= THE OPEN MIND

Continuous Noninvasive Hemoglobin Monitoring:

A Measured Response to a Critical Review

Steven J. Barker, PhD, MD,* Aryeh Shander, MD, T} and Michael A. Ramsay, MD§

blood (Hb) plays a central role in the detection, evalu-

ation, and management of chronic and acute anemia.
The gold standard for laboratory determination of Hb is
hemoglobin cyanide (HiCN).! HiCN testing is not rou-
tinely used in hospitals due to its complexity, so cyanide-
free central laboratory hematology analyzers (e.g., Coulter,
Sysmex) have become the clinical standard.? It is tempting to
assume that satellite CO-Oximeters (e.g., ABL, Radiometer,
Denmark; Nova, Nova Biomedical, Waltham, MA) used for
arterial blood gas measurement in the operating room or
critical care unit are interchangeable with hematology ana-
lyzers, but in fact they are not.

Pulse CO-Oximetry is the multiwavelength technology
contained in the first devices to have received Food and Drug
Administration 510(k) clearance for the continuous, noninva-
sive monitoring of total hemoglobin (SpHb; Masimo, Irvine,
CA). Generally speaking, SpHb monitoring is not yet as accu-
rate as laboratory hemoglobin (lab-Hb), and it is therefore not
intended today as a replacement for lab-Hb. The focus should
instead be on the value-added benefits of supplementing inter-
mittent, delayed lab-Hb values with continuous, real-time vis-
ibility of whether Hb is stable, increasing, or decreasing.

The purpose of this article is to provide a perspective on
the appropriate role and evaluation of SpHb and the value-
added benefits of continuous Hb monitoring. We offer an
alternative viewpoint to balance the 3 separate but similar
opinions published earlier in Anesthesia & Analgesia by Drs.
Rice, Gravenstein, and Morey>® These authors propose
“what is required of a noninvasive hemoglobin monitor
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and whether the conventional statistics adequately answer
our questions about clinical accuracy.” In doing so, Rice
et al. concluded that the accuracy of SpHb monitoring “is
not good enough to make the (a) transfusion decision.” In
the present article, clinical advisors to Masimo Corporation
respond to these evaluations with a measured perspective
on the value-added clinical decision process that this tech-
nology will bring to patient management and safety.

It is also time to review and reassess the fundamental
assumptions regarding lab-Hb and its use in making clini-
cal decisions. Given that it is noninvasive and its ability to
provide continuous, real-time data that can be correlated at
bedside with events happening to the patient, SpHb moni-
toring offers a new paradigm and opens up new possibili-
ties for improved patient care.

LESSONS FROM PULSE OXIMETRY

Pulse oximetry, invented by Takuo Aoyagi of Nihon Kohden
in 1974, was originally limited in clinical adoption because of
concerns about accuracy in oxygen saturation (Spo,).® Early
studies during normoxia showed Spo, differences of >6%
compared with arterial blood analyzed on CO-Oximeters
(Sao,), differences of 10% to 20% during hypoxia,® and known
signal dropouts and inaccuracy during low perfusion and
motion. Despite these accuracy limitations, pulse oximetry
became a “standard of care” by the late 1980s. This was partly
due to the fact that even when pulse oximeter Spo, measure-
ments varied widely from the CO-Oximeter values, changes
in Spo, “appeared to reflect changes in saturation accurately
in the same patient.” In their 1989 review article, Tremper
and Barker'” noted that the pulse oximeter was “one of the
most important advances in noninvasive monitoring because
it provides a means of continuously and quickly assessing
oxygen saturation.” More than 20 years later, Severinghaus®
noted that the “Introduction of pulse oximetry coincided with
a 90% reduction in anesthesia-related fatalities.”

