Continuous Measurement of Hemoglobin

Methodological Approach and Lessons for the Future

N patients with active bleed-

ing during surgery, anesthesi-
ologists are required to monitor
hemodynamics to guide volume
resuscitation' and to monitor
hemoglobin levels to assess bleed-
ing, maintain adequate oxygen

and substrate delivery, and guide
blood-transfusion decisions. Rapid
and accurate intraoperative mea-
surement of hemoglobin concen-
tration is therefore essential. The
reference method (cooximetry in
the laboratory) requires venous or

arterial blood sampling and is asso-
ciated with an unavoidable delay
(time for blood sampling, time for
transport to the laboratory, time
for biological measurement and
its validation, time for the infor-
mation to reach the physician).
Therefore, the
usually uses a portable cooxim-
eter and a single drop of blood
(capillary-based method) to deter-
mine the hemoglobin level at the
bedside, and its accuracy is con-

anesthesiologist

active,

sidered appropriate. For quality
control  reasons, point-of-care
devices linked to the central labo-
ratories may also be used. How-
ever, now new devices are available,
which enable continuous (or semi-
continuous) monitoring of hemo- practice,’ ’
globin, using various methodolo-

gies. In this issue of ANESTHESIOLOGY, Coquin ¢t a/.” assessed
one of them (NBM-200MPTM, Orsense, Nes Ziona, Israel)
in a prospective equivalence study in critically ill patients who
were admitted for gastroinstestinal bleeding. This innovative
device combines low-perfusion cooximetry and occlusive
spectroscopy. The study was prematurely interrupted after an
interