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The way we see it

Using Noninvasive Pulse CO-Oximetry to
Help Improve Patient Safety, Reduce Costs,
and Increase Hospital Revenue
Healthcare institutions are under increasing pressure to improve the quality and safety of patient care while improving efficiencies and decreasing costs.1,2 Managing these two
challenges is important in operating productive hospitals
and protecting revenues.
Diagnostic laboratory measurements drive key clinical decisions for hospitalized patients, but require invasive blood
draws, can reduce efficiency, and are only available on clinician order at intermittent frequencies.
Point-of-care lab testing methodologies have gained clinical
momentum in recent years due to their ability to speed diagnostic and treatment decisions, but they still require a blood
draw, clinician time, and are not available continuously.3
One of the most common lab variables measured in the hospital is total hemoglobin (Hb). While less frequently measured
today than Hb, carboxyhemoglobin (COHb) and acquired
methemoglobin (MetHb) are two dyshemoglobins present
in some hospitalized patients that can significantly impact
patient outcomes. This paper conveys the findings from a

recent study conducted by Capgemini to analyze potential
financial gains from Pulse CO-Oximetry™ (Rainbow SET®,
Masimo Corporation, Irvine, CA), the first technology to
noninvasively and continuously measure total hemoglobin
(SpHb™), carboxyhemoglobin (SpCO®), and methemoglobin (SpMet®) in the blood.4-6
Hospital respondents identified multiple potential benefits of
Pulse CO-Oximetry including aiding faster diagnosis, improved detection of critical conditions, prevention of harmful interventions, increased patient throughput, and reduced
costs, risks, and discomforts of invasive testing.
After comparing the financial benefits with the capital investment and operational expense to incorporate Pulse CO-Oximetry, the study found that there is a positive business case
to incorporate Pulse CO-Oximetry into a hospital’s clinical
standards and care pathways for noninvasive, continuous,
and immediate assessment of SpHb, SpCO, and SpMet.
The research indicates that surveyed hospitals and clinicians believe Pulse CO-Oximetry has the strong likelihood

There is a positive business case to incorporate
Pulse CO-Oximetry into a hospital’s clinical standards and care
pathways for noninvasive, continuous, and immediate assessment
of total hemoglobin (SpHb), carboxyhemoglobin (SpCO),
and methemoglobin (SpMet).

of improving the quality, safety, and efficiency of healthcare delivery.

Study Methods
A three-part methodology was used to
evaluate and quantify the potential financial benefits of Pulse CO-Oximetry:
1) understand the current process of
care and identify the potential clinical
and financial benefits; 2) quantify the
benefits into financial models; 3) verify findings and
refine the model
through prospective surveys and
peer-reviewed literature.

nal Labs, Cardiology, Pulmonary, Respiratory Care, Finance, Purchasing,
Materials Management, and Biomedical
Engineering. Capgemini analysts have
completed a portfolio of like business
strategy studies and business cases for
healthcare and life science institutions
(www.capgemini.com).
Initial findings related to clinical and
financial benefits were reviewed and
quantified through a follow-on survey of 200 hospital-based physicians
throughout the U.S. who did not partic-

care areas viewed as having the largest benefit were surgery, intensive
care, and the emergency department.
The emergency department was also
seen as a high impact area for SpCO,
while the endoscopy, bronchoscopy,
and transesophageal echocardiography
procedure labs, as well as neonatal intensive care, were the areas that would
most benefit from SpMet.
Traditional methods to obtain Hb include lab CO-Oximeters, hematology
analyzers, and blood gas analyzers,
while COHb and
MetHb
could
only be obtained
through a COOximeter. All lab
methods require
invasive
blood
draws and processing time to
turn around test
results that delay
clinical decisions,
and they are only
available intermittently after a clinician
has ordered the test.

Rapid intervention for out-of-range Hb,
COHb, and MetHb levels was viewed by
respondents as a clinical imperative, as
treatment delays have been shown to
increase morbidity and mortality.

Hospital inputs
were first evaluated through indepth one-on-one
interviews with
clinicians
and
other decision-makers at 15 acute care
hospitals distributed evenly across the
U.S. (Appendix A). Respondents represented community and teaching hospitals, HMOs, and smaller care institutions, ranging in size from 300 to 900
beds with annual revenues from $700
million to $3 billion.

