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Why	  do	  Pregnant	  Pa=ents	  with	  PH	  Die?	  
•  There	   is	   concern	   that	   pro-‐survival	   and	   pro-‐prolifera=ve	   effects	   of	  

estrogens	   may	   worsen	   the	   pulmonary	   vascular	   remodeling	   in	  
pregnant	  PAH	  pa=ents.	  

•  It	  is	  unknown	  whether	  the	  frequently	  observed	  worsening	  of	  PAH	  in	  
pregnancy	  is	  indeed	  due	  to	  direct	  effects	  of	  sex	  hormones	  on	  the	  
pulmonary	  vasculature.	  

•  Deteriora=on	  during	  labor	  and	  delivery	  or	  in	  the	  postpartum	  phase	  
frequently	   is	   triggered	  by	  volume	  shiWs	  and	   intravascular	  pressure	  
swings.	  	  

•  The	   majority	   of	   maternal	   deaths	   occurred	   in	   the	   peri-‐partum	  
period,	   mainly	   within	   the	   first	   month	   of	   delivery,	   with	   RV	   failure	  
and	  circulatory	  collapse	  being	  the	  main	  causes	  of	  death.	  



Hormones,	  Pregnancy	  and	  PH:	  Is	  there	  a	  Link?	  	  

•  The	   overarching	   problem	   in	   the	   pregnant	   PH	   pa=ent	   is	   that	   the	  
physiologic	   compensatory	   vasodilator	   response	   of	   the	   pulmonary	  
vasculature	  is	  decreased	  or	  absent.	  

•  Deteriora=on	   is	  most	   frequent	   between	  weeks	   20	   and	   24,	   during	  
labor	  and	  delivery,	  or	  in	  the	  postpartum	  period.	  

•  Since	  worsening	  of	  PAH	  frequently	  occurs	  in	  the	  postpartum	  period	  
and	  therefore	  at	  a	  =me	  point	  at	  which	  sex	  hormone	  levels	  decrease	  
drama=cally,	   it	   is	   possible	   that	   a	   “sex	   hormone	   withdrawal	  
phenomenon”	   results	   in	   PA	   vasoconstric=on	   in	   the	   postpartum	  
state.	  

•  Studies	   inves=ga=ng	   whether	   pulmonary	   vascular	   remodeling	  
indeed	  progresses	  in	  pregnant	  PAH	  animals	  are	  needed.	  



Pregnancy	  in	  PAH	  Survival:	  
Before	  the	  Modern	  Medica=on	  Era	  

•  The	   overarching	   problem	   in	   the	   pregnant	   PH	   pa=ent	   is	   that	   the	  
physiologic	   compensatory	   vasodilator	   response	   of	   the	   pulmonary	  
vasculature	  is	  decreased	  or	  absent.	  

•  Deteriora=on	   is	  most	   frequent	   between	  weeks	   20	   and	   24,	   during	  
labor	  and	  delivery,	  or	  in	  the	  postpartum	  period.	  

•  Since	  worsening	  of	  PAH	  frequently	  occurs	  in	  the	  postpartum	  period	  
and	  therefore	  at	  a	  =me	  point	  at	  which	  sex	  hormone	  levels	  decrease	  
drama=cally,	   it	   is	   possible	   that	   a	   “sex	   hormone	   withdrawal	  
phenomenon”	   results	   in	   PA	   vasoconstric=on	   in	   the	   postpartum	  
state.	  

•  Studies	   inves=ga=ng	   whether	   pulmonary	   vascular	   remodeling	  
indeed	  progresses	  in	  pregnant	  PAH	  animals	  are	  needed.	  
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Pregnancy	  in	  PAH	  Survival:	  
Before	  the	  Modern	  Medica=on	  Era	  

•  Causes	   of	   death:	   pulmonary	   hypertensive	   crisis	   with	   therapy-‐
resistant	   heart	   failure,	   sudden	   death,	   autopsy-‐confirmed	  
pulmonary	   thromboembolism,	   cerebral	   thromboembolism,	   and	  
rupture	  and	  dissec=on	  of	  the	  PA.	  