The contribution of pulse oximetry to improvements in
patient safety was not because its noninvasive measure-
ments replaced invasive laboratory measurements. Rather,
as was emphasized back in 1989, it was the continuous and
real-time properties of pulse oximetry that were so central to
this new paradigm of patient monitoring. With continuous
Spo, monitoring, clinicians became aware that oxygen satu-
ration was decreasing when the patient otherwise appeared
to be well oxygenated. Continuous Spo, monitoring also
provided noninvasive reassurance that arterial blood was
oxygen saturated when other means of clinical assessment
were not helpful. Using this monitor as part of routine
patient care allowed the clinician to focus on other aspects
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of management. However, clinical studies did not actually
demonstrate significant improvements in patient outcomes
due to pulse oximetry until recently.""!? Earlier studies in
the operating room showed no effect of pulse oximetry
upon gross patient outcomes, such as death or myocardial
infarction.”® Nevertheless, no anesthesiologist would have
provided anesthesia without pulse oximetry since the early
1980s, despite this lack of outcomes evidence.

One can certainly argue that acute changes in Hb do not
generally occur as rapidly as changes in Sao, in clinical prac-
tice, but that is not our point. Spo, changes can occur within
seconds, whereas SpHb changes are more likely to occur
over a few minutes. Nevertheless, the SpHb changes during
acute surgical hemorrhage are still much too rapid to track
effectively with intermittent and delayed lab-Hb measure-
ments. We illustrate this point with clinical examples below.

KEY TENETS IN THE ROLE AND EVALUATION OF
SpHb MONITORING

Spo, monitoring by pulse oximetry offers lessons for
the new technology of SpHb monitoring through Pulse
CO-Oximetry. Like Spo,, SpHb monitoring provides con-
tinuous, real-time information. Also like pulse oximetry, the
largest benefits of SpHb monitoring come from providing
continuous Hb values to indicate reassurance or an unex-
pected status change, rather than from replacing lab-Hb. As
a randomized controlled trial, a prospective cohort study,
and case studies have shown us (refs. shown below), SpHb
monitoring will help optimize transfusion decisions and aid
in the detection of occult bleeding. In the pursuit of these
high-impact benefits, when evaluating SpHb monitoring
clinicians should consider the following tenets:

1. The value of SpHb monitoring should not be based on
the premise that it replaces lab-Hb.

Because lab-Hb has been traditionally used as the main indica-
tor for red blood cell (RBC) transfusion, a simplistic view of
the purpose of SpHb monitoring would be as a replacement of
lab-Hb, where the clinician must choose to measure either lab-
Hb or SpHb. However, this perspective offers a false choice.
Although some clinicians may wish to use SpHb to replace
lab-Hb, continuous SpHb derives its primary clinical (and
financial) value from continuous, real-time measurement and
trending. Instead of replacement, the true value of SpHb moni-
toring is as a supplement to lab-Hb by providing real-time vis-
ibility of hemoglobin changes, or lack thereof, in the periods
between invasive blood sampling and lab-Hb analysis.!

As discussed in Subsection 4, Trend Accuracy, below
and based on the described studies on trending accuracy of
SpHb versus sporadic laboratory Hb measurements, SpHb
monitoring can help clinicians: (a) detect decreasing Hb
when it is assumed to be stable; (b) identify stable Hb values
when they are assumed to be decreasing; and (c) identify
increases in Hb when they are assumed not to be increas-
ing. Thus, a downward SpHb trend may alert clinicians to
order a blood sample sooner than they would otherwise
have done, thus facilitating an earlier needed RBC trans-
fusion or other intervention. Likewise, a stable or increas-
ing SpHb trend, together with other aspects of the patient
assessment, can prevent an unnecessary RBC transfusion
from occurring.
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2. Lab-Hb variability should be considered when com-
paring SpHb to lab-Hb.

In single-point comparisons between SpHb and lab-Hb,
some clinicians assume that lab-Hb is a perfectly accurate
gold standard. In fact, there are significant differences in
Hb measurements within and between various lab-Hb
devices. All lab-Hb methods have significant variability and
the actual gold standard for Hb measurement is HiCN, as
defined by the International Committee for Standardization
in Hematology.

