
Introduction

Meconium Aspiration Syndrome (MAS) oc-
curs in 2 to 5 % (about 1/3 rd) of  infants born 
through meconium stained amniotic fluid. 
Even though the incidence of  MAS has de-
creased in the developed world, it is still a 
major cause of  mortality  and morbidity  in the 
developing countries.1 Major risk factors for 
meconium stained amniotic fluid (MSAF) and 
MAS include post maturity, presence of  fetal 
heart rate abnormalities in the intrapartum 
period, Cesarean birth and maternal ethnicity 
(African American, Pacific Islanders).2 The 
reduction in post maturity  and better intrapar-
tum management in recent years have led to 
the reduction in MAS in the Western world.3, 4 
Several recent publications have enhanced 
our understanding of  the pathophysiology  of 
MAS. In brief, meconium-induced lung dam-
age is multifactoral and manifests soon after 
birth with respiratory  distress and persistent 
pulmonary  hypertension. The pathophysiol-
ogic changes in MAS can be from: mechani-
cal obstruction due to high viscosity  and te-
nacity  of  meconium, chemical pneumonitis 
f r o m n e u t r o p h i l a n d m a c r o p h a g e              
infiltration,5, 6 cytokine release and subse-
quent inflammatory  response,7 surfactant  
inactivation8, 9 and release of  various vaso-
constrictors. Further,  ante-partum, intrapar-
tum and post partum hypoxia adds insult  to 
the injury  by  increased pulmonary  vasocon-
striction.  Management of  MAS in the NICU 
has also undergone significant changes 
based on better diagnostic approaches avail-
able today.  Readers are referred to recent 
publications on ventilatory  management of 

infants with MAS. The objective of  this review 
is to focus on some of  the currently  available 
pharmacological agents and some promising 
new agents in the management of  infants 
with MAS admitted to NICU.   

Pharmacotherapy

While most infants born through MSAF do 
well after birth and are discharged home, 
about one third (30%) of  them require addi-
tional respiratory  and pharmacological sup-
port. Pharmacotherapy  of  infants with MAS 
can be described under general and specific 
treatment strategies. General pharmacologi-
cal treatment strategies include the use of 
sedatives, alkali and muscle relaxants. Spe-
cific treatment strategies include pharmacol-
ogical agents used to reduce lung injury, sur-
factant, anti-inflammatory  agents and pulmo-
nary  vasodilators. These are described in 
detail below. 

General Management

Drugs used in the general management of 
MAS include sedatives, sodium bicarbonate 
and muscle relaxants.

Sedation

Approximately  30 to 50% of  MAS infants may 
need respiratory  assistance in the form of 
continuous positive airway  pressure (CPAP) 
or mechanical ventilation.  The majority  of 
these infants are term gestation, get easily 
agitated, and demonstrate frequent desatura-
tions with handling. In infants on mechanical 
ventilation these desaturations can be mini-
mized with the use of  analgesic/sedatives. 
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Analgesics and sedatives can be given 
either intermittently  or by  continuous infu-
sion. The main goal is to decrease pain 
and discomfort. Morphine or Fentanyl 
along with Midazolam is the most fre-
quently  used drugs in NICUs to alleviate 
pain and discomfort.  In a multicenter, pro-
spective observational study  done by 
Walsh- Sukys et  al showed that sedation 
was used in 94% of  infants with pulmonary 
hypertension (range 77-100%).10 In their 
series of  385 infants with PPHN, 158 in-
fants had MAS as the primary  diagnosis.  
However, to date no randomized trials are 
available in support of  routine sedation. 
Use of  sedatives in high doses can lead to 
hypotension,  prolonged ventilatory  support, 
feeding intolerance, urinary  stasis, toler-
ance and drug withdrawal. While control-
ling pain and discomfort in the newborn is 
the goal of  every  physician, a randomized 
controlled study  to assess the cost –benefit 
analysis of such a therapy seems prudent. 

Alkalinization

The rationale for the use of  alkali is based 
on the principle that  alkalosis decreases 
pulmonary  vascular resistance. Increasing 
the pH from 7.45 to 7.5 either by  hyperven-
tilation or by  sodium bicarbonate infusion 
(0.5 to 1.0 meq/ kg/h) has been shown to 
produce pulmonary  vasodilatation in both 
experimental animal models and human 
newborns with pulmonary  hypertension.11 
Sodium bicarbonate can increase intracel-
lular acidosis and decrease cardiac output 
and coronary  perfusion; hyperventilation, 
on the other hand, can increase the risk of 
chronic lung disease from barotrauma and 
hearing loss from injury  to hair cells. 
Walsh-Sukys et al reported that treatment 
with sodium bicarbonate was associated 
with increased need for extra corporeal 
membrane oxygenation (ECMO) and oxy-
gen requirement at 28 days.10 Neither hy-
perventilation nor alkali infusion therapies 
have been vigorously  tested in a random-
ized controlled trial in human newborns.  
Use of  bicarbonate is on the decline since 
the advent of  inhaled nitric oxide therapy 
(iNO).

Muscle Relaxants

Prior to iNO therapy  muscle relaxants were 
frequently  used (mean 73%, range 33-
98%) in conjunction with sedatives in intu-
bated infants.10   Short acting non- depo-
larizing, competitive neuromuscular agents 

like pancuronium bromide (Pavulon) or 
Vecuronium bromide are the drugs of 
choice. Walsh –Sukys et al10  showed that 
in babies with pulmonary  hypertension 
from all causes those who received muscle 
relaxants had more than twice the risk of 
death when compared to other therapies, 
even  those on HFV(OR =2.84, 1.12-7.16).  
Again prospective randomized studies re-
garding the safety  and efficacy  of  muscle 
relaxants in MAS are not available.  Pro-
longed use of  muscle relaxants along with 
sedation can lead to hypoxemia, hypoto-
nia,  generalized edema due to peripheral 
pooling and pulmonary  atelectasis from 
pooling of  secretions in the airway. The 
recommended doses for vecuronium and 
pancuronium bromide range from 0.05 to 
0.15 mg/kg every  1- 2 hours. It can also be 
given as continuous drip. Fortunately, 
since the availability  of  inhaled nitric oxide, 
use of  sodium bicarbonate and muscle 
relaxants has decreased significantly. 

Antibiotics and Anti-inflammatory Agents

Antibiotics

The use of  antibiotics in MAS has been 
controversial. Initial use of  antibiotics was 
advocated as it was believed that stress 
caused the passage of  meconium and the 
most  likely  reason for perinatal stress was 
an infection. This was substantiated in 
1967 by  Bryan12  who showed that even 
though sterile meconium was never fatal 
on its  own; when given intratracheally 
along with E. coli it reduced the number of 
organisms needed to cause death. It was 

hypothesized that meconium reduced in-
nate host resistance. Eidelman et al re-
cently  reported that  a clear amniotic fluid 
was inhibitory  for bacterial growth but in 
the presence of  meconium, bacteria (Beta 
-Strep) grew much faster.15 Whether every 
infant with a diagnosis of  meconium aspi-
ration should be treated with antibiotics still 
remains a controversy. A recent controlled 
study  by  Lin et al reported that  in non-
intubated MAS infants,  antibiotic treatment 
did not decrease duration of  tachypnea, 
oxygen requirement, and the need for na-
sal continuous positive pressure support.16 
Two other controlled trials from India also 
concluded that routine antibiotic therapy 
provides no advantage.15, 16 From the 
available data it is appropriate not  to give 
antibiotics to newborns with MAS without 
any  known risk factors (prolonged rupture 
of  membranes, chorioamnionitis,  positive 
antenatal group B beta strep culture and 
need for ventilator support) 
    
Anti-inflammatory Agents

Steroids

Pneumonitis is the second cardinal finding 
in Meconium Aspiration Syndrome. Studies 
from our own laboratory  have shown an 
increased expression of  cytokine levels, 
especially  TNF-α, IL-1β, IL-8 and lung cell 
apoptosis in newborn rabbits exposed to 
meconium.7 Since inflammation is one of 
t h e m a j o r f i n d i n g s i n M A S , a n t i -
inflammatory  agents have been tried both 
in animal and human newborns as an ad-
junct therapy  following meconium aspira-
tion. Steroids in particular glucocorticoids 
(Dexamethasone) have been used to quell 
the in f lammatory  response. Animal       
studies 15 and a small series of  uncon-
trolled human trials did show definite clini-
cal improvement in oxygenation and lung 
function. Recent meta-analysis of  the 
available two randomized controlled stud-
ies failed to show any  difference in mortal-
ity, chronic lung disease and length of  hos-
pital stay.18 At present, with the existing 
evidence of  lack of  efficacy  and the real 
risk of  developmental delay  including cere-
bral palsy, use of  dexamethasone can not 
be recommended.  

Other anti-inflammatory  agents like cromo-
lyn, pentoxyfylline, Clara cell protein and 
recombinant super oxide dismutase (19) 
may  have some beneficial effects via the 
inhibition of  neutrophil migration and gen-
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eration of  superoxide radicals; however, to 
date, there are no randomized controlled 
trials and therapy  with these agents can 
not be recommended at this time. 

Surfactant Therapy and Lavage

Meconium is shown to alter the surfactant 
function in the lung. The inhibitory  effect  of 
meconium on surfactant function has been 
well documented and was attributed to: (a) 
free fatty  acids, (b) protein fractions and 
bilirubin present in the meconium.20 Admin-
istration of  bolus doses of  surfactant has 
been shown to improve oxygenation and 
lung function and decrease the need for 
ECMO in newborn infants.  Few random-
ized controlled studies have shown im-
provement in oxygenation and reduction 
in barotraumas while others have shown 
only  reduction in the need for ECMO. 
Most patients with MAS need higher 
doses of  surfactant (150 mg/kg/dose) to 
overcome the inhibitory  effects of  meco-
nium. Recently, surfactant lavage was 
tried in place of  bolus doses in animal 
models of  MAS and human newborns.21 
The goal here was to remove the tena-
cious meconium adhered to tracheal mu-
cus membrane and also to replace the 
inactivated surfactant. Both synthetic 
(Surfaxin 5 mg/ml) and natural surfac-
tants, (Survanta 15 mg/ml) have been 
used for bronchoalveolar lavage.  Only 
one small controlled study  is published so 
far.22 This procedure involves administra-

tion of  large volumes (15 ml to 48ml/ kg) 
of  diluted surfactant mixture into the lungs 
followed by  aspiration. The procedure can 
be risky  and can result in acute clinical 
deterioration. At present, surfactant 
lavage in MAS is still considered experi-
mental and a large controlled study  is 
needed to determine its efficacy.

Pulmonary Vasodilators

Nitric Oxide

Introduction of  inhaled nitric oxide (iNO) as 
a pulmonary  vasodilator was a major 
breakthrough in Neonatal Medicine. With 
its introduction the management of  MAS 
with pulmonary  hypertension underwent a 
major change. INO was approved by  FDA 
in December 1999 for the treatment  persis-
tent pulmonary  hypertension (PPHN). In-
haled nitric oxide can be considered as an 
ideal pulmonary  vasodilator because of  its 
rapid effect on pulmonary  vasculature 
causing pulmonary  vasodilation with mini-
mal systemic vascular effects. Inhaled ni-
tric oxide is rapidly  removed from circula-
tion. The mechanism of  action of  iNO is by 
activation of  soluble gaunylate cyclase 
which increases the cGMP-dependent ki-
nase which, in turn, decreases intracellular 
calcium in the vascular smooth muscle cell 
resulting in smooth muscle relaxation. 
Several large randomized clinical trials 
have shown that INO therapy  is associated 
with s igni f icant reduct ion in ECMO         
use.23, 24  The current recommendation is 
to start iNO in infants more than 34 weeks 

gestation diagnosed with hypoxemic respi-
ratory  failure and evidence of  pulmonary 
hypertension by  clinical and echocardio-
graphic examination. Most of  the published 
studies recommend iNO when oxygenation 
index is >25 after surfactant therapy  and 
adequate ventilatory  support.   The recom-
mended starting dose of  INO is 20 ppm. 
Weaning from iNO starts as oxygenation 
improves. It  is  recommended that iNO 
should be weaned by  5 ppm initially  and 
once the dose of  5 ppm is  reached further 
weaning should be by  1 ppm.  Slow wean-
ing is preferable to avert rebound hypoxe-
mia. During iNO therapy  infants should be 
monitored for adverse effects such as me-
themoglobinemia, and hypotension. High 
inspired iNO can lead to prolonged bleed-
ing time and inhibit platelet aggregation, 
however, none of  the randomized studies 
in term newborns have reported increased 
bleeding tendency. Some NICU have used 
iNO via nasal cannula; however, available 
information is limited.

Phosphodiesterase (PDEs) Inhibitors

PDEs are a family  of  enzymes that hydro-
lyze cyclic nucleotides and regulate their 
intra- cellular levels. Both cyclic AMP and 
cyclic GMP play  an important role in cell 
signaling. PDE inhibitors block the hydroly-
sis of  cyclic nucleotides and increase GMP 
levels which help to maintain low intracel-
lular calcium concentration and relax vas-
cular smooth muscle. Several of  the PDE 
inhibitors are approved for use in adults 
but not in newborns. Table 1 below shows 
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Table 1.  Pulmmonary Vasodilators

Drug Route of       
Administration

Dosage

Milrinone
PDE-3 Inhibitor

IV Loading 75 mcg/kg X 60 minutes
Maintenance 0.5 – 0.75 mcg/kg/min

Dipyridamole
PDE-5 Inhibitor

IV 0.3 to 0.6 mg/kg

Sildenafil
PDE -5 Inhibitor

IV/PO/NG 0.25 – 1 mg/kg/dose every 6 hours
till oxygenation index is < 20

Magnesium Sulfate IV Bolus of 200 mg/kg, followed by 20-150 mg/kg/h

Bosentan
ET Receptor Blocker

PO/NG 1 mg/kg/dose every 12h, X 24 h
0.5 mg/kg twice a day and then once a day at 0.5 
mg/kg
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the different  PDE inhibitors and their dos-
ages used in the newborns.  Of  the various 
PDE inhibitors only  milrinone, dipyrida-
mole, zaprinast  and sildenafil have been 
tried in newborns with persistent pulmo-
nary  hypertension and in infants following 
cardiac surgery.25, 26, 27, and 28  Of  the 4 PDE 
inhibitors only  sildenafil can be given both 
by  intravenous and oral route. Intravenous 
sildenafil is undergoing clinical trial in new-
borns at this time.  

