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Preterm Infants

By Manhal Khilfeh, MD, MPH; Vish Agrawal,
MD; and Tsu F.Yeh, MD

Bronchopulmonary dysplasia (BPD) is an im-
portant cause of mortality and morbidity in
premature infants. Pathogenesis of BPD is not
known, inflammation appears to play the cen-
tral role. Many factors including: prematurity,
Respiratory Distress Syndrome, mechanical
ventilation, oxygen exposure, nutrition, inflam-
mation and infections may contribute to the
development of BPD. Genetic susceptibility
may also play a role in BPD. Studies of multi-
ple births and BPD show that genetic factors
have an important role in developing BPD.
BPD in one twin was a high predictor of BPD in
the other twin. Genetic susceptibility may be
influenced by the expression of the genes that
are critical for surfactant synthesis, vascular
development and regulation of inflammation.
Many genes suspected of developing BPD
have been studied but with no conclusive
results. 2

The classic BPD or the old BPD is character-
ized by bronchial and bronchiolar mucosal
metaplasia and hypertrophy, interstitial edema,
an increase in fibrous tissue with focal thick-
ness of basement membrane, peribronchial
muscular hypertrophy3, vascular medial mus-
cular hypertrophy, a decrease in the branching
of pulmonary vessels and a decrease in alveo-
lar number.4 The most obvious abnormality is
tissue destruction and fibrosis.

In the new BPD there is a decrease in the
number of alveoli with an increase in alveolar
diameter and disruption of the collagen around
the saccules. The most obvious abnormality in

the lungs of infants with the new BPD is the
arrest of alveolarization. In animal models,
over-expression of pro-inflammatory cytokines
such as TNF-qa, IL-6, IL-8, IL -1, IL-13 during a
period of alveolarization causes an increase in
the size of alveoli and a decrease in their num-
ber. Hypoxia, hyperoxia and ventilation can
also impair alveolarization. Antenatal,
post-natal corticosteroids and deficit in nutrition
can cause lung damage and make the lungs
more sensitive to oxidant damage.5

Bronchodilators

Bronchodilators have been used in the man-
agement of infants with BPD for a long time.
The rationale for using bronchodilators in in-
fants with BPD includes: peribronchial smooth
muscle hypertrophy,® airway reactivity,” airway
hyperactivity, and response to bronchodilators
in older children with BPD® and family history of
severe asthma was more likely associated with
premature infants with BPD.? Abnormality of
airway structure and function persist during
long-term follow-up, which leads to recurrent
respiratory hospitalizations, exercise intoler-
ance, abnormal respiratory functions and in-
creased airway resistance in infants with
BPD.10

B 2 Agonists

Mechanism of action: § 2 agonists act by direct
relaxation of the bronchial smooth muscles by
activation of Gs adenylyl cyclase cyclic AMP.
This consequently reduces smooth muscle
tone, increases the conductance of Ca 2+ lead-
ing to smooth muscle relaxation. Stimulation of
B-agonists receptors inhibits the function of
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Bronchodilators
Drug Trade Name Preparation Doses
Albuterol Proventil Inhalation solution 0.1-0.5 mg/kg every 2-6 hours
Ventolin MDI, 90 mcg/puff 1-2 Puff every 4-6 hours
Oral 0.1-0.3 mg/kg every 8 hours
Levalbuterol Xopenex Inhalation solution 0.31 mg every 8 hours
MDI 45 mcg/puff 1-2 Puffs every 4-6 hours
Terbutaline Brethaire Inhalation solution 0.1-0.3 mg/kg every 2-6 hours
MDI 0.2 mg/puff 1-2 puffs every 4-6 hours
Oral 0.05-0.15 mg/kg every 8-12 hours
Metaproterenol Alupent Inhalation solution 0.25-0.5 mg/kg every 2-4 hours
MDI0.65 mg/puff 1-2 puff every 4-6 hours
Pirbuterol Maxair MDI 200 mcg/puff 1-2 puff every 4-6 hours
Children over 12 years old
Anticholinergics
Drug Trade Name Preparation Doses
Atropine Inhalation solution 0.05 mg/kg every 6-8 hrs
Ipratropium Atrovent Inhalation solution 75-175 mcg every 6-8 hrs
MDI 17 mcg/buff 2-4 puffs every 6-8 hrs
Tiotropium Spiriva Inhalation, capsules contain 18 mcg once a day for adults (not
18 mcg dry powder used in children)
formulation

numerous inflammatory cells, including: mast
cells, eosinophils, neutrophils and lympho-
cytes through cascade that inhibits the re-
lease of inflammatory mediators and
cytokines.™

Pharmacology: Short-acting B 2 agonist
include albuterol, levalbuterol, metaprotere-
nol, terbutaline and pirbuterol. Albuterol,
metaproterenol and terbutaline are available
in oral form, but due to increased side ef-

fects, inhalation is preferred. By inhalation
treatment, the onset of action occurs within
1-5 minutes and the effects last 2-6 hours."!

Long acting 8 2 agonists such as salmeterol
(Serevent) and formoterol (Foradil) have
very high selectivity for B 2 receptors. They
are not commonly used in infants.

Adverse effects: Adverse effects depend
on dose, selectivity, and route of administra-

tion. Tachycardia, palpitation, cardiac ar-
rhythmia, tremor, CNS stimulation occur due
to hyper-excitability. Other effects are in-
creased serum glucose and decreased se-
rum potassium. Long-term use of agonists
can cause desensitization. B receptors in
bronchial smooth muscles are usually resis-
tant to desensitization but receptors on mast
cells and lymphocytes are rapidly
desensitized."

Studies: B-agonists decrease airway resis-
tance, increase tidal volume, increase airway
compliance and improvement in lung me-
chanics in infants with BPD.7 12, 13,14, 15,16 |n
a study by De Boeck K, et al,'” salbutamol
and ipratropium were used in 52 patients at
1 years of age, who had been ventilated
after birth. The bronchodilatatory effect was
not uniform, and patients had different re-
sponse. The study concluded that routine
use of bronchodilators seemed unnecessary.
The Cochrane database of systematic re-
views concluded that there is no evidence at
the present time that bronchodilators are
useful in the treatment or prevention of BPD
in preterm infants.'®

Anticholinergics

Mechanism of action: Muscarinic M3 re-
ceptor is the cholinergic receptor that results
in bronchial smooth muscle contraction. An-
ticholinergic agents inhibit bronchoconstric-
tion and mucus secretion. Ipratropium blocks
all 5 muscarinic receptors resulting in a de-
crease in the formation of cyclic guanosine
monophosphate (cGMP). Bronchodilatation
effect by anticholinergic is usually less in-
tense and slower than the effect of adrener-
gic drugs.' 19

Pharmacology: Atropine is absorbed through
the gastrointestinal tract and from the mucous
membranes; it crosses the blood brain barrier
and is excreted in the urine. Serum half-life is
3 hours in adults and longer in children. Ipra-
tropium is a non-selective muscarinic antago-
nist. It does not diffuse into the blood or cross
the blood-brain barrier from an inhaled dose,
thereby preventing systemic and central
nerve system side-effects. Ipratropium is con-
sidered a short-acting bronchodilator. Its peak
effect is 1-2 hours, and duration of its action is
4-6 hours."- 19

Adverse effects: Dose dependent adverse
effects are dry mouth and skin, tachycardia,
problems with swallowing and micturition,
flushing of skin and mental changes.™ 19

Studies: When ipratropium was combined
with B 2 agonist, its action was prolonged
and it was more effective.'®20 |n infants with
BPD, atropine sulfate in a dose 0.05 mg in-
creased dynamic compliance.?! lpratropium
in ventilator-dependent neonates with BPD
showed decrease in airway resistance and
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Methylated xanthines

Drug Loading Maintenance Dose Route
Dose
Caffeine citrate | 20-25 mg/kg 5-10 mg/kg every IV/IPO Wild therapeutic range
24hours
Aminophylline 5-8 mg/kg | 1.5-3 mg/kg/day divided IV/PO Monitor levels
every 8-12hours
Theophylline 5-8 mg/kg 3-6mg/kg/day divided PO Monitor levels
every 6-8 hours

These doses are used for management of apnea of prematurity. Changing aminophylline from IV to PO
increase the dose by 20%. No need to adjust theophylline.

Diuretics
Drug Site of Action Route Onset Dose
Furosemide Loop diuretic \ 15-30 min 1 mg/kg/dose
PO 30-60 min 1-3 mg/kg/dose
Hydrochlorothiazide Distal tubule PO 1-2 hrs 2-4 mg/kg/day
Spironolactone Aldosterone antagonist PO 3-5 days 1.5-3 mg/kg/day

increase in lung compliance.?? A Significant
effect of ipratropium was seen at a dose of
175 mcg, causing decreased resistance and
increased compliance. The effect was also
seen with ipratropium and salbutamol but
was prolonged.?? Synergy effect could not be
demonstrated when atropine and meta-
proterenol were combined.?*

Methylated xanthines: Caffeine aminophyl-
line, theophylline and pentoxyfilline.