The interviews were designed to allow
data collection from a cross-section of
hospital departments as well as executive management and included questions about clinical efficiency, patient
safety, “do no harm” initiatives, and
the noninvasive detection of blood constituents that have been directly linked
to increased morbidity and mortality
when undetected and untreated.
In total, 70 in-depth interviews were
performed by Capgemini researchers
with professionals in: Anesthesiology,
Emergency Medicine, Intensive Care,
Neonatal Intensive Care, Gastrointesti-

ipate in the initial interviews.7 Participating physicians included surgeons,
anesthesiologists, intensivists, and
emergency medicine physicians. Respondents from a variety of geographic
regions and 38 states were included.

Technology Impact
on Efficiency and the
Process of Care
Hospitals surveyed for this study rated clinical efficiency and safe patient
throughput of paramount importance
to attaining favorable clinical and financial outcomes. Noninvasive Pulse
CO-Oximetry was perceived by clinicians and administrators alike to have
clinical and financial benefits across
multiple hospital departments.
For SpHb, respondents indicated that
most patients could benefit and those

Turnaround time for lab tests was recorded at two to three hours for a regular in-house lab, and as fast as 15 minutes for a “stat” test for emergency and
surgery patients.
While all hospitals interviewed in phase
one of this study owned an on-site lab
CO-Oximeter and blood gas analyzer,
it is estimated that only half of U.S.based hospitals have an onsite COOximeter that can measure COHb or
MetHb levels.8 In these facilities, this
means that when the measurement is
needed, they must send blood samples
to off-site lab facilities with an average
turnaround time of 15 hours.
Rapid intervention for out-of-range Hb,
COHb, and MetHb levels was viewed
by respondents as a clinical imperative,
as treatment delays have been shown to
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increase morbidity and mortality.9,10
Respondents viewed noninvasive Pulse
CO-Oximetry as having multiple clinical performance advantages over traditional lab methods that possess inherent delays in patient care with attendant
safety compromises.
As shown in Table 1, Pulse CO-Oximetry was viewed by respondents as offering improved patient care and safety
with demonstrable impact on the cost
of care, overall efficiency gains, and
patient safety.
Both clinicians and hospital administrators favored the ability to assess
SpHb, SpCO, and SpMet in real time
and viewed Pulse CO-Oximetry as
having the ability to improve hospital
throughput by facilitating earlier and
better diagnosis, leading to quicker and
improved therapeutic interventions.
These actions were seen as being likely
to enhance patient outcomes and free
clinicians to see more patients.
Patient comfort and safety were also
cited by clinicians as a potential benefit
of noninvasive and immediate Pulse
CO-Oximetry measurements.
Clinicians also desired the ability to
make critical decisions faster without
having to “stick” patients, with the attendant cautions around sharps hazards
and biohazardous waste handling and

associated costs. This was seen as especially beneficial for neonates, the elderly, and trauma patients.

Specific Clinical and
Financial Value:
Total Hemoglobin
Anemia is defined as a low Hb level,
which may occur acutely during blood
loss or chronically due to internal
bleeding or dietary insufficiency.
Anemic status is considered a critical driver of diagnosis, prognosis, and
treatment decisions, so lab-based Hb
assessment is one of the most common
tests performed in hospitals.11 It is often
measured as part of a complete blood
count (CBC) which also provides white
blood and platelet count in additional
to Hb.
Respondents indicated that many CBC
tests were primarily for Hb and stated
that they could significantly benefit
from the ability to noninvasively, immediately, and continuously assess a
patient’s anemic status.
Another potential benefit identified was
the ability of noninvasive Pulse COOximetry to save time related to ordering and waiting for tests.
Clinicians and hospital administrators
projected efficiency gains for clinicians

such as anesthesiologists and emergency room physicians, where creating
even a ten minute savings per clinician
was seen as beneficial in improving the
process of care.
Given the volume of testing associated
with Hb, conversion of some traditional invasive Hb tests to noninvasive
SpHb monitoring was also seen as saving time and potentially reducing load
and costs on hospitals labs.

Surgery
In surgery, as many as one in five inpatients receives a blood transfusion.11
Blood is a precious commodity and has
a high cost to collect, test, store, and
manage.12 Unfortunately, inappropriate
transfusions are a costly contributor to
health care. In one large meta-analysis,
the risk-adjusted increase in intensive

A recent Joint
Commission
report on blood
transfusions
estimated the total
cost to transfuse one
unit of blood to be
$500 to $1,000.