In the developed countries PDE inhibitors 
are used for weaning infants from nitric  
oxide. Milrinone is a specific PDE-3 inhibi-
tor; whereas, dipyridamole, zaprinast and 
sildenafil are PDE-5 inhibitors.  Sildenafil is 
the most popular drug used either in com-
bination with INO or as the only  pulmonary 
vasodilator. This latter mode is popular in 
developing countries because of  ease of 
administration via nasogastric  tube. A re-
cent study  reported improvement in pO2 
following intra tracheal administration of 
sildenafil in a piglets.29 The table above 
describes the dose and mode of  admini-
stration of  various pulmonary  vasodilators 
including sildenafil. While sildenafil use 
has definitely  increased across the world, 
there is very  little information regarding its 
pharmacokinetics and metabolism in neo-
nates. Both sildenafil and dipyridamole 
have been approved for clinical use in 
adults with pulmonary  hypertension. Silde-
nafil use intravenously  or by  oral route may 
exaggerate hypotension in infants. Other 
side effects reported include rapid pro-
gress ion of  re t inopathy  in preterm 
infants.30

Magnesium Sulfate

Magnesium is a non-specific vasodilator as 
well as a muscle relaxant a property  very 
useful in infants with MAS and pulmonary 
hypertension. It has sedative and anti-
thrombotic activity  too. Magnesium sulfate 
has been used in the developing countries 
to treat pulmonary  hypertension in new-
born because of  easy  availability  and low 
cost. It is administered intravenously  with a 
loading dose (200 mg/kg) followed by  a 
maintenance dose of  20 to 150 mg/kg/h. 
Small case series have shown significant 
improvement in oxygenation and oxygena-
tion index.31 Hypotension, hypotonia are 
some of  the side effects with its use. Large 
randomized trials have not been carried 
out so far.  

Prostacyclins   

Both prostacyclin and prostaglandin lower 
pulmonary  vascular resistance.  PGE-1 has 
been approved by  the FDA for use in new-
borns to keep the ductus open.   PGE2 is a 
weak pulmonary  vasodilator when compared 
to Prostacyclin (PGI2) which has been ap-
proved by  the FDA to treat pulmonary  hyper-
tension in adults. Prostacyclin has a           
short  half-life (~ 1 min) and it is a potent sys-
temic and pulmonary  vasodilator. It needs to 
be given by  IV route only. Newer synthetic 
analogues of  PGI2 with longer half-life are 
available for clinical use and these can be 
given orally  as well as by aerosol. Aerosol-
ized PGI2 has been tried in newborns who 
failed INO therapy.32 Large multi-center ran-
domized controlled studies in newborns are 
lacking so far.

Endothelin Antagonist

Endothelins play  a major role in maintaining 
high pulmonary  vascular resistance in utero. 
Endothelin levels are elevated in adults and 
newborns with pulmonary  hypertension. En-
dothelin (ET-1) mediates vasoconstriction 
and smooth muscle cell proliferation through 
ET-A receptors. Bosentan, a non-specific  
ET-a and ET-B receptor antagonist, has 
been approved by  the FDA for clinical use in 
adults with pulmonary  hypertension, but  
only  recently  has it been tried animals and in 
human newborns with PPHN.33, 34 The drug 
is given orally.  Safety  and efficacy  studies 
are not available in newborns.   

Other pharmacological agents being investi-
gated at this time include: super oxide dis-
mutase,  arginine, vasoactive intestinal pep-
tide and adrenomedullin. Many  of  these may 
be used in the future as adjuncts to wean the 
infants from inhaled nitric oxide.

In summary, management of  infants with 
severe MAS requires a multi-pronged ap-
proach.  In addition to various ventilatory 
strategies, these infants  need various phar-
macologic agents to support pulmonary  vas-
culature as well as myocardium. 
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Experimental Treatment Stops Newborn 
Brain Injury

Newswise — Inhibiting an enzyme in the 
brains of  newborns suffering from oxygen 
and blood flow deprivation stops a type of 
brain damage that is a leading cause of 
cerebral palsy, mental retardation and 
death, according to researchers at Cincin-
nati Children’s Hospital Medical Center.

Reporting their results in the Journal of 
Neuroscience, the scientists show blocking 
the brain enzyme, tissue-type plasminogen 
activator (tPA), prevents progressive brain 
damage triggered by  the lack of  oxygen 
and blood supply. The experimental pre-
clinical treatment involved putting a natu-
rally  occurring substance called plasmino-
gen activator inhibitor-1 (PAI-1) into the 
brains of  newborn rats, said Chia-Yi Kuan, 
MD, PhD, senior investigator on the study, 
and a researcher in the divisions of  Devel-
opmental Biology  and Neurology  at Cin-
cinnati Children’s.