Bland and Altman'® have pointed out that all reference
devices have inherent errors. Reference devices that analyze
blood not only have measurement variation due to techni-
cal factors but they have even more variability due to the
sampling technique and handling.'® Therefore, a scientific
and objective evaluation of SpHb accuracy should consider
the intramethod and intermethod variability of hematology
analyzers, CO-Oximeters, and point-of-care Hb methods
(e.g., HemoCue, HemoCue America, Brea, CA; i-Stat, Abbott
Point of Care, Princeton, NJ)."” Due to their limitations in
accuracy, point-of-care Hb methods such as SpHb should be
considered to supplement rather than replace lab-Hb.#

Many do not consider Hb variability in their assessment
of SpHb monitoring. In their publication, Rice et al.® assert
that: “Thus, between 6 and 10 g/dL is where an operating
room noninvasive Hb device needs to be accurate within
1 g/dL.” The flaw in this assertion is that lab-Hb devices
often vary >1 g/dL. The lack of awareness in Hb variability
may be rooted in lab-Hb specifications and hospital labora-
tory calibration techniques, which emphasize repeatability
using controlled reference samples instead of the variation
between different devices using clinical blood samples. Use
of clinical blood samples induces another “real-world” vari-
ation! when compared using the same model lab device
(intramethod variability) and even more when compared
using separate model lab devices (intermethod variability).

Gehring et al® evaluated intradevice variability and
showed that the same blood sample analyzed on 2 identical
models from 5 different CO-Oximeter manufacturers had an
average SD of 0.5 g/dL and the highest SD of 1.2 g/dL. This
means that when compared with an identical model of the
same device, the average CO-Oximeter variation was within
0.5 g/dL 68% of the time and within 1.0 g/dL 95% of the
time. Clinicians who would strictly transfuse at an Hb of 7.5
g/dLbut not at 8.5 g/dL might be surprised to learn this.

Interdevice measurements vary even more significantly.
In a study of 50 postsurgical patients, the CO-Oximeter
varied as much as 0.73 g/dL and the hematology ana-
lyzer varied as much as 0.62 g/dL, when compared with
gold-standard HiCN.% In 471 consecutive samples ana-
lyzed on both a CO-Oximeter and a hematology analyzer,
Torp et al. showed that the CO-Oximeter had a bias of
-0.6 g/dL and an SD (also called “precision”) of 0.9 g/dL.®
In a similar study design, also comparing with a hema-
tology analyzer, Frasca et al.” showed a bias + SD of
0.6 = 0.9 g/dL for the CO-Oximeter, 0.3 + 1.3 g/dL for

“Torp KD, MD, Shine TSJ, MD, Aniskevich S, MD, Peiris P, MD, Shapiro DP,
MD. Comparison of coulter counter and Co-Oximeter (pHOx) measurements
for hemoglobin. American Society of Anesthesiologists Annual Conference.
New Orleans, LA, 2009:A937.

ANESTHESIA & ANALGESIA

Copyright © 2015 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.



Role of SpHb Monitoring

the HemoCue point-of-care device, and 0.0 + 1.0 g/dL for
SpHb. Therefore, a CO-Oximeter with an expected SD of
0.7 g/dL would only be within 1.4 g/dL compared with a
hematology analyzer, when 95% of measurements are con-
sidered. If a CO-Oximeter is not within 1 g/dL of a hematol-
ogy analyzer 95% of the time, it is obviously inappropriate
to expect SpHb to meet this same standard. Another very
recent study compared Hb determined by CO-Oximetry
and by Coulter Counter (Beckman-Coulter, Brea, CA) in
patients undergoing spinal fusion.?® These authors found a
mean difference between paired measurements of 0.4 g/dL,
with 95% confidence limits of —0.7 to +1.47 g/dL. They con-
clude that these common laboratory gold standards are not
interchangeable, and their variability must be considered
in comparisons with “novel point-of-care and continuous
hemoglobin monitoring technology.”