Mechanism of action: These are competi-
tive nonselective phosphodiesterase inhibi-
tors and prevent breakdown of cyclic AMP
and cyclic GMP. This leads to raised intracel-
lular cAMP and cGMP. They also inhibit TNF-
alpha and leukotriene synthesis,!"- 25 thereby
reducing inflammation and innate immunity.
Methylxanthines are nonselective adenosine
receptor antagonists. Adenosine can cause
broncho-constriction and potentiate immuno-
logically induced mediator release from lung
mast cells. Inhibition of this action will cause
bronchodilatation. Methyxanthines also
inhibit sleepiness-inducing adenosine and
lead to improved respiratory drive.?5 Theo-
bromine, a metabolic product of caffeine and
theophylline causes vasodilatation and in-
creases urine volume. ™

Pharmacology: Methylxanthines are ab-
sorbed rapidly after oral or parenteral ad-
ministration. Maximum plasma concentration
for caffeine is achieved within 1 hour and for
theophylline within 2 hours. Serum half-life of
methylxanthines is decreased with advance
postmenstrual age in preterm infants. The
average half life for caffeine is 50 hours and
for theophylline is 20-36 hours. Metabolized
mainly in the liver, less than 15% of theo-
phylline and 5% of caffeine is recovered from
the urine. Metabolism of methylxanthines is
affected by liver disease, heart failure and
acute pulmonary edema. Cimetidine and
erythromycin increase their half-life while

phenytoin and barbiturate increase

clearance.

Adverse effects: Toxicity with theophylline is
more common than with caffeine. Side effects
are usually associated with plasma level over
20 ug/ml: nausea, vomiting, headache, diar-
rhea, tachycardia, irritability. At high levels, the
patient may develop hyperglycemia, hypoka-
lemia, hypotension, cardiac arrhythmias, sei-
zure, brain damage and death."

Studies:

Theophylline: Rooklin et al in 1979 showed
that theophylline increased lung compliance
and decreased airway resistance in infants
less than 30 days old.26 Kao et al showed
that oral theophylline improved dynamic
compliance, airway resistance, maximal ex-
piratory flow at functional residual capacity
and decreased time constant. When diuret-
ics and theophylline were used an additive
effect was noted.?”

Caffeine: Davis at el demonstrated an im-
provement in minute ventilation, an increase
in tidal volume, a decrease in lung resistance
and improved lung compliance one hour
following 10 mg/kg of caffeine.?® In a ran-
domized study by B. Schmidt et al, infants
who received caffeine were less likely to use
oxygen at 36 weeks postmenstrual age. In
addition, ventilator us was discontinued one
week earlier than infants who received a
placebo.?? 30 Capers CC et al, showed that
theophylline at a serum levels less than 10 is
not beneficial as an aid to wean the
ventilator.3!

Pentoxyfilline: Lauterbach R et al, (32)
studied 150 low birth weight infants who re-
quired oxygen by the fourth day of life. The
infants were randomized in three groups:
placebo, intravenous 0.25 mg/kg dex-
amethasone every 12 hours on three con-
secutive days and nebulized pentoxifylline

every 6 hours on three consecutive day in a
dose of 20 mg/kg when infants who were
breathing spontaneously or 10 mg/kg when
they needed ventilatory support. Authors
concluded that nebulized pentoxifylline re-
duces the risk of BPD and may be a poten-
tial alternative to steroids in the prevention
BPD.

Diuretics

Infants with chronic lung disease tend to
retain interstitial fluid which results in in-
creased respiratory distress, increase in
oxygen requirement, increase in ventilator
settings, hypoxemia and hypercarbia. Diuret-
ics mobilize fluid, improve lung compliance
and decrease resistance.3?

Furosemide

Furosemide is the most commonly used diu-
retic. It is a potent and rapid acting loop diu-
retic. It can be used orally and intravenously.
The main benefit of the intravenous route is
a quick response.

Mechanism of Action: At the ascending
loop of Henle, furosemide inhibits active re-
absorption of chloride resulting in lower so-
dium and water reabsorption. It also acts
against antidiuretic hormones, and increases
urine aldosterone excretion. Furosemide
decreases left ventricular filling pressure by
increasing venous capacitance. Furosemide
helps in chronic lung disease by both diuretic
and vasculature effects.

Adverse effects: Main adverse effects of
chronic furosemide therapy are hypercalci-
uria, nephrocalcinosis and hypochloremia.
Electrolytes should be monitored carefully.
Ototoxicity is related to plasma concentration
and is usually reversible after cessation of
therapy. Other side effects include: os-
teopenia, cholelithiasis, displacement of bili-
rubin and hyperparathyroidism.