Besides demonstrating the brain’s plasmi-
nogen activator system plays a pivotal role 
in neonatal cerebral hypoxic-ischemic 
brain injury, Dr. Kuan said the study  also 
shows this system may  be a promising 
therapeutic  target in infants suffering 
hypoxic-ischemic encephalopathy  (HIE). 
Identification of  a treatment target is  a vital 
step to finding better ways to treat new-
borns with HIE.

“Not only  is hypoxic-ischemic encephalo-
pathy  an important cause of  perinatal mor-
tality  and permanent neurological morbidi-
ties, but there are no specific medications 
against  HIE in current medical practice,” 
explained Ton J. DeGrauw, MD, PhD, Di-
rector of  Neurology  at Cincinnati Chil-
dren’s. “This is why  the findings of  this 
study  may  have important clinical implica-
tions because,  in a rodent model of  HIE, 
they  show that inhibiting plasminogen acti-
vators in functional areas of  the brain is 
powerful strategy for brain protection.”

Earlier studies have pointed to the role 
certain brain proteases,  or enzymes, play 
in adult brain injury  following stroke, but 
very  little has been known about what 

these enzymes do in neonatal cerebral 
hypoxic-ischemia, according to the re-
searchers. The enzyme in this case, tPA, 
normally  breaks down proteins and other 
molecules to eliminate blood clots.

The current study, posted on the journal’s 
website this month, included one-week-old 
rats in which brain hypoxia-ischemia was 
induced. The researchers found that 
hypoxia-ischemia leads to increased tPA 
activity. The enzyme then damages the 
brain blood vessels and the blood-brain 
barrier. The blood-brain barrier is a protec-
tive system designed to prevent invasions 
of  blood-borne materials,  in particular in-
flammatory  cells or potential contaminants, 
into the central nervous system.

Dr. Kuan and his colleagues report that 
elevated tPA activity  is triggered earlier in 
brain hypoxia than other proteases, par-
ticularly  matrix metalloproteinases, in the 
progressive molecular process that leads 
to brain injury. This makes it  a better target 
for therapeutic intervention to shut down 
the injury process early.

To test  the importance of  plasminogen 
activator in HIE, the research team exam-
ined the therapeutic effect of  injecting          
PAI-1 into newborn rats suffering from the 
brain blood flow reduction and systemic 
hypoxia. The enzyme inhibitor was injected 
into the intracerebroventricular region of 
the brain, which includes a system of  ca-
nals that  distribute cerebrospinal fluid 
throughout the organ.

The researchers found that injection of 
PAI-1 greatly  reduced the activity  of  both 
tPA and another brain enzyme, urokinase-
type plasminogen activator. It  also blocked 
hypoxic-ischemia-induced activation of 
matrix metalloproteinases and damage to 
the blood-brain barrier. The researchers 
also applied magnetic resonance imaging 
tests and microscopic analysis of  brain 
tissues, which showed that  PAI-1 treat-
ment greatly  reduced brain edema, axonal 
degeneration and the loss of brain tissue.

Dr. Kuan said additional studies are 
needed to test the effectiveness and safety 
of  PAI-1 therapy  in other experimental 

animal models. The researcher team also 
recommends studies to determine whether 
infants diagnosed with HIE,  or who are at 
high risk for cerebral palsy, have elevated 
levels of  tPA and plasmin in their brains or 
cerebrospinal fluid.

In human newborns,  hypoxic brain injury 
usually  occurs right before, during or 
shortly  after birth, affecting two to four of 
every  1,000 births. The causes are mostly 
unknown, although some studies point to 
the possibility  of  problems with the pla-
centa, maternal blood pressure or compli-
cations related to the umbilical cord.  Close 
to 20 percent of  newborn children with 
hypoxic-ischemia die and 25 percent of 
those who survive suffer from lifelong neu-
rological problems.

Funding for the study  came from the Na-
tional Institutes of  Health and the Alz-
heimer’s Association. The first author of 
the study  is Dianer Yang, PhD, a research 
associate in Dr. Kuan’s laboratory. Also 
collaborating on the study  were the Imag-
ing Research Center/Department of  Radi-
ology  at Cincinnati Children’s and the De-
partment of  Internal Medicine/Division of 
Cardiovascular Medicine at the University 
of Michigan Medical School.

Cincinnati Children’s Hospital Medical 
Center is one of  10 children’s hospitals in 
the United States to make the Honor Roll 
in US News and World Reports 2009-10 
America’s Best Children’s Hospitals issue. 
It  is highly  ranked for its  expertise in neo-
natal care and heart care. One of  the three 
largest children’s hospitals  in the US,      
Cincinnati Children’s is affiliated with the 
University  of  Cincinnati College of  Medi-
cine and is one of  the top two recipients of 
pediatric research grants from the National 
Institutes of Health.

