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ABSTRACT:    Raydiant Oximetry, Inc.  is developing a non--- 
invasive fetal pulse oximeter to more accurately diagnose oxygen 
deprivation which could potentially lead to fetal injury during 
labor. Over 84% of all laboring women experience a 
indeterminate (Category II) fetal heart rate tracing during labor, 
yet 99% of their newborns do not suffer birth asphyxia. 
Furthermore, fetal heart rate monitoring fails to identify 50% of 
the newborns born with significant metabolic acidosis.  With 
maternal mortality rates on  the rise in the United States from 
the overuse of cesarean deliveries, the need for a novel 
intrapartum fetal monitor remains a significant unmet need.   

 
INTRODUCTION: Raydiant Oximetry, Inc. is developing a 
novel and completely non---invasive fetal pulse oximetry 
device to fundamentally transform how fetuses are 
monitored during labor. Pulse oximetry exists in virtually 
every clinical setting as a means to assess oxygen levels. It 
is used to diagnose oxygen deprivation, which can lead to 
organ and brain injury in extreme cases.  Yet, no such 
technology exists for fetuses, especially during the 
physiologically stressful stages of labor. Current technology, 
called cardiotocography (CTG), is used to monitor the fetal 
heart rate tracing in relation to uterine contractions over 
time. This technology is used annually on over 3.6  million  
laboring women  in the United  States  but  is  antiquated,  
difficult  to interpret, and a surrogate for the true measure 
of the fetus’s  well  being.  In the absence of reliable data 
and in a litigious environment, physicians must take a 
conservative management approach, which has led to a 
large increase in cesarean delivery rates as a means to 
rescue fetuses at risk for severe metabolic acidosis. While 
seemingly innocuous, cesarean deliveries are   associated   
with significant complications for both mother and 
newborn, including maternal mortality, which has risen 
dramatically in the United States.  Furthermore, CTG 
monitoring leads to false negatives, where an at riskfetus is 
not detected and the resulting outcomes are devastating. 
The need for a better fetal monitor has plagued the 
obstetrical community for over 50 years.    

 
FETAL MONITORING & CTG: Labor is physiologically 
stressful to the fetus. When the uterus contracts to expel 
the fetus through the birth canal, there is a temporary 
decrease   in uterine blood flow and fetal perfusion due to 
a constriction of the uterine arteries. In addition, as the 
fetus descends through the pelvis, the umbilical cord can 
be compressed, and result in reduced blood flow to the 
fetus. Over 99% of fetuses tolerate uterine contractions 
and the birthing process, but approximately 1% of fetuses 
develop hypoxia and subsequent metabolic acidosis from 
repeated uterine contractions that ultimately leads to the 
development of hypoxic ischemic encephalopathy (HIE) 
[1].   
 
 
 
 

Although this form of new--- born neurological injury is rare, 
the consequences are completely devastating, resulting in 
significant cognitive and motor disabilities. The incidence of 
HIE is estimated up to 9 babies per 1000 term births. With 
4.1 million annual births in the United States, approximately 
36,900 babies are affected annually by this condition. Since 
the need for life---long care is an unfortunate reality for 
many of these children, developing a solution for this unmet 
clinical need is paramount.  
  

Since the 1800s, a slowing of the fetal heart rate (fetal 
bradycardia) has been recognized as a predictor of 
significant fetal morbidity and mortality. In 1968, 
continuous cardiotocography (CTG) monitoring was 
developed to continuously monitor for potential fetal 
injury.. If a physician could identify the fetus at risk for 
developing hypoxic ischemic encephalopathy, an 
intervention such as a cesarean delivery could rescue the 
fetus before irreversible brain injury occurs. However, 
significant limitations exist with this technology:  

 
I. The interpretation of the CTG tracings is subjective.  

In a large study, asking five physicians to interpret the 
same fetal heart rate tracing led, on average, to four 
distinct conclusions [2]. Further, when asked one 
year later, the physician would change his/her 
interpretation of the fetal heart rate tracing 50% of 
the time. Even attempts to utilize machine learning 
and artificial intelligence for CTG interpretation have 
failed to accurately and reliably detect fetus at risk 
for metabolic acidosis [3]. 

 
II. A recent landmark study has shown that CTG 

interpretation among experts has a 50% false 
negative rate for detecting fetal distress [4]. This 
means that 50% of fetuses in distress had heart 
rate tracings that were interpreted as normal. 
Consequently, the physician had no indication that 
the fetus needed to be rescued and devastating 
results to the newborn followed. 

 
 

III. It is estimated that 84% of laboring women will 
experience a Category II fetal heart rate tracing  
which is indeterminate on its own and requires 
evaluation, continued surveillance and reevaluation 
[5]. Obstetrical providers struggle to determine 
which category II fetal heart rates will lead to 
newborn injury, as over 99% of these Category II 
tracings are false positives. 

 

 

 

 

 



These limitations have led physicians to perform more and 
more cesarean deliveries, many of which are deemed 
medically unnecessary. In fact, cesarean delivery rates have 
increased 400% over the past 40 years in the United 
States with no improvements of newborn neurological 
injury rates [6]. Approximately 1/3 of laboring women will 
receive a cesarean delivery for the birth of her baby and 
according to the World Health Organization, 50% of these 
cesarean deliveries are medically unnecessary [7].  It is 
estimated that 24% of all cesarean deliveries performed 
in the United States are a result of abnormal fetal heart 
rate tracings and 60% of all emergency cesarean 
deliveries are performed for abnormal fetal heart rate 
tracings [8,9]. This translates into 300,000 major 
abdominal surgeries per year. 

 
C---SECTIONS & ASSOCIATED RISKS:  Cesarean deliveries 
are associated with morbidity and mortality to the mother, 
especially when repeated for subsequent pregnancies, 
which accounts for over 90%  of deliveries in the United 
States [10]. Complications can include post--- operative 
wound infections, thromboembolic events and injury to the 
bowel & bladder [11]. With each cesarean delivery, the risk 
of maternal hemorrhage increases because of conditions 
such as uterine rupture, placenta previa and placenta 
accreta.  A mother with a history of three   or more cesarean 
deliveries has a 60% chance of developing an abnormal 
placental condition that could lead to hemorrhage and 
death [12]. Over the past 15 years, maternal mortality in the 
United States has increased dramatically, which ranks the US 
highest in maternal mortality of all developed nations [13]. 
This is largely due to maternal hemorrhage as the cause of 
death. While the reasons behind increasing maternal 
mortality are multifactorial, most experts agree that 
reducing primary cesarean delivery rates and subsequent 
repeat cesarean deliveries will reduce the incidence of 
abnormal placentation and subsequent 
morbidity/mortality associated with maternal hemorrhage. 
 
 Cesarean deliveries are also associated with significant 
newborn morbidity & mortality.  The literature shows that 
babies born by cesarean delivery are more likely to require 
care in the newborn intensive care unit (NICU) and have an 
increased incidence of difficulty breast  feeding,  sudden  
infant  death syndrome  (SIDS),  asthma,  type  1  diabetes, 
Crohn’s disease, autism and childhood  obesity [13,14]. A 
vaginal delivery protects the newborns by expelling amniotic 
fluid of out of the lungs and inoculating the fetus with a 
protective microbiome. 
 
Furthermore, medical malpractice litigation is notorious in 
obstetrics and a concern for all clinicians in the field. In a 
2018 analysis of 1,298 obstetrical cases from 2012--- 2016, 
$725 million dollars of payout resulted from this case series  
 
 

with intrauterine fetal hypoxia as the most common diagnosis 
for the successful lawsuit [15]. Given all of the issues 
described above, it is well recognized that a novel 
technology that can reliably detect potential fetal injury 
during labor would help improve both newborn and 
maternal health. The Nellcor Corporation recognized this 
need in the 1990s and commercialized a   fetal   pulse   
oximetry (FPO) device, marketed as the OxiFirst. 

