
Abstract 

This study  examined amplitude integrated elec-
troencephalogram (aEEG) characteristics in 
term neonates undergoing treatment for Neona-
tal Abstinence Syndrome (NAS). Twenty  moth-
ers consented to participate and eight infants 
with an estimated gestational age ≥37 weeks 
and undergoing treatment for NAS were placed 
on aEEG for the first 72 hours of  life and then, 
when possible, for 48 hours every  week thereaf-
ter until discharge.  The average length of  time 
for monitoring was 174 hours.  Abnormal pro-
gression of  cycling as well as presence of  elec-
trographic seizures was identified during the 
study  period. The number of  aEEG seizures 
identified ranged from two to a maximum of  nine 
in one infant.  The presence of  aEEG seizure 
activity  in addition to abnormal cycling patterns 
without physical manifestation of  seizures may 
provide significant additional clinical information 
to withdrawal scores in infants with NAS.

Keywords: seizure, aEEG, neonatal abstinence 
syndrome, drug withdrawal

Introduction

Illicit drug use is prevalent in women during 
pregnancy.  From 2000-2009, 16.2% of  pregnant 
teens and 7.4% of  pregnant women between 18 

and 25 years used illicit  drugs in the month 
before participation in drug use interviews. Con-
comitantly, rates of  Neonatal Abstinence Syn-
drome (NAS) have increased in the United 
States from 1.3 per 1000 births in 2000 to 3.3 
per 1000 births in 2009, with the approximate 
number of  newborns with NAS in the US of 
13,500.  From 2000 to 2009, hospital charges 
for NAS increased from an estimate of  $190 
million to $720 million dollars when adjusted for 
inflation.1 
  
Background

The physical signs of  withdrawal can be debili-
tating and include evidence of  central nervous 
system and gastrointestinal dysfunction and 
neurologic  excitability  as  described in  Table 1. 
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Our physician retention ratings exceed 98%. These 
extraordinary levels stem from the stimulating 
careers at Sheridan, careers with a focus on 
patients, growth, and relocation possibilities. 

Call 800-816-6791, e-mail childrens@shcr.com, or 
visit www.sheridanhealthcare.com to learn about 
employment opportunities nationwide.

REMEMBER WHY 
YOU BECAME 
A DOCTOR? 

SO DO WE.

WHY SHERIDAN?

“Space to grow”, that’s what another 
physician said about what attracted 
him to Alexandria, LA.  He wanted a 
good place to raise a family – including 
a bigger house with a yard for the kids 
to play in.  Alexandria sits right in the 
geographic center of Louisiana.  With a 
population of over 150,000, there is a 
strong catchment area.

The NICU is Level III, with 34 beds and 
an average census of 20.  You would be 
1 of 2 Neonatologists working with 5 
NNPs.

Are you also looking for “space to 
grow”?  Let’s talk today!

Our continued growth has created 
two new openings in South Florida.  
One is at Plantation, near Ft. 
Lauderdale and the other at Welling-
ton, near West Palm Beach.  These 
locations are within an hour of each 
other and both offer very nice 
communities to live in.  You’ll enjoy 
great weather all year – so if you like 
running, tennis or golf you’re going 
to be busy!

Both locations offer Level III NICUs 
with moderate volumes.  We are 
looking for Neonatologists who are 
as adamant about quality patient 
care as we are.  We offer a congenial 
culture and truly great people to 
work with.

Great weather, great shopping, great 
dining, great location, lots of fun 
things to do recreationally and the 
world’s most wonderful people to 
work with – what are you waiting 
for?  Let’s talk today!

White powder sand beaches, warm 
emerald waters, a variety of golf 
courses, and lots of peace and quiet 
await you at Panama City, Florida.  
Our level II NICU at Panama City is 
transitioning to a Level III and we are 
looking for the right Neonatologist to 
be a part of that team.
  
Are you ready to enjoy the old Florida 
lifestyle?  Let’s talk today!

SOUTH FLORIDA
Neonatologist

PANAMA CITY, FL
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ALEXANDRIA, LA
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Seizures may  accompany  the withdrawal 
process in as many  as 2%-11% of  infants 
withdrawing from opiates.  Abnormal electro-
encephalogram (EEG) findings have been 
reported; however for more than 30% of  these 
infants, no overt  seizure activity  was noted.2,3 
The onset of  withdrawal from opiates, includ-
ing methadone, is  typically  within the first 24 
hours to up to 72 hours of  age, depending on 
the opiate used. First symptoms may  also 
occur as late as 7 days after birth.4,5  

Traditionally, symptoms of  NAS have been 
attributed to the abrupt cessation of  drug use.  
However, recent evidence suggests there 
may  be interplay  of  other genetic, epigenetic 
and environmental factors. Polysubstance 
abuse concomitant with psychological comor-
bidities within circumstances of  abuse, poor 

nutrition, and lack of  prenatal care appears to 
create significant risk for NAS.6  

Over time, understanding of  the pathophysi-
ology  for infants presenting with NAS has 
expanded.6 Evidence suggests that fetal pro-
gramming may  play  a significant role in 
whether infants will exhibit symptoms of  with-
drawal as a result of  in utero stressors. Pro-
posed is that the fetus adapts to the unfavor-
able intrauterine environment by  alteration of 
physiologic systems as a response.  In utero 
responses result in ex utero maladaption, 
manifested as symptoms of NAS.   
 
In 1980, Dinges, et  al., studied infants born to 
mothers on various amounts of  narcotics. The 
authors performed a sleep study  that re-
corded electroencephalogram, electrooculo-
gram, electromyogram, respiration,  and be-

havioral activity  to evaluate these newborns, 
and found that the opiate-exposed infants  
exhibited less quiet sleep and more active 
REM sleep than thei r non-exposed 
counterparts.7 In 1988, Pinto, et  al., published 
a case series report  on 13 infants with neona-
tal abstinence syndrome and examined their 
sleep at  the end of  their second week of  life 
and then again in the fourth and fifth week 
after the abstinence syndrome was treated. 
Again,  NAS babies demonstrated decreases 
in quiet sleep.8  

In contrast, Sarfi and colleagues examined 
the sleep patterns of  three month-old babies 
who were born to mothers taking either 
methadone or buprenorphine as compared to 
a control group and found no differences be-
tween the groups at this age.9 However, in 
both reports, sleep was evaluated at only  one 
point in time. In fact, there is no evidence 
describing the progression of  aEEG back-
ground pattern, bandwidth and time to de-
velop cycling in term infants born to a mother 
on opioids. Therefore, the goal of  this study 
was to describe aEEG characteristics in the 
term neonate undergoing treatment for NAS. 
The study  was approved by  the Institutional 
Review Board and was not funded by  any  
organization or company.

Methods

All infants with an estimated gestational age 
(GA) of  >37+0 weeks born to mothers with 
known narcotic use, no prenatal care, or who 
had a positive maternal urine drug screen had 
urine and meconium analyzed for illicit drugs 
and methadone were invited to participate. 
They  were monitored with abstinence scores 
using the modified Finnegan scoring system 
every 8 hours. 

When a diagnosis of  NAS was made, the 
baby  was admitted to the Neonatal Intensive 
Care Unit (NICU). Informed parental consent 
for study  participation was obtained.  Each 
subject was assigned an individual study 
number and aEEG was started.  Day  of  Life 
(DOL) was used to describe the number of  24 
hour periods after birth with the day  of  birth as 
DOL 0.

Amplitude integrated EEG, was monitored 
using either the Natus Medical CFM-6000, 
manufactured by  Olympic Medical, Seattle, 
Washington, USA, or the Natus Medical 
BRM3 manufactured by  Xltek, Oakville, On-
tario, Canada. The aEEG was initially  placed 
by  nurses for 72 hours and then reapplied by 
nurses every  7 days for a 48 hour period until 
discharge or withdrawal from the study. Ini-
tially  the study  was designed to include the 
use of  hydrogel and/or needle electrodes, but 
the increased physical activity  of  infants with 
NAS precluded the use of  the hydrogel elec-
trodes due to the difficulty  in obtaining artifact 
free tracings.  To reduce measurement error, 
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20 mothers approached

14 consented 
10 babies withdrawn at 

the request of the parents, 
but the

IRB allowed the use of      
data obtained 

from the tracings

5 infants were recorded
for less than 48 hours 

4 babies monitored to     
discharge 

9 tracings available for review 

Table 1: Symptoms of Neonatal Abstinence SyndromeTable 1: Symptoms of Neonatal Abstinence Syndrome

Gastrointestinal   
         Feeding Difficulty    
         Vomiting   
         Loose Stools   
Autonomic Dysfunction
         Sweating  
         Mottling    
         Fever    
         Temperature Instability  
        

Neurologic Excitability
       High-Pitched Cry
      Seizures
      Sleep-Wake Disturbances
       Hyperactive Primitive Reflexes
                    Hypertonicity
       Frequent Yawning or Sneezing
      Tremors
      Nasal Stuffiness

Adapted from Jansson, L.M. 2008; American Academy of Pediatrics Committee on Drugs, 1998.Adapted from Jansson, L.M. 2008; American Academy of Pediatrics Committee on Drugs, 1998.
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only  a small team of  12 experienced nurses was recruited for electrode 
needle insertion and maintenance. Verification of  aEEG electrode ap-
plication was accomplished through simulation so that each RN used 
the same application techniques.

All infants with NAS received standard of  care according to NICU pro-
tocols.  Education regarding the study  was provided in staff  meetings, 
by  unit  newsletter, and in person by the study  nurses. Families were 
encouraged to ask questions and continue to fully  participate in the 
care of  their infants.  There was always a study  team member in house 
or on call to initiate study monitoring during the study period.

Infants  with NAS were treated with methadone; with the dose and 
frequency  modified based on Finnegan scores over the previous 24 
to 48 hours. The Finnegan scoring system is  a list of  symptoms with 
accompanying numbers to reflect the severity  of  each system, and 
has been well-described and utilized.  A score of  8 or more indicates 
the need for treatment.10,11 The American Academy  of  Pediatrics 
states the use of  a scoring system is necessary  as it results in more 
objective criteria to determine whether pharmacologic treatment is 
necessary  to begin and whether the dose of  the medication should 
be altered.4

Reduction in methadone dose or frequency  was not made more fre-
quently  than every  48 hours as was the care protocol for the NICU.  
Dosage adjustments were made at the discretion of  the attending neo-
natologist based on Finnegan scores. 

Instrumentation

The (aEEG) is a bedside monitor in which cerebral electrical activity  is 
recorded from either 1 or 2 channels.  The aEEG has been described 
in detail in several publications.12,13,14,15,16 Briefly, the electrical signal 
obtained is rectified, smoothed, and recorded on a semi-logarithmic 
scale.   Interpretation is  based on recognition of  the background pattern 
as defined by  the height of  the upper and lower margins of  the band, 
the width of  the electrical band, the continuity  of  the signal, and the 

changes in the cyclical activity  in the recording.12,13 This allows for easy 
interpretation at the bedside without extensive training.17

Data Analysis

Normal sleep-wake cycling (SWC) is characterized by  sinusoidal 
variations in the minimal and maximal amplitude of  the aEEG which 
reflects  patterns of  alternating periods of  sleep and wakefulness. A 
broad bandwidth represents discontinuous background activity  during 
quiet sleep while a narrow bandwidth represents wakefulness and 
active sleep.15,18 The patterns on aEEG representing active sleep 
and wakefulness cannot be easily distinguished.19

Tracing Type: Seizure
Definition: A rapid upstroke in the lower margin.
From Subject #12.  This baby was 4 weeks 5 days old.

Tracing Type: Bandwidth
Definition: The difference between the upper and lower margins of 
the tracing.

Tracing Type: Continuous Normal Voltage
From Subject #12.  This also demonstrates normal sleep-wake         
cylcing.
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Since the aEEG monitoring system does not provide summation 
scores for monitored events,  aEEG bandwidth of  the aEEG tracing 
was calculated by  drawing lines across the upper and lower margins of 
the band and subtracting voltage of  the latter from that of  the former.  
Sleep-wake cycling (SWC) was defined as a regular pattern of  wider 
bandwidth alternating with narrower bandwidth pattern every  40–90 
minutes.15,18 The quiet portion of  the cycle time was found by  counting 
the minutes from the beginning of  the widened portion of  the tracing to 
the end of  the same portion.  Seizures were defined as an abrupt up-
stroke of  the lower margin in the aEEG pattern with regularly  occurring 
associated high amplitude spikes in the raw EEG for a minimum of  10 
seconds.20 See the accompanying screen shots from the monitors 
used during the study.  Below each screen shot is the tracing type and 
the definition of  each tracing for definitions and screen images from the 
two monitors used.  All infant tracings were reviewed by  the two physi-
cian investigators. In the event  of  a disagreement, all aspects of  the 
tracing measurement or interpretation were discussed until an agree-
ment between the two reviewers was reached.

Results

Twenty  mothers between May  1,  2009 and April 30, 2011 were ap-
proached to participate in the study  and fourteen consented to par-
ticipation of  their infants.  Infants were enrolled in the study  for 5 to 
66 days with a mean of  27.4 days, a standard deviation of  18.5 days 
and a median of  15 days.  The average length of  monitoring was 174 
hours with a range of  95 – 344 hours. Subjects not included for 
analysis were one infant determined to be 36 weeks gestation by 
exam and ten babies were withdrawn from monitoring prior to dis-
charge at the request of  their parent(s). After request,  the IRB 
granted permission to use the data obtained from early  study  with-
drawal babies for analysis. Five infants  had recordings for less than 
72 hours; therefore,  information from these tracings was not  used in 
the final analysis. Three babies were monitored until discharge. For 
the final analysis, aEEG results were used for analysis from a total of 
8 infants, as described in Figure 1.  

All eight babies had background patterns consistent with continuous 
normal voltage (CNV) on Day  One of  monitoring. The bandwidth 
ranged from 10 to 15 microvolts (µv) with a mean of  12 µv.  Seven of 
the eight (88%) babies had electrographic seizure activity, without 
clinically  apparent seizures. The seizures were not treated due to 
retrospective review of  the tracings. The number of  aEEG seizures 
seen ranged from 1 to a maximum of 9 seizures in 1 baby.

Evidence of  cycling was seen on DOL 1 in 3 babies, DOL 2 in 3 ba-
bies,  and DOL 3 in 2 babies.  There was no change in cycling for the 
duration of  monitoring in 5 babies; however, in 3 babies the pattern 
changed over time, with prolonged active sleep/awake pattern in the 
first 24 hours,  which then normalized over a period of  days to weeks.  
All babies spent more time in either awake or active sleep than in 
quiet sleep during monitoring.  The average awake/active sleep pe-
riod was approximately  67% of  the total recorded time which is  sum-
marized in Table 2. There did not  appear to be a correlation between 
the presence of  seizure activity  and the timing of  the appearance of  a 
normal sleep-wake cycling pattern or the total awake time and the 
NAS scores.

Discussion

To our knowledge, the current descriptive study  is the first  study  to 
document abnormal quiet-active cycling as well as the presence of 
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Tracing Type: Continuous normal voltage
Definition: Voltage margins between 10 and 50 microvolts
From Subject #6.  This shows lower and upper margins above 10 
and 50 µV. There is not sleep-wake cycling present during this 4 hour 
tracing.

Table 2: Demographics of Babies Who Were Used in the Final AnalysisTable 2: Demographics of Babies Who Were Used in the Final AnalysisTable 2: Demographics of Babies Who Were Used in the Final AnalysisTable 2: Demographics of Babies Who Were Used in the Final AnalysisTable 2: Demographics of Babies Who Were Used in the Final AnalysisTable 2: Demographics of Babies Who Were Used in the Final AnalysisTable 2: Demographics of Babies Who Were Used in the Final AnalysisTable 2: Demographics of Babies Who Were Used in the Final Analysis

ID EGA
(weeks+

days)

BW
(grams)

Postmenstral 
age at time of 

entry
(days)

Length of stay
(days)

Total duration 
of monitoring

(days)

Total number 
of seizures

Average NAS per day of 
monitoring

#2 40+2 3455 0 81 5 0 10, 14, 13, 12, 7

#5 40+2 3410 2 71 4 3 13, 15, 12, 7, 7, 6

#7 39+3 2935 2 36 9 2 11, 7, 6, 5, 8

#8 38+6 3120 1 34 4 2 8, 6, 5, 

#9 38+4 2635 3 13 5 0 8, 4, 5, 5, 7, 10

#11 38+4 3275 0 48 9 6 5, 8, 8, 6, 5, 6, 3, 3, 7, 6

#12 37+6 3400 2 66 14 5 10, 11, 5, 6, 8, 8, 8, 8, 7, 7, 6, 
9, 11, 7, 6, 6, 7,5, 5, 6, 8, 4

#14 40+4 3289 1 23 7 9 8, 4, 6, 8, 3, 3, 3, 4, 5

http://www.NeonatologyToday.net
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subclinical seizure activity  on aEEG in term 
newborns undergoing treatment for NAS.

We found the basic and predominant back-
ground tracing to be continuous normal volt-
age in all subjects.  One of  the most surprising 
findings, however, was the number of  sei-
zures seen on aEEG. As described, 88% of 
the babies had at  least one aEEG seizure 
during the monitoring period without  a physi-
cal manifestation. One infant had up to 9 
seizures without overt clinical evidence.  This 
is the first time electrographic seizures via 
aEEG monitoring have been described in the 
infant with NAS.  

The SWC was not consistent in these in-
fants.   Some of  the babies developed a regu-
lar SWC from the time the aEEG was first 
placed,  and then became irregular;  other 
babies did not  develop a regular SWC pat-
tern until much later. There did not appear to 
be any  distinct correlation between the NAS 
scores the development of  regular SWC.  
These findings are consistent with the litera-
ture;  however this is the first  time it  has been 
described using aEEG.

There are 5 conscious states of  the term 
newborn: wakefulness, drowsiness, active 
sleep, quiet sleep, and indeterminate sleep. 
To properly  determine the sleep/wake state 
of  the newborn, Kidokoro, et al., concluded 
that one must use physiological parameters 
such as rapid eye movement, body  move-
ments, and respirations in addition to the 
aEEG.18 The development of  the sleep cy-
cle of  the normal newborn infant has been 
well reviewed.18,21 An infant at 39-41 weeks’ 
gestation spends approximately  65% of  its 
time in active sleep, which steadily  de-
creases as the infant ages.  The two month-
old spends approximately  55% of  its  sleep 
time in active sleep. It is possible that if 
more babies remained enrolled for the dura-
tion of  their hospitalization, there would 
have been an even higher percentage of 
time in active sleep/awake.  

Polydrug-exposed infants have been shown 
to have more total awake time, less total 
sleep time and more arousals during active 
sleep than non-exposed infants.22, 23 Al-
though the babies in our study  did spend 
about 67% of  the time either in active sleep 
or awake, this figure represents an average. 
We did not differentiate based on the age of 
the baby  or whether the baby was asleep or 
awake. Several of  the tracings showed pro-
longed active sleep/awake time in the earlier 
part of  the study, which then transitioned to a 
normal cycle over time.  

Polydrug-exposed infants have been shown 
to have more total awake time, less total 
sleep time and more arousals during active 
sleep than non-exposed infants.22,23 One 
study  utilized aEEG sleep recordings for 2 

hours at two time points22 while the other 
observed respiratory  control and behavior 
overnight  on postnatal days 3, 4 and 5.  23 
Both studies involved babies exposed to 
polydrug abuse including cocaine.

The presence of  abnormal cycling should be 
considered in the treatment of  the withdraw-
ing infant. In our study, four of  the eight in-
fants had periods of  normal cycling inter-
spersed with periods of  prolonged active 
phase.  The presence of  these prolonged 
active patterns, when paired with physical 
signs of  wakefulness, could be used to de-
termine medication adjustments during 
treatment. 

The incidence of  visible seizures in the new-
born is 1 to 3.5 per 1000 live births. 
Electrographic-only  seizures are not un-
common;  one report quotes 80% of  electro-
graphic seizures were not associated with 
clinical findings and they  occurred in 1% of 
1200 neonates considered high risk for 
seizures.24 Although clinically  apparent sei-
zures are known to occur during opiate with-
drawal we observed solely  electrographic-
only seizures.2, 3, 25  

Implications

One limitation of  this study  is the small num-
ber of  infants enrolled.  Our results need to 
be duplicated on a larger scale. Another limi-
tation was the inability  to monitor all infants 
until discharge due to parental withdrawal of 
consent in the later stages of  their treatment. 
A third limitation is that we did not specifically 
evaluate the amount  of  active sleep time, 

awake time or time in quiet sleep; rather, we 
compared active sleep/awake versus quiet 
sleep.  While there has been no study  validat-
ing aEEG for quantification of  sleep-wake 
cycling,  Kidokoro,  et al state the presence of 
cycling on aEEG corresponds to the pres-
ence of  alternate changes of  continuous and 
discontinuous patterns on conventional 
EEG.18  Since the aEEG trace is the result of 
a filtered, amplified, rectified,  smoothed and 
compressed raw EEG displayed on an semi-
logrithmic scale, it is the best way  to follow 
cycling for a prolonged period while a baby is 
in the NICU. Our findings of  electrographic-
only  seizures and the abnormal SWC pat-
terns are the first to be described. These 
findings should be considered an additional, 
previously  undescribed manifestation of 
NAS,  with possible implications for treat-
ment. More studies with larger numbers of 
subjects need to be done.

Conclusion

The aEEG may  be a useful adjunct tool in the 
evaluation of  the full-term neonate who is  
exhibiting signs of  NAS. Some of  these ba-
bies have less sleep – wake cycling and 
many  babies exhibit electrographic-only  sei-
zure activity, the significance of  which is yet  to 
be established. More studies with larger num-
bers of  infants  are needed to answer these 
questions. 

We propose the aEEG be used as an adjunct 
during the treatment of  Neonatal Abstinence 
Syndrome. The presence of  seizures on 
aEEG or the absence of  a normal sleep wake 
cycling pattern should provide added informa-
tion to the withdrawal score and may  be valu-
able to determine pharmacologic therapy  ad-
justment.
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useful adjunct tool in the 
evaluation of the full-term 
neonate who is exhibiting 
signs of NAS. Some of 
these babies have less 
sleep – wake cycling and 
many babies exhibit 
electrographic-only           
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yet to be established.     
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Unusual Presentation of Adrenal Hemorrhage in a 
Newborn

Presentation and Clinical Course

A female infant was born at  39+6 weeks EGA via spontaneous vaginal 
delivery  to a 25 year-old gravida two now para two mother.  The infant’s 
birth weight was 3892 grams which is appropriate for gestational age. 
The pregnancy  itself  was uneventful; however,  the delivery  was compli-
cated by  the presence of  thick meconium and rupture of  membranes for 
19 hours. The infant was vigorous at birth and required routine NRP.  
APGAR scores were seven and eight  at one and five minutes, respec-
tively.  There was no ABO incompatibility  noted between the mother and 
the infant.  

Initially, the infant transitioned well with the mother, but by  seven hours of 
life, the infant was noted to be tachypneic to 90 breathes per minute with 
decreased muscle tone throughout. Although there were no identified ma-
ternal infectious risk factors, the infant’s presentation was initially  suspi-
cious for sepsis.  Therefore, blood cultures were obtained and intravenous 
ampicillin and gentamicin were started. Upon admission to the Neonatal 
Intensive Care Unit (NICU), the infant’s hemoglobin and hematocrit were 
10.4 and 30, respectively. This initially  raised questions, but the following 
physical examination finding raised greater concern. During the physical 
examination,  the infant experienced one episode of  bilious emesis. At that 
time, malrotation was suspected and further workup was pursued.  An 
upper GI study  suggested a strong suspicion for malrotation and a surgical 
consultation was requested (Image 1). During surgery, a large volume of 
blood loss was noted and malrotation was quickly  ruled out. After further 
exploration, a left  adrenal hemorrhage was identified.  While in the operat-
ing room, the patient received 10ml/kg of  packed red blood cells for blood 
loss.  Post-operatively, the patient received another 10ml/kg of  packed red 
blood cells  to correct a hematocrit of  27 and 10ml/kg of  fresh frozen 
plasma to correct  an INR of  1.7.  Antibiotics were discontinued after 48 

hours of  negative cultures.  Patient was briefly  on parenteral nutrition but 
obtained full feeds by  Day  of  Life Five with no evidence of  intolerance and 
was discharged home shortly thereafter.  