According to Cochrane review in preterm
infants < 3 weeks of age with BPD, intrave-
nous furosemide administration has either
inconsistent effects or no detectable effect.
In infants less than 3 weeks of age with
BPD, a single intravenous dose of 1 mg/kg
of furosemide transiently improves pulmo-
nary mechanics. Chronic enteral or intrave-
nous furosemide administration improves
both oxygenation and pulmonary mechanics.
The Cochrane review concluded that there is
little evidence to support any benefit of fu-
rosemide administration with respect to ven-
tilatory support, length of hospital stay, sur-
vival or long-term outcome. Accordingly, rou-
tine or sustained uses of systemic loop diu-
retics in infants with BPD cannot be
recommended.33. 34, 35,36, 37

Inhaled furosemide has been shown to tran-
siently improve pulmonary function. No
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long-term outcomes have been studied.
More trials are needed before this delivery
method can be recommended for routine
use.’

Thiazide Diuretics

Thiazides work by inhibiting sodium reab-
sorption in the distal tubule. In contrast to
furosemide, thiazides decrease calcium ex-
cretion.

Potassium Sparing Diuretic

Spironolactone is a competitive antagonist of
aldosterone. It is a weak diuretic and is usu-
ally given in combination with thiazides.

There are very few randomized control trials.
By Cochrane reviewer’s opinion, in infants
less than 3 weeks of age with BPD, chronic
administration of thiazide and spironolactone
improves lung compliance at four weeks of
treatment and reduces need for furosemide.
Only one study showed long-term benefits
such as decreased rates of death and artifi-
cial ventilation.38. 39. 40,41, 42

Corticosteroids

As anti-inflammatory agents used widely in
treatment of BPD, their action is mediated by
annexin-1 synthesis. Corticosteroids inhibit
two main inflammatory products prosta-
glandins and leukotrienes. Through suppres-
sion of cyclo-oxygenase | and Il, corticoster-
oids potentiate the anti-inflammatory effect.*3
Through decrease of inflammatory media-
tors such as IL1, a1 protease inhibitors,
LTB4 corticosteroids reduce pulmonary
edema.** Steroids enhance surfactant pro-
duction and stimulate antioxidant production.

Side effects of systemic corticosteroids ad-
ministration include: hypertension, growth
suppression, glucose intolerance, alkalosis,
pituitary-adrenal suppression, increase risk
for gastrointestinal bleeding and perforation,
vomiting, increase risk for osteopenia and
pathological fracture, immune suppression
and increase risk of neurodevelopment
dysfunction.45 For details of postnatal use of
corticosteroid therapy, the readers are re-
ferred to: Neonatology Today Vol 4 Issue 11.

Inhaled Nitric Oxide (INO)

INO decreases pulmonary vascular resis-
tance and improves oxygenation. It is pro-
posed that INO will improve oxygenation,
improve ventilation and will decrease respi-
ratory support. Side effects include methe-
moglobinemia and direct pulmonary injury if
excessive INO is used

Studies on INO were done with different
doses, started at different ages, different
durations of treatment, and in infants whose
characteristics were different among the

studies. INO was approved by FDA to term
and near-term infants.#6 AAP Committee on
Fetus and Newborn recommended that cen-
ters that provide INO therapy should provide
comprehensive long-term medical and neu-
rodevelopment follow-up and should estab-
lish prospective data collection for treatment
time, course, toxic effects, treatment failure,
use of alternative therapies, and outcomes.46

A systematic review which included 11 stud-
ies 47 failed to show a significant benefit of
INO on BPD. Cochrane database for sys-
tematic review by Keith J Barrington in 2006
concluded: INO as rescue therapy for the
very ill ventilated preterm infant does not
appear to be effective, and may increase the
risk of severe IVH.#8 Later use of INO to
prevent BPD also does not appear to be
effective. Early routine use of INO in mildly
sick preterm infants may decrease serious
brain injury, and may improve survival with-
out BPD. Further studies are needed.

Antioxidants

Free radical and oxidant stress cause dam-
age to DNA, cell membrane, protein and
lipids. Free radicals are produced by many
mechanisms such as mitochondrial electron
transport chain, prostaglandin metabolism,
ischemia-reperfusion, hypoxia, neutrophil
and macrophage activations, and endothe-
lial cell hypoxanthine-xanthine oxidation.
There is a balance between free radical
production and clearing by the antioxidant
system. The antioxidant defense system
includes enzymatic components such as
Co-Zn superoxide dismutase (SOD) glu-
tathione peroxidase, and a non-enzymatic
components such as glutathione, selenium,
zinc, vitamin E and vitamin C. Preterm in-
fants have an immature antioxidant defense
system, and are highly exposed to oxidant
stress, therefore prone to get tissue
damage.*® Many antioxidant agents have
been tried to treat or prevent BPD in new-
born. These include:

Vitamin E: Tocopherol is a fat-soluble, anti-
oxidant and it decreases reactive oxygen
species The American Academy of Pediatrics
Committee on Nutrition has recommended
daily supplementation of 5-25 IU of vitamin E
in preterm infants. Supplementing very low
birth weight infants with vitamin E as an anti-
oxidant agent has been proposed for pre-
venting or limiting retinopathy of prematurity,
intracranial hemorrhage, and chronic lung
disease. In clinical trials, vitamin E supple-
mentation did not affect the incidence of
BPD. Vitamin E supplementation significantly
increased the risk for necrotizing enterocoli-
tis and sepsis .50

Superoxide dismutase: Intra-tracheal ad-
ministration of CuZn SOD in preterm infants
did not reduce BPD.5" It decreased the need
for asthma medications, emergency depart-

ment visits and hospitalizations during the
one year follow-up.52 Rosenfeld et al showed
that radiologic evidence, clinical signs of
BPD and days of CPAP were less in patients
treated with SOD, and no side effects were
observed.5® Cochrane database concluded
that there is insufficient evidence that super-
oxide dismutase is efficient in preventing
chronic lung disease of prematurity, but it is
well-tolerated, and has no serious adverse
effects.5

N acetyl cysteine (NAC): NAC is a precur-
sor of cysteine, which is essential in Glu-
tathione synthesis. Glutathione is a non-
enzymatic antioxidant. NAC treatment in
preterm infants did not prevent BPD or
death,%% and did not improve lung function at
discharge from the hospital.5®

Allopurinol: Allopurinol is inhibitor of xan-
thine oxidase, an enzyme which generates
superoxide radicals. It did not decrease BPD
in preterm infants of 24-32 weeks'
gestation.5”

Metaltonin: Metaltonin is a hormone that is
found in all biological organisms, and is a
potent free radical scavenger. Melatonin
treatment reduced the proinflammatory cyto-
kines (IL-6, IL-8 and tumor necrosis factor
(TNF)-alpha), and improved the clinical out-
come in mechanically ventilated newborns
with respiratory distress.58

Other Pharmacological Agents Used in
Some Studies

Vitamin A: Vitamin A is very important for
the health of epithelial tissues. It reduces
ciliary loss, and is associated with increased
alveoli. In animals studies, vitamin A defi-
ciency has been associated with necrotizing
tracheobronchiolitis and squamous metapla-
sia the changes akin to BPD. Very low birth
weight infants are known to have low vitamin
levels.

There have been several studies looking at
vitamin A in the prevention of BPD. The larg-
est study by Tyson et al showed significant
decrease (from 62% to 55%) in combined
outcome of death or chronic lung disease.?®
Meta-analysis also revealed similar results.®°
A follow-up study did not show any untoward
outcome at 18 to 22 months of age.®' Many
units routinely use vitamin A for prevention of
BPD. Five thousand IU of Vitamin A has to
be given by tri-weekly intramuscular injec-
tions for four weeks. In one study it was
given by oral route.6? Intravenous emulsion
preparation needs to be studied by random-
ized control trials.

Cimetidine: In animal studies, lung injury
as result of induction of cytochrome P450
by oxygen exposure may result in the re-
lease of free radical oxidants and arachi-
donic acid metabolites, that can be re-
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duced by cimetidine. In study by Cotton et
al of infants weighing less than 1250
grams who were mechanically ventilated
and required oxygen, Cimetidine had no
significant effect on the severity of respira-
tory insufficiency at 10 day postnatal age,
and did not affect the tracheal aspirate
levels of inflammatory markers or arachi-
donic acid metabolites.53

Azithromycin: A macrolid antibiotic,
azithromycin, acts act as a free radical
scavenger, inhibits cytokines, and inhibits
neutrophil chemotaxis. In a study by Bal-
lard HO et al on extremely premature in-
fants requiring mechanical ventilation,
azithromycin did not affect mortality, inci-
dence of BPD and days on ventilator.54

Alpha-1 protease inhibitor (A1PIl): Matrix
Metalloproteinase is a member of a family
of extracellular enzymes that are essential
in proteolysis activity against extra cellular
matrix proteins such as collagen, elastic
lamina and fibronectin. These enzymes are
produced by variety of cells such as fibro-
blasts, osteoblasts, macrophages, mono-
cytes and neutrophils. These enzymes are
essential in growth, tissue remodeling, an-
giogenesis and wound healing. If the bal-
ance between activation and inhibition of
this enzymes is disturbed, many pathologi-
cal conditions can occur such as bron-
chopulmonary dysplasia.?5 In a study by
Stiskal JA et al, the incidence of CLD in
survivors was lower in infants treated with
intravenous A1PI as compared with a pla-
cebo group, but the difference was not sta-
tistically significant. The incidence of pul-
monary hemorrhage was lower in the
treated group.®