Table 1. Potential Financial Benefits of Pulse CO-Oximetry
Process of Care Benefits

Increased Revenue /
Patient Throughput

Decreased Costs

Reduce time needed to collect and process lab tests
Avoid unnecessary lab and diagnostic testing due to delay in results
Avoid hazards and complications from invasive testing
Enable earlier diagnosis and treatment of life-threatening conditions
Avoid wrong treatment due to lack of real-time information
Avoid unnecessary treatment from misdiagnosis
Avoid liability from misdiagnosis and complications
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care length of stay was between two
and five days for patients receiving a
transfusion,13 and use of a restrictive
Hb trigger reduced transfusions by
40%. In the CRIT randomized trial of
restrictive transfusion practices, each
transfusion of 1-2 units equated to an
increased hospital length of stay by 3
or more days.14 In another study, riskadjusted nosocomial infection rate was
significantly higher in patients receiving transfusions.15
Many hospitals have already initiated
clinical pathways to both prevent unnecessary transfusions in patients who
do not need them as well as to better
identify patients who could benefit
from earlier blood transfusions, both of
which can have significant impact on
patient morbidity and treatment costs.16
A recent Joint Commission report on
blood transfusions estimated the total
cost to transfuse one unit of blood to be
$500 to $1,000.17
In our study, noninvasive SpHb was
seen as having a positive impact on
blood transfusion management. The
majority of surgeons and anesthesiologists stated that SpHb monitoring
would both enable earlier transfusion
in some patients and help avoid unnecessary transfusions in others.
To quantify the potential direct and
indirect cost savings from avoiding
unnecessary transfusions, anesthesiologists and surgeons were asked to estimate how many blood loss surgeries

they would need to monitor with SpHb
to prevent one unnecessary transfusion
in one patient.
The majority of anesthesiologists and
two-thirds of surgeons stated that SpHb
monitoring would prevent at least one
unnecessary transfusion in every ten
surgical cases on which it was used.

Intensive Care
Internal bleeding is a significant risk
factor for many patients in the post-surgical and intensive care environment
and leads to significantly increased cost
of treatment.18
While traditional vital signs do not reliably predict Hb levels, low Hb has been
shown to quickly identify almost nine
out of ten internal bleeding patients.19
Intermittent lab testing eventually identifies significant drops in Hb which initiate rapid assessment for the source of
bleeding and intervention to prevent
further bleeding, but detection of Hb
changes can occur hours after bleeding
begins.
When combined with decreased red
blood cell production and bleeding,
frequent blood draws for lab tests over
multiple days often induce anemia. As
many as 95% of intensive care patients
have a below-normal Hb level by day
three and 35% experience acute bleeding.20-22
In addition, an estimated 80% of pa-

The majority of anesthesiologists and
two-thirds of surgeons stated that SpHb
monitoring would prevent at least one
unnecessary transfusion for every ten
surgical cases on which it was used.

The majority
of intensivists
stated that SpHb
monitoring would
reduce intensive
care length of stay
by at least one day
for every 15 or
fewer patients on
which it was used.
tients in intensive care for a week or
more receive a blood transfusion, despite evidence showing unnecessary
transfusions hurt patient outcome and
increase the cost of care.22,23
The majority of intensivists in our study
stated that SpHb monitoring would
allow them to both identify internal
bleeding sooner and decrease unnecessary blood transfusions. To quantify the
potential direct and indirect cost savings from SpHb monitoring, intensivists were asked to estimate how many
intensive care patients would need to
be monitored with SpHb in order to reduce intensive care stay by one day.
The majority of intensivists stated
that SpHb monitoring would reduce intensive care length of stay by
at least one day for every fifteen or
fewer patients on which it was used.

Emergency Department
The emergency department is the most
frequent user of Hb tests, typically as
part of a CBC.25 Ruling out anemia as
a cause of symptoms is a frequency requirement, and also enables identifica4

tion of anemia for proper treatment as
either an inpatient or outpatient.
While less frequent, in trauma situations emergency physicians are often
forced to make blood transfusion decisions without the aid of the otherwiserequired Hb test, potentially leading to
unnecessary transfusions.26
Wait times for lab tests are known to
fuel the emergency department overcrowding problem, and also increase
the number of patients who leave without being seen.27
Therefore, it is not surprising that decreasing
the turnaround time
for lab measurements
has been identified by
the American College
of Emergency Physicians as a solution to
increase
emergency
department efficiency.28
The large majority of
emergency physicians
stated that SpHb spottesting would help them
evaluate anemic status more rapidly
and would decrease the number of required clinician interactions with the
patient. To quantify the potential direct
and indirect cost savings from SpHb
spot testing, emergency physicians
were asked to estimate how many additional patients the efficiency gains from
SpHb would allow the ED to evaluate
per day.