Discussion
 
Adrenal hemorrhage in neonates is a rare diagnosis; however,  it is not 
completely  uncommon.  The newborn in this case with adrenal hemor-
rhage presented in such a way  that a surgical emergency  topped the dif-
ferential diagnosis list. The abnormal upper GI findings were reported to 
be secondary  to a mass effect on the bowel from the adrenal hematoma. 
A review of  pertinent literature regarding adrenal hemorrhage presenta-
tions follows. The clinical presentation depends on the volume of  the 
bleed. Small bleeds are often asymptomatic; whereas larger bleeds often 
result in abdominal, flank, or scrotal masses.1  Adrenal hemorrhages are 
often found incidentally  on radiographic studies.  Although adrenal hemor-
rhages can be identified by  abdominal ultrasound, there is documentation 
of  a case presenting as abdominal calcification noted on abdominal radi-
ography. Other clinical findings include a decreasing hematocrit from 
blood loss or unexplained jaundice secondary  to the reabsorption and 
breakdown of  red blood cells in the hematoma.2 Although rare, some in-
fants do present  with adrenal insufficiency, as this is often a complication 
of  bilateral adrenal hemorrhage. Right-sided adrenal hemorrhage is the 
most common because of  its anatomical location between the liver and 
the spine allowing it to become trapped and therefore hemorrhage.1  Upon 
review of  the literature, it appears that  bilateral adrenal hemorrhages are 
second most common in frequency, and, therefore,  the least common are 
left adrenal hemorrhages. 

This case demonstrates an unusual presentation of  a neonatal adrenal 
hemorrhage.  Although bilious emesis often indicates malrotation with 
midgut volvulus, physicians should now add adrenal hemorrhage to the 
differential diagnosis of a newborn with this presentation.
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Image 1. In this patient, the duodenal-jejunal junction at the Ligament 
of Treitz, does not cross midline, as would be expected in a normal 
upper GI study.  
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INOmax (nitric oxide gas)
Brief Summary of Prescribing Information
INDICATIONS AND USAGE

Treatment of Hypoxic Respiratory Failure
INOmax® is a vasodilator, which, in conjunction with ventilatory support and 
other appropriate agents, is indicated for the treatment of term and near-
term (>34 weeks) neonates with hypoxic respiratory failure associated with 
clinical or echocardiographic evidence of pulmonary hypertension, where it 
improves oxygenation and reduces the need for extracorporeal membrane 
oxygenation.

Utilize additional therapies to maximize oxygen delivery with validated 
ventilation systems. In patients with collapsed alveoli, additional therapies 
might include surfactant and high-frequency oscillatory ventilation.

The safety and effectiveness of INOmax have been established in a 
population receiving other therapies for hypoxic respiratory failure, including 
vasodilators, intravenous fluids, bicarbonate therapy, and mechanical 
ventilation. Different dose regimens for nitric oxide were used in the clinical 
studies.

Monitor for PaO2, methemoglobin, and inspired NO2 during INOmax 
administration.

CONTRAINDICATIONS
INOmax is contraindicated in the treatment of neonates known to be 
dependent on right-to-left shunting of blood.

WARNINGS AND PRECAUTIONS

Rebound Pulmonary Hypertension Syndrome following Abrupt 
Discontinuation
Wean from INOmax. Abrupt discontinuation of INOmax may lead to 
worsening oxygenation and increasing pulmonary artery pressure, i.e., 
Rebound Pulmonary Hypertension Syndrome. Signs and symptoms of 
Rebound Pulmonary Hypertension Syndrome include hypoxemia, systemic 
hypotension, bradycardia, and decreased cardiac output. If Rebound 
Pulmonary Hypertension occurs, reinstate INOmax therapy immediately.

Hypoxemia from Methemoglobinemia
Nitric oxide combines with hemoglobin to form methemoglobin, which 
does not transport oxygen. Methemoglobin levels increase with the dose 
of INOmax; it can take 8 hours or more before steady-state methemoglobin 
levels are attained. Monitor methemoglobin and adjust the dose of INOmax 
to optimize oxygenation.

If methemoglobin levels do not resolve with decrease in dose or 
discontinuation of INOmax, additional therapy may be warranted to treat 
methemoglobinemia.

Airway Injury from Nitrogen Dioxide
Nitrogen dioxide (NO2) forms in gas mixtures containing NO and O2. 
Nitrogen dioxide may cause airway inflammation and damage to lung 
tissues. If the concentration of NO2 in the breathing circuit exceeds  
0.5 ppm, decrease the dose of INOmax.

If there is an unexpected change in NO2 concentration, when measured in the 
breathing circuit, then the delivery system should be assessed in accordance 
with the Nitric Oxide Delivery System O&M Manual troubleshooting section, 
and the NO2 analyzer should be recalibrated. The dose of INOmax and/or FiO2
should be adjusted as appropriate.

Heart Failure
Patients with left ventricular dysfunction treated with INOmax may 
experience pulmonary edema, increased pulmonary capillary wedge 
pressure, worsening of left ventricular dysfunction, systemic hypotension, 
bradycardia and cardiac arrest. Discontinue INOmax while providing 
symptomatic care.

ADVERSE REACTIONS
Because clinical trials are conducted under widely varying conditions, 
adverse reaction rates observed in the clinical trials of a drug cannot be 
directly compared to rates in the clinical trials of another drug and may not 
reflect the rates observed in practice. The adverse reaction information from 
the clinical studies does, however, provide a basis for identifying the adverse 
events that appear to be related to drug use and for approximating rates. 

