pharm acolog ica lly-induced contractions. Resting AP has o n ly  been 
s tud ied  as a baseline against w h ich  the effects o f oxytocic drugs 
w ere assessed (H eilm an et a l 1957, H endricks &  G abel 1960, 
Csapo &  Sauvage 1968). A ll these repo rts  p resen t AP read ings 
g raph ica lly , w ith  typ ica l scales o f 0 to 100-250 m m  Hg rendering  
accurate  in te rp re ta tio n  o f resting  AP im possib le. A no the r prob lem  
has been the  la ck  o f u n ifo rm  reference p o in t. A lth o u g h  some 
standard ized readings a t the m aterna l u m b ilicu s  (H eilm an et a l 
1957), o r aga inst m aterna l in trape ritonea l o r in traves ica l pressure 
(Alvarez &  Caldeyro 1950, C aldeyro-Barcia &  A lvarez 1952), m ost
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deemed no reference po in t necessary to  ca lcu la te  changes in  AP 
w ith  con tractions.

The p a tte rn  o f deve lopm ent o f re s tin g  AP th ro u g h o u t 
gesta tion  has n o t ye t been characterized. A lth o u g h  a va rie ty  o f 
geom etric shapes have been used to  describe the  u te rin e  ca v ity  
(Anderson et al 1967), m ost authors accept th a t, in  order to  app ly  
Lap lace 's law , the  u te ru s  m ay be considered to  be a sphere 
(R eyno lds 1946, C oren &  Csapo 1963, Csapo 1970), a 
m athem atica l s im p lifica tio n  o f the com posite ra d ii, w h ich  has no 
consequence fo r AP. Pressure w ith in  the sphere is  th u s  a fu n c tio n  
o f T /r ,  w here T  is  the w a ll tension and r  the ra d iu s . The in it ia l 
a p p lica tio n  o f th is  law  to n o n -liv in g  m a tte r held th a t pressure fe ll 
w ith  increasing  r, and th is  was the basis fo r an assum ption  th a t 
re s tin g  AP fa lls  in  la te  gesta tion  (Reynolds 1946). T h is  s im p le  
h yd ro s ta tic  m odel however is  com plicated w ith  a m uscu lo -e las tic  
s tru c tu re  like  the u te rus, by the effects o f s tre tch  (increasing r) on 
T. T h is  in  tu rn  is  m odulated by w a ll th ickness, m yom e tria l ce ll 
leng th , and the effects o f pregnancy horm ones (Reynolds 1965). 
F u rthe rm ore , d is tension  (im p lying  an increase in  pressure) is  an 
im p o rta n t s tim u lu s  fo r u te rin e  grow th (Reynolds &  K am inenste r 
1936) and th u s  fu rth e r increase in  r. Therefore the  developm ent 
o f AP in  pregnancy reflects the re la tive ra te  o f change o f T /r .  On 
th is  basis i t  has a lte rna tive ly  been suggested th a t AP rises in  la te  
pregnancy w ith  tension  increasing  a t a greater ra te  th a n  ra d iu s  
(Anderson et a l 1967). AP has no t been m easured system atica lly  in  
hum an pregnancy, no r have m easurem ents o f T  and r  been made 
to  a llow  ca lcu la tion  o f AP.

1.3 A m niotic flu id

1 .3 .i Source and control
The facto rs de te rm in ing  regu la tion  o f a m n io tic  flu id  vo lum e 

in  n o rm a l p regnancy re m a in  p o o rly  u n d e rs to o d . In  e a rly  
pregnancy, am niotic flu id  is considered firs tly  a m ate rna l d ia lysate, 
and th e n  a fe ta l tra n su d a te , since its  co m p o s itio n  c lo se ly  
resem bles th a t o f m aterna l and then feta l serum  (Lind 1972). A fte r 
20-25 weeks w ith  progressive im pe rm eab ility  o f the  fe ta l s k in  to  
w a te r and solutes (Parmley &  Seeds 1970), am nio tic  flu id  becomes 
in c re a s in g ly  hypo ton ic  w ith  greater concen tra tions o f u rea  and 
crea tin ine , im p lica tin g  fe ta l u rin e  as the m a jo r c o n trib u to r (L ind 
1971, Benzie et a l 1974). C erta in ly, fa ilu re  o f fe ta l u rin a tio n  re su lts
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in  o lig ohyd ram n ios  in  b o th  c lin ic a l (Perlm an &  Levin  1974, 
Thom as &  S m ith  1974) and experim ental stud ies (M inei &  S uzuk i 
1976, H arrison  et a l 1983). Radioisotope stud ies in  b o th  hum an  
and ovine near-te rm  fetuses suggest th a t 550-650 m l/d a y  o f u rin e  
enters the  am n io tic  cavity  (Tomoda et a l 1987, A bram ovich  e t a l 
1978). E xtrapo la tion  from  u ltrason ic  studies repo rtin g  hum an fe ta l 
u rin e  p roduction  rates o f up to 50 m l/h o u r (R abinow itz et a l 1989, 
N ico la ides et a l 1990) suggests a h ig h e r fig u re , b u t takes no 
account o f the know n d iu rn a l va ria tion  in  fe ta l u rin e  p ro d u c tio n  
(C ham berlain et a l 1984a).

Fetal sw allow ing has long been recognized as a m a jo r rou te  o f 
clearance o f am n io tic  flu id . Radio-opaque dye is  observed in  the  
fe ta l in te s tin e s  w ith in  20 m inu tes o f in tra -a m n io tic  in je c tio n  
(M cLain 1963). Hum an fetuses w ith  lesions preventing  sw allow ing 
o ften  develop po lyhydram nios (Moya et a l 1960, P ritch a rd  1966), 
a lthough  the same does no t occur in  experim enta l an im als (M inei 
&  S uzuki 1976, W in tou r et a l 1978). However, ra d io -trace r stud ies 
in d ica te  th a t near-te rm  hum an fetuses sw allow  234-326 m l less 
per day th a n  they void (G itlin  et a l 1972, Abram ovich et a l 1979), 
th is  d iscrepancy suggesting add itiona l pathw ays o f clearance. The 
re s p ira to ry  tra c t is  n o t a site  o f ne t re so rp tio n  o f s ig n ific a n t 
am ounts o f am n io tic  flu id  (Abram ovich 1970); indeed there  is  a 
ne t o u tflo w  o f lu n g  liq u id  from  the fe ta l trachea, ca lcu la ted  as a 
200-345 m l/24 hours in  the la te gestation sheep (H ard ing e t a l 
1984a, H ard ing  et a l 1986a), a lthough  sw allow ing m ay p reven t 
m uch  o f th is  reach ing the am n io tic  ca v ity  (Adam s et a l 1967, 
H ard ing et a l 1984b).

The m em branes are perm eable to  w ater and low  m o lecu la r 
w e ig h t so lu te s  (Seeds 1970, A b ram ovich  e t a l 1976), and 
s ig n ific a n t b u lk  flow  occurs between the  m a te rn a l, fe ta l and 
a m n io tic  com partm ents (H u tch inson  e t a l 1959, Seeds 1980), 
p r im a r ily  in  response to  osm otic and h y d ro s ta tic  g ra d ie n ts  
(B a tta g lia  et a l 1960, S chruefer et a l 1972, K erenyi &  M usna i 
1975, Basso et a l 1977, Ross et a l 1983). C onsisten t w ith  th is  is  
th e  s trong  co rre la tio n  between m a te rn a l p lasm a vo lum e and 
am n io tic  flu id  volum e observed in  hum an pregnancies w ith  b o th  
no rm a l and abnorm al quan tities  o f am nio tic  flu id  (G oodlin e t a l
1983). Fo llow ing  in tra -a m n io tic  iso ton ic  in fu s io n , Tom oda e t a l 
(1987) ca lcu la ted  th a t b u lk  flow  across the  m em branes was 
responsib le  fo r m ore than  h a lf the  clearance o f in fu se d  flu id .
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G ilb e rt and Brace (1989) dem onstra ted in  sheep th a t d is tille d  
w a te r in fused in tra -a m n io tica lly  was ra p id ly  absorbed in to  the fe ta l 
c ircu la tio n ; th is  was la te r followed by a sm all decrease in  m aterna l 
osm ola lity , w h ich  was n o t present in  those an im als in  w h ich  the 
fe tus had been k ille d  beforehand. They there fo re  proposed th a t 
the  tra n sm e m b ra n o u s  pathw ay from  the a m n io tic  ca v ity  to  the 
m ate rna l c ircu la tio n  was no t a m ajor route  fo r flu id  flow , b u t th a t 
th e  in t r a m e m b ra n o u s  ro u te  fro m  the  a m n io tic  c a v ity  v ia  
vascularized membranes in to  the fe ta l c ircu la tio n  was. In  a s im ila r 
e xp e rim e n t in v o lv in g  dehydra ted  fe tuses, Ross e t a l (1991) 
s im ila rly  considered th a t the rap id  absorp tion  o f in tra -a m n io tica lly  
a dm in is te red  sa line was v ia  the in tram em branous rou te , since 
s w a llo w in g  ra te s  rem a ined  depressed. T h is  suggests th a t 
a lte ra tio n s  in  am nio tic  flu id  volum e in  response to  a lte ra tio n s  in  
m ate rna l flu id  balance (Bell e t al 1984, Stevens &  Lum bers 1987) 
m ay occur v ia  th e ir effect on fe ta l flu id  balance.

C u rre n t evidence p o in ts  to the fe tus having  considerab le  
au tonom y in  flu id  hom eostasis. In  th is  regard, the  fe tus is  able to 
decrease its  u rine  p roduction  by releasing vasopressin in  response 
to  fe ta l h yp o vo la e m ia  (S chroeder e t a l 1984), m a te rn a l 
h y p e rto n ic ity  (Lum bers &  Stevens 1983), and m a te rn a l w a te r 
d e p riva tio n  (B ell et a l 1984, Stevens &  Lum bers 1985), and 
increase i t  in  response to  hypervolaem ia, e lim in a tin g  w a te r and 
e le c tro ly te s  in fused  on a lo ng -te rm  basis th ro u g h  its  k idneys 
ra th e r th a n  across the placenta (Brace 1989). Feta l sw allow ing and 
vo id ing  rates seem tig h tly  coupled w ith in  in d iv id u a l s tud ies (G itlin  
e t a l 1972, Abram ovich 1970, Tomoda et a l 1987), suggesting th a t, 
despite o u r lack o f understand ing  o f the  facto rs  d e te rm in ing  fe ta l 
sw a llo w in g  (Ross et a l 1989), th e ir  c o n tro l m ay be re la te d . 
F urtherm ore , fe ta l sw allow ing and vo id ing  ra tes have been show n 
to  increase  in  co n ce rt in  response to  in tra -a m n io tic  and 
in tra va scu la r flu id  loads (G ilbert &  Brace 1988, Brace 1989).

The re la tive  constancy o f am nio tic  flu id  vo lum e a t any one 
stage d u rin g  pregnancy, in  the presence o f a h ig h  tu rn o ve r ra te  
and a large num ber o f p o te n tia l pathw ays o f exchange, ind ica tes 
rem arkable  coord ina tion  in  its  contro l. The lite ra tu re  suggests th a t 
such  co n tro l m ay be m a in ly  determ ined by th e  s ta te  o f fe ta l 
hydra tion .

1.3 .ii Norm al volume
A m n io tic  flu id  volum e has been m easured in  no rm a l hum an
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pregnancy, by d ire c t co llection  a t hystero tom y (W agner &  Fuchs 
1962, Abram ovich 1968), and by a va rie ty  o f ind ica to r-dye  d ilu tio n  
techn iques in  co n tin u in g  pregnancies (M arsden &  H u n tin g fo rd  
1965, Queenan e t a l 1972). As the variance  in  a m n io tic  flu id  
vo lum e th ro u g h o u t gestation could no t be characterized from  any 
s ing le  s tudy, B race et a l (1989) re cen tly  pooled da ta  on 705 
a m n io tic  flu id  volum es from  12 pub lica tions. M ean am n io tic  flu id  
volum e increased ra p id ly  to 630 m l a t 22 weeks, and then  m ore 
s low ly  to  a peak o f 817 m l a t 33 weeks, dec lin ing  th e re a fte r to  
715 m l a t 40 weeks. The 95% reference range, derived around  a 
log transform ed fo u rth  degree po lynom ia l, ind ica ted  a w ide range 
o f no rm a l volum es, encom passing values w ith in  the range 1 /2 .5 7  
to  2 .57 tim es the m ean volum e a t any given gesta tiona l age (for 
exam ple 318-2100 m l a t 30 weeks).

1.4 Abnorm al am niotic flu id  volume

lA . t  Measurement 
A n abnorm a l am oun t o f a m n io tic  flu id  cou ld  s im p ly  be 

defined as an a m n io tic  flu id  volum e outside the  reference range 
(Brace 1989). However, q u a n itita tio n  o f am nio tic  flu id  vo lum e is  
n o t perfo rm ed in  c lin ic a l p rac tice , since i t  necessita tes tw o 
am niocenteses w ith  a ttendant risks  (Queenan et a l 1972, K irshon  
et a l 1990), and re lies on the dubious supposition  th a t com plete 
m ix in g  o f the ind ica to r-dye  occurs w ith in  a 15-30 m inu te  in te rv a l 
(C harles &  Jacoby 1966, Q ueenan et a l 1972). A cco rd in g ly , 
d e fin itio n s  o f increased and decreased am n io tic  flu id  volum e are 
based on non-invasive  c rite ria . C lin ica l assessm ent is  considered 
in a ccu ra te , w h ile  c a lc u la tio n  o f to ta l in tra u te rin e  vo lum e is  
cum bersom e, p o o rly  reproduc ib le , and requ ires  an outm oded 
s ta tic  scanner (Gohari et a l 1977, Grosm an et a l 1982). U sing rea l 
tim e  u ltrasound , subjective assessment o f am nio tic  flu id  volum e as 
n o rm a l, increased, o r decreased is  in  w idespread usage. Several 
sem i-q u a n tita tive  scoring systems have been proposed, based on 
the  d im ensions o f the  largest pocket o f am n io tic  flu id  (C row ley 
1980, M ann ing et a l 1981). A lthough th e ir re p ro d u c ib ilty  is  lit t le  
b e tte r than  th a t o f subjective c lassifica tions (H a lperin  et a l 1985, 
G oldste in  &  F illy  1988) and they make no reference to  gesta tiona l 
age (Bottom s et a l 1986), these se m i-q u a n tita tive  system s have 
provided the objective c rite ria  by w h ich  abnorm a lities o f am n io tic  
flu id  volum e have u n til recently been classified and graded.
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1.4.u D efin ition
P olyhydram nios has been a rb itra r ily  defined as a deepest 

ve rtica l pool m easuring > 8 cm (C ham berlain et a l 1984b, H ill et 
a l 1987), w h ile  o ligohydram nios has been va rio u s ly  defined as a 
deepest pool devoid o f cord o r lim b s  m easuring  <3, 2, o r 1 cm 
(C row ley 1980, M ann ing  e t a l 1981, C ham berla in  et a l 1984c), 
th e  m ore s trin g e n t o f these in d ic a tin g  m odera te  to  severe 
o ligohydram n ios (H oddick et a l 1984). The a m n io tic  flu id  index 
(AFI), the  sum  o f the deepest ve rtica l pool in  each o f 4 quadrants, 
was in it ia lly  developed fo r use in  la te  pregnancy to  increase the 
se n s itiv ity  o f detection o f o ligohydram nios (Phelan et a l 1987), b u t 
a recent m o d ifica tio n  allow s i t  to  be used th ro u g h o u t pregnancy 
w ith  good re p ro d u c ib ility  (Moore &  Cayle 1990). The regression 
curve between AFI and gesta tiona l age is  s im ila r in  shape to  th a t 
between am n io tic  flu id  volum e and gesta tiona l age (Brace 1989), 
and has been used to derive a reference range fo r norm al AFI from  
16-42 weeks (Moore &  Cayle 1990). The AFI appears su p e rio r to  
the  deepest pool in  diagnosis and c lass ifica tion  o f severity  o f b o th  
o ligohydram nios and po lyhydram nios (Moore 1990, C arlson e t a l 
1990).

1.5 Polyhydram nios

1.5.L Prevalence
The prevalence o f po lyhydram nios varies depending on the 

d ia g n o s tic  c r ite r ia  em ployed. O lder s tu d ie s , w h ich  used the  
sub jective fin d in g  o f > 2 litre s  o f am nio tic  flu id  a t de live ry (Moya 
et a l 1960, Q ueenan &  Gadow 1970), repo rt prevalences o f 0 .25- 
0.7%  (B arry 1958, M urray 1964, Jacoby &  Charles 1966, Queenan 
&  Gadow 1970). U ltra so un d  stud ies, seem m ore sensitive , w ith  
prevalences o f 1.0-3.2%  reported  us ing  the  8 cm  pool d e fin itio n  
(C ham berla in  e t a l 1984b, H ill et a l 1987). Indeed, M oore e t a l 
(1990) fo u n d  an A F I > 9 5 th  ce n tile  in  6.5%  o f a h ig h -r is k  
p o p u la tio n  scanned fo r va rio u s  in d ic a tio n s . P o lyh yd ra m n io s  
com plicates 9-13%  o f tw in  pregnancies assessed on u ltra s o u n d  
(Hashim oto e t a l 1984, Schneider et a l 1985). As a ll these figu res 
m ay be in fluenced by re fe rra l bias, H ill e t a l (1987) have estim ated 
th a t po lyhydram nios occurs in  0.9%  o f th e ir non-re ferred pa tien ts , 
and H ash im o to  e t a l (1984) in  3.6%  o f n o n -re fe rre d  tw in  
pregnancies.
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1.5.H Aetiology

C ongenita l anom alies were found in  20-27%  o f pregnancies 
w ith  po lyhydram nios in  o lder stud ies (Moya e t a l 1960, M u rra y  
1964, Jacoby &  C harles 1966, Queenan &  Gadow 1972) and 9 - 
13% in  m ore recent u ltra so n ic  studies (Zamah et a l 1982, H ill e t 
a l 1987). The largest category is cen tra l nervous system  defects, 
m o s tly  a n e n ce p h a ly , fo llo w e d  b y  g a s tro in te s tin a l a nd  
m usculoske le ta l abnorm alities (Jacoby &  Charles 1966, Queenan &  
G adow  1970, D esm edt e t a l 1990a). Im p a irm e n t o f fe ta l 
sw a llow ing  has been suggested as the p redom inan t m echanism  
(Moya e t a l 1960). A lth o u g h  m ost an encephalic fe tuses do n o t 
sw a llow  (Abram ovich 1970), on ly  65% develop p o lyhyd ram n ios  
(N ich o ls  &  S ch re p fe r 1966), su g g e s tin g  th a t a lte rn a tiv e  
m e cha n ism s m ay c o n trib u te  to  p o ly h y d ra m n io s  su ch  as 
tra n su d a tio n  across m eninges, or vasopressin defic iency re s u ltin g  
in  fe ta l p o ly u ria  (Naeye et a l 1970). The h ig h  frequency o f 
po lyhydram nios in  fetuses w ith  upper ga s tro in te s tin a l o b s tru c tio n  
(Lloyd &  C la tw o rthy  1958), w ith  in tra th o ra c ic  space-occupying 
les ions such as d iaph ragm atic  h e rn ia  (Adzick e t a l 1985) and 
p le u ra l e ffu s io n s  (Rodeck et a l 1988), s tro n g ly  im p lic a te s  
im p a irm e n t o f sw allow ing in  the aetiology o f th e ir po lyhydram nios. 
Increased a m n io tic  flu id  volum e can be s im ila rly  exp la ined  in  
fe tuses w ith  ske le ta l dystroph ies a ffec ting  the  th o ra x , o r w ith  
neuro log ica l de fic its  such as m yotonic dystrophy (C ardw ell 1987, 
Phelan &  M a rtin  1989). Nevertheless, n o t a ll fe tuses so affected 
develop polyhydram nios, and oesophageal lig a tio n  in  an im als does 
n o t produce chron ic polyhydram nios, as m entioned earlie r.

M a te rna l diabetes is  the second m ost com m only id e n tifie d  
ae tio log ica l facto r. The lik e ly  exp lanation fo r its  recent decline in  
frequency to  5-13%  (H ill e t a l 1987, Desm edt e t a l 1990a) from  
22-26%  in  o lder series (M urray 1964, Jacoby &  C harles 1966, 
Q ueenan &  Gadow 1972) is  tig h te r euglycaem ic con tro l, since the 
incidence o f po lyhydram nios am ongst d iabetics is  least in  those 
w ith  the  low est m ean glucose levels (K itz m ille r a t a l 1978). 
A lth o u g h  fe ta l p o lyu ria  secondary to  an osm otic d iu re s is  m ig h t 
seem an obvious m echanism , Van O tte rlo  e t a l (1977) fo u n d  
n o rm a l fe ta l u rin e  p ro d u c tio n  ra tes  in  12 o f 13 d ia b e tic  
p regnanc ies w ith  m ild  p o lyh yd ra m n io s . T h e ir m e asu rem en t 
techn ique is  now  recognised to underestim ate h o u rly  fe ta l u rin e  
p ro d u c tio n  ra tes by approxim ate ly 50% (R abinow itz et a l 1989). 
N e ve rth e le ss , u s in g  th is  te c h n iq u e , p o ly u r ia  has been
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dem onstra ted  in  a fe tu s  w ith  d iabetes in s ip id u s  and severe 
po lyhydram n ios (K irshon 1989), and th is  is  p resum ab ly also the 
cause o f po lyhydram nios in  fetuses w ith  B a rtte r syndrom e (Sieck 
&  O hlsson 1984) or nephrogenic diabetes in s ip id u s  secondary to 
m a te rn a l lith iu m  th e ra p y (Krause et a l 1990, Ang e t a l 1990). 
S im ila r ly  re c ip ie n t fe tuses in  m o no ch o ria l tw in  p regnancies 
com plicated by fe to-fe ta l transfus ion  syndrom e have been shown to 
be p o lyu ric  b y  K irsh o n  (1989), who suggested increased card iac 
o u tp u t as the  m echanism . Excessive u rin a tio n  as a cause o f 
po lyhyd ram n ios is  fu rth e r supported by h is to lo g ica l fin d in g s  o f 
en la rged  g lo m e ru li and d ila te d  d is ta l c o lle c tin g  tu b u le s  in  
re c ip ie n t tw in s  (Naeye et a l 1970, A ch iron  et a l 1987). Th is w ould  
also exp la in  po lyhydram nios in  Rh a llo im m unized fetuses and in  
some cases o f hydrops (Phelan &  M a rtin  1989). No evidence o f 
increased u rin e  o u tp u t was found in  two stud ies o f pa tien ts  w ith  
id io p a th ic  polyhydram nios (Abram ovich et a l 1979, K irshon  1989).

S ix ty  per cent o f cases are id iopa th ic  (A lexander et a l 1982, 
H ill et a l 1987), a lthough  th is  figure  varies w ith  the severity  o f 
p o ly h y d ra m n io s . H ill e t a l (1987) id e n tifie d  a cause fo r 
po lyhyd ram n ios in  91% w hen the deepest pool exceeded 12 cm, 
b u t in  on ly  17% between 8-12 cm. S im ila rly , am ong 191 sing le ton 
fetuses w ith  po lyhydram nios, anom alies were id e n tifie d  in  75% 
w hen the po lyhydram nios was sub jective ly classified  as severe, as 
opposed to 29% in  the rem ainder (B ark in  et al 1987).

The te rm  acute po lyhydram nios has been used to  in d ica te  
the rap id  increase in  am nio tic  flu id  volum e associated w ith  u te rine  
d is te n s io n  and severe m a te rn a l sym ptom s (Q ueenan &  Gadow 
1970, W eir et a l 1979), w h ich  occurs approxim ate ly once in  every 
4000  p regnancies (W eir e t a l 1979, S te inbe rg  et a l 1990). 
A lth o u g h  the re  is some argum ent about th is  d e fin itio n  and its  
a p p lica tio n  to  s ing le ton  pregnancies (Queenan &  Gadow 1970, 
Desm edt et a l 1990b), m ost cases occur before 24 -26  weeks in  
one sac o f m u ltip le  pregnancies as a flo rid  m an ifesta tion  o f fe to- 
fe ta l tra n s fu s io n  (Queenan &  Gadow 1970, W eir et a l 1979), a 
syndrom e co m p lica ting  4-26%  o f m onochoria l tw in  pregnancies 
(Galea 1982, Robertson et a l 1983).

1.5.UL M aterna l complications
P o lyh yd ra m n io s  m ay p roduce sym ptom s o f a b d o m in a l 

d isco m fo rt, re sp ira to ry  em barrassm ent, and u te rin e  ir r ita b ility  
(C ardw ell 1987). These can be m arked, especia lly in  the presence
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o f severe o r acute po lyhydram nios. Preterm  de live ry occurs more 
fre q u e n tly  (B arry 1953, H ashim oto et a l 1984, H ill e t a l 1987), 
a lthough  the  h ig h  incidence o f congenita l anom alies and m u ltip le  
p re g n a n cy  m akes d e riv a tio n  o f an exact re la tiv e  r is k  fo r 
spontaneous p re te rm  la b o u r d iffic u lt. In  th is  regard, H ill et a l 
(1987) repo rted  a p re te rm  d e live ry  ra te  o f 22%  corrected  fo r 
congen ita l anom alies. In  m any cases, p rem ature  ru p tu re  o f the 
m em branes precedes the onset o f p re te rm  la b o u r (B a rry  1953, 
B oy lan  &  P a ris i 1986, C ardw e ll 1987). The inc idence  o f p re 
eclam psia is  increased, to  17% in  sing leton pregnancies (Desmedt 
1990a) and 21%  ove ra ll (K irk in e n  &  J o u p illa  1978). S im ila rly  
th e re  is  an increased inc idence  o f p o s tp a rtu m  haem orrhage, 
a ttrib u te d  to  u te rine  a tony (Cardwell 1987). Gross enlargem ent o f 
th e  u te ru s  in  p o lyh yd ra m n io s  m ay ra re ly  re s u lt in  u re te ric  
o b s tru c tio n  (Seeds et a l 1984, V in tz ileos et a l 1985a), w h ich  can 
be relieved by re s to ra tion  o f norm al am nio tic  flu id  volum e (Seeds 
et a l 1984). The above m aterna l com plications are s im ila r to  those 
encoun te red  in  h ig h -o rd e r m u ltip le  p regnancies, and m any 
a u th o rs  have a ttrib u te d  them  to  u te rin e  d is te n s io n  (C aldeyro- 
B a rc ia  et a l 1957, Powers 1973, Boylan &  P aris i 1986, C ardw ell 
1987, S teinberg et al 1990).

The incidence  o f caesarean section  is  also increased in  
po lyhydram nios (Jacoby &  Charles 1966, Zam ah et a l 1982), due 
la rge ly to  unstab le  fe ta l lie . A  fu rth e r r is k  is  a b ru p tio n , w h ich  has 
been associa ted w ith  ra p id  decom pression o f th e  u te ru s  a t 
am nio tom y (P ritchard et a l 1970, G reen-Thom pson 1982).

1.5.iv . Fetal complications
P erina ta l m o rta lity  ra tes o f 13-29%  have been reported  in  

associa tion  w ith  po lyhydram n ios (Moya et a l 1960, Q ueenan & 
Gadow 1970, H ill et a l 1987, C arlson et a l 1990), re flec tin g  the 
h ig h  incidence o f congen ita l m a lfo rm ations, p re te rm  la b o u r, and 
a sp h yx ia l com p lica tions such  as a b ru p tio n , cord pro lapse and 
p la c e n ta l in s u ffic ie n c y . In  a series o f 537 s in g le to n s  w ith  
po lyhydram n ios, p e rin a ta l m o rta lity  was 61%  in  the  presence o f 
fe ta l o r p la ce n ta l m a lfo rm a tion s , and 10% in  the  presence o f 
m a te rn a l co m p lica tio n s  such  as d iabe tes o r p re -e c la m ps ia , 
com pared to  on ly  2.4%  when ne ithe r o f these factors was present 
(Desmedt et a l 1990a). Queenan &  Gadow (1970) s im ila rly  noted a 
m uch  h igher ra te  in  anom alous com pared to  s tru c tu ra lly  no rm a l 
fetuses (87 vs 30%), w h ile  H ill et a l's ra te  (1987) fe ll from  13 to
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6%  w hen corrected fo r le th a l congen ita l anom alies. P e rin a ta l 
m o rta lity  was m uch h igher in  sing letons w ith  acute as opposed to 
c h ro n ic  p o lyh yd ra m n io s  in  D esm edt et a l's  rev iew  (1990b), 
a lth o u g h  de live ry occurred a lm ost 7 weeks e a rlie r in  the acute 
g rou p . A jnong 112 p regnancies w ith  u ltra s o n ic  evidence o f 
po lyhydram nios, C arlson et a l (1990) found th a t a ll 14 p e rin a ta l 
deaths occurred in  the  49 pregnancies whose AFI exceeded 24 
cm . Thus i t  appears th a t 3 m ain variables in fluence the chance o f 
p e rin a ta l su rv iva l in  po lyhyd ram n ios: presence o f co n g e n ita l
a n o m a lie s , g e s ta tio n a l age a t d e liv e ry , and  s e v e rity  o f 
po lyhydram n ios. I t  is  lik e ly  th a t they are in te rre la te d , a lthough  
the  extent to w h ich  th is  is so is n o t clear from  the above studies.

P e rin a ta l m o rta lity  exceeds 50% in  fe to -fe ta l tra n s fu s io n  
syndrom e (P re torius et a 1988, B ebb ing ton  &  W ittm a n  1989), 
w hen po lyhydram nios is present and the diagnosis made in  u te ro  
(B row n et a l 1989). W hen detected p rio r to  28 weeks, m o rta lity  
ra tes o f up  to  100% have been reported (W eir et a l 1979, U rig  
1990), a lth o u g h  these have fa lle n  to  56-72%  in  recen t series 
em ploying  aggressive m anagem ent (S chneider et a l 1985, U rig  
1990). S te inberg et a l (1990) in  re p o rtin g  o n ly  2 post-neona ta l 
su rv ivo rs  among 26 in fan ts , suggested th a t acute po lyhydram nios 
com p lica ting  fe to -fe ta l tra n s fu s io n  syndrom e, accounted fo r 17% 
o f overa ll p e rina ta l m o rta lity  in  tw ins. A pprox im ate ly  one th ird  o f 
the  losses are in tra u te rin e  deaths (S teinberg et a l 1990), and in  
th is  regard fe ta l hypoxaem ia and acidaem ia have re ce n tly  been 
dem onstrated in  4 o f 6 affected pregnancies investigated by fe ta l 
b lood  sam p ling  (F isk et a l 1990). The re m a in d e r are due to  
p re m a tu rity , and consequently m uch a tte n tio n  has re c e n tly  
focussed on developing therapies against po lyhydram nios.

1.5.v. Treatment
Trea tm ent o f po lyhydram nios has tw o aim s: firs tly  re lie f o f 

m a te rn a l sym ptom s, and secondly p ro longa tion  o f gesta tion. As 
m any pregnancies w ith  po lyhydram nios are n o t a t r is k  o f e ith e r 
com p lica tion , tre a tm e n t is  u su a lly  on ly  considered in  severe o r 
acu te  p o lyh yd ra m n io s  in  the  m id  o r e a rly  th ird - tr im e s te r . 
Polyhydram nios secondary to fe to-fe ta l tra n s fu s io n  syndrom e is  the  
m ost frequent ind ica tion .

S ince th e  f ir s t  d e sc rip tio n  o f th e ra p e u tic  d ra inage  o f 
a m n io tic  flu id  (R ivett 1933), num erous case re po rts  have been 
p u b lis h e d  a ttr ib u t in g  re lie f o f m a te rn a l sym p to m s a n d
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p ro lo n g a tio n  o f gesta tion  to  th is  p rocedure in  b o th  s ing le ton  
(Queenan &  Gadow 1970) and tw in  pregnancies (E rskine  1944, 
D anziger 1948, B row n 1958, B ra n d t &  Bates 1961, B row n &  
M acask ill 1961, Feingold et a l 1986). A lthough  some authors have 
fo u n d  th a t ra p id  re accu m u la tio n  o f a m n io tic  flu id  renders th is  
p rocedure  o f lit t le  b e n e fit (W einer 1987, C hesche ir &  Seeds 
1988), recen t series o f po lyhyd ram n ios secondary to  fe to -fe ta l 
tra n s fu s io n  syndrom e suggest th a t i t  m ay be b e n e fic ia l in  
p ro long ing  gesta tion. In  9 pregnancies each d ra ined  a m ean o f 
1300 m l in  1-17 procedures, Schneider et a l (1985) observed th a t 
the  m edian diagnosis to  de live ry in te rva l o f 43 days was greater 
th a n  the  10.5 day in te rva l reported in  18 p u b lish e d  cases n o t 
subjected to  drainage. M ahoney et al (1990) noted a s ig n ifica n tly  
im proved p e rin a ta l su rv iva l ra te  in  8 pregnancies m anaged by 
se ria l am niocentesis com pared to  those m anaged conserva tive ly 
(69 vs 20%), despite s im ila r m ean gesta tiona l ages a t d iagnosis. 
C o m b in in g  th e ir  fig u re s  w ith  those in  th e  lite ra tu re , th e y  
co n firm e d  a s ig n ific a n t d iffe re n ce  in  s u rv iv a l be tw een 29 
pregnancies managed w ith , and 48 w ith o u t, se ria l am niocenteses 
(69 vs 16%). The sm all num ber o f such pa tie n ts  seen in  any one 
cen tre  renders i t  u n lik e ly  th a t the e fficacy o f th is  procedure , 
kn o w n  as a m n io re d u c tio n , o r th e ra p e u tic  o r decom pression  
am niocentesis, can be evaluated w ith o u t a m u ltice n tre  random ized 
tr ia l. N o tw ith s ta n d in g  th is , E llio tt et a l (1991), in  re p o rtin g  a 
79% pe rina ta l su rv iva l in  17 pregnancies w ith  fe to -fe ta l tra n s fu s io n  
syndrom e d iagnosed <28 weeks, re c e n tly  no ted  th a t se ria l 
th e ra p e u tic  am niocenteses were followed n o t o n ly  b y  u ltra so n ic  
re s titu tio n  o f am niotic flu id  volum e in  the sac w ith  po lyhydram nios 
b u t also in  the sac w ith  oligohydram nios; in  a d d itio n  fe ta l hydrops 
resolved in  3 o f 5 cases.

There is  some controversy over the am oun t o f f lu id  w h ich  
shou ld  be removed. On the  basis o f th e ir experience w ith d ra w in g  
300-1200 m l in  two cases, Feingold et a l (1986) recom m end the 
am ount be "enough to relieve sym ptom s, b u t n o t enough to  induce 
uncon tro lled  u te rine  activ ity". M ost au thors have been conservative 
in  se lecting volum es, in  view  o f concerns regard ing  p re c ip ita tio n  
o f a b ru p tio n  o r preterm  la b o u r (Cabrera-Ram irez &  H a rris  1976). 
On the o ther hand U rig  et a l (1990), who drained a m ean o f 1826 
m l (range 900-5000 m l) in  29 procedures, consider re s titu tio n  o f 
no rm a l am nio tic  flu id  volum e the more im p o rta n t th e ra p e u tic  goal,
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and the  same group 's p rom is ing  re su lts  in  te rm s o f reversal o f 
h yd rops in  the  re c ip ie n t and o lig o h yd ra m n io s  in  the  donor 
su p p o rt th e ir c la im  (E llio tt et a l 1991). C e rta in ly  pa tie n ts  having 
co n tra c tio n s  a t the  tim e o f am nioreduction  are know n to  have a 
g re a te r r is k  o f p re te rm  d e live ry  fo llo w in g  th e  p roce d u re  
(C aldeyro-B arcia  et a l 1957), and in  th is  lig h t U rig  et a l (1990) 
reported a m edian procedure to  de live ry in te rv a l o f 3 .5  days in  
those in  w hom  am niocentesis was perform ed a fte r, com pared to 
80 days in  those before, the onset o f preterm  labour.

F o llow ing  re cog n itio n  o f decreased u r in a ry  flo w  ra tes in  
neonates given indom ethacin  fo r pharm acolog ica l c losure  o f the 
d u c tu s  a rte riosus (C ifuentes et a l 1979), m a te rn a lly  adm in iste red 
indom ethacin  has been shown in  hum an stud ies to  reduce h o u rly  
fe ta l u rin e  p ro d u c tio n  (K irshon et a l 1988) and a m n io tic  flu id  
volum e as m easured by para-am ino h ip p u ric  acid d ilu tio n  (K irshon 
et a 1990). I t  crosses the placenta free ly (Moise e t a l 1990), and is 
believed to act by  e ithe r a renovascular effect (M illa rd  et a l 1979) 
o r by reduced p rostag land in  E in h ib itio n  o f a n tid iu re tic  horm one 
(S eybe rth  e t a l 1983). In  8 s in g le to n  p re g n a n c ie s  w ith  
sym ptom atic  po lyhydram nios between 21-34 weeks, C abro l e t a l 
(1987) found  th a t indom ethacin  reduced fu n d a l he igh t, u m b ilic a l 
p e rim e te r and q u a lita tiv e  a m n io tic  flu id  vo lum e, a ll o f w h ich  
increased  a fte r cessa tion  o f th e ra p y  nea r te rm . S im ila r ly  
M am opou los e t a l (1990) repo rted  th a t th e  deepest poo l 
m easurem ent fe ll by a lm ost 50% from  a m ean o f 10.7 cm  in  15 
sym p to m a tic  wom en trea ted  p rio r to  32 weeks, a ll o f w hom  
su b se q u e n tly  de livered a t te rm . In  6 tw in  p regnancies w ith  
th reatened p re te rm  la b o u r before 32 weeks, Lange et a l (1989) 
reported  a co in c id e n ta l re du c tio n  w ith  th e ra p y  in  deepest pool 
m easurem ent. T h is  in it ia l c lin ic a l experience suggests th a t 
in d o m e th a c in  appears a p ro m is in g  d ru g  fo r tre a tm e n t o f 
p o lyh yd ra m n io s , a lthough  there  rem a ins considerab le  concern  
regard ing  p o te n tia l side effects o f o ligohydram nios (H endricks et 
a l 1990), prem ature  closure o f the ductus (Moise et a l 1988), and 
cerebral vasoconstriction  in  the fetus (Cowan et a l 1986). A  fu rth e r 
disadvantage is  th a t am elio ra tion  in  am nio tic  flu id  vo lum e is  n o t 
ra p id , one s tu d y  re p o rtin g  a m edian tim e  to  achieve n o rm a l 
vo lum e o f 12.5 days. A ccord ing ly, one group  advocates in it ia l 
decom pression am niocentesis followed by m a te rna l ind o m e th a c in  
(K irshon et a l 1990).
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1.5.vi. Am niotic pressure  

A lm o s t a ll a u th o rs  a ttr ib u te  th e  c o m p lic a tio n s  o f 
po lyhydram n ios to  u te rin e  d istension. Im p lic it in  the  concept o f 
d is te n s io n  o f a sealed con ta iner, is  a rise  in  in te rn a l p ressure. 
Csapo et a l (1963) increm en ta lly  increased in tra u te rin e  volum e in  
postpa rtum  rabb its , and a lthough there was litt le  in it ia l change in  
re s tin g  pressure, an exponentia l increase accom panied fu rth e r 
increase in  volum e. There has however been no sc ie n tific  s tu d y  o f 
re s tin g  am n io tic  pressure in  po lyhydram nios. R ive tt (1933) in  h is  
series o f 10 cases trea ted  by am niocentesis observed th a t the  
a m n io tic  flu id  "d id n o t appear to  be under pressure" in  th a t i t  had 
to  be sucked o u t w ith  an a sp ira tin g  syringe. W ie loch  (1927) 
m easured AP in  3 cases o f po lyhydram nios, fin d in g  th a t in  2 i t  
exceeded th a t in  contro ls by approxim ate ly 10 cm  H 2 O, w hereas 
in  the  o ther i t  was s im ila r to th a t o f the 3 contro ls. U ranga Im az &  
Gascon (1950) found pressures o f 22 and 15 cm H2 O in  2 cases o f 
p o lyh yd ra m n io s , b u t provided no d e ta ils  o f m easurem ents in  
c o n tro ls . C a ld e yro -B a rc ia  et a l (1957) in  s tu d y in g  u te rin e  
c o n tra c tility  in  25 p a tie n ts  w ith  p o lyh yd ra m n io s , repo rte d  on 
re s tin g  tonus, defined as the low est in tra u te rin e -in tra p e rito n e a l 
p ressure  between co n tra c tio n s . N o tw ith s ta n d in g  th e  d iffic u ltie s  
d is c e rn in g  exact d e ta ils  fro m  su ch  o b s e rv a tio n a l re p o rts  
cha ra c te ris tic  o f the o lder lite ra tu re , i t  appears th a t some cases o f 
po lyh yd ra m n io s  had no rm a l pressure , w h ile  in  o th e rs  i t  was 
m arked ly  ra ised to  c.25 m m  Hg. However m any p a tie n ts  in  th is  
la tte r s tudy appeared to be in  labour (C aldeyro-Barcia e t a l 1957), 
suggesting th a t these find ings should no t s im p ly be extrapolated to  
re flec t resting  AP in  non-labouring  pa tien ts w ith  po lyhydram nios.

1.6 Oligohydramnios

1.6.1 Prevalence 
The lite ra tu re  conta ins few exact estim ates o f the prevalence 

o f o ligohydram nios, w hich, as w ith  po lyhydram nios, varies w ith  the 
d iagnostic c rite ria  used. H ill et a l (1983) found  o ligohydram nios in  
0.4%  o f 1,408 p a tie n ts  scanned ro u tin e ly  in  the  e a rly  th ird  
trim e s te r, us ing  the deepest pool <1 cm d e fin itio n . In  co n tra s t, 
P h ilipson  et a l (1983) used a less s trin ge n t, q u a lita tive  d e fin itio n  
to  re p o rt an incidence o f 3.9%  in  s in g le to n  p regnancies w ith  
in ta c t m em branes a t a mean o f 32 weeks; a lth o u g h  a ll were 
re ferred , the m a in  reason fo r th is  was u n ce rta in  dates, and th u s  
th e  a u th o rs  considered th e ir estim ate  a p p lica b le  to  h o s p ita l
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popu la tions. However, the incidence o f o ligohydram nios is  know n 
to  be h ig h e r in  re fe rra l po p u la tio n s , re fle c tin g  the  u n d e rly in g  
in d ic a tio n  fo r u ltrasound . In  th is  regard, M ercer et a l (1984) found 
5.5%  o f 8626 wom en undergo ing ind ica ted  scans had a deepest 
pool <1 cm on one o r more occasions. S im ila rly  C ham berla in  e t a l 
(1984c) found the  deepest pool m easurem ent to  be <2 cm  in  3.0%  
o f 7562 h ig h  r is k  p a tie n ts  re ferred fo r b io p h ys ica l p ro files . The 
chance o f de tecting  o ligohydram nios increases w ith  gesta tiona l 
age, from  0.2%  in  the second trim este r (Barss et a l 1984) to  19% 
a t 42 weeks (Crowley et a l 1984).

1.6.i t  Aetiology
Prem ature ru p tu re  o f the m em branes com plicates 3-17%  o f 

pregnancies (G unn e t a l 1970, G ran t &  Keirse 1989), and was 
considered the aetio logy o f o ligohydram nios in  27%  in  M ercer e t 
a l's  series (1984). The e a rlie r the  gesta tion , th e  low er is  the  
inc idence  o f p rem a tu re ly  ru p tu re d  m em branes, w ith  one series 
re p o rtin g  a frequency < 25 weeks o f on ly 0.7%  (Taylor &  G arite
1984). Reports o f reaccum ula tion  o f am nio tic  flu id  a fte r occlusion 
o f the cervix w ith  a fib r in  gel (Baum garten &  M oser 1986), and o f 
fe ta l u rin e  p roduction  being unaltered in  the presence o f ru p tu re d  
m em branes (W atson e t a l 1991), su p p o rt th e  m echan ism  o f 
o ligohydram nios in  am niorrhexis being the obvious phys ica l one o f 
leakage th ro u g h  the  m em branous defect (T h ib e a u lt e t a l 1985, 
N im rod  et a l 1984). Nevertheless, on ly  5-44%  o f p a tie n ts  w ith  
p re m a tu re ly  ru p tu re d  m em branes have u ltra s o n ic  evidence o f 
o ligohydram nios (G onik et a l 1985, V in tz ileos et a l 1985b, Robson 
et a l 1990). A m n io rrhex is  is  u su a lly  obvious from  the h is to ry  and 
p h ys ica l exam ination , except in  a few ve ry ea rly  in  gesta tion  in  
w hom  the sm all quan tities o f flu id  lost vag ina lly  go unno ticed  (F isk 
et a l 1991). Since the la te n t period to onset o f la b o u r exceeds a 
week in  on ly 2-5%  o f those w ith  te rm  (Kappy et a l 1979, Kappy et 
a l 1982), and 20-40%  w ith  pre term , p rem atu re  ru p tu re  o f the  
m em branes (PPROM) (Taylor &  G arite 1984, Johnson  e t a l 1981, 
M o re tti &  S iba i 1988), o ligohydram nios from  th is  cause is  u su a lly  
sh o rt-live d .

O ligohydram nios is  associated w ith  IUG R (M ann ing  e t a l 
1981, P h ilipson et a l 1983, Cham berlain et a l 1984c, Patterson et 
a l 1987). The deepest ve rtica l pool m easurem ent has been show n 
to  be s ig n ific a n tly  low er th ro u g h o u t the th ird  trim e s te r in  sm a ll 
fo r gesta tiona l age (SGA) com pared to appropria te  fo r gesta tiona l
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age (AGA) fe tuses (B ottom s e t a l 1986). Two s tu d ie s  re p o rt 
id e n tic a l incidences, o f 83%, o f SGA b irth s  be ing preceded by 
o ligohydram nios (M anning et a l 1981, P h ilipson et a l 1983). W hen 
o ligohydram nios was detected on the la s t scan before delivery, 40- 
90%  o f in fa n ts  b om  were SGA, com pared to 5-8%  w hen am n io tic  
flu id  was assessed as norm al (M anning e t a l 1981, P h ilipson  et a l 
1983, C ham berla in  et a l 1984c). Evidence from  hum an  stud ies 
suggests th a t o ligohyd ram n ios in  IUGR is  secondary to  fe ta l 
o lig u ria . W la d im iro ff &  C am pbell (1974), u s in g  in te rm itte n t 
sonograph ic observations o f b ladder size, found reduced h o u rly  
fe ta l u rin e  p ro d u c tio n  ra tes in  a ll 9 fe tuses s tu d ie d  w ith  
b irth w e ig h t <5 th  cen tile , b u t these were also reduced in  28% o f 
those >10th  centile . U sing the same m ethod, K u ija k  et a l (1981) 
fo u n d  low  u rin e  p ro d u c tio n  rates in  70% o f SGA fetuses <10th 
centile . A  recent s tudy  m easuring changes in  b ladder size a t more 
frequen t in te rva ls , found th a t h o u rly  fe ta l u rin e  p ro d u c tio n  rates 
were one s tandard  devia tion  low er in  severely g row th  re ta rded 
fetuses (mean abdom inal circum ference 5 standard  deviations [SD] 
below  m ean fo r gestation) com pared to  con tro ls  (N icolaides et a l 
1990). Fe ta l o lig u ria  in  IUGR probab ly  re flec ts  a renovascu la r 
response to  hypoxia. Acute hypoxia in  sheep experim ents is  know n 
to  produce re flex re d is trib u tio n  o f blood flow  away from  viscera 
and k idneys tow ards the b ra in , hea rt and adrenals (Cohn et a l 
1974, Peeters et a l 1979). Recent D oppler stud ies co n firm  th a t 
these c irc u la to ry  adaptive changes are present in  hum an  IUGR 
fetuses (W lad im iro ff et a l 1987, A rd iu n i e t a l 1987), and appear 
re la te d  to  th e  degree o f hypoxaem ia (B ila rd o  e t a l 1990). 
D ow nstream  res is tance  in d ice s  are elevated in  re n a l a rte ry  
D opp le r w aveform s (Vyas et a l 1989, A rd iu n i &  Rizzo 1991), 
cons is ten t w ith  fe ta l lam b data show ing a rise  in  rena l vascu la r 
resistance and a fa ll in  perfusion in  response to hypoxia  (Cohen et 
a l 1974, M illa rd  et a l 1979). S ign ifican t co rre la tions between the 
p u ls a tility  index in  the rena l a rte ry  and sem i-quan tita tive  am nio tic  
flu id  volum e (A rd iun i &  Rizzo 1991) and between the re du c tio n  in  
u rin e  p roduction  and the degree o f fe ta l hypoxaem ia (N icolaides et 
a l 1990) fu r th e r  s u p p o rt re n a l h y p o p e rfu s io n  b e in g  the  
m echan ism . The exten t to  w h ich  h yp ox ia -induced  vasopressin  
release (R ob illa rd  et a l 1981) also co n trib u te s  to  fe ta l o lig u ria  is 
n o t know n.

A m n io tic  flu id  volum e declines ra p id ly  a fte r 40  weeks
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(E llio tt &  Inm an 1961, Beischer et a l 1969). C row ley e t a l (1984) 
assessed a m n io tic  flu id  volum e u ltra s o n ic a lly  in  335 s ing le ton  
p regnancies a t >42 weeks, to fin d  19% w ith  a deepest poo l 
m easurem ent <3 cm  w ith in  4 days o f de live ry. T h is  fig u re  is  
s im ila r to  the frequency w ith  w h ich  p o s tm a tu rity  occurs in  pos t
te rm  pregnancies (C liffo rd  et a l 1954, Beischer et a l 1969), and 
o lig o h yd ra m n io s  has been s ig n ific a n tly  associated w ith  o th e r 
m anifesta tions o f the p o s tm a tu rity  syndrom e (Crowley et a l 1984, 
Phelan et a l 1985, Pearce &  M cParland 1991). M any au tho rs  have 
a ttrib u te d  p o s tm a tu rity  to  u te rop lacen ta l in su ffic ie n cy  and th u s  
la te  onse t IUG R (V o rh e rr 1975, R aybu rn  e t a l 1982). The 
m echan ism  o f o ligohydram n ios in  p o s tm a tu rity  has th u s  been 
suggested as being s im ila r to th a t in  o ther form s o f IUGR (V orherr 
1975, R ig h tm ire  et a l 1987), and in  th is  regard  fe ta l u rin e  
p ro d u c tio n  is  know n to  decrease a fte r 40 weeks (Cam pbell e t a l 
1973, T rim m er et a l 1990). Such a renovascu lar m echanism  fo r 
o ligohydram nios in  p o s tm a tu rity  has recen tly  been challenged by 
the  fin d in g  o f norm al rena l a rte ry  p u ls a tility  ind ices in  post-te rm  
pregnancies w ith  o ligohydram nios, in  co n tra s t to  elevated ind ices 
in  SGA fetuses w ith  oligohydram nios (A rdu in i &  Rizzo 1991).

Pregnancies w ith  o ligohydram nios have an increased chance 
o f a m a jo r congenita l abnorm a lity  being present. Seven per cen t o f 
339  pregnancies w ith  o ligohyd ram n ios  were associa ted  w ith  
m a lfo rm a tions in  one s tu d y  (Mercer et a l 1984), and in  ano ther 
s tu d y  (C ham berlain et a l 1984c), m alform ations were found in  4% 
o f 223 pregnancies w ith  o ligohydram nios com pared to  0.5%  o f 
7096 w ith  no rm a l am n io tic  flu id  volum e. T h is  figu re  rises to  26- 
35%  i f  o lig o h yd ra m n io s  is  detected in  th e  second trim e s te r 
(M ercer &  B row n 1986, M oore e t a l 1989a). The frequency o f 
anom alies is  also greater i f  o ligohydram nios is  severe (52% vs 14% 
i f  m ild /m odera te ) (Moore et a l 1989a). Nevertheless, on ly  15% o f 
congen ita l anom alies occur in  associa tion w ith  o ligohyd ram n ios 
(M anchester e t a l 1988, Rosendahl &  K iv inen  1989). Between 33- 
57% o f these w ill be u rin a ry  tra c t anom alies (M ercer et a l 1984, 
M erce r &  B row n 1986, R osendahl &  K iv in e n  (1989), e ith e r 
b ila te ra l fe ta l re n a l p a th o lo g ie s  su ch  as agenesis  and  
m u ltic y s tic /p o ly c y s tic  disease, or low er u rin a ry  tra c t o b s tru c tio n . 
G e m b ru ch  &  H a n sm a n n  (1988) d e te c te d  su c h  u r in a ry  
a bn o rm a litie s  a fte r a m n io in fu s io n  in  20 o f 50 pregnancies w ith  
severe o ligohyd ram n ios. Lack o f the  u r in a ry  c o n tr ib u tio n  to
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am n io tic  flu id  volum e being the m echanism  fo r o ligohydram nios in  
u r in a ry  tra c t anom alies is  supported  b y  e xp e rim e n ta l a n im a l 
s tu d ie s  (M ine i &  S u zu k i 1976, H a rris o n  e t a l 1983), and 
observation in  hum ans o f res to ra tio n  o f am n io tic  flu id  volum e in  
some fetuses w ith  low er u rin a ry  tra c t o b s tru c tio n  a fte r vesico- 
a m n io tic  sh u n tin g  (H arrison  e t a l 1982a, N ic o lin i e t a l 1987). 
Some fetuses w ith  n o n -u rin a ry  m a lfo rm ations w ill a lso be grow th  
re tarded (N icolaides et a l 1990), a lthough  in  the  rem a inder there 
is  no obvious explanation fo r oligohydram nios.

The a e tio lo g y  o f o lig o h yd ra m n io s  in  p reg n a n c ie s  n o t 
co m p lica te d  b y  IUGR, ru p tu re d  m em branes o r fe ta l u r in a ry  
d iso rde rs  is  considered id io p a th ic . M oore e t a l (1989a) have 
show n th a t o lig o h yd ra m n io s  in  th is  g rou p , w hen  assessed 
q u a lita tiv e ly  in  a b lin d  fash ion  b y  3 independen t observers, is  
s ig n ifica n tly  less severe than  in  the three o ther aetio log ica l groups. 
W ith  m odern  d ia g n o s tic  te ch n iq u e s  in c lu d in g  tra n s v a g in a l 
u ltra s o u n d  (Benacceraf 1990) and a m n io in fu s io n  (G em bruch &  
H ansm ann 1988), the aetiology rem ains unexp la ined  in  less th a n  
10% (F isk et al 1991).

1.6.Hi. M aterna l complications
O lig o h yd ra m n io s  p e r se does n o t lead  to  m a te rn a l 

co m p lica tio n s , a lth o u g h  its  a e tio lo g ica l co n d itio n s  m ay do. 
P rem ature  ru p tu re  o f the  m em branes is  associa ted w ith  an 
increased r is k  o f in fectious m o rb id ity  (Lanier et a l 1965), w h ich  is 
greatest a t early gestations and in  severe o ligohydram nios (G onik 
e t a l 1985, V in tz ileos et a l 1985b). Series o f m id -trim e s te r PPROM 
managed conservatively y ie ld  risks  o f c lin ica l a m n io n itis  as h igh  as 
39-58% , and o f endom yom etritis  o f 11-17%  (Taylo r &  G a rite  
1984, Beydoun &  Yasin 1986, M o re tti &  S iba i 1988). Irrespective  
o f aetio logy, the  m other has a s ig n ific a n tly  increased chance o f 
be ing delivered by caesarean section fo r fe ta l d is tress (M anning et 
a l 1981, Crowley et a l 1984, Moberg et al 1984). IUGR and PPROM 
are bo th  associated w ith  increased risks  o f spontaneous p re te rm  
la b o u r (Perry e t a l 1976, T a y lo r &  G arite  1984, Jo h n so n  e t a l
1981). O ther m a te rna l m o rb id ity  m ay occu r secondary to  h ig h  
ra tes o f in d u c tio n  o f la b o u r and te rm in a tio n  o f pregnancy. A  25% 
incidence , o f pre-eclam psia in  one s tu d y  o f 339 pregnancies w ith  
reduced am n io tic  flu id  presum ably re flects the  u n d e rly in g  cause 
fo r IUGR and th u s  oligohydram nios (Mercer et a l 1984).
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1.6.iv. Perinatal m ortality
P e rin a ta l m o r ta lity  is  s ig n if ic a n tly  in c re a s e d  in  

o ligohydram nios, as a re su lt o f the u n d e rly in g  aetio logy such  as 
congen ita l m a lfo rm a tions and IUGR, o f p re te rm  de livery, and o f 
o ligohydram nios-sequelae such as pu lm onary hypop lasia  (PH). In  
M a nn in g  e t a l's  (1981) s tudy o f suspected IUGR, the re  w ere, 
am ong 29 pregnancies w ith  o ligohydram nios, 4 deaths, com pared 
to  none in  those w ith  norm al am nio tic  flu id  vo lum e. S im ila rly  in  
C ham berla in  et a l's  (1984c) report o f 52 p e rina ta l deaths in  7562 
h ig h  r is k  p regnanc ies, the  p e rin a ta l m o rta lity  ra te  w as 
s ig n ific a n tly  h ig h e r in  those w ith  com pared to  those w ith o u t 
o ligohydram nios (18.8 and 0.5% respectively), even a fte r exclusion  
o f th e  31 w ith  co n g e n ita l a b n o rm a litie s  (10.9%  and 0.2%  
respe c tive ly ). P e rin a ta l m o rta lity  seems in fre q u e n t in  m ild e r 
degrees o f o ligohydram nios in  the th ird  trim e s te r o r post te rm , 
indeed no deaths being reported in  151 pa tien ts  in  2 such series 
(P h ilipson  et a l 1983, Crowley 1984). In  con trast, 43 and 88%  o f 
fe tu s e s /in fa n ts  succum bed in  tw o series o f 62 and 34 m id 
trim e s te r cases respective ly o f o ligohydram nios (M ercer &  B row n 
1986, M oore et a l 1989a). The poor prognosis o f m id -trim e s te r 
o lig ohyd ram n ios  seems even worse i f  associated w ith  e levated 
m a te rna l serum  a lpha-fe topro te in  (Dyer et a l 1987, R ichards e t a l
1988). The severity o f o ligohydram nios also in fluences prognosis, 
w ith  a m o rta lity  ra te  o f 88% in  severe com pared to  11% in  
m ild /m o d e ra te  m id -tr im e s te r o lig o h yd ra m n io s  (M oore e t a l 
1989a). S im ila rly  G em bruch and H ansm ann (1988) reported on ly  
3 s u rv iv in g  in fa n ts  am ong 50 p re g n a n c ie s  w ith  severe 
o ligohydram nios.

Poor p e rin a ta l outcom e in  p re m a tu re  ru p tu re  o f th e  
m em branes seems la rge ly  confined to  p re te rm  pregnancies w ith  
ru p tu re  p rio r to  29 weeks, in  w h ich  m o rta lity  ra tes o f 37-76%  
have been reported (Taylor &  G arite 1984, Beydoun &  Yasin 1986, 
B engtson et a l 1988, M o re tti &  S iba i 1988, M a jo r &  K itz m ille r 
1990). G esta tiona l age a t de live ry seems the  m ost im p o rta n t 
v a ria b le , w ith  lit t le  chance o f s u rv iv a l before 2 4 -2 5  w eeks 
(Beydoun &  Yasin 1986, M ore tti &  S ibai 1988, M a jo r &  K itz m ille r 
1990). I t  is  there fo re  n o t su rp ris in g  th a t the  va s t m a jo rity  o f 
losses, 58-80%  in  these series o f m id -trim e s te r PPROM, are n o t 
s tillb ir th s  b u t neonata l deaths, a ttrib u ta b le  to  re sp ira to ry  d istress 
syndrom e and other com plications o f p re m a tu rity  (Taylor &  G arite  
1984, Beydoun &  Yasin 1986, M o re tti &  S iba i 1988, M a jo r &
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K itz m ille r 1990). Some o f the  deaths classified  as s tillb ir th s  m ay 
also be due to extrem e p rem a tu rity , a lthough in  o thers un d e rly in g  
causes are id e n tifie d  (M a jo r &  K itz m ille r  1990) su ch  as 
in tra u te r in e  in fe c tio n  o r a b ru p tio n , the  la tte r  o c c u rrin g  m ore 
fre q u e n tly  in  PPROM (Nelson et a l 1986, V in tz ileo s  e t a l 1987). 
The steady im provem ent in  p e rin a ta l su rv iva l in  reported  series 
over the  la s t decade has been a ttrib u te d  to  im provem ents in  
n e o n a ta l in te n s ive  care (M ajor &  K itz m ille r 1990). In  PPROM 
pregnancies, p e rin a ta l dea th  is  s ig n ific a n tly  m ore com m on in  
associa tion  w ith  o ligohydram nios than  w ith  no rm a l am n io tic  flu id  
vo lum e (V intzileos et a l 1985b), a lthough  reduced a m n io tic  flu id  
vo lum e is  found m ore frequen tly  a t ea rlie r gestations (G onik et al
1985). E a rly  gestational age a t ru p tu re  is also associated w ith  poor 
outcom e (Beydoun &  Yasin 1986, M ore tti &  S ibai 1988). W hile  th is  
associa tion  m ay in  p a rt be m ediated th ro u g h  gesta tiona l age a t 
d e live ry , e a rly  g e s ta tio n  a t m em brane ru p tu re  s ig n ific a n tly  
increases the like lih o o d  o f PH, and a recent s tu d y  o f prolonged 
p re te rm  ru p tu re d  m em branes noted m ore deaths in  fetuses w ith , 
com pared to  those w ith o u t, lu n g  hypoplasia  (10 o f 14 vs 8 o f 74 
respectively) (R otschild et a l 1990).

1.6.v. Perinatal m orbid ity  
Some o f the fe ta l com plications in  o ligohydram nios m ay be 

a ttrib u te d  to  reduced a m n io tic  flu id  vo lum e, such  as PH and 
ske le ta l de fo rm ities (see next section), w h ile  o thers re s u lt from  
the  u n d e rly in g  co n d itio n  such as IUGR o r PPROM. In  th is  la tte r 
regard , series o f spontaneous m em brane ru p tu re  in  th e  m id 
tr im e s te r are ch a ra c te rize d  by n e o n a ta l c o m p lic a tio n s  o f 
p re m a tu rity , in c lu d in g  re sp ira to ry  d istress syndrom e in  45-70% , 
in tra v e n tr ic u la r  haem orrhage  in  29 -50% , and lo n g  te rm  
neuro log ica l sequelae in  32-71%  (Beydoun &  Yasin 1986, M o re tti 
&  S iba i 1988, M a jo r &  K itz m ille r 1990). Proven neonata l sepsis 
occurs less fre q u e n tly , in  17-29%, co n firm in g  th a t p re m a tu rity  
ra th e r th a n  in fection  is  the greater cause o f p e rina ta l m o rb id ity  as 
w e ll as m o rta lity  in  PPROM (M ore tti &  S ib a i 1988, M a jo r &  
K itz m ille r 1990). V in tz ileos et a l (1985b) have shown in  PPROM, 
th a t pregnancies w ith  oligohydram nios lead to  a h igher frequency 
o f proven neonata l sepsis than  those w ith  no rm a l a m n io tic  flu id  
vo lum e (1 o f 54 vs 7 o f 36 respectively). T h is  d ifference m ay in  
p a rtly  be a gesta tiona l age effect (G onik e t a l 1985), as m arked 
re d u c tio n  in  b a c te rio s ta tic  am nio tic  flu id  is  less lik e ly  a fte r 32



36

weeks w hen fe ta l u rin e  o u tp u t increases and the  frequency o f 
c h o rio a m n io n itis  declines (R ussell 1979). A n o th e r e x p la n a tio n  
w o u ld  be th a t a m n io tic  flu id  volum e d is tin g u ish e s  those w ith  
d e fin ite  PPROM and o ligohyd ram n ios fro m  "h ig h  leaks" w ith  
preserved liq u o r vo lum e, w h ich  m ig h t have a low e r r is k  o f 
in fe c tio n  due to  m ore m ino r d is ru p tio n  in  m em brane in te g rity  
(F isk 1988).

O ligohydram nios is  associated w ith  an increased r is k  o f fe ta l 
d is tress and b ir th  asphyxia. In  M anning et a l's s tu d y  (1981), 44%  
o f those w ith  o ligohydram nios, a ll associated w ith  IUGR, requ ired  
a bdom ina l de live ry fo r fe ta l d istress com pared to  1 o f 86 w ith  
no rm a l am nio tic  flu id  volum e. In  repo rting  an increased frequency 
o f m econium  sta in ing  o f the liq u o r and in tra p a rtu m  fe ta l h e a rt ra te  
(FHR) d e c e le ra tio n s  in  339 p re g n a n c ie s  c o m p lic a te d  b y  
o ligohydram nios, M ercer et a l (1984) noted low er Apgar scores in  
those w ith  severe as opposed to  m oderate o ligohyd ram n ios. In  
p o s t-te rm  pregnancies, C row ley et a l (1984) noted s ig n ific a n tly  
h ig h e r inc idences o f m econ ium  s ta in in g  (29%  vs 2%) and  
abdom ina l de livery fo r fe ta l d istress (11% vs 1%) in  those w ith  a 
deepest pool <3 cm compared to  those w ith  no rm a l am n io tic  flu id  
vo lum e. As IUGR and p o s tm a tu rity  are b o th  know n pred isposing  
fac to rs  to  fe ta l com prom ise, i t  is  unc lea r from  the  above stud ies 
the  extent to w h ich  these associations re flec t the o ligohydram nios, 
ra th e r th a n  the  u n d e rly in g  co n d itio n . A lth o u g h  H a cke tt e t a l 
(1987) found  abnorm al a o rtic  D oppler w aveform s in  32 fe tuses 
w ith  severe m id -trim e s te r oligohydram nios to  be to  be confined to  
those w ith  IUGR, the  h igh  frequency o f FHR dece le ra tions in  
pa tie n ts  w ith  ru p tu re d  membranes suggests th a t o ligohydram nios 
p e r se m ay adverse ly a ffect fe ta l w e llb e in g . In  th is  rega rd , 
V in tz ile o s  et a l (1985b) docum ented severe FHR dece lera tions in  
58% o f 36 pa tien ts w ith  prem ature ru p tu re  o f the m em branes and 
o lig o h y d ra m n io s  com pared to  17% o f 54 w ith  ru p tu re d  
m em branes and norm al am niotic flu id  volum e. There were s im ila r 
d ifferences in  1 and 5 m inu te  Apgar scores, a lthough  n o t in  cord 
pH . M oberg et a l (1984) in  re p o rtin g  a s ig n ific a n tly  h ig h e r 
in c id e n ce  o f caesarean section  fo r fe ta l d is tre ss  in  p re te rm  
pa tien ts  w ith  ru p tu re d  as opposed to in ta c t m em branes (8% vs 2% 
respectively), considered th a t 16 o f these 21 PPROM pa tien ts  w ith  
fe ta l d is tre ss  had FHR p a tte rn s  in d ic a tiv e  o f u m b ilic a l cord  
com pression. V a riab le  FHR decelera tions in  hum an  pregnancy
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were f ir s t  a ttrib u te d  to  cord com pression by Hon in  1959, w ho 
observed them  d u rin g  co n tra c tio n s  in  a fe tus  w ith  a prolapsed 
cord. Cord constric tion /com press ion  in  a va rie ty  o f an im al species 
is  know n to produce a deceleration in  FHR (Assail et a l 1962, Yeh 
e t a l 1975, Jam es et a l 1976) a lthough  w hen the  fe tus is  w e ll- 
oxygenated or the  u m b ilic a l ve in  alone occluded, th is  m ay be 
preceded by an acce le ra tion  (James et a l 1976). V a riab le  FHR 
decelerations have been described in  a m a jo rity  o f hum an fetuses 
w ith  abno rm a l cord p o s itio n  (G oldkrand &  S pe ich inger 1975). 
The w id e ly  accepted concep t th a t va ria b le  d e ce le ra tio n s  in  
o ligohydram nios are the  re s u lt o f u m b ilica l cord com pression is  
supported b y  w o rk  in  rhesus m onkeys, in  w h ich  acute drainage o f 
a m n io tic  flu id  re su lte d  in  va riab le  dece lera tions w h ich  in  tu rn  
were e lim ina ted  by res to ra tion  o f am nio tic  flu id  volum e (Gabbe et 
a l 1976). S im ila rly  in  hum an pregnancy, the  frequency o f FHR 
dece le ra tions is  know n  to  be increased w hen the  m em branes 
ru p tu re  p rio r to , o r ea rly  in , la b o u r com pared to  ru p tu re  in  the  
second stage (M arte ll e t a l 1976, Schwarz et a l 1973, C ib ils  1978). 
F u rth e rm o re  re s to ra tio n  o f a m n io tic  flu id  vo lum e has re ce n tly  
been shown to reduce the frequency o f FHR deceleration p a tte rn s  
a ttr ib u te d  to  cord com pression. In  a random ized s tu d y  o f 96 
la b o u rin g  p a tien ts  w ith  repe titive  variab le  decelerations, the  FHR 
p a tte rn  re tu rn e d  to  n o rm a l in  51%  re ce iv in g  in tra p a r tu m  
a m n io in fu s io n  v ia  an in tra u te rin e  pressure ca the ter com pared to  
2% in  th e  n o -in fu s io n  c o n tro l g roup  (M iyazak i e t a l 1985). 
Nageotte et a l (1985) random ly allocated 61 pa tien ts  w ith  PPROM 
to  in tra p a rtu m  transcerv ica l am nio in fus ion  o r n o -in fu s io n  groups, 
to  re p o rt s ig n ific a n tly  low er incidences o f FHR dece le ra tions in  
the  firs t and second stage o f labour, w ith  h igher u m b ilica l venous 
and a rte ria l cord pHs a t de livery. S im ila rly  S trong et a l (1990a) 
random ized 60 wom en w ith  o ligohydram n ios fro m  a v a rie ty  o f 
causes to  fin d  s ig n ific a n tly  low er ra tes n o t o n ly  o f va ria b le  
d e ce le ra tio n s , b u t a lso  o f m econ ium  passage, e n d -s ta g e  
b ra d y c a rd ia  and opera tive  d e live ry  fo r fe ta l d is tre s s  in  the  
a m n io in fus ion  group. In tra p a rtu m  am n io in fus ion  has been show n 
to  increase q u a n tita tiv e  u ltra s o n ic  estim ates o f a m n io tic  flu id  
vo lum e (Owen e t a l 1990), in  p a rtic u la r in  p regnancies w ith  
o ligohydram nios (Strong et a l 1990b). A n te p a rtu m  a m n io in fu s io n  
has also been reported to  im prove fe ta l co n d itio n . Im anaka e t a l 
(1989) noted the  disappearance o f variab le  decelerations w ith  an
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increase  in  deepest pool m easurem ent fo llo w in g  tra n sc e rv ica l 
am n io in fus ion  in  a pa tien t w ith  PPROM. Van den W jingaard  e t a l 
(1987) a ttrib u te d  the norm aliza tion  o f a h ig h ly  re s is ta n t u m b ilica l 
a rte ry  w aveform  a fte r a m n io in fu s io n  in  a p a tie n t w ith  severe 
o lig o h yd ra m n io s  to  re lie f o f cord com pression, d o cu m e n tin g  
re c u rre n c e  o f th e  D o p p le r a b n o rm a lity  w ith  re tu rn  o f 
o ligohydram nios five days la ter. An a lte rna tive  exp lanation  to  cord 
com pression fo r these cardiovascular changes m ig h t be fe ta l head 
com pression, w hich, in  fe ta l lam bs, is also followed by b radycard ia  
(O 'B rien 1984). In  th is  lig h t, Van den W jingaard et a l (1988) have 
show n increased periphera l, resistance in  D oppler s tud ies o f the  
cerebral arteries in  hun ian  fetuses w ith  oligohydram nios. A lthough  
considered to be the re su lt o f fe ta l head com pression in  th a t study, 
these changes can also be induced b y  excessive tra n s d u c e r 
pressure (Vyas et a l 1990), an u n w ittin g  p o ss ib ility  in  any s tu d y  
re q u irin g  h ig h  u ltra so n ic  re so lu tio n  in  the  presence o f severe 
o ligohydram nios.

1.6. vi. Oligohydramnios-sequelae 
Prolonged o ligohydram nios is  associated w ith  a v a rie ty  o f 

fe ta l m a n ife s ta tio n s  in c lu d in g  PH, c h a ra c te ris tic a lly  fla tte n e d  
facies, and p o stu ra l deform ities such as con tractu res and ta lipes 
e q u in o va ru s . These phenom ena were f ir s t  conside red  w ith  
b ila te ra l rena l agenesis to be p a rt o f a specific syndrom e (Potter 
1946a, Potter 1946b), b u t reports o f th e ir presence in  associa tion 
w ith  reduced am nio tic  flu id  volum e from  o ther causes, and th e ir 
absence in  fe tuses w ith  b ila te ra l rena l agenesis and n o rm a l 
a m n io tic  flu id  volum e, led to th e ir recognition as o ligohydram nios- 
sequelae (Perlm an &  Levin 1974, Thomas &  S m ith  1974, Fante l &  
Shephard 1975, Perlm an et a l 1976). Drainage o f am nio tic  flu id  in  
a va rie ty  o f an im al species has been shown to reproduce b o th  the 
p u lm ona ry  (Moessinger et a l 1983, Adzick et a l 1984, H is lop  e t a l 
1984, M oessinger et a l 1985, C ollins et a l 1986, M oessinger et a l 
1986, K ing  e t a l 1986, D ickson  &  H a rd in g  1989) and s o ft 
tis s u e /s k e le ta l abnorm alities (K endrick &  F ie ld 1967, DeM yer &  
B a ird  1969, Persaud 1973, Sym chych &  W in ch e s te r 1978). 
A c co rd in g ly  m any a u th o rs  have a ttrib u te d  o lig o h yd ra m n io s - 
sequelae to  com pression o f the fe tus by the u te rin e  w a lls  in  the 
absence o f a m n io tic  flu id  (G ruenw ald 1957, Thom as &  S m ith  
1974, P e rlm an  &  Levin  1974, F a n te l &  S hepha rd  1975, 
W igg lesw orth  et a l 1977, Nakayam a et a l 1983, T h ib e a u lt e t a l
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1985, R otsch ild  et a l 1990).
PH is  a d iso rder o f im pa ired  lu n g  grow th, characterized by 

d im in ish e d  size, gene ra tiona l b ran ch in g  and va scu la tu re . I t  is  
found  in  10-15%  o f p e rin a ta l autopsies, the com m onest aetio logy 
b e in g  o lig o h yd ra m n io s  (W igglesw orth &  D esai 1982, K nox &  
B arson 1986). H ypop lastic lungs associated w ith  o ligohydram nios 
show  p redom inan tly  evidence o f delayed grow th, as evidenced by 
re d u ce d  lu n g  d e -o x y rib o n u c le ic  a c id  (DNA) c o n te n t and  
e la b o ra tio n  o f a irspaces (W igglesw orth &  Desai 1981), b u t also 
have features o f arrested resp ira to ry  e p ithe lia l m a tu ra tio n  such as 
d im in ished  alveolar e lastic  tissue  and phospho lip id  concen tra tion  
(W igg lesw orth  et a l 1981). The undersized lungs have n o rm a l 
lo b a tio n  cons is ten t w ith  PH be ing due to  im pa ired  lu n g  g row th  
ra th e r th a n  a defect in  organogenesis. H um an and an im a l stud ies 
suggest th a t the  m ost vu lne rab le  period o f lu n g  developm ent to  
la ck  o f am nio tic  flu id  occurs d u rin g  the ca n a licu la r phase (N im rod 
e t a l 1984, M oessinger e t a l 1985, M oessinger e t a l 1986, 
R o tsch ild  et a l 1990), w hen the lung  changes from  being a g land
lik e  secretory organ to  a ne tw ork o f vascularized e p ith e lia l a irw ay 
spaces capable o f gas exchange. In  m an, the  ca n a licu la r period  
extends from  17-26 weeks (B u rri 1984), d u rin g  w h ich  tim e lu n g  
DNA, an index o f ce ll num ber (Enesco &  LeB lond 1962), treb les 
(W igglesworth &  Desai 1981). C onsistent w ith  th is  are the find ings 
in  lungs o f a n u ric  near-term  hum an fetuses o f a reduced num ber o f 
b ro n ch ia l generations, suggesting th a t the  p u lm ona ry  in s u lt m ay 
com mence as early as 16 weeks (H islop et a l 1979), and o f low  
lu n g  DNA contents equ iva len t to  those n o rm a lly  found a t 20-22 
weeks (W igglesworth &  Desai 1981).

In  severe pu lm onary hypoplasia death occurs a t or soon a fte r 
b ir th , and the  d iagnosis based on necropsy d e m o n stra tio n  o f 
reduced lu n g :b o d y  w e ig h t ra tio  (Askenazi &  P erlm an 1979, 
W igg lesw orth  &  Desai 1981), ra d ia l a lveo la r co u n t (Em ery &  
M ith a l 1960, Cooney &  T h u rlb e ck  1982), o r lu n g  DNA co n te n t 
(W igglesworth &  Desai 1981). In  m ilde r cases in fa n ts  survive a fte r 
recovering  from  re sp ira to ry  in su ffic ie n cy  characte rized  b y  h ig h  
v e n tila to ry  pressures (T h ibeau lt et a l 1985, B h u ta n i e t a l 1986) 
and ra d iog ra p h ic  evidence o f reduced lu n g  size (Leonidas e t a l
1982); in  these the d iagnosis is  necessarily based on less exact 
c lin ic a l c rite ria .

C lin ic a l s tud ies  in d ica te  th a t the lik e lih o o d  o f PH a fte r
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o ligohydram n ios depends on three variables: gesta tion  a t onset, 
d u ra tio n  and severity  o f o ligohydram nios (H arrison  e t a l 1982a, 
N im rod et a l 1984, Moore et al 1989a, R otschild et a l 1990). Thus 
a lm o s t a ll in fa n ts  w ith  re n a l agenesis die fro m  re s p ira to ry  
in su ffic ie n cy  (Potter 1946a), having had v ir tu a lly  no am n io tic  flu id  
p resen t from  14-16 weeks (H islop et a l 1979, R atten e t a l 1973, 
M oore et a l 1989a). The m ost severe degrees o f PH a t necropsy 
are found in  fetuses w ith  rena l agenesis (Reale &  E s te rly  1973), 
suggesting th a t o ligohydram n ios due to  o the r re na l patho logies 
such as incom plete low er u rin a ry  tra c t obstruction , m ay be less 
severe or occur la te r in  gestation and th u s  fo r a sh o rte r d u ra tio n . 
In  co n tra s t, a m n io rrh e x is  is  u n lik e ly  to  re s u lt in  PH w hen 
m em brane ru p tu re  occurs a fte r the second trim e s te r (N im rod et 
a l 1984, R o tsch ild  e t a l 1990). Am ong 100 p regnancies w ith  
PPROM fo r >1 week, N im rod et a l (1984) found th a t 8 o f 9 w ith  
PH were <25 weeks a t m em brane ru p tu re , w ith  on ly  1 o f these 9 
le a k in g  flu id  fo r <5 weeks. R o tsch ild  et a l (1990) con firm ed  
g esta tiona l age a t ru p tu re  s ta tis tic a lly  to be the  m ost im p o rta n t 
va riab le  dete rm in ing  PH. Even w ith  m embrane ru p tu re  p rio r to  26 
w eeks, th e  m a jo rity  o f fe tuses w ill n o t develop p u lm o n a ry  
hypoplasia , w h ich  occurred in  on ly 8 o f 30 in  N im rod e t a l's  series 
(1984). R o tsch ild  e t a l's  (1990) regress ion  e q u a tio n  o f the  
p ro b a b ility  o f PH based on gestational age a t ru p tu re , ind ica tes th a t 
th is  r is k  exceeds 50% o n ly  before 19 weeks, d e c lin in g  steep ly 
the re a fte r. The severity  o f o ligohydram nios also seems im p o rta n t 
(T h ibeau lt et a l 1985, G lick  et a l 1985), w ith  9 o f 15 o f fetuses 
w ith  severe, com pared  to  1 o f 18 w ith  m ild /m o d e ra te  
o lig o h yd ra m n io s , deve lop ing PH in  one m id -tr im e s te r series 
(Moore et a l 1989a). However, a t least in  pa tien ts  w ith  ru p tu re d  
m em branes, severity as w e ll as d u ra tio n  o f o ligohydram n ios are 
re la ted to  gestation (Johnson et a l 1981, G onik et a l 1985), and in  
th is  regard R otschild  et al (1990) used log is tic  regression analysis 
on 88 m id -trim e s te r cases o f prolonged PPROM to  show  th a t 
seve rity  and d u ra tio n  were n o t s ig n ific a n tly  associated w ith  PH 
a fte r co rre c tio n  fo r g e s ta tio na l age. These fin d in g s  sh o u ld  be 
in te rp re te d  w ith  cau tion , as they were based on o n ly  14 cases o f 
PH, and severity was assessed on re trospective review  o f film s  
from  a single u ltra so u n d  exam ination. In  u te ro  decom pression o f 
e xp e rim e n ta lly  in d u ce d  u re th ra l o b s tru c tio n  in  fe ta l lam bs 
produced la rger lungs and less re sp ira to ry  in s u ffic ie n c y  th a n  in
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non-decom pressed co n tro ls  (H a rrison  et a l 1982b), p ro v id in g  
evidence th a t d u ra tio n  is  an im p o rta n t v a ria b le  in  PH. 
N everthe less, a s m a ll b u t s ig n ific a n t increase  in  n e o n a ta l 
re sp ira to ry  m o rb id ity  has been reported in  some (MRC W ork ing  
P arty 1978, Tabor et a l 1986) b u t no t a ll stud ies (N ational In s titu te  
o f C h ild  H ea lth  &  H um an Developm ent 1976, H u n te r 1987) a fte r 
am n iocen tes is , co n s is te n t w ith  a s tu d y  in  m onkeys show ing  
decreased a lveolar num ber a fte r a single am niocentesis (H islop e t 
a l 1984). However, the fa c t th a t these changes were also seen 
w hen the m em branes were punctu red  w ith  no flu id  rem oved, th a t 
s in g le  needle p u n c tu re  in  ra ts  causes c h ro n ic  leakage and 
o ligohydram n ios (M oessinger et a l 1983), and th a t up  to  2% o f 
am niocenteses in  hum ans are com plicated by ch ron ic  leakage o f 
flu id  (Tabor et a l 1986), raises the p o ss ib ility  th a t any re sp ira to ry  
sequelae w h ich  fo llo w  a sing le am niocentesis m ay be due to  
ch ron ic  o ligohydram nios.

In h ib itio n  o f fe ta l b rea th ing  m ovem ents (FBM) is  know n to  
cause PH, bo th  from  an im al stud ies (W igglesworth &  Desai 1979, 
A lco rn  et a l 1980, L iggins et a l 1981, Fewell et a l 1981) and from  
reports  o f hum an fetuses w ith  neuro log ica l d e fic it (C unningham  &  
S tocks 1978, G o ld s te in  &  R eid 1980, D o rn an  e t a l 1984). 
C om pression by in tra th o ra c ic  space occupying  les ions such  as 
v isce ra  in  d iaph ragm a tic  h e rn ia  (Cam panale &  R ow land 1955, 
P ringle et a l 1984), p leu ra l effusions (C astillo  et a l 1987), tu m o u rs  
(Reece e t a l 1987), o r ba lloon in fla tio n  in  expe rim en ta l s tu d ie s  
(H arrison et a l 1980), is  also know n to im p a ir fe ta l lu n g  grow th. As 
d iscussed e a rlie r, the  fe tus is  w ide ly  he ld  to  be com pressed in  
prolonged o ligohydram nios, and th u s  e x tra th o ra c ic  com pression 
has been assum ed as the  m echanism  fo r o ligohydram nios-re la ted  
PH (Thomas &  S m ith  1974, Fante l &  Shephard 1975, Nakayam a 
et a l 1983, T h ib e a u lt e t a l 1985, K ing et a l 1986). N orm ally, the 
up p e r a irw ays produce resistance to the  egress o f lu n g  liq u id , 
c re a tin g  a s ta n d in g  trachea l pressure o f 1 .5 -3 .0  m m  Hg above 
a m n io tic  pressure (Vilos &  Liggins 1982, Fewell &  Johnson 1983, 
M oessinger e t a l 1985). As lu n g  developm ent is  im pa ired  w hen 
th is  resistance is  bypassed in  tracheostom y experim ents (A lcorn et 
a l 1977, Fewell e t a l 1983), i t  has been suggested th a t lu n g  liq u id  
acts as an in te rn a l s ten t around w h ich  the lu n g  grows (A lcorn e t a l 
1977, A d z ick  e t a l 1984). I f  fe ta l lu n g s  are com pressed in  
o ligohydram nios, th is  m igh t be expected to  fa c ilita te  lu n g  liq u id
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escape. Loss o f lu n g  liq u id  from  the a irw ays in to  the  a m n io tic  
c a v ity  is  im p lic a te d  in  o lig o h yd ra m n io s -re la te d  PH b y  th e  
fo llow ing : (i) lu n g  volum e is  reduced in  ch ron ic  o ligohydram n ios 
(D ickson  &  H ard ing  1989), (ii) trachea l lig a tio n  in  expe rim en ta l 
s tud ies prevents the adverse pu lm onary effects o f o ligohydram nios 
(Adzick et a l 1984), and (iii) hum an fetuses w ith  rena l agenesis 
do n o t develop PH i f  laryngeal a tresia is also present, as in  F raser 
synd rom e  (W igg lesw orth  et a l 1987, S c u rry  e t a l 1989). 
E x tra th o ra c ic  co m pre ss io n  in  o lig o h yd ra m n io s  m ig h t a lso  
produce PH by in h ib itin g  fe ta l b rea th ing  m ovem ents (G ruenw ald 
1957, W igglesw orth et a l 1977). In  th is  regard, B lo tt e t a l (1987, 
1990, B lo tt &  Greenough 1988) recently noted in  o ligohydram nios 
secondary to  p re te rm  prem ature  ru p tu re  o f the m em branes th a t 
FBM  were absent in  fetuses subsequently shown to  have PH, and 
p re se n t in  those w h ich  su rv ived  the  n e o na ta l p e riod . These 
fin d in g s  were d ire c tly  con trad icted  by ano ther group w ho found  
the  incidence o f FBM in  fetuses w ith  o ligohydram nios and PH to  be 
th e  sam e as in  c o n tro ls , and g re a te r th a n  those  w ith  
o ligohydram nios and no PH (Fox &  M oessinger 1985, M oessinger 
et a l 1987). T h is  d is p a rity  has been suggested as s im p ly  due to  
d iffe re n t d e fin itio n s  o f FBM  (Greenough et a l 1988). W hether FBM  
are in h ib ite d  in  o ligohydram nios rem ains controversia l. In  an im als, 
the  incidence o f FBM  is  reported to  be una lte red  b y  e ith e r acute 
(M oessinger e t a l 1985) o r c h ro n ic  (H a rd in g  e t a l 1990) 
o ligohydram nios. In  hum ans, num erous cases have been reported 
o f FBM  co n tin u in g  in  the presence o f o ligohydram nios-re la ted  PH 
(K ilb rid e  e t a l 1988, V an E yck et a l 1990). Even i f  FBM  are 
in h ib ite d  in  o ligohydram nios, the fact th a t experim enta l in h ib itio n  
o f FBM  in  a d d itio n  to  o ligohydram nios produces m ore severe PH 
th a n  o ligohyd ram n ios alone, suggests th a t the  m echan ism  fo r 
o ligohydram nios-re la ted PH is  no t s im p ly a lack o f FBM  (Adzick et 
a l 1984).

L a c k  o f u n d e rs ta n d in g  o f th e  p a th o g e n e s is  o f 
o lig o h y d ra m n io s -re la te d  PH, ham pers th e  deve lo p m e n t o f 
p re ve n ta tive /th e ra p e u tic  strategies aga inst PH o the r th a n  sim ple  
re s titu tio n  o f a m n io tic  flu id  volum e. In  th is  regard , the re  are 
c u rre n tly  no c o n tro lle d  da ta  to su p p o rt th e  use in  h u m a n  
o ligohyd ram n ios o f the  novel p ractices o f se ria l a m n io in fu s io n  
(Im anaka et a l 1989, F isk et a l 1991) or vesico-am nio tic sh u n tin g  
(M anning et a l 1985), a lthough  in  an im a l stud ies, re s to ra tio n  o f
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a m n io tic  flu id  volum e in  fetuses w ith  b ladder o u tle t o b s tru c tio n  
has been show n to  have s ig n ific a n t ben e fic ia l effects on lu n g  
developm ent (H arrison et a l 1982b, Nakayama et a l 1983).

T he s o ft t is s u e /s k e le ta l d e fo rm itie s  fo u n d  a fte r 
o lig o h yd ra m n io s  in c lu d e  ch in  recession, a fla tte n e d  nose, a 
p rom in e n t in n e r can tha l fo ld, aberran t fo ld ing  o f the ears, spade
lik e  hands, flex ion  contractures o f the knees, elbows and feet, and 
ta lipes  eq iiinovarus (Potter et a l 1946b, Thom as et a l 1974). T he ir 
re la tio n sh ip  to  o ligohydram nios seems d iffe re n t from  th a t o f PH. 
In  pregnancies com plicated by PPROM, T h ib e a u lt e t a l (1985) 
found  deform ities la rge ly confined to  those w ith  severe PH, w h ile  
in  co n tra s t two o the r stud ies noted th a t 33-50%  o f de fo rm ities 
occurred  in  fetuses w ith o u t evidence o f PH. A p p ly in g  m u ltip le  
regression analysis to  18 cases o f de fo rm ities am ong 88 in fa n ts  
b o rn  a fte r m id -trim e s te r PPROM, R otsch ild  et a l (1990) showed 
th a t th e  presence o f d e fo rm itie s , in  c o n tra s t to  PH, was 
s ig n if ic a n tly  re la te d  to  th e  s e v e rity  and  d u ra tio n  o f 
o ligohydram nios, b u t no t to  gestation a t m embrane ru p tu re . Severe 
degrees o f de fo rm ity  however, defined as P otter facies w ith  lim b  
abnorm alities, were on ly found in  association w ith  PH.

1.6.vii. Am niotic pressure
The, com p lica tions  o f o ligohyd ram n ios have been w id e ly  

a ttrib u te d  to com pression o f the fe tus and u m b ilica l cord. Im p lic it 
in  th is  concept is  a rise  in  am nio tic  pressure. There has however 
been no s tu d y  in  e ithe r an im als or m an, o f a m n io tic  pressure in  
pregnancies com plicated by oligohydram nios.
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1.7 Aims
As ou tlin e d  in  th is  in tro d u c tio n , i t  has been p rev ious ly  been 

sp e cu la te d  th a t AP is  ra ised  in  b o th  p o lyh yd ra m n io s  and 
o ligohydram n ios. T h is  is  in  co n tra s t to  the th e o re tica l s itu a tio n  
w ith in  an in e la s tic  conta iner, where one w ou ld  expect a rise  in  
p ressu re  w ith  increase in  vo lum e, and fa ll in  p ressu re  w ith  
decrease in  volum e. As discussed earlie r, th is  s im ple  h yd ro s ta tic  
m odel is  n o t necessarily applicable to  AP w ith in  a m uscu lo -e lastic  
s tru c tu re  like  the u terus.

The aim s o f th is  w ork were:
i. to  m easure am nio tic  pressure (AP) th ro u g h o u t gesta tion  

in  norm al hum an pregnancy
ii. to determ ine the c lin ica l variables in flu e n c in g  AP
iii.  to  com pare AP in  pregnancies com plicated by abnorm a l 

a m n io tic  flu id  vo lum e w ith  th a t in  p regnancies w ith  
norm al am niotic flu id  volum e

iv. to  determ ine in  pregnancies w ith  abnorm al am n io tic  flu id  
volum es the effects on AP o f res to ra tion  o f am n io tic  flu id  
volum e

v. to  investigate the re la tionsh ip  between ra ised AP and fe ta l 
b lood gas s ta tus in  hum an pregnancy, and to  determ ine 
experim en ta lly  in  sheep the effect o f ra is in g  AP on fe ta l 
blood gas status

v i. to  in ve s tig a te  the  presum ed com pressive  e ffec ts  o f 
o ligohydram nios by restoring  am niotic flu id  volum e

v ii. to  exam ine in  fe ta l sheep the  c o n trib u tio n  o f low  AP in  
oligohydram nios to im pa irm ent o f lung  developm ent.

A lthough  th is  was predom inantly  a pa thophysio log ica l s tu d y  
o f hum an  pregnancy, an im al m odels were used w here i t  was n o t 
possib le  fo r e th ica l and p ra c tica l reasons to  te s t in  hum ans the  
hypotheses generated above. The w o rk  is  presented in  lo g ica l 
o rder, w h ich  is no t necessarily the chronolog ica l o rder in  w h ich  i t  
was undertaken.
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CHAPTER 2: MANOMETRIC TECHNIQUE INHUMAN 
PREGNANCY

2 .1  M ethod

2.1.1 Apparatus
A m n io tic  pressure was m easured d u rin g  invasive procedures 

b y  m eans o f a flu id -fille d  lin e  a ttached a t one end to  a needle 
positioned w ith in  the am niotic cavity, and a t the o ther to  a s ilico n  
s tra in  gauge transducer. Needles were 20G and e ithe r 10 or 15 cm 
in  le n g th  (Vygon, Ecouen France). A fte r rem oval o f the  s ty le t, the 
h u b  was connected v ia  a Luer lock to 25 cm o f po lyv iny l tu b ing , 2.5 
m m  in  in n e r diam eter, and in  tu rn  v ia  a 3-way tap  to  150 cm  o f 
p o lyv in y l tu b in g , 1 m m  in  in te rn a l d iam eter. A fte r connection  to  
the  dome o f one o f two pressure transducers (EM 750, E lcom atic 
L td , G lasgow), the  system  was fille d  w ith  no rm a l sa line  v ia  a 
syringe attached to the 3 -way tap. New ste rile  equipm ent was used 
fo r each procedure, w ith  the exception o f the  tra n sd u ce r dome 
w h ich  was s te rilize d  by soaking in  aqueous h ib ita n e  and th e n  
cleansed w ith  ste rile  saline. A fte r a m p lifica tion  and conversion o f 
p ressure  readings to  analogue d ire c t c u rre n t s igna ls, the  o u tp u t 
was displayed bo th  on a m eter, and on a ch a rt recorder ru n  a t 0.5 
cm /se c . Each o f these devices had a d ju s ta b le  zero and ga in  
c o n tro ls . The e le c tric a lly  iso la te d  e le c tro n ic  c irc u its  w ere 
powered b y  a n icke l-cadm ium  b a tte ry  recharged p r io r to  each 
re co rd in g  session; fu lly  charged its  ope ra ting  tim e  exceeds 5 
hours.

2.I.U . Reference po in t
A m n io tic  pressure (AP) was defined as the  pressure w ith in  

the  am n io tic  cavity  over and above th a t exerted g ra v ita tio n a lly  by 
th e  h e ig h t o f the  a m n io tic  flu id  co lum n. Id e a lly  the re fo re  the  
reference p o in t fo r zeroing AP shou ld  be the top o f the  am n io tic  
ca v ity . U sing th is  reference p o in t, the pressure m easured b y  a 
flu id -fille d  system  w ill in  a dd ition  to the pressure due to  u te rin e  
tone , re fle c t the  sum  o f the  g ra v ita tio n a l p ressure  in  the  the  
co lum n o f flu id  above the needle (shown as Y in  F igure 2.1) p lus  
the  g ra v ita tio n a l pressure in  the tu b in g  between the  needle and 
tra n sd u ce r (shown as Z). Thus va ria tio n  in  p o s itio n  o f the needle 
w ith in  the am nio tic  cavity w ill n o t a lte r the pressure recorded a t 
the  transducer. Referencing a t the top o f the am n io tic  cav ity  was 
considered  im p ra c tica l, and p o te n tia lly  in a ccu ra te ; th is  p o in t
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w o u ld  need to  be determ ined u ltra so n ica lly , and then  som ehow 
tra n s la te d  la te ra lly  to  reference the transducer. However, as the  
m a te rn a l so ft tissu e  overly ing  the top  o f the  a m n io tic  ca v ity  
com prises b o th  m uscle (more dense th a n  w ater) and fa t (less 
dense), th e ir  co m b ina tion  was considered to  app rox im a te  the  
d e n s ity  o f w ater. A ccord ing ly the sk in  surface was chosen as the 
re ference p o in t (F igure 2.1), and considered to be the  h ig h e st 
p o in t o f a v ir tu a l am n io tic  cav ity  whose ve rtica l d im ension  was 
la rger by the overlying soft tissue th ickness.

maternal
abdomen

amniotic
cavity

uterine wail

pressure
transducer

Pressure reading = AP + X+Y+Z

Figure 2.1: F luid-filled manometry system for AP measurement in  human 
pregnancies undergoing invasive procedures. For ease o f interpretation 
o f the components of measured AP, th is example shows the transducer 
positioned beneath the am niotic cavity: the pressure recorded at the 
level o f the transducer equals, in  addition to that due due to uterine tone 
(AP), the sum of the height of the flu id  column in  the catheter below the 
needle (Z) and the height of the flu id  column w ith in  the am niotic cavity 
above the needle (Y). Given tha t the density of overlying fa t and muscle 
approximates tha t o f water, flu id  pressure at the transducer equals 
AP+X+Y+Z. When the transducer is elevated on the slid ing attachment 
pole to be level w ith, and thus referenced to the maternal skin, X+Y+Z=0 
and the recorded pressure w ill equal AP. Referencing the apparatus at 
the maternal skin surface thus eliminates the gravitational component.

2 .1 .Hi. Recordings 
The e le c trica l system  and ch a rt recorder were ca lib ra te d  

p r io r to  each procedure by ra is in g  a flu id -fille d  lin e  connected to 
the  m anom eter ve rtica lly  in  6.8 cm (corresponding to  5 m m  Hg) 
in c re m e n ts , w h ich  had been m arked on a ru le r fixed  to  the
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a ttachm en t pole. P rio r to  record ing, the en tire  system  was again 
flushed to  ensure the absence o f bubbles. U sing s te rile  techn ique, 
the  needle was guided in to  the am nio tic  cav ity  u n d e r u ltra so u n d  
con tro l. A fte r rem oval o f the s ty le t, the  in tra -a m n io tic  p o s itio n  o f 
the  needle was confirm ed by a sp ira tin g  0.3 m l o f a m n io tic  flu id . 
The connecting  end o f the  tu b in g  was th e n  pos itio n e d  a t the  
upperm ost level o f the sk in  overlying the u te rus, and the ve rtica l 
p o s itio n  o f the pressure transducer altered on its  a ttachm en t pole 
to  zero the  record ing. P rio r to  connection, th is  end o f the tu b in g  
was gently  squeezed to remove any a ir trapped w ith in  it. S im ila rly , 
i f  a m n io tic  flu id  d id  n o t emerge spontaneously fro m  the  needle 
hub , gentle pressure on the m aterna l abdomen was applied so as 
to  prevent in tro d u c tio n  o f a ir bubbles d u ring  connection. Pressure 
readings were accepted i f  stable fo r 15 seconds; in  the presence o f 
a c o n tra c tio n  o r m a te rn a l d is tre s s  re s u ltin g  in  excessive 
re sp ira to ry  a c tiv ity , recording was abandoned a fte r 30-45  seconds 
i f  a stable reading could no t be obtained. A ll readings were made to 
the nearest 0.5 m m  Hg.

2 .2  Validation

2.2.U. Reference point 
In  o rder to  va lida te  the above assum ptions rega rd ing  the  

re ference p o in t, p ressure  record ings were m ade v ia  m u ltip le  
needles in s e rte d  a t d iffe re n t v e rtic a l p o s itio n s  in to  sealed 
conta iners. As shown in  Figure 2.2, tw o p la s tic  sealed con ta iners 
co n ta in in g  1 litre  o f norm a l sa line (V iaflex, B axter, N orfo lk) and 
m e a su rin g  a p p ro x im a te ly  26 cm  in  h e ig h t were suspended 
ve rtica lly . Ten 21 G needles were than  in troduced h o rizo n ta lly  in to  
each co n ta in e r a t a ve rtica l spacing o f 1.4 cm (co rrespond ing  
approx im ate ly  to  1 m m  Hg increm ents). The hu b  o f each needle 
was th e n  occluded w ith  a p lug , and the  m anom etry  system  
referenced to  the  flu id  level w ith in  each co n ta in e r. A  fu rth e r 
needle was inserted  in to  the top o f the con ta ine r above the  flu id  
level, and the pressure w ith in  the con ta iner allowed to e q u ilib ra te  
passively w ith  atm ospheric pressure. The p lugs a t the h u b  o f each 
o f the  needles (except the  2 a t the  top) were then  rem oved in  
tu rn , and pressure recordings made (n=20). A  sphygm om anom etry 
c u ff was next placed around the top o f each con ta iner and in fla te d  
to  a p ressure  o f 10 m m  Hg. M anom etry read ings were th e n  
repeated a t each o f 20 sites. Readings were s im ila rly  obta ined a fte r
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fu rth e r c u ff in fla tio n  to  20, 30, and 40 mm  Hg. R esults are shown 
in  Tab le  2 .1 . E sse n tia lly , read ings were in d e p e n d en t o f the  
p o s itio n  o f the needle tip , and a ll observed pressures were w ith in  
+ 0 .5  m m  Hg o f expected, w h ich  was the lim it  o f re so lu tio n  o f 
readings on the apparatus.

Figure 2.2: System for validation o f lack of effect of needle position on 
measured pressure (not to scale). A fter allow ing the inside of the 
container to equilibrate w ith  atmospheric pressure, the hub of the top 
needle was sealed. Pressure readings were made via each needle in  tu rn  
by removing the plug and connecting the manometry tubing, before 
resealing each hub. This was repeated w ith  the sphygmomanometry cu ff 
inflated to 10, 20, 30 and 40 mm Hg.

Table 2.1: Range of pressure recordings measured via different needle 
positions at various baseline pressures as illus tra ted  in  Figure 2.1. 
Inexact readings were those not exactly equal to (i.e. w ith in  0.5 mm Hg 
of) the cufjf pressure.

Cuff pressure No. of exact readings Range of recorded

(mm Hg) 

0

(out of 20)
pressures 
(mm Hg)

17 -0.5 to +0.5

10 14 9.5 to 10.5

20 16 20.0 to 20.5

30 13 29.5 to 30.5

40 14 39.5 to 40.5



49
2.2.U. Sources o f  error

F lu id - fille d  tra n s d u c e rs , in  c o n tra s t to  p re ssu re  t ip  
transduce rs , m ay produce dam ping i f  the tu b in g  is  o f excessive 
le n g th . T h is  however is  on ly  a prob lem  w ith  respect to  pu lse  
p ressu re s , and is  n o t considered to  a ffec t s ta b le  p ressures 
(R udolph &  Heym an 1985). A no the r disadvantage o f flu id - fille d  
system s is  the p o te n tia l fo r inaccuracy in  the presence o f bubbles. 
A cco rd ing ly  great care was taken to  avoid th is  p o te n tia l source o f 
e rro r by repeated flu sh in g  and v isua l inspection o f bo th  transducer 
dome and pressure lines.