 
THE NELLCOR FETAL PULSE OXIMETER: Pulse oximetry 
is a technology that calculates the oxygen saturation levels 
of hemoglobin in the arterial system by measuring the light 
reflection.  Hemoglobin bonded to oxygen absorbs light less 
readily than hemoglobin that is  not bonded  to  oxygen.  By 
comparing the ratio of light reflection over multiple 
wavelengths of light, the percentage of hemoglobin bonded 
to oxygen (i.e. oxygen saturation) can be calculated.  
Traditional pulse oximetry transmits light through an 
appendage such as a fingertip or an earlobe. Because no 
such appendage is available from a fetus in-utero, the 
Nellcor Corporation developed a fetal pulse oximeter that 
could reflect light off the fetal surface [16]. 
 
Nellcor’s OxiFirst fetal sensor was inserted through the birth 
canal and wedged between the fetus’s cheek, temple or 
forehead and the uterine wall. In 2000, the Nellcor 
Corporation applied to the FDA for approval, indicating that 
the prospective use of OxiFirst during labor and delivery 
could reduce cesarean delivery rates. To support those 
claims, Nellcor completed a randomized, controlled study in 
1010 patients where the control group was monitored with 
traditional electronic fetal heart rate monitoring  (CTG) and   
the   study  cohort   was monitored with electronic  fetal  
heart  rate monitoring plus continuous  fetal  pulse  oximetry  
[17]. The results demonstrated   a   50% reduction   in 
cesarean delivery rates when CTG + FPO was used to 
evaluate non---reassuring heart rates, a clear validation that 
fetal pulse oximetry added clinical value. Unfortunately, 
having the device wedged in the birth canal additionally led 
to a 100% increase in cesarean deliveries from dystocia, a 
condition where the fetus stops progressing through the 
birth canal. 

Nellcor OxiFirst Sensor 

Nellcor OxiFirst Sensor 



The FDA granted Nellcor PMA approval to  market  the 
OxiFirst device as an adjunct monitor to CTG in the presence 
of a nonreassuring fetal heart rate pattern and required  
the  Nellcor  Corporation  to  conduct  a  post--- market 
analysis to  investigate  the  increased  incidence  of dystocia 
[18]. Subsequently, Kuhnert et al. performed   a second 
clinical trial with patients randomized to receive continuous 
fetal pulse oximetry.  In this study, there was a reduction of 
cesarean delivery rates for non---reassuring fetal heart rate 
tracings with an increase for cesarean deliveries from 
dystocia [19]. A third clinical trial called the FOREMOST 
trial enrolled 600 women randomized to receive 
continuous fetal pulse oximetry and again this study yielded 
a similar increase in cesarean deliveries from dystocia [20]. 
 
So why was there an increase in dystocia from the 
continuous use of the OxiFirst fetal pulse oximetry? Vidaeff 
et al. suggested that there was an increase in persistent 
occiput---posterior position with the continuous use of the 
OxiFirst sensor [21].  As the fetus descends down the birth 
canal, the head also rotates in a cork screw fashion from 
occiput-posterior   to    occiput--- anterior and perhaps the 
sensor that was wedged between the fetus’s cheek and  the  
uterine  wall  mechanically  prevented  the  fetus  from  
rotating.  If the fetus’s head remains in a persistent occiput 
posterior position, this position is associated with dystocia 
and   an   increased need for cesarean delivery [22]. Porreco 
et al. also reported an increased rate of occiput---posterior 
in the cohort  of  patients  requiring  cesarean   delivery   for  
dystocia but   hypothesized    that    nonreassuring    fetal  
heart rate tracings were a result of dystocia [23]. Finally, in 
a study published in  2009,  fetal  pulse  oximetry  was   used 
in an  intermittent  fashion  with  a  treatment protocol 
instead of continuously usage and the results demonstrated 
a decrease in cesarean delivery rates for non---reassuring 
fetal heart rate tracings with no increase of  cesarean  
deliveries  from  dystocia  [24]. By using the OxiFirst sensor 
intermittently, the presumed mechanical obstruction from 
continuous usage was not causing a persistent occiput---
posterior position or an increase of dystocia. 