Controlled studies have included 325 patients on INOmax doses of 5 to 
80 ppm and 251 patients on placebo. Total mortality in the pooled trials was 
11% on placebo and 9% on INOmax, a result adequate to exclude INOmax 
mortality being more than 40% worse than placebo.

In both the NINOS and CINRGI studies, the duration of hospitalization was 
similar in INOmax and placebo-treated groups.

From all controlled studies, at least 6 months of follow-up is available 
for 278 patients who received INOmax and 212 patients who received 
placebo. Among these patients, there was no evidence of an adverse effect 
of treatment on the need for rehospitalization, special medical services, 
pulmonary disease, or neurological sequelae.

In the NINOS study, treatment groups were similar with respect to the 
incidence and severity of intracranial hemorrhage, Grade IV hemorrhage, 
periventricular leukomalacia, cerebral infarction, seizures requiring 
anticonvulsant therapy, pulmonary hemorrhage, or gastrointestinal 
hemorrhage.

In CINRGI, the only adverse reaction (>2% higher incidence on INOmax than 
on placebo) was hypotension (14% vs. 11%).

Based upon post-marketing experience, accidental exposure to nitric oxide 
for inhalation in hospital staff has been associated with chest discomfort, 
dizziness, dry throat, dyspnea, and headache.

OVERDOSAGE
Overdosage with INOmax will be manifest by elevations in methemoglobin 
and pulmonary toxicities associated with inspired NO2. Elevated NO2 may 
cause acute lung injury. Elevations in methemoglobin reduce the oxygen 
delivery capacity of the circulation. In clinical studies, NO2 levels >3 ppm 
or methemoglobin levels >7% were treated by reducing the dose of, or 
discontinuing, INOmax.

Methemoglobinemia that does not resolve after reduction or discontinuation 
of therapy can be treated with intravenous vitamin C, intravenous methylene 
blue, or blood transfusion, based upon the clinical situation.

DRUG INTERACTIONS
No formal drug-interaction studies have been performed, and a clinically 
significant interaction with other medications used in the treatment of 
hypoxic respiratory failure cannot be excluded based on the available data. 
INOmax has been administered with dopamine, dobutamine, steroids, 
surfactant, and high-frequency ventilation. Although there are no study data 
to evaluate the possibility, nitric oxide donor compounds, including sodium 
nitroprusside and nitroglycerin, may have an additive effect with INOmax 
on the risk of developing methemoglobinemia. An association between 
prilocaine and an increased risk of methemoglobinemia, particularly in 
infants, has specifically been described in a literature case report. This risk 
is present whether the drugs are administered as oral, parenteral, or topical 
formulations.

INOMAX® is a registered trademark of INO Therapeutics LLC.
© 2013 Ikaria, Inc.        IMK111-01540        April 2013

10130_INOmax_TC_Ad_NeontatologyToday_0513_RL.indd   2 4/17/13   2:35 PM

http://www.inomax.com


Despite reported reductions in rates of 
CLABSIs,1, 2, 3 infection and sepsis remain 
important and feared complications within 
the NICU.4 

HeRO monitoring has been shown to predict 
infection in the NICU.5 In a 3000-patient 
Randomized Controlled Trial, researchers 
reported a 22% reduction in mortality 
through HeRO monitoring of  Very  Low Birth 
Weight (VLBW) NICU patients.6 

While the benefit of  HeRO monitoring to 
VLBWs is now well-studied, the question 
remains as to the benefit to other NICU pa-
tients, especially feeder-growers.

Approximately  ten years ago I received a 
phone call from a venture capitalist friend 
who was at  the time Chairman of  the WV 
Symphony  Board,  of  which I  was a member. 
He was also (and still is) a venture capitalist 
always looking for small companies to invest 
in, with the hope that such companies would 
eventually  become profitable. He asked my 
opinion about a system which was non-
invasive,  that  was hooked up to a baby’s 
monitor,  which somehow would analyze the 
heart rate and come up with a real-time trac-
ing that  would give a “snapshot” of  the beat-

to-beat  variability, which could be visualized 
over days at a time. The hypothesis was that 
since normal “beat-to-beat variability” was 
evidence of  fetal well-being, and that  “loss of  
this  beat-to-beat variability,” was associated 
with “fetal distress” in utero, perhaps a baby 
that  was becoming ill due to bacteremia or 
sepsis may  have the same pattern of  “loss of 
beat-to-beat variability” which could be an 
early  warning sign for us in the neonatal unit. 
This  hypothesis was originally  conceived by 
a neonatologist and a cardiologist at the 
University  of  Virginia, and the technology 
was created by  MPSC (Medical Predictive 
Sciences Corp) and tested in a pilot at Wake 
Forest University  on a small scale.7 The sys-
tem was called HeRO, and I was asked to 
offer an opinion re the efficacy  of  such a 
system, as these investors  were looking at 
the company as a proposed venture.

I said that I thought it was far-fetched,  and 
that  I  did not believe that the system would 
help us in our quandary  of  trying to diagnose 
infection in newborns. I explained that our 
armamentarium of  tests was not  very  help-
ful,  for the most part, unless a baby  was 
clearly  overwhelmed with infection,  in which 
case the tests were merely  confirmatory, but 
not predictive. Blood cultures took time, and 
many  times the yield was poor; the complete 
blood count (WBCs and differential) were 
equivocal and the acute phase reactants (C 

reactive protein) lagged behind sometimes 
for greater than 24 hours before becoming 
positive.  Other tests such as Il6, Il8, Hapto-
globins,  and others were simply  not avail-
able quickly, and could take up to 3 days for 
the results to be available. My friend asked if 
I would be willing to try  this system in my 
unit,  free of  charge, for a few months, and 
then offer an opinion. I agreed.