The c a lib ra tio n  o f p ressu re  read ings in  m m  Hg w as 
referenced against a flu id  colum n o f know n he ight. The conversion 
fa c to r used (1 m m  Hg= 1.354 cm H2 O) was based on the reference 
va lue  fo r density  o f m ercury m easured in  atm ospheric pressure a t 
20°C (Kaye &  Laby 1973), the approxim ate am bien t tem pera tu re  
u n d e r w h ich  record ings were made. In  o rde r to  q u a n tify  the  
degree o f e rro r in tro d u ce d  by c a lib ra tin g  w ith  0.9%  sod ium  
ch lo ride  instead o f d is tille d  w ater, the specific g ra v ity  o f no rm a l 
sa line  a t 20°C was m easured w ith  a hygrom eter to  be 1006. Th is  
w o u ld  accoun t fo r an e rro r o f <1%, w h ich  fo r the  range o f AP 
read ings reported in  the  thesis, was w e ll below  the  re so lu tio n  o f 
the  m easurem ent technique.

A  fu rth e r p o te n tia l source o f e rro r was e le c trica l d r ift. T h is  
was beneath the  level o f reso lu tion  o f the  appara tus fo r readings 
made w ith in  15 m inu tes o f each other, b u t increased over 2 hours 
to  +0.5 and -2 .0  m m  Hg fo r the two transducers used. A ccord ing ly 
great care was taken to  rezero the system  before each read ing and 
re c a lib ra te  be fo re  each new  p a tie n t. The m a n u fa c tu re rs  
sp e c ifica tio n s  in d ica te  the rm a l d r ifts  o f <1% fo r b o th  zero and 
se n s itiv ity .

The re p ro d u c ib ility  o f th e  m a n o m e try  sys tem  w as 
ascerta ined  by each o f 3 observers m aking  4 read ings each o f 
pressures generated by ra is ing  a colum n o f flu id  to 2 separate fixed 
v e rtic a l he igh ts (corresponding to  5 and 10 m m  Hg) above the 
same reference p o in t. The apparatus was re-zeroed before each 
read ing . For each set o f 4 readings, the co lum n o f flu id  in  the 
tu b in g  was pos itioned  8 tim es, w ith  the  observer m a k in g  the  
read ing  unaw are as to  w h ich  were co rrect (n=4) and in c o rre c t 
(n=4) p o s itio n in g s . Recordings a t each h e ig h t were id e n tic a l 
in d ic a tin g  th a t fo r readings made w ith in  a sh o rt tim e  in te rv a l, 
in te r and in traobserver va ria b ility  was w ith in  the re so lu tio n  o f the
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apparatus.

2 .3  Discussion
The idea l system fo r m easuring AP w ould involve sub trac tion  

o f a m n io tic  f lu id  p re s su re  fro m  s u rro u n d in g  m a te rn a l 
in tra p e rito n e a l pressure. A lthough  su itab le  fo r an im a l studies, the 
a d d itio n a l in se rtio n  o f a paracentesis needle (Caldeyro et a l 1950) 
in  w om en is  now  considered u n e th ica l. C aldeyro e t a l (1950, 
C a ld e yro -B a rc ia  &  A lvarez 1952, C a ldeyro -B arc ia  et a l 1957) 
circum vented th is  problem  by m easuring in traves ica l pressure v ia  
a u re th ra l ca the ter, cons ide ring  th is  to  re fle c t m a te rn a l in tra 
a b d o m in a l p ressu re  w hen in tra v e s ic a l vo lum e w as <20 m l. 
S u b tra c tio n  o f in tra -a b d o m in a l from  in tra u te rin e  p ressure  was 
deemed im p o rta n t in  these o lder stud ies o f u te rin e  a c tiv ity  d u rin g  
la b o u r, to  d is tin g u is h  con trac tions  from  m ate rna l s tra in in g  and 
re sp ira to ry  e ffo rt. In  the  non -la b o u rin g  p a tie n t a t rest, i t  seems 
u n lik e ly  th a t m a te rn a l in tra -a b d o m in a l p ressure  com prises a 
s ig n ifica n t com ponent o f m easurem ents o f stable AP, especia lly in  
v iew  o f the  low  APs fo u n d  in  no rm a l hum an pregnancy (see 
C hapter 3.3). In  a recent re p o rt by another group on hum an AP 
m easurem ent d u rin g  invasive  procedures (W einer e t a l 1989), 
w h ich  appeared a fte r w o rk  on th is  thesis commenced, a s im ila r 
assum ption was made.

Pressure record ings m ade th ro u g h  a sing le  needle system  
however, requ ire  a reproducib le  reference p o in t. The accuracy o f 
readings zeroed a t the level o f anatom ical landm arks in  the fe tus is 
lik e ly  to  be im pa ired by va ria tion s  in  m aterna l and fe ta l pos ition , 
and by changes in  u te rine  and fe ta l size w ith  gestation. A ccord ing ly 
a sim ple  referencing system  (Figure 2.1) has been adopted in  th is  
w o rk , us in g  the top o f the m aterna l abdom en over the  u te ru s  as 
the  zero. F lu id -fille d  ra th e r th a n  p ressure -tip  catheters were used 
to  remove any e rro r due to  the  varying  p o s itio n  o f the  needle tip  
w ith in  the am niotic cavity. A lthough it  m ight be argued th a t AP as a 
re fle c tio n  o f u te rin e  tone shou ld  be d is trib u te d  u n ifo rm ly  w ith in  
the  u te rin e  cavity, the g rav ita tio n a l effect o f the flu id  co lum n on a 
pressure tip  transducer is  lik e ly  to be su b s ta n tia l in  the presence 
o f the  sm a ll a m n io tic  pressures found in  e a rly  gesta tion  and in  
o ligohydram n ios (see C hapters 3.3 and 6.3 respective ly). F lu id - 
fille d  systems have been w ide ly used in  studies o f u te rin e  and fe ta l 
physiology in  bo th  anim als and man.

W ith  th e  p re ca u tio n s  described to  m in im ize  p o te n tia l
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sources o f e rro r such as e le c tric a l d r if t  and b u b b le s , the  
re p ro d u c ib ility  o f m easurem ents obtained in  the la b o ra to ry  w ith  
th is  sim ple m anom etry system was w ith in  its  0.5 m m  Hg lim it o f 
re so lu tio n . The s lig h tly  greater v a ria tio n  in  the read ings found  
w ith in  the conta iner shown in  Figure 2.2, is th u s  more lik e ly  to  be 
a re flec tion  o f the accuracy o f the sphygm om anom eter. I t  was n o t
possib le  to  te s t re p ro d u c ib ility  in  vivo, in  view  o f the  e th ic a l

i ' ' ’d iffic u ltie s  th a t m u ltip le  e needle in s e rtio n s , a n d /o r m u ltip le  
record ings w ou ld  have engendered. F urtherm ore , any change in  
m easured AP in  vivo over repeated readings, m ay have re flected  
a lte ra tio n  in  u te rine  tone, ra the r than  poor re p ro d u c ib ility .
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CHAPTER 3: AMNIOTIC PRESSURE IN PREGNANCIES 
WITH NORMAL AMNIOTIC FLUID VOLUME

3.1 Aims
This chapter reports the resu lts o f m easurem ent o f basal AP 

in  hum an pregnancies w ith  norm al am niotic flu id  volum e, us ing  
th e  te ch n iq u e  described , in  C hap te r 2 .1 . The m a jo rity  o f
re co rd in g s  were m ade d u rin g  c lin ic a lly - in d ic a te d  in va s ive

( ■ .*

procedures in  the second and th ird  trim esters. Due to  the la ck  o f 
c lin ic a l in d ic a tio n  fo r am niocentesis procedures in  the  f ir s t  
trim e s te r, record ings a t th is  gesta tion were instead  m ade on 
pa tien ts  undergoing te rm ination  o f pregnancy.

The aim s o f th is  study o f hum an pregnancies w ith  no rm a l 
am nio tic  flu id  volum e were:

i. to characterize AP th roughout gestation
ii. to examine the extent to w h ich  c lin ica l variables in fluence

AP
iii.  to construct a reference range fo r AP th roughou t gestation
iv. to  de te rm ine  the e ffect on AP o f rem ova l o f sm a ll 

q u a n titie s  o f am niotic flu id , as perform ed fo r d iagnostic  
purposes.

3.2  Methods
The s tu d y  p o p u la tio n  com prised p a tie n ts  schedu led to  

undergo a transam n io tic  invasive procedure, e ither fo r d iagnostic 
reasons, o r d u rin g  te rm in a tio n  o f pregnancy in  p a tie n ts  who 
consented to p a rtic ip a tio n  in  a in s titu tio n a lly -sa n c tio n e d  tr ia l o f 
e a rly -p re g n a n cy  sam pling  techn iques. Each had (i) c e rta in  
m enstrua l dates confirm ed by u ltrasound e ither a t the ro u tin e  18- 
20 week exam ination, or a t the tim e o f the procedure i f  p rio r to  
th is , and (ii) am niotic flu id  volum e subjectively assessed as norm al 
on u ltra so u n d  im m ediate ly p rio r to the procedure. Patients were 
excluded fo r any o f the fo llow ing find ings on the pre-procedure 
scan: (i) fe ta l death (ii) a deepest ve rtica l pool m easurem ent 
devoid o f cord o r lim bs e ither <3.0 or >8.0 cm in  those >17 weeks 
(iii) a fe ta l abdom inal circum ference m easu re m e n t 5 th  cen tile  in  
those >18 weeks (iv) absence o f en d -d ia s to lic  frequencies on 
pu lsed -w ave  D opp le r w aveform s (Acuson, M o u n ta in  V iew , 
C aliforn ia) o f the um b ilica l artery in  those >18 weeks.

One hundred and n ine ty  fo u r women were enro lled in  the 
s tu d y , 186 w ith  sing le ton , and 8 w ith  tw in  pregnancies. In
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s ing le tons, AP was m easured a t the tim e  o f su rg ica l te rm in a tio n  o f 

p regn ancy fo r socia l in d ica tio n s  (<15 weeks) in  40, a t cytogenetic  
am niocentes is  (15-18 weeks) in  42, a t fe ta l s k in  b iopsy  (15 weeks) 
in  one, d u r in g  tra n sa m n io tic  fe ta l b lood sam p ling  (18-38 weeks) in  

92 , and a t am niocentesis fo r m easurem ent o f op tica l d e n s ity  (24- 
33 weeks) in  11 w ith  a llo im m u n iza tio n . The in d ic a tio n s  fo r fe ta l 
b lood sam p ling  were as follows: ra p id  ka ryo typ in g  o f u ltra s o n ic a lly  
d e te c te d  fe ta l m a lfo rm a tio n s  in  42 , a sse ssm e n t o f  fe ta l 
h a e m a to c r it  o r p la te le t c o u n t in  41 w ith  a llo im m u n iz a tio n , 

p re n a ta l d iagnosis o f J3-thalassaemia in  3, and cytogenetic s tu d y  in  
6 p resen tin g  too late fo r am niocentesis, o r in  w hom  am niocentes is  

fa ile d  o r show ed m o sa ic ism . In  tw in s , AP w as m e a su re d  a t 
te rm in a tio n  in  one, p r io r  to  selective fe tocide in  3 d is c o rd a n t fo r 
fe ta l a b n o rm a lity , and  a t fe ta l b lo o d  s a m p lin g  in  4 (ra p id  

k a ry o ty p in g  fo r d isco rdan t anom aly in  1, am n io tic  f lu id  m osa ic ism  
in  1 and  m a te rn a l age in  2), A ll gave in fo rm e d  co n se n t to  
p a r t ic ip a t io n  in  th is  s tu d y  approved b y  the  in s t i tu t io n a l e th ics  

c o m m itte e .

Figure 3.1: U ltrasound picture of 9 week singleton pregnancy showing 
the tip  (N) o f the needle (th in  arrows) located cen tra lly  w ith in  the 
am niotic cavity having pierced the amniotic membrane (th ick arrows), 
ra ther than w ith in  the extra-embryonic coelom.

P a rity  ranged fro m  0 to 6 (m edian 1) u s in g  in te rn a t io n a l 

d e fin itio n s  (i.e. pa rity=no . o f de liveries w ith  b ir th w e ig h t > 500 g or 
a t >22 weeks), g ra v id ity  from  1 to 8 ( m edian 3), and m a te rn a l age 
fro m  16 to  43 (m ean 30 years). The deepest v e r t ic a l poo l o f 
a m n io tic  f lu id  was recorded in  a ll pa tien ts , and in  128 pregnancies



54

> 1 0  weeks, the am nio tic  flu id  index was also determ ined u s in g  
the  m od ifica tion  described by Moore &  Cayle (1990) to  d iv ide  the 
p re -th ird  trim este r u te rus in to  4 equal quadrants.

A ll procedures were perform ed under u ltra so u n d  gu idance, 
and pressure m easurem ents obtained on e n try  o f th e  needle in to  
th e  a m n io tic  ca v ity  p r io r to  the  c lin ic a l p rocedure . In  those  
undergo ing  te rm in a tio n , cervica l p rim in g  agents were n o t used, 
and transabdom ina l am niocentesis was perform ed a fte r in d u c tio n  
o f genera l anaesthesia w ith  1.0-1.5 m g /kg  p ropo fo lo l, 0 .5 -1 .0%  
iso flu rane , and a 2:1 n itro u s  oxide/oxygen m ix tu re . S edation was 
n o t used in  the rem ainder. As the am n io tic  m em brane does n o t 
u s u a lly  fuse w ith  the chorion ic m em brane u n til the  e a rly  second 
trim e s te r, care was ta ke n  in  f ir s t  trim e s te r p reg n a n c ie s  to  
v isua lize  the  am nio tic  m em brane separate ly so as to  ensure  th a t 
the  needle tip  was placed w ith in  the am n io tic  ca v ity  ra th e r th a n  
the  extra-em bryonic coelom (Figure 3.1).

A  sa line  m anom etry techn ique was used as described  in  
C h a p te r 2.1 in  a ll except those  u n d e rg o in g  c y to g e n e tic  
am niocentesis. In  these pa tien ts  a w ater m anom etry system  was 
used fo r tw o reasons: firs tly , the sim pler apparatus was considered 
less in tim id a tin g  fo r these o ften  h ig h ly  anx ious w om en, and 
second ly these procedures were done a t a d iffe re n t lo ca tio n . 
W hen am n io tic  flu id  emerged freely from  the needle hub , a 25 cm 
s te rile  p la s tic  lin e , 2.5 mm in  in n e r d iam eter was a ttached v ia  a 
Luer lock, and the pa tien t's  own am niotic flu id  aspirated b y  means 
o f a 20 m l syringe to a height o f 15 cm. The 3-way tap a t the  d is ta l 
end was then  opened to  the  atm osphere, and the  tu b in g  he ld  
v e rtic a lly  aga inst a ru le r positioned on the m ost v e rtic a l p o in t o f 
the  abdom en overly ing  the gravid u te ru s . The re c ip ro ca l o f the  
convers ion  fa c to r in  C hapter 2.2 (1 /1 .354=0 .739 ) w as used to  
convert readings in  cm H2 O to m m  Hg. As per C hapter 2 .2 .ii, the 
specific  g rav ity  o f am nio tic  flu id  was m easured a t 37°C in  pooled 
specim ens from  10 pa tien ts  a t 16 weeks, w h ich  had been stored 
frozen a t -70°C fo r 1-4 weeks since co llection . As w ith  no rm a l 
sa line , the  read ing  o f 1003 was ve ry close to  th a t o f w a te r, 
suggesting an e rro r engendered in  pressure m easurem ent based 
on the  he igh t o f a co lum n o f am nio tic  flu id  ra th e r th a n  w a te r o f 
co n s id e ra b ly  less th a n  1%, w e ll below  th e  re s o lu tio n  o f the  
m easurem ent techn ique. Readings made w ith  th is  system  were 
s im ila r ly  referenced a t the top o f the  m a te rn a l abdom en, as
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p rev ious ly  va lida ted and readings made to  the nearest 0 .5  cm  o f
h 2o .

M easurem ents were repeated a fte r rem oval o f 20 -23  m l o f 
a m n io tic  f lu id  in  22 p a tie n ts  u n d e rg o in g  c y to g e n e tic  
am niocentesis. Seria l readings were made on 2-4 occasions in  27 
p a tien ts  being m onitored fo r Rh a llo im m un iza tion  a t 1-12 w eekly 
in te rva ls .

A fte r de livery, de ta ils  o f outcom e were obta ined  fro m  the  
case notes o r from  the re fe rring  hosp ita l. These were n o t availab le 
in  22 lo s t to fo llow  up or in  14 co n tin u in g  pregnancies. Procedure 
re la ted  com plica tions were defined as those o ccu rrin g  w ith in  a 
week o f the  procedure.

A  reference range fo r sing le ton  pregnancies was ca lcu la ted  
from  a single reading from  171 pa tien ts, a fte r exclusion o f 7 w ith  
u n s ta b le  record ings and 6 w ith  fe ta l aneup lo idy. Two fu rth e r 
pregnancies a t 36 and 38 weeks were also excluded in  view  o f the 
p o te n tia l fo r such o u tlie rs  on the x  axis to  skew the  regression 
curve. The la s t reading was used in  those w ith  seria l record ings in  
o rde r to  optim ize  sca tte r over the 3 trim e s te rs . The reference 
range  w as de rived  u s in g  s ta n d a rd  p o ly n o m ia l re g re ss io n  
techniques w ith  least squares analysis. The Shapiro F rancia  W* test 
was used to  check n o rm a lity  o f d is tr ib u tio n  and determ ine the 
o p tim a l tra n s fo rm a tio n  requ ired  (Royston 1991). A  sh ifte d  loge 
tra n s fo rm a tio n  was requ ired  to  ensure a no rm a l d is tr ib u tio n  a t 
each week o f gesta tiona l age (Royston 1991). A fte r e xc lus ion  o f 
he te roscedastic ity , the reference range was co nstruc ted  as 95% 
data  in te rva ls  (estim ated mean + 1.96 x  standard  devia tion  [SD]) 
and confidence in te rva ls  (Cl) fo r the  u p p e r and lo w e r lim its  
de te rm ined .

R e la tionsh ips  were assessed from  th e  d a ta  used in  the  
reference range between am niotic pressure expressed b o th  in  m m  
Hg and z scores (no. o f SDs from  the mean), and o the r variab les 
us in g  Pearson and Spearman co rre la tion  coeffic ien ts fo r n o rm a lly  
and n o n -n o rm a lly  d is trib u te d  da ta  as a p p ro p ria te . S ta tis tic a l 
com parisons were made by pa ired  o r u n p a ire d  t  -te s tin g  as 
ind ica ted .

3 .3  Results
A lth o u g h  AP increased s ig n ific a n tly  w ith  g e s ta tio n a l age 

(y=2.8 + 0.1 lx  where y=AP in  m m  Hg and x= gesta tiona l age in  
w eeks, R2=0.17, pcO.OOl) in  the  s in g le to n  p regnancies, the
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re s id u a ls  from  th is  equation were n o t n o rm a lly  d is tr ib u te d  (W* 
test=0.884, pcO.OOl). Loge/co n s ta n t tra ns fo rm a tion  corrected th is  
(W* test=0.994, p>0.9), and the re su lting  cub ic equation produced 
a s ig n if ic a n tly  b e tte r f i t  th a n  lo w e r o rd e r p o ly n o m ia ls  
(loge(y+ l)=0 .12  + 0 .23x - 0 .010x2+ 0.00015x3, R2=0.19, p<0.001). 
There was no s ig n ifica n t va ria tion  in  the standard devia tion  o f the 
res idua ls  (heteroscedasticity) over gestational age te rtile s .
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Figure 3.2: Amniotic pressure in 171 singleton pregnancies with
normal amniotic fluid volume between 7-34 weeks. The line represents 
the estimated mean (loge(y+l)=0.12 + 0.23x - O.OlOx2 + 0.00015x3  
r 2=0.19, p<0.001 where y=amniotic pressure in mm Hg and x=gestation 
in weeks) and the shaded area the 95% reference range.

The reference range together w ith  the raw  values are shown 
in  F igure 3.2. E igh t values (4.7%) la y  outside the  95%  reference 
range. A t the m ean gesta tiona l age o f 20 .5  weeks, th e  95% 
confidence in te rva ls  (CIs) o f the low er and u ppe r lim its  o f the 
reference range were 2.1 to 2.5 and 8.9 to  10.5 respectively. D ata 
p o in ts  fo r the  upper and low er lim its  o f the  reference range are 
shown in  Table 3.1.

Am ong pa tien ts  w ith  seria l readings (Figure 3.3), the re  was 
no s ig n ifica n t difference between the la s t AP and the  m ean o f the 
e a rlie r readings corrected fo r gesta tiona l age (mean d iffe rence  - 
0 .2  z scores, C I=-0.8 to +0.3, p=0.4). The use o f the la s t ra th e r 
th a n  f ir s t se ria l AP read ing in  co n s tru c tin g  the  reference range 
was fu rth e r v ind ica ted  by the  lack o f co rre la tio n  betw een se ria l 
APs expressed as z scores and the order o f read ing (Spearm an r=-



57

0.10, p=0.4).
In  s ing le ton  gestations, there was no s ig n ifica n t co rre la tio n  

between AP expressed as z scores and m a te rn a l age (Pearson 
r=0.02), g ra v id ity  (Spearm an r=0.11) or p a rity  (Spearman r=0.20). 
There was no s ig n ific a n t d ifference in  AP between n u llip a ro u s  
(mean z score +0.2, C l -0 .04  to  +0.4) and parous women (mean z 
score 0 .0 , C l -0 .2  to  +0.2). S im ila rly , there  was no s ig n ific a n t 
d iffe rence  between p rim ig rav idae  (mean z score 0.1 C l -0 .2  to  
+0.4) and m u ltig rav idae  (mean z score 0.0, C l -0.1 to +0.2). F igure
3 .4  shows m ean AP as a fu n c tio n  o f p a rity . AP was s im ila r in  
pregnancies w ith  m ale (m ean z score 0 .3 , C l -0 .1  to  +0.5) 
com pared to those w ith  fem ale fetuses (mean z score -0.1, C l -0 .3  
to+ 0.2).

Table 3.1: Upper and lower lim its  of the reference range for am niotic 
pressure in mm Hg and cm H2 O between 8-34 weeks.

Weeks Lower lim it Upper lim it
mm Hg cm H2 O mm Hg cm H2 O

8 1.1 1.5 6.1 8.2

10 1.5 2.0 7.2 9.7

12 1.8 2.4 8.1 11.0

14 2.0 2.7 8.8 11.9

16 2.2 2.9 9.3 12.6

18 2.2 3.0 9.5 12.9

20 2.3 3.1 9.6 13.1

22 2.3 3.1 9.7 13.1

24 2.3 3.1 9.7 13.1

26 2.3 3.1 9.8 13.3

28 2.4 3.2 10.1 13.6

30 2.5 3.4 10.6 14.3

32 2.8 3.8 11.5 15.6

34 3.2 4.4 13.1 17.7

A lth o u g h  raw  AP was corre la ted w ith  b o th  a m n io tic  flu id  
in d e x  (r=0.24, p=0.01) and the  deepest poo l (r= 0 .22 , p=0.02),
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these re la tio n s  were n o t s ig n ifica n t w hen AP was expressed in  z 
scores (p>0.5  fo r b o th ). M u ltip le  regression o f ra w  AP on 
ge sta tio na l age and a m n io tic  flu id  index (AFI) or deepest pool 
confirm ed th a t on ly  gestational age had any s ign ifican t effect on AP
(p=0.01).
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Figure 3.3: Amniotic pressure readings in 27 patients with singleton 
pregnancies in whom serial readings were made. The shaded area 
represents the 95% reference range.
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Figure 3.4: Mean and 95% confidence intervals for amniotic pressure z 
scores (SDs from the mean) in relation to maternal parity.

A m n io tic  pressure  was n o t s ig n ific a n tly  elevated in  tw in  
pregnancies (mean z score 0 .4  C l -0.5 to  1.2, p=0.4), as showm in
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F ig u re  3 .5 . A lth o u g h  th ree  o f the  tw in  p regn anc ies  in c lu d e d  
fetuses w ith  aneup lo idy, th is  was no t fe lt to  a ffect AP, as AP was 
n o t a lte red  by  fe ta l aneup lo idy  in  s ing le ton  pregnancies (m ean z 
score 0.7, C l -0 .6 to +2.0, p=0.3).
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Figure 3.5: Amniotic pressure in 8 twin pregnancies shown against the
reference range for singleton pregnancies.

A t a m e d ia n  o f 16 w eeks, acu te  d ra in a g e  o f  f lu id  
(a p p rox im a te ly  10-12%  o f am n io tic  f lu id  vo lum e) (Brace &  W o lf
1989) d id  n o t a lte r AP (mean A AP 0.1 m m  Hg, C l -0 .3  to  +0,6,
p=0.6 ).

A fte r exc lus ion  o f procedure re la ted  losses, the re  were no 
spon taneous abo rtio ns  b u t 12 pregnancies were com p lica te d  b y  
spon taneous p re te rm  la b o u r lead ing  to  de live ry. However, 9 o f 
these  w ere  p a tie n ts  w ith  Rh a llo im m u n iz a tio n , 8 o f w h o m  
u n d e rw e n t m u lt ip le  procedures, w h ile  the re m a in in g  3 had  fe ta l 
ab n o rm a litie s . T h e ir APs (mean 0.2, C l -0 .4  to  +0.7) were s im ila r  
to  those o f pa tien ts  delivered a t te rm  (0.1, C l -0.2 to +0.3, p=0.7).

3.4 D iscussion
T h is  s tu d y  docum ents  the  n o rm a l changes in  b a sa l AP 

th ro u g h o u t gestation. A ltho u g h  some o f the  pregnancies s tu d ie d  
were n o t s t r ic t ly  "no rm a l" by  v ir tu e  o f the  in d ic a tio n  fo r  th e ir  
invas ive  procedure , a ll had u ltra s o n ic a lly  n o rm a l a m n io tic  f lu id  
vo lum e. Care was taken to ensure stable readings ta ke n  d u r in g  a 
p e r io d  o f u te r in e  qu iescence . O n seve ra l o cca s io n s , th e  
in tro d u c tio n  o f a needle th ro u g h  the u te rin e  w a ll was no ted to 
provoke a con trac tion , w h ile  uns tab le  a rte fa c tu a lly  h igh  read ings



60

were som etim es observed in  anxious wom en w ho tensed th e ir 
a b d o m in a l m uscles. Iso flu ra n e  was chosen as the  in h a la tio n a l 
anaesthetic agent in  those undergoing te rm in a tio n  ra th e r th a n  the 
m ore conventiona l halo thane, as i t  has s ig n ifica n tly  less effect on 
g rav id  u te rin e  m uscle bo th  in -v ivo  (Tjeuw et a l 1986) and in -v itro  
(G haly et a l 1988). A lthough  i t  rem ains th e o re tica lly  possible th a t 
th e  a n aesthe tic  agents used m ay have affected u te rin e  tone, 
ha logenated  anaesthe tics have o n ly  been show n to  d im in is h  
u te rin e  co n tra c tility , no t resting  tone.

A lth o u g h  se ria l lo n g itu d in a l observations are p re fe rred  fo r 
d e te rm in in g  tim e -spec ific  changes in  a va riab le , the  p a u c ity  o f 
c lin ic a l in d ica tio n s  fo r se ria l tra n sa m n io tic  invasive procedures 
necessita ted the use o f cross-sectiona l data. In  de riv ing  a cross- 
sectiona l reference range, i t  m ay m ethodologica lly be preferable to  
use the firs t ra th e r than  la s t value in  those w ith  seria l observations 
(R oyston 1991); how ever in  th is  s tu d y  the  la c k  o f d iffe rence  
between the  la s t and ea rlie r readings, and the la ck  o f co rre la tion  
betw een AP and the o rder o f read ing  suggest th a t th is  d id  n o t 
m a te ria lly  affect the resu lts . Use o f the la te r gestation readings was 
necessita ted by the re la tive  la ck  o f invasive procedures in  th ird  
trim e s te r, now  th a t am niocentesis fo r fe ta l lu n g  m a tu rity  is ra re ly  
perform ed (James et a l 1983).

These resu lts  fo r AP are consistent w ith  a p re lim in a ry  repo rt 
p ub lished  since th is  s tudy was commenced, o f AP m easured over 
th e  la s t h a lf o f pregnancy, show ing a lin e a r increase w ith  
advancing  gesta tion  (W einer et a l 1989). Values obta ined in  the 
la te  th ird  trim e ste r are in  accord w ith  older data obtained o f basal 
AP in  the  m id -trim e s te r (6-10 m m  Hg) (Bengsston &  Csapo 1962) 
and in  early  la b o u r a t te rm  (8-12 m m  Hg) (C aldeyro-B arcia  &  
A lvarez 1952). However, they are on ly  h a lf as h ig h  as those o f 
W einer et a l (1989), who recorded AP a fte r fe ta l b lood sam pling, 
and used a va riab le  reference p o in t, the fe ta l hea rt. In  con tras t, 
AP was m easured in  th is  w ork  p rio r to o ther procedures to  avoid 
s tim u la tin g  co n tra c tio n s , and a fixe d  re ference p o in t used, 
com parable between p a tien ts . There are two com ponents to  AP: 
firs tly  th a t due to u te rine  tension, w h ich  according to Pascal’s Law 
is  equal and u n ifo rm  w ith in  the u te rus (Coren &  Csapo 1963), and 
second ly  a g ra v ita tio n a l com ponent th a t va ries v e rtic a lly . AP 
referenced to a variab le  p o in t w ill th u s  va ry  w ith  the p o s itio n  o f 
th a t p o in t w ith in  the cavity, as discussed in  C hapter 2.1 .ii.
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A fte r th is  s tu d y  was com pleted, a paper appeared p u rp o rtin g  
to  docum ent am n io tic  pressure in  200 pregnancies between 10-38 
weeks g e s ta tio n  (S ide ris  & N ico la ides 1990*). However, th e  
m ethodology invo lved a p ressu re -tip  transduce r a ttached to the  
needle h u b  w ith  m easurem ents re ferenced to  its  tip , and  
consequently  m easured pressure a t the variab le  p o s itio n  o f the  
needle tip , ra th e r th a n  g ravity-independen t pressure w ith in  the  
a m n io tic  c a v ity  a ttrib u ta b le  to  u te rin e  tone. T h u s i t  is  n o t 
s u rp ris in g  th a t these w orkers found a decline in  pressure w ith  
g e s ta tio n , g iven th a t i t  is  lik e ly  th a t an in c re a s in g ly  la rg e r 
p ro p o rtio n  o f the  needle w ou ld  be in trod u ce d  w ith  advancing  
gesta tion beneath the reference po in t used in  th is  thesis.

The cha racte riza tion  o f the p a tte rn  o f AP developm ent w ith  
g e s ta tio n , and th e  m a th e m a tica l equa tion  so derived a llow s 
com parison o f AP m easurem ents in  various cond itions w ith  those 
o b ta ined  in  s in g le to n  pregnancies w ith  n o rm a l a m n io tic  flu id  
vo lum e. Such com parisons can be done a t d iffe rin g  gestations by 
expressing AP va lues from  pregnancies o f in te re s t as s tandard  
d e v ia tio n s  a ro u n d  the  reference m ean. A lte rn a tiv e ly , the  95%  
reference range m ay be used to determ ine w hether AP readings in  
pregnancies o f in te re s t lie  ou ts ide  w h a t m ay be considered a 
n o rm a l o r reference range. B o th  these techn iques w ill be used 
la te r in  e va lu a tin g  pregnancies w ith  a bno rm a l a m n io tic  f lu id  
volum es and in  m on ito ring  pressure changes d u rin g  am nio tic  flu id  
f lu id  in fu s io n  and d ra inage  p rocedures. The m a th e m a tica l 
m o d e llin g  em ployed in  co n s tru c tio n  o f th e  re ference range 
co rre c tly  resu lted  in  5% o f values being ou tside  the 95% lim its . 
The num bers used were considered su ffic ie n t, as the e rro r fo r the 
low er lim it  o f the  reference range lay  w ith in , and th a t fo r the 
upper lim it was on ly  3 tim es h igher than, the m in im um  reso lu tion  
o f the  technique. Th is range is independent o f m aterna l age, p a rity  
and g rav id ity , and a llow ing fo r lim ite d  num bers stud ied , m ay also 
be applicable to  tw in  pregnancies.

The la ck  o f in fluence  o f am nio tic  flu id  index, w h ich  re flects 
am n io tic  flu id  volum e (Moore &  Cayle 1990), on AP suggests th a t 
in tra u te rin e  vo lum e is  no t a p rim a ry  d e te rm in a n t o f AP. Indeed, 
the  la ck  o f effect o f drainage on AP in  sing le tons together w ith  the 
absence o f ra ised  p ressure  in  tw in  g e s ta tio ns  s u p p o rts  th is  
con ten tion . Instead it  seems th a t gestational age is  the m ain  fac to r

* Published June 1991
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in flu e n c in g  AP. Furtherm ore  the re la tio n sh ip  o f AP to  increasing  
g e s ta tio n  is  d iffe re n t from  th a t o f a m n io tic  vo lum e, w h ic h  
increases to  22 weeks and does n o t change s ig n ifica n tly  the rea fte r 
(Brace &  W o lf 1989). O ur resu lts  dem onstrate th a t AP rises in  la te 
pregnancy, whereas i t  had previously been assumed to fa ll, due to  a 
s ta b le  u te rin e  ra d iu s  and th u s  vo lum e (R eynolds 1965). As 
discussed in  C hapter 1.2, pressure w ith in  the u te rin e  cav ity  is  a 
fu n c tio n  o f T /r ,  where T  is  the u te rin e  w a ll tens ion  and r  the  
ra d iu s . Tension  is  affected by increas ing  s tre tc h  w ith  u te rin e  
g row th , and m odula ted by m yom etria l th ickness and ce ll leng th , 
and the  effects o f pregnancy horm ones. I f  the developm ent o f AP 
w ith  advancing gestation is assumed to  re flect the re la tive  change 
o f T /r ,  t jie  w eak ly  sigm oid-shaped curve fo u n d  in  th is  s tu d y  
suggests th a t P, and th u s  T  re la tive to r, increases more ra p id ly  in  
the  firs t and th ird  trim este rs th a n  in  m id-pregnancy. I t  was n o t 
possib le  to  deduce T, since u te rin e  ra d iu s  was n o t m easured. 
However, a p la n im e tric  u ltra s o u n d  s tu d y  has suggested th a t 
u te rin e  ra d ii increase  in  a n e a r-lin e a r fa sh io n  th ro u g h o u t 
p regnancy (G ohari e t a l 1977). I t  is  specu la ted  th a t AP is  
m ediated by gestation-specific anatom ical and horm onal in fluences 
on gravid u te rin e  m usculature.

As u te rin e  d istension  may be im p lica ted  in  some causes o f 
p re te rm  la b o u r such as m u ltip le  pregnancy and po lyhydram n ios, 
AP in  pregnancies com plicated by spontaneous preterm  la b o u r was 
com pared w ith  th a t o f pregnancies progressing to te rm . The la ck  
o f d iffe rence  suggests th a t ch ro n ic  e leva tion  in  AP does n o t 
precede spontaneous preterm  labour, a lthough these fin d in g s  need 
to  be in te rp re te d  w ith  cau tion  in  view  o f the  h ig h  frequency o f 
m u ltip le  procedures and fe ta l a b n o rm a lity  encountered  in  th is  
study.

3 .5  Summary
A m n io tic  pressure was m easured on 232 occasions in  194 

p regnancies w ith  n o rm a l a m n io tic  f lu id  vo lu m e  u n d e rg o in g  
in va s ive  p rocedures. In  s in g le to n  p regnancies betw een 7 -3 4  
weeks, AP increased w ith  advancing gestation (R2=0.19, p<0.001, 
loge(y+ l)=0 .12  + 0 .23x - O.OlOx2 + 0 .00015x3, where y=AP in  m m  

Hg and x= g e s ta tio n ). However, th e  s ig m o id  shaped cu rve  
ind ica ted  a tendency fo r AP, u n like  volum e, to  p la teau  in  the m id 
trim e s te r. Volum e-re lated phenom ena such as tw in  gesta tion, the 
deepest ve rtica l pool or am nio tic  flu id  index d id  n o t in fluence  AP.
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Furtherm ore  AP was no t affected by pa rity , g rav id ity , m aterna l age, 
fe ta l sex, o r subsequent spontaneous p re te rm  de live ry . These 
fin d in g s  suggest th a t AP is  n o t p r im a r ily  d e te rm in e d  b y  
in tra u te rin e  volum e. I t  m ay be speculated th a t AP, w h ich  re flects 
change in  u te rin e  tens ion  as fu n c tio n  o f ra d iu s , is  in s te a d  
d e te rm in e d  b y  g e s ta tio n -sp e c ific  a n a to m ica l and h o rm o n a l 
in fluences on gravid u te rine  m usculature . A  reference range fo r AP 
was constructed.
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4 .1  Aims
Th is chapter reports the resu lts  o f m easurem ent o f basa l AP 

in  hum an pregnancies w ith  increased am nio tic  flu id  volum e, us ing  
the  techn ique  described in  C hapter 2.1. Recordings were m ade in  
th e  second and th ird  trim este rs ; th e ir num ber, fre q u e n cy and 
c lin ic a l c ircum stance  were necessarily lim ite d  by th e  need fo r a 
c lin ic a l in d ic a tio n  fo r am niocentesis o r o th e r tra n s a m n io tic  
p rocedure .

The aim s o f th is  s tudy were:
i. to  com pare AP in  pregnancies w ith  po lyhydram n ios w ith  

AP in  those w ith  norm al am niotic flu id  volum e
ii. to exam ine the extent to  w h ich  c lin ica l variab les in fluence  

AP in  pregnancies w ith  po lyhydram nios
iii.  to  de te rm ine  in  pregnancies w ith  p o lyh yd ra m n io s  the  

effect on AP o f rem oval o f qu a n titie s  o f a m n io tic  flu id , as 
perform ed fo r therapeu tic  purposes.

4 .2  M ethods
The s tu d y  p o p u la tio n  com prised p a tie n ts  w ith  increased 

a m n io tic  f lu id  vo lum e scheduled to undergo a tra n s a m n io tic  
invasive  procedure, e ithe r fo r d iagnostic o r th e ra p e u tic  reasons. 
Each had (i) ce rta in  m enstrua l dates confirm ed by u ltra so u n d  a t 
18-20 weeks, and (ii) am nio tic  flu id  volum e sub jective ly  assessed 
as increased on u ltraso u n d  im m ed ia te ly p rio r to  the  procedure . 
P atien ts were excluded fo r e ithe r o f the fo llow ing  fin d in g s  on the 
p re -p rocedu re  scan: (i) fe ta l death (ii) a deepest v e rtic a l poo l 
m easurem ent devoid o f e ither cord or lim bs <8.0 cm.

T h irty  s ix  wom en between 17-34 weeks were en ro lled  in  
th e  s tu d y . O f 27 s ing le tons, 16 were associa ted w ith  fe ta l 
s tru c tu ra l anom alies, and 3 w ith  Rh a llo im m un iza tion ; hydrops was 
p resen t in  8 and 2 o f these respectively. P o lyhydram nios in  the  
re m a in ing  7 was unassociated w ith  hydrops, fe ta l a b n o rm a lity  o r 
a llo im m u n iza tio n . AP was measured a t the tim e o f tra n sa m n io tic  
fe ta l blood sam pling, the ind ica tions being rap id  ka ryo typ ing  alone 
(n=16), rap id  karyotyp ing  p lus investiga tion  o f hydrops (n=8), and 
suspected fe ta l anaem ia (n=3). AP was also m easured in  7 d i- 
a m n io tic  tw in  (6 m o no ch o ria l) and 2 tr i-a m n io tic  t r ip le t  
pregnancies (bo th  m onochoria l); fe ta l s tru c tu ra l a b n o rm a litie s
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were p resen t in  2, and hydrops in  3. The in d ica tio n s  fo r fe ta l 
b lo o d  sa m p lin g  in  th e  9 m u ltip le  p regnancies w ere ra p id  
ka ryo typ in g  in  a ll cases in  add itio n  to  in ve s tig a tio n  o f fe to -fe ta l 
tra n s fu s io n  syndrom e in  7. A ll gave in fo rm e d  co n se n t in  
accordance w ith  in s titu tio n a l e th ics com m ittee requ irem ents.

The deepest ve rtica l pool o f am n io tic  flu id  was recorded in  
a ll pa tien ts, and in  the las t 15 cases, the am niotic flu id  index (AFI) 
was also determ ined. Fetal blood sam pling  was perfo rm ed v ia  a 
tra n s a m n io tic  approach, e ith e r because o f a p o s te rio r o r la te ra l 
p lacen ta l cord in se rtio n  or because the fe ta l in tra h e p a tic  ve in  was 
sam pled . A ll p rocedu res were pe rfo rm ed u n d e r u ltra s o u n d  
gu idance , and p ressu re  m easurem ents m ade on e n try  o f the  
needle in to  th e  a m n io tic  ca v ity , as described in  C h a p te r 2. 
S edation  w as n o t used. In  m u ltip le  pregnancies, p ressure  was 
m easured in  the  sac w ith  polyhydram nios.

In  17 cases, a fte r the in itia l pressure reading, a q u a n tity  o f 
flu id  was removed. A  25 cm long po rtio n  o f p o lyv in y l tu b in g , 2.5 
m m  in  in n e r d iam eter, was connected to  the needle h u b  a t one 
end, and a 50 m l syringe, w h ich  was attached to  a three-w ay tap a t 
th e  o th e r end, was used s e ria lly  to  rem ove 100-1100  m l o f 
a m n io tic  flu id . T h is  was done fo r c lin ic a l reasons in  o rde r to  
reduce  th e  r is k  o f u te rin e  a c tiv ity  a n d /o r  a m n io rrh e x is ; 
accord ing ly the volum e drained was selected by the opera to r w ith  
regard  to  m in im iz in g  the p o te n tia l fo r com p lica tions  associated 
w ith  rem oval o f excessive q u a n titie s  o f f lu id  as d iscussed  in  
C hapter 1.5.v. A fte r drainage o f flu id , the m anom etry appara tus was 
flushed  to ensure the  absence o f bubbles, re-referenced and then  
reconnected to  the needle hub  and a fu rth e r read ing made.

S eria l readings were made on 2-3 occasions in  7 pa tie n ts  a t 
1-4 w eekly in te rva ls , the  in d ic a tio n  fo r subsequent p rocedures 
be ing  fu rth e r drainage o f flu id  (n=6), d e te rm in a tio n  o f fe ta l lu n g  
m a tu rity  (n = l), and fe ta l blood sam pling fo r d ire c t a d m in is tra tio n  
o f a n tia rry th m ic  drugs (n = l).

D ata on basa l AP and the effect o f drainage were analysed 
w ith  respect to  the  f irs t procedure only. To rem ove the  e ffect o f 
gesta tiona l age, suggested in  Chapter 3 to be the  p rim a ry  variab le  
d e te rm in in g  AP, com parisons o f APs between groups were made 
u s in g  z scores (no. o f SDs from  the mean). Changes in  va riab les 
w ith  drainage are expressed as A variab le  (=post-dra inage va lue 
m in u s  pre-dra inage value). R ela tionsh ips were assessed between
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AP and o the r va riab les us ing  Pearson and Spearm an co rre la tio n  
coe ffic ien ts  fo r n o rm a lly  and n o n -n o rm a lly  d is tr ib u te d  da ta  as 
appropria te . S ta tis tica l com parisons were made p a ra m e trica lly  b y  
pa ired o r unpa ired  t  -testing  as ind icated, o r non pa ram etrica lly  by 
the  M ann-W hitney test.

4 .3  Results
As shown in  F igure 4.1, am nio tic  pressure was elevated in  

po lyhyd ram n ios (mean z score 2.7, C l 2.1 to  3 .4 , p<0.001). AP 
exceeded the  upper lim it  o f the reference range in  20 (56%), 
w h ile  in  the rem ainder i t  lay on (w ith in  0.2 m m  Hg), o r above, the 
m ean fo r gestational age in  pregnancies w ith  norm al am nio tic  flu id  
volum e.
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Figure 4.1: Amniotic pressure in 36 pregnancies complicated by 
polyhydramnios shown against the reference range (=shaded area, 
continuous line=mean) for pregnancies with normal amniotic fluid 
volume.

U nlike  pregnancies w ith  norm al am n io tic  flu id  volum e, AP in  
those w ith  po lyhyd ram n ios corre la ted  p o s itive ly  w ith  b o th  the  
deepest ve rtica l pool m easurem ent (y=-4.2 + 0.5x, where y=AP z 
score and x=deepest pool in  cm, r= 0 .76, p< 0.001, F igure 4.2) and 
the  AFI (y=-3.9 + 0.13x, where y=AP z score and x=am n io tic  flu id  
index in  cm, r=0.88, pcO.OOl, F igure 4.3). These sem i-quan tita tive  
ind ices o f am nio tic  flu id  volum e were bo th  s ig n ifica n tly  greater in  
p o lyh yd ra m n io s  pregnancies w ith  ra ised  (defined as above the 
reference range) AP (mean deepest pool 14.6 cm C l 12.7 to  16.4,
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and  m ean A F I 53 .2  cm . C l 4 3 .9  to  62 .4 ) com pared to  
po lyhyd ram n ios pregnancies w ith  no rm a l (defined as w ith in  the  
reference range) AP (mean deepest pool 11.9 cm, C I=10.9 to  13.0, 
p=0.02, and m ean AFI 35.1 cm, C I=28.5 to  41.6, p=0.007).
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Figure 4.2: The relationship in pregnancies with polyhydramnios 
between amniotic pressure in z scores and semi-quantitative amniotic 
fluid volume expressed as the deepest vertical pool measurement. y=-4.2 
+ 0.5x, where y=AP z score and x=deepest pool in cm, r=0.76, p< 0.001.

In  p re g n a n c ie s  w ith  p o ly h y d ra m n io s , th e re  w as no 
s ig n ifica n t co rre la tio n  between gesta tiona l age and the  degree o f 
e levation in  AP (i.e. z scores); fu rthe rm ore  gesta tiona l age in  those 
w ith  ra ised AP was s im ila r to  those w ith  n o rm a l AP (mean 28.3 
weeks, C l 26 .3  to  30.3 , and 29.8  weeks, C l 27 .2  to  32.6 , 
respective ly). A lthough  recordings were m ade s ig n ific a n tly  ea rlie r 
in  gesta tion  in  the m u ltip le  com pared to  s in g le to n  pregnancies 
(mean 24.3 weeks, C l 22.3 to  26.3, and 30 .6  weeks C l 28.9  to
32 .3 , p=0.001), i t  was th u s  n o t s u rp ris in g  th a t the re  was no 
s ig n ific a n t d iffe rence  in  AP between m u ltip le  and  s in g le to n  
pregnancies (mean z scores 3.8, C l 2.3 to 5 .3  and 2.4 , C l 1.7 to  3.0 
respe c tive ly ). S im ila rly , the re  was no s ig n ific a n t c o rre la tio n  
between AP z scores and fe ta l num ber (=num ber o f fe tuses per 
p regnancy). The deepest poo l m easurem ent w as s im ila r  in  
s in g le to n  (m ean 12.7 cm , C l 11.7 to  13.8) and  m u ltip le  
pregnancies (14.7 cm, C I=11.5 to  18.0), as was th e  A F I (m edian 
3 .9  cm, range 2.2 to  5.6 and 5.9 cm, range 3 .8  to  7 .7  respectively).
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Figure 4.3: The relationship in pregnancies with polyhydramnios 
between amniotic pressure in z scores and semi-quantitative amniotic 
fluid volume expressed as the amniotic fluid index. y=-3.9 + 0.13x, 
where y=AP z score and x=AFI in cm, r=0.88, p< 0.001.
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Figure 4.4: The acute effect of drainage of 100-1100 ml of amniotic fluid 
on amniotic pressure, (filled circles=pre-drainage, open circles=post- 
drainage, shaded area=reference range).
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AP fe ll s ig n ifica n tly  w ith  drainage o f flu id  as show n in  F igure
4 .4  (mean A AP in  m m  Hg=-8.9, C l -14.0  to  -3 .4 , p=0.004, and 
m ean A AP in  z scores=-1.4, C l -2.1 to  -0.8, p<0.001). A m n io tic  
p ressure  d id  n o t change w ith  dra inage in  the n o rm a l pressure  
g roup  (m ean A AP -0 .3  z scores, C l -0 .6  to  +0.8 , p=0.23), in  
co n tra s t to  the  fa ll in  AP in  the h igh  pressure group (mean A AP - 
1.8 z scores, C l -2 .5  to  -1 .0, p<0.001), the  d iffe rence  in  A AP 
between these tw o groups being s ig n ifica n t (p=0.048). The volum e 
o f flu id  d ra ined  however was g rea te r in  the  h ig h  th a n  in  the 
n o rm a l pressure group (mean 679 m l, C l 542 to  816, and m ean 
275, C l 59 to  490, respectively, p=0.01). In  a d d itio n , there  was a 
c lea r d iffe rence  in  the  degree o f po lyhydram n ios betw een these 
g roups as m entioned p rev ious ly , w h ich  m ay have in flu e n ce d  
se lection  o f vo lum e. A lthough  vo lum e dra ined  w as s ig n ific a n tly  
h ig h e r in  m u ltip le  (819 m l, C l 673 to  1492) th a n  s in g le to n  
p regnancies (376 m l, C l 256 to  496, p<0.001), the re  w as no 
s ig n ifica n t d ifference in  A AP (-1.9 z scores, C l -3.1 to -0 .8 , and - 
1.0, C l -1 .5  to  -0 .4, respectively, p=0.13).
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Figure 4.5: The relationship between the change in  am niotic pressure 
w ith  flu id  drainage and the in itia l am niotic pressure, when both are 
expressed in  z scores. (y=0.38 - 0.47x, r=0.70 p=0.002, where y=A AP z 
score and x=pre-drainage AP z score).

There was no s ig n ific a n t co rre la tio n  between A AP in  z 
scores and gesta tiona l age or fe ta l num ber. A AP expressed in  z 
scores showed s ig n ific a n t negative c o rre la tio n s  w ith  vo lum e



70

(y=0.032 - 0 .0025x, r=0.55, p=0.02, where y=A AP z score and 
x=volum e in  m l), and w ith  the deepest pool m easurem ent (y= l .7 - 
0 .22x, 0.61, p=0.03, where y=A AP z score and x=volum e in  m l). 
The fa ll in  am n io tic  pressure z score was also s ig n ific a n tly  re la ted 
to  the  p re-dra inage AP z score (y=0.38 - 0 .47x, r= 0 .7 0  p=0.002, 
w here y=A AP z score and x=pre-drainage AP z score, F igure 4.5), 
b u t n o t to  th e  post-d ra inage AP z score. M u ltip le  regression  
in d ica te d  th a t th is  associa tion  rem ained s ig n ific a n t (p=0.002), 
a fte r accoun ting  fo r volum e and the deepest poo l m easurem ent, 
w h ich  them selves were no t independently s ig n ific a n tly  corre la ted 
w ith  A AP.