•  Late	   diagnosis	   (P	   =	   0.002,	   odds	   ra=o:	   5.4)	   and	   late	   hospital	  
admission	   (P	   =	   0.01,	   odds	   ra=o:	   1.1	   per	   week	   of	   pregnancy)	   are	  
independent	  predic=ve	  risk	  factors	  of	  maternal	  mortality.	  	  

•  Parturients	  who	  received	  general	  anesthesia	  are	  4	  =mes	  more	  likely	  
to	  die	  than	  parturients	  receiving	  regional	  anesthesia.	  



Pregnancy	  in	  PAH	  Survival:	  
The	  Modern	  Medica=on	  Era	  

•  Retrospec=ve	   Chinese	   Study:	   The	   overall	   maternal	   mortality	   rate	  
was	   17%,	   but	   pa=ents	   with	   Eisenmenger’s	   syndrome	   had	   50%	  
mortality.	  There	  were	  4	  fetal/neonatal	  deaths	  (13%),	  and	  16	  infants	  
were	  born	  preterm.	  All	  26	  live	  born	  infants	  survived.	  

•  Prospec=ve	   PH	   Mul=center	   Study:	   Out	   of	   26	   pregnancies,	   	   62%	  
were	   successful.	   	   Deaths	   occurred	   due	   to	   spontaneous	   abor=ons	  
and	  in	  the	  immediate	  postpartum.	  

•  Outcomes	  were	  beier	  in	  pa=ents	  with	  lower	  (500+/-‐	  352	  dynes)	  vs.	  
very	  high	  (1,667	  +/-‐	  209	  dynes)	  PVR.	  

•  50%	   of	   women	   with	   successful	   pregnancies	   had	   a	   posi=ve	  
vasodilator	  response	  and	  nearly	  normal	  pulmonary	  hemodynamics	  
on	  CCBs.	  	  	  	  



Pre-‐pregnancy	  Counseling	  and	  Contracep=on	  

•  Studies	  indicate	  that	  women	  are	  oWen	  not	  well	  informed	  about	  the	  
necessity	  of	  contracep=on	  and	  the	  available	  op=ons.	  	  

• Proges=n	  only	   implants	   are	   safe	   and	  
their	  efficacy	  is	  similar	  to	  steriliza=on.	  

• Progesterore	   releasing	   IUDs	   are	   also	  
safe	  for	  PAH	  pa=ents.	  

• Hysteroscopic	   steriliza=on	   should	   be	  
considered	  over	  surgical	  steriliza=on.	  	  	  

• Estrogen	   containing	   compounds	   are	  
rela=vely	   contraindicated	   due	   to	   risk	  
of	  DVT/PE.	  

• Dual	   contracep=on	   is	   strongly	  
advised.	  



Management	  of	  Pregnancy	  in	  PH	  Pa=ents:	  
Therapeu=c	  Abor=on	  

•  Termina=on	   should	   be	   offered	   regardless	   of	   WHO	   FC	   or	   other	  
markers	  of	  prognosis.	  

•  The	   first	   trimester	   is	   the	   safest	   =me	   for	   elec=ve	   pregnancy	  
termina=on;	   however,	   in	   the	   PH	   pa=ent,	   pregnancy	   termina=on	  
carries	   greater	   risk	   than	   in	   the	   general	   popula=on	   and	   should	   be	  
performed	  in	  an	  experienced	  center.	  

•  Uterine	  dilata=on	  and	  evacua=on	  is	  the	  safest	  procedure.	  
•  If	   surgical	   evacua=on	   is	   not	   feasible,	   medical	   abor=on	   using	  

prostaglandins	   E1	   or	   E2	   or	   misoprostol	   can	   be	   administered	   to	  
evacuate	  the	  uterus.	  