During the same time period, the National Institute of 
Child Health and Development (NICHD) sponsored a very 
large randomized clinical trial (FOX Trial) at 14 US 
academic medical centers. In this study, all 5,341 
patients had a fetal pulse oximeter placed for continuous 
monitoring, but clinicians only saw the measurements 
for 2,629 patients randomized into the open group [25]. 
The study design did not provide a protocol for clinicians 
with guidelines on how to manage patients using the 
oxygen saturation results provided by OxiFirst [25].   
Without surprise, there was no change in cesarean 
delivery rates between the control and study groups 
because the study did not teach clinicians how to use the 
fetal pulse oximeter results. There was also no difference 
in dystocia rates between the two groups as both groups 
had the OxiFirst inserted continuously. This study was 
published in the New England Journal of Medicine 
despite the flawed study design and several prominent 
organizations such as the American College of OB/GYN 
(ACOG) and the Cochrane database prematurely 
concluded that fetal pulse oximetry offers no value to the 
clinician or patient [26,27,28]. 

 
THE TRUE VALUE OF FETAL PULSE OXIMETRY: The true value 
of this technology was subsequently identified when 
human studies showed that the detection of fetal hypoxia 
from fetal pulse oximetry could predict the development of 
metabolic acidosis in the newborn. It is well understood 
that when the fetal oxygen saturation falls below 30% in-
utero, the fetus has an inadequate oxygen supply and is at 
risk for developing metabolic acidosis from anaerobic 
lactate production [29,30,31].  Newborn metabolic acidosis 
is measured by analyzing the pH of blood samples taken 
from the umbilical cord.   As the blood becomes more acidic, 
the pH falls to  a  critical  level, with metabolic acidosis  
defined by  a  pH  of  less  than 7.2. If the pH continues to 
fall below 7.0, the fetus is at a significant risk for seizures, 
hypoxic ischemic encephalopathy or even death. This 
knowledge of fetal biology used in combination with fetal 
pulse oximetry has demonstrated that when oxygen 
saturation falls below 30% for at least 10 minutes or two 
uterine contractions, the umbilical blood pH begins to fall 
towards levels of acidosis of concern [30]. Furthermore, the 
fetus that does not experience a hypoxic event of the 
oxygen saturation falling below 30% for great than 10 
minutes is unlikely to develop metabolic acidosis. 
 
Using these parameters, several studies have now clearly 
demonstrated the true value of fetal pulse oximetry.   In a 
400-patient study, Seelbach-Göbel et al. found that the 
OxiFirst fetal pulse oximeter had a 100% sensitivity, an 81% 
specificity and a 51% positive predictive value for detecting 
newborn metabolic acidosis [31]. 



In 2010, Nonnenmacher et al. reported   similar conclusions 
in a 101 patient study, where fetal pulse oximetry had a 
92.9% sensitivity, an 87.4% specificity and a positive 
predictive value of 54.2% for detecting newborn metabolic 
acidosis [32].  These results are in stark contrast to 
electronic fetal heart rate monitoring, which has a 93% 
sensitivity, a 29% specificity and a positive predictive value 
of 2.6% for detecting newborn metabolic acidosis [33]. 

 
Detection of Fetal Metabolic Acidosis 

 Sensitivity Specificity PPV 

CTG alone (Low) 93% 29% 2.6% 
FPO (Seelbach---Göbel) 100% 81% 51% 
FPO (Nonnenmacher) 92.9% 87.4% 54.2% 

 
Unfortunately, during the same time, the Nellcor 

Corporation was engaged in a series of mergers and 
acquisitions. In 1997, Mallinckrodt acquired the Nellcor 
Corporation and in July 2000, Tyco International 
acquired Mallinckrodt [34,35]. Twenty years ago, the 
OxiFirst device achieved over $1 million dollars in 
European sales in the 1st year after CE mark and within 2 
years of FDA approval, OxiFirst was being used in 10% of 
all labor units  in  the  United  States  [36,37]. Despite 
these markers of initial commercial success, the perinatal 
business unit was closed down in 2002 as a business 
decision by Tyco to focus on the profitable business lines 
within the Nellcor portfolio. Eventually Tyco 
International spun off the health care business to 
Covidien in 2007 and then Medtronic acquired the 
Covidien assets in 2015 [38,39]. 