These and other studies show that measured Hb val-
ues will consistently differ in every device. This calls into
question the use of the terms “inaccurate” or “erroneous”
when comparing Hb from different methods as well as
the use of a specific lab-Hb value as a fixed threshold for
transfusion.

3. The intermittent and delayed nature of lab-Hb should
be considered, especially for those clinical situations
where transfusion decisions must be made in real time.

By focusing exclusively on whether SpHb is a suitable
replacement for lab-Hb measurements, it is in part assumed
that lab-Hb is always available and expedient. In fact, lab-
Hb is intermittent, delayed by variable amounts of time, and
often not available to support the transfusion decision in the
needed timeframe. A recent study showed that 31% of trans-
fusions during surgery were made without any preceding
lab-Hb value due to its unavailability in a timely manner.*

Inadequate measurement is associated with inappropri-
ate transfusion decisions.” The following situational factors
can help us further understand how lab-Hb, or lack thereof,
affects RBC transfusion decision making.

1. Lab-Hb is not available when the transfusion decision
is made (often for multiunit transfusions).

2. Lab-Hb is available, but the Hb threshold is not
evidence based (often when Hb is perceived to be
decreasing).

3. Lab-Hbisavailable, the Hb threshold is evidence-based,
but transfusion may not be required if the patient is not
actively bleeding or is without signs/symptoms (often
when lab-Hb turnaround time is long).

Hb in values can change in minutes. Without SpHb moni-
toring, in a vast majority of cases both during and after
surgery, Hb status is based on dated lab-Hb measurements
combined with clinical estimates of blood loss, which are
also known to be consistently inaccurate.” An alternative
approach would be to increase the frequency of blood draws
for lab-Hb measurement, but this approach is unlikely to be
clinically acceptable in most cases because excessive diag-
nostic blood draws can be a significant source of blood loss

'Hill S, Broomer B, Stover ], White W. Accuracy of estimated blood loss in
spine surgery. American Society of Anesthesiologists Annual Conference.
San Diego, CA, 2011: A054.
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and cause more problems for an already anemic patient.?
Thus, whenever lab-Hb is not available, SpHb monitoring
can provide the only indication of Hb concentration, and it
does so continuously.

4. The trend accuracy (precision) of continuous SpHb
monitoring should be the primary consideration and
accuracy an important but secondary consideration.

The word monitor comes from the Latin word monere, which
means to warn. So as stated above, it is important to evaluate
SpHb, like any monitor, with its proper purpose in mind. As
a real-time monitor, the primary accuracy consideration for
SpHb should be its trend accuracy (precision). Many inves-
tigators and opinion writers have not considered trending,
trend accuracy, or the potential clinical benefits of Hb trends
in supporting transfusion and other clinical decisions. Even
when studies evaluate SpHb trend accuracy with positive
conclusions, they can be ignored. Such was the case in 3 of
the studies cited by Rice et al.> who did not mention trend
accuracy or the clinical application of the trend anywhere
in their article.

As shown in Figure 1, Frasca et al.*> demonstrated in
the surgical intensive care unit that when compared with
Hb changes by a hematology analyzer, changes in SpHb
had a similar correlation (0.64) to changes in Hb from the
CO-Oximeter (0.60) and a higher correlation than changes
in Hb from the HemoCue invasive point-of-care device
(0.39). It must be emphasized that all Hb methods have
variability and even extreme outliers. This means that a 2
g/dL decrease in the CO-Oximeter does not mean that the
hematology analyzer will also decrease by 2 g/dL. It should
be noted that adequate training and proper use of measure-
ment methods are key to obtaining accurate results, a fact
that must be considered when interpreting these results.