Specific Clinical and
Financial Value:
Carboxyhemoglobin
Exposure to carbon monoxide results
in elevated COHb levels in the blood.
The Centers for Disease Control reports that carbon monoxide poisoning
accounts for an estimated 50,000 emergency department visits and at least
500 unintentional deaths in the U.S.
each year.29

A recent study in the emergency department using Pulse CO-Oximetry for
noninvasive SpCO testing identified
60% more carbon monoxide poisoning
cases than the traditional approach and
estimated that as many as 11,000 carbon monoxide poisoning cases per year
in the U.S. were being missed.34
In addition to assessing environmental
carbon monoxide poisoning, elevated
COHb levels have shown an association with hemolysis, a dangerous blood
condition which can occur during infection, sepsis, dialysis,
and surgery.35

Over three quarters of emergency
physicians stated that SpHb testing
would increase efficiency enough to
allow their emergency department to
increase patient throughput by three
or more patients per day.

Over three fourths of emergency
physicians stated that SpHb testing
would increase efficiency enough
to allow their emergency department to increase patient throughput
by three or more patients per day.

Common indications for testing include symptoms along with one of
the following: use of portable generators, exposure to gas-powered furnaces, chemical leaks at manufacturing
plants, extended inhalation of vehicle
or motorboat exhaust, and fire-related
exposures. When clinical suspicion is
high, invasive lab CO-Oximetry tests
are traditionally ordered to measure
circulating COHb levels.
Recent evidence indicates that elevated
COHb levels are much more common
than previously thought in symptomatic patients, such as those with a headache.30 Delays in carbon monoxide poisoning diagnosis have also been linked
to significant increases in cardiac and
neurological complications, including
premature death.31-33

Reports also demonstrate the potential for
carbon monoxide poisoning through anesthesia devices with desiccated sodalime, referred
to as the “Monday
morning phenomena”.36

About one third of respondents stated carbon
monoxide poisoning is
a common or somewhat common occurrence with the majority of extreme
poisonings seen in the emergency department, although more cases are being recognized in other acute care settings.37 The number of severe carbon
monoxide poisoning cases per hospital
in the study averaged 24 patients annually.
Many respondents felt CO poisoning
could be significantly underestimated
because of their inability to screen for it
due to a time-consuming and costly invasive test it has required. Respondents
in the study indicated awareness of the
potential impact of a misdiagnosis of
carbon monoxide poisoning for flu or
some other condition—with potential
for a disastrous result of the patient returning to the toxic environment.
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A recent study using noninvasive SpCO testing identified 60% more
carbon monoxide poisonings than the traditional approach and
estimated that as many as 11,000 carbon monoxide poisoning
cases per year in the U.S. were being missed.
In cases of confirmed carbon monoxide
poisoning, respondents ranked the ability to “follow the data” with real-time
trending as a desirable feature of Pulse
CO-Oximetry and believed it was likely to lead to improved clinical management of the patient.

Specific Clinical and
Financial Value:
Methemoglobin
MetHb is another dysfunctional form
of hemoglobin that prevents the blood
from carrying necessary oxygen. Reduced oxygen can lead to eventual organ damage or death, and is especially
a risk in cardiac patients who are already compromised.
Methemoglobinemia is defined as an
elevated MetHb level and is acquired
through exposure to over 30 drugs commonly prescribed in the acute care and
hospital outpatient setting such as topical anesthetics (benzocaine, lidocaine,
articaine, prilocaine), antibiotics (dapsone, trimethoprim, sulphonamides),
aniline dyes, and compounds containing nitrates.38 The most common treatment for methemoglobinemia is infusion of methylene blue.
However, methylene blue has been
reported to actually induce methemoglobinemia, sometimes producing a
methemoglobin rebound effect, often
requiring additional treatment.39 Trending MetHb clearance through con-

tinuous monitoring may help improve
treatment efficacy.
Published evidence from two large
hospitals over 28 months revealed 2.5
cases of methemoglobinemia per hospital per month, with one fatality and
three near-fatalities.40 These cases occurred across all care areas and patient
types. The number of additional but
undiagnosed cases was not estimated,