•  Termina=on	  should	  also	  be	  considered	   in	   the	  second	  trimester	  up	  
to	   the	   point	   of	   fetal	   viability.	   AWer	   that,	   early	   delivery	   may	   be	  
considered	  if	  clinically	  indicated.	  



Management	  of	  Pregnancy	  in	  PH	  Pa=ents:	  
Assessment	  and	  Monitoring	  	  

•  Individualized	   management	   plans	   for	   each	   pa=ent	   must	   be	  
discussed	  and	  updated	  before	  delivery.	  

•  During	   labor	   and	   delivery,	   con=nuous	   monitoring	   of	  
electrocardiogram,	   pulse	   oximetry,	   central	   venous	   pressure,	   and	  
intra-‐arterial	  blood	  pressure	  should	  be	  rou=ne.	  

•  Close	  aien=on	  must	  be	  paid	  to	  avoiding	  condi=ons	  that	  may	   lead	  
to	  PA	  vasoconstric=on	  and	  worsening	  RV	  func=on.	  

•  The	   pa=ent	   should	   be	   as	   euvolemic	   as	   possible,	   and	   major	   fluid	  
shiWs	  must	  be	  avoided	  as	  much	  as	  possible.	  

•  Vasopressors	   and	   inotropes	   should	   be	   readily	   available	   for	  
hemodynamic	  support.	  Intravenous	  prostacyclins	  should	  be	  readily	  
available.	  	  



Management	  of	  Pregnancy	  in	  PH	  Pa=ents:	  
Method	  of	  Delivery	  

•  Although	  vaginal	  delivery	  is	  usually	  associated	  with	  fewer	  bleeding	  
complica=ons	   and	   infec=ons	   in	   the	   healthy	   popula=on,	   the	  
hemodynamic	   and	   physiological	   changes	   associated	   may	   be	  
detrimental	  to	  the	  mother	  with	  PH.	  

•  Cesarean	   sec=on	   is	   the	  preferred	  mode	  of	  delivery	  and	   should	  be	  
used	  unless	  not	  available	  or	  in	  cases	  of	  emergencies.	  

•  Elec=ve	   cesarean	   sec=on	   avoids	   labor	   and	   allows	   for	   careful,	  
mul=disciplinary	   planning	   and	   prepara=on	   of	   anesthesia,	  
op=miza=on	   of	   hemodynamics,	   and	   development	   of	   con=ngency	  
plans.	  

•  Regional	  anesthesia	  is	  always	  preferred	  over	  general.	  
•  In	   stable	   women,	   planned	   delivery	   around	   weeks	   34–	   36	   is	  

recommended,	   with	   delivery	   before	   this	   if	   there	   is	   evidence	   of	  
symptoma=c	  decline.	  



Management	  of	  Pregnancy	  in	  PH	  Pa=ents:	  
Post-‐Partum	  Management	  

•  Parturi=on	  and	  the	  first	  postpartum	  week	  have	  been	  recognized	  as	  
par=cularly	  vulnerable	  periods	  for	  pa=ents	  with	  PAH.	  

•  Most	  of	  these	  women	  died	  in	  the	  first	  month	  aWer	  delivery,	  and	  the	  
main	  causes	  of	  death	  were	  heart	  failure,	  sudden	  death	  and	  PE.	  	  	  	  

•  Pa=ents	  should	  be	  closely	  monitored	  for	  several	  days	  postpartum;	  
monitoring	   in	   an	   intensive	   care	   unit	   in	   the	   first	   few	   days	   aWer	  
delivery	  is	  recommended.	  

•  If	  a	  PAH	  pa=ent	  has	  been	  receiving	  an=coagula=on	  therapy	  before	  
pregnancy,	  Warfarin	   should	  be	   stopped	  and	  either	  unfrac=onated	  
or	  low	  molecular-‐	  weight	  heparins	  used.	  	  

•  Prophylac=c	  heparin	  is	  recommended	  in	  the	  peripartum	  period.	  