Thyroxine, did not reduce the incidence of
BPD.®7 Oestradiol and progesterone hor-
monal replacements were studied in 83
infants, but did not show decrease in inci-
dence of BPD.68

Conclusions

In the past two decades, there were many
medications being used for the treatment or
prevention of BPD. Most of the results were
derived from the Cochrane database analy-
sis. Many of these analyses, however, are
not conclusive and sometimes are difficult
to interpret, because each of the clinical
trials was designed differently, not only in
terms of time in which the therapy was initi-
ated, but also in terms of dosage and dura-

tion of therapy. Nevertheless, the informa-
tion is valid for reference; but in many occa-
sions, management decisions may have to
be made based on individual clinical experi-
ences.

Based on current published literature and
our own experiences, we would like to make
the following conclusions:

1. Appropriate respiratory care is still the
most promising and safest way to treat
and prevent BPD. In this regard, train-
ing more nurses and letting them use
one type of respirator and/or CPAP is
essential to avoid lung injury and pro-
longed intubation.

2. Diuretics, bronchodilators and methylx-
anthines can be used as adjunctive
therapy if needed.

3. Systemic dexamethasone therapy
should be reserved only for those in-
fants who are in intractable respiratory
failure, expected to have poor neuro-
development outcome and /or who
would otherwise die without therapy. A
short course of 0.1-0.2 mg/kg /dose
every 12 hours for 3-5 days may be
beneficial.

4. Vitamin A, Hydrocortisone, SOD, in-
haled NO and intratracheal instillation
of budesonide using surfactant as vehi-
cle all need more studies and/or longer
follow-up.

5. More studies of liquid ventilation in
animals and human neonates.
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Global Neonatology Today: A Monthly Column

By Dharmapuri Vidyasagar, MD, FAAP, FCCM

Tracking the progress of Millennium Development Goals (MDG)

The progress in achieving goals of MDG are being closely monitored
world-wide. There is intense effort by governments and NGOS (non-
governmental organizations) around the world to meet the MDGs by
the target date of 2015. There is a MDG clock ticking
(www.un.org/millenniumgoals/). Although there is noticeable progress
in some countries, others are lagging behind. Let us see how the pro-
gress is being made.

MDG GOAL # 1:

The MDG #1 goal calls for eradicating extreme poverty with the propor-
tion of people whose income is less than $1/day by year 2015. It also
aims at increasing employment for women and young people, and
reduction of hunger by 50%.

Why is this goal important?

Poverty affects human health many ways. Poverty is proxy to poor
nutrition. Poor nutrition affects health. Poor nutrition combined with
poverty leads to poor human development. Hunger is the extreme
manifestation of poverty, and poverty affects the most vulnerable popu-
lations - women and children. Over one billion people in the world are
estimated to suffer from hunger. Worldwide every day, 16,000 children
die of hunger-related problems (One death every five seconds).

To improve the health of women and children, the vicious cycle (see
below) of poverty and hunger must be interrupted.

The Vicious Cycle of Poverty

Poor Human/ Hunger

Development x

Poor Nutrition

Poverty

Poor Income

— Poor Health/

How is poverty defined?

In 1990, the poverty line was set at earning <$1/day. It was estimated
that global population over over two billion lived below this poverty line.
The World Bank, based on the data of 2005, re-calibrated poverty line
to those who earn <$1.25/day. This translates to less than what we in
the developed countries spend on a cup of regular coffee!

What are the global trends of poverty?
It's now estimated that there are more poor and extremely poor people,

and that the incidence of poverty reaches further into middle-income
countries. By the new measurements, 1.4 billion people are living in ex-
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treme poverty. More than one-quarter of the population of developing
countries live in poverty. But there is a silver lining: some countries have
reduced poverty in their population. In 1990, at the beginning of the pe-
riod tracked by the MDG, 42% of the people in developing countries
lived on less than $1.25 a day. Over the next 15 years, global poverty fell
by an average of one percentage point per year. The poverty rates have
fallen fastest in East Asia. China accounts for greatest reduction, where
poverty has fallen from 85% to 16%, affecting 600 million people. It is
estimated that excluding China, global poverty dropped by only 10%.
The graph above (left panel) shows the percent of world population, by
different levels of earning, from $1.25 to $10/day. From 1981 to 2005,
there has been a steady drop in each category. The largest drop is seen
in the population earning <1$. However, when data from China is ex-
cluded, there is little change in poverty reduction (right panel) in any
category, suggesting much more needs be done in other regions of the
world. For example, India, another country with a population of one bil-
lion, has yet to make major progress. Fifty-four percent of Indian house-
holds live on income of <$1 and 77 % live on <$2. African countries also
need to make progress if we are to reach the first MDG Goal by 2015.