Published
evidence from
two large hospitals
over 28 months
revealed 2.5 cases of
methemoglobinemia
per hospital per
month, with one
fatality and three
near-fatalities.
but growing evidence and warnings
by the FDA,41 Veterans Administration,42 and the Institute for Safe Medication Practices43 indicate that elevated
MetHb levels are not a rare occurrence
and should be evaluated quickly if the
clinical condition warrants. In the neonatal intensive care population, the use
of inhaled nitric oxide (iNO) therapy,
especially at higher doses, can cause

methemoglobinemia,44,45 and the American Academy of Pediatrics guidelines
suggest clinical monitoring for toxicity
in patient receiving iNO therapy.46
Almost all surveyed hospitals reported
infrequent but recurring cases of severe MetHb poisoning. Respondents
reported monitoring for MetHb poisoning in endoscopy, bronchoscopy,
and transesophageal echocardiography
labs, as well as neonatal intensive care.
These departments regularly use drugs
that are known to induce methemoglobinemia.
Outside of these departments, awareness is growing but the full impact of
the condition is not fully understood.
In general, respondents saw the benefit of more widespread and immediate
testing of patients in care areas where
elevated acquired methemoglobinemia
is known to occur, and appreciated the
ability to monitor the effects of therapy
to avoid either over- or under-treatment.

Business Case for
Pulse CO-Oximetry
Capgemini analyzed the data collected during interviews and surveys and
identified potential financial benefits
that noninvasive Pulse CO-Oximetry
could create for hospitals.
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Capgemini utilized three types of financial models in this study for each Pulse
CO-Oximetry parameter:

driven by increased throughput and
SpHb procedural test reimbursement.

1. Per-patient analysis within each
department to model the price, cost
reductions, revenue, and net savings or financial gain per patient.

Surgery

2. Department analysis to model the
net annual savings or financial
gains and calculate the capital purchase payback period.
3. Hospital-wide analysis including
all department analyses to model
the aggregate net annual savings
and financial gains and calculate
the capital purchase payback period.
Pulse CO-Oximetry offers positive financial benefits to hospitals through a
reduction in existing costs, cost avoidance through an enhanced process of
patient care, and increases in reimbursement revenue.
The net cost savings and financial gains
also facilitate a short capital payback
period, which has become increasingly important in a capital-constrained
healthcare environment.

Per-Patient and
Department Financial
Models for SpHb
Department-specific financial models were created for surgery, intensive
care, and the emergency department.
In each department, the make-up of
applicable cost savings and revenue
increases were significantly different. Cost reductions in surgery and intensive care were driven by reducing
SpO2 sensor use and lab tests, preventing unnecessary transfusion-related
morbidity, and enabling earlier detection of bleeding. Revenue increases
in the emergency department were

In surgery (Table 2), Capgemini estimates that the net savings per patient
monitored with SpHb is $18. These
benefits include savings from SpO2 sensors, which are not necessary if SpHb
sensors are used because they also include SpO2 measurement capability, as
well as reduced laboratory tests, which

especially in surgery are often done primarily for Hb.
The largest benefits in the model are
driven by physician estimates that
SpHb would help them prevent unnecessary transfusions, reduce transfusionrelated costs (including blood), and reduce the known increase in morbidity
associated with transfusions.
While estimates of the cost of transfusing one unit of blood to any patient
range as high as $1,000, we conserva-

Table 2. SpHb Monitoring in Surgery: Estimated per Patient Analysis
Price per Patient
SpHb device price (equipment + parameter)
Device useful life (years)
Average uses per year per device

$6,800
÷

5

÷

180

Amortized device price per use

$8
+

SpHb sensor price per patient
Total price per patient

$95
$103

Cost Reductions per Patient
Replacing SpO2 Sensors
Reduced SpO2 sensor cost per patient (now replaced with SpHb sensor)

$10

Reducing Invasive Hb Testing
Cost per invasive Hb test (direct costs only)
Estimated number of invasive Hb tests reduced per patient monitored
with SpHb
.

$1.50
x

Reduced cost per patient by reducing invasive Hb testing

4
$6

Preventing Unnecessary Transfusions
Material cost per unit of blood (direct costs plus waste)

$250

Morbidity risk per unnecessary transfusion

5.0%

Cost per unnecessary transfusion-related morbidity (length of stay,
therapeutic interventions)

x $6,000

Weighted morbidity-related cost per unnecessary transfusion

$300

Total cost per unnecessary transfusion (material + morbidity cost)

$550

Estimated percent of blood transfusion cases monitored with SpHb to
prevent one unnecessary transfusion

x 15.0%

Reduced cost per patient by preventing unnecessary transfusions

$83

Enabling Earlier Identification of Bleeding
Morbidity risk per late transfusion
Cost per late-transfusion morbidity (length of stay, therapeutic interventions)

5.0%
x $6,000

Weighted morbidity-related cost per late transfusion
Estimated percent of patients monitored with SpHb in which bleeding is
identified earlier to allow earlier intervention
Reduced cost per patient by enabling earlier identification of bleeding

$300
x

7.5%
$23

Total reduced costs per patient

$121

Net savings per patient monitored

$18
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tively estimated that the cost to transfuse one unnecessary unit of blood to
be $550. Included in the total cost was
the morbidity-related cost of transfusing an unnecessary unit of blood,
which we conservatively estimated at
$300 assuming a 5% complication rate
and a $6,000 complication cost. Some
additional benefits by enabling earlier
identification of bleeding were also included.
Over the entire surgical department

purchasing 20 SpHb devices at a capital cost of $136,000, it is estimated
that by monitoring one patient every other day per device, SpHb could
contribute to a $93,600 improvement
in net annual savings and pay back
the capital investment in 1.5 years.

These benefits also include savings
from SpO2 sensors and reduced laboratory tests, but the largest benefits in
the model are driven by physician estimates that SpHb would enable earlier
identification of bleeding such that intensive care days could be reduced.

Intensive Care

Additional benefits from preventing
unnecessary transfusions in some patients through continuous noninvasive
monitoring were also significant.

In intensive care (Table 3), Capgemini
estimates that the net savings per patient monitored with SpHb is $127.

Table 3. SpHb Monitoring in Intensive Care: Per Patient Analysis
Price per Patient
SpHb device price (equipment + parameter)

$6,800

Device useful life (years)

÷

Average uses per year per device

÷

5
60

Amortized device price per use

$23

SpHb sensor price per patient

$95

Percent of ICU patients monitored that do not have an SpHb sensor from the OR

x

Average SpHb sensor price per patient

60%
$57

Total price per patient

$80
Cost Reductions per Patient

Replacing SpO2 Sensors
Reduced SpO2 sensor cost per patient (replaced with SpHb sensor)

$10

Reducing Invasive Hb Testing
Cost per invasive Hb test (direct costs only)
Estimated number of invasive Hb tests reduced per patient monitored
with SpHb
Reduced cost per patient by reducing invasive Hb testing

$1.50
x

4
$6

Enabling Earlier Identification of Bleeding
Cost per ICU day
Estimated percent of patients monitored with SpHb in which bleeding is
identified earlier to enable earlier intervention and reduce ICU stay by one day
Reduced costs by enabling earlier identification of bleeding

$2,000
x 7.5%
$150

Preventing Unnecessary Transfusions
Material cost per unit of blood (direct costs plus waste)

$250

Morbidity risk per unnecessary transfusion

5.0%

Cost per unnecessary transfusion-related morbidity (length of stay,
therapeutic interventions)

x $6,000

Weighted morbidity-related cost per unnecessary transfusion

$300

Total cost per unnecessary transfusion (material + morbidity cost)

$550

Estimated percent of patients monitored with SpHb to prevent one
unnecessary transfusion
Reduced cost per patient by preventing unnecessary transfusions
Total reduced costs per patient monitored

Net savings per patient monitored

x 7.5%
$41
$207

In an intensive care department purchasing ten SpHb devices at a capital
cost of $68,000, it is estimated that by
monitoring five patients per month per
device, SpHb could provide $67,350
in net annual savings and pay back the
capital investment in 1.0 years.

Emergency Department
In the emergency department (Table 4),
Capgemini estimates that for each patient tested for SpHb, the net financial
gain per patient is about $31. These benefits include procedural reimbursement
based on use of the existing CPT code
for Hb measurement,47 but the largest
benefit is driven by physician estimates
that SpHb would allow the department
to improve patient throughput by not
waiting for invasive Hb tests to make
diagnostic and treatment decisions.
Over the entire emergency department
purchasing six SpHb devices at a capital cost of $40,800, it is estimated that
by testing about four patients per device per day, that SpHb could provide a
$293,132 net annual financial gain and
pay back the capital investment in 0.1
years.
Even if SpHb were only able to increase patient throughput a tenth of the
estimated amount, the increased annual
revenue would more than offset the
capital and operational price of SpHb
testing.