The system was installed in the NICU and I 
began the process of  observing the tracings 
on all my  babies. I  was taught  by  the staff  at 
MPSC that “normal” beat-to-beat variability 
was equated to a HeRO score of   < or =1.  If 
the score was 1 and suddenly  started to rise 
to multiples of  1, that this was associated 
with a “flat” tracing, or loss of  variability. I 
was also taught that  there were some condi-
tions such as a Patent  Ductus Arteriosus, or 
a post-operative state, or an infant  who was 
critically  ill, that  were associated with a high 
HeRO score. It became obvious to me early 
on, that new admissions that were sick with 
RDS, or PPHN or congenital anomalies re-
quiring surgery  all had high HeRO scores, 
and that the system really  had no utility  for 
me there. And it wasn’t very  helpful in “early 
onset” sepsis at all. I really  could not judge 
length of  therapy  in a newborn who was 
started on antibiotics at birth, because the 
scores were affected by  too many  other con-
comitant  conditions.  So I still relied on blood 
counts and the C-reactive protein values at 

Experiences with the HeRO System for the Past Ten 
Years
By Stefan R. Maxwell, MB  BS, FAAP 

“Until there are new  
methods devised or lab 
investigations that            
are more precise in        
diagnosing infection, it is 
my opinion that the HeRO 
system is an invaluable 
tool in the management     
of our infants, especially 
those that are chronic 
feeding and growing         
infants that are always 
prone to developing          
indolent, slow-growing 
bacterial infections.”
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Figure 1.  HeRO Patient View.  The Patient View displays a five-day trend of the HeRO Score 
and a 30-minute trend of heart rate data.  In this example, a positive blood culture is preceded 
by a rising HeRO trend, while the heart rate trend shows low variability punctuated by very 
subtle decelerations.
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24 hours to help me gauge therapy  in early 
onset infection.

One afternoon as I was examining the 
HeRO tracings, there was one that caught 
my eye. It was a “feeder/grower” lying in a 
crib waiting to be discharged the next day. 
There was an indwelling Broviac catheter 
which had just been “heparin-locked”,  and 
the surgeon that inserted it was on her way 
to remove it before discharge. The HeRO 
score had tripled in a period of  3 hours. I  
examined the baby, and she was normal-
appearing, was nipple feeding and seemed 
perfectly  fine. I  sent  a C-reactive protein 
which came back within an hour. The value 
was 110. Normal values in our institution 
then were <10. I sent an immediate blood 
culture, and checked the CBC and differen-
tial.  The latter was normal. I decided to start 
antibiotics  because of  the (+)CRP, (procalci-
tonin was not available then).  The next day, 
the blood culture came back positive for 
Klebsiella sp. Needless to say, the baby  was 
treated with IV antibiotics for another 10 
days.

This  was not an isolated incident. I have had 
many  more instances over the years where 
the HeRO system has diagnosed “late-
onset” infection in my  babies, and has pre-
ceded the rise in CRP and procalcitonin on 
many  occasions.  I  have relied on this system 
to help me to decide regarding antibiotics in 
babies with symptomatology  that is not 
clear-cut,  and in my opinion, has saved 
lives. The infant described above could have 
been discharged home, and may  have suc-
cumbed to her infection.

Until there are new methods devised or lab 
investigations that are more precise in diag-
nosing infection, it is my  opinion that the 
HeRO system is an invaluable tool in the 
management of  our infants, especially  those 
that  are chronic feeding and growing infants 
that  are always prone to developing indolent, 
slow-growing bacterial infections.
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NOVEMBER MEETING FOCUS

National Perinatal Association's 34th        
Annual Conference

November 7-9, 2013, Salt Lake City, UT
www.nationalperinatal.org

Conference Theme: “Families at the Center: 
New Dimensions in Perinatal Care.” 

This conference provides health care profes-
sionals and parents the opportunity to ex-
change information and share experiences, as 
well as their visions for the future. 

Conference Objectives:  
• Discuss risk factors that negatively impact 

maternal morbidity
• Identify risk factors that positively affect 

prematurity
• Discuss the latest legislative proceedings 

affecting maternal infant healthcare
• Synthesize the postnatal implications of 

intrauterine growth restriction and its effects 
on the developing infant

• Analyze strategies that may increase the 
breast milk supply of mothers of premature 
infants

Faculty: Debbie Ballard, MED; Mariana       
Baserga, MD; Joanna Beachy, MD, PhD;      
Joanna Beachy, MD, PhD; Scott Berns, MD, 
MPH, FAAP; Gary Chan, MD;  Anita Catlin, 
DNSc, FNP, FAAN; Angela Deneris, PhD, CNM, 
FACNM; Sean Esplin, MD;  Christina Glick, MD, 
FAAP, IBCLC; Michael Hynan, PhD; Jerald 
King, MD; Steve Lassen, PhD; T. Allen Merritt, 
MD, MHA; Jay Moreland, MD; Shawna Mower, 
MS, OTR/L; Al Pizzica, DO, FAAP; Raylene 
Phillips, MD, MA, IBCLC, FAAP; Robert Silver, 
MD; Elizabeth Smith, MPH, ICCE, HBCE; Zina 
Steinberg, EdD; Ken Ward, MD; Robert White, 
MD; Deanne Williams, MS, CN, FACNM; and 
others 

Some of the Topics Covered:
• Families at the Center: A Parent, Physician 

and Public Health Perspective
• The Role of the Educator: The Impact 
• Midwifery Practice: Facts, Fiction & Families 
• Stillbirth: An Update
• NICU Environment of Care
• Minding our Moms (and Dads too!): A Call for 

Psychological Services in the NICU 
• A Secret Bereavement: Reduction of Multifetal 

Pregnancies after Assisted Reproduction
• Bone Density & Nutrition in the Preemie 
• Emotional/Complex Trauma in Maternal 

Health: The Impact on Birth Outcomes 
• Prevention of Preterm Birth
• A Cooling Way to Treat Hypoxic Ischemic 

Encephalopathy
• Workshops and panel discussions and poster 

viewings
• Plus more...

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

www.99nicu.org
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JOIN 
OUR CQI PRE-CONFERENCE DAY February 19, 2014 

SPECIALTY REVIEW
IN NEONATOLOGY

FEBRUARY 18-23, 2014

NEO:
THE CONFERENCE FOR 
NEONATOLOGY

FEBRUARY 20-23, 2014 

®

Choose from 2 Outstanding Meetings 
in ONE Great Location

Hilton Orlando Bonnet Creek
Please join us in Orlando this February to learn, network with colleagues and other industry experts,  

and also earn CME / CNE credits. 