The Clock is ticking!
NT
The information included here is based upon multiple published

and website sources, including: WHO, UNICEF and World Bank
Reports.
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FocusROP: A Solution to Retinopathy of Prematurity
(ROP) Management

By Lawrence Y. Ho, MD; Lisa J. Faia MD;
and Michael T. Trese, MD

Retinopathy of prematurity (ROP) man-
agement has progressed greatly over the
last decade and a half, now yielding an
anatomic success rate of greater than
98%."3 Much of this success, however, is
based on the timely and accurate screening
of infants at risk for retinopathy of prematur-
ity. It has become a great problem in the
United States to find doctors who are
trained and willing to screen for retinopathy
of prematurity and insurance companies
that are willing to insure those who do the
ROP screening.* For the past two decades,
screening for retinopathy of prematurity has
been documented by drawings in the in-
fant's medical record. These handwritten
drawings are used in addition to the physi-
cian’s memory to gauge any change be-
tween previous and current examinations.
In addition, even though they did not make
the original drawings, different subsequent
examiners may, with much difficulty, attempt
to interpret the previous examiner nota-

“Retinopathy of
prematurity (ROP)
management has
progressed greatly over
the last decade and a half
now yielding an anatomic
success rate of greater
than 98%.13 Much of this
success, however, is
based on the timely and
accurate screening of
infants at risk for
retinopathy of
prematurity”
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Figure 1. The homepage of the FocusROP website is shown.

tions. This form of documentation is impre-
cise to say the least and, in some areas,
inaccurate, and is not compatible with elec-
tronic medical records. For several years, it
has been possible to use photography to
document much of the infant’s retina.> We
know from current management of diabetic
retinopathy and macular degeneration, as
well as other retinal diseases, that photo-
graphic documentation is far superior to any
physician drawing.6-8

Given the very high success rates that are
possible with the proper management of
ROP, a new approach to screening in order
to try and reduce misrepresentation and
misinterpretation of data is extremely im-
portant. The medical malpractice awards in
retinopathy of prematurity have captured
the attention of doctors, hospitals, the
American Academy of Ophthalmology,
peer-reviewed journals, and insurance
companies.® ' All of these groups are look-
ing for a mechanism to provide the best
possible care for each infant, while provid-
ing protection for the doctors and hospitals
who administer that care. In order to sup-
ply this care, there must be a thoroughly
reviewed ROP screening system that is
reproducible and well documented. This
system can supply a safety net for ROP
management - a safety net that benefits the
infant, the physician, and the hospital, as

well as insurance companies. The system
should have three core components: (1)
hospital participation, (2) photographic
documentation with appropriate image
management, and (3) parental participation.
Two of these components are discussed in
this paper.

Hospital Participation

In order to maintain a hospital’s neonatal
intensive care unit (NICU), the hospital
must provide appropriate ROP screening.
Currently hospitals request ophthalmolo-
gists on their staff to screen infants, usually
via a bedside examination. These ophthal-
mologists may be from any specialty within
ophthalmology and may or may not have
acquired the necessary experience in re-
gards to retinopathy of prematurity. The
analogy of any ophthalmologist performing
ROP screening is not dissimilar to the anal-
ogy of any radiologist performing mammog-
raphy. A radiologist must be certified every
few years in order to perform
mammography.'? The ophthalmologist who
currently performs ROP screening may or
may not be familiar with the most up-to-date
ROP information. The hospital should de-
mand that the ophthalmologist involved in
ROP screening for their NICU demonstrate
that they have the appropriate skill set nec-
essary to perform ROP screening.

jnicu. org

Sign up for a free membership at 99nicu,
the Internet community for professionals in
neonatal medicine. Discussion Forums,
Image Library, Virtual NICU, and more...!

WwWwWWw.99nicu.org

10

NEONATOLOGY TODAY 4 www.NeonatologyToday.net ¢ April 2010



Description of ROP

Figure 2. The education module of the FocusROP website is shown which provides free didactic material about ROP management.

In order to aid the screening ophthalmolo-
gist, the hospital must supply the neces-
sary equipment for documentation. The
best documentation for ROP screening is
undoubtedly photography. Photography
requires personnel capable of capturing
adequate images for interpretation. The
preferred personnel are the NICU nurses
who are already comfortable handling
these fragile neonates. In addition, the
hospital must supply equipment that allows
the uploading of these digital images to a
secure website on the internet for viewing.