The p a tte rn  o f change in  AP w ith  drainage, i.e . su b s ta n tia l 
fa lls  in  those w ith  raised pressure p rio r to drainage and no change 
in  those w ith  norm al pressure p rio r to drainage, was fu rth e r borne 
o u t in  the analysis o f those w ith  seria l readings (Figure 4.6).
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Figure 4.6: The change in  am niotic pressure in  patients w ith
polyhydram nios who underwent serial recordings (filled circles=pre- 
drainage, open circles=post-drainage).

4 .4  Discussion
This s tu d y  dem onstrates th a t am nio tic  pressure is  ra ised in  

p o lyh yd ra m n io s . S ince com m encing th is  s tu d y , W einer et a l 
(1989) have reported s im ila r fin d in g s  in  a sm a lle r n u m ber o f 
p a tie n ts : m ean AP in  8 cases o f c lin ic a lly -d ia g n o s e d
po lyhydram n ios was approxim ate ly 6 mm Hg h igher them th a t in  
42 w ith  n o rm a l am nio tic  flu id  volum e, a lth o u g h  d ifferences in



71

gesta tion  were n o t taken in to  account, no r d iffe rences in  the  
p o s itio n  o f th e ir reference p o in t (fetal heart), as d iscussed in  
Chapter 3.4.

A lthough in  th is  study, AP readings in  po lyhydram nios la y  on 
o r above above the reference mean, they exceeded the  upper lim it 
o f the  reference range in  op ly ju s t over h a lf; th is  m ay exp la in  
previous co n flic tin g  reports o f AP in  polyhydram nios (as discussed 
in  C hapter 1.5.vi). In  contrast to Caldeyro-Barcia et a l (1957), who 
contended th a t there were two separate types o f po lyhydram nios 
(no rm a l and h ig h  pressure), th is  w o rk  suggests th a t ra ised  
p ressu re  m ay instead  s im p ly  re fle c t the  degree o f increased 
a m n io tic  flu id  volum e. AP seemed a fu n c tio n  o f seve rity , as 
assessed s e m i-q u a n tita tiv e ly  by b o th  th e  deepest p o o l 
m easurem ent and the AFI. In  those w ith  m ild ly  increased am nio tic  
flu id  volum e, AP often lay w ith in  the reference range, w h ile  gross 
e levations in  AP (z score >4) were found on ly  where the  deepest 
pool exceeded 15 cm and the AFI 50 cm. Th is is  consisten t w ith  
the  know n properties o f ske le ta l and u te rin e  m uscle, in  w h ich  
re s tin g  tens ion  increases in it ia lly  on ly  s lig h tly  w ith  in c re as ing  
le n g th  as the  e lastic and ine lastic  m uscle fib res slide  over each 
o ther, u n til the resting  length  is exceeded p roducing  a large rise  
in  tens ion  due to s tre tch ing  o f the in e las tic  fib res. Th is  was firs t 
dem onstra ted  in  v itro  by H ill (1953) u s in g  a fro g  s a rto riu s  
p repara tion . Csapo (1962) la te r reported s im ila r find ings  in  s trip s  
o f ra b b it m yom etrium  stre tched in  2 m m  increm en ts : te n s io n  
rem ained below  4 g as the s trip  was lengthened from  12 to  30 
m m , b u t increased exponentia lly to exceed 50 g when the leng th  
was increased on ly a little  more to 40 mm. S im ila rly , Csapo e t a l 
(1963) confirm ed th is  in  vivo by increm en ta lly  in fu s in g  flu id  in to  
p a rtu rie n t ra b b it uteruses: there was little  i f  any in itia l increase in  
re s tin g  in tra u te rin e  pressure, b u t then an exponentia l rise  w ith  
fu rth e r increase in  u te rine  volume.

Thus the re la tio n sh ip  between AP and a m n io tic  vo lum e, 
a lthough  n o t m easured in  th is  study, is  on th e o re tica l grounds 
u n lik e ly  to  be linear. However, the re la tionsh ip  found between AP 
and sem i-quantita tive  assessments o f am niotic flu id  volum e in  th is  
s tudy was linear. This should no t be in terpreted as suggesting th a t 
AP increases lin e a rly  w ith  increasing am nio tic  flu id  volum e, since 
the  re la tio n sh ip  between such u ltra so n ic  ind ices and a m n io tic  
flu id  volum e has no t been determ ined and is, in  any case, u n lik e ly
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to  be lin e a r on geom etrical grounds. F igures 4.2 and 4 .3  suggest 
th a t in  lesser degrees o f p o lyhyd ram n ios, such  as w hen  the  
deepest pool m easurem ent is  <13 cm  or the AFI <40 cm , the re  is  
lit t le  i f  any re la tio n sh ip  between AP and these se m i-q u a n tita tive  
in d ice s  o f a m n io tic  flu id  vo lum e, s im ila r to  th e  s itu a tio n  in  
pregnancies w ith  norm al am niptic flu id  volum e (Chapter 3.3).

E levated AP in  gross po lyhydram nios is  cons is ten t w ith  the 
c lin ic a l features o f th is  cond ition , i.e. m a te rna l d iscom fort, u te rin e  
ir r ita b ility , p re te rm  labou r and preterm  p rem ature  ru p tu re  o f the 
m em branes (B arry 1953, C aldeyro-Barcia et a l 1957, Powers 1973, 
B oylan  &  P aris i 1986, C ardwell 1987, H ill et a l 1987, S te inberg et 
a l 1990), as discussed in  Chapter 1.5.iii.  I t  is  th u s  speculated th a t 
th e  co m p lica tion s  o f po lyhydram n ios m ay be m edia ted th ro u g h  
ra ised  AP. I t  was n o t possible in  th is  c lin ic a l s tu d y  to  exam ine 
s c ie n tific a lly  the re la tio n sh ip  between the degree o f e leva tion  in  
AP and the  above com plica tions, in  view  o f the  the  v a rie ty  o f 
therap ies used (drainage, indom ethacin, trans fus ion , a n tia rry th m ic  
drugs), the d iffe rin g  m anagem ent po lic ies em ployed a t the  va rio us  
in s titu tio n s  in  w h ich  these re ferred p a tie n ts  were sub se q u en tly  
m anaged, and the  h ig h  inc idence  o f c o n fo u n d in g  v a ria b le s  
(m u ltip le  pregnancy, fe ta l abnorm ality, hydrops etc).

In  p o lyh yd ra m n io s  pregnancies w ith  h ig h  AP (above the  
re fe rence  range), p ressure  was resto red  to w a rd s  n o rm a l b y  
dra inage o f a m n io tic  flu id . In  con trast, there  was no s ig n ific a n t 
change in  AP w ith  drainage in  those w ith  no rm a l AP (w ith in  the  
reference range), s im ila r to  the lack o f effect o f dra inage o f sm a ll 
q u a n titie s  o f f lu id  in  pregnancies w ith  n o rm a l a m n io tic  f lu id  
vo lum e (C hapter 3.3). There were however clear d ifferences in  the 
degree o f po lyhydram nios and the volum e dra ined  between these 
tw o groups. D ata on the effect o f rem oving q u a n titie s  o f a m n io tic  
flu id  were necessarily  lim ite d  by the  c lin ic a l c ircum stances o f 
each procedure, thereby in tro d u c in g  p o te n tia l b ias in  se lection  o f 
vo lum e. M u ltip le  regression analysis was th u s  used to  co n tro l fo r 
con found ing  variables, ind ica tin g  th a t pre-drainage AP was the  on ly  
va riab le  independently  correlated w ith  the fa ll in  AP w ith  drainage, 
a fte r accounting  fo r sem iquantita tive  am nio tic  flu id  volum e, volum e 
dra ined, and m u ltip le  pregnancy.

In  th is  s tu d y , th e  d ra inage vo lum es associa ted  w ith  
s ig n ific a n t reductions  in  AP were re la tive ly  sm a ll (mean 679 m l), 
conside ring  th a t am n io tic  flu id  volum es o f up  to  7-10 litre s  have
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been reported in  association w ith  gross polyhydram nios (Caldeyro- 
B a rc ia  et a l 1957, W eir et a l 1978). Th is is  in  keeping w ith  the 
m uscle  tens ion  experim ents discussed above, w hereby a sm a ll 
re d u c tio n  in  leng th  in  a m uscle s trip  stre tched ju s t beyond its  
re s tin g  length  w ould be expected to  be accom panied by a re la tive ly  
la rge r reduction  in  tension. I f  the com plications o f po lyhydram nios 
are m ediated th ro u g h  ra ised AP, then  re s to ra tio n  o f n o rm a l AP 
ra th e r th a n  volum e m igh t be a more appropria te  the rapeu tic  goal. 
T h is  w o u ld  have advantages in  m in im iz in g  th e  p o te n tia l fo r 
com plica tions such as ab rup tion  and preterm  labour, a ttrib u te d  to 
ra p id  rem oval o f large volum es o f am niotic flu id  (Cabriera-R am irez 
&  H a rris  1976, Feingold et al 1986).

4 .5  Summary
In  36 pregnancies w ith  po lyhydram nios undergo ing invasive 

p ro ce d u re s , a m n io tic  p ressu re  was e levated com pared  to  
pregnancies w ith  norm al am niotic flu id  volum e (mean z score 2.7, 
C l 2.1 to  3.4, pcO.OOl), and was s ig n ifica n tly  pos itive ly  corre la ted 
w ith  se m iq ua n tita tive  am n io tic  flu id  vo lum e (deepest pool and 
AFI). D rainage o f flu id  (mean 584 m l, C l 443 to 725) produced a 
fa ll in  AP (mean A z score -1.4, C l -2.1 to  -0.8, p<0.001). A AP was 
s ig n ific a n tly  re la ted  to  the  p re-d ra inage AP z score (y=0.38 -
0 .4 7 x , r=0 .70 , p=0.002), b u t n o t independen tly  to  the  vo lum e 
dra ined . A m n io tic  pressure d id  no t change w ith  drainage in  the 16 
w ith  a pre-drainage pressure w ith in  the reference range (mean A 
AP -0 .3  z scores, C l -0 .6  to +0.8), in  con trast to  the  fa ll in  AP in  
the  20 (56%) w ith  a pre-drainage AP outside the  reference range 
(mean A AP -1.8 z scores, C l -2.5 to  -1.0, pcO.OOl). These find ings 
suggest th a t AP is  elevated in  po lyhyd ram n ios, and m ay be 
restored towards norm al by drainage o f am niotic flu id .
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CHAPTER 5: ASSOCIATION OF RAISED PRESSURE IN 
POLYHYDRAMNIOS WITH IMPAIRED FETAL BLOOD GAS 
STATUS

5 .1  Background
The excess pe rina ta l m o rb id ity  and m o rta lity  associated w ith  

po lyhydram nios is in  p a rt a ttrib u ta b le  to  an increased incidence o f 
p re te rm  d e live ry  secondary to  p re te rm  la b o u r and ru p tu re d  
m em branes (B arry et a l 1953, H ashim oto 1984, B oylan &  Parisis 
1986, C ardw ell 1987, H ill et a l 1987), and in  p a rt to  the presence 
o f congen ita l m a lfo rm ations (Queenan &  Gadow 1970, H ill e t a l 
1987), as discussed in  Chapter 1.5.iv. These associations however, 
do n o t e n tire ly  accoun t fo r the  adverse p e rin a ta l ou tcom e 
a ttrib u te d  to  po lyhydram nios: e ight (6%) o f 141 p e rin a ta l deaths 
in  Q ueenan &  G adow's large series occurred  a n te p a rtu m  in  
n o rm a lly  form ed singletons, as d id  2 (9%) o f 22 deaths in  a more 
re ce n t series o f severe p o lyhyd ram n ios  (B a rk in  e t a l 1987). 
S im ila r ly , C arlson  et a l (1990) repo rted  th a t 2 (14%) o f 14 
p e rin a ta l deaths in  49 pregnancies w ith  an AFI >24 cm  were 
n o rm a lly  form ed antepartum  s tillb irth s , a lthough i t  was n o t stated 
w h e th e r these were tw in s  o r s in g le to n s . C e rta in ly  fe to -fe ta l 
tra n s fu s io n  syndrom e when diagnosed a n tena ta lly  in  the presence 
o f po lyhydram nios, is  associated, as discussed in  C hapter 1.5.iv, 
w ith  p e rin a ta l m o rta lity  ra tes in  excess o f 50%, a s u b s ta n tia l 
p ro p o rtio n  o f w h ich  occurs a n te p a rtu m  in  n o rm a lly  fo rm ed 
fe tuses. E ig h t (50%) o f the 16 p e rin a ta l losses in  W e ir e t a l's  
(1979) series o f 8 m onozygous tw in  p regnancies w ith  acu te  
po lyhydram nios were in tra u te rin e  deaths, as were 14 (61%) o f 23 
deaths in  a la te r series from  the same in s titu tio n  (S teinberg et a l
1990). Some o f these occurred in  asso c ia tio n  w ith  h yd ro p s, 
a lth o u g h  the co n trib u tio n  o f hydrops to  fe ta l com prom ise in  fe to- 
fe ta l tra n s fu s io n  syndrom e and its  pathophysio logy rem ains poorly  
understood.

T abor &  M a ie r (1987) specu la ted  th a t ra ise d  a m n io tic  
pressure im pa irs  u terop lacenta l perfusion  in  po lyhydram nios; th is  
w as based on th e ir  o b se rva tio n  o f a case o f ia tro g e n ic  
po lyhyd ram n ios d u rin g  in tra p a rtu m  a m n io in fu s io n . A  p re v io u s ly  
n o rm a l ca rd io tocog raph  showed a base line  b ra d y c a rd ia  and 
dece lera tions as am nio tic  pressure rose w ith  the  developm ent o f 
p o ly h y d ra m n io s  fro m  10 to  50 m m  Hg, these  changes 
d isappea ring  w ith  drainage o f flu id  and re s to ra tio n  o f n o rm a l
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pressure . Im pa ired  u te ro p la ce n ta l pe rfus ion  in  po lyhyd ram n ios  
m ig h t a lso exp la in  the  h igh  frequency o f fe ta l hypoxaem ia and 
a c id a e m ia  re c e n tly  docum ented  in  u te ro  in  p re g n a n c ie s  
com plica ted b y  fe to -fe ta l tra n s fu s io n  syndrom e (F isk e t a l 1990). 
Indeed, i t  has recen tly  been suggested th a t ra ised pressure in  the 
re c ip ie n t’s sac secondary to  po lyhydram n ios im p a irs  p la ce n ta l 
p e rfu s io n  in  the  donor tw in , and th a t th is  re s u lts  in  fu rth e r 
hypovolaem ia and o lig u ria  in  the donor (Urig et a l 1990, E llio t et a l
1991). T h is  suggestion arose from  an unexpected observa tion  in  
recen t series o f fe to -fe ta l tra n s fu s io n  syndrom e trea ted  b y  se ria l 
am niocenteses. Removal o f su ffic ie n t flu id  to  norm alize volum e in  
the  re c ip ie n t's  sac was accompanied by norm a liza tion  o f am nio tic  
f lu id  vo lu m e  in  th e  p re v io u s ly  a n h y d ra m n io tic  d o n o r's  sac 
(M ahoney e t a l 1990, U rig  et a l 1990, E llio t e t a l 1991), and in  
some cases, b y  re so lu tio n  o f hydrops. U sing  th is  techn ique  o f 
"aggressive th e ra p e u tic  am niocentesis", su rv iva l ra tes o f 69-79%  
have recen tly  been reported (Mahoney et a l 1990, U rig  et a l 1990, 
E llio t  e t a l 1991), le a d in g  one g ro u p  to  su g g e s t th a t 
decom pression "e ffective ly reverses the physio logy o f tw in -tw in  
tra n s fu s io n  syndrom e" (E llio tt et a l 1991).

5 .2  Aims
The aim s o f th is  p a rt o f m y w ork were:

i. to  investigate the re la tionsh ip  between raised AP and fe ta l 
b lo o d  gas s ta tu s  in  h u m a n  p re g n a n c ie s  w ith  
p o lyh yd ra m n io s  und e rg o in g  c lin ic a lly - in d ic a te d  fe ta l 
blood sam pling

ii. to  investiga te  the  re la tio n sh ip  between ra ised  AP and 
D opp ler m easurem ents o f dow nstream  resistance in  the 
u te ro p la c e n ta l c irc u la tio n  in  h u m a n  p re g n a n c ie s  
com plicated by polyhydram nios

iii.  to  determ ine experim enta lly in  sheep the  effect on fe ta l 
blood gas s ta tus o f increasing am n io tic  pressure b y  flu id  
in fusion .

5 .3  C lin ical data

5.3.1 Methods
S u ffic ie n t blood to  a llow  blood gas ana lysis was ob ta ined  a t 

fe ta l blood sam pling  in  22 o f the pregnancies w ith  po lyhydram nios 
described in  C hapter 4.2. O f 18 singletons, 9 were associated w ith
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fe ta l s tru c tu ra l anom alies, and 1 w ith  Rh a llo im m u n iza tio n ; 
h yd ro p s  was p re se n t in  5. A ll 4 m u ltip le  p regnancies had 
u ltra so n ic  signs consisten t w ith  fe to-fe ta l transfus ion  syndrom e; in  
each case the  fe tus in  the sac w ith  po lyhydram nios (the recip ient) 
u n d e rw e n t b lood sam pling , o n ly  one o f these be ing  h yd ro p ic . 
G esta tiona l age ranged from  20-34 weeks (median 30).

A fte r re c o rd in g  th e  a m n io tic  p ressu re  as de scribe d  
p rev ious ly , fe ta l b lood sam pling was perform ed unde r u ltra so u n d  
gu idance  from  the  u m b ilic a l ve in  a t e ith e r the  p la ce n ta l cord 
in se rtio n  (n = ll) ,  the fe ta l in trah e p a tic  ve in  (n=9), o r a free loop o f 
cord (n=2). A fte r e n try  o f the needle in to  the fe ta l vessel, 1-3 m l o f 
fe ta l b lood  were co llected fo r cytogenetic and haem ato log ica l 
in v e s tig a tio n s . A n  a d d itio n a l 100-150 p i was p laced  in to  a 
heparin ized  syringe, and acid-base balance determ ined w ith in  10 
m in u te s  (ABL 330, R adiom eter, Copenhagen, D enm ark). Fe ta l 
b lood  sam p ling  was repeated fo r c lin ic a l reasons in  one fe tu s  
im m ed ia te ly  fo llow ing  drainage o f am n io tic  flu id , as described in  
C hapter 4.2.

The p u r ity  and fe ta l source o f the  b lood  sam ple were 
con firm ed (i) a t the tim e by dem onstra tion  o f separate m ean ce ll 
vo lum e peaks on a C o u lte r C hannelyzer (C o u lte r E le c tro n ics , 
Lu ton , Beds) and (ii) la te r by exam ination o f the blood film  sta ined 
b y  the K le ihauer-B etke m ethod. W hen the site o f sam pling  was the 
p la ce n ta l cord in s e rtio n  o r a free loop, 1-2 m l o f sa lin e  was 
in je c te d  to  co n firm  the venous ra th e r th a n  a rte ria l o rig in  o f the 
sam ple by u ltraso n ic  v isua liza tion  o f the d irection  o f tu rb u le n t flow .

B lood gas re s u lts  were com pared to  p u b lish e d  reference 
ranges (S po th ill et a l 1986). From  the graphs in  th a t p u b lica tio n , 
regression lines and standard deviations were derived m a n u a lly  to 
a llo w  g e s ta tio n -in d e p e n d en t expression o f pC 02  and pC>2 as z 
scores (y=4.04 + 0 .024x where y=pCC>2 in  kPa and x=gesta tion  in  
weeks, SD =0.46, and y=10.8  - 0 .1 6x w here y=pC>2 in  kPa and 
x=gesta tion in  weeks, SD=1.0). A lthough fe ta l venous pH  does no t 
va ry  w ith  gesta tion  (S oo th ill et a l 1986), z scores were s im ila rly  
ca lcu la ted  (SD=0.033, mean pH=7.385) so th a t a ll th ree  variab les 
cou ld  be com pared to  reference data by means o f the  one sam ple t  
te s t. R e la tionsh ips were assessed between a m n io tic  pressure  and 
o th e r variab les us ing  Pearson co rre la tion  coeffic ien ts fo r n o rm a lly  
d is tr ib u te d  da ta . L in e a r re la tio n sh ip s  were used o n ly  w here 
suppo rted  by least-squares ana lys is. AFI was n o t used in  the
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a na lys is  in  view  o f the  sm all num ber o f pa tien ts  in  w hom  th is  
m easurem ent was obtained (n=9).

5 .3. i t  Results
Blood gas re su lts  in  the fetuses w ith  po lyhyd ram n ios are 

show n in  Table 5.1. Com parison o f gestation-independent z scores 
w ith  pub lished  data on norm al fetuses ind ica tes th a t as a group, 
fe tu se s  w ith  p o lyh yd ra m n io s  were s ig n ific a n tly  ac idaem ic, 
hypercapn ic, and hypoxaem ic. O f the 22 fetuses, 8 (36%) had a 
pH  value, 10 (45%) had a p0O2 value and 16 (73%) had a p02 value 
below  the reference range.

Table 5.1: Mean and 95% confidence intervals for fetal blood gas
variables in  22 fetuses w ith  polyhydramnios, expressed both in  the 
orig inal un its  and in  z scores. Significance was determ ined by one 
sample t  testing of z scores.

Mean fCIs) Units z scores p \aiue

pH 7.32 
(7.28 to 7.38)

-1.7 
(0.2 to 3.1)

0.04

pC02 (kPa) 5.7 
(4.9 to 6.5)

2.1 
(0.3 to 3.8)

0.03

P02 (kPa) 3.2 
(2.5 to 3.8)

-3.0 
(-2.3 to -3.7)

<0.001

As show n in  Table 5.2, th e re  w ere s ig n ific a n t lin e a r 
co rre la tions between am nio tic  pressure and fe ta l pH  and pC>2 , b u t 
n o t p C 0 2. Feta l pH  decreased s ig n ific a n tly  w ith  in c re a s in g  AP 
(y=7.43 - 0 .0063x, r=0.54, p=0.01, where y=pH  and x=AP in  m m  
Hg), and th is  re la tion sh ip  was o f s lig h tly  greater s ign ificance  when 
AP was expressed in  z scores (y=7.43 - 0 .036x, r=0 .56 , p=0.006, 
F igu re  5.1). S im ila rly  the degree o f hypoxaem ia was nega tive ly 
co rre la te d  w ith  a m n io tic  p ressure  (y= -1 .9  - 0 .0 6 9 x , r= 0 .4 1 , 
p = 0 .0 5 , w here  y= p 0 2  z scores and x=AP in  m m  Hg), th is  
re la tio n s h ip  aga in  be ing o f greater s ig n ifica n ce  w hen  AP was 
expressed in  z scores (y=-1.6 - 0.48x, r=0.54, p=0.01, F igure 5.2).

There was no s ign ifican t corre la tion  between any o f the fe ta l 
b lood gas variab les and the deepest pool m easurem ent. As AP was 
s ig n ific a n tly  co rre la te d  w ith  th is  s e m i-q u a n tita tiv e  in d e x  o f 
am n io tic  flu id  volum e, m u ltip le  linea r regression ana lys is  was used 
to  d em onstra te  th a t fe ta l pH  and pC>2 z scores w ere b o th
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s ig n ific a n tly  co rre la te d  w ith  AP z scores (p=0.04 and 0 .02  
respectively) independent o f the  deepest pool m easurem ent.
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Figure 5.1: The relationship between fetal pH and the degree of elevation 
in  am niotic pressure. (y=7.43 - 0.036x, r=0.56, p=0.006, where y=pH 
and x=AP z scores).
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Figure 5.2: The relationship between the degree of fetal hypoxaemia and 
the degree of elevation in  am niotic pressure. (y=-1.6 - 0.48x, r=0.54, 
p=0.01, where y=pC>2 z scores and x=AP z scores).

The variances o f the regression equations in  F igures 5.1 and
5.2 were on ly  0.31 and 0.29 respectively, suggesting th a t fa c to rs  
o th e r th a n  AP exp la in  m ost o f the va ria tio n  in  fe ta l pH  and pC>2 . 
A cco rd ing ly  blood gas s ta tu s  was com pared between fetuses w ith  
and w ith o u t several po ten tia l confounding factors: the  presence o f
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h yd ro p s, th e  presence o f s tru c tu ra l anom alies, and m u ltip le  
p regnancy. There was no s ig n ific a n t d ifference in  pH  o r pC>2 

between fetuses w ith  (mean pH  7.30, C l 7.22 to  7.39, and m ean 
pC>2 -3 .2 z scores, C l -4.5 to -1.9) and w ith o u t s tru c tu ra l anom alies 
(mean pH 7.35, C l 7.29 to  7.40, and m ean pC>2 -2 .9  z scores, C l -
3.7 to  -2.1). S im ila rly  there was no difference in  pH or pC>2 z score 
between those w ith  (7.27, C l 7.19 to 7.35, and -3.5, C l -4 .5 to  -2.5 
respectively) and w ith o u t (7.35, C l 7.29 to  7.41, and -2 .8 , C l -3 .7  
to  -1.9) hydrops. A lthough fe ta l pH  values were s im ila r in  sing le ton  
(mean 7.35, C l 7.30 to  7.40) and m u ltip le  (7.25, C l 7.12 to 7.38) 
pregnancies, pC>2 z scores were low er in  m u ltip le  (-5.1, C l -4 .2  to  - 
6.0) com pared to s ing le ton  pregnancies (-2 .5 , C l -1 .9  to  -3 .2 , 
p=0.002). N o tw ithstand ing  any effect o f the above, the co rre la tions 
between AP z score and pH or pC>2 z score rem ained s ig n ific a n t 
a fte r exc lus ion  o f those w ith  anom alies (r=0.75, p=0 .003 , and 
r=0 .65 , p=0.02 respectively), those w ith  hydrops (r=0.49, p=0.05, 
and r= 0 .5 8 , p=0 .02  respective ly), and those w ith  m u ltip le  
pregnancies (r=0.57, p=0.01, and r=0.56, p=0.02 respective ly).

Table 5.2: Pearson correlation coefficients and p values fo r linea r 
regression equations between blood gas variables and am niotic pressure 
in  22 fetuses w ith  polyhydramnios. Gestation dependant variables are 
also expressed as z scores.

Blood gas variable Amniotic pressure Am niotic Dressure
in mm Hg in z scores

pH r=0.54, p=0.01 r=0.56, p=0.01

pCC>2 (kPa) r=0.31, p=0.15 r=0.39, p=0.10

pCC>2 z scores r=0.30, p=0.16 r=0.38, p=0.10

pC>2 (kPa) r=0.55, p=0.008 r=0.62, p=0.002

pC>2 (z scores) r=0.41, p=0.06 r=0.54, p=0.01

As these p o te n tia l confounders (hydrops, anom a lies and 
m u ltip le  pregnancy) were d icho tom ous va ria b le s , i t  w as n o t 
possible to  assess th e ir effect on the re la tio n sh ip  between AP and 
fe ta l b lood gas s ta tus us in g  m u ltip le  lin e a r regression  ana lys is . 
A cco rd in g ly  fe ta l, pH and pC>2 were expressed as d icho tom ous
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va riab les  (values e ithe r w ith in  o r outside the p u b lish e d  reference 
range), and entered as the outcom e variab le  in  a m u ltip le  lo g is tic  
re g re ss io n  m odel w h ich  com prised AP z score, presence o r 
absence o f hydrops, presence or absence o f congen ita l anom alies, 
and presence o r absence o f m u ltip le  pregnancy. None o f these 
were s ig n ific a n tly  re la ted to  the  presence o f fe ta l ac idaem ia  o r 
hypoxaem ia; however in  each m odel AP was the va ria b le  w h ich  
m o s t c lose ly  approached s ta tis tic a l s ig n ifica n ce  (p=0 .07  fo r 
acidaem ia and p=0.29 fo r hypoxaemia).

A necdota lly, the re duction  in  AP (20 to  12 m m  Hg) w h ich  
fo llow ed  rem oval o f 1100 m l a m n io tic  flu id  from  th e  sac o f a 
h y d ro p ic  tr ip le t fe tus was accom panied by c o rre c tio n  o f fe ta l 
acidaem ia (pH 7.19 to 7.36) and hypoxaem ia (pC>2 1.4 to  3 .3  kPa). 
The in te rva l between the two sam plings was 24 m inu tes.

5.3.iii. D iscussion
T h is  s tudy docum ents abnorm al blood gas s ta tu s  in  fetuses 

w ith  po lyhydram n ios, and suggests th a t derangem ent in  fe ta l 
venous pH and pC>2 is a t least in  p a rt, a fu n c tio n  o f the  degree o f 
e levation in  am niotic pressure.

T h is  w o rk  provides no in fo rm a tio n  on the  m echan ism  o f 
abnorm al fe ta l blood gas sta tus in  polyhydram nios, o the r th a n  i t  is  
re la te d  to  ra ised AP, and th a t anecdo ta lly  i t  appears a cu te ly  
reversib le . In  the case sam pled before and a fte r rem oval o f flu id , 
the  ra p id  am elio ra tion  in  fe ta l pH and pC>2 w h ich  accom panied 
re tu rn  o f AP tow ards norm a l, is  cons is ten t w ith  the  hypo thes is  
proposed by Tabor &  M a ie r (1987) th a t ra ised  AP im p a irs  
u te ro p la c e n ta l p e rfu s io n . As d iscussed in  C h a p te r 5 .1 , th e  
im provem ent in  a m n io tic  flu id  vo lum e d iscordance re po rte d  in  
series o f fe to -fe ta l tra n s fu s io n  syndrom e trea ted  b y  "aggressive" 
am n iocen tes is  (U rig  et a l 1990, E llio tt e t a l 1991), is  a lso 
consis ten t w ith  such hypothesis, a lthough AP was n o t m easured in  
those studies.

A n im a l stud ies ind ica te  th a t u te rop lacen ta l pe rfu s io n  needs 
to  be reduced by > 50% before any m a jo r effect o f fe ta l b lood gas 
s ta tu s  is  dem onstrated (Greiss 1967, S k illm a n  et a l 1985). These 
la tte r au thors used a vascu lar occluder placed around the  m ate rna l 
in te rn a l ilia c  a rte ry  in  sheep to  achieve graded re d u c tio n s  in  
u te ro p la c e n ta l b lood  flo w . A lth o u g h  a 24%  re d u c tio n  w as 
accom panied by a m ino r change in  pC>2 (c.-2 m m  Hg), and a 49% 
re du c tio n  also by a m inor change in  pH  (c.-0.03), fe ta l hypoxaem ia
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an d  a c id a e m ia  w ere observed o n ly  a fte r a re d u c tio n  in  
u te ro p la ce n ta l b lood flow  o f 63%. I f  the  association o f abnorm a l 
b lood gas s ta tu s  w ith  raised AP in  hum an polyhydram nios is  due to 
im p a ire d  u te ro p la ce n ta l p e rfu s io n  (Tabor &  M a ie r 1987), the  
g rea te r frequency o f hypoxaem ia th a n  acidaem ia fo u n d  in  th is  
hum an  s tu d y  is  consistent w ith  such an im al evidence th a t pC>2 is 
th e  m ost sens itive  o f the ac id /base  param eters in  response to  
reduced u te ro p la ce n ta l perfusion  (S killm an et a l 1985). pCC>2 d id  
n o t change over 1 h o u r in  the sheep study; in  co n tra s t 45%  o f 
these hum an  fetuses w ith  po lyhydram nios were hypercapn ic. I t  is 
possib le  th a t a longer-lasting  reduction  in  perfusion  is  needed to 
p rod u ce  an a lte ra tio n  in  pCC>2 . N evertheless, th e  degree o f 
h yp e rca p n ia  in  the  hum an  fe tuses was n o t re la te d  to  AP, 
suggesting  th a t i t  m ay be due to  causes o th e r th a n  reduced 
u te ro p la ce n ta l perfusion . A nother m echanism  m ig h t be u m b ilic a l 
venous com pression; again experim ents in  fe ta l lam bs suggest th a t 
acute reductions in  u m b ilica l venous flow  o f <50% produce on ly  a 
s lig h t re d u c tio n  in  pC>2 (Itskov itz  e t a l 1983) R eductions o f 50- 
75%  show  a fa ll in  pC>2 com parable to  th a t found w ith  reduced 
u te ro p la c e n ta l p e rfu s io n  (S kilm an e t a l 1985), b u t no s im ila r 
change in  pH  rendering  th is  an u n like ly  m echanism .

The s ig n ific a n t association observed between ra ised AP and 
fe ta l hypoxaem ia and acidaem ia is  lik e ly  to have been in fluenced by 
th e  presence o f co n fo u n d in g  va ria b le s  such  as c o n g e n ita l 
anom alies, hydrops and m u ltip le  pregnancy. Indeed o n ly  29-31%  
o f the  variance  in  fe ta l pH and pC>2 was exp la ined b y  AP. T h is  
c lin ic a l observational s tudy was necessarily lim ite d  by the presence 
o f the  u n d e rly in g  cond itions responsib le fo r the po lyhyd ram n ios, 
and  i t  is  kn o w n  th a t such c o n d itio n s  are id e n tifie d  m ore 
fre q u e n tly  in  those w ith  severe as opposed to m ild  po lyhydram nios 
(Carlson et a l 1990), w h ich  in  tu rn  are more lik e ly  to  be associated 
w ith  h ig h e r APs (C hapter 4.3). A lth o u g h  a p o w e rfu l to o l in  
a cco u n tin g  fo r the  effect o f p o te n tia lly  co n fo u nd in g  va riab les , 
m u ltip le  lo g is tic  regression analyses u su a lly  requ ire  sam ple sizes 
la rg e r th a n  the 22 in  th is  study; nevertheless AP in  the  m u ltip le  
lo g is tic  m odel used was the  fa c to r m ost c lose ly  a p p ro a ch in g  
s ta tis tic a l significance in  determ in ing fe ta l blood gas sta tus. W ith in  
the co n stra in ts  o f th is  study however, i t  was possible to  show  th a t 
th e  assoc ia tion  between ra ised AP and fe ta l hypoxaem ia  and 
ac idaem ia  s t il l app lied  in  s in g le to n  fe tuses, in  n o n -h yd ro p ic
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fetuses, and in  s tru c tu ra lly  norm al fetuses. D e te rm ina tion  o f the 
exact re la tio n sh ip  o f elevated am nio tic  pressure to  fe ta l blood gas 
s ta tu s  in d e p e n d e n t o f these co n fo u nd in g  va ria b le s  re q u ire s  
con tro lled  experim ents in  an an im al model.

5 .4  U teroplacental Doppler studies

5.4.1 Methods
D o p p le r s tu d ie s  o f th e  u te ro p la ce n ta l c irc u la tio n  were 

pe rfo rm ed  in  the  la s t 11 pregnancies w ith  p o lyh yd ra m n io s  
stud ied  in  C hapter 4. A m n io tic  pressure readings in  these pa tien ts  
(m ean z score=2.5, C l 1.1 to  4.0) were rep re se n ta tive  o f the  
fin d in g s  in  the  la rger group reported in  the previous chapter, ly in g  
w ith in  the  reference range in  5, and above its  upper lim it  in  6. 
Fe ta l pH  and pC>2 were m easured in  8 pa tien ts  as described in  
C hapter 5.2.1.

Im m ediate ly p rio r to  the invasive procedure, the  p a tie n t was 
s tud ied  in  a recum bent pos ition  w ith  a wedge pos itioned  u n d e r 
the  r ig h t h ip  to  achieve approxim ate ly 15° o f la te ra l t i lt .  D opp ler 
w aveform s were ob ta ined  w ith  a co n tin u o u s  wave m ach ine  
(Vasoflo 4, O xford Sonicaid, O xford) w h ich  provides co n tin u o u s ly  
upda ted  co m pu ta tio n s  o f D oppler in d ices , th e ir  co e ffic ien ts  o f 
v a ria tio n , and m a te rna l h e a rt ra te  averaged over 5 consecutive 
waveform s. W aveform s were obtained from  le ft and r ig h t sides o f 
th e  u te ru s  and recognized as be ing  fro m  the  u te ro p la c e n ta l 
c irc u la tio n  by th e ir cha racte ris tic  appearance and synchrony w ith  
the m a te rna l pu lse (Pearce 1987). The angle-independent D oppler 
in d e x  o f dow nstream  res is tance  used in  th is  s tu d y  w as th e  
resistance  index (R I= [x -y ]/x  where x=peak sys to lic  ve lo c ity  and 
y=end-d iasto lic  velocity), w h ich  by convention is  the index used to 
characterize waveform s from  the u te rop lacen ta l c irc u la tio n . Each 
read ing  was obta ined by "freezing" the im age w hen the  coe ffic ien t 
o f va ria tio n  o f the RI values in  5 consecutive w aveform s was <5%. 
T hree  re a d in g s  w ere o b ta in e d  on each s ide . In  v ie w  o f 
considerable va ria tio n  between RI values on the  p lacen ta l and non- 
p lacen ta l side o f the u te ru s  (Bewley e t a l 1989), and the  la ck  o f 
u n ifo rm ity  o f p lacenta l position, the RI value used in  th is  s tu d y  was 
ca lcu la ted  as the average o f the m eans o f va lues from  each side 
(Schulm an et a l 1986, Steel et al 1990).

D rainage o f am n io tic  flu id  was perform ed in  5 p a tie n ts  as 
described in  C hapter 4.2 and the u te ro p la ce n ta l D opp le r s tu d y
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th e n  repeated.
R ela tionsh ips were assessed between AP and o the r variab les 

u s in g  Pearson and Spearm an corre la tion  coefficients fo r no rm a lly  
a n d  n o n -n o rm a lly  d is tr ib u te d  d a ta  re s p e c tiv e ly . L in e a r 
re la tio n s h ip s  were used o n ly  where supported by least-squares 
analysis. AP and pC>2 were expressed as z scores to co n tro l fo r the 
effect o f gesta tiona l age. It  was no t possible to express RI values as 
z scores in  view  o f the absence o f an adequate pub lished reference 
range over the gesta tiona l ages o f th is  s tudy (22-34 weeks), based 
on data  obtained w ith  continuous wave D oppler from  e ith e r side o f 
the  u te ru s . A lthough  the RI is  know n to decline s ig n ifica n tly  w ith  
g e s ta tio n a l age (Pearce e t a l 1988), the e ffect is  o n ly  s lig h t, 
accoun ting  fo r a difference o f <0.05 over the gesta tiona l ages in  
th is  s tudy. S im ila rly  va ria tio n  in  hea rt ra te  is  know n to  have a 
s lig h t e ffect on D opp le r ind ices (M ires et a l 1987), a lth o u g h  
co rre c tio n  fo r h e a rt ra te  is  n o t considered necessary by m ost 
au th o rs  (Rofinas et a l 1989, B ra r et a l 1989), especially in  stud ies 
o f m a te rn a l vessels (Pearce 1987). A cco rd in g ly  re la tio n s h ip s  
between AP or blood gas s ta tu s  and the u te ro p la ce n ta l RI were 
assessed b y  m u ltip le  lin e a r regression ana lys is  to  exclude any 
e ffect o f gesta tiona l age o r m aterna l h e a rt ra te . Several a u th o rs  
have suggested th a t a RI value >0.58 ind ica tes a h ig h ly  re s is ta n t 
w aveform  (Cam pbell 1986, Steel et a l 1990), and a cco rd in g ly  RI 
va lues were c lass ified  as norm a l o r ra ised u s in g  th is  c u t-o ff. 
Changes in  variab les w ith  drainage are expressed as A va ria b le  
(= p o st-d ra in a ge  va lue  m in u s  p re -d ra inage  va lue ). S ta tis tic a l 
com parisons were by paired o r unpaired t-te s tin g  as appropria te .

5 A . i l  Results
The m ean RI in  the u te rop lacen ta l c irc u la tio n  o f p a tie n ts  

w ith  po lyhydram nios was 0.48, (Cl 0.41 to  0.54) and was s im ila r 
on the le ft (0.45, C l 0.39 to  0.51) and r ig h t sides o f the  u te ru s  
(0.52, C l 0.44 to 0.60, p=0.2). There was no s ig n ifica n t co rre la tio n  
between RI va lues and m a te rna l h e a rt ra te  o r g e s ta tio n a l age. 
There was no s ig n ifica n t lin e a r re la tionsh ip  between the RI and  AP 
z scores (Fig 5 .3 , r= 0 .5 4 , p=0.09), and th is  rem a ined  n o n 
s ig n ific a n t a fte r co n tro llin g  fo r gesta tiona l age (p=0.13) o r h e a rt 
ra te  (p=0.25) by m u ltip le  lin e a r regression. Three p a tie n ts  had 
ra ised RI values, each o f whose AP reading lay  above the  reference 
range (Fig 5.3). The difference in  p rop o rtio n  o f no rm a l and ra ised 
RI values in  pregnancies w ith  norm al com pared to ra ised APs was
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n o t s ig n ific a n t (F isher exact p=0 .12). S im ila rly  th e re  was no 
s ig n ific a n t c o rre la tio n  betw een th e  R I and e ith e r fe ta l pH  
(Spearm an p=0.2) o r pC>2 z scores (Spearm an p=0.1).

D rainage o f am nio tic  flu id  reduced AP (mean A z score -4.1, 
C l - 5.7 to -2 .6 , p=0.006), b u t had no effect on RI (mean A -0.06, 
C l -1 .3  to  +0.1, p = 0 .15) or m aterna l h e a rt rate (mean A 6 /m in , C l - 
2 to  +14, p=0.2). D rainage o f f lu id  in  those w ith  ra ised  RIs 
produced a fa ll in  AP o f 7.0, 3.1 and 4.2  z scores w h ich  was 
accom panied by a fa ll in  RI o f 0.07, 0 .07 and 0.17 respective ly, 
these changes n o t being s ig n ifica n t a t the 5% level in  view  o f sm all 
num bers.
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Figure 5.3: Resistance indices in  the uteroplacental c ircu la tion  of 11 
patients w ith  polyhydramnios shown as a function of am niotic pressure 
in  z scores (filled circles). Values are also shown after drainage of 
am niotic flu id  in  5 patients (open circles).

5.4.UL Discussion
In  o rd e r to  de te rm in e  th e  e ffe c t o f e leva ted  AP on 

u te ro p la c e n ta l p e rfu s io n , the  u te ro p la c e n ta l c irc u la tio n  was 
exam ined non-invasive ly in  th is  s tu d y  to determ ine dow nstream  
resistance in  polyhydram nios. The hypothesis was th a t i f  ra ised AP 
im p a irs  u te rop lacen ta l perfusion , th e n  th is  shou ld  be re flected  in  
increased D oppler ind ices o f dow nstream  resistance  (Spencer et 
a l 1991). T ransien t elevations in  AP, such as those th a t accom pany 
con tractions d u ring  labour, are know n to be associated tem pora lly
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w ith  s ig n ific a n t in c re ase s  in  d o w n s tre a m  re s is ta n c e  in  
u te ro p la ce n ta l waveform s, in  the absence o f change in  u m b ilic a l 
waveform s (Fleischer et ad 1987, B ra r et a l 1988). A lth o u g h  AP in  
po lyhydram nios is  presum ably ch ron ica lly  elevated, fe ta l b lood gas 
s ta tus changed sem i-acutely w ith  reduction  in  AP in  C hapter 5 .3 .ii, 
su g g e s tin g  th a t any a b n o rm a lity  in  u te ro p la c e n ta l D o p p le r 
w aveform s in  po lyhydram nios should re tu rn  to  no rm a l re la tive ly  
soon a fte r reduction  in  AP w ith  flu id  drainage.

The values found were b road ly s im ila r to  those reported  in  
n o rm a l p regnancies (Pearce e t a l 1988), d id  n o t co rre la te  
s ig n ific a n tly  w ith  AP or fe ta l blood gas sta tus, and d id  n o t change 
w ith  re du c tio n  in  AP. However, the num bers in  th is  s tu d y  were 
sm a ll, and the re su lts  m ust therefore be considered su b je c t to 
p o te n tia l type 2 e rro r, and th u s , inconc lus ive . Three o f the  11 
stud ied  d id  have raised RI values, w h ich  fe ll w ith  reduction  o f AP. 
Indeed the p value (=0.09) fo r the Pearson co rre la tion  between the 
u te rop lacen ta l RI and AP, suggests th a t these fin d in g s  m ay have 
been s ig n ific a n t i f  la rger num bers were s tud ied . There were two 
reasons fo r the sm all sam ple size. F irs tly , u te ro p la ce n ta l D oppler 
s tu d ie s  o f p a tie n ts  w ith  po lyhydram n ios w ere n o t com m enced 
u n til a fte r the p re lim in a ry  analysis o f the AP da ta  had suggested 
an association w ith  im paired feta l blood gas s ta tus  (Chapter 5 .2 .ii). 
S econd ly, re c ru itm e n t was ham pered b y  a d e c lin e  in  th e  
in d ica tio n s  fo r invasive procedures in  po lyhydram nios, as a re s u lt 
o f (i) the  recogn ition  th a t fe ta l aneup lo idy was u n lik e ly  in  the 
absence o f s tru c tu ra l anom alies (ii) the recogn ition  th a t fe ta l blood 
sam pling  had lit t le  ro le in  the diagnosis o f fe to -fe ta l tra n s fu s io n  
syndrom e, and (iii) the increasing use o f indom e thac in  to  reduce 
am nio tic  flu id  volum e non-invasively.

A lth o u g h  D o p p le r w ave fo rm s o f th e  u te ro p la c e n ta l 
c irc u la tio n  have been extensively stud ied  over the  la s t 5 years, 
these have been a lm ost exclusive ly w ith  reference to  the ch ron ic  
changes in  u terop lacenta l vasculature th a t accom pany in tra u te rin e  
g ro w th  re ta rd a tio n  and p re -ec lam psia  (C am pbe ll e t a l 1986, 
H a n re tty  e t a l 1988, Steel et a l 1990). Pathologies o th e r th a n  
d im in ished  trophob lastic  invasion o f the sp ira l a rte rio les have ye t 
to  be stud ied. A lthough angiotensin II in fu s io n  is  know n to  elevate 
u te ro p la ce n ta l dow nstream  resistance (E rkko la  e t a l P irhonen  
1990), there  is  lit t le  in fo rm a tio n  availab le on the  effect o f acute 
a lte ra tio n s  in  dow nstream  resistance on u te ro p la ce n ta l D opp le r
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w aveform s. In  a d d itio n , there  rem ains considerable con troversy 
w ith  regard to u te rop lacen ta l D oppler stud ies as to  the  op tim a l 
lo ca tio n  and n a tu re  o f the  vessel insonated, and the  v a ria b ility  
w ith in  each p a tie n t between h igh  and low  resistance waveform s 
(H a n re tty  e t a l 1988, C am pbell et a l 1988, Bew ley e t a l 1989). 
L ittle  is  know n o f the exact re la tio n sh ip  between u te ro p la ce n ta l 
p e rfu s io n  and D oppler ind ices in  the u te rop lacen ta l c irc u la tio n , 
and i t  rem ains possible th a t the technique used in  th is  s tu d y  was 
too insens itive  to  detect any change in  u te rop lacen ta l pe rfus ion . 
Nevertheless, B ra r et a l (1988) dem onstrated in  la b o u r a lin e a r 
re la tio n s h ip  d u rin g  co n tra c tio n s  between AP, m easured v ia  a 
tra n s c e rv ic a l in tra u te r in e  p re s s u re  c a th e te r, an d  th e  
u te ro p la ce n ta l s y s to lic /d ia s to lic  ra tio . Peak AP in  th a t s tu d y  
how ever, ranged from  35-60  m m  Hg, w hereas in  th is  s tu d y , 
n o tw ith s ta n d in g  differences in  referencing, on ly one p a tie n t had a 
basal AP >35 mm  Hg.

5 .5  A nim al experim ents

5 .5 .lM e th o ds
C hron ica lly-instrum en ted  fe ta l sheep were prepared us ing  

s ta n d a rd  procedures approved by the  h o s t in s titu tio n  and in  
accordance w ith  UK leg is la tion  (Hanson et a l 1988). A naesthesia  
was induced in  9 tim e-dated cross-bred ewes (S u ffo lk  x  m ule) a t 
116-126 days gestation w ith  th iopentone ( lg  in travenous ly ) and 
m a in ta ined  w ith  halothane (1.5-2.0% ) and a 2:1 m ix tu re  o f n itro u s  
oxide and oxygen. One ho rn  o f the gravid  u te ru s  was exposed a t 
laparo tom y and the fe ta l head delivered th rough  a u te rin e  inc is ion . 
P o lyv in y l ca theters were im p la n te d  in to  a fe ta l c a ro tid  a rte ry  
(inne r diam eter (ID) 1.0 mm, outer d iam eter (OD) 2 .0  m m ), a fe ta l 
ju g u la r vein (ID 1.0 mm, OD 2.0 mm), and in to  the am n io tic  cavity 
(ID 2 .0  m m, OD 3.0 mm). An add itiona l po lyv iny l ca the te r o f ID  2 
m m  was im planted fo r flu id  in fu s io n  in to  the am n io tic  ca v ity  in  7 
ewes, and in  2 ewes, w h ich  served as con tro ls, in to  the  m a te rna l 
p e rito n e a l cavity. The fe tus was replaced, the u te ru s  closed in  2 
layers, and a ll catheters exteriorized th ro u g h  the ewe’s r ig h t fla n k . 
In  3 ewes a catheter was also placed in to  a m aterna l ca ro tid  a rte ry. 
A t least 5 days were allowed fo r postopera tive  recovery, d u rin g  
w h ic h  tim e  a n tib io tic s  were a d m in is te re d  d a ily  to  ewe 
(d ih yd ro s tre p to m yc in  lg  in tra m u sc u la rly ) and fe tu s  (c rys ta llin e  
p e n ic illin  300 mg in travenous ly  and 300 mg in tra -a m n io tic a lly ),
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and the  ca the ters kep t pa te n t by d a ily  flu sh in g  w ith  2 m l 0.9%  
saline w ith  50 u n its  /m l heparin.

E x p e rim e n ts  w ere p e rfo rm e d  betw een 12 1 -1 3 3  days 
gesta tion  w ith  the  ewe in  the  stand ing  pos ition . Before s ta rtin g , 
200 p i o f fe ta l a rte ria l blood were w ithd raw n  fo r blood gas analysis 
(In s tru m e n ta tio n  Laboratories IL  1302, Cheshire UK, tem pera ture  
corrected to  39.5°C), and norm a l fe ta l pH  (mean + s tandard  e rro r 
[SE] pH  7.33 + 0.01), p C 0 2 (38 + 3 m m  Hg), and p 0 2 (22 + 1 . 3  
m m  Hg) values dem onstrated. Norm al saline (0.9%  NaCl) warm ed 
to  38-39°C  was in s tille d  in tra -a m n io tica lly  o r in tra p e rito n e a lly  v ia  
an in fu s io n  pum p a t 100 m l/m in . Pressures in  the fe ta l vascu la r or 
a m n io tic  com partm ents were m easured v ia  sa line fille d  p o lyv in y l 
ca the te rs  connected to  s tandard  b iom ed ica l tra n sd u ce rs  (L221, 
B e ll &  H ow ell, H ants), and recorded on a po lygraph ru n  a t 0 .25  
m m /sec. A m n io tic  pressure was referenced a t the low erm ost p o in t 
o f the m a te rna l abdomen, and vascu la r pressures were d isp layed 
a fte r e lectron ic  su b tra c tio n  o f am nio tic  pressure. Feta l h e a rt ra te  
was determ ined e lectron ica lly  from  a rte ria l pressure flu c tu a tio n s  
and charted as above. A rte ria l samples fo r blood gas de te rm ina tion  
were w ith d ra w n  a t 10 m in u te  in te rva ls , and analysed w ith in  5 
m inu tes  o f co llection .