Additional information can be found at 
www.cincinnatichildrens.org. 

Prenatal Payments Could Improve Birth 
Outcomes

Newswise — While most health care pro-
fessionals tout the importance of  regular 
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prenatal care throughout pregnancy, many 
women still do not get the care they  need. 
Could providing financial incentives to 
patients or health care providers help 
improve compliance and —ultimately  — 
outcomes?

That was the question raised by  the authors 
of  a new study, which appears in the journal 
Health Services Research online. They  found 
that using incentives might not only  improve 
the use of  recommended care, but that it  also 
could improve outcomes, especially  for low-
income women.

Examples of  financial incentives were pay-
ments of  $100 to patients and health care 
providers for “timely  and comprehensive pre-
natal care.”

The researchers looked at administrative data 
and used information gleaned before and 
after the introduction of  the Healthy  Preg-
nancy  Program — a program sponsored by 
the Culinary  Health Fund of  Las Vegas— to 
look at three maternal outcomes: rates of  low 
birth weight, neonatal ICU (NICU) admission 
rates and spending in the first 18 years of life.

Patient adherence to recommended prenatal 
care topped off  at 76%, five times more than 
it was when the program began, according to 
estimates by  medical managers. The re-
searchers also found significant associations 
between participation in the incentive pro-
gram and lower odds of  admission to the 
NICU and lower spending in the first year of 
life. They  found no significant association with 
low birth weight.

“Findings from the evaluation of  this program 
suggest the potential value to health benefit 
sponsors (like the Culinary  Health Fund) of 
employing incentives to encourage the use of 
comprehensive prenatal care and perhaps 
other preventive care measures,” said lead 
author Meredith Rosenthal, PhD.

Rosenthal is an Associate Professor of  Health 
Economics and Policy  in the Department of 
Health Policy  and Management at the         
Harvard School of Public Health.

“The study  was unable to control for many  of 
the behavioral risk factors and demographic 
factors that influence birth outcomes,” said 
Diane Ashton, Deputy  Medical Director of  the 
March of  Dimes. “Therefore it is difficult to 
definitively  conclude that the incentives 

strongly  influenced the outcomes and not  
underlying differences in the two groups.”

Such risk factors could include things like 
smoking and obesity.

“It is always possible in a non-experimental 
study  that other factors were changing that 
caused the results and we are incorrectly  
attributing the improvements to the incen-
tives,” Rosenthal said. However, “in light of 
the overall strengths and limitations of  the 
study, I believe these results provide moder-
ately  strong evidence that incentives for pa-
tients and doctors — we can't  separate out 
which mattered more — are effective in im-
proving prenatal care adherence and the 
associated birth outcomes.”

Health Services Research is the official jour-
nal of  the Academy  of  Health, and is pub-
lished by  John Wiley  & Sons, Inc. on behalf  of 
the Health Research and Educational Trust.

Rosenthal MB, et al. The impact of  financial 
incentives for prenatal care on birth outcomes 
and spending. Health Services Research 
online, 2009. 

Maternal Immunity Not all Good for a Fetus

As a fetus does not  mount an immune re-
sponse to maternal proteins that cross the 
placenta, it has been assumed that a fetus 
would not reject non–genetically  matched 
blood cells (specifically  allogeneic blood cells) 
if  they  were transplanted while the fetus was 
in utero. The hope is that this procedure, 
which is known as IUHCT, could provide a 
viable approach for treating congenital blood 
disorders. However,  studies using a mouse 
model of  IUHCT indicate that most fetal re-
cipients of  allogeneic blood cells lose their 
transplanted cells 3-5 weeks after transplan-
tation. Alan Flake and colleagues,  at Chil-
dren's Hospital of  Philadelphia, have now 
identified an immune mechanism responsible 
for graft failure in this model of  IUHCT. Sur-
prisingly,  although fetal immune cells  elimi-
nated the transplanted allogeneic blood cells, 
they  were triggered to do so by  immune 
molecules known as alloantibodies that they 
obtained from their mother's breast milk. The 
maternal alloantibodies were produced in 
response to IUHCT and so the authors con-
clude that in the absence of  either a maternal 
immune response or transmission of  the ma-
ternal alloantibodies to the fetus, transplanted 
blood cells should not be rejected,  leaving 

open the door for IUHCT as a potential clini-
cal strategy.

Title: Maternal alloantibodies induce a post-
natal immune response that limits engraft-
ment following in utero hematopoietic cell 
transplantation in mice

V i e w t h e P D F o f  t h i s a r t i c l e a t : 
https://www.the-jci.org/article.php?id=38979.

Parents Fear Errors During Children’s 
Hospitalization

Newswise — Nearly  two-thirds of  parents  
reported they  felt the need to watch over their 
child’s care to ensure that medical errors are 
not made during their hospital stay,  according 
to a study  led by  Beth A. Tarini,  MD, MS, As-
sistant Professor of  Pediatrics at  the Univer-
sity of Michigan Medical School.