Finally, the parents should be required to
sign a document before hospital discharge
stating that they realize that their infant can
become blind from ROP if follow-up visits
are missed. Also, the hospital should make
the first follow-up appointment for the in-
fants.

Photographic Remote Image-Managing
System

FocusROP is a remote image-managing
software program located on the website
www.focusrop.com as shown in Figure 1.
It is HIPPA compliant, and allows the se-
cure transfer of images from the NICU to a
primary certified FocusROP reader.!3® This
reader has undergone an educational pro-
gram as shown in Figure 2, and certifica-
tion examination as shown in Figure 3
through the website to assure that they are
familiar with the most up-to-date ROP in-
formation. This certification is done every
two years to keep the examiner current.
Training and certification are also neces-
sary for the nursing staff obtaining and
uploading the images. The software pro-
gram allows the primary reader, who is
notified by text message as shown in Fig-

ure 4 that images are available for reading.
The reader then is able to securely enter
the website as shown in Figure 5 and use
an algorithm contained within the software
program combined with recommendations
based on the most up-to-date ROP studies
to process the images as shown in
Figure 6. These recommendations couple
both photographic documentation, as well
as bedside examination, to achieve the
highest level of ROP care. This image-
management program allows the reader to
return a report to the hospital that provides
photographically the circumstances of each
eye and recommendations for the subse-
quent examinations. The reader cannot
change the recommendations of the algo-
rithm mentioned above, which is important
in the safety net. Inappropriately long pe-
riods of time between examinations in the
NICU and delay in examinations after
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Thursday, April 29, 2010

Women & Infants Hospital ¢ Providence, Rhode Island Women&mfants

www.womenandinfants.org/millenniumsymposium

New England’s premier hospital for women and newborns

NEONATOLOGY TODAY 4 www.NeonatologyToday.net 4 April 2010

11



FocusR.Pm

Remote Disease Management

Home Software Sevices Education Certification / CME Contact Us
FocusROP Certification

FocusROP Certification / CME Credits

Paypel Payment

An onfine certification program provides training in the ocular findings and clinical considerations critical to ROP management

ion Council for Ci Medical

This course is intanded for Ophthalmalogists and cthars who particioate in screening andior treatmant of retincpathy of prematurity.

Course Description

Title: ROP CME Training Course

Target Audience: Ophthaimologists who participate in screaning and/or treatmaent of retincpathy of prematurity

Objectives: By participation in this course, you will

1 svlmrsbaret tha ICROP Classfeatinn

tha addandims b e ICROP Classfeation and b cirical snnaaeancs of the sbanas of rafinonathe of ao

it ety modd rmann of otmrmnbon

Figure 3. The reader certification module of the FocusROP website is shown which has an
online examination which provides three hours of CME credits.

Add to Contacts

Figure 4. Sample of a text message sent to
the certified reader when images are avail-
able for reading.

transfer of care from the NICU may lead to
future litigation and can be avoided with this
program.::14 The images can also be com-
pared side-by-side to previous examina-
tions. This allows absolute documentation
of interval change and provides the infant
with the most up-to-date examination
schedule. In addition, this report can be
printed or seamlessly entered into an elec-
tronic medical record and is stored in an off-
site image area available for 22 years. The
algorithm never tells the doctor/reader that
treatment is necessary as the decision for
treatment is left to the doctor’s best judg-
ment. The program instead mandates a
bedside examination. In addition, if the pri-
mary reader has a challenging case, there
is a mechanism for them to seek the advice
of an expert of their own designation. All of
the participants, the NICU, the primary
reader, and the expert reader are notified
by text message of the available images to
be read or that they have been read. The
readings can be performed and returned to
the hospital in several hours time even from
any device connected to the Internet as
shown in Figure 7. This speed and effi-
ciency is important due to the potential
rapid progression of retinopathy of
prematurity.® The images that are cap-
tured at the bedside can be helpful in terms
of NICU personnel and house staff educa-
tion, as well as parental understanding of
the severity of retinopathy of prematurity
and the need for treatment or frequent
follow-up care.

Using these core components, a safety net
for ROP management can be achieved,
leading to a system in which no infant falls

FocusR’P

Username:

Password:

Forgot your
password?

Figure 5. The secure login section of the
FocusROP website is shown.

through the cracks, missing the opportuni-
ties of treatment that can yield extremely
highly successful anatomic results.
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Figure 7. The certified reader can access
the images available for reading on a
computer or cellular phone connected to
the Internet.
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