As a m n io tic  flu id  vo lum e in  the  sheep a t th is  g e s ta tio n  
approxim ates 1 litre  (Tomoda et al 1985), in tra -a m n io  tic  in fu s io n  
o f 5 litre s  was estim ated to  increase am niotic flu id  volum e b y  m ore 
th a n  500% . However, in  the  absence o f change in  fe ta l pH  and 
blood gases o r m aterna l d isturbance w ith  in tra -a m n io tic  in fu s io n  o f 
th is  volum e, a fu rth e r 5 litre s  was in fused in  one ewe and a fu rth e r 
10 litre s  in  3 ewes. The m ate rna l fla n k  was exam ined a fte r each 
lit r e  fo r evidence o f leakage a rou n d  the  ca th e te rs  an d  th e  
pe rineum  inspected fo r signs o f ru p tu re  o f the  m em branes. The 
vo lum e in fused  in tra p e rito n e a lly  in  co n tro l fetuses was 15 litre s . 
One h o u r a fte r th e  in fu s io n , a n im a ls  w ere k ille d  w ith  
pen toba rb itone  (4g in travenous ly) and the  gross d is tr ib u tio n  o f 
in fu se d  flu id  con firm ed a t necropsy. There was no evidence o f 
in tra p e rito n e a l leakage in  the  7 ewes w h ich  u n d e rw e n t in tra -  
am nio tic  in fus ion .

Mean am nio tic  pressure was ca lcu lated a fte r every litre  fro m  
p o in t estim ates made every 10 seconds over 2 m in u te s . In  th e  
presence o f a con traction , the  p o in t estim ate was ob ta ined  a fte r 
the  next re tu rn  to  baseline am n io tic  pressure. F e ta l h e a rt ra te
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(FHR) and m ean a rte ria l pressure (MAP) were s im ila rly  recorded 
in  5 fetuses. Two-way analysis o f variance was used over 5 and 15 
litre s  to  analyse changes in  the various param eters (A=postinfusion 
va lu e  m in u s  p re in fu s io n  va lue), a fte r th e ir  d is tr ib u tio n s  were 
con firm ed as no rm a l by h istogram s. The non-param etric W ilcoxon 
te s t was used fo r tes ting  the sign ificance o f overall changes (post- 
pre  in fu s io n ) in  an im als undergoing in fus ions o f va ry ing  volum es. 
L in e a r regression ana lysis was used on ly  a fte r dem onstra tion  o f 
la ck  o f re s idua l re la tionsh ip  w ith  the least squares m ethod.

5.5.it Results
A m n io tic  pressure increased w ith  a ll 7 in tra -a m n io tic  and 2 

m a te rna l in tra p e rito n e a l in fus ions. As evident from  F igure 5.4, the 
slopes o f th e  in d iv id u a l reg ress ion  equa tions w ere s im ila r, 
suggesting  th a t d ifferences in  abso lu te  AP were a ttrib u ta b le  to  
d ifferences in  the  p re -in fu s io n  AP, and therefore lik e ly  to  be the  
re s u lt o f va ria tio n  in  the pos ition  o f the reference p o in t in  re la tion  
to  the  a m n io tic  cavity . A ccord ing ly  changes in  AP w ith  in fu s io n  
were re-expressed as A AP (F igure 5.5), and the  slopes o f the  
in d iv id u a l regression equations calculated assum ing an in te rcep t o f 
zero (Table 5.3).
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Figure 5.4: The change in amniotic pressure referenced at the 
lowermost point of the maternal abdomen with infusion of normal saline 
into the amniotic cavity (n=7, closed circles) or the maternal peritoneal 
cavity (n=2, open circles) in sheep.

The m ean slope in  the in tra -a m n io tic  in fu s io n  group (1.00 +
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0.13) was s im ila r to  th a t in  the  in tra p e rito n e a l in fu s io n  g roup  
(1.09 + 0.19). A lthough  in  the in tra -a m n io tic  in fu s io n  group the  
m ean slope was steeper in  sing leton than tw in  pregnancies (1.15 + 
0 .1 9  and 0 .80  +. 0 .13  respective ly), th is  d iffe rence  was n o t 
s ig n ific a n t (p=0.21). In  in tra -a m n io tic  in fus ions, the  slopes were 
s im ila r in  those in fused to 5 litre s  compared to  those in fused to  15 
litre s  (1.11 + 0.32 and 0 .96 + 0 . 1 1  respective ly). There was a 
s ig n ifica n t lin e a r re la tion sh ip  in  the in tra -a m n io tic  in fu s io n  group 
between m ean A am nio tic  pressure calculated a fte r each litre , and 
th e  vo lum e in fused  (y=0.96x, r=0 .96 , p<0.001, w here y=A AP in  
m m  Hg and x=volum e in  litre s ). R upture  o f the  m em branes was 
noted a t 15 litre s  in  2 o f the 3 undergoing in tra -a m n io tic  in fu s io n  
o f th is  volum e, lead ing to  fa lls  in  pressure over the next h o u r o f
9 .8  and 6.1 m m  Hg ( 58 and 39% respective ly o f the overa ll A 
a m n io tic  p ressure  w ith  in fu s io n ). The co rrespond ing  fa ll a fte r 
in fu s io n  in  the  pregnancy w ith  in ta c t m em branes in fused  to  15 
litre s  was 3.7 m m  Hg (16% o f overall A AP).
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Figure 5.5: The rise in  am niotic pressure (A) w ith  in fusion of norm al 
saline in to the am niotic cavity (n=7, closed circles) or the m aternal 
peritoneal cavity (n=2, open circles) in  sheep.

In tra -a m n io tic  in fu s io n  o f the firs t 5 litre s  over 50 m inu tes 
increased m ean a m n io tic  pressure by 4 .8  + 0 .7  (SE) m m  Hg (F 
ra tio= 12 .6 , pcO.OOl), b u t d id  no t produce any s ig n ific a n t change 
in  fe ta l pH (A=0.01 ±  0.02, F=0.7), p C 0 2 (A=2.2 + 3 .9  m m  Hg, 
F=0.4) o r pC>2 (A=-0.6 + 0 .6  m m  Hg, F=1.7). As in fu s io n  o f a 
fu r th e r  5 litre s  in  one ewe s im ila r ly  fa ile d  to  p roduce  any 
s ig n ifica n t change in  fe ta l blood gases, a to ta l o f 15 litre s  was next
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in fu se d  in tra -a m n io tic a lly  in  3 ewes, p roducing  a m ean rise  in  
a m n io tic  pressure o f 15.2 + 1 . 2  m m  Hg (F ra tio= 20 .7 , p<0.001) 
b u t again no s ig n ifica n t change in  fe ta l pH (A=-0.04 ±  0.03, F=0.7), 
fe ta l pCC>2 (A=-0.2 ±  7.3 mm Hg, F=0.4), o r p02 (A=-3.3 + 2 .0  m m  
Hg, F=1.7). There was s im ila rly  no change in  the in tra p e rito n e a l 
in fu s io n  group (A pH =0.002 + 0.002 F=2.0, A pCO 2=0.8 + 5.5 
F=0.5, A pO2=0.5 + 0.5 F=1.2) fo llow ing  in fu s io n  o f 15 litre s . The 

m edian overall change in  pH in  7 in tra -a m n io tic  in fus ions was 0.00 
(W ilcoxon p=0.7), the change in  pCC>2 was 7.9 m m  Hg (p=0.3), and 
in  pC>2 -1 m m  Hg (p=0.2). Mean values fo r fe ta l pH  and blood gases 
a fte r each in tra -a m n io tic  litre  are shown in  F igure 5 .6  as a fu n c tio n  
o f the  volum e infused, and in  F igure 5.7 as a fu n c tio n  o f the  rise  in  
a m n io tic  pressure.

Table 5.3: Details of the linear relationships between volume infused and 
the rise in amniotic pressure with amnioinfusion. SE=standard error.

Ewe Type Site Vol infused Correlation Significance Slope
(litres) coefficient (± SE)

A twin amniotic 5 0.54 p=0.018 0.60 + 0.16

B singleton amniotic 5 0.83 p=0.003 1.69 + 0.27

C singleton amniotic 5 0.96 pcO.OOl 1.04 + 0.07

D singleton amniotic 10 0.88 p<0.001 0.79 + 0.06

E twin amniotic 15 0.98 p<0.001 1.05 ± 0 .0 3

F singleton amniotic 15 0.96 p<0.001 1.10 ± 0 .0 5

G twin amniotic 15 0.84 p<0.001 0.74 ±  0.06

H twin peritoneal 15 0.91 p<0.001 0.90 ±  0.07

I twin peritoneal 15 0.96 p<0.001 1.28 ± 0 .0 6

There was no s ig n ifican t change in  FHR or MAP (F ra tio  2 .0  
and 1.8 respectively) w ith  in tra -a m n io tic  in fu s io n  o f 10 litre s . 
F u rthe rm ore , in fu s io n  o f ano ther 5 litre s  in  2 o f these fetuses 
produced no subsequent change in  FHR or MAP (F 1.5 and 1.1 
respective ly). In tra p e rito n e a l in fu s io n  s im ila rly  had no e ffect on 
FHR or MAP (F 0.4 and 1.0 respectively). In tra -a m n io tic  in fu s io n  o f 
15 litre s  produced no s ig n ifica n t change in  m a te rna l a rte ria l pH  
(mean A -0.05, C l -0.13 to +0.02, F=1.8) pCC>2 (A -3 .4  m m  Hg, C l -
9 .6  to  +2.9, F = l. l)  o r p 0 2 (A -1.7 m m  Hg, C l -21 .6  to  +18.3, F=
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0.6).
In  the in tra -a m n io tic  in fu s io n  group, there was no s ign ifican t 

re la tio n sh ip  between changes in  blood gas variables and the  overall 
rise  in  AP achieved or the volum e infused, as shown in  Table 5.4.
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Figure 5.6: Mean (+ SE) change in fetal arterial pH, pCC>2 and pC>2 with 
intra-amniotic infusion. Note that the number of animals (n) declines 
with increasing volume.
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Figure 5.7: Mean (+ SE) change in arterial pH, pCC>2 and pC>2 as a 
function of the mean rise in amniotic pressure, calculated after each litre 
of intra-amniotic infusion.

5 .5 .iit  Discussion

The la ck  o f effect on fe ta l blood gas sta tus o f ra is in g  am nio tic  
pressure over the  acute period o f th is  s tu d y  does n o t su p p o rt the
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hypothesis th a t ra ised am nio tic  pressure com prom ises fe ta l b lood 
gas s ta tu s . T h is  d isc re p a n cy  co u ld  be due to  (i) use o f 
in a p p ro p ria te  m ethodo logy in  th is  a n im a l s tu d y  (ii) species 
d ifferences between m an and sheep or (iii) the hypothesis be ing 
in c o rre c t.

Table 5.4: Pearson correlation coefficients and p values for linear 
associations between the overall change in  blood gas variables w ith  in tra- 
am niotic infusion and A amniotic pressure and volume infused.

Blood gas variable A amniotic pressure Volume infused
(mm Hg) (litres)

A pH r=0.66, p=0.11 r=0.59, p=0.16

A pC02 (mpi Hg) r=0.08, p=0.86 r=0.54, p=0.21

A p02 (mm Hg) r=0.40, p=0.37 r=0.25, p=0.58

Th is s tu d y  on ly  elevated am niotic pressure acute ly, and i t  
rem a ins possib le  th a t ch ron ic  e levations in  p ressure  m ay effect 
fe ta l blood gas sta tus. Nevertheless, the rap id  im provem ent in  fe ta l 
c o n d itio n  no ted  anecdo ta lly  w ith  drainage o f a m n io tic  f lu id  in  
hum an  po lyhydram nios suggests a more im m ediate effect (C hapter 
5 .2 .i i i  and Tabor &  M aier 1987). As norm al am nio tic  vo lum e in  the 
la te  gesta tion sheep is  approxim ate ly 1 litre  (Tomoda et a l 1985, 
Tom oda et a l 1987), 5 litre s  was in it ia lly  in fu se d  so th a t the 
estim ated five fo ld  increase in  am niotic volum e w ou ld  be analogous 
to  h u m a n  pregnancies com plica ted  b y  gross p o lyh yd ra m n io s  
(P ritch a rd  1966). H aving achieved no e ffect on fe ta l b lood  gas 
s ta tu s  and on ly  a m odest rise  in  am n io tic  pressure , the  vo lum e 
in fused  was increased to  10 and then to  15 litre s . In tra -a m n io tic  
in fu s io n  o f 15 tim es norm a l volum e n o t o n ly  increased a m n io tic  
pressure  su b s ta n tia lly , b u t also appeared to  achieve excesses o f 
a m n io tic  f lu id  co n s id e ra b ly  g rea te r th a n  fo u n d  in  h u m a n  
po lyhyd ram n ios. Nevertheless, the A a m n io tic  p ressure  achieved 
b y  in fu s io n  o f 15 litre s  (15 m m  Hg) was o n ly  a t the  low er end o f 
th e  APs fo u n d  in  hum an pregnancies co m p lica te d  b y  gross 
po lyhydram n ios (c.8-60 mm Hg in  those w ith  ra ised p ressu re  as 
per F igure 4.1). I t  was no t possible to elevate p ressure  fu rth e r by 
th is  m ethod, since ru p tu re  o f the m em branes occurred  in  2 o f 3 
ewes in fused in tra -a m n io tica lly  w ith  th is  volum e.
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In  the  absence o f signs o f in tra p e rito n e a l leakage, i t  seems 
h ig h ly  lik e ly  th a t some o f the flu id  in fused  in tra -a m n io tic a lly  was 
absorbed in to  the m ate rna l c ircu la tio n , e ith e r d ire c tly  o r v ia  the 
fe ta l c irc u la tio n  (Tomoda et a l 1987, G ilbe rt &  Brace 1988, G ilb e rt 
&  Brace 1989). C onsistent w ith  th is  was the anecdotal observation 
o f m a te rna l p o lyu ria  d u rin g  the larger volum e in fus ions. A m n io tic  
vo lum e was n o t m easured, in  view  o f the d iffic u ltie s  o f e n su ring  
adequate m ix in g  o f tracers o r dyes in  an enlarged and acu te ly  
expanding am n io tic  cavity. Nevertheless, the aim  o f th is  s tu d y  was 
to  increase pressure ra th e r th a n  volum e, and the net effect o f any 
abso rp tion  th a t m ay have occurred d id n o t prevent the  con tinued  
rise  in  pressure w ith  increasing volum e, o r the u te rine  d is tension  
observed a t necropsy.

U te ro p la c e n ta l p e rfu s io n  was n o t m easured  in  th is  
experim en t, the  a im  o f w h ich  was m erely to  determ ine w he the r 
ra is in g  AP affected fe ta l blood gas sta tus. I f  an adverse effect had 
been d e m o n stra ted , i t  w o u ld  th e n  have been im p o rta n t to  
d e te rm in e  th e  m echan ism . M easurem ent o f u te ro p la c e n ta l 
p e rfu s io n  in  sheep is  te ch n ica lly  very d iffic u lt, necessita ting  the 
a p p lic a tio n  o f flo w  probes a round  u te rin e  a rte rie s . In d ice s  o f 
u m b ilic a l venous com pression (Chapter 5 .2 .iii)  such as FHR and 
MAP are easier to  study, and showed no change w ith  ris in g  AP in  
these experim ents.

These fin d in g s  are n o t necessarily  a p p lica b le  to  h u m an  
p re g n a n c ie s  co m p lica te d  b y  p o ly h y d ra m n io s , in  v ie w  o f 
considerab le  in terspecies d ifferences. In  co n tra s t to  the  hum an  
u te ru s , the ovine organ is  th in -w a lled  and b icom uate . In  add ition ,
sheep have a T-shaped a lla n to ic  cavity, one arm  o f w h ich  extends

/
in to  th e  n o n -p re g n a n t h o rn  in  s in g le to n  g e sta tio ns , and its  
presence m ig h t conce ivab ly d iss ipa te  the  e ffects o f in c re a s in g  
a m n io tic  p ressu re . The lin e a r re la tio n s h ip  betw een AP and 
a m n io tic  flu id  vo lum e (m easured as in fu se d  vo lum e) in  sheep 
seems d iffe re n t from  th a t suggested by the  obse rva tiona l da ta  
(C hapter 4.3) in  hum ans. The rise  o f on ly 15 m m  Hg in  am n io tic  
pressure a fte r am nio in fusion  o f 15 litre s  together w ith  the fin d in g  
th a t in tra p e rito n e a l com pliance is  s im ila r to  a m n io tic  com pliance 
suggests th a t the ovine u te ru s  m ay be re la tive ly  m ore d istensib le  
th a n  the  hum an  u te ru s . Indeed, d u rin g  an ep idem ic o f ovine 
h yd ra m n io s , a m n io tic  vo lum es o f 8 -18  litre s  w ere recorded in  
pregnancies o f prolonged gestation (Coetzer &  B a rn a rd  1977); in
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co n tra s t hum an po lyhydram nios, a lthough  ra re ly  associated w ith  
th is  degree o f excess a m n io tic  flu id  vo lum e, is  fre q u e n tly  
com plica ted  by p re te rm  la b o u r and PPROM. F in a lly , the  sheep 
p la ce n ta  is  co ty ledonary and e p ith e lio ch o ria l. N o tw ith s ta n d in g  
these m arked  differences in  p lacen ta tion , the  sheep has been 
w id e ly  used in  the s tu d y  o f fe top lacenta l c irc u la to ry  physio logy, 
and was chosen here in  view o f its  re lative a va ilab ility , and the local 
expertise available w ith  fe ta l catheterization techniques.

These re su lts  are also consisten t w ith  the hypo thesis  th a t 
ra ised  AP com prom ises fe ta l b lood gas s ta tu s  be ing  in co rre c t. 
A ccord ing ly, the association dem onstrated in  hum an  pregnancies 
m ay in s te a d  s t ill be due to  con found ing  va ria b le s , re fle c tin g  
u n d e rly in g  pa tho log ies such  as m u ltip le  p regnancy, fe to fe ta l 
tra n s fu s io n  syndrom e, hydrops, and congen ita l anom a lies. A  
fu rth e r p o s s ib ility  is  th a t ra ised AP on ly  affects fe ta l b lood gas 
s ta tu s  in  the presence o f abnorm al fe ta l ca rd iovascu lar physio logy 
found in  association w ith  such conditions, b u t n o t in  the  presence 
o f norm al cardiovascular physiology.

Th is s tudy also shows th a t am nio in fusion  increases am nio tic  
pressure. In  sheep, G ilbe rt &  Brace (1989) noted an increase in  
a m n io tic  pressure o f 1 to  2 m m  Hg a fte r in fu s in g  1.5 litre s  o f 
w a te r, suggesting an ovine u te rin e  com pliance o f 1 m m  Hg per 
litre  o f w a te r. The slope o f the lin e a r re la tio n sh ip  we observed 
between am nio tic  pressure and volum e in fused n o t o n ly  con firm s 
th is  suggestion b u t extends i t  to  in fu s io n s  o f 15 litre s  o f no rm a l 
saline.

5 .6  Summary
O f 22 fe tuses fro m  pregnancies w ith  p o lyh yd ra m n io s  

investigated by fe ta l blood sam pling, 8 (36%) had a pH  va lue and 
16 (73%) a p02 value below the reference range. B o th  fe ta l pH  and 
p 0 2  were s ig n ifica n tly  negative ly corre la ted  w ith  the  degree o f 
e levation in  am nio tic  pressure (y=7.43 - 0.036x, r=0 .56 , p=0.006, 
where y=pH and x=AP z score, and y=-1.6  - 0.48x, r=0 .54 , p=0.01, 
w here y=p02 z score respectively). A lthough  some o f these fetuses 

were hyd rop ic , had congenita l anom alies, or were fro m  m u ltip le  
pregnancies, un iva ria te  and m u ltip le  lo g is tic  regression analyses 
ind ica ted th a t the above associations could no t be accounted fo r by 
these p o te n tia lly  confounding variables. In  order to investiga te  the 
su g g e s tio n  th a t u te ro p la c e n ta l p e rfu s io n  is  im p a ire d  in
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p o lyh yd ra m n io s  w ith  elevated AP, D opp le r w ave fo rm s w ere 
ob ta ined  from  the u te rop lacen ta l c irc u la tio n  in  11 pregnancies 
co m p lica te d  b y  p o lyh yd ra m n io s ; th e re  was no evidence o f 
increased dow nstream  resistance. In  o rde r to  de te rm ine  the  
effect o f ra is in g  AP on fe ta l blood gas s ta tu s  in  the  absence o f 
con found ing  variables, 5-15 litre s  were in fused in tra -a m n io tic a lly  
in  sheep, p roducing  a rise in  AP o f 1.0 + 0.013 (mean + SE) m m  
H g /litre  in fused, b u t no s ign ifican t change in  fe ta l pH, pCC>2 , pC>2 , 
fe ta l hea rt ra te  or mean a rte ria l pressure. Th is w o rk  suggests th a t 
abno rm a l fe ta l b lood gas s ta tu s  in  hum an  p regnancies w ith  
p o lyhyd ram n ios  is  associated w ith  elevated a m n io tic  p ressure , 
a lthough the fa ilu re  to reproduce th is  effect in  sheep by ra is in g  AP 
suggests th a t th is  m ay no t be due to com pressive effects o f ra ised 
AP on the u terop lacenta l c ircu la tion .
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6.1  Aims
Th is chapter reports the resu lts  o f m easurem ent o f basal AP 

in  hum an pregnancies w ith  decreased am nio tic  flu id  volum e, using  
the  techn ique described in  C hapter 2.1. Recordings were made in  
the  second and th ird  trim e ste rs ; th e ir  num ber, frequency and 
c lin ic a l c ircum stance were necessarily lim ite d  by the  need fo r a 
c lin ic a l in d ic a tio n  fo r am niocentesis o r o th e r tra n s a m n io tic  
p rocedure .

The aim s o f th is  s tudy were:
i. to compare AP in  pregnancies w ith  o ligohydram nios w ith

AP in  those w ith  norm al am niotic flu id  volum e
ii. to examine the extent to  w h ich  c lin ica l variables in fluence

AP in  pregnancies w ith  o ligohydram nios
iii.  to  determ ine in  pregnancies w ith  o ligohyd ram n ios the

effect on AP o f in tra -a m n io tic  in s tilla tio n  o f flu id , as 
perform ed fo r therapeu tic  purposes.

6 .2  M ethods
The s tu d y  p o p u la tio n  com prised p a tie n ts  w ith  decreased 

a m n io tic  flu id  vo lum e scheduled to  undergo  a tra n s a m n io tic  
invasive  procedure, e ithe r fo r d iagnostic o r th e ra p e u tic  reasons. 
Each had (i) ce rta in  m enstrua l dates confirm ed by u ltra so u n d  a t 
18-20 weeks, o r a t the tim e o f the procedure i f  p rio r to  th is , and 
(ii) a m n io tic  flu id  volum e sub jective ly  assessed as decreased on 
u ltra s o u n d  im m ed ia te ly  p r io r to  the  p rocedure . P a tien ts  were 
excluded fo r e ithe r o f the fo llow ing  fin d in g s  on the  pre-procedure 
scan: (i) fe ta l death (ii) a deepest v e rtic a l poo l m easurem ent 
devoid o f e ithe r cord or lim bs >3.0 cm.

S ix ty  wom en w ith  s ing le ton  p regnancies betw een 16-36 
weeks were enro lled in  the  study. T h irty  th ree  were associated 
w ith  fe ta l s tru c tu ra l anom alies, 27 o f w h ich  invo lved  the u rin a ry  
tra c t. In tra u te rin e  grow th re ta rd a tio n , defined as an abdom ina l 
c ircum fe rence  m easurem ent < 5 th  ce n tile , w as p rese n t in  18, 
w h ile  in  10 there was a h is to ry  suggestive o f ru p tu re d  m em branes. 
The in d ic a tio n  fo r the tra n s a m n io tic  in va s ive  p rocedure  was 
in ve s tig a tio n  o f o ligohydram nios by a m n io in fu s io n  in  9, ra p id  
ka ryo typ in g  by fe ta l blood sam pling  o r tra n sa b d o m in a l ch o rion  
v illu s  sam pling  in  11, whereas in  40 cases, b o th  in d ic a tio n s
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applied. A ll gave in form ed consent in  accordance w ith  in s titu tio n a l 
e th ics  com m ittee requ irem ents.

The deepest ve rtica l pool o f am n io tic  flu id  was recorded in  
a ll pa tien ts , and in  the la s t 34 cases, the AFI was also determ ined. 
O ligohydram nios was severe (defined as the deepest pool <1.0 cm) 
in  40, m oderate (1 .1-2 .0  cm) in  10, and m ild  (2 .1-3 .0  cm) in  10. 
A ll p rocedures were perform ed u n d e r u ltra so u n d  guidance, and 
p ressure  m easurem ents made on e n try  o f the  needle in to  the  
am nio tic  cavity, as described in  C hapter 2. Care was taken to avoid 
loops o f cord by firs t insona ting  po te n tia l pockets o f am n io tic  flu id  
w ith  pu lsed wave D oppler. In  the absence o f an id e n tifia b le  pool, 
the needle was guided tow ard a p o te n tia l pool o f am n io tic  flu id  in  
the v ic in ity  o f fe ta l lim bs. The in tra -a m n io tic  pos ition  o f the needle 
was confirm ed before pressure m easurem ent, e ithe r by  a sp ira tin g  
0.3 m l o f am n io tic  flu id  or, in  cases o f anhydram nios, by observing 
sonograph ica lly 1-2 m l o f saline flushed down the needle disperse 
w ith in  the am nio tic  cavity. Sedation was no t used.

In  49 cases, a fte r the in it ia l pressure reading, am nio in fus ion  
was perfo rm ed fo r c lin ic a l in d ic a tio n s  to  fa c ilita te  u ltra s o n ic  
v isu a liza tio n  o f fe ta l anatom y and de te rm ina tion  o f m em branous 
in te g rity . O ligohydram nios was classified as severe in  39, m oderate 
in  5 and m ild  in  5. A  25 cm  long p o rtio n  o f po lyv iny l tu b in g  (2.5 
m m  ID) was connected to the needle hub  a t one end, and a 50 m l 
syringe, w h ich  was attached to  a three-w ay tap  a t the o the r end, 
was used to  in je c t warm ed norm a l saline (0.9% sodium  ch loride  a t 
37°C) in tra -a m n io tic a lly  a t a ra te o f 25-50 m l/m in u te . The volum e 
in fused  (range 40-640 m l) was selected by the operator to  be the 
m in im u m  needed to  im prove  the  u ltra s o u n d  view . F o llo w in g  
am nio in fusion , the m anom etry apparatus was flushed to ensure the 
absence o f bubb les, re-referenced and then  reconnected to  the 
needle hub  and a fu rth e r read ing made. V agina l flu id  leakage was 
observed im m e d ia te ly  fo llo w in g  the  p rocedure  in  8 p a tie n ts , 
in d ica tin g  the presence o f ru p tu re d  m em branes.

In  43 o f the 49 cases w h ich  underw ent fe ta l b lood sam pling 
fo llo w in g  m easurem ent o f AP, s u ffic ie n t b lood was ob ta ined  to 
a llow  blood gas analysis as described in  C hapter 5.3. In  37 cases, 
fe ta l blood sam pling was perform ed a fte r the am nio in fusion .

Seria l readings were made on 2 -6  occasions in  13 pa tien ts  a t 
1-7 w eekly in te rva ls , the  in d ic a tio n  fo r subsequent procedures 
be ing repeat u rin e  a sp ira tio n  fo r fe ta l rena l fu n c tio n  (n=5), and
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p ro p h y la c tic  a m n io in fu s io n  e ith e r to  prom ote lu n g  developm ent 
(n=) o r fa c ilita te  ves ico -am n io tic  sh u n t p lacem ent (n=2). The 
deepest pool p rio r to each in fus ion  measured <3.0 cm.

Data on basal AP and the effect o f in fu s io n  were analysed w ith  
respect to  the  f ir s t p rocedure on ly . To rem ove the  e ffect o f 
gesta tiona l age, com parisons in  AP between groups were made 
u s in g  z scores (no. o f SDs from  the mean). Changes in  variab les 
w ith  in fu s io n  are expressed as A va riab le  (= p o s t-in fu s io n  va lue 
m in u s  p re -in fu s io n  value). R ela tionsh ips were assessed between 
am nio tic  pressure and other variables using  Pearson and Spearm an 
co rre la tion  coefficients fo r no rm a lly  and n o n -n o rm a lly  d is trib u te d  
d a ta  as a p p ro p ria te . S ta tis tic a l co m p a riso n s  w ere  m ade 
p a ra m e trica lly  by pa ired  o r unpa ired  t  -te s tin g  as in d ica te d , or 
non-param etrica lly  by the M ann-W hitney test.

6 .3  Results
A m n io tic  p re ssu re  was s ig n ific a n tly  re du ce d  in  60 

pregnancies w ith  oligohydram nios compared to those w ith  no rm a l 
am n io tic  flu id  volum e (mean z score -1.4 C l -1 .7  to  -1.0, pcO.OOl). 
As shown in  F igure 5.1, AP readings were beneath the  low er lim it 
o f the  reference range in  16 (27%), and beneath the  m ean fo r 
gesta tiona l age in  51 (85%). There was no s ig n ific a n t co rre la tio n  
between AP z scores and gestational age.

The degree o f re du ctio n  in  AP was d ire c tly  re la te d  to  the 
degree o f o ligohydram nios, expressed b o th  as the deepest pool 
m easu rem en t (Spearm an p=0.001) and th e  A F I (Spearm an 
p = 0 .0 3 ). AP w as reduced  in  p re g n a n c ie s  w ith  severe 
o ligohydram nios (mean -1.8 z scores C l -2 .3 to -1 .4 , p<0.001), b u t 
n o t in  those w ith  m ild  (-0.5 z scores C l -0 .9  to  +0.1, p=0.1) o r 
m oderate oligohydram nios (-0.3 z scores C l -1.1 to  +0.6, p=0.5). In  
those  w ith  severe o lig o h yd ra m n io s  how ever, th e re  w as no 
co rre la tio n  between AP z scores and e ith e r the  deepest pool 
m easurem ent (Spearman p=0.7) or AFI (Spearm an p=0.6). In  the 
40 pregnancies w ith  severe o ligohydram nios, AP was on (w ith in
0.2 m m  Hg) or below the mean fo r gestational age in  a ll cases, and 
beneath the lower lim it o f the reference range in  16 (40%).

In tra -a m n io tic  in fus ion  o f saline increased am n io tic  pressure 
by a m ean o f 4.3 mm Hg (CI=3.4 to  5.3, pcO.OOl) and 2.7  z scores 
(C l 2 .0  to  3 .4 , pcO.OOl) as show n in  F igu res 6 .2  and  6.3 
respectively. There was no s ign ifican t corre la tion  between A AP in  
z scores and gesta tiona l age, volum e in fused , the  deepest pool
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m easurem ent o r AFI. A AP was however, s ig n ifica n tly  nega tive ly 
corre la ted w ith  the p re in fus ion  AP (y=0.94 - l.O x w here y=A AP z 
score and x= pre in fus ion  AP z score, r=0.58, p<0.001, F igure  6.4) 
b u t n o t to  post in fu s io n  AP. M u ltip le  lin e a r regression a n a lys is  
ind ica ted  th a t th is  association rem ained s ig n ifica n t (p<0.001) a fte r 
accounting  fo r volum e, and post in fus ion  z score.
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Figure 6.1: A m niotic pressure in  pregnancies com plicated by 
oligohydramnios shown against the reference range for pregnancies w ith  
norm al am niotic flu id  volume. Closed circles=severe oligohydram nios, 
open c irc les=m ild /m odera te  o ligohydram nios. Note th a t some 
coordinates have been altered slightly (by ^0.2 weeks, <0.1 mm Hg) to 
avoid overlap.

There was no s ign ifican t change in  AP w ith  in fu s io n  in  those 
w ith  m ild  o ligohydram nios (mean A z score 0.6, C l -4 .2  to  +5.4, 
p=0.8), in  con trast to the rise in  those w ith  m oderate (3.4, C l 1.7 
to  5.1, p=0.02) o r severe o ligohydram nios (2.8, C l 2 .3  to  3.5, 
p<0 .001). In  pregnancies w ith  severe o lig o h yd ra m n io s  w h ich  
underw ent am nio infusion , the A AP was s ig n ifica n tly  g reater in  the 
15 w ith  a p re in fus ion  AP beneath the reference range (mean 3.8 z 
scores, C l 2.8 to 4.8) com pared to those w ith  a p re in fu s io n  AP 
w ith in  th e  re ference range (2.3, C l 1.7 to  2 .9 , p=0 .01 ).

t
Nevertheless, the change in  AP z scores in  those w ith  a norm al 
p re in fu s io n  z score was s t ill s ig n ific a n tly  d iffe re n t fro m  zero
(p<0.001).
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Figure 6.2: The effect o f in fusion of norm al saline in  pregnancies 
complicated by oligohydramnios on amniotic pressure in  mm Hg. Mean A 
4.3 mm Hg, Cl 3.4 to 5.3, p<0.001.
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Figure 6.3: The effect o f in fusion of norm al saline in  pregnancies 
complicated by oligohydramnios on amniotic pressure in  z scores. Mean 
A z score =2.7, Cl 2.0 to 3.4, p<0.001.

Pregnancies w ith  ru p tu re d  m em branes (n=8) had s im ila r 
basal APs to  those w ith  in ta c t m embranes (mean z score -1 .3 , C I=- 
1.9 to  -0 .7  and -1 .8 , C l -2 .2  to  -1 .3  respective ly), and  w ith  
in fu s io n s  o f s im ila r volum e (m edian 248 m l, range 160-326, and 
160, range 42-637, p=0.5) had s im ila r A APs (mean A z score 2.4, 
C l 1.8 to 3.0 and 2.8, C l 1.9 to 3.6 respectively). In  one pregnancy 
a t 23 weeks gestation, in fu s io n  o f 200 m l produced an u n u s u a lly
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h ig h  AP o f 21.5 m m  Hg (Figure 6.2); 60 m l was then  w ithd raw n, 
re su ltin g  in  a post-in fus ion  AP o f 10.5 m m  Hg.
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Figure 6.4: The relationship between the rise in  am niotic pressure and 
basal pressure prior to infusion. (y=0.94 - l.Qx where y=A AP z score and 
x=preinfusion AP z score, r=0.58, p<0.001)

Fetal acidaem ia (pH >2SDs beneath the reference mean) was 
p resent in  9, fe ta l hypercapnia (pCC>2 >2SDs beneath the reference 
m ean fo r gesta tion) in  16, and fe ta l hypoxaem ia (pC>2 >2SDs 
ben e a th  the  reference m ean fo r gesta tion) in  36  o f th e  43 
p regnancies w ith  o ligohydram n ios inves tiga ted  b y  fe ta l b lood 
sa m p lin g  in  w h ich  su ffic ie n t blood was ob ta ined  fo r b lood  gas 
ana lysis. However, in  con trast to  the s itu a tio n  in  po lyhydram nios, 
there was no s ig n ifica n t corre la tion  between the in it ia l AP and any 
o f the  fe ta l blood gas variables expressed in  z scores. The same 
a p p lie d  w hen o n ly  th e  28 w ith  severe o lig o h yd ra m n io s  so 
investiga ted  were considered.

The sca tte r o f p re in fus ion  AP recordings in  those w ith  se ria l 
read ings as shown in  F igure 6.5 is s im ila r to  th a t o f the  single 
read ings in  F igure 6.1. Analysis o f variance on th is  da ta  w as n o t 
poss ib le  in  v iew  o f the  d iffe rin g  num ber o f o b se rva tio n s  per 
p a tie n t. The same applies to the change in  AP w ith  seria l in fu s io n s ; 
AP rose acu te ly  w ith  44 o f the 46 se ria l in fu s io n s  as show n in  
F igure 6.6.
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Figure 6.5: Serial am niotic pressure readings (dots) in  13 patients w ith  
oligohydram nios. Note tha t where am nioinfusion was performed, 
readings refer to pre-infusion AP. The shaded area represents the 95% 
reference range.
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Figure 6.6: The change (A) in AP z scores w ith am nioinfusion (dots) in  
12 patients in whom serial infusions were performed.

6 .4  Discussion
T h is  s tu d y  dem onstrates th a t am n io tic  p ressure  is  low  in  

o ligohydram nios. Resting AP in  hum an o ligohydram nios has n o t 
p re v io u s ly  been repo rted , a lth o u g h  some d e sc rip tive  d a ta  in  
labou ring  pa tien ts suggests th a t rem oval o f 300-700 m l o f am n io tic  
flu id  by am niocentesis re su lts  in  a fa ll in  basal AP (Csapo e t a l 
1963). In  a recent s tu d y  in  late gesta tion  sheep (H ard ing  e t a l
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1990), AP fe ll b y  1 m m  Hg w ith  48 h ou rs  o f a m n io tic  (and 
a lla n to ic ) flu id  dra inage, and re tu rn e d  to base line values w ith  
re in fu s io n  o f the d ra ined volum es, a lthough  th is  change was n o t 
s ig n ifica n t (0.05<p<0.1). The w ide SDs (c l.5 m m  Hg w ith  n=8) in  
th a t s tu d y  suggested considerable va ria tio n  in  response, and the 
degree o f o ligohydram nios achieved was unknow n, as a m n io tic  
flu id  volum e was n o t m easured. Severe o ligohydram nios m ay no t 
necessarily  have been achieved, and i t  shou ld  be rem em bered 
th a t in  the hum an pregnancies AP was on ly reduced in  those w ith  
severe and no t m ild /m odera te  o ligohydram nios.

I t  rem ains possib le  th a t con finem ent o f low  read ings to  
those w ith  severe o ligohydram nios m ay have re flected te ch n ica l 
d iffic u ltie s  in  o b ta in in g  accurate readings in  pregnancies w ith  no 
v is ib le  and thus sizeable pool o f am nio tic  flu id . However great care 
was taken w ith  flu s h in g  the needle to  ensure accurate  pressure 
readings from  w ith in  the am niotic cavity. Furtherm ore, the  la ck  o f 
co rre la tio n  between AP and the deepest p o o l/A F I in  those w ith  
severe o ligohyd ram n ios does n o t su p p o rt the  co n te n tio n  th a t 
te ch n ica lly  inadequate readings in  anhydram nios accounted fo r the 
s ig n ific a n tly  lo w e r AP z scores in  severe o lig o h y d ra m n io s  
com pared to  those w ith  m ild  o r m oderate o ligohydram nios, o r to  
those w ith  norm al am niotic flu id  volum e.

T h is  fin d in g  th a t AP is  decreased w ith  reduced a m n io tic  
f lu id  vo lum e, toge the r w ith  the  fin d in g  o f increased AP w ith  
elevated volum e (C hapter 4), is  b road ly consisten t w ith  h yd ro s ta tic  
p rin c ip le s  governing contents w ith in  in e la s tic  confines. A b n o rm a l 
AP in  o ligohydram nios however, was confined to severe degrees o f 
derangem ent in  am n io tic  flu id  volum e, as i t  was in  pregnancies 
co m p lica te d  by p o lyh yd ra m n io s . T h is  fu r th e r  s u p p o rts  th e  
suggestion (C hapter 3.4) th a t the re la tio n sh ip  between a m n io tic  
p ressu re  and in tra u te rin e  vo lum e is  n o n -lin e a r, p re s u m a b ly  
re fle c tin g  the d iffe re n t phys ica l p rin c ip le s  d e te rm in in g  p ressu re  
w ith in  a m u scu loe la s tic  s tru c tu re  lik e  the  hum an  u te ru s , as 
d iscussed ea rlie r (Chapter 3.4). The degree o f a b n o rm a lity  in  AP 
found  in  both  severe o ligohydram nios and po lyhyd ram n ios  is  fa r 
g reater th a n  w ould  be expected i f  AP was s im p ly  de te rm ined  by 
gesta tion-re la ted  changes in  in tra u te rin e  volum e: i.e . lo w  AP  in  
severe o ligohydram nios a t x  weeks canno t be a ttr ib u te d  to  the 
low er in tra u te rin e  volum e consequent upon reduced a m n io tic  flu id  
a p p ro x im a tin g  th a t found  n o rm a lly  severa l weeks e a rlie r in
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gesta tio n  (F igure 3.2). From  the  lim ite d  se ria l d a ta  in  b o th  
po lyhydram nios (Chapter 4.3) and o ligohydram nios, derangem ent 
in  AP appears more a long-stand ing  than  acute m a n ife s ta tio n  o f 
abnorm al am niotic flu id  volume.

A m n io in fu s io n  in  o ligohydram nios pregnancies s ig n ifica n tly  
increased AP. The rise  in  AP w ith  in fu s io n  was greatest in  those 
w ith  severe o ligohydram nios and those w ith  a p re in fu s io n  AP 
beneath the reference range, consistent w ith  p re in fu s io n  AP being
th e  m a in  va riab le  d e te rm in ing  th is  rise  (F igure 6 .4), and the

1
su g g e s tio n , m ade e a rlie r w ith  re ference to  p o ly h d ra m n io s  
(Chapter 4.4), th a t resto ra tion  o f flu id  volum e restores AP tow ards 
n o rm a l. Nevertheless, a s ig n ifica n t rise  in  AP also occurred in  
those  w ith  m oderate o ligohydram n ios and those w ith  severe 
o ligohydram nios whose p re in fu s io n  AP was w ith in  the  reference 
range, suggesting th a t flu id  in fu s io n  per se m ay have an add itiona l 
effect on AP. Indeed, the m a jo rity  o f the po stin fu s io n  AP z scores 
la y  in  the  upper h a lf o f the reference range (0 to  +1.96 z) as m ay 
be seen from  F igure 6.3. Posner et a l (1990) recen tly  reported a 
s ig n ifica n t increase in  basal AP w ith  in tra p a rtu m  am nio in fus ion  in  
p a tie n ts  w ith  an AFI <5 cm, b u t d id  no t q u a n tita te  the  rise  or 
re la te  i t  to  the  degree of o ligohydram nios. They also noted a 
pronounced pressure rise  in  one case, as occurred in  one o f the 
p a tie n ts  in  th is  series, suggesting an occasiona l id io s y n c ra tic  
response.

The c lin ic a l im p lica tio n s  o f low  AP in  o ligohydram nios w ill 
be discussed in  the next two chapters.

6 .5  Summ ary
A m n io tic  p ressure was reduced in  60 p regnancies w ith  

o ligohydram nios (mean z score -1.4, C l -1 .7 to  -1.0, p<0.001), and 
was s ig n ific a n tly  corre lated w ith  sem i-quan tita tive  a m n io tic  flu id  
vo lum e  (deepest poo l and AF I). O n ly  in  those w ith  severe 
o ligohyd ram n ios, was AP s ig n ific a n tly  low er th a n  w ith  n o rm a l 
am n io tic  flu id  volum e. In tra -a m n io tic  in fu s io n  o f sa line (mean 204 
m l, C l 171 to  237) increased AP by a mean o f 2.7 z scores (Cl 2.0 
to  3 .4 , pcO.OOl), w ith  A AP being s ig n ifica n tly  re la ted to  the  pre- 
in fu s io n  AP z score (y=0.94 - l.O x, r=0.58, pcO.OOl), b u t no t to  the 
volum e in fused. AP d id  no t change w ith  in fu s io n  in  those w ith  m ild  
o ligohydram nios, in  con trast to the s ig n ifica n t rise  in  those w ith  
m oderate (mean A AP 3.4 z scores, C l 1.7 to  5.1, p=0.02) or severe
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oligohydram nios (mean A AP 2.8 z scores, C l 2.3 to  3.5, pcO.OOl). 
In  pregnancies w ith  severe oligohydram nios, A AP was s ig n ifica n tly  
greater in  those w ith  a p re in fusion  AP beneath the reference range 
(mean 3.8  z scores, C l 2.8 to  4.8) com pared to  those w ith  a 
p re in fu s io n  AP w ith in  the reference range (mean 2.3 z scores, C l
1.7 to  2 .9 , p=0 .01). These da ta  suggest th a t AP is  low  in  
o ligohyd ram n ios , and rises w ith  re s to ra tio n  o f a m n io tic  flu id  
vo lum e. Th is w o rk  com plim ents th a t in  po lyhydram nios (C hapter 
4), suggesting th a t abnorm al AP occurs on ly  in  the  presence o f 
gross derangem ent in  am nio tic  flu id  volum e, and th a t pressure 
changes w ith  resto ra tion  o f am niotic flu id  volum e, a t least in  pa rt, 
re flec t resto ra tion  o f AP towards norm al.
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CHAPTER 7: LOW AMNIOTIC PRESSURE CONTRADICTS 
THE CONCEPT OF FETAL “COMPRESSION” IN 
OLIGOHYDRAMNIOS

7.1  Background
The fe tus in  prolonged oligohydram nios is  w ide ly  he ld to  be 

com pressed, as discussed in  C hapter 1 .6 .vi., on the basis o f its  
ch a ra c te ris tic  fla ttened  facies and p o s tu ra l lim b  de fo rm ities. In  
a d d itio n , the  u m b ilic a l cord has a lso been assum ed to  be 
com pressed on the  basis o f an increased inc idence  o f FHR 
d e ce le ra tio n s  (C hapter 1.6.v). The d e m o n s tra tio n  th a t th e  
a m n io tic  pressure su rround ing  the fe tus is  low  is  n o t cons is ten t 
th is  concept o f fe ta l "com pression" in  o ligohydram nios. A lth o u g h  
n o t a ll pregnancies w ith  oligohydram nios had reduced AP (C hapter 
6), the re  was ce rta in ly  no evidence th a t AP was elevated (F igure
6.1). Furtherm ore , low  AP was confined to pregnancies w ith  severe 
o lig o h yd ra m n io s , the  ones docum ented to  have th e  h ig h e s t 
in c idence  o f so ft tissue  sequelae considered in d ica tive  o f fe ta l 
com pression (Thibeault et a l 1985).

The m echan ism  fo r o lig o h yd ra m n io s -re la te d  PH is  n o t 
u n d e rs to o d . As com pression by in tra th o ra c ic  space occupy ing  
les ions is  know n to cause lu n g  hypoplasia, m any a u th o rs  have 
a ttr ib u te d  o lig o h y d ra m n io s -re la te d  PH to  e x tra th o ra c ic  
com pression  o f the  developing lu n g , as d iscussed in  C h a p te r 
1 .6 .v i.. S ince in h ib itio n  o f FBM also re su lts  in  PH, i t  has fu rth e r 
been suggested th a t the  m echanism  by w h ich  e x tra th o ra c ic  
com pression im pa irs  fe ta l lung  developm ent is  in h ib itio n  o f FBM  
(G ruenw ald 1957, W igglesworth et a l 1977). In  th is  regard B lo tt et 
a l (1987, 1990, B lo tt &  Greenough 1988) recently  noted in  hum an 
pregnancies w ith  prolonged o ligohydram nios th a t FBM  were 
absent in  fetuses w ith , and present in  those w ith o u t, le th a l PH. 
These fin d in g s  however were d ispu ted  by the  w o rk  o f a n o th e r 
g rou p  (Fox &  M oessinger 1985, M oessinger et a l 1987). The 
p ro p rie ty  o f va rious d e fin itio n s  o f FBM used in  hum an  s tu d ie s  
re m a in s  co n tro ve rs ia l (G reenough et a l 1988, P illa i &  Jam es 
1990), w ith  one o f the 2 groups a ttr ib u tin g  th is  d is p a rity  in  
fin d in g s  to  the d iffe rin g  c rite ria  used fo r d e fin in g  FBM  epochs 
(G reenough et a l 1988). R estoration o f a m n io tic  flu id  vo lum e in  
an im a ls  w ith  oligohydram nios has been shown to have s ig n ifica n t 
ben e fic ia l effects on fe ta l lung  developm ent (H arrison et a l 1982b, 
N akayam a et a l 1983). I f  FBM are reduced as a re s u lt o f chest
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"com pression" in  o ligohydram nios, re s titu tio n  o f a m n io tic  flu id  
volum e should be accompanied by an increase in  FBM.

As discussed in  C hapter I .6 .V . ,  the increased incidence in  
o lig o h yd ra m n io s  o f fe ta l d is tress , m econ ium  s ta in in g  o f the  
am nio tic  flu id , and variable FHR decelerations has been a ttrib u te d  
b y  m any a u th o rs  to  u m b ilic a l cord com pression. In tra p a rtu m  
am n io in fus ion  has been shown in  several stud ies o f pa tien ts  w ith  
o ligohydram nios to  reduce the frequency o f variab le  decelerations 
in  la b o u r and am eliorate fe ta l co n d itio n  a t b ir th  (Nageotte e t a l 
1985, S trong  et a l 1990a). A n tepa rtum , the re  have been o n ly  
anecdo ta l repo rts  o f the effect o f re s to ra tio n  o f a m n io tic  flu id  
volum e on fe ta l condition , leading in  one case to  the disappearance 
o f FHR decelera tions (Im anaka et a l 1989), and in  a n o th e r to 
n o rm a liza tio n  o f the  u m b ilic a l a rte ry  D opp ler w aveform , w ith  
re tu rn  o f the abnorm a lity  w hen oligohydram nios recurred  (Van der 
W jingaard et a l 1987).

7 .2  Aims
The a im  o f th is  section  was to  in ve s tig a te  in  h u m a n  

pregnancies w ith  severe oligohydram nios the effect on va rious fe ta l 
b iophys ica l variables o f re lie f o f presum ed fe ta l "com pression" by 
re s to rin g  a m n io tic  flu id  volum e as perform ed fo r d ia g n o stic  or 
the rapeu tic  purposes. Specifically:

i. to  determ ine the acute effect o f res to ra tio n  o f am n io tic  
flu id  vo lum e on FBM  u s in g  b o th  d e fin itio n s  o f FBM  
epochs employed in  the stud ies m entioned

ii. to  determ ine the acute effect o f res to ra tio n  o f a m n io tic  
flu id  volum e on fe ta l u m b ilica l a rte ry  D oppler waveform s

iii.  to  com pare the  above effects w ith  those  seen in  
pa tien ts w ith  oligohydram nios undergoing am n io in fus ion  
in  whom  im m ediate leakage o f the in fused flu id  vag ina lly  
p reve n te d  re s to ra tio n  o f a m n io tic  f lu id  vo lu m e  
(fo rtu ito u s  contro ls).

These experim ents were necessarily lim ite d  by the  need fo r an 
un d e rly in g  c lin ica l in d ica tion  fo r am nio infusion.

7 .3  R e lie f o f presumed ’’compression"- effect on fe ta l breathing.

7.3. i. Methods
S ixteen wom en w ith  severe o ligohyd ram n ios in  s in g le to n  

pregnancies scheduled to undergo c lin ic a lly -in d ic a te d  d iagnostic
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a m n io in fu s io n  between 17-31 weeks (m edian 23) gave w ritte n  
in fo rm ed  consent to  in c lu s io n  in  th is  s tudy, approved b y  the  
in s titu tio n a l ethics com m ittee. Transabdom inal am n io in fus ion  w ith  
150-350  m l w arm ed n o rm a l sa lin e  was pe rfo rm ed  w ith o u t 
sedation under u ltrasound  con tro l as previously described (Chapter
6.2). Fetal blood sam pling was also perform ed in  13 cases fo r rap id  
karyotyp ing .