Even when trend accuracy (precision) is statistically
analyzed, as in Figure 1, this can be misleading because it
compares lab-Hb measurements from static blood samples
with SpHb values that are averaged over several minutes
but recorded as snapshot values. Figure 2 illustrates a plot
of continuous SpHb (which was blinded to the investiga-
tors) and sequential blood draws subsequently analyzed on
both a hematology analyzer and a CO-Oximeter. If only 1
blood sample for the lab-Hb method was collected in this
case, an observer might conclude at time point (A) that the
SpHb difference from the CO-Oximeter is >1 g/dL lab-Hb
and SpHb is not accurate enough. Likewise, when multiple
SpHb differences from lab-Hb are examined as a simple list
of numbers (e.g., 1, 0, 2 g/dL, etc.), or expressed statisti-
cally as bias and SD, some authors conclude that SpHb is
not accurate enough. Yet, if the variability between 2 lab-Hb
devices is also examined at the same time as it is in time
point (A), the assessment of SpHb accuracy changes consid-
erably. During rapid changes in Hb, shown in time points
(B) and (C), a snapshot comparison of lab-Hb and SpHb
can be misleading because SpHb is averaged over several
minutes and needs some time to “catch up” to the lab-Hb
reading. However, when the rapid changes are viewed in
a trend plot, SpHb is clearly providing an indication of the
changes in Hb that are occurring (and in fact, is doing so
earlier than the lab-Hb because the results are often signifi-
cantly delayed from time of the blood draw). Even if SpHb
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Figure 1. Changes in hemoglobin from a hematology analyzer compared with changes in SpHb, CO-Oximeter, and HemoCue (N = 471 measure-
ments in 62 surgical intensive care subjects). Adapted from Frasca et al. 2011.22
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trend accuracy is being considered, Figure 2 also illustrates
the pitfalls of comparing changes in 2 lab-Hb values and 2
SpHb values, due to the changing bias between the 2 lab-
Hb measurements at multiple time points. Acceptable SpHb
trend accuracy analysis does not require identical SpHb
changes compared with lab-Hb changes but should instead
seek directional SpHb agreement with larger directional
lab-Hb changes. Further trend plot examples are provided
in the Supplemental Digital Content (Figure A1-A6, http://
links.Iww.com/AA/B62; and Figure A7-A12, http:/ /links.
lww.com/AA/B63) to facilitate additional qualitative
assessment. More studies are needed to better evaluate the
SpHb trend accuracy and its role in clinical practice.

5. All SpHb studies should be considered and study lim-
itations should be noted.

Over 130 studies on SpHb accuracy have been presented
at scientific meetings or published in scientific journals.
All of these are listed on Masimo’s website, whether or
not the manufacturer agrees with the study methods or

568 www.anesthesia-analgesia.org

conclusions.© The majority of these studies drew positive
conclusions regarding SpHb accuracy. Unfortunately, only
a small minority of SpHb studies have evaluated trend
accuracy or compared another method along with SpHb to
a hematology analyzer.

It is important to consider the entire body of evidence
on SpHb accuracy, while also understanding the limitations
of each study. Multiple positive studies on SpHb accuracy
were not referenced in the review by Rice et al.,? including 2
studies in which SpHb accuracy in point-to-point compari-
sons was found to be similar to, or better than, point-of-care
Hb measurements (HemoCue).?”? In addition, one of the
SpHb studies featured by Rice et al. was conducted without
following manufacturer’s directions for use.?? Not surpris-
ingly, this resulted in the largest variability from lab-Hb
seen in any published study. The specific errors in the meth-
ods of this study were described in a Letter to the Editor,*

‘Masimo.com. Available at: www.masimo.com/cpub/clinical-hemoglobin-
htm. Accessed October 24, 2013.
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Figure 3. Revision “K” SpHb sensors
(shown in red) have less variability than
earlier revision SpHb sensors (shown in
dark blue) during side perfusion variation
and fewer dropouts during low perfusion
(0.3%-1% Perfusion Index, shown in cyan),
demonstrating improved trending accuracy
compared with lab-Hb (shown in blue dia-
monds). Actual patient trend plot courtesy
of Masimo.
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yet these limitations were not acknowledged. In addition,
a later study by the same investigators with more care-
ful adherence to the directions for use was not cited, even
though it demonstrated a 53% narrower confidence interval
(lower variation) than the first study.3!