$127
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Per-Patient and
Department Financial
Models for SpCO
and SpMet
Department-specific financial models
were created for SpCO in the emergency department, and for SpMet in the
neonatal intensive care and procedure
labs including endoscopy, bronchoscopy, and transesophageal echocardiography.
In the emergency department and procedure labs, the major benefit was driven by increased reimbursement from
noninvasive testing. Both SpCO and
SpMet have established CPT coding
(88740 and 88741) and $7.33 payment
under the 2009 Medicare Fee Schedule.48

SpCO in Emergency
Based on receiving emergency department outpatient reimbursement on 90%
of these patients tested for SpCO, it is
estimated that the net revenue per patient tested will be $6.60 and the price
per patient tested (device and sensor)
will be $1.85, resulting in a net financial gain per patient tested of $4.74.
Based on the capital investment in one
SpCO device used two times per day
and taking into account the annual sensor costs, it is expected that the net annual financial gain of $4,121 could pay
back the investment in 0.8 years.

Pulse CO-Oximetry offers positive
financial benefits to hospitals through a
reduction in existing costs, cost avoidance
through an enhanced process of
patient care, and increases
in reimbursement revenue.
ing today), but the largest benefits in
the model are driven by the potential to
prevent methemoglobinemia.
Assuming an incidence rate of 0.5%
for elevated methemoglobin levels
while receiving iNO therapy and a cost
of methemoglobinemia treatment at

$12,000, the per-patient cost reductions
for prevention of methemoglobinemia
equated to $60. At a price per patient
monitored (device + sensor) at $63, the
net savings per patient is estimated at
$10.
Based on a capital investment in two

Table 4. SpHb Testing in the Emergency Department:
Estimated per Patient Analysis
Price per Patient
SpHb device price (equipment + parameter)
÷

5

Average uses per year per device

÷

1,500

Amortized device price per use

$0.91

Sensor price per spot SpHb measurement

$2.49

Total price per patient tested

$3.40

Increased Revenue per Patient
Increasing Procedural Reimbursement
Reimbursement amount for SpHb testing (CPT 85018)
Percent of patients tested that are not admitted and are eligible to receive
outpatient reimbursement

$3.46
x

90%

Reimbursement per test performed

$3.11

Increasing Patient Throughput

SpMet in Neonatal Intensive
Care

Average revenue per patient seen in the ED but not admitted

It is estimated that SpMet in the neonatal intensive care could generate up to
$10 in net savings per patient.

Weighted average revenue per patient (90% x $125 + 10% x $1,500)

These potential benefits include savings
from SpO2 sensors ($10 per patient) and
reduced laboratory tests ($3 per patient
assuming infrequent MetHb lab test-

$6,800

Device useful life (years)

$125

Average revenue per patient admitted to the hospital through the ED

$1,500

Percentage of ED patients admitted to hospital

10%
$262.50

Estimated increased patient throughput per day due to SpHb testing

x

3.0

Average number of SpHb tests per day

÷

25

Effective increased ED throughput revenue per SpHb patient tested

$31.50

Total revenue per patient tested

$31.61

Net financial gain per patient tested

$31.21
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Under conservative
estimates, Pulse
CO-Oximetry could
generate almost
$900 thousand
per year and $4.5
million over a
five-year period in
gross hospital
cost reductions
and revenue
increases.
SpMet devices used 60 times per year
per device, it is expected that the net
annual savings of $8,760 could pay
back the investment in 3.4 years.

SpMet in Procedure Labs
In the endoscopy, bronchoscopy, and
transesophageal
echocardiography
labs, topical use of benzocaine is routine and can result in methemoglobinemia. Based on receiving outpatient
reimbursement on 70% of the patients
tested for SpMet, it is estimated that
the net revenue per patient tested will
be $5.13 and the price per patient tested
will be $2.71, resulting in a net financial gain per patient tested of $2.42.
Based on the capital investment in one
SpMet device for each department that
is used two times per day and taking
into account the annual sensor pricing,
it is expected that the net annual financial gain of $5,612 could pay back the
capital investment in 1.8 years.