U sing h igh  reso lu tion  u ltraso u n d  (Acuson, M o u n ta in  V iew , 
C a lifo rn ia ), the  deepest ve rtica l pool and AFI were m easured 
before and im m ed ia te ly  a fte r in fu s io n , as was AP, as described 
e a rlie r. Two m l sam ples o f am n io tic  flu id , co llected in  7 cases 
before and a fte r am nio in fusion , were im m ediate ly spun  down, and 
s to red  frozen (-70°C ). A fte r th a w in g , th e y  were assayed fo r 
p ro s ta g la n d in  E2 and F2tt by D r M S u llivan  o f the  D epartm ent o f 
O b s te trics  &  G ynaecology a t the  Royal P ostgraduate  M ed ica l 
S choo l, H a m m e rsm ith  H o s p ita l u s in g  reverse phase h ig h  
perfo rm ance  liq u id  ch rom atog raphy (Rose e t a l 1987). E nd - 
d ia s to lic  frequenc ies were observed in  the  u m b ilic a l a rte ry  
D o p p le r w aveform s o f a ll fe tuses, b o th  before and a fte r th e  
procedure, exclud ing  s ig n ifica n t fe ta l hypoxaem ia and acidaem ia 
(N ic o lin i ,et a l 1990). The ae tio logy o f o lig o h yd ra m n io s  was 
classified a fte r in fu s io n  as follows: PPROM in  8, b ila te ra l fe ta l rena l 
pathology in  2, IUGR in  3, and id iopa th ic  in  3.

FBM were recorded con tinuous ly  fo r 40 m inu tes before and 
40 m inu tes im m ediate ly a fte r am nio infusion . No p a tie n t sm oked or 
consum ed a lcohol w ith in  one hou r o f record ing. G lucose load ing  
was n o t perform ed in  view  o f (i) glucose load ing  n o t hav ing  an 
e ffect on FBM u n til >30 weeks (T rudinger &  K n ig h t 1980, Natale 
et a l 1988) and (ii) the d iffic u lty  s tandard is ing  the pre and post- 
in fu s io n  record ings fo r m ate rna l glucose. W ith  the  m o the r ly in g  
sem i-recum bent, a rea ltim e  u ltra so u n d  tra n sd u ce r (m odel 4000 
S /L , ADR, A rizona) was used to  v isua lize  the  fe ta l th o ra x  and 
abdom en in  a lo n g itu d in a l plane. Care was taken  to  avoid undue 
com pressive force on the fe ta l tho rax by supporting  the opera tor’s 
a rm  d u rin g  the record ing on p illow s level w ith  the ve rtica l he igh t 
o f the  fundus. Each fe ta l b rea th ing  m ovem ent, defined as inw a rd  
m ovem ent o f the th o ra x  w ith  paradoxica l ou tw ard  m ovem ent o f 
the  abdom inal w a ll, was recorded by means o f a m anua lly  operated 
tone generator onto audiotape. A ll record ings were m ade by the 
same person (the candidate) using the same apparatus.
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P rio r to  in fu s io n , the deepest pool and AFI were <1.2 and 
<2.3 cm  respectively, and mean AP was -1.5 z scores (Cl -3 .0  to 
0.0). V ag ina l leakage was noted d u rin g  the procedure in  6 o f the 
16 pa tien ts . No pa tien t in  the flu id  reta ined group leaked w ith in  4 
hours o f in fus ion , whereas fu rth e r vaginal leakage was noted d u rin g  
th e  p o s t-in fu s io n  record ing  in  4 o f 6 in  th e  leakage g roup . 
A m n io in fu s io n  s ig n ifica n tly  increased am nio tic  flu id  volum e (mean 
A AFI=10.0 cm, C l 8.7 to 11.2) in  10 women in  w hom  flu id  was 
re ta in e d . In  co n tra s t, there  was o n ly  m in im a l increase  in  6 
pa tie n ts , in  whom  vaginal leakage o f flu id  was noted d u rin g  the 
procedure (A AFI=1.8 cm, C l 0.2 to  3.4). The deepest pool and AFI 
p o s t-in fu s io n  were bo th  s ig n ifica n tly  greater in  the flu id  re ta ined  
(m edian 4 .0  [range 2.9-4 .8 ] and 10.6 [9 .1-13.4 ] respectively) th a n  
the  flu id  leakage group (median 1.2 [0 .6-2 .9 ], p<0.01 and 2.1 [0 .6- 
5 .9 ], p<0.01).

The audiotape was replayed in to  the in p u t p o rt o f a BBC 
m ic ro c o m p u te r, w h ich  q u a n itita te d  th e  in te rv a ls  be tw een 
in itia tio n  o f tone busts a t 0.5 second in te rva ls. D ig itized data  were 
th e n  analysed fo r to ta l breaths, as w e ll as incidence o f FBM  using  
the  two de fin itions (Greenough et a l 1988), as shown in  F igure 7.1. 
As per convention, an episode of FBM  was on ly considered to  have 
occurred when several movements were noted w ith in  a m in im u m  
tim e -fra m e  o r epoch; th is  was done to  e xc lude  is o la te d  
d iaph ragm a tic  movem ents and hiccoughs (P illa i &  Jam es 1990). 
U n d e r d e fin itio n  A, an epoch o f fe ta l b re a th in g  com prised  
con tinuous b rea th ing  movements fo r £ 60 seconds in  the absence 
o f any apnoeic in te rva l >6 seconds (B lo tt &  Greenough 1988). W ith  
d e fin itio n  B, an epoch began whenever 3 breaths occurred w ith in  a 
6 second w indow , and ended whenever there  were <3 b rea ths  
w ith in  any subsequent 6 second w indow  (Moessinger e t a l 1987). 
The incidence o f FBM was th u s  defined as the percentage o f tim e 
spen t in  FBM  epochs. P rio r to  com m encing the  p re- and post- 
in fu s io n  recordings, 6 AGA pregnancies w ith  norm al am n io tic  flu id  
vo lum e were stud ied on 1-3 occasions to  te s t the  a b ility  o f the 
record ing  technique to docum ent FBM (Figure 7.2).

Five o f these women underw ent seria l in fu s io n s  (3 had one 
subsequent in fus ion , 1 had three, and another five) a t 1-2 w eekly 
in te rva ls  as p rophylaxis to  prom ote lu n g  developm ent. Feta l blood 
sam p ling  was no t perform ed w ith  any subsequent in fu s io n , and 
leakage occurred a fte r 3. Data were s im ila rly  collected and FBM



recordings made as fo r single in fusions.
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Figure 7.1: Representative computer analysis of 40 m inu te  FBM 
recording, showing the to ta l number of breathing movements, the 
num ber and duration of epochs using both defin ition A  & B, and the 
frequency of breathing movements. This recording illu s tra te s  the 
considerable effect of the different definitions on the num ber of epochs 
recorded.

Changes in  va riab les w ith  in fu s io n  were expressed as A 
v a ria b le s  (= p o s t-in fu s io n  m in u s  p re -in fu s io n  v a lu e ). N on- 
p a ram e tric  s ta tis tics  were used when non-G aussian d is trib u tio n s  
were evident on histogram s. R elationships between va riab les were 
assessed by Pearson and Spearm an co rre la tio n  co e ffic ie n ts  fo r
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p a ra m e tric  and non -param etric  da ta  as app rop ria te . T w o-ta iled  
com parisons were by t  testing  (paired or unpaired) fo r pa ram etric  
da ta  and fo r non-param etric  data  by W ilcoxon or M ann-W hitney 
tests  as appropriate. A fte r analysis o f data fo r single in fu s io n s , a ll 
in fu s io n s  (firs t and subsequent) were then  re-exam ined as pooled 
data. A lthough pooled analysis is  s ta tis tica lly  less desirable, i t  was 
s t ill considered appropria te  in  th a t each in fu s io n  represented a 
com plete ly new occurrence in  term s o f degree o f o ligohydram nios, 
gestational age, volum e infused, A AP and A AFI.
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Figure 7.2: Pilot analysis of 10 control FBM recordings made in  the 
presence of normal amniotic flu id  volume, analysed for to ta l breathing 
movements, and incidence of Definition A & B epochs. Note lines jo in  
the serial observations.

7.3. i t  Results
Single infusions: The to ta l num ber o f FBM per record ing  d id  

n o t change s ig n ific a n tly  w ith  am n io in fus ion , e ith e r in  the  flu id  
re ta ined or the flu id  leakage group, as shown in  F igure 7.3. M ost
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fe tuses had no D e fin itio n  A  FBM  epochs detected e ith e r before 
(n=10) o r a fte r in fu s io n  (n=12). A ll 6 w ith  D e fin itio n  A  epochs 
p resen t p re -in fu s io n  had no epochs present p o s t-in fu s io n , w h ile  
a ll 4 w ith  d e fin itio n  A  epochs present a fte r in fu s io n  d id  n o t have 
epochs present p rio r to  in fus ion . In  contrast, a ll b u t one fe tus had 
D e fin itio n  B FBM  epochs p resent before, and a ll b u t 2 a fte r 
in fu s io n  (Figure 7.4). There was no s ig n ifica n t change in  incidence 
o f FBM w ith  in fu s io n  in  e ither the flu id  re ta ined o r leakage group, 
us ing  D e fin itio n  A  and D e fin ition  B (Table 7.1). There was s im ila rly  
no s ig n ifica n t change in  du ra tion  o f D e fin ition  B epochs in  the flu id  
re ta ined  (m edian A - Is , range -15 to +10) o r flu id  leakage groups 
(m edian A 4s, -22 .5  to  +20.5). A  com parab le  a n a lys is  w ith  
d e fin itio n  A  was no t possible, as m ost fetuses d id  n o t dem onstrate 
any such epochs.
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Figure 7.3: The number of FBM before and after am nioinfusion in  those 
who leaked (open circles) and retained (closed circles) infused flu id .

In  th e  flu id  re ta in e d  g roup , th e re  was no s ig n ific a n t 
c o rre la tio n  betw een A in c id e n ce  FBM  (D e fin itio n  B) and  
gesta tiona l age, A AFI, A deepest pool, o r volum e in fused. However, 
A incidence (D e fin itio n  B) increased s ig n ifica n tly  w ith  increasing  
A am n io tic  pressure expressed in  m m  Hg ( y=-25.0  + 8 .8x, r=0.97, 
p<0.001, where y=A % FBM and x= A am n io tic  pressure in  m m  
Hg, F igu re  7.5), b u t n o t in  z scores (r=0.3 , p=0.4). S im ila r 
co rre la tions were observed w ith  A to ta l FBMs and epoch d u ra tio n  
(D e fin itio n  B); however on ly th a t w ith  A incidence (D e fin itio n  B)
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rem ained s ig n ifica n t w hen a ll 3 FBM variab les were analysed by 
m u ltip le  lin e a r regression (p=0.047). M u ltip le  regression  also 
in d ica te d  th a t A % FBM  (D e fin itio n  B) was h ig h ly  s ig n ific a n tly  
corre la ted  (p<0.001) w ith  bo th  pre and post in fu s io n  AP in  m m  
Hg. However the incidence o f FBM (D e fin ition  B) d id  n o t corre late 
w ith  b a se lin e  a m n io tic  p re ssu re , e ith e r be fo re  o r a fte r 
a m n io in fu s io n . There was no s ig n ific a n t co rre la tio n  between A 
am n io tic  pressure in  m m  Hg and gestational age, volum e in fused, 
A F I o r deepest pool, e ith e r as the pre, post o r A va lue . W hen 
g e s ta tio n a l age was added to  a lin e a r regression  m odel o f A 
incidence (D e fin ition  B) on A AP in  m m  Hg, the negative effect o f 
g e s ta tio n  fe ll ju s t  sh o rt o f s ta tis tic a l s ig n ifica n ce  (p=0.053), 
suggesting th a t the above re la tionsh ip  m ay in  p a rt be a ttrib u ta b le  
to  gestation: th is  w ould  expla in  the lack o f s ig n ifica n t co rre la tion  
w ith  AP in  z scores. In  the flu id  leakage group, the re  was no 
s ig n ifica n t co rre la tion  between A incidence (D e fin itio n  B) and AP, 
expressed, in  e ithe r u n its .
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Figure 7.4: The incidence of FBM using Definition B (Moessinger et al 
1987) before and after amnioinfusion in those who leaked (open circles) 
and retained (closed circles) infused fluid.

A m nio tic  flu id  prostag land in  (PG) E2  and F2 tt concentra tions 
fe ll s ig n ific a n tly  w ith  am n io in fus ion  (mean A PGE2=-64.2% , C l - 
82 .0  to  -46.4 , pcO.OOl, and A PGF2a=-78.9% , C l -92 .6  to  -65.2 , 

pcO.OOl).
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Table 7.1: The effect of amnioinfusion on the number and incidence of 
FBM using two d ifferent defin itions (A=Blott & Greenough 1988, 
B=Moessinger et al 1987). NS= no significant difference between flu id  
retained and flu id  leaked groups. N S -  not sign ificantly d ifferent from  
zero.

'
Fluid retained

(n=10)
Fluid leaked Significance

(n=6) (retained vs leaked)

Total FBM (no.)
(mean & CIs)

Preinfusion 238 241 NS
(129 to 347) (91 to 391) (unpaired t  test)

Postinfusion 173 178 NS
(127 to 219) (32 to 323) (unpaired t test)

A FBM -72 -64 NS
(-218 to +74) (-273 to +145) (unpaired t  test)

N S  N S

( p a i r e d  t  t e s t )  ( p a i r e d  t  t e s t )

Definition A (%)
(median & range)

Preinfusion 0 0 NS
(0 to 7) (0 to 11) (Mann Whitney)

Postinfusion 0 0 NS
(0 to 3) (0 to 12) (Mann Whitney)

A FBM 0 0 NS
(-7 to +3) (-11 to +12) (Mann Whitney)

N S N S

( W i l c o x o n ) ( W i l c o x o n )

Definition B (%)
(median & range)

Preinfusion 8.5 5.5 NS
(0 to 28) (0.3 to 34) (Mann Whitney)

Postinfusion 5.5 2.5 NS
(1 to 15) (0 to 16) (Mann Whitney)

A FBM -2.5 -4.5 NS
(-27 to +13) (-34 to +15) (Mann Whitney)

N S N S

( W i l c o x o n ) ( W i l c o x o n )

Pooled infusions: W hen the single and subsequent in fu s io n s  were 
considered together, there was no s ig n ifica n t d ifference in  A to ta l 
FBM  or A % FBM (D e fin ition  B) between in fus ions in  w h ich  fe ta l 
blood sam pling was perform ed and those in  w h ich  i t  was no t, bo th
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overall and in  the flu id  reta ined group. W ith  the pooled in fus ions, 
there was s t ill no s ig n ifica n t change in  to ta l FBM , o r incidence 
us ing  e ith e r d e fin itio n . However, FBM (D e fin ition  A) were present 
m ore o ften  th a n  in  the  single in fus ions, p resum ab ly due to  the 
la te r gestation o f subsequent in fusions (Figure 7.6).
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Figure 7.5: The association between the change in  FBM incidence 
(Definition B) and the rise in  AP w ith  am nioinfusion (y=-25.0 + 8.8x, 
r=0.97, pcO.OOl, where y=A FBM (definition B) and x=A AP in  mm Hg.
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Figure 7.6: Comparison of the incidence of FBM using Definition A (Blott 
&  Greenough 1988a) between a ll infusions in  which flu id  was retained 
(closed circles) and those in  which it  leaked out (open circles).
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7.3 .t i t  D iscussion
T h is  s tudy ind icates th a t re s titu tio n  o f am nio tic  flu id  volum e 

in  h u m a n  pregnancies com plicated by severe o ligohyd ram n ios  
does n o t acute ly a lte r the incidence o f FBM. There was s im ila rly  no 
change in  pregnancies in  w h ich  leakage o f in fused flu id  prevented 
re s to ra tio n  o f am niotic flu id  volum e. The la tte r pregnancies served 
as con tro ls  fo r the am nio in fusion  procedure w ith o u t am nio tic  flu id  
volum e be ing restored.

The acute effect was studied because (i) th is  standard ized fo r 
c o n fo u n d in g  va ria b le s  b y  m in im is in g  the  in te rv a l be tw een 
record ings, and (ii) m ost o f the subjects were o u tp a tien ts  re ferred 
long distances to  the in s titu tio n . I t  is possible th a t some aspect o f 
the  procedure o ther than  re s titu tio n  o f am nio tic  flu id  volum e m ay 
acu te ly  have prevented any increase in  FBM, w h ich  instead m ig h t 
have been detectable la te r. P rostaglandins are know n to  in h ib it 
FBM  (K itte rm an  et a l 1983), and transgressing the  u te ru s  w ith  a 
needle o r p u n c tu rin g  the fe ta l u m b ilica l ve in  fo r b lood sam pling  
m ay th e o re tic a lly  have p rec ip ita ted  loca l p ro s ta g la n d in  release. 
However am niocentesis has no im m ediate effect on the incidence 
o f FBM  (H ill et a l 1979), and A FBM  in  ou r s tu d y  was s im ila r 
w he the r o r no t fe ta l blood sam pling was perform ed. A llo w in g  fo r 
the  d ilu e n t effect o f saline, the fa ll in  am nio tic  flu id  p rostag land in  
c o n c e n tra tio n s  w ith  a m n io in fu s io n  does n o t s u p p o rt th is  
procedure being associated w ith  a m ajor release o f prostag land ins.

O bservation periods o f 30-100 m inutes have p rev iously  been 
used to  s tu d y  hum an FBM (Roberts et a l 1980, P illa i &  Jam es 
1990). In  th is  study, a re la tive ly  sho rt in te rva l o f 40 m inu tes was 
chosen, o u t o f concern fo r m ate rna l to lerance o f tw o record ings 
and an invasive procedure in  the one session. The considerable 
variance in  FBM incidence noted here has also been reported by 
o th e rs  u s in g  longer record ing  periods (P illa i &  Jam es 1990), 
suggesting  th a t in c re a s in g  the  obse rva tion  p e riod  w o u ld  be 
u n lik e ly  to exert a m ajor in fluence on the resu lts.

G reat care was taken  to  m in im ize  v a r ia b ility  in  FBM  
recordings, by ensuring  th a t a ll recordings were made by the same 
person  u s in g  the  same appara tus. The need fo r a ded ica ted 
scanner u n fo rtu n a te ly  necessitated the use o f an o lder m achine, 
whose lack o f appropria te o u tp u t p o rt precluded video record ings, 
b y  w h ich  in tra -observer re p ro d u c ib ility  could have been checked. 
Nevertheless, the data  obtained in  term s o f incidence o f FBM, in
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the  contro ls w ith  norm al am niotic flu id  volum e as w e ll as in  those 
w ith  o ligohydram nios, were b road ly s im ila r to  th a t found in  P illa i 
and Jam es's recent lo n g itu d in a l s tu d y  (1990) in vo lv in g  over 400 
h o u rs  o f record ing in  norm a l fetuses. To m in im ize  any effect o f 
g es ta tion , pa ired  com parisons were used fo r p re - and p o s t
in fus ion  data .

These data support an increasing lite ra tu re  suggesting th a t 
im p a irm e n t o f fe ta l b re a th in g  is  n o t th e  m e cha n ism  fo r 
o ligohydram nios-re la ted  PH. Fetal b rea th ing  m ovem ents con tinue  
d u rin g  acute (Moessinger et al 1985) and chron ic o ligohydram nios 
(H ard ing  e t a l 1990) in  fe ta l sheep. Indeed, D ickson  &  H ard ing  
(1991) have recen tly  shown th a t FBM are n o t reduced th ro u g h o u t 
o lig o h y d ra m n io s  o f s u ffic ie n t d u ra tio n  to  p ro d u ce  PH. 
E xp e rim en ta l in h ib itio n  o f FBM in  a d d itio n  to  o ligohydram n ios 
produces m ore severe PH than  oligohydram nios alone (Adzick et al 
1984). E x tra th o ra c ic  com pression im p a irin g  FBM  is  considered 
u n lik e ly  as the  m a jo r com ponent o f FBM  is  m ed ia ted  by 
d iaphragm atic  ra th e r than  in te rcosta l m uscles (Dawes et a l 1980) 
and experim en ta lly  in tra -a b d o m in a l d iaphragm atic  com pression 
has no effect on lung  development (Sauer et al 1987). In  fact, FBM 
are pa ra d o x ica l in  th a t the  chest w a ll moves in w a rd s  d u rin g  
d iaph ragm a tic  co n tra c tio n  (Liggins 1984), and i t  is  d iff ic u lt to  
envisage how  exte rna l com pression cou ld  p reven t th is  in w a rd  
m ovem ent.

The group w h ich  claim ed FBM were “absent’ in  fetuses w ith  
PH secondary to  prolonged ru p tu re d  m em branes (B lo tt e t a l 
1987), la te r elaborated th a t th is  m eant con tinuous epochs o f FBM 
lasted  <60 seconds (Greenough et a l 1988), a d e fin itio n  used in  
the  th ird  trim este r (Roberts et a l 1980, V in tz ileos et a l 1983). The 
inc idence  o f FBM however, is conside rab ly  low er in  the  m id 
trim e s te r, w hen the r is k  o f o ligohydram nios-re la ted  p u lm o n a ry  
hypop las ia  is  greatest (W igglesworth & Desai 1981). U sing  th e ir 
d e fin itio n , FBM were “absent” in  m ost fetuses in  th is  study, bo th  
before and a fte r in fu s io n , in  keeping w ith  the p ilo t observations in  
m id -trim e s te r fetuses w ith  norm al am nio tic  flu id  vo lum e (Figure
7.2). P illa i and James (1990) found th a t more than  75% o f norm al 
fetuses <28 weeks did no t breathe in  epochs o f > 60 seconds. The 
60  second d e fin itio n  is  th u s  inapprop ria te  in  the m id -trim e s te r, 
th e  gestational period o f the m a jo rity  o f fetuses in  th is  study, and 
the  gestational age a t w hich m ost fetuses a t r is k  o f PH are lik e ly  to
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be evaluated. Even w ith  d e fin ition  B, the m edian incidence o f FBM 
p r io r to  26 weeks is  n o rm a lly  o n ly  1.4%, in c re a s in g  to  20% 
between 26-30  weeks (P illa i &  Jam es 1990). The fa c t th a t the 
incidence o f FBM is  no rm a lly  re la tive ly low  d u ring  the can n a licu la r 
period  o f lu n g  developm ent m ay exp la in  the  c lin ic a l observa tion  
th a t PH due to  ch ron ic  in h ib itio n  o f FBM is  n o t a lw ays fa ta l, 
whereas th a t due to prolonged oligohydram nios, such as in  rena l 
agenesis, is.

The fa c to rs  d e te rm in in g  fe ta l b re a th in g  re m a in  p o o rly  
u n d e rs to o d . U s ing  th e  m ore a p p ro p ria te  d e fin itio n  B, th e  
incidence o f FBM decreased in  th is  experim ent w hen the  rise  in  
AP was < 3 m m  Hg, b u t otherw ise increased s lig h tly  (F igure 7.5). 
T h is  m ay re flect some as yet uncharacterized fe ta l response to  the 
a m n io in fu s io n -in d u ce d  rise  in  AP, since FBM  incidence , e ith e r 
before o r a fte r in fu s io n , d id  n o t appear de te rm ined  b y  AP. 
However, the fact th a t no such association was found w hen A AP 
was expressed in  z scores, suggests th a t instead th is  co rre la tio n  
m ay s im p ly re flect a confounding effect o f gestational age.

A nalysis o f the power o f th is  s tudy was lim ite d  by the non- 
pa ram e tric  na tu re  o f the data, the in a b ility  to  define p o p u la tio n  
v a ria b ility  w ith  d e fin itio n  A, and the in a b ility  to  log -transfo rm  data 
w h ich  includes zero. Nevertheless, an approxim ation  was obtained 
a f t e r  1 o
g transfo rm a tion  o f to ta l FBM, such th a t w ith  a one sided analysis 
w ith  a=0.05 and 1-J3=0.8, th is  s tudy on ly had su ffic ie n t power to 
exclude a, rise o f 90%. A lthough th is  s tudy ind ica tes th a t "absent" 
FBM  in  o ligohydram nios do n o t become "present" as a re s u lt o f 
re s to ra tio n  o f a m n io tic  flu id  volum e, i t  rem a ins possib le  th a t 
sm a lle r a lte ra tions in  FBM m ay be present in  oligohydram nios.

7 .4  R e lie f o f presumed "compressionM-e£fect on fe ta l Doppler 
waveforms

7.4. L Methods
S ixteen wom en w ith  severe o ligohydram n ios in  s in g le ton  

p re g n a n c ie s  sch e d u le d  to  u n d e rg o  c lin ic a lly - in d ic a te d  
a m n io in fu s io n  between 17-28 weeks (m edian 22.5) were enro lled 
in  th is  study. W armed 0.9% NaCl so lu tion  (50-350 m l) was in fused 
transabdom ina lly  as described earlie r in  th is  chapter. The deepest 
ve rtica l pool and AFI were m easured before and im m ed ia te ly a fte r 
in fu s io n , as was AP. The aetiology o f oligohydram nios was classified
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a fte r in fu s io n  as follows: PPROM in  7, b ila te ra l fe ta l rena l pathology 
in  4, IUGR in  2, and id iopa th ic  in  3. Three had a fe ta l abdom inal 
circum ference m easurem ent <5th  centile , two in  the  IUGR group 
and one in  the rena l pathology group. Feta l b lood sam pling  fo r 
rap id  karyotyp ing  was perform ed in  8 cases; i f  su ffic ie n t blood was 
obtained, blood gas analysis was perform ed as described previously 
and re su lts  compared to  reference ranges (Chapter 5 .3 .i).

U m b ilica l a rte ry  D oppler waveform s were ob ta ined  before 
and im m ed ia te ly a fte r am nio in fusion . Recordings were made w ith  
the m other ly in g  sem i-recum bent in  approxim ate ly 15° la te ra l t ilt ,  
u s in g  a co n tin u o us  wave m achine (Vasoflo 4, O xford S onica id , 
O xford), as described in  Chapter 5.4.1. W aveform s were recognized 
as be ing  from  the  u m b ilic a l a rte ry  by a ll o f the  fo llo w in g : (i) 
asyn ch ro n y  w ith  the  m a te rn a l pu lse  (ii) th e ir  c h a ra c te ris tic  
appearance (iii) dem onstra tion o f a non -pu lsa tile  venous waveform  
in  the  opposite  channe l. The D opp le r in d e x  o f dow nstream  
resistance used was the p u ls a tility  index (P I= [x-y]/z where x=peak 
sys to lic  ve loc ity , y=end-d iasto lic  ve loc ity , and z=m ean ve loc ity). 
Each read ing was obtained d u rin g  fe ta l apnoea by "freezing" the 
im age w hen the  coe ffic ien t o f v a ria tio n  o f the  PI va lues in  5 
consecutive w aveform s was <5%. The m ean o f each o f 3 m eans 
o b ta in e d  fro m  5 consecutive  w aveform s was th e n  used fo r 
s ta tis tic a l analysis. Fetal heart ra te (FHR) was s im ila rly  ca lcu la ted 
on line , from  the tim e  in te rva l between 5 consecutive waveform s. 
PI values were com pared to  a pub lished cross-sectiona lly  derived 
reference range based on large num bers (c.500), the upper lim it o f 
w h ich  fe ll from  1.60 to  1.45 over the gestational period o f pa tien ts  
in  th is  s tudy (Ferrazzi et al 1990).

P rio r to  in fu s io n , the deepest pool and AFI were <1.0 and 
<2.3 cm  respectively, and mean AP was -1.2 z scores (Cl -1 .8  to -
0.6). V agina l leakage occurred d u ring  the procedure in  5 pa tien ts . 
A m n io in fus ion  s ig n ifica n tly  increased am nio tic  flu id  volum e (mean 
A AF I=9.8 cm, C l 7.9 to  11.7) in  11 wom en in  w hom  flu id  was 
re ta in e d . In  co n tra s t, the re  was o n ly  m in im a l increase  in  5 
pa tien ts , in  whom  vagina l leakage o f flu id  was noted d u rin g  the 
procedure (A AFI=1.0 cm C l 0.2 to 1.8). The deepest pool and AFI 
p o s t-in fu s io n  were bo th  s ig n ifica n tly  greater in  the  flu id  re ta ined  
(mean 3.7, C l 3.1 to  4.4 and 10.2, C l 8 .4  to  12.0 respective ly) 
com pared to  the  flu id  leakage group (mean 0.9 , C l 0 .7  to  1.2, 
p<0.001 and 1.5, C l 0.8 to 2.2, pcO.OOl).
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Changes in  va riab les w ith  in fu s io n  were expressed as A 
va riab les (= postin fus ion -p re in fus ion  value). P aram etric  s ta tis tic s  
were used o n ly  where G aussian d is trib u tio n s  were eviden t on 
h istogram s. Com parisons were made us ing  pa ired o r unpa ired  t- 
testing  as appropriate.

7A.iL  Results
A m n io in fu s io n  had no s ig n ifica n t effect on PI in  e ith e r the 

flu id  re ta ined  o r flu id  leakage groups (Table 7.2), and A PI was 
s im ila r in  the bo th  groups. In  add ition , there was no s ig n ifica n t 
change in  FHR. There was no s ig n ific a n t re la tio n s h ip  in  e ith e r 
group between A PI and A FHR.

Table 7.2: The effect of amnioinfusion on umbilical artery PI and fetal 
heart rate, in those that leaked and those that retained the infused fluid. 
NS= no significant difference between fluid retained and fluid leaked 
groups. IVS= not significantly different from  zero.

(mean & pis)
Fluid retained

(n=l 1)
Fluid leaked Significance

(n=5) (retained vs leaked)

Pulsatility index

A PI -0.07 -0.11 NS
(-0.17 to +0.07) (-0.31 to +0.09) (unpaired t test)

NS NS
(paired t test) (paired t test)

Fetal heart rate

A FHR -4.9 -7.7 NS
(-10.2 to +0.4) (-21.7 to +6.3) (unpaired t test)

NS NS
(paired t test) (paired t test)

Three pregnancies had raised u m b ilica l a rte ry  PI values; a ll 
had IUGR, and a ll were in  the flu id  reta ined group (Figure 7.7). O f 
these, one had absent, and a n o th e r reverse  e n d -d ia s to lic  
frequencies, and bo th  had fe ta l pH and p02  va lues beneath the 
reference range. The m ean PI in  these 3 fe ll s ig n ific a n tly  w ith  
a m n io in fu s io n  (-0.18, C l -2 .4  to -1.2, p=0.03), whereas in  those 
whose p re in fus ion  PI was w ith in  the reference range, A PI was n o t 
s ig n ific a n tly  d iffe ren t from  zero (mean -0 .03, C l -0 .13  to  +0.10). 
To exclude the re su lt in  those w ith  raised values being due to  th e ir 
g reater va ria tio n  a round the m ean, the change in  PI was also 
expressed as a % o f the p re in fu s io n  va lue. However, w hen so
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expressed, the fin d in g  o f a s ign ifican t fa ll in  those w ith  an in itia lly  
ra ised va lue  (-8%, C l -10 to  -6, p=0.02) b u t n o t in  those w ith  a 
n o rm a l va lue  (-2%, C l -16 to  +11), rem ained. The difference in  A 
PI however, expressed e ither as the raw  figure  or as a percentage, 
was n o t s ig n ifica n tly  d iffe re n t between the  two groups. FHR d id  
n o t change s ig n ifica n tly  w ith  in fu s io n  in  the  the 3 w ith  ra ised PI 
values (mean A FHR 10 .9 /m in , C l 2.3 to 19.5, p=0.13).
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Figure 7.7: Umbilical artery PI values before and after amnioinfusion in 
pregnancies in which fluid was (filled circles) and wasn't retained ( open 
circles).

In  th e  flu id  re ta in e d  g roup , the re  was no s ig n ific a n t 
d ifference in  A PI, e ither as the raw  value or as a percentage o f the 
p re in fu s io n  va lue , betw een fe tuses w h ich  u n d e rw e n t b lood  
sam pling  a t the tim e o f am nio in fus ion  and those w h ich  d id  not. 
There was no s ig n ifica n t co rre la tion  between A PI, e ith e r as the 
ra w  va lue  o r as a percentage o f the  p re in fu s io n  va lue , and 
gestational age, volum e infused, A FHR, A AFI, A AP in  m m  Hg, or A 
AP in  z scores.

7 .4.iii. Discussion
Th is s tudy  suggests th a t the m a jo rity  o f fetuses w ith  severe 

o ligohydram nios have norm al u m b ilica l a rte ry  D oppler waveform s. 
O n ly 3 o f 16 had a raised PI value, and each was SGA, suggesting 
th a t a b n o rm a l u m b ilic a l a rte ry  D o p p le r w a ve fo rm s  in
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o ligohydram nios m ay re flect increased dow nstream  resistance as 
p a rt o f the underly ing  p lacental pathphysiology o f IUGR (Giles et al 
1985). C onsistent w ith  th is , Cruz et a l (1988) noted in  43 pa tien ts  
w ith  o ligohydram nios th a t raised u m b ilica l a rte ry  sy s to lic /d ia s to lic  
ra tio s  were id e n tifie d  s ig n ifica n tly  less fre q u e n tly  in  those w ith  
ru p tu re d  com pared to  in ta c t m em branes, the  la tte r  hav ing  a 
g rea te r frequency o f SGA fetuses. In  a d d itio n , Lom bard i e t a l 
(1989) found elevated sys to lic /d ia s to lic  ra tios  in  9 o f 21 pa tien ts  
w ith  o ligohydram nios and in ta c t m embranes, each o f w hom  had a 
b ir th  w e igh t <10th  centile . A lthough  H ackett e t a l (1987) stud ied  
fe ta l a o rtic  and n o t u m b ilica l a rte ry  w aveform s, th e y  s im ila rly  
fo u n d  th a t a ll 14 o ligohydram nios pregnancies w ith  abnorm a l 
waveform s were SGA, in  con trast to the 18 w ith  norm a l waveform s 
w h ich  were AGA.

These re su lts  do n o t su p p o rt the  suggestion  th a t cord 
"com pression" a lte rs  the u m b ilica l a rte ry  D opp le r w aveform  in  
pregnancies w ith  o ligohydram nios (Van den W ijngaard e t a l 1987). 
N ot on ly  was there no change in  PI w ith  re s to ra tio n  o f am n io tic  
flu id  volum e, b u t the fa ll in  PI w h ich  d id  occur w ith  am nio in fus ion  
in  the  3 w ith  a ra ised in itia l value was o f <10%. T h is  con trasts  
w ith  a fa ll o f 35% reported by V an den W jingaard  et a l (1987). 
They however d id  no t give deta ils o f FHR, and i t  rem ains possible 
th a t th e ir  resu lts  cou ld  be a ttrib u ta b le , a t least in  p a rt, to  fe ta l 
tachyca rd ia  induced by some aspect o f the procedure such as fe ta l 
b lood sam pling or the in fusate  no t being a t body tem perature. FHR 
has been shown in  several studies to be negatively corre la ted w ith  
D o p p le r ind ices o f dow nstream  resistance (M ires e t a l 1987, 
K o fin a s  et a l 1989), one s tu d y  suggesting th a t an increase o f 
4 0 /m in u te  w ould  re s u lt in  a 40% fa ll in  s y s to lic /d ia s to lic  ra tio  
(B ra r e t a l 1989). In  th is  study, am nio in fus ion  had no s ig n ifica n t 
e ffect on FHR.

A ny change th a t occurred in  PI w ith  in fu s io n  was sm a ll and 
co n fin e d  to those w ith  in it ia lly  ra ised va lues; in  th is  regard i t  
sh o u ld  be noted th a t the p re in fus ion  PI in  Van Den W jingaard  et 
a l's  case report was on ly  1.4, a figure  s t ill w ith in  the  reference 
range used herein.

A lth o u g h  m o st o f the  d a ta  used to  im p lic a te  co rd  
"com press ion " in  pregnancies w ith  o lig o h yd ra m n io s  is  fro m  
card io tocographic stud ies in  la te  pregnancy, D oppler assessm ent 
o f the  u m b ilica l a rte ry  was used in  th is  s tu d y  in  view  o f (i) the
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ea rlie r gestation o f pa tien ts undergoing an tepartum  am nio in fus ion , 
re n d e rin g  ca rd io tocog raphy im p ra c tica l, and (ii) the  need to  
reproduce the fin d in g s  o f Van Den W jingaard e t a l (1987). The 
p u lsa tility , index was chosen as the index o f dow nstream  resistance 
fo r s tu d y , as i t  is  s t ill y ie ld s  a fig u re  w hen e n d -d ia s to lic  
frequencies are absent or reversed. As w ith  the FBM  s tu d y  ea rlie r 
in  th is  chapter, pregnancies in  w h ich  the in fused flu id  leaked o u t 
p r io r  to  the  p o s tin fu s io n  D opp ler served as co n tro ls  fo r the  
a m n io in fu s io n  procedure w ith o u t a m n io tic  flu id  vo lum e being 
resto red . Again the acute effect on ly  was stud ied  as o u tlin e d  in  
C hapter 7 .3 .iii.

7 .5  Discussion
In  these s tu d ie s  o f pregnancies w ith  o lig o h yd ra m n io s , 

re s to ra tio n  o f a m n io tic  flu id  volum e d id  n o t a lte r the  u m b ilic a l 
a rte ry  PI o r the incidence o f FBM, p rov id ing  no su p p o rt fo r the 
suggestion  th a t fe ta l 'com pression'' in  o ligohyd ram n ios im p a irs  
fe ta l b rea th ing  o r fetoplacental blood flow . S im ila rly , the incidence 
o f gross fe ta l body m ovem ents has recen tly  been show n n o t be 
reduced in  the presence o f o ligohydram nios, nor, anecdota lly, to  
increase  w ith  re s to ra tio n  o f am n io tic  flu id  vo lum e (S iva l et a l 
1990).

As discussed in  Chapters 1.6.vi. and 7.1, the assum ption th a t 
the  fe tus is  compressed in  oligohydram nios, and th a t com pression 
is  the m echanism  fo r the pulm onary, soft tissue and FHR sequelae, 
was n o t based on any sc ien tific  data. The dem onstra tion  th a t the 
pressure su rround ing  the fetus in  oligohydram nios is  low, together 
w ith  the  la ck  o f effect o f resto ra tion  o f am n io tic  flu id  vo lum e on 
th e  fe ta l b io p h ys ica l va riab les discussed above, suggests th a t 
reappra isa l o f th is  concept o f fe ta l com pression is  now  w arranted.

T h is  fin d in g  o f low  AP in  oligohydram nios is n o t su rp ris in g  i f  
th e  law  o f Laplace is  considered (Figure 7.8). A  decrease in  the 
q u a n tity  o f am n io tic  flu id  su ffic ie n t to  cause p e rs is te n t con tact 
betw een fe ta l p a rts  and the  u te rin e  w a ll iso la te s  pocke ts o f 
a m n io tic  flu id . As the theo re tica l ra d ius  o f these a m n io tic  flu id  
pocke ts  increases w ith  decreasing a m n io tic  f lu id  vo lum e, AP 
should thus fa ll.

Nevertheless, the  fin d in g  in  o ligohydram nios o f low  AP in  
th e  presence o f soft tissue m anifesta tions considered in d ica tive  o f 
com pression (ta lipes, fla ttened facies, a rth rogryposis  etc) appears 
paradoxica l. However, as illu s tra te d  in  Figure 7.8, am nio tic  flu id  no
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longer com plete ly surrounds the fe tus in  severe o ligohydram nios. 
Thus w ith  decreasing am nio tic  flu id  volum e, the e n tire  tens ion  o f 
the  u te rin e  w a ll becomes exerted over some fe ta l p a rts  (head, 
extrem ities) th a t happen to  be the in te rn a l "p illa rs " o f the u te ru s . 
Feta l com pression by the su rround ing  u te rine  w a ll cou ld  th u s  s till 
be m edia ted th ro u g h  these p illa rs , even though  pressure in  the 
a m n io tic  flu id  pockets is  low. However, H ard ing  e t a l (1990) have 
re ce n tly  show n in  sheep th a t pressures w ith in  fe ta l body cavities 
(i.e. p le u ra l, peritonea l) do no t change w ith  rem oval and th e n  
re s to ra tio n  o f am n io tic  flu id  volum e, w h ich  suggests th a t d ire c t 
tra n s m is s io n  o f u te rin e  tone to  the  fe ta l tru n k  v ia  s p lin te d  
extrem ities  does n o t occur.

P =2T/2R

=P 12 =0

A B C

Figure 7.8: Diagrammatic representation of changes in fluid pressure 
w ithin the amniotic cavity with progressive reduction of amniotic fluid 
volume, according to the law of Laplace. A: Normal amniotic fluid volume. 
If  the uterus is considered a sphere of radius (R) and wall tension (T), 
the pressure exerted on the amniotic fluid is Pa =2T /R . The fetus is 
represented as a star object that almost touches the inner surface of the 
uterus. B: Mild oligohydramnios. The radius of curvature of the uterine 
wall theoretically increases with reduction in fluid. In the example, when 
the radius increases to 2R, the pressure in the pocket decreases to half 
Pa - C: Severe oligohydramnios. With further reduction of fluid, some 
segments of uterine wall become flattened and r becomes infinite. Fluid 
pressure is now 0 for any value of T.

A c c o rd in g ly , fe ta l s o ft tis s u e  m a n ife s ta tio n s  o f 
o ligohydram nios m ay instead be due to re s tric tio n  o f m ovem ent by 
th e  u te rin e  w a ll. Indeed several au thors have specula ted th a t 
im m o b ility  o f the fe ta l extrem ities is im p lica ted  in  the  aetio logy o f
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these sequelae (DeM yer &  B a ird  1969, T h ib e a u lt et a l 1985, 
P rin g le  1986). F e ta l im m o b ility  is  k n o w n  to  p ro d u c e  
a rth rog rypos is  in  a va rie ty  o f experim enta l an im als (D rachm an &  
C o u lo m b re  1962, S w in y a rd  1982). M o e ss in g e r (1 98 3 ) 
dem onstrated in  ra ts  th a t fe ta l cu ra riza tion  produced in  a d d itio n  
to  arthrogryposes, b ila te ra l ta lipes and fla ttened  facies, fea tures 
s im ila r to  those reported a fte r o ligohydram nios.

7.5  Summ ary
Feta l b re a th in g  m ovem ents and u m b ilic a l a rte ry  D opp le r 

w a ve fo rm s w ere reco rd e d  be fo re  and  im m e d ia te ly  a fte r 
am n io in fu s io n  in  pregnancies w ith  severe o ligohydram nios. There 
was no s ig n ific a n t d ifference in  the change in  to ta l b re a th in g  
m ovem ents o r in  the change in  incidence o f FBM  between the  10 
in  w h ich  a m n io tic  flu id  volum e was restored, and 6 in  w h ich  
am n io tic  flu id  volum e was no t restored due to vag ina l leakage. In  
b o th  groups, there was no s ig n ifica n t change w ith  in fu s io n  in  
num ber (mean A = -72, C l -218 to  +74 and -64, C l -273 to  +145 
in  th e  f lu id  re ta in e d  and leakage g roups re spe ctive ly ) and 
incidence o f FBM (m edian A= -2.5% , range -27 to +10 and -4.5% , 
range -34 to +15 respectively). S im ila rly , there was no s ig n ifica n t 
d iffe rence  in  the change in  u m b ilic a l a rte ry  p u ls a tility  in d e x  
between 11 in  w h ich  am niotic flu id  volum e was restored, and 5 in  
w h ich  it  was not. Again, there was no change w ith  in fu s io n  in  PI in  
the  flu id  reta ined group (mean A PI = -0.07, C l -0 .17 to  +0.07) or 
the  leakage group (-0.11, C l -0.31 to +0.09). These stud ies suggest 
th a t re s titu tio n  o f am n io tic  flu id  volum e in  hum an pregnancies 
com plicated by severe oligohydram nios does n o t acu te ly  a lte r the 
incidence o f FBM, o r the u m b ilica l a rte ry  PI. Together w ith  the 
fin d in g  o f low  am n io tic  pressure in  o ligohydram nios (C hapter 6), 
th e y  ch a lle n g e  th e  co n ce p t o f fe ta l c o m p re s s io n  in  
o ligohydram nios th a t has become w idely accepted in  the  lite ra tu re .
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CHAPTER 8: LOW AMNIOTIC PRESSURE AND LUNG 
DEVELOPMENT IN OLIGOHYDRAMNIOS

8.1  Background
M uch o f ou r cu rre n t understand ing o f fe ta l lu n g  developm ent 

is  based on experim en ta l w o rk  in  sheep. The lu n g s  o f la te - 
gestation fe ta l lam bs conta in  approxim ately 30 m l /  kg  body w eight 
o f lu n g  liq u id  (Normand et a l 1971, S carpe lli et a l 1975), w h ich  is 
produced in  the developing airways a t a ra te  o f 4 .5  m l/k g  body 
w e ig h t/h o u r (M escher et a l 1975). Lung liq u id  tra ve ls  from  the  
alveolae along the upper airways, from  where i t  is e ith e r swallowed 
o r d ra ins  in to  the am nio tic  cavity, the d irec tion  o f ne t flow  being 
away from  the lungs bo th  du ring  feta l breath ing  and d u rin g  apnoea 
(H ard ing et a l 1984a, H arding e t a l 1986a). L ittle  i f  any am n io tic  
flu id  enters the lungs in  non-acidaem ic fetuses (Adams et a l 1967, 
B lock e t a l 1981, H arding et a l 1986a, H arding et a l 1986b).

The volum e o f lung  liq u id  w ith in  the airw ays determ ines the 
degree o f lu n g  expansion, and seems a gross d e te rm inan t o f lu n g  
grow th. Tracheal liga tion  in  both  feta l sheep and ra bb its  leads to an 
increase in  lung  w eight and volum e (Carmel et a l 1965, A lco rn  et 
a l 1977), and lig a tio n  o f a m a in  stem  b ronchus in  fe ta l lam bs 
produces ip s ila te ra l lu n g  hyperp lasia, as evidenced by increased 
w e ig h t and DNA con ten t (M oessinger e t a l 1990). C onversely, 
ch ro n ic  lu n g  liq u id  drainage in  fe ta l sheep reduces lu n g :b o d y  
w e igh t ra tios  by 30-40%  (Alcorn et ad 1977, Fewell e t ad 1983). I t  
has th u s  been suggested th a t lung  liq u id  acts as an in te rn a l s ten t 
a round  w h ich  the  lu n g  grows (A lcorn et a l 1977, A dz ick  et a l 
1984).

N orm ally, lu n g  liq u id  escapes from  the upper a irw ays a t a 
ra te  approxim ate ly 3-8 tim es as great du ring  FBM as d u rin g  apnoea 
(H ard ing et a l 1984a, H arding et a l 1986a). As its  secretion ra te  is 
una lte red  by the presence or absence o f FBM (Fewell e t a l 1981), 
episodes o f FBM low er lung  volum e, w h ich  is then  restored d u rin g  
in te rve n in g  episodes o f apnoea (D ickson et a l 1987). There is  a 
s tand ing  sup ra -am n io tic  pressure w ith in  the fe ta l trachea  o f 1.5- 
3 .0  m m  Hg (V ilos &  L igg ins 1982, Few ell &  Jo h n so n  1983, 
M oessinger et a l 1985), considered by m ost w o rke rs  to  re s u lt 
from  the resistance to egress o f lung  flu id  provided d u rin g  apnoea 
b y  an active la ryngea l re tentive  m echanism  (Adams et a l 1967, 
H ard ing  et a l 1980).

Th is resistance plays a p ivo ta l role in  m a in ta in in g  lu n g  liq u id
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vo lum e in  u te ro , as w hen i t  is  bypassed in  fe ta l tracheostom y 
experim ents, the no rm a l tra ch e a l-a m n io tic  pressure  g ra d ie n t is 
e lim in a ted  (Fewell &  Johnson 1983), lu n g  liq u id  loss increases 
(H ard ing e t a l 1986a), and lu n g  developm ent is  im pa ired  (A lcorn 
e t a l 1977, Fewell e t a l 1983). A lthough  the exact m echanism  o f 
o ligohydram nios-re la ted PH is  n o t know n, i t  involves loss o f lu n g  
liq u id  from  the airw ays v ia  the la rynx. In  fe ta l sheep exposed to 
ch ro n ic  o ligohydram nios, the volum e o f lu n g  liq u id  w ith in  the  
airw ays is  reduced by up to  65%; contem poraneous m easurem ent 
o f trachea l flow  rates ind icated th a t th is  could no t be accounted fo r 
s o le ly  b y  th e  re d u c tio n  in  s e c re tio n  ra te , w h ic h  w as 
p ro p o rtio n a te ly  sm a lle r (D ickson  &  H a rd in g  1989). T ra ch e a l 
occ lus ion  in  bo th  hum ans and experim enta l an im als appears to 
p reven t the  adverse pu lm ona ry  effects o f o ligohyd ram n ios. In  
ra b b it experim ents in  w h ich  o ligohydram n ios was created by 
d ra in in g  am nio tic  flu id  in to  the m aterna l peritonea l cavity, A dzick 
et a l (1984) found low er lu n g  w eight and DNA con ten t com pared 
to  con tro ls, b u t no reduction  in  these param eters in  the  presence 
o f o ligohydram n ios when the fe ta l trachea was liga ted . T h is  is 
fu rth e r supported  b y  anecdotal repo rts  o f hum an  fe tuses w ith  
la ryngea l a tresia  whose lungs, fo llow ing prolonged oligohydram nios 
secondary  to  re n a l agenesis /  dysgenesis, d id  n o t becom e 
hypop lastic  (W igglesworth et a l 1987, S curry et a l 1989).

As discussed in  Chapter 7.3, an accum ula ting  lite ra tu re  now  
suggests th a t cessation o f FBM is u n like ly  to be the m echanism  fo r 
o ligohyd ram n ios-re la ted  PH. Nevertheless, R oberts e t a l (1991) 
have recen tly  shown in  women w ith  PPROM th a t FBM are reduced 
in  in c id e n ce  by 60% , b u t o n ly  fo r the  f ir s t  2 w eeks a fte r 
am nio rrhexis . A lthough the s tudy o f A FBM w ith  a m n io in fus ion  in  
th e  la s t chap te r suggested th a t severe o ligohydram nios does n o t 
re s u lt in  "absent" FBM w h ich  re tu rn  w ith  re s to ra tion  o f am n io tic  
flu id  volum e, i t  was o f in su ffic ie n t power to exclude an association 
between o ligohydram nios and reduced FBM. I t  rem ains possib le 
th a t a reduction  in  FBM du ring  o ligohydram nios m ay represent an 
a tte m p t by  the fe ta l cen tra l nervous system  to restore lu n g  liq u id  
volum e, as the rate o f lung  liq u id  escape d u ring  FBM  exceeds th a t 
d u rin g  apnoea (H arding et a l 1984a, H ard ing et a l 1986a). In  th is  
respect, D ickson &  H ard ing found the incidence o f FBM  in  sheep 
to  be s ig n ific a n tly  less (by c.20%) in  the  f irs t h o u r a fte r acute 
re d u c tio n  in  lu n g  volum e, fa c ilita tin g  re s to ra tio n  o f lu n g  liq u id
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volum e by passive means. FBM du ring  chron ic lu n g  liq u id  drainage 
lead ing to  PH have no t been reported. Thus any reduction  in  FBM  
in  o ligohydram nios could represent a fe ta l cen tra l nervous system  
response to  ch ron ic  lu n g  liq u id  loss to  lim it flu id  escape, ra th e r 
th a n  p a rt o f th e  u n d e rly in g  p a th o g e n ic  m e ch a n ism  o f 
o ligohydram nios-re la ted PH.