In particular,  parents whose first  language is 
not English were more likely  to report the 
need to be vigilant about their child’s care.

This is the first study  to document parental 
concerns about medical errors  during a 
child’s hospitalization.

Researchers also found that parents  who 
were more confident in communicating with 
physicians were less likely  to be concerned 
about medical mistakes.

“We need to address parents’ concerns 
about errors and find ways to make them 
feel comfortable talking to us about their 
child’s care,” Tarini says.  “Parents are an 
underutilized resource in our efforts to pre-
vent medical errors.”

This  study, which appeared July  30 in the 
Journal of Hospital Medicine (Vol. 4, issue 
no. 9), surveyed 278 parents of  children who 
were hospitalized at the Children’s Hospital 
& Regional Medical Center in Seattle,  WA, in 
2005.

Medical errors are linked to between 48,000 
and 98,000 deaths a year, according to the 
Institute of  Medicine, and are linked to in-
creases in length of  stay, health care costs 
and death. Doctors and hospitals have fo-
cused on processes and hospital systems as 
a way  to prevent medical errors, but  little 
work has been done in investigating the ex-
periences of  parents and their potential role 
in preventing errors.
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The Joint  Commission and the Agency  for 
Healthcare Research and Quality  currently 
recommend that parents help prevent errors 
by  becoming actively  involved and informed 
members of  their health care team and tak-
ing part  in every  decision about  their child’s 
health care.

This study  is an important step toward 
characterizing the scope of  parental con-
cern about medical errors during pediatric 
hospitalizations and understanding its rela-
tionship toward communication between 
parents and physicians, Tarini says.

Devising a quality  initiative program to 
improve parents’ confidence interacting 
with doctors may  help to temper parents’ 
concerns about medical errors while also 
encouraging their involvement in their 
child’s medical care, the researchers sug-
gest.

Funding: Grant from the Quality  Improve-
ment Committee at  Children’s Hospital & 
Regional Medical Center in Seattle, Wash.

Seizures During Pregnancy Associated 
with Risk of Pre-term and Small Babies

Women with epilepsy  who have seizures 
during pregnancy  appear more likely  to 
give birth to pre-term, small or low-birth-
weight babies than women without epi-
lepsy, according to a report  in the August 
issue of  Archives of Neurology,  one of  the 
JAMA/Archives journals.

An estimated 0.2% to 0.7% of  pregnant 
women have epilepsy, the most common 
major neurologic complication in preg-
nancy, according to background informa-
tion in the article. "While approximately 
40% of  the 18 million women with epilepsy 
in the world are of  childbearing age, man-
aging maternal epilepsy  and monitoring 
the health of  the developing fetus remain 
some of  the most perplexing and engaging 
issues in the fields of  neurology  and ob-
stetrics," the authors write.

Yi-Hua Chen, PhD, of  Tai Pei Medical Uni-
versity,  Taiwan, and colleagues used data 
from the Taiwan National Health Insurance 
Research Data set and analyzed records 
from 1,016 women with epilepsy  who gave 
birth between 2001 and 2003. Of  these, 
503 had seizures during pregnancy  and 

513 did not. A control group of  8,128 
women who were the same age and gave 
birth during the same years but did not 
have epilepsy  or any  other chronic disease 
were selected for comparison.

Compared to women without epilepsy, 
women who had seizures during preg-
nancy  had a 1.36-fold greater risk of  hav-
ing a low-birth-weight baby  (weighing less 
than 2,500 grams), a 1.63-fold increased 
risk of  giving birth pre-term (before 37 
weeks) and a 1.37-fold increased risk of 
having a baby  who was small for gesta-
tional age (having a birth weight below 
the 10th percentile for age). In addition, 
when compared with women who had 
epilepsy  but did not have seizures, the 
odds of  women who had seizures during 
pregnancy  having a baby  who was small 
for gestational age were 1.34 times 
greater.

Some previous studies had reported a link 
between adverse pregnancy  outcomes and 
mothers' epilepsy, but others found no 
association, the authors note. "Our study 
further illuminates these conflicting data to 
suggest that it  is the seizures themselves 
that seem to contribute greatly  to the in-
creased risk of  infants being delivered pre-
term, of  low birth weight and small for ges-
tational age. For women who remained 
seizure-free throughout pregnancy, null or 
mild risk was identified compared with un-
affected women."

Several mechanisms might explain the 
association between seizures and adverse 
pregnancy  outcomes. Trauma caused by  a 
woman's seizures could rupture fetal 
membranes, increasing risk of  infection 
and early  delivery. Tension and acute in-
jury  may  result from contractions in the 
uterus that occur during seizures. How-
ever, additional research is needed to un-
derstand how seizures interfere with fetal 
development.