NEO: The Conference for Neonatology addresses cutting 
edge, yet practical aspects of newborn medicine. Educational 
sessions are conducted by many of the foremost experts, 
who address neonatal-perinatal topics for which they have 
become renowned. 

Specialty Review in Neonatology, the leading review of its 
type in the country, is an intensive and comprehensive review 
of neonatal medicine. This course is an invaluable learning 
experience for those preparing for certifying examinations, 
as well as new or current fellows-in-training seeking an 
outstanding fundamental pathophysiology course in neonatal-
perinatal medicine.

Topics include:
 
•	 Getting Stareted on the  Right Foot — The Early Care of 

the Critically Ill Neonate
•	 Respiratory Support 2014 — What Do You Do, When Do 

You Do It?
•	 Neurological Injury in the Neonate
•	 Nutrition and the Neonate
•	 The Fetal Patient
SPECIAL INTERACTIVE SESSION: Surviving the 
NICU — Parents’ Perspectives

Topics include:

•	 Maternal-Fetal Medicine
•	 Neonatal Respiratory System
•	 Neonatal Cardiovascular System
•	 Neonatal Endocrinology
•	 Neonatal Nephrology
•	 Neonatal Infectious Diseases
•	 Central Nervous System

Target audience: Neonatologists, residents, fellows and 
advanced practitioners.

Target audience: All neonatal-perinatal providers, including 
neonatologists, advanced practitioners and staff nurses.

CHOOSE CHOOSEOR

www.neoconference.com or www.specialtyreview.com
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Discovery Labs Announces FDA Approval 
of SURFAXIN® (lucinactant) Updated 
Product Specifications -  Commercial 
Introduction of SURFAXIN Planned for the 
Fourth Quarter of 2013 
 
Discovery  Laboratories, Inc. (NASDAQ: 
DSCO), a specialty  biotechnology  company 
dedicated to advancing a new standard in 
respiratory  critical care, today  announced the 
U.S. Food and Drug Administration (FDA) 
has agreed to the Company’s updated prod-
uct  specifications for SURFAXIN® (lucinac-
tant) Intratracheal Suspension which was 
approved for the prevention of  Respiratory 
Distress Syndrome (RDS) in premature in-
fants at high risk for RDS. The Company  has 
initiated manufacturing of  SURFAXIN for its 
planned commercial introduction in the fourth 
quarter of  2013. SURFAXIN is the first FDA-
approved synthetic, peptide-containing sur-
factant  available for the prevention of  RDS in 
premature infants and the only  approved 
alternative to animal-derived surfactants  
currently used today.  
 
“We are pleased that the FDA has agreed 
with our updated product specifications and 
are appreciative of  the process that has lead 
to this decision”, said John G. Cooper, Chief 
Executive Officer of  Discovery  Labs. “SUR-
FAXIN represents the first milestone in our 
goal of  transforming the treatment  of  RDS 
and is an important medical advancement for 
the neonatology  community  and parents of 
preterm infants who will soon have an effec-
tive alternative to animal-derived surfactants 
for the prevention of RDS.” 
 
About Surfaxin

The U.S. Food and Drug Administration 
(FDA) approved SURFAXIN® (lucinactant) 
Intratracheal Suspension for the prevention 
of  RDS in premature infants who are at high 
risk for RDS. SURFAXIN is the first syn-
thetic, peptide-containing surfactant ap-
proved by  the FDA and the only  alternative 
to animal derived surfactants. 
 
Important Safety Information 

SURFAXIN is intended for intratracheal use 
only.  The administration of  exogenous sur-

factants,  including SURFAXIN,  can rapidly 
affect  oxygenation and lung compliance.  
SURFAXIN should be administered only  by 
clinicians trained and experienced with intu-
bation,  ventilator management, and general 
care of  premature infants in a highly  super-
vised clinical setting. Infants receiving SUR-
FAXIN should receive frequent clinical as-
sessments so that oxygen and ventilatory 
support can be modified to respond to 
changes in respiratory status. 
 
Most common adverse reactions associated 
with the use of  SURFAXIN are endotracheal 
tube reflux, pallor, endotracheal tube ob-
struction, and need for dose interruption.  
During SURFAXIN administration,  if  brady-
cardia,  oxygen desaturation, endotracheal 
tube reflux, or airway  obstruction occurs, 
administration should be interrupted and the 
infant’s clinical condition assessed and stabi-
lized.   
 
SURFAXIN is not indicated for use in Acute 
Respiratory Distress Syndrome (ARDS). 
 
For more information about SURFAXIN, 
please visit www.surfaxin.com. 
 
About Discover Labs

Discovery  Laboratories, Inc. is a specialty 
biotechnology  company  focused on advanc-
ing a new standard in respiratory  critical 
care.   Discovery  Labs’ novel proprietary  KL4 
surfactant technology  produces a synthetic, 
peptide-containing surfactant that is structur-
ally  similar to pulmonary  surfactant.  Discov-
ery  Labs is also developing its  proprietary 
drug delivery  technologies to enable efficient 
delivery  of  aerosolized KL4 surfactant  and 
other inhaled therapies. Discovery  Labs’ 
strategy  is initially  focused on neonatology 
and improving the management of  Respira-
tory  Distress Syndrome (RDS) in premature 
infants.  Discovery  Labs believes that its RDS 
product  portfolio has the potential to become 
the new standard of  care for RDS and, over 
time, significantly  expand the current world-
wide RDS market.  
 
For more information, please visit the com-
pany’s website at www.Discoverylabs.com. 
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HMF=human milk fortifi er
Reference: 1. Moya F et al. Pediatrics. 2012;130:e928-e935.

 Trust Enfamil HMF 
Acidifi ed Liquid
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Enfamil® HMF Acidifi ed Liquid

For that once in a lifetime opportunity to

 make an impact

DHA to help support 
brain and eye development

Demonstrated to signifi cantly improve 
achieved weight, length and head 
circumference vs Enfamil HMF Powder1

 20% more protein than Enfamil HMF Powder

  33% more protein than Similac HMF Concentrated Liquid

Premature Nutrition

http://www.mjn.com