The net ou tflow  o f lung  liq u id  along the trachea m u st adhere 
to  genera l p rin c ip le s  o f flu id  dynam ics (in tra -a lve o la r p ressure  
m u s t exceed AP). Therefore, the increased escape o f lu n g  liq u id  in  
o ligohyd ram n ios  m u st be due to  an increase in  the  a lve o la r- 
a m n io tic  p ressure g rad ien t, e ith e r secondary to  an increase in  
a lve o la r p ressu re , such  as m ig h t o ccu r i f  th e  th o ra x  was 
com pressed, o r to  a reduction  in  AP. Since exte rna l com pression 
is  now  considered un like ly , as discussed in  C hapter 7.5, the ro le  o f 
lo w  AP in  th e  pathogenesis o f o lig o h yd ra m n io s -re la te d  PH 
w a rra n ts  consideration.

H ard ing  et a l (1984a) found a m ean o u tflo w  o f fe ta l sheep 
lu n g  liq u id  o f 7.8 m l/h o u r in  fe ta l sheep. D uring  apnoea, the  la ryn x  
was n o rm a lly  closed and leakage ou tflow  was 2.5  m l/h o u r; th u s  
flu id  was accum ulating a t a rate o f approxim ately 5 m l/h o u r. D u ring  
fe ta l b rea th ing , ou tflow  increased to  12.9 m l/h o u r, re leasing  the 
accum ulated flu id . In  the norm al fetus, th is  apnoeic leakage occurs 
a t a trachea l-am n io tic  pressure difference o f approxim ate ly 2 m m  
Hg. I f  AP were reduced by approxim ate ly 3 m m  Hg, as found  in  
severe o lig o h yd ra m n io s  (C hapte r 6), th e  p ressu re  g ra d ie n t 
d raw ing  the flu id  th ro u g h  the closed la ryn x  becomes 5 (=2 + 3) 
m m  Hg, and the flow  ra te  shou ld  increase to  2 .5  x  5 /2  o r 6.3 
m l/h o u r. Th is flow  rate is greater them the rate a t w h ich  lu n g  flu id  
is  be ing produced, so the volum e o f lu n g  liq u id  w ith in  the a irw ays 
shou ld  decrease.

Accord ing ly, a novel hypothesis fo r the m echanism  o f PH in  
o ligohyd ram n ios  is  suggested b y  the  fin d in g s  o f C hap te r 6: a 
re d u c tio n  in  AP d is tu rb s  the norm a l tra ch e a l-a m n io tic  p ressure  
g ra d ie n t thereby increasing  lung  liq u id  escape and im p a irs  lu n g  
developm ent.

8 .2  Aim s
The aim s o f th is  section were as follow s:

i. to  con firm  in  fe ta l sheep the presence, and to  determ ine 
the m agnitude, o f pressure grad ien ts n o rm a lly  p resen t 
w ith in  the upper airways
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ii.  to  d e te rm in e  in  fe ta l sheep th e  e ffe c t on  lu n g
deve lopm en t o f e lim in a tin g  th e  tra c h e a l-a m n io tic  
pressure grad ien t

iii.  to  determ ine the effect o f ii. above on FBM
iv. to  develop a m odel fo r m im ick ing  the effect on the uppe r

fe ta l a irw ays o f low  AP, in  the  presence o f n o rm a l 
am niotic flu id  volum e

v. to  de term ine the  e ffect on fe ta l lu n g  deve lopm ent o f
m im ick in g  low  AP a t the upper a irw ay w ith o u t c rea ting  
o ligohydram nios.

8 .3  Pressure gradients in  the upper airways

8.3. i. Methods
C h ro n ic a lly -in s tru m e n te d  fe ta l sheep were p repa red  as 

described in  Chapter 5 .5 .i. B rie fly, general anaesthesia was induced 
in  3 cross-bred ewes a t 118-120 days gestation, one h o rn  o f the 
g ra v id  u te ru s  was exposed a t lapa ro tom y and the  fe ta l head 
de livered th ro u g h  a u te rin e  in c is io n . P o lyvinyl ca the ters (ID 1.0 
m m , OD 2.0  mm) were im planted in to  a fe ta l ca ro tid  a rte ry  and a 
fe ta l ju g u la r  ve in . A d d itio n a l p o lyv in y l ca the te rs fo r p ressu re  
m easurem ent were fenestrated a t one end and im p lan ted  in to  the  
a m n io tic  cavity, the  fe ta l trachea, and the  fe ta l p h a ryn x . The 
pharyngea l catheter was positioned in  the p o ste rio r aspect o f the 
o ropharynx approxim ate ly 2 cm above the la ryn x  and secured w ith  
s u tu re s  to  the  b u cca l m em brane lin in g  th e  cheek to  avo id  
d is lo d g m e n t. The tra ch e a l ca the te r was po s itio n e d  be low  the  
c rico id  cartilage and above the carina, w h ile  the am n io tic  ca theter 
was fixed 2 cm from  its  end to  the sk in  over the fe ta l praecord ium . 
The fe tu s  was replaced, the  u te ru s  closed in  2 layers, and a ll 
ca th e te rs  exte rio rized  th ro u g h  the  ewe’s r ig h t fla n k . Five days 
w ere a llow ed fo r postopera tive  recovery, d u rin g  w h ic h  tim e  
a n tib io tic s  were adm inistered to ewe and fetus.

In  each an im a l, pressure record ings were m ade between 
123-127 days gesta tion  w ith  the ewe in  the  s ta n d in g  p o s itio n . 
A fte r fe ta l pH and blood gas values had been shown to  be norm al 
(mean + SE pH 7.31 + 0.01, pCC>2 40.9 + 1.6 m m  Hg, pC>2 21.7 + 
1.7 m m  Hg ), pressures were m easured w ith  standard  b iom edica l 
tra n s d u c e rs  a ttached  to  flu id  fille d  lin e s  and e le c tro n ic a lly  
su b tra c te d  pharyngea l-am nio tic (P-A) and tra ch e a l-a m n io tic  (T-A) 
p ressu res recorded on a po lygraph  ru n  a t e ith e r 1.25 o r 1.5
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c m /m in . P rio r to each recording, a ll lines and transduce rs  were 
flushed  w ith  saline (0.9% sodium  chloride) to  ensure the absence 
o f bubbles. The transducers were then  zeroed to  w ith in  0 .5  m m  
Hg, and the am p lifie r gains checked by elevating a flu id -fille d  lin e  
connected to  the m anom eter v e rtica lly  in  6.8 cm  (corresponding 
to  5 m m  Hg) increm ents, s im ila r to  the  c a lib ra tio n  procedure  
described fo r hum an recordings (Chapter 2.1.111). T h is  procedure 
was repeated a fte r 10 m inutes o f a 60 m inu te  record ing period: i f  
any d r if t  in  ga in  a n d /o r zero was >0.5 m m  Hg, the  trace  was 
abandoned, the am plifie rs settings corrected and a new record ing  
period started . A t the conclusion o f the experim ents, an im als were 
k ille d  w ith  pentobarb itone (4g in travenously), and the  p o s itio n  o f 
the  catheters confirm ed a t necropsy.

Each m in u te  o f pressure trace was exam ined fo r negative 
p ressure  flu c tu a tio n s  consisten t w ith  fe ta l b rea th ing , gasping o r 
sw a llow ing  a c tiv ity , and such m inu tes (range 12 to  28 m in /h ) 
excluded from  fu rth e r ana lysis. Point estim ates o f T -A  and P-A 
pressures to  the nearest 0.5 m m  Hg were then  obtained m anu a lly  
a t the  m id p o in t o f each stable m in u te , and a m ean per h o u r 
ca lcu la ted . A  pooled m ean was ca lcu la ted  from  the  in d iv id u a l 
m eans per an im a l. The da ta  were analysed w as b y  s ta n d a rd  
p a ra m e tric  s ta tis tic s  u s in g  pa ired  o r n o n -p a ire d  t- te s tin g  as 
a p p ro p ria te . W ith in -re co rd in g  v a r ia b ility  was ca lcu la te d  fro m  
in d iv id u a l SDs from  each o f the 9 one h o u r traces, and between- 
re co rd in g  v a r ia b ility  from  the m ean SD fro m  each a n im a l's  3 
record ings.

8.3. i t  Results
M ean values fo r re s ting  T-A  and P-A pressures in  the  3 

an im a ls are shown in  F igure 8.1. There were s ig n ific a n t pressure 
g rad ien ts between the trachea, pharynx and am n io tic  cavity. B oth  
T -A  pressure (mean +1.5 + 0.2 [SE] m m  Hg) and P-A pressure 
(mean +0.7 + 0.1 m m  Hg) were s ig n ifica n tly  positive , i.e. greater 
th a n  AP (p=0.008, and p=0.011 respectively, one ta ile d  t  test), and 
tra ch e a l pressure was s ig n ifica n tly  greater th a n  pharyngeal w hen 
b o th  were referenced to  AP (p=0.005, 2 ta iled  test).

W ith in -reco rd ing  va ria b ility  was s im ila r fo r T -A  (mean SD 1.2 
+ 0.2 m m  Hg) and P-A pressure (mean SD 0.9  + 0.1 m m  Hg), and 
n o t s ig n ifica n tly  d iffe ren t from  between-recording v a ria b ility  (0.8 + 
0.1, and 0.9 + 0.1 respectively).
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Figure 8.1: Normal tracheal-amniotic and phaiyngeal-amniotic pressure 
gradients in 3 late-gestation fetal sheep. Each symbol represents each 
animal's mean + SE from 3 recordings on consecutive days. Both T-A  
and P-A pressures are significantly different from zero (i.e.amniotic, 
p<0.01), and T-A pressure (mean 1.5 ±  0.2 mm Hg) is significantly 
greater than P-A pressure (0.7 + 0.1, p=0.005).

8.3.UL Discussion
These d a ta  co n firm  in  la te  g e s ta tio n  fe ta l sheep th e  

ex is tence  o f a sm a ll tra c h e a l-a m n io tic  p re ssu re  g ra d ie n t. 
M easurem ents were made us ing  sim ple flu id  fille d  lines a ttached 
to  standard transducers, s im ila r to  those used in  the  hum an w o rk 
(C hapters 2-6). As fe ta l b re a th in g , gasping, h icco u g h in g  and 
sw a llo w in g  m ovem ents a ll p roduce  negative  flu c tu a tio n s  in  
in tra th o ra c ic  pressure, great care was taken  to  m ake read ings 
o n ly  from  stable m inu tes o f the T-A  o r P-A pressure trace. The 
v a ria b ility  found in  these recordings seems acceptable w hen one 
conside rs the  lim it  o f re s o lu tio n  o f the  te ch n iq u e , th e  lo n g  
d u ra tio n  o f each trace and the sm all num ber o f an im a ls stud ied . 
V ilos  &  L iggins (1982) and M oessinger et al (1985) found  s lig h tly  
sm a lle r between-trace SDs (0.3 to 0.6 m m  Hg), a lthough these m ay 
in  p a rt be a ttrib u te d  to  the use o f on ly a few p o in t estim ates (1-3) 
and la rger num bers o f an im als. S tandard devia tions ra th e r th a n  
coeffic ients o f va ria tio n  have been chosen to express v a ria b ility  in  
th is  chapte r, as they  were in  o the r stud ies, because the  sm a ll 
m eans engendered  by T -A  and P-A  b e in g  s u b tra c tio n  
m easurem ents close to  zero renders co e ffic ie n ts  o f v a ria tio n  
im p la u s ib ly  large.

p=0.005

p = 0.008 p = 0.01
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The stand ing  trachea l pressure o f 1.5 m m  Hg found in  th is  
s tu d y  is  consis ten t w ith  previous stud ies in  la te -gesta tion  sheep, 
M oessinger et a l (1985) fin d in g  a mean T-A  pressure o f 1.2 m m  
Hg and V ilo s  &  L igg ins (1982) a m ean o f 1.8 m m  Hg. A n o th e r 
s tu d y  (Fewell &  Johnson 1983) reported th a t T-A  pressure d u rin g  
apnoea ranged from  1.5 to  3.0 mm  Hg, b u t th is  was based on a 
d e scrip tive  ra th e r th a n  s ta tis tic a l ana lys is . T h is  res is tance  to 
egress o f lu n g  flu id  d u rin g  apnoea, w h ich  can be abo lished  by 
tracheostom y (Fewell &  Johnson 1983), is  considered b y  m ost 
w orke rs  to  be due to  an active la ryngea l re ten tive  m echanism . 
Adam s et a l (1967) observed th a t laryngeal co n s tric tio n  prevented 
o u tflo w  o f rad io -opaque  dye in s tille d  in to  th e  tra c h e a  o f 
exteriorized fe ta l lam bs, and were the firs t to  suggest th a t the  fe ta l 
la ry n x  regulates lu n g  volum e by c o n tro llin g  the  o u tflo w  o f lu n g  
liq u id . In  th is  regard, lu n g  liq u id  e fflu x  d u rin g  apnoea increases 
w hen  th e  u p p e r re s p ira to ry  tra c t is  bypassed in  fe ta l sheep 
(H ard ing  et a l 1986a). Furtherm ore, d u rin g  episodes o f apnoea, 
the  la ryngea l adductor m uscles have been shown to  be to n ic a lly  
active  (H ard ing et a l 1980), and w hen th e ir a c tiv ity  is  ha lted  by 
re c u rre n t la ryngea l nerve denerva tion , the  s ta n d in g  tra ch e a l 
pressure is  e lim inated and lu n g  flu id  e fflux  increases (H arding et al 
1984a, H ard ing et a l 1986b).

In  con trast, Fewell &  Johnson (1983) have cla im ed th a t the 
m a jo r resistance to lung  liq u id  egress occurs n o t a t the la rynx, b u t 
in  the  bucca l cavity. They found sup ra -am n io tic  pressures in  the 
o ropharynx o f fe ta l sheep s im ila r to  those in  the trachea, a lthough  
aga in  these data  were descrip tive  and th u s  m u st be in te rp re te d  
w ith  caution. Furtherm ore, the standing trachea l pressure cou ld  be 
e lim ina ted  by inse rting  a tube from  the pha rynx in to  the am n io tic  
cav ity , a lthough  th is  was based on observation o f 2 sheep on ly. 
They nevertheless suggested th a t the s tand ing  trachea l pressure 
d u rin g  apnoea resu lts  from  the fo rm ation  o f lu n g  flu id  e ithe r in to  a 
closed com pliant pharyngea l/bucca l cavity or against a h igh  o ra l or 
nasa l resistance. The existence o f such a pharyngeal resistance 
seems p lausib le , given th a t the fe ta l m outh  appears no rm a lly  to  be 
closed, based bo th  on d ire c t observation (R igatto 1984), and on 
th e  in a b ility  to aspirate am niotic flu id  from  the p h a rynx (H ard ing 
e t a l 1986b).

The pressure resu lts  in  th is  section suggest th a t there  does 
e x is t a degree o f resistance to lu n g  liq u id  e fflu x  in  the  pha rynx,
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a lth o u g h  to  a lesser exten t th a n  in  the  la ryn x . H a rd ing  e t a l 
(1986b) s im ila rly  found positive supra laryngeal resistances to  flu id  
o u tflo w  in  3 o f 6 fe ta l sheep, a lthough  m ean laryngea l resistance 
re m a in e d  s ig n ific a n tly  g re a te r th a n  m ean s u p ra la ry n g e a l 
re s is ta n ce . However, o n ly  la ryn ge a l and n o t su p ra la ryn g e a l 
resistance para lle led  laryngeal adductor e lectrom yographic a c tiv ity  
(H ard ing  e t a l 1986b), suggesting th a t the  sm a ll p os itive  P-A 
pressure  m ay instead  be determ ined b y  o th e r m o to r a c tiv itie s  
in flu e n c in g  oropharyngeal volum e, such as sw allow ing and m outh  
opening.

The m ethodo logy used h e re in  y ie lded  re s u lts  fo r u ppe r 
a irw ay pressures com parable to those in  the lite ra tu re , and was 
th u s  considered su ita b le  fo r use in  co n tro lle d  experim ents to  
determ ine the  effect on fe ta l lu n g  developm ent o f a lte rin g  upper 
a irw ay-am n io tic  pressure gradients.

8.4 E ffect o f e lim in atin g  tracheal-am niotic pressure gradient on 
fe ta l lung developm ent

8 A .i. Methods
E xperim en ta l protocol: E ig h t cross-bred ewes w ith  tw in

pregnancies a t 112-113 days gestation were prepared as described 
earlie r. One fe tus was ch ron ica lly  ins trum en ted  to  determ ine the 
effect on fe ta l pu lm ona ry  developm ent o f bypassing the  trachea l 
re s is ta n c e  b y  c h ro n ic  lu n g  liq u id  d ra in a g e , w h ile  its  
u n ins trum en ted  tw in  acted as a contro l.

U nder general anaesthesia, one ho rn  o f the gravid u te ru s  was 
exposed a t laparotom y and a fe ta l head delivered th rough  a u te rine  
in c is io n . C atheters fo r vascu la r access (ID 1.0 m m , OD 2 .0  mm) 
were im p lan ted  in to  a fe ta l caro tid  a rte ry  and a fe ta l ju g u la r vein. 
B ip o la r electrodes (Cooner W ire Ltd, C alifo rn ia ) were placed in  the 
fe ta l d iaphragm  to m easure electrom yographic a c tiv ity  (EMG). The 
u ppe r trachea  was ligated below  the c rico id  ca rtilage , w h ile  the 
low er end was cannu la ted  fo r ch ron ic  drainage w ith  a p o lyv in y l 
tu b e  (ID  4 .5  m m , OD 6 .0  m m , 180 cm  long). C a the te rs fo r 
pressure m easurem ent were fenestrated a t one end and im p lanted 
in to  th e  tra ch e a  (ID 1.0 m m , OD 2 .0  m m ) a longside  th e  
tracheostom y tube , and the am nio tic  cav ity  (ID 2 .0  m m , OD 3.0  
m m) positioned  as in  C hapter 8 .3 .i. The experim enta l fe tus was 
replaced, and the u te ru s  closed in  2 layers. In  each pregnancy, 
o n ly  one tw in  was catheterized, a llow ing the o ther to  serve as a 
co n tro l. A ll ca the ters were exterio rized th ro u g h  the  ewe’s r ig h t
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fla n k . A  dra inage bag (SE4 C losed System , Svend-A nderson, 
Denm ark) was attached to  the d is ta l end o f the tracheostom y tube 
and positioned  on the  flo o r, approx im a te ly  40 cm  beneath  the 
low erm ost p o in t o f the ewe's abdomen. Five days were allowed fo r 
p o s to p e ra tive  recovery, d u rin g  w h ic h  tim e  a n tib io tic s  were 
adm in is te red  to  ewe and fe tus. Feta l a rte ria l pH  and b lood gas 
values were then dem onstrated to be norm a l (mean + SE pH  7.33 
+ 0.01, pC 02 46.9 + 2.1 mm  Hg, p 0 2 21.3 ±  1.7 m m  Hg).

The drainage bag was em ptied every 2 -3  days and the  
equ iva len t volum e o f no rm a l sa line (0.9%  NaCl) w arm ed to  38- 
39°C in fused in tra -a m n io tica lly  to  avoid causing o ligohydram nios. 
Sam ples o f lu n g  liq u id  were frozen fo r la te r ana lys is  (C hapter 
8 .5 .ii). One h o u r recordings o f T-A  pressures were m easured on 
two separate days d u ring  the drainage period as described earlie r.

Lung specimens: On Day 21 o f d ra inage (133-134  days 
g e s ta tio n ), th e  ewes w ere k ille d  w ith  p e n to b a rb ito n e  (4g 
in travenous ly ). A t necropsy, bo th  tw in s  were de livered, tow el 
d ried  and weighed. The fe ta l tracheas were transected  0 .5  cm 
above the  carina, and lu n g  liq u id  allowed to d ra in  passively. The 
lungs were were then  removed, dissected and weighed separately. 
In  o rder to  con tro l fo r any difference in  lu n g  expansion in  u te ro  
between the trachea lly-d ra ined  and the  co n tro l lungs, specim ens 
were in fla te d  and fixed unde r constan t pressure. The le ft m a in  
bronchus from  each tw in  was cannulated and the le ft lu n g  in fla te d  
w ith  buffe red fo rm a lin  under constan t pressure (25 cm  fo rm a lin  
fo r 30 m inu tes followed by 15 cm fo r 11.5 hours) (Figure 8.2). The 
m a in  b ronchus was then  tied  o ff beneath the  cannu la , the  lu n g  
rem oved and reweighed in  b o th  a ir and w ater. Based on w a te r 
d isp lacem ent, the lung 's  volum e th u s  equalled its  w e igh t in  a ir 
m in u s  its  w e igh t in  w ater, a llow ing  ca lcu la tio n  o f its  specific  
g rav ity  (weight in  a ir/vo lum e).

Five representative  b locks approxim ate ly 2 m m  th ic k  were 
ob ta ined  fro m  b o th  lobes and were ro u tin e ly  processed and 
em bedded in  a ra ld ite . M orphom etric stud ies were perform ed on 
to lu id in e -b lu e  s ta ined  se m ith in  sections. S ections in  w h ic h  
s ta in in g  was sub o p tim a l o r in  w h ich  large va scu la r o r a irw ay 
s tru c tu re s  predom inated, were excluded. Five fie ld s  o f v iew  per 
section  were exam ined m ic ro sco p ica lly  (x40) fro m  each o f 5 
representative blocks. A  fixed area o f each fie ld  o f view, m easuring 
approxim ate ly 1 cm 2 was projected onto a m on ito r, and the in n e r
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surface o f each airspace traced by lig h t pen on a m orphom etry 
ta b le t. The data  were then  fed on -line  in to  a personal com puter, 
program m ed to  ca lcu la te  fo r each m orphom etry fie ld  th e  num ber 
o f a irspaces, the  cross-sectiona l area o f each a irspace, and the  
percentage o f lu n g  tissue  occupied b y  airspaces (={X [a irspace 
a re a ]/to ta l area). The f ir s t tw o o f these were th e n  expressed 
q u a n tita tive ly , by in co rp o ra tin g  in to  the above ca lcu la tio n s  the  
square o f the  m agn ifica tion  facto r (based on the  m ean o f 4 lig h t 
pen m easurem ents on the tab le t o f a standard 0.1m m  leng th  (Leitz 
m ic ro m e te r s lid e , W etz la r, G erm any). The m ean n u m b e r o f 
a irspaces coun ted  pe r fie ld  was 55.8  +. 2 .2 . M o rp h o m e tric  
re p ro d u c ib ility  was determ ined by m easuring  5 fie ld s  o f v iew  
th ree tim es from  each o f 3 specimens w h ile  b linded  to  the  resu lts . 
The co e ffic ien ts  o f v a ria tio n  were 2.0% , 4.8% , and 1.7% fo r 
airspace num ber, cross-sectional airspace area, and percentage o f 
lu n g  occupied by airspaces respectively.

Formalin
resevoir

U l

Pump

Figure 8.2: Inflation apparatus for fetal lamb lungs. The main bronchus is 
cannulated, the lung (denoted by the vertically striped structure above) 
inflated manually w ith  formalin and the bronchus secured in  place on the 
end of the infusion tubing w ith  sutures. The lung is then suspended 
freely in  form alin and the reservoir elevated to a height of 25 cm. Any 
leakage th a t occurs, either from  an inadequate seal a t the m ain 
bronchus, or from m inor external trauma during specimen preparation, 
leads to an increase in  the flu id  level around the lung; th is is corrected 
by the scavenger device, which re turns the leaked volum e to the 
reservoir, m aintaining a constant inflation pressure.



137

P ortions o f r ig h t lu n g  approxim ate ly 2 cm  in  d iam ete r were 
harvested from  each lobe, weighed (range 10-18 g in  to ta l), and 
sto red  a t -20°C  fo r 3 -9  m onths u n t il subsequen t flu o re sce n t 
m ic ro a ssa y  fo r DNA (K a p u sc in sk i &  Skoczylas 1977). A fte r 
th a w in g , sam ples were hom ogenized in  an equ iva le n t w e ig h t o f 
Hepes b u ffe r (5 m M  co n ta in in g  12 pM NaCl, pH  7) u s in g  a 
P o ly tron  PCU-2 fo r 5 m inu tes, th e n  d ilu te d  1:4 in  Hepes, and 
son ica ted  (MSE u ltra so n ic a to r, a m p litu d e  6 p) fo r 6 m in u te s , 
d e m o n stra te d  in  p re lim in a ry  expe rim en ts  as necessa ry  fo r 
m axim a l DNA extraction . Homogenates were fu rth e r d ilu te d  1:40. 
S tandards were prepared from  DNA stock so lu tion  (ca lf thym us) in  
7 concen tra tions rang ing  from  0 to  800 n g /m l. The flu o re sce n t 
dye 4 ,6 -d ia m id in o -2 -p h e n y lin d o le -2 H C l (DAPI), w h ic h  b in d s  to  
DNA to  fo rm  a fluorescent complex, was added as a 40 p g /m l (114 
pM) in  a 1:2 ra tio  to  b o th  the  lu n g  hom ogenates and the  DNA 
standards, and the so lu tio n s  d ilu te d  9:1 in  Hepes. F lo u rim e tric  
read ings were m ade w ith  a spectropho tom ete r (P e rk in -E lm e r 
m odel LS-3B) w ith  m axim al exc ita tion  and em ission w avelengths 
set a t 372 and 454 nm  respective ly. A ll sam ples were prepared 
and tested in  dup lica te . The ca lib ra tio n  curve derived fro m  the 
standards (Figure 8.3) was applied to  the  average o f the  tw o re su lts  
in  the  lu n g  homogenates to estim ate th e ir DNA concen tra tion , and 
w ho le  lu n g  DNA con ten ts was ca lcu la ted  on the  b as is  o f the  
p ro p o rtio n  by w e igh t o f r ig h t lu n g  hom ogenized. The d ilu tio n s  
used h e re in  were chosen fro m  th e  re s u lts  o f p re lim in a ry  
e xp e rim e n ts  to  ensure  (i) th a t th e  co n c e n tra tio n s  in  the  
hom ogenates la y  w ith in  the  range o f c o n c e n tra tio n s  in  the  
s ta n d a rd s , and (ii) th a t th e  c a lib ra tio n  cu rve  w as lin e a r 
(K apuscinski &  Skoczylas 1977).

A na lys is : Pressure records were analysed as described in
C hapter 8 .3 .i. Laboratory specimens were coded to ensure th a t the 
DNA ana lys is  and lu n g  m orphom etry were perfo rm ed w ith  the  
o pe ra to r (the candidate) unaw are o f w he the r the  specim en was 
from  a dra ined or con tro l fe tus.

P a ram e tric  s ta tis tic s  were used o n ly  w here  h is to g ra m s 
con firm ed  a no rm a l d is tr ib u tio n ; th is  necessita ted lo g a rith m ic  
tra n s fo rm a tio n  fo r a irspace c ro ss -se c tio n a l area. P u lm o n a ry  
v a ria b le s  in  the  tracheostom ized  and c o n tro l g ro u p s  were 
expressed fo r com parison as means o f the m ean va lue  in  each 
fe tus; to  ind ica te  the degree o f difference between the  tw o groups,
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th e y  were also expressed as the m ean o f each tracheostom lzed 
fe tu s ’ va lue  as a percentage o f its  co n tro l co -tw in . U npa ired  t-  
te s tin g  was used fo r com parison o f p u lm ona ry  va riab les; pa ired  
s ta tis tic s  were considered less desirab le  in  view  o f the  sm a ll 
degrees o f freedom  so engendered, the fac t th a t the  com parison 
group, a lthough co-tw ins, were separate fetuses, and th a t on ly  the 
experim enta l fetuses were insu lted  surg ica lly.
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Figure 8.3: C a lib ra tion  curve fo r DNA estim ation  based on
spectrophotometric results in  solutions of DNA standards. y=36.2 + 
5.2x, where y=DNA concentration in  ng /m l and x=fluorescent in tensity 
relative to Perkin-Elm er spectrophotometric standard (Kapuscinski & 
Skoczylas 1977), r=0.98, p<0.001.

8.4.U. Results
O n ly  fo u r expe rim en ta l p rep a ra tio n s  las ted  th e  21 day 

drainage period, and were su itab le  fo r analysis; o f the  rem ainder, 
the  tracheostom y tube became blocked in  2 (n il drainage) w h ich  
were k ille d  on Day 5-7, and in  the o ther two, one o r b o th  fetuses 
died in  u tero  on Days 13 and 15.

In  the  fo u r successfu l p repara tions, the  vo lum e o f lu n g  
liq u id  dra ined ranged from  206-296 m l/d a y  (mean 245.7 + 18.8). 
M ean T -A  pressure in  the 4 tracheostom ized fetuses (-2.1 + 1.3 
m m  Hg) was s ig n ific a n tly  low er th a n  in  the co n tro l an im a ls  in  
C hapter 8 .3 .ii (p=0.03). Mean T-A  pressure in  a ll 8 record ings was 
negative, a lthough the large SD (2.5 m m  Hg) m eant th a t the mean 
o f each an im als m ean above was n o t s ig n ifica n tly  d iffe re n t from  
zero.
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Table 8.1: The effect of chronic lung liquid loss on fetal lung anatomy and 
DNA. NS = not significant

Parameter Control Tracheostomy Tracheostomy Significance
Mean ± SE fetuses fetuses as % of control p value

Body weight 3605 3127 87.5 NS
(g) ±  191.5 ± 76.3 ±4.9

Left lung weight 39.8 21.5 53.9 0.003
(g) ± 2 .7 ± 2 .8 ± 6 .2

Right lung weight 59.7 31.3 52.8 0.004
(g) ± 4 .9 ±4.1 ± 6 .4

Total lung weight 99.5 52.8 53.3 0.004
(g> ± 7 .6 ±6 .9 ± 6 .3

Lung:body weight 0.0275 0.0169 60.1 0.004
ratio ±  0.0012 ± 0.0021 ± 5 .2

Left lung weight 90.8 48.0 53.2 0.001
post-in fla tion (g) ±5 .2 ± 5 .0 ± 5 .6

Left lung post- 0.0251 0.0153 60.51 0.001
inflatiombody 
weight ratio

±  0.0006 ±  0.0013 ±4 .1

Left lung volume 88.5 47.0 53.4 0.001
(ml) ± 5 .0 ± 4.9 ± 5 .5

Left lung volume: 0.0245 0.0150 60.8 <0.001
body weight ratio ±  0.0006 ± 0.0013 ± 4 .0

Specific gravity 1.0257 
±  0.0016

1.0212 
±  0.0038

99.6
± 0 .3

NS

Right lung DNA 12.8 16.1 126.4 NS
conc. (mg/g) ± 0 .8 ± 1.2 ± 9 .0

Right lung total 755 493 65.1 0.003
DNA (mg) ±34 .6 ± 41.5 ± 3 .5

Right lung DNA: 212.6 157.4 74.0 <0.001
body weight ratio ±  14.7 ± 11.9 ± 1.5

% lung occupied 75.8 56.5 74.3 0.04
by airspaces ±0 .9 ± 7.4 ± 9 .0

Cross-sectional 508.2 528.3 106.0 NS
airspace area [\fi] ±29 .4 ±53.9 ± 14.2

Airspace number 48.2 42.2 87.8 NS
{/mnfi) ± 1.3 ± 2.7 ± 6 .5

E lim in a tio n  o f the  p o s itive  tra c h e a l-a m n io tic  p ressu re  
g rad ie n t produced s ig n ifica n tly  low er lu n g  vo lum e, w et w e ight,
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and DNA con ten t in  re la tion  to con tro ls , bo th  o u tr ig h t and w hen 
s tandard ized  for body w eight (Table 8.1).

F igu re  8.4: L ig h t m ic rog raph  (x40) o f le ft lu n g  o f c h ro n ic  lu n g  l iq u id  
d ra inage  fe tus  (left) com pared w ith  th a t o f tw in  co n tro l (right). Semi th in  
s e c tio n  s ta in e d  w ith  to lu id in e  b lu e . N ote the  p o o re r a lv e o la r  
d eve lop m en t, and the  th ic k e r  a lve o la r w a lls  in  th e  lu n g  fro m  the  
tracheostom ized  fetus.

8 .4 .Hi. D iscussion  
E lim in a tin g  the positive tra ch ea l-am n io tic  pressure  g rad ie n t 

b y  fe ta l tra ch e o s to m y  w ith  c h ro n ic  d ra ina ge  to  the  e x te r io r 
p ro d u ce d  p u lm o n a ry  hypop la s ia . A lth o u g h  tra che o s to m y, w ith  
dra inage to the exte rio r (A lcorn et al 1977) or the a m n io tic  cav ity  
(Fewell et al 1983), has p re v io u s ly  been show n to im p a ir  lu n g  
deve lopm en t, these s tud ies  d id  n o t do cum en t its  effect on T -A  
pressure . Theore tica lly , in se rtio n  o f a tube in to  the  trachea lowers 
the reference com ponent o f the T -A  pressure  g ra d ie n t such  th a t 
the  g ra d ie n t te m p o ra rily  increases; as a re s u lt f lo w  o u t o f the 
tra chea  increases in  the absence o f any resistance to egress, u n t i l  
the two pressures equ ilib ra te  and T-A  approaches zero. The a im  o f 
th is  experim ent was s im p ly  to e lim ina te  the positive  T -A  pressure 
g ra d ie n t, th is  being achieved by d ra inage to the ex te rio r, ra th e r
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th a n  to  ensure e q u ilib ra tio n  o f the two pressures, w h ich  cou ld  
have been achieved more s im p ly  by drainage in to  the  a m n io tic  
cav ity . The m ore com plex design was chosen fo r the  fo llo w in g  
reasons: (i) to  achieve co m pa ra b ility  w ith  experim ents in vo lv in g  
m a n ip u la tio n  o f the  p h a ryngea l-am n io tic  p ressure  g ra d ie n t in  
C hapter 8 .6  and (ii) to  provide lu n g  liq u id  sam ples fo r ana lysis, 
especia lly fo r com parison w ith  those in  C hapter 8 .6 .ii. The sm all 
m agnitude o f the T-A  pressure reduction  achieved w ith  th is  design 
was su rp ris in g  considering the size o f the g rav ita tio n a l com ponent. 
There are several explanations. F irs tly , the co llection  system  used 
was n e ith e r an open system , no r a closed system  in  a rig id  tube, 
and positive pressures m ay have been generated w ith in  the tu b in g  
b y  e ith e r the e n try  valve or by the bag its e lf w hen fille d . Secondly, 
desp ite  g rea t care to  ensure w a te rtig h t seals d u rin g  su rgery, 
pockets o f a ir  were in e v ita b ly  found  in  the  tu b in g  d u rin g  the  
drainage period, reducing o r e lim ina ting  the g rav ita tio n a l pressure 
g rad ie n t between the fe ta l trachea and the drainage bag. F in a lly , 
the fe tus was con tinuously in troduc ing  more flu id  in to  the system.

The vo lum e o f lu n g  liq u id  d ra ined  was s im ila r to  th a t 
reported by A lcorn  et a l (1977). In  con trast to  th a t s tu d y  however, 
the  dra ined volum e in  th is  s tudy was replaced in tra -a m n io tica lly  to  
ensure th a t o ligohydram nios d id  no t con tribu te  to the  pu lm onary  
changes.

The 40% reduction  in  lungrbody w eight ra tio  achieved in  th is  
s tu d y  b y  3 weeks drainage was greater th a n  the 29% re d u c tio n  
reported by Fewell et a l (1983) who commenced a s im ila r period 
o f drainage la te r a t 117-122 days, and less th a n  the 59% reported 
b y  A lco rn  et a l (1977) w ith  drainage o f s im ila r d u ra tio n  b u t begun 
s lig h tly  ea rlie r a t 105-110 days. Th is suggests th a t the  e a rlie r the 
in s u lt, the greater the degree o f im pa irm en t in  lu n g  developm ent 
achieved. A lthough  desirable fo r drainage to commence as early  in  
the  ca n a licu la r phase (80-125 days (Pringle 1986)) as possib le , 
expe rience  in  th is  la b o ra to ry  in d ic a te s  th a t c h ro n ic a lly -  
in s tru m e n te d  fe ta l sheep p re p a ra tio n s  are less lik e ly  to  be 
successfu l when surgery is perform ed p rio r to 110-120 days.

In  a d d itio n , th is  s tu d y  con firm ed th a t ch ro n ic  tra ch e a l 
d ra inage  reduces lu n g  vo lum e, and the  percentage o f lu n g  
occupied by airspaces. A  feature o f hypoplastic lungs is  th a t grow th 
o f bo th  ep ithe lia l and in te rs titia l com ponents is  im pa ired  s im ila rly . 
U n like  o th e r stud ies in  w h ich  the degree o f re d u c tio n  in  lu n g
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volum e was considerably greater th a n  th a t in  w e ight (A lcorn et a l 
1977, M oessinger et a l 1985), the technique o f lu n g  in fla tio n , used 
ro u tin e ly  in  hum an stud ies, dem onstrated th a t the  re d u c tio n  in  
w e t lu n g :b o dy  w e igh t ra tio  achieved w ith  drainage was a lm ost 
id e n tica l to  th a t in  post in fla tio n  lu n g  volum e :body w e igh t ra tio  
(39.9 and 39.2%  respective ly). The specific  g ra v ity  o f in fla te d  
lungs was th u s  s im ila r in  the drained and non-dra ined fetuses.

As in  previous an im al (Fewell et a l 1981, A dzick et a l 1984) 
and hum an studies (W igglesworth &  Desai 1981), the differences 
found in  to ta l lu n g  DNA re flect differences in  lu n g  w e igh t ra th e r 
th a n  in  DNA concentration, consistent w ith  DNA being an index o f 
ce ll nu m b e r (Enesco &  LeBlond 1962). S im ila rly , Few ell e t a l 
(1981) found  the same lu n g  DNA concen tra tions in  fe ta l sheep 
a fte r ph ren ic  nerve section com pared to  con tro ls , a lth o u g h  to ta l 
lu n g  DNA was lower. However in  th e ir tracheostom y s tu d y  (Fewell 
e t a l 1983), they  n o t on ly  found  a s ig n ifica n t increase in  DNA 
c o n c e n tra tio n  in  the  d ia p h ra g m a tic  lobe, and a s ig n ific a n t 
decrease in  the apica l lobe o f drained lungs com pared to  contro ls, 
b u t also th a t DNA concentra tion  in  the co n tro l lungs was a lm ost 
tw ice  as h ig h  in  the ap ica l as the  d ia p h ra g m a tic  lobe. Here 
m orpho log ica l o r m orphom etric param eters from  in d iv id u a l lobes 
were n o t exam ined and therefore no com m ent can be made as to 
w h e th e r c h ro n ic  lu n g  d ra in a g e  e ffe c ts  in d iv id u a l lobes 
d iffe re n tia lly .

The con tro ls d id  no t undergo sham  operation in  th is  s tu d y  
fo r th e  fo llo w in g  reasons: (i) to  ensure c o m p a ra b ility  w ith  
experim ents invo lv ing  m a n ip u la tio n  o f the P-A pressure g rad ie n t 
in  C hapter 8.6 and (ii) to avoid the h igh  loss rates encountered in  
th is  labo ra to ry in  related p ilo t experim ents and in  w ork  by others, 
w hen b o th  fe ta l sheep in  tw in  pregnancies were in s tru m e n te d . 
Nevertheless, s im ila r effects on lu n g  developm ent were found  to  
those reported  by Few ell et a l (1983), w ho d id  p e rfo rm  sham  
operations on con tro l co-tw ins.

8 .5  E ffect o f chronic lung liqu id  loss on FBM

8 .5 .i. Methods
In  o rder to  assess the effect o f ch ron ic  lu n g  liq u id  loss on 

FBM , re co rd in g s  o f d ia p h ra g m a tic  EM G and e le c tro n ic a lly  
su b tra c te d  T -A  pressure were m ade in  the  tra ch e a lly -d ra in e d  
tw in s  described in  C hapter 8.4. C on tinuous record ings o f FBM
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were made from  Day 5 to  21 on chaart recorders ru n  a t e ith e r 2.5 
o r 3.0 m m /m in .

Figure 8.5: Polygraph recording in a xacheostomized fetus in which lung 
liquid was drained via a closed syfte;m to the exterior. Note episodic 
FBM, as indicated by diaphragmatic EEMG activity, are still reflected in  
the T-A pressure trace.

F e ta l b re a th in g  was defined as episodes o f co n tin u o u s  
d iaphragm atic  EMG a c tiv ity  o f > :lm iin u te  d u ra tio n  in  the presence 
o f repeated negative deflections i i  ithe tra ch e a l-a m n io tic  pressure
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trace. A lthough tracheal drainage in to  the am niotic cav ity  is  know n 
to  a ttenua te  the am plitude o f negative trachea l pressure changes 
d u rin g  FBM  (Fewell &  Johnson 1983), p ilo t w o rk  in d ica te d  th a t 
w ith  drainage v ia  a closed system  to the exte rio r, flu c tu a tio n s  in  
tra ch e a l-a m n io tic  pressure could s t ill be read ily  d iscerned (Figure 
8.5). FBM  recordings from  every th ird  day were analysed over a 24 
h o u r period , in  view  o f possible d iu rn a l v a ria tio n  (Boddy et a l 
1973).

FBM recordings in  tracheostom ized fetuses were com pared 
w ith  those o f 4 gesta tiona l age-m atched co n tro l pregnancies (3 
s in g le to n , 1 tw in ), s im ila r ly  in s tru m e n te d  excep t fo r  th e  
tracheostom y tube. These sheep were prepared by D r M J Parkes 
a nd  used in  e xpe rim en ts  in v o lv in g  the  e ffe c t o f v a rio u s  
p h a rm a co lo g ica l agents on FBM ; no fe tu s  o r m o th e r w as 
adm in iste red  any d rug  du ring , o r in  the 8 hours p rio r to, co n tro l 
re co rd in g s . FBM  record ings w ere a tta in e d  u n d e r th e  sam e 
co n d itio n s  in  the same la b o ra to ry  w ith  the  same equ ipm en t as 
u se d  h e re in . A ll re c o rd in g s , b o th  fro m  c o n tro l a n d  
tra ch e o s to m ize d  fe tuses, were ana lysed on th e  sam e day. 
C om parable 2 4 -h o u r record ings from  co n tro l fetuses were o n ly  
availab le fo r gestations between 126-133 days.

P aram etric  s ta tis tic s  were used a fte r c o n firm in g  n o rm a l 
d is tr ib u tio n s  on h istogram s; fo r d u ra tio n  o f FBM  epochs th is  
n ecess ita ted  loge tra n s fo rm a tio n . One and tw o-w ay a na lys is  o f 
va ria n ce  (ANOVA) was used to  de tect d iffe rences in  FBM  as 
app rop ria te .

8 .5 .i t  Results
The incidence o f FBM in  tracheostom ized fetuses declined 

w ith  advancing g e s ta tio n / d u ra tio n  o f drainage (F=3.2, p=0.03), 
a lth o u g h  the  num ber and d u ra tio n  o f FBM epochs d id  n o t change 
s ig n ifica n tly . As shown in  Fig. 8.6, the incidence o f FBM  over the 
la s t 3 re co rd in g  pe riod s  was s ig n ific a n tly  lo w e r in  th e  
tracheostom ized  fetuses th a n  in  con tro ls  (F=6.4, p=0.02). The 
m agn itude  o f the difference was 12.5, 2.8, and 8.0 in  % incidence 
/2 4  h o u rs  a t 126-7, 129-30 and 132-3 days respective ly. T hus 
b e tw e e n  126-133  days th e  in c id e n c e  o f FB M  in  th e  
tracheostom ized  fetuses was 77.2+10.3%  o f th a t in  co n tro ls . 
A lth o u g h  Fig 8.7 suggests a trend  tow ards fewer and sho rte r FBM  
epochs in  tracheostom ized fetuses between 126-133 days, th is  was 
n o t s ta tis tic a lly  s ig n ific a n t (F=2.0, p=0.14, and F=3.2, p=0 .08
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respective ly).
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Figure 8.6: The mean incidence + SE of FBM in  tracheostomized fetuses 
(filled symbols) and control fetuses (open symbols).
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Figure 8.7: Comparison of the duration and number of FBM epochs in  
contro l (open symbols) and tracheostomized fetuses (filled symbols) 
between 126 and 133 days gestation.
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8 .5 . ii l Discussion
This s tudy ind icates th a t FBM continue d u rin g  ch ron ic  lu n g  

liq u id  loss. S ince ch ro n ic  lu n g  liq u id  d ra inage  appears an 
appropria te  m odel fo r o ligohydram nios-re la ted PH, these data  add 
su p p o rt to  o the r stud ies suggesting th a t in h ib itio n  o f FBM  is  n o t 
th e  p rim a ry  m echan ism  fo r im p a irm e n t o f lu n g  g ro w th  in  
o ligohydram nios, as discussed in  Chapter 7 .3 .iii.

The incidence o f FBM was m a rg in a lly  less (by 23%) in  
tracheostom ized  fetuses th a n  co n tro ls  between 126-133 days. 
O verestim ation o f FBM in  contro ls is considered u n lik e ly  as th e ir 
inc idence  (44%) was s im ila r to  o the r repo rts  u s in g  the  same 
d e fin itio n : 48% in  a previous s tudy in  th is  labo ra to ry (Moore et a l 
1989b), and 45% by another group (Bahoric &  C h e rn ick  1975). 
D ickson  &  H ard ing (1987) reduced lu n g  liq u id  volum e acu te ly  in  
fe ta l lam bs, and found th a t the incidence o f FBM  fe ll s lig h tly , by 
19%. B o th  stud ies th u s  suggest th a t the incidence o f FBM  m ay 
decline m a rg in a lly  d u rin g  lu n g  liq u id  loss. G iven th a t the ra te  o f 
escape o f lu n g  liq u id  from  the upper re sp ira to ry  tra c t is  n o rm a lly  
greater d u rin g  FBM than  du ring  apnoea, any such reduction  m igh t 
fa c ilita te  re s to ra tio n  o f lu n g  volum e. D ickson &  H a rd ing  (1987) 
ra ised the p o s s ib ility  th a t th is  s itu a tio n  m ay be s im ila r to  the 
reduced re sp ira to ry  frequency observed in  p o s tn a ta l lam bs in  
response to  negative a irw ay pressure. I t  is  n o t know n w he ther th is  
response, w h ic h  is  a ttr ib u te d  to  p u lm o n a ry  s lo w ly -a d a p tin g  
receptors and abolished by vagotom y (H arding 1980), is  present in  
the fetus. However, before a ttrib u tin g  any physio logica l sign ificance 
to  th is  reduction  in  FBM incidence, cau tion  is  advised in  view  o f 
the  sm a ll m agn itude  o f d iffe rence found . F u rth e rm o re , i t  is  
d iffic u lt to  see how a vagal response, w h ich  m ediates re sp ira to ry  
frequency, cou ld  account fo r th is  re d u c tio n  in  FBM  incidence, 
w h ich  was observed m a in ly  to  be a reduction  in  d u ra tio n  o f FBM 
epochs.

The con tro l FBM data used in  th is  study were less than  ideal, 
being n e ith e r contem poraneous nor covering the en tire  gesta tiona l 
age range o f recordings in  instrum ented  fetuses. Recordings were 
n o t made in  con tro l co-tw ins, fo r the reasons o u tlined  in  C hapter
8 .4 .iii. Previous con tro l recordings from  th is  la b o ra to ry  were on ly  
a va ilab le  fo r the la tte r h a lf o f the  dra inage pe riod , and the  
labora to ries sc ie n tific  and fin a n c ia l p rio ritie s  a t th a t tim e  d id  no t 
accom m odate ru n n in g  ch ron ic fe ta l sheep prepara tions s im p ly  to
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record FBM in  contro ls, when a large am ount o f norm ative  da ta  
had p rev ious ly  been published. A ccord ing ly ca u tion  is  advised in  
the  in te rp re ta tio n  o f the sm all reduction  in  FBM  incidence found  
w ith  ch ron ic  lu n g  liq u id  drainage. Indeed, since com ple ting  th is  
s tu d y , a re p o rt has been pub lished  show ing in  sheep th a t the  
incidence o f FBM d u ring  chron ic oligohydram nios leading to PH is  
no low er th a n  in  con tro ls  (D ickson &  H ard ing  1991), a lth o u g h  
FBM  in  th a t s tudy were observed in  one h ou r w indows only.

In  tracheostom ized fetuses, the incidence o f fe ta l b re a th in g  
declined s ig n ific a n tly  from  51 to  32% between 117-132 days. In  
fe ta l sheep w ith  in ta c t a irw ays, Bowes et a l (1981) reported  a 
lin e a r increase in  percentage apnoea (and th u s  a decrease in  FBM  
incidence) between 110-140 days. We are unable  to  com m ent on 
w he ther the decline in  FBM we found in  tracheostom ized fetuses 
is  an effect o f drainage o r o f advancing gestation, in  view  o f the 
la c k  o f com parab le  c o n tro l d a ta  over th e  sam e p e rio d . 
Nevertheless, as seen in  Fig 8.6, the incidence o f FBM appeared to 
decline  s im ila rly  in  b o th  co n tro l and tracheostom ized  fe tuses 
between 126-133 days, a lthough  in  n e ith e r group  was th is  fa ll 
s ig n ifica n t based on three 24 h o u r recordings.

The sm a ll reduction  in  FBM  observed d u rin g  ch ron ic  lu n g  
liq u id  loss m ay exp la in  a t least in  p a rt the co n flic tin g  accuracies 
re p o rte d  fo r p re d ic tin g  PH in  h u m a n  o lig o h yd ra m n io s  b y  
m o n ito rin g  FBM , as discussed in  C hapter 8 .3 .iii. The h u m a n  
stud ies w h ich  suggest th a t FBM are "absent' in  o ligohyd ram n ios- 
re la ted  PH (B lo tt et a l 1987, B lo tt et a l 1990), de fined  fe ta l 
b re a th in g  as periods o f FBM la s tin g  >60 seconds. F igure  8 .7  
suggests th a t the reduced incidence o f FBM found d u rin g  ch ron ic  
lu n g  liq u id  loss in  th is  s tudy re flects more a re du c tio n  in  epoch 
d u ra tio n  than  num ber. Accordingly i t  rem ains possible the find ings  
o f B lo tt e t a l (1987, 1990) could be a ttrib u te d  to FBM  co n tin u in g  
d u rin g  o ligohydram nios-re la ted PH, b u t w ith  epochs la s tin g  <60 
seconds.

8 .6  E ffect o f m im icking low AP by chronic pharyngeal drainage

8.6.1 Pilot study
The a im  was to  design a ca the te r system , w h ich  w hen 

inserted  a t one end in to  the fe ta l m outh  and d ra in in g  a t the o ther 
to  the  e x te rio r, w ou ld  reduce p ha ryngea l-am n io tic  p ressure  by 
a p p ro x im a te ly  3 -4  m m  Hg. T h is  was fo r use in  c o n tro lle d
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exp e rim e n ts  to  m im ic  the  e ffect on th e  u p p e r a irw a y  o f a 
re duction  in  AP w ith o u t a lte ra tion  in  am nio tic  flu id  volum e. It  was 
in it ia lly  p lanned to  tes t its  effect on lu n g  developm ent in  tw in  
pregnancies, one fetus o f w h ich  w ould be catheterized as above to 
achieve the  pressure re du ctio n , w h ile  the  o ther, as a co n tro l, 
underw en t sham  operation w ith  ca the teriza tion  in to  the am n io tic  
cavity.

The fo llo w in g  c r ite ria  were considered in  des ign ing  the  
pharyngeal catheter: (i) i t  should occupy the fe ta l o ropharynx (ii) i t  
sh ou ld  be o f as w ide a bore as p racticab le  to  fa c ilita te  pressure 
re d u c tio n  and (iii) i t  should be sm all enough to  a llow  the fe ta l lip s  
to  be sealed a round it .  Three proto types were developed, and 
inse rted  in to  the m outh  o f a fe ta l sheep cadaver to  show th a t the 
lip s  could be successfully sealed around the catheter.