We believe that investigations of SpHb monitoring accu-
racy are most useful when: (1) trend accuracy (precision) is
evaluated; (2) all directions for use are followed; (3) SpHb is
compared with HiCN or the clinical standard, a calibrated
hematology analyzer; (4) arterial or venous blood samples
are obtained using proper technique, with sampling and mix-
ing carefully controlled; (5) enough subjects are enrolled to
ensure the statistical relevance and coverage of a wide range
of Hb values with expected changes in Hb values; and (6) >1
additional Hb methods (CO-Oximeter and/or point-of-care
device) are also compared with the hematology analyzer.

6. The latest SpHb sensor offers important enhance-
ments from earlier versions.

Some investigators have found that using previous versions
of SpHb software in patients with wide shifts in peripheral
perfusion yielded a greater degree of variation in both abso-
lute and trend accuracy.®? Other investigators have noted a
negative effect of high inspired oxygen fraction values upon
SpHb accuracy.*®* Masimo has recently addressed these con-
ditions, and the same investigators have reported notable
improvements with the latest version “Rev-K” SpHb
sensor.” An example of the performance during variable and
low perfusion with the Rev-K sensor compared with previ-
ous versions is shown in Figure 3.

As with Spo, measurements, SpHb bias can vary among
patients as well as the reference device to which it is being

‘Applegate R, Collier C, Macknet M, Hassanian M, Andrews G, Um M.
Continued improvement in absolute and trend accuracy of noninvasive and
continuous hemoglobin monitoring American Society of Anesthesiologists.
San Francisco, CA, 2013: A2287.
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compared. To address this, Masimo has introduced a new
SpHb software feature called In-Vivo Adjustment, which
is available in the European and other markets as it awaits
Food and Drug Administration 510(k) clearance. In-Vivo
Adjustment allows the clinician to adjust the initial SpHb
measurement for a given patient to their lab-Hb reference.
A recent study conducted in surgical patients showed that
after In-Vivo Adjustment, both the subsequent bias and SD
of SpHb were reduced by 0.5 g/dL when compared with the
lab reference device.*

7. The appropriate indications for transfusion, risks of
transfusion, and limitations of using a single hemoglo-
bin measurement to transfuse should be considered.

Those that presume SpHb is intended to replace lab-Hb
often make the point that a single Hb value varying >1 g/dL
from the “real” Hb value may result in an incorrect transfu-
sion decision. This assertion is in contrast to established best
transfusion practices that stipulate that the decision to trans-
fuse should consider a variety of factors, including whether
(1) the patient is actively bleeding, (2) signs and symptoms
of anemia are present, (3) absolute Hb level, (4) whether Hb
is changing or stable, (5) patient health and adaptive cardio-
vascular response ability, and (6) possibilities for increasing
oxygen delivery without a transfusion.®%

RBC transfusion is one of the most frequent procedures
performed in United States hospitals, occurring in 1 in 10
inpatients.?® Meta-analysis from risk-adjusted observational
studies shows that RBC transfusions are associated with a
69% increase in mortality, an 88% increase in infection, and
a 250% increase in the incidence of adult respiratory distress
syndrome.* An analysis of 941,496 operations involving
15,186 transfused patients revealed a dose-dependent asso-
ciation of intraoperative RBC transfusion with increased
risk of mortality, wound problems, pulmonary complica-
tions, postoperative renal dysfunction, systemic sepsis,
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composite morbidity, and postoperative length of stay
when compared with propensity-matched not-transfused
patients.* Restrictive transfusion practices, in which RBC
transfusions are given at lower-than-usual Hb threshold,
have been shown to be safe in multiple randomized con-
trolled trials, and meta-analysis indicates they result in a
23% lower in-hospital mortality.*!