"Neonates born pre-term, of  low birth 
weight and small for gestational age may 
be predisposed to diseases during infancy 
and later life, highlighting the significance 
of  proper intervention strategies for pre-
vention," the authors write. These could 
include helping women control seizures for 
a period of  time before pregnancy, assist-
ing them in sleeping better, providing edu-
cation about  the risks of  seizures while 

pregnant and teaching improved strategies 
for coping with stress.

New Method for  Neonatal ICUs 
Reduces Infection and Lung Distress in 
Premature Infants

A new method for improving quality  of  care 
can reduce hospital-acquired infections 
and chronic respiratory  distress with oxy-
gen dependency  in premature infants in 
neonatal ICUs, according to a new study  in 
CMAJ (Canadian Medical Association 
Journal) 
www.cmaj.ca/press/cmaj081727.pdf.

The researchers developed the Evidence-
based Practice for Improving Quality 
Method, and applied it to 12 Canadian 
Neonatal Network hospitals over a 3-year 
period. Working in multidisciplinary  groups, 
each hospital developed a list of  hospital-
specific practice changes and priorities to 
implement in the neonatal ICU.

The study  included 6,519 infants divided 
into 3 groups – infection, pulmonary  and a 
control group. After adopting practice-
change strategies, the incidence of 
hospital-acquired (nosocomial) infection 
decreased 32% and 45% in the first two 
groups. Respiratory  distress (bronchopul-
monary  dysplasia) in the pulmonary  group 
decreased 15% and there was a 12% de-
crease in death from this condition.

Based on pooled hospital data, the authors 
showed previously  that  40% of  infections 
in neonatal ICUs were associated with 
central lines and central catheters inserted 
into organs. They  looked at individual hos-
pital data which revealed different patterns 
of  infection associated with catheter inser-
tions.

"Our method enables hospitals to select 
practice changes pertinent to them for tar-
geted intervention," writes principal inves-
tigator Dr. Shoo Lee of  Mount Sinai Hospi-
tal and the University  of  Toronto and co-
author. "This is  potentially  more efficient 
and cost-effective."

The study  involved researchers from pedi-
atric departments at  University  of  Toronto 
(U of  T);  Memorial University; University  of 
Calgary; University  of  Manitoba; University 
of  Western Ontario; University  of  British 
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Columbia (UBC); University  of  Saskatche-
wan; University  of  Ottawa; Dalhousie Uni-
versity; Department of  Health Care and 
Epidemiology  and Department of  Obstet-
rics and Gynecology, UBC; the Department 
of Nursing, U of T.

"We found that interventions aimed at one 
outcome may  affect other outcomes," 
wrote the authors. "We speculate that  the 
decrease in the incidence of  nosocomial 
infections in the pulmonary  group was re-
lated to improved lung status and a re-
duced need for assisted respiration, inva-
sive interventions, improved feeding and 
growth, and better overall health."

The method used in the study  may  be ap-
plicable in other areas of  health care and 
may  increase efficiency  and reduce the 
costs.

I n a r e l a t e d c o m m e n t a r y 
www.cmaj.ca/press/cmaj091243.pdf, Dr. 
William McGuire of  the Hull York Medical 
School in York, UK, and coauthor writes 
that variations in practice contribute to 
uneven outcomes for premature infants. 
"Benchmarking and audit studies in neona-
tal networks have revealed marked varia-
tion in practice even when good evidence 
exists for specific interventions." They 
conclude that this study  "adds to the ac-
cumulating evidence that multifaceted in-
terventions may  change practice and out-
comes in neonatal intensive care settings," 
although more analysis is needed to en-
sure the best use of  resources to help in-
fants and their families.

The Only FDA-Approved Selective 
Pulmonary Vasodilator in HRF

Since its approval in 1999, an estimated 
294,000 patients have been treated with 
INOMAX®.*1 In an effort  to help clinicians 
maximize its clinical utility, Ikaria® would 
like to inform you of  updated pharma-
cologic and safety  information regarding 
INOMAX.

The CLINICAL PHARMACOLOGY section 
of  INOMAX prescribing information has 
been updated to stress the selective na-
ture of  INOMAX pharmacology. The up-

dated label now reads: “When inhaled,  
nitric oxide selectively  dilates the pulmo-
nary  vasculature, and because of  efficient 
scavenging by  hemoglobin, has minimal 
effect on the systemic vasculature.”

Ikaria has also updated the WARNINGS 
AND PRECAUTIONS (Heart Failure) sec-
tions of  the INOMAX prescribing informa-
tion. This update has been made to help 
clinicians better identify  patients at risk of 
heart failure: “In patients with pre-existing left 
ventricular dysfunction, inhaled nitric  oxide 
may increase pulmonary  capillary  wedge 
pressure leading to pulmonary edema.”

Ikaria hopes that this additional information 
supports the use of  INOMAX while helping 
better identify  appropriate candidates for 
INOMAX. 

See updated full prescribing information: 
www.inomax.com/pdf/prescribing_information
.pdf
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