These were next tested in  4 ch ro n ica lly -in s tru m e n te d  fe ta l 
sheep w ith  tw in  pregnancies prepared as described p re v io u s ly  
between 115-122 days gestation. U nder general anaesthesia, the 
drainage catheter was fixed in  the posterio r aspect o f the fe ta l o ra l 
ca v ity , and the  lip s  and nares sewn closed and sealed w ith  
cyanoacryla te  glue. The pharyngeal drainage tube was fille d  w ith  
n o rm a l saline (0.9% NaCl) and in  one o f the tw in s  was connected 
to  a drainage bag la te r positioned beneath the  flo o r o f the  cage 
w h ile  in  the o ther i t  was le ft free in  the am nio tic  cavity. C atheters 
fo r pressure m easurem ent were positioned in  the am n io tic  cavity, 
and in  the fe ta l oropharynx alongside the drainage apparatus. A fte r 
a 5 day recovery period, one h ou r recordings o f P-A pressure were 
m ade and analysed as described earlier.

The M ark I prototype com prised tw o hard  p la s tic  catheters, 
each inse rted  la te ra lly  in to  e ithe r side o f the m o u th  beh ind  the 
a lveo la r ridge; a t th e ir o ther end they were each connected b y  10 
cm  o f so ft p o lyv in y l tu b in g  to a com mon Y-piece in  fro n t o f the 
fe ta l face,, and then to  150 cm o f po lyv in y l tu b in g . T h is  proved 
u n d u ly  b u lky , i t  being extrem ely d iffic u lt to  close the u te rus  around 
it .  The ewe delivered both  fetuses spontaneously on Day 5 before 
pressure m easurem ents were made.

The M ark II p roto type com prised s ix  70 cm  long p o lyv in y l 
ca the ters in  pa ra lle l (ID 2 .0  mm OD 3.0  mm). The catheters were 
p ro te c te d  fro m  o cc lus ion  by the  a lveo la r ridges w here th e y  
entered th rough  the fro n t o f the m outh by coursing th ro u g h  a hard  
p la s tic  cy linder (ID 10.5 mm OD 13.0 mm, 4 cm long), the spaces
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between the  catheters being sealed w ith  silicone gel and a ra ld ite . 
A t th e ir  d is ta l end, these were connected ou ts ide  the  m a te rn a l 
abdom en to  a com m on 90 cm  w ide-bore p o ly v in y l tu b e . P-A 
pressure rem ained positive (c. 2-3 mm Hg) in  a ll 4 fetuses tested, 
irre sp e c tive  o f w h e th e r dra inage was to  th e  e x te rio r o r the  
am n io tic  cavity. In  the two w ith  an exte rio r drainage tube , i t  was 
n o t possible to achieve negative P-A pressures even a fte r app ly ing  
su c tio n , suggesting blockage or o b s tru c tio n  o f the  catheters. In  
one pregnancy, a fe tus died on Day 6, and in  the  o the r the  ewe 
delivered bo th  fetuses spontaneously on Day 9.

Figure 8.8: Fetal pharyngeal catheterization apparatus (Mark III) used to 
achieve sub-amniotic pharyngeal pressures. Note drawing not to scale.

The fo llow ing  m od ifica tions were therefore  inco rpo ra ted  in  
the  M a rk  III p ro to type (Figure 8.8): (i) an increase in  ID  o f the 
narrow est segment o f tu b in g  to fa c ilita te  a greater pressure drop 
(ii) use o f cable guard to avoid k in k in g  o f the so ft tu b in g  w here i t

15cm 
cable quard

hard plastic cylinder

60cm cab 
polyvinyl tubing 

ID 5.5mm, OD 7.0mm

drainage bag
10cm A  

ID10 mm 
OD 12.5 mm

ID 7.5mm, 9.5mm

iiiiiiii o o oi
15cm liiTTT . 4  cm
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le ft the  m outh  o r its  ju n c tio n  w ith  connecting pieces (iii) ca re fu l 
p o s ition ing  o f tu b in g  in  a h a lf co il over the back o f the fe ta l head, 
again to  avoid k in k in g . Mean P-A pressure in  the fe tus dra ined to 
the  e x te rio r (-3 .0  +. 0 .5  m m  Hg) was s ig n ific a n tly  negative  
(p<0.001), in  co n tra s t to  th a t in  the  fe tu s  d ra in e d  in to  the  
a m n io tic  ca v ity  (0.2 + 0.2 m m  Hg), w h ich  was n o t s ig n ific a n tly  
d iffe ren t from  zero. Both fetuses died in  u tero  on Day 9.

The M ark III prototype was th u s  chosen fo r d e fin itive  study. 
In  view  o f the h igh  loss rates encountered w hen bo th  tw in s  were 
in s tru m e n te d  however, ca the te riza tion  o f the  c o n tro l tw in  was 
om itted  in  subsequent preparations.

8.6.U. Methods
Experim enta l protocol: C h ron ica lly -ins trum en ted  fe ta l sheep 

were prepared as described previously. B rie fly , anaesthesia  was 
induced in  26 cross-bred ewes w ith  tw in  pregnancies a t 112-120 
days gesta tion , one h o rn  o f the  gravid  u te ru s  was exposed a t 
laparo tom y and the fe ta l head delivered th rough  a u te rin e  inc is ion . 
C a the te rs (ID  1.0 m m , OD 2 .0  mm) were im p la n te d  in to  one 
ca ro tid  a rte ry  and ju g u la r vein and onto the fe ta l oropharynx. An 
a d d itio n a l ca the te r (ID 2 .0  m m  OD 3.0 m m) w as fixe d  in tra -  
a m n io tica lly  to  the fe ta l praecord ium , as described e a rlie r. In  8 
fe tuses, a ca the te r was also placed in to  the  trachea . M u ltip le  
fenestra tions were fashioned a t one end o f a 60 cm  long p o lyv iny l 
tube  w h ich  was then fixed in  the fe ta l o ra l cavity (Figure 8.8). Th is 
catheter was placed on the dorsal surface o f the tongue w ith  its  tip  
approxim ate ly 3.5 cm posterior to  the cen tra l inc iso rs and ly in g  a t 
the  extrem e poste rio r m arg in  o f the tongue so as to  p reven t the 
tongue o b s tru c tin g  the connection between the ca the te r’s lum en 
and the oropharynx. Its  d iam eter occupied m ost o f the  ca v ity  a t 
th is  p o in t. The lip s  and nares were sewn closed and sealed w ith  
cyanoacryla te glue. The pharyngeal drainage tube was fille d  w ith  
no rm a l saline (0.9% NaCl) and the in te g rity  o f the pharyngeal seal 
is o la tin g  the pharyngeal from  the am n io tic  cav ity  con firm ed. As 
leakage around the catheter developed subsequently in  some, an 
a d d itio n a l seal was achieved in  the  la s t 8 p re p a ra tio n s  by 
enveloping the snou t in  a rubber glove tied  around the  drainage 
tube. The fetus was replaced, the u te rus closed in  2 layers, and a ll 
ca the ters exteriorized th rough  the ewe’s r ig h t fla n k . A  co llec tion  
bag was connected to the d is ta l end o f the pharyngeal drainage 
a p p a ra tu s  (F igure 8.8) and pos itioned  a p p ro x im a te ly  40 cm
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beneath th e  flo o r o f the cage. Free drainage was com m enced 
im m e d ia te ly . A t le a s t 5 days were a llow ed fo r postope ra tive  
recovery be fo re  reco rd ings  were m ade, d u rin g  w h ic h  tim e  
a n tib io tics  were adm inistered to ewe and fetus.

A fte r fe ta l a rte ria l pH and blood gas values had been shown 
to be norm a l (mean + SE pH 7.35 + 0.01, pC02 43.1 + 0 .7  m m  
Hg , pC>2 21.2  + 0.9 m m  Hg), pressures were m easured w ith  
s tandard  b iom ed ica l transduce rs  a ttached to  flu id  fille d  lin e s . 
E lec tro n ica lly  subtracted P-A and T-A  pressures were recorded fo r 
one h o u r every 2-3 days on a polygraph ru n  a t e ithe r 1.25 o r 1.5 
c m /m in  (Figure 8.9).

The d ra inage bag was em ptied every 2 -3  days and the  
equ iva len t vo lum e o f norm al saline (0.9% NaCl) w arm ed to  38- 
39°C in fused  in tra -a m n io tica lly . In  add ition , 2 m l ind igo  carm ine 
dye d ilu te d  1:20 was added to the saline, so th a t appearance o f 
dye in  the drainage bag gave an im m ediate in d ica tio n  o f a b reak in  
the  seal between the pha rynx and the am n io tic  cav ity . Dye was 
s im ila rly  in s tille d  whenever the P-A pressure was >-0.5  m m  Hg or 
when the volum e o f pharyngeal flu id  in  the drainage bag increased 
b y  >300 m l per day. Samples o f the dra ined liq u id  were frozen 
u n til la te r analysis fo r electrolytes and viscosity.

Lung specimens: The experim ent was te rm ina ted  on Day 21 
o f drainage, w hen labou r ensued, o r when dye ind ica ted  leakage. 
A n im a ls  were k ille d  w ith  p e n to ba rb ito n e  (4g in tra ve n o u s ly ), 
necropsy was perform ed and b o th  tw in s  were de livered, tow el 
d ried  and weighed. Pulm onary variab les were analysed in  those 
p repara tions w ith  >10 days drainage, as detailed in  C hapter 8 .4 .i., 
except th a t lu n g  volum e was m easured in  on ly  8 fe tuses. Two 
p re p a ra tio n s  w ith  lig h t m icroscop ic  s igns o f a u to ly s is  were 
excluded from  m orphom etric and DNA analysis. In  the rem ainder, 
the  m ean num ber o f airspaces analysed per fie ld  was 57.9 + 3.7. 
The w e ight o f the  portions harvested from  the rig h t lu n g  fo r DNA 
ana lysis ranged from  10-25 g. Laboratory specim ens were again 
coded to ensure th a t the DNA analysis and lung  m orphom etry were 
perform ed b lin d .



Figure 8.9: Pharygeal-amniotic and tracheal-amniotic pressure recording 
from a fetus undergoing pharyngeal drainage to the exterior. The 
repeated negative fluctuations in T-A pressure indicate fetal breathing. 
Note that during apnoea, P-A is negative and T-A positive.

A n a ly s is : Each m inu te  o f pressure trace was exam ined fo r 
negative pressure  flu c tu a tio n s  co n s is te n t w ith  fe ta l b re a th in g , 
gasping o r sw a llow ing a c tiv ity . Such m inu tes were excluded and
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p o in t estim ates o f pressure were obtained a t the m id p o in t o f each 
stable m inu te , and a mean per hou r calculated. A fte r exclusion o f 
record ings obta ined w ith in  24 hou rs  o f la b o u r o r de tection  o f 
m o u th  leakage, m ean P-A pressures per d ra ined  a n im a l were 
derived from  a m edian o f 3 recordings (range 2-7), and a pooled 
m ean ca lcu la ted from  the in d iv id u a l means per an im al. M ean T-A  
pressures were s im ila rly  derived from  a m edian o f 3.5 record ings 
(range 2-6). W ith in  trace v a ria b ility  in  P-A pressure was ca lcu lated 
from  in d iv id u a l SDs from  68 one h o u r traces, and between trace 
v a r ia b ility  from  the m ean SD from  each a n im a l in  w h ich  > 3 
record ings were made.

V isco s ity  was m easured on a sing le  specim en co llected  
betw een day 8 -1 0  o f d ra inage fro m  10 fe tuses u n d e rg o in g  
pha ryngea l dra inage, and from  6 fetuses undergo ing  tra ch e a l 
drainage (Chapter 8.4.1). M easurem ents were made a t 37°C by D r 
M  R am pling in  the D epartm ent o f Physiology a t S t M ary's H osp ita l 
u s ing  a ro ta tin g  cup viscom eter.

E lectro ly tes were m easured in  specim ens o f tra ch e a l and 
p h a ryn g e a l flu id s  co llected  th ro u g h o u t the  d ra inage  p e riod . 
S od ium  (Na+) and po tassium  (K+) assays were done b y  Ms H 
W atson o f the  B ioch e m is try  D epartm ent, Queen C h a rlo tte ’s &  
Chelsea H osp ita l us ing  an autom ated flam e photom eter (C om ing 
m ode l 480), and  c h lo rid e  (C l-) by  M r J  Beecham  o f the  
B io ch e m is try  D epartm en t a t H am m ersm ith  H o s p ita l u s in g  a 
c h lo rid e  m e te r (C hem lab m odel CCM I). The co e ffic ie n ts  o f 
v a ria tio n  fo r the above are 0 .4 , 0 .5 , and 1.5%, acco rd ing  to  
m a nu fa c tu re rs ' specifica tions. Am ylase was m easured in  a single 
sam ple from  10 fetuses undergoing pharyngeal drainage u s in g  a 
com m erc ia lly  ava ilab le  ca lo rim e tric  assay (Am ylase k it  AY 891, 
R andox Laboratories) and a d u lt serum  used fo r in te rn a l assay 
con tro ls .

P a ra m e tric  s ta tis tic s  were used o n ly  a fte r h is to g ra m s 
con firm ed a no rm a l d is trib u tio n , w h ich  necessitated lo g a rith m ic  
tra n s fo rm a tio n  fo r a irspace c ro ss-se c tio n a l area. P u lm o n a ry  
va ria b les  in  the  pharyngea lly-d ra ined  and co n tro l fe tuses were 
expressed as means o f the mean value in  each fetus; to ind ica te  the 
degree o f d ifference between the two groups, each pharyngea lly- 
d ra ined  fe tu s ’ va lue was also expressed as a percentage o f its  
co n tro l co -tw in  and a mean calculated. In  con trast to the trachea l 
drainage experim ents, pa ired tes ting  was chosen fo r com parison
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o f p u lm o n a ry  va riab les, as the d iffe rin g  d u ra tio n s  o f d ra inage 
requ ired  th a t each experim ental tw in 's  lungs be com pared d ire c tly  
w ith  th a t o f its  con tro l co-tw in.

8.6.UL Results
No pressure m easurem ents were made in  9 p repa ra tions  

w h ich  lasted < 5 days and on ly one recording was made in  2 w h ich  
lasted  < 8 days: 4 ewes died, 2 laboured, in  4 the  in s trum e n te d  
fe tu s  d ied, and tw o were com plicated by m ou th  leakage. These 
were excluded from  fu rth e r analysis.

p<0.001
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Figure 8.10: Pharyngeal-amniotic pressure in 15 fetuses which 
underwent chronic pharyngeal drainage (filled triangles, mean indicated 
by line), cqmpared to that in 3 control fetuses (open circles). Also shown 
are values from 3 of the drained fetuses taken on the day mouth leakage 
was detected.

In  the  rem a in ing  15 dra ined fetuses in  w h ich  se ria l P-A 
record ings were made, negative P-A pressures were achieved in  
a ll, as shown in  F igure 8.10. Mean P-A (-3.0 m m  Hg + 0.6 m m  Hg) 
was s ig n ifica n tly  low er than  zero (p<0.001) and s ig n ifica n tly  low er 
th a n  th a t in  the  con tro ls  in  C hapter 8 .3 .ii (0.7 + 0.1 m m  Hg, 
p=0.02). Mean w ith in -tra ce  va ria b ility  in  P-A was 2.2 + 0.2 m m  Hg, 
and m ean between-trace v a ria b ility  2.5 + 0.5 m m  Hg. These were 
b o th  s ig n ifica n tly  greater (p<0.001) than  found in  C hapter 8 .3 .ii in  
c o n tro l fe tuses. U n like  in  co n tro ls , P-A p ressu re  tra ce s  in  
p h a ryn g e a lly -d ra in e d  fetuses were characte rized  by occasiona l 
la rge  negative p ressure  excurs ions la s tin g  a p p ro x im a te ly  1-3 
m inu tes, an example o f w hich is shown in  F igure 8.11.
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The experim en ta l period lasted > 10 days in  10 d ra ined  
an im als: tw o were p u t down on day 21, 5 w ent in to  la b o u r and 
m outh  leakage occurred in  3. Mean P-A pressure in  these 10 was 
also s ig n ific a n tly  negative (-2 .7  +. 0 .6  m m  Hg, p=0 .001). In  
con trast, m ean P-A on the day o f detection o f m ou th  leakage was 
n o t s ig n ifica n tly  d iffe ren t from  zero (0.4 + 0.4 m m  Hg).
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Figure 8.11: Pressure recording in a pharyngeally-drained fetus showing 
large negative pressure excursions in the phaiyngeal-amniotic pressure 
trace. Note that these are reflected in the baseline pharyngeal trace, but 
not in the baseline amniotic trace.

The volum e o f flu id  drained per day in  the 10 p repara tions
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la s tin g  >10 days, exc lud ing the las t record ing  in  the 3 w ith  m o u th  
leakage, was 237 + 19 m l/d a y , s im ila r to th a t in  trachea lly -d ra ined  
fetuses, b u t s ig n ifica n tly  less th a n  the fin a l read ing  in  those w ith  

m o u th  leakage (343 + 19 m l/d a y , p<0 .05). There  were gross 
d iffe rences between the f lu id  d ra ined  fro m  the  trachea  and th a t 
from  the  p h a ryn x , w h ich  appeared to c o n ta in  excessive m ucus  
(F igu re  8 .1 2 ). V is c o m e try  o f the  p h a ry n g e a l d ra in a g e  f lu id  
d e m on s tra ted  read ings w h ic h  were n o n -N e w to n ia n , i.e. va ried  
w ith  shear rate, as shown in  F igure 8.13. These were considerab ly  
h ig h e r th a n  those in  the tra chea l f lu id  (mean 0 .75  + 0 .06  mPa), 
w h ich  were s im ila r to w ater (0.7 mPa) and d id  n o t va ry  w ith  shear 

rate. As n o n -lin e a rity  o f the pharyngea l re su lts  h indered s ta tis tica l 
com parison  w ith  those in  tra chea l f lu id , an  estim a te  was made 
(0.17 + 0.1 /s ) o f the b io logical shear ra te  opera ting  in  the p h a ryn x  
in  v ivo , based on the in n e r d ia m e te r o f the  tu b in g , and the 
m easured flow  rate. As th is  was below  the slowest opera ting  speed 
o f the viscom eter, re su lts  were com pared at the  low est shear ra te 
(1 .7 5 /s ), in d ic a tin g  th a t v iscos ity  was s ig n if ic a n tly  h ig he r in  the 
pharyngea l th a n  in  the trachea l flu id s  (pcO.OOl).

Figure 8.12: Gross difference between pharyngeal fluid on the left, which 
appeared to contain excessive mucus, and tracheal fluid on the right.
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Table 8.2: The effect of chronic pharyngeal drainage on feta l lung 
anatomy and DNA (n=10 unless otherwise stated). NS=not significant.

Parameter Control Experimental Experimental Significance
Mean + SE. fetuses fetuses as % of control p value

Body weight 3199 2553 81.8 0.01
(g) ± 303 ± 204 ± 5 .4

Left lung weight 35.5 27.6 78.3 0.02
(g) ± 2 .8 ±2 .9 ±7 .1

Right lung weight 51.6 41.0 81.4 0.04
(g) + 4.7 ±4 .3 ± 8 .3

Total lung weight 87.0 68.6 80.0 0.03
(g) ± 7.5 ±7 .2 ± 7 .7

Lung:body weight 0.028 0.027 97.9 NS
ratio ± 0.001 ± 0.002 ± 7 .2

Left lung weight 83.7 67.5 83.2 0.05
post in fla tion  (g) ± 7 .4 ±6 .2 ± 7 .7

Left lung post -0.027 0.027 102.7 NS
inflation:body 
weight ratio

± 0.001 ± 0.002 ± 7 .8

Left lung volume 66.7 72.3 107.2 NS
(ml) (n=4) ±5 .3 ±  10.0 ±  7.0

Left lung volume: 0.027 0.032 123.0 0.04
bodyweight
ratio(n=4)

± 0.003 ± 0.003 ±  7.4

Right lung DNA 12.2 12.0 100.2 NS
conc. (mg/g) (n=8) ±0 .9 ± 0 .7 ± 5 .0

Right lung total 667.7 495.3 78.4 NS
DNA (mg) (n=8) ±68.9 ±57.2 ±  12.1

Right lung DNA:body 195.8 187.5 96.9 NS
weight ratio (n=8) ± 13.8 ±20.1 ±  10.5

% lung occupied 65.7 63.7 97.5 NS
by airspaces (n=8) ± 2 .8 ± 2 .5 ± 3 .8

Cross-sectional a ir 601.3 646.9 108.4 NS
space area Qx2) (n=8) ±40.1 ±39 .2 ± 4 .3

Airspace number 57.8 58.1 99.7 NS
(/m m 2) (n=8) ±2 .2 ±7 .3 ±  10.7

Amylase was no t detectable in  the pharyngeal flu id s  (<3 U /l), 
even a fte r 1:10 d ilu tio n . In  the trachea l flu id s , concen tra tions o f 
N a+, K+, and Cl" d id  no t change s ig n ific a n tly  over the  drainage 
period  (two way AN OVA F=2.3 p=0.1, F=2.8 p=0.1, and F=1.4,
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p=0.3  respectively). A  com parable ANOVA cou ld  n o t be used fo r 
the  pharyngeal flu id  re su lts  in  view  o f the  d iffe rin g  d u ra tio n s  o f 
dra inage; however v isu a l inspection  o f e lectro lyte  concen tra tions  
p lo tted  against drainage d u ra tio n  suggested s im ila rly  the  absence 
o f a s ig n ifica n t association. Accordingly, mean e lectro lytes (mean 
o f each an im a l's  mean) in  pharyngeal flu id  are com pared w ith  
those in  trachea l flu id  in  F igure 8.14. A lth o u g h  Na+ and K+ were 
s im ila r, C l- concentra tion  was lower in  pharyngeal flu id s  (119.6 + 
4.5  mEq/1) th a n  in  tracheal flu id s  (142.4 + 7.3, p=0.02).
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Figure 8.13: Viscosity of pharyngeal flu id  collected on day 8-10 of 
drainage varies w ith  shear rate, indicating its  non-Newtonian nature. 
Symbols denote mean + SE in  milliPascals.
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Figure 8.14: Comparison of electrolyte concentrations (mean + SE) in  
pharyngeal flu id  (filled symbols) compared to tracheal flu id  (open 
symbols).
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As o ften  found  in  ch ron ic  fe ta l p re p a ra tio n s , th e  body 
w e igh ts o f ch ro n ica lly -in s tru m e n te d  fe tuses were reduced (by 
18%) com pared to the un instrum en ted  con tro ls. A ccord ing ly , the 
lu n g  w e igh ts were s im ila rly  reduced. However, re la tive  to  body 
w e ig h t, th e re  was no s ig n ific a n t d iffe rence  betw een fe tuses 
undergo ing  ch ron ic  pharyngea l drainage and th e ir  co n tro l co
tw in s  in  lu n g  w eight, e ithe r before o r a fte r in fla tio n , o r in  lu n g  
DNA as shown in  Table 8.2. In  add ition , on the  basis o f lim ite d  
num bers, lu n g  vo lum e was no low er in  p h a ryn g e a lly -d ra in e d  
fetuses. Furtherm ore, lung  m orphom etric variab les were s im ila r in  
co n tro l and experim ental fetuses.

W hen expressed as a percentage o f co n tro l, the re  was no 
s ig n ifica n t corre la tion  in  the pharyngeally-dra ined fetuses between 
any va ria b le  in d ica tive  o f PH, such as lung rbody w e ig h t ra tio , 
in fla te d  lung :body w e ight ra tio , cross-sectiona l a irspace area, o r 
lu n g  DNAibody w eight ra tio  (as validated in  C hapter 8 .4 .ii), and the 
degree o f P-A pressure reduction  or the d u ra tio n  o f drainage (an 
example is  shown in  F igure 8.15.
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Figure 8.15: Lung:body weight ratio in  the experimental tw in  as a
percentage of that in  the control tw in shown as a function of duration of 
pharyngeal drainage.

Despite the negative P-A pressure, T -A  pressure rem ained 
p o s itive  (1.7 +0.9  m m  Hg), s im ila r to  the  co n tro l read ings in  
C hapter 8 .3 .ii (1.5 + 0.1 m m  Hg). In  pharyngea lly-dra ined fetuses, 
T -A  pressure  was s ig n ific a n tly  g reater th a n  contem poraneous 
m easurem ents o f P-A pressure (-3.0 + 0.9 m m  Hg, p=0.002) . Thus
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th e  increase in  the  tra ch e a l-p h a ryn g e a l p ressure  g ra d ie n t in  
d ra ined  fetuses (5.8 +1.2 mm Hg) com pared to con tro ls  (0.8 +0 .2  
m m  Hg, p=0.02) was a ttrib u ta b le  to the re du c tio n  in  pharyngeal 
pressure, ra th e r than  any a lte ra tion  in  tracheal pressure.

8.6.iv. Discussion
T h is s tu d y  dem onstrates in  fe ta l sheep th a t m im ick in g  the  

e ffect o f low  am nio tic  pressure on the upper a irw ay b y  reducing  
pha ryn g e a l p ressure  does n o t im p a ir fe ta l lu n g  g ro w th . The 
h yp o th es is  addressed in  th is  s tu d y  was th a t a re d u c tio n  in  
a m n io tic  pressure w ould  im p a ir fe ta l lu n g  grow th  by p roduc ing  a 
n e t loss o f lu n g  flu id , since the ra te  o f lu n g  liq u id  escape w ou ld  
then  exceed th a t a t w h ich  lung  liq u id  was produced. As ca lcu la ted 
in  C hapter 8.1, AP w ould need to be reduced by >2 m m  Hg fo r th is  
to  occur. C hronic fe ta l pharyngeal drainage in  these experim ents 
led to  s ig n ific a n tly  reduced P-A pressure com pared to  con tro ls , 
and m im icked a mean drop in  AP a t the laryngeal o u tle t o f 3.7 mm  
Hg (P-A in  con tro ls  m inus P-A in  pha ryngea lly-d ra ined  fetuses). 
The degree o f pressure re du c tio n  achieved was s im ila r to  th a t 
found  in  severe o ligohydram nios in  hum an pregnancies (C hapter 
6) and  s lig h tly  g rea te r th a n  th a t re p o rte d  in  e xp e rim e n ta l 
o ligohydram nios in  sheep (Harding et a l 1990).

Testing  th is  hypothesis necessitated a s tu d y  design w h ich  
d id  n o t produce o ligohydram nios. A ccord ing ly, the  p h a ryn x  was 
iso la ted  from  the am nio tic  cavity, and care taken  to  replace the 
dra ined volum e in tra -am n io tica lly .

The in itia l aim  was to compare fe ta l lu n g  param eters a fte r 21 
days dra inage w ith  th a t in  th e ir co n tro l co -tw ins . Lung  liq u id  
drainage o f s im ila r d u ra tio n  has been shown to  produce PH, bo th  
in  th is  w o rk  (C hapter 8.4) and in  p ub lished  re po rts  b y  o thers 
(A lcorn  e t a l 1977, Fewell e t a l 1983). F u rthe rm ore , a 21 day 
drainage period w ould have allowed com parison o f the  effects on 
lu n g  developm ent o f pharyngeal drainage w ith  those o f trachea l 
d ra inage. However, o n ly  2 o f 26 ewes in  w h ich  th e  M a rk  III 
p ro to type was inserted lasted the fu ll 21 day drainage period , th is  
h ig h  a ttr it io n  being due to  m a te rna l and fe ta l death , p re te rm  
la b o u r, and m outh  leakage. The firs t three o f these m ay in  some 
cases be a ttrib u te d  to  the size o f the ca the te r a p pa ra tus  used. 
M o u th  leakage on the o the r hand appeared re la ted to  con tinued  
g row th  o f the snou t around the rig id  ca the ter appara tus, a n d /o r
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loosen ing  o f the  cyanoacrylate sea lant in  the  s u rro u n d in g  flu id  
environm ent. Pharyngeal and am n io tic  pressures e q u ilib ra te d  in  
th e  presence o f leakage, nega ting  the  p o in t o f th e  s tu d y . 
E xp e rim e n ts  were th u s  te rm in a te d  as soon as leakage was 
de tected , u s u a lly  w ith in  24 h o u rs  o f its  o ccu rre n ce , th is  
co m p lica tio n  be ing suggested by a large increase in  dra inage 
vo lum e and confirm ed w ith  in d ica to r dye.

A ccord ing ly, a com prom ise was in tro d u ce d  in to  the  s tu d y  
p ro toco l, w hereby a sh o rte r period o f dra inage was chosen, 10 
days, as the m in im um  necessary to produce detectable im pa irm en t 
in  lu n g  developm ent. Fewell et a l reported s ig n ific a n tly  reduced 
lung :body w e igh t ra tios  fo llow ing  10-22 days ph re n ic  denervation 
in  6 fe ta l lam bs, 3 o f w h ich  were subjected to  th is  in s u lt fo r <15 
days (Fewell e t a l 1981). The same lu n g  processing techn iques 
were used here as in  the trachea l drainage experim ents, in  w h ich  
21 days ch ron ic  lu n g  liq u id  loss resu lted  in  a 40% re d u c tio n  in  
lung :body w e ight ra tio , bo th  before and a fte r in fla tio n , and a 26% 
re du ctio n  in  bo th  lung  DNA: body w eight ra tio  and the percentage 
o f lu n g  occupied by airspaces. None o f these param eters was 
affected by 10-21 days chron ic pharyngeal drainage. Furtherm ore , 
none showed any corre la tion  w ith  increasing d u ra tio n  o f drainage, 
w h ich  m ig h t be expected i f  the negative re su lts  were a ttrib u ta b le  
to  the m in im um  drainage period being too short.

The norm a l stand ing pressure in  the fe ta l trachea is  due to  
the  resistance to egress o f lung  flu id  provided d u rin g  apnoea by an 
a c tive  la ryn g e a l re te n tive  m echan ism  (H a rd in g  e t a l 1984a, 
H a rd in g  e t a l 1986a, H ard ing  et a l 1986b). B ypassing  th is  
resistance in  tracheostom y experim ents allow s free escape o f flu id  
a long  the  T -A  pressure  g ra d ie n t, le a d in g  to  e q u ilib ra tio n  o f 
tra ch e a l and am n io tic  pressures (Fewell &  Johnson  1983). The 
la c k  o f e ffect on lu n g  g row th  com pared to  co n tro ls  in  th is  
experim ent m ay be explained by the fa ilu re  o f pharyngeal drainage 
to  a lte r s tand ing  trachea l pressure, w h ich  rem ained positive  and 
s im ila r to  values in  con tro l fetuses. I t  m ay be speculated th a t the 
negative p ressure  generated w ith in  the  fe ta l p h a ryn x  d id  n o t 
im p a ir laryngeal re ten tion  to increase lung  flu id  escape; th u s  there 
was no flow -re lated reduction  in  stand ing trachea l pressure.

The degree o f pressure reduction  achieved was sm a lle r th a n  
w ou ld  be predicted fo r a co lum n o f New tonian flu id  in  a rig id  tube 
in  a closed system . Some reasons fo r th is  were d iscussed in
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re la tio n  to  the  tra ch e a l drainage experim ents (C hapter 8 .4 .iii) . 
A d d itio n a l exp lanations in  the pharyngeal drainage s tu d y  are th a t
(i) the fe ta l pharynx was non rig id  and (ii) the flu id  non-N ew tonian 
(i.e. v is c o s ity  varied  w ith  shear rate) and h ig h ly  v iscous. The 
degree o f P-A pressure drop w ith  ca the te riza tion  o f the  p h a iy n x  
was however, on ly s lig h tly  greater th a n  th a t in  T -A  pressure w ith  
tra ch e a l ca the te riza tion . N o tw ithstand ing  the greater v isco s ity  o f 
th e  pha ryngea l flu id s , m uch w id e r tu b in g  was needed in  the  
pharyngeal drainage experim ents to  achieve the requ ired  grad ient.

The viscous na tu re  o f the pharyngeal flu id  m ay have created 
unphysio log ica l conditions in  the pharynx, possib ly p reventing  any 
increase in  lu n g  liq u id  escape otherw ise a ttrib u ta b le  to  a lte red  
pressure g rad ien ts alone. The fe ta l pha rynx is  know n to produce 
m u co id  secre tions, H a rd in g  e t a l (1984b) n o tin g  th a t f lu id  
sw allow ed by feted sheep had a h igher v isco s ity  th a n  cou ld  be 
exp la ined on the basis o f s im ultaneous m easurem ents in  trachea l 
and a m n io tic  flu id , and Brace (1986) co llecting  flu id  o f extrem ely 
h ig h  v isco s ity  from  around the m outh  in  fe ta l sheep w h ich  had 
undergone oesophageal and tracheal liga tion . The concen tra tion  o f 
m ucus w ith in  the pharynx here m ay have been even greater th a n  
n o rm a lly  found, e ith e r in  response to  the  presence o f a fo re ign  
body in  close p ro x im ity  to  m ucous m em branes, o r b y  p reven ting  
d ilu tio n  o f secretions in  am niotic flu id  d u rin g  m ou th  opening. The 
pronounced negative P-A pressure flu c tu a tio n s  encountered d u rin g  
pharyngea l drainage m ay represent fe ta l sw a llow ing m ovem ents, 
a lth o u g h  th is  rem ains speculation in  the absence o f oesophageal 
EM G  recordings. I t  is u n lik e ly  th a t these flu c tu a tio n s  exp la in  the 
g rea te r v a ria b ility  in  P-A pressure com pared to  th a t in  c o n tro l 
fe tu se s (C hapter 8 .3 .ii), s ince m ost m in u te s  in  w h ic h  th e y  
occurred w ould have been classified as unstab le  and th u s  excluded 
from  p o in t pressure m easurem ents.

As lu n g  liq u id  secretion declines in  ch ron ic  lu n g  liq u id  loss 
(D ickso n  &  H a rd in g  1989), e le c tro ly te  co n c e n tra tio n s  were 
exam ined in  the  tra ch e a l dra inage experim en ts to  de te rm ine  
w h e th e r they changed d u ring  the evo lu tion o f PH, especia lly those 
n o rm a lly  found in  greater concen tra tion  in  lu n g  liq u id  th a n  in  
serum , such as ch loride and to a lesser extent sodium  (Mescher et 
a l 1975). However, lu n g  liq u id  e lectro lytes d id  n o t change and 
were s im ila r to those reported by o thers (M escher et a l 1975). 
C h lo ride  concentra tion was s ig n ifica n tly  low er in  pharyngeal flu id
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th a n  In  tra ch e a l flu id , co n s is te n t w ith  the  fo rm e r n o t be ing  
e n tire ly  composed o f lung  liq u id . D rainage volum es were s im ila r 
in  th e  p h a ry n g e a l and  tra c h e a l d ra in a g e  e x p e rim e n ts ; 
pharyngea lly-dra ined fetuses were s till able to swallow , so th a t the 
volum e swallowed was presum ably made up by the  volum e o f the 
m ucus co n trib u tio n  to  the drained flu id . Such specula tion however, 
is  fu rth e r com plicated by the fa c t th a t lu n g  liq u id  secretion  ra te  
declines b y  u p  to  35% in  the presence o f chron ic lu n g  liq u id  loss 
(D ickson &  H ard ing  1989).

As d iscussed in  C hapter 8 .3 .iii, Fewell &  Johnson  (1983) 
d ispu te  the  la ryn x  as the loca tion  o f the  no rm a l u ppe r a irw ays 
resistance, and consider instead th a t i t  occurs in  the bucca l cavity, 
a lthough  th is  is  based on tenuous data. The lack o f effect observed 
in  th is  s tu d y  w ith  ch ron ic  pharyngeal drainage a t su b a m n io tic  
pha ryngea l p ressures, b o th  on trachea l pressure and on lu n g  
developm ent, does no t support th e ir contention. In  add ition , i f  the 
m a jo r s ite  o f resistance to  lung  liq u id  egress was the bucca l cav ity  
ra th e r th a n  the  la rynx, the con tro l procedures in  the  p ilo t s tu d y  
(pharyngeal ca the te riza tion  in to  the a m n io tic  cavity) shou ld  also 
have produced PH. Th is was a fu rth e r reason fo r n o t pe rfo rm ing  
sham  operations on the con tro l co-tw ins.

8.7  Summary
The a e tio lo g y  o f o lig o h y d ra m n io s -re la te d  p u lm o n a ry  

hypop lasia  is  no t understood, b u t is  know n to involve ch ron ic  lung  
liq u id  loss. The hypothesis examined in  th is  chapter was th a t low  
a m n io tic  p ressu re  in  o lig o h yd ra m n io s  d is tu rb s  th e  n o rm a l 
tra ch e a l-a m n io tic  pressure g rad ien t to  increase lu n g  liq u id  loss 
and  im p a ir lu n g  developm ent. In  15 fe ta l sheep, pha ryngea l 
ca th e te riza tio n  was used to  m im ic reduced am n io tic  p ressure a t 
the  upper a irw ay in  the presence o f norm al am nio tic  flu id  volum e. 
P-A pressures were negative in  a ll drained fetuses (mean -3 .0  + 0.6 
m m  Hg, p<0.001), in  co n tra s t to  pos itive  pressures in  co n tro ls  
(0 .7  + . 0 . 1  m m  Hg). In  10 fetuses w h ich  u n d e rw e n t ch ro n ic  
p ha ryngea l dra inage fo r 10-21 days, the re  was no s ig n ific a n t 
re d u c tio n  in  lu n g  weight, volum e or DNA re lative to  body w eight, 
o r in  lu n g  m orphom etry, com pared to  th e ir co n tro l co -tw ins. In  
c o n tra s t, c h ro n ic  tra c h e a l d ra ina g e  p rod u ce d  s ig n ific a n t 
reductions  in  re la tion  to  body w eight in  lu n g  w e ight (39.9 + 5.2%, 
p=0.004), volum e (39.2 + 4.0% , p<0.001), DNA (26.0  + 1.5%, 
p=0.003), and the percentage o f lung  occupied by airspaces (25.7
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+ 9.0% , p=0.04) com pared to con tro ls. The fa ilu re  o f pharyngeal 
drainage to produce PH m ay be explained by Its  fa ilu re  to  a lte r T -A  
p ressure  (mean +1.7 + 0 .9  m m  Hg), w h ich  rem ained s im ila r to  
th a t in  co n tro ls ; in  co n tra s t tra ch e a l d ra inage  p roduced  a 
s ig n ifica n t drop in  T-A  pressure (mean -2.1 + 1.3 m m  Hg, p=0.03). 
These stud ies ind ica te  th a t m im ick in g  low  a m n io tic  pressure in  
th e  upper a irw ay by ch ron ic  fe ta l pharyngeal drainage does n o t 
im p a ir lu n g  developm ent in  fe ta l sheep.
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CHAPTER 9: CONCLUSIONS

9.1 M ain findings
In  th is  w ork, I have attem pted to characterize basa l a m n io tic  

pressure in  hum an pregnancies w ith  p a rtic u la r em phasis on those 
w ith  a b n o rm a l a m n io tic  flu id  vo lum e, and to  d e te rm in e  th e  
re la tio n sh ip  between abnorm al AP and some o f the com p lica tions 
o f o ligohydram nios and polyhydram nios.

The m a in  find ings and conclusions are as follow s:
i. In  hum an  pregnancies w ith  norm a l am n io tic  flu id  vo lum e, AP

increases s ig n ifica n tly  w ith  gesta tiona l age and the  sigm oid  
curve ind ica tes th a t AP, u n like  volum e, reaches a p la teau  in  
the  m id -trim e s te r. Phenom ena w h ich  a ffec t a m n io tic  f lu id  
volum e, such as m u ltip le  pregnancy, d id  n o t in fluence  AP n o r 
d id  sem i-quantita tive  indices o f the am ount o f am n io tic  flu id , 
su g g e s tin g  th a t AP is  n o t p r im a r ily  d e te rm in e d  b y  
in tra u te rin e  volum e over the norm al range.

ii.  AP was s ig n ific a n tly  elevated in  hum an  p regnancies w ith
increased am nio tic  flu id  volum e, and reduced in  pregnancies 
w ith  decreased am n io tic  flu id  volum e, com pared to  those 
w ith  n o rm a l a m n io tic  f lu id  vo lu m e . The degree o f 
derangem ent in  AP corre la ted  w ith  the  se ve rity  o f th e  
abno rm a lity  in  am niotic flu id  volum e. W ith  rem oval o f flu id  in  
polyhydram nios and in fu s io n  in  o ligohydram nios, AP changed 
s ig n ific a n tly , regressing tow ards the  m ean in  pregnancies 
w ith  norm al am niotic flu id  volum e. I t  is concluded th a t AP is 
in flu e n c e d  b y  vo lum e o n ly  in  extrem e degrees o f 
derangem ent in  am niotic flu id  volum e.

iii.  In  h u m a n  pregnancies com p lica ted  b y  p o ly h y d ra m n io s ,
elevated AP correlated w ith  low  fe ta l p02  and pH, cons is ten t 
w ith  the hypothesis th a t raised AP in  po lyhydram nios im p a irs  
u te rop lacen ta l perfusion. However, no re la tion sh ip  was found  
between the degree o f elevation in  AP and D oppler ind ices o f 
dow nstream  resistance in  the u te rop lacen ta l c irc u la tio n . In  
a dd ition , acute ly elevating AP in  sheep b y  a m n io in fu s io n  d id  
n o t affect fe ta l blood gas status. I t  is concluded th a t, a lthough  
abnorm al fe ta l blood gas sta tus in  hum an po lyhydram n ios is 
associated w ith  elevated AP, the fa ilu re  to  reproduce  th is  
e ffec t in  sheep suggests th a t th is  m ay n o t be due to  
com pressive effects o f ra ised AP on the  u te ro p la c e n ta l
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c ircu la tio n .
iv. R esto ra tion  o f am n io tic  flu id  volum e in  hum an pregnancies

com plicated by severe o ligohydram nios d id  n o t produce any 
change in  the  n u m b e r o r inc idence  o f fe ta l b re a th in g  
m ovem ents o r the num ber o f epochs, w h ich  is  in co n s is te n t 
w ith  lite ra tu re  suggesting th a t FBM are absent in  fetuses w ith  
o lig o h yd ra m n io s-re la te d  p u lm o n a ry  hypop las ia . S im ila rly , 
res to ra tio n  o f am nio tic  flu id  volum e d id  n o t a lte r ind ices o f 
dow nstream  res is tance  in  the  u m b ilic a l a rte ry  D o p p le r 
waveform . Together w ith  the dem onstra tion  o f low  a m n io tic  
p ressure  in  o ligohydram nios, these fin d in g s  cha llenge the  
concept o f fe ta l com pression in  o ligohyd ram n ios th a t has 
become w ide ly  accepted in  the lite ra tu re .

v. As fe ta l com pression a n d /o r in h ib itio n  o f FBM  are therefore
u n lik e ly  m echanism s fo r o ligohydram nios-re la ted  PH, i t  was 
hypothesized th a t low  AP in  o ligohydram nios d is tu rb s  the  
no rm a l trachea l-am n io tic  pressure g rad ien t, fa c ilita tin g  lu n g  
liq u id  loss and thereby im p a irin g  fe ta l lu n g  developm ent. 
M im ick in g  the  effect o f low  AP on the  fe ta l uppe r a irw ay by 
ch ron ic  pharyngeal drainage in  fe ta l sheep however, fa iled  to 
a lte r tra ch e a l pressure  and had no e ffect on fe ta l lu n g  
developm ent. In  con trast, ch ron ic  trachea l drainage ab lated 
the  s ta n d in g  tra ch e a l p ressure  and produced p u lm o n a ry  
hypoplasia . T h is  w ork  also ind ica ted  th a t the  resistance to  
lu n g  liq u id  egress essentia l fo r no rm a l lu n g  developm ent is  
no t located w ith in  the fe ta l pharynx.

9 .2  Lim itations
The stud ies on AP in  hum an pregnancies were necessarily  

lim ite d  b y  (i) the need to  confine m easurem ents la rge ly to  ongoing 
p regnancies undergo ing c lin ica lly -in d ica te d  invasive procedures,
(ii) the re liance on c lin ica l a va ila b ility  in  the s tu d y  o f pregnancies 
w ith  abnorm a l am n io tic  flu id  volum e, (iii) the  need to  re s tr ic t 
s tu d y in g  the  effects o f m a n ip u la tin g  a m n io tic  flu id  vo lum e to  
c lin ic a lly -in d ic a te d  a m n io in fu s io n  and drainage procedures and 
(iv) the  la c k  o f an accura te  e th ica lly -acce p ta b le  m ethod fo r 
d e te rm in ing  am nio tic  flu id  volum e in  ongoing pregnancies. E th ica l 
c o n s tra in ts  do n o t a llo w  s c ie n tific  e v a lu a tio n  o f e xa c t 
p re ssu re /vo lu m e  re la tio n sh ip s  w ith  in  th e  h u m a n  u te ru s  b y  
increm en ta l flu id  in fu s io n  and rem oval experim ents.

A lth o u g h  the  sheep experim ents allow ed grea te r s c ie n tific
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rig o u r in  th e ir design, they were also lim ite d , by (i) th e ir expense
(ii)  th e  h ig h  lo ss  ra te s  a sso c ia te d  w ith  c h ro n ic  fe ta l 
ca the te riza tion , especia lly w ith  p repara tions la s tin g  >7 days, and
( iii)  th e  la c k  o f d ire c t c o m p a ra b ility  w ith  h u m a n  fe ta l 
pathophysio logy. A  non-hum an prim ate  like  the baboon o r rhesus 
m onkey w o u ld  have been a m ore app licab le  a n im a l m odel fo r 
hum an pregnancy, a lthough I had no access to  such a fa c ility . Non
hum an  prim ates have n o t been used w ide ly in  the  s tu d y  o f fe ta l 
physio logy in  view  o f th e ir even greater expense, th e ir re la tive  lack 
o f a v a ila b ility , the  greater e th ica l and p ra c tica l d iffic u ltie s  w ith  
th e ir care, and the even lower fe ta l su rv iva l rates fo llow ing  ch ron ic  
c a th e te riz a tio n  p rocedures. The d iffe rence  in  u te ro p la c e n ta l 
physio logy between sheep and m an made the in te rp re ta tio n  o f the 
negative fin d in g s  o f the ovine experim ents in  w h ich  the  effect o f 
e levating AP on fe ta l blood gas sta tus was assessed, d iffic u lt. On the 
o th e r hand w ith  reference to  the investiga tion  o f the  effect o f low  
AP on lu n g  developm ent, m any studies have v ind ica ted  the choice 
o f fe ta l sheep as an appropriate m odel fo r o ligohydram nios-re la ted 
pu lm onary hypoplasia.

In  a d d itio n  to  the  prob lem s o u tlin e d  above, th e  c h ie f 
w eaknesses o f the  w o rk  in  th is  th e s is  were (i) the  la c k  o f 
sys tem a tic  approach to  the  vo lum es rem oved and d ra ine d  in  
h u m an  pregnancies, m aking  i t  d iffic u lt to  exclude vo lum e as a 
con found ing  variab le  in  de te rm in ing  the factors in flu e n c in g  A AP,
(ii) th e  low  num bers enro lled  in  the  D opp le r s tu d ie s  o f the  
fe to p la cen ta l and u te rop lacen ta l c irc u la tio n  in  o ligohyd ram n ios 
and po lyhydram n ios respective ly, rendering  them  suscep tib le  to  
type II e rro r, (iii) the suboptim al con tro l FBM  data  in  the  trachea l 
d ra inage experim ents, w h ich  were n e ith e r contem poraneous n o r 
com parable over the entire  drainage period, and (iv) the sh o rt and 
va ria b le  s tu d y  period  in  the  pharyngea l d ra inage experim ents 
engendered by h igh  loss and leakage rates, jeopard iz ing , a t least in  
p a rt, the  ana lys is  o f lu n g  developm ent, and p re c lu d in g  s tr ic t 
com parison w ith  the trachea l drainage experim ents. The reasons 
fo r each o f the  above are addressed in  the  D iscuss ion  o f the  
re levan t section.

9 .3  Suggestions for future work
F u rth e r w ork is  needed in  sing leton pregnancies to  estab lish  

the  p a tte rn  o f AP developm ent a fte r 34 weeks, w h ich  was n o t 
addressed in  th is  s tudy in  view  o f the pauc ity  o f c lin ica l ind ica tions
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fo r la te  p regnancy am niocentesis; th is  m ay need to  be done 
outside the U nited Kingdom . In  any s tudy seeking to  con firm  the 
n o rm a l pregnancy find ings, u ltraso u n d  p la n im e tric  de te rm ina tion  
o f u te rin e  and a m n io tic  d im e ns ion s  w o u ld  lead to  b e tte r 
d e lin e a tio n  o f the  re la tio n sh ip  between a m n io tic  p ressure  and 
in tra u te rin e  volum e. S tudy o f greater num bers o f tw in s  and trip le ts  
w o u ld  in d ica te  w he the r the  reference range in  s ing le tons  was 
s im ila rly  applicable to m u ltip le  pregnancies.

There is  u rgen t c lin ic a l need to  determ ine the  re la tio n sh ip  
between ra ised AP in  pregnancies w ith  po lyhydram n ios and the 
m a in  com plica tions leading to  p e rin a ta l m o rb id ity  and m o rta lity , 
preterm  labour and ru p tu re  o f the m embranes. Such a s tu d y w ould 
need to  be done w ith o u t re so rtin g  to  th e ra p e u tic  in te rve n tio n s , 
and m ay ra ise  e th ic a l d iffic u ltie s . The e ffect o f th e ra p e u tic  
m anoeuvres such as seria l drainage a n d /o r m aterna l indom ethacin  
the rapy on AP and its  du ra tion  s im ila rly  w arran ts investiga tion .

A  la rg e r s tu d y  is  needed o f u te ro p la c e n ta l D o p p le r 
waveform s in  pa tien ts w ith  gross polyhydram nios undergo ing fe ta l 
b lood gas ana lys is, so as b e tte r to  determ ine the  re la tio n s h ip  
between u te rop lacen ta l downstream  resistance and im pa ired  fe ta l 
b lood gas s ta tus , a lthough  d iffic u ltie s  rem a in  in  re c ru itm e n t as 
discussed. The experim ent exam ining the effect on fe ta l blood gas 
s ta tu s  o f acu te ly elevating AP w ould  bene fit from  re p e titio n  in  an 
a n im a l m odel whose u te rine  and p lacen ta l anatom y m ore closely 
resem bled th a t o f hum ans, p re fe rab ly  w ith  the a d d itio n  o f flow  
probes to  m on ito r u terop lacenta l perfusion.

A ris in g  fro m  the  s tu d y  o f the  e ffects o f re s titu tio n  o f 
a m n io tic  flu id  volum e on u m b ilica l a rte ry  D oppler waveform s, i t  is 
now  im p o rta n t to  con firm  the absence o f com pressive effects on 
the  fe ta l c irc u la tio n  by us ing  the hum an am n io in fus ion  m odel to  
s tu d y  the effect o f severe o ligohydram nios on fe ta l tho rac ic  a o rtic  
and in trace reb ra l waveforms.

Despite the experim ents m an ipu la tin g  pressure g rad ien ts in  
th is  w ork , the m echanism  fo r o ligohydram nios-re la ted pu lm ona ry  
hypop lasia  rem ains elusive. Investigative a tte n tion  shou ld  focus on 
w h a t fa c to rs  fa c ilita te  lu n g  liq u id  loss in  th e  presence o f 
o ligohydram nios. In  th is  regard, a p r io rity  w ou ld  be to investigate  
the  recen t suggestion by H ard ing  et a l (1990), th a t fe ta l chest 
com pression does occur in  oligohydram nios, b u t on ly  d u rin g  non 
la b o u r u te rine  contractions.
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