Management	  of	  Pregnancy	  in	  PH	  Pa=ents:	  
Use	  of	  PH	  Specific	  Therapies	  



Management	  of	  Pregnancy	  in	  PH	  Pa=ents:	  
Use	  of	  PH	  Specific	  Therapies	  

•  Parenteral	  prostaglandins	  are	  recommended	  for	  pregnant	  pa=ents	  
with	   PAH	   in	  WHO	   FC	   IV	   or	  where	   there	   is	   evidence	   of	   severe	   RV	  	  
impairment.	  

•  Inhaled	   iloprost	   or	   trepros=nil	   may	   be	   used	   in	   pa=ents	   with	   less	  
severe	   symptoms,	   and	   their	   safe	   and	   successful	   use	   in	   pregnancy	  
has	  been	  reported.	  

•  sildenafil	   has	   generally	   been	   used	   in	   combina=on	   with	   a	  
prostaglandin.	  	  There	  is	  no	  experience	  with	  tadalafil.	  

•  If	  there	  is	  no	  rapid	  clinical	  improvement,	  immediate	  delivery	  should	  
be	  considered	  because	  of	  the	  high	  risk	  of	  maternal	  death.	  

•  For	  those	  pa=ents	  mee=ng	  strict	  criteria	  for	  an	  acute	  response	  to	  
inhaled	  nitric	  oxide,	  CCBs	  should	  be	  con=nued.	  



Management	  of	  Pregnancy	  in	  PH	  Pa=ents:	  
PH	  Specific	  Management	  

•  The	   treatment	   goals	   during	  delivery	   are	   to	  maintain	   systemic	   and	  
right	  atrial	  pressures,	  to	  monitor	  fluid	  balance,	  and	  to	  avoid	  volume	  
overload,	  par=cularly	  in	  the	  first	  48	  hours.	  

•  A	  rising	   right	  atrial	  pressure	  aWer	  delivery	  may	  simply	   reflect	  fluid	  
overload	  and	  can	  be	  managed	  by	  judicious	  use	  of	  diure=c	  therapy.	  

•  For	   stable	   pa=ents	   receiving	   iv	   prostanoids,	   doses	   would	   usually	  
remain	  unchanged	  before	  and	  during	  delivery.	  Low	  dose	  should	  be	  
started	  in	  treatment	  naïve	  pa=ents	  before	  delivery.	  	  

•  If	   pa=ents	   are	   receiving	   oral	   sildenafil,	   considera=on	   should	   be	  
given	  to	  using	  the	  iv	  prepara=on	  of	  the	  drug.	  

•  For	  surgery	  under	  regional	  anesthesia,	  pa=ents	  receiving	  nebulized	  
iloprost	   or	   trepros=nil	   therapy	   may	   con=nue	   to	   nebulized	   during	  
the	  procedure.	  



Management	  of	  Pregnancy	  in	  PH	  Pa=ents:	  
Proposed	  Algorithm	  



Management	  of	  Pregnancy	  in	  PH	  Pa=ents:	  
Conclusions	  

•  PH	  in	  pregnancy	  is	  a	  high-‐risk	  medical	  condi=on.	  

•  Efforts	   should	  be	  made	  to	  educate	  pa=ents	  and	  promote	  safe	  
contracep=ve	  methods.	  

•  Planning	   for	   delivery	   is	   a	   process	   that	   requires	   a	   team	  
approach.	  

•  Pay	  aien=on	  to	  the	  impact	  of	  PH	  drugs	  on	  pregnancy.	  

•  Pa=ents	   in	   the	   post-‐partum	   period	   are	   most	   vulnerable	   to	  
death	  and	  should	  be	  closely	  monitored	  in	  an	  ICU	  serng.	  

•  Be	  an	  advocate	  for	  your	  pa=ent	  and	  encourage	  alterna=ves	  to	  
pregnancy	  for	  concep=on.	  