Hospital-Wide
Financial Model for
SpHb, SpCO, and
SpMet
Capgemini also created an aggregate
hospital-wide financial model for an
average-sized hospital in the study (500
beds), using each of the department
models for each Pulse CO-Oximeter
measurement described in this study
for a total of 42 Pulse CO-Oximeter
devices across the hospital.
In this scenario, SpHb-enabled devices
are deployed across surgery, intensive
care, and emergency department, while
SpCO-enabled devices are deployed
only in the emergency department and
SpMet-enabled devices are deployed
in the endoscopy, bronchoscopy, and
transesophageal
echocardiography
labs as well as the neonatal intensive
care unit.
Under conservative estimates, Pulse
CO-Oximetry technology could generate almost $900 thousand per year and
$4.5 million over a five-year period in
gross hospital cost reductions and revenue increases.
As shown in Table 5, the largest portion of these potential benefits will be
derived from SpHb by preventing unnecessary transfusions, identifying in-

ternal bleeding earlier, and increasing
patient throughput in the emergency
department.
It is estimated that with a capital investment of $272 thousand and $468
thousand in net annual cost savings and
financial gains when taking Pulse-CO
Oximetry sensor pricing into account,
that the capital purchase payback could
be complete in seven months.
Multiple other sources of potential revenue increases and cost reductions were
assessed but not included in any of the
models, including: increased patient
volume at the hospital through recognition as a hospital providing advanced
monitoring and testing capabilities,
increased patient throughput in the intensive care unit or surgery department,
or potential savings from avoidance
of liability due to complications from
missed or delayed diagnosis.
If it were included, liability avoidance
would have been conservatively estimated to be in the range of $100,000
to $120,000 over a five year period in
potential benefits. Because a single liability case can significantly impact a
hospital, this is an area that deserves
careful review by any institution especially in consideration of recent patient
safety initiatives and “do no harm”
campaigns.

Table 5. Estimated Cost Reductions and Revenue Increases From
Hospital-Wide Implementation of Pulse CO-Oximetry Technology
(500 Bed Hospital, Conservative Estimate)
Annual Cost Reductions
Replacing SpO2 sensors

$43,200

Reducing lab testing

$25,560

Preventing unnecessary transfusions

$321,750

Enabling earlier identification of bleeding

$171,000

Preventing methemoglobinemia

$7,200

Annual Revenue Increases
Increasing procedural reimbursement
Increasing patient throughput

Total cost reductions and revenue increases

$40,928
$287,438

$897,075
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Conclusion
Incorporating Pulse CO-Oximetry with
SpHb, SpCO, and SpMet monitoring
and testing with Pulse CO-Oximetry
into the standard clinical practice of
hospitals is expected to increase patient
safety, reduce costs, and increase hospital revenues.
These potential benefits are primarily derived from process of care improvements including preventing blood
transfusions, enabling earlier identification of bleeding, and increasing patient throughput, but are also aided by
new procedural reimbursement.

As more evidence becomes available, it
is possible that additional clinical and
financial benefits may also be shown
with Pulse CO-Oximetry.
Capgemini estimates that the investment in Pulse CO-Oximetry technology has a positive business and patient

care improvement case. Whether considered on a per-patient, department,
or hospital-wide analysis, there are significant clinical and financial benefits
to implementing Pulse CO-Oximetry
technology.

Whether considered on a per-patient,
department, or hospital-wide
analysis, there are significant clinical
and financial benefits to implementing
Pulse CO-Oximetry technology.

The study was commissioned by Masimo Corporation, creator of Pulse CO-Oximetry technology, which is available as part of their
Rainbow SET product platform. For a customized financial analysis based on the Capgemini models, please contact Masimo Corporation at 1-800-257-3810, or go to www.masimo.com.

Appendix A. Hospitals Participating in the In-depth Interviews
University of Washington
Medicine

Rush University
Medical Center
Clarian Health
Brigham and
Women’s Hospital

Oregon Health &
Science University

Rhode Island Hospital

John Muir Health

Akron General
Medical Center

Kaiser Permanente

Central Baptist Hospital
University Medical
Center
The Methodist
Hospital System

Memorial
Hermann

Shands at the
University of Florida
Boca Raton
Community
Hospital

Note: Participation in the interviews does not imply an endorsement of the study conclusions.
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