  
To this day, a commercial fetal pulse oximetry device has 
not been successfully marketed while the significant 
unmet clinical need continues to persist. Multiple experts 
in obstetrics opine that if fetal pulse oximetry 
continued to be marketed beyond 2002, the technology 
would have achieved significant clinical adoption. The 
need for this technology is even more pressing today than 
it was in the early 2000s.  For the past 15 years, maternal 
mortality has steadily increased in the United States, with 
the U.S. ranking 46th in the world for maternal mortality 
behind countries like Saudi Arabia and Kazakhstan [40]. 
Much attention has recently been given to the increasing 
maternal mortality rates and the disparities in maternal 
care. The President of the United States signed historic 
legislation in 2018 to prevent maternal deaths. ACOG 
published a consensus statement in 2014 on the “Safe 
Prevention of the Primary Cesarean Delivery” [41,42]. 

THE RAYDIANT OXIMETRY FETAL PULSE OXIMETER: 
Raydiant Oximetry, Inc. is working to develop the tool that 
clinicians have needed for over 50 years – a fully non- 
invasive fetal pulse oximeter that provides fetal oxygen 
saturation monitoring without adversely affecting the 
birthing process. LUMERAHTM is a completely external, 
non---invasive sensor that is placed on the maternal 
abdomen. LUMERAH can be used earlier in the labor 
process than OxiFirst because LUMERAH does not require 
cervical dilatation for insertion, rupture of the amniotic 
sac or the fetus to have descended. 
 
Raydiant Oximetry received breakthrough status by the 
FDA in October of 2018 to expedite market approval of 
LUMERAH through a proposed indication for use that 
“The LUMERAH device is a non--- invasive fetal pulse  
oximetry  measurement  device for use in  adjunct  with  
fetal  heart  rate monitoring to aid clinicians in the 
detection of potential fetal injury resulting from hypoxia.” 
Raydiant Oximetry intends to develop marketing claims 
that LUMERAH has improved diagnostic accuracy for the 
detection of fetal metabolic acidosis when used with CTG 
than CTG monitoring technology alone and will design a 
pivotal study to support such claims.  Based on a  meta---
analysis  of  500 patients from the Seelbach-Göbel & 
Nonnenmacher studies, Raydiant Oximetry expects that 
LUMERAH can achieve a minimum specificity  of at least 
81%  for the  detection  of fetal metabolic acidosis, which 
is in stark contrast to the 29% specificity of CTG 
monitoring [31,32,33]. 
 
With the improved diagnosis of fetuses at risk for 
severe oxygen deprivation, it is proposed that the 
prospective use of LUMERAH could lead to a reduction 
of emergency Cesarean delivery rates for fetuses 
suspected to be at risk for severe metabolic acidosis 
and the eventual decrease of maternal 
morbidity/mortality from the overuse of cesarean 
deliveries. In addition, the improved diagnosis of 
fetuses at risk for severe metabolic acidosis through the 
LUMERAH technology will improve neonatal cord blood 
gases at birth, reduce NICU admissions and the NICU 
length of stay. Furthermore, the neonatal chronic 
morbidity that is associated with cesarean delivery may 
also be reduced from a reduction in emergent cesarean 
delivery. 
 
Experts in obstetrics and maternal fetal medicine have 
written that  they  hope  the  “original  promise of fetal  
pulse  oximetry  will  one  day  be fulfilled.” Raydiant 
Oximetry, Inc. intends to fulfill that promise and 
ultimately improve outcomes for mothers and babies 
during childbirth by commercializing the LUMERAH 
technology. 
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