In a systematic evaluation of 450 studies and 494 clinical
scenarios, investigators reported that: “Decisions to trans-
fuse RBCs are often based on unsubstantiated Hb level or
hematocrit ‘triggers’.” The authors concluded that 59% of
transfusions actually reduced “well-being” defined as the
health of the transfusion recipient (and therefore were con-
sidered inappropriate) and 29% had no benefit.**

Clinicians are even less aware of the costs of blood trans-
fusions than the potential risks. Although the acquisition
cost of a unit of blood varies between $200 and $250 in most
hospitals, activity-based costing that considers all of the
other costs associated with administering blood reveals a
total cost between $522 and $1,183 per unit and probably
more when adjusted for inflation and other factors.*

Given the risks and costs of RBC transfusions, there
is a growing recognition of the need for strategies to
reduce unnecessary transfusions. The American Medical
Association’s Physician Consortium for Performance
Improvement and the Joint Commission, with participa-
tion of the Centers for Medicare and Medicaid Services,
recently identified RBC transfusions as 1 of the top 5 over-
used procedures in medicine.* The Joint Commission has
also introduced measures that track the appropriateness of
RBC transfusion as a continuous quality indicator.*

Even in the presence of compelling evidence, practice
patterns may take a long time to change. This is evidenced
by the fact that RBC transfusion practices remain highly
variable by institution, procedure, and physician, with the
majority of transfusions occurring at a higher lab-Hb trig-
ger than the most current evidence-based guidelines would
suggest.?

8. The impact of using SpHb monitoring to supplement
lab-Hb and optimize transfusion decisions should be
considered.

It is important to note that accuracy studies and conceptual
acceptability charts as proposed by Drs. Rice, Gravenstein,
and Morey to evaluate SpHb accuracy cannot assess the
clinical and financial value of tracking the Hb continuously
and in real time. Although many focus on the value of SpHb
in making the decision to transfuse, it is equally important
to focus on the value of SpHb when it helps us with the
decision not to transfuse. Some of the authors who criticize
SpHb for its inability to replace lab-Hb do not reference sev-
eral studies that have shown how SpHb monitoring actu-
ally affects transfusion behavior. The clinical application of
SpHb monitoring to optimize blood transfusions has been
evaluated in 2 prospective studies (published in abstract
form as of this writing), which are summarized in Table 1.

‘Implementation guide for the Joint Commission patient blood manage-
ment performance measures: The Joint Commission, 2011. Available at:
http://www.jointcommission.org/assets/1/6/PBM_Implementation_
Guide_20110624.pdf. Accessed November 18, 2013.
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Table 1. Study Summary: SpHb Monitoring Impact

on RBC Transfusion Decision Making

Standard
care SpHb

Endpoint group group P
Lower blood loss surgery**

Number of subjects 157 170

Patients receiving a transfusion, % 4.5 0.6 0.03

RBC transfusions per subject (units) 0.10 0.10 <0.0001
Higher blood loss surgery*?

Number of subjects 61 45

Patient receiving =3 transfusions, % 73 32 <0.01

RBC transfusions per subject (units) 1.9 1.0 <0.001

Time to transfusion, when indicated (min)  50.2 9.2 <0.001
RBC = red blood cell.

Both of these studies, one in lower blood loss orthopedic
surgery’ and the other in higher blood loss neurosurgery,
demonstrate that SpHb monitoring helps anesthesiologists
reduce unnecessary RBC transfusions. In the lower blood
loss orthopedic surgery, the SpHb monitoring reduced the
number of patients who received any transfusion. In the
higher blood loss neurosurgery, SpHb monitoring reduced
the total number of units given in multiunit transfusions.
Interestingly, there were no differences in the frequency
of lab-Hb testing between the 2 groups in the orthopedic
surgery study, illustrating again the fact that SpHb supple-
ments but does not replace lab-Hb testing. In addition,
SpHb monitoring was shown to help speed the transfusion
decision, when transfusion was actually indicated.

9. The impact of using SpHb monitoring to supplement
lab-Hb in the detection of occult bleeding should be
considered.

Delayed detection of internal bleeding occurs in every hos-
pital, at times resulting in injury or death. Late detection of
bleeding increases both risk and cost.*® Vital signs alone are
not specific enough to reliably diagnose occult bleeding.
Decreasing Hb can identify internal bleeding,* but lab mea-
surements are often infrequent and delayed, and a blood
sample taken during the early phases of an acute blood loss
may not be indicative of the overall Hb level. SpHb monitor-
ing has demonstrated its lifesaving potential to help clinicians
detect occult bleeding in the operating room, intensive care
units, and labor and delivery wards.?#” Figure 4 illustrates the
impact of SpHb in detection of occult bleeding during surgery.

CONCLUSIONS

SpHb accuracy may eventually improve to the point where it
can actually replace invasive blood sampling and lab analy-
sis (lab-Hb). In the meantime, SpHb monitoring can and will
supplement lab-Hb continuously between individual lab-Hb
measurements. SpHb monitoring is a technological break-
through because it allows real-time, continuous evaluation of
changes (or absence of changes) of Hb levels. There are already

/Ehrenfeld JM, Henneman JP. Impact of continuous and noninvasive hemo-
globin monitoring on intraoperative blood transfusions. Proceedings of the
2010 Annual Meeting of the American Society Anesthesiologists. San Diego,
CA, 2010:Abstract #LB05.

$Awada WEN, Maher E. Reduction in red blood cell transfusions during neuro-
surgery with noninvasive and continuous hemoglobin monitoring Proceeding
of the Society for Technology in Anesthesia Annual Meeting, 2013:51.
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Figure 4. Trend plot of a liver transplant surgery in which visible SpHb values (red line) are shown with lab-Hb measurements (purple triangles).
The last lab-Hb value before the time marked as 7:57 was >8 g/dL. As the surgeon was closing and with no significant change in vital signs,
SpHb values began to drop while pleth variability index (PVI) began to rise, which is associated with reduced intravascular volume status.
Due to the changing SpHb values, another blood sample was taken, later revealing a lab-Hb <5 g/dL. The dropping SpHb values caused the
surgeon to stop wound closure and re-explore the abdomen. A large volume of blood was found behind the liver and bleeding vessel repaired.
The SpHb values decreased <3 g/dL, and RBC transfusion was initiated as hemodynamic instability occurred. The aggressive transfusion that
followed resulted in an over transfusion as the SpHb reached 14 g/dL. Actual patient trend plot courtesy of Masimo.

thousands of SpHb devices in clinical use around the world.
Although the technology and its accuracy are still improving,
SpHD has repeatedly demonstrated clinically usable accuracy
in head-to-head comparisons with lab-Hb and similar trend
accuracy (precision) as invasive methods. Most importantly,
because of its continuous, noninvasive trending ability, SpHb
monitoring has been shown to help clinicians reduce RBC
transfusions and initiate more timely RBC transfusions when
they are needed. In occult bleeding patients, SpHb has helped
save lives and enhance the quality of care.

Clinicians should carefully consider the appropriate role
for SpHb monitoring in their practice and thereby establish
appropriate criteria for performance. Twenty years from now,
we will hopefully look back on the advent of SpHb monitoring
and marvel at the impact it has had on patient safety, quality,
and cost of care, just like we do today with pulse oximetry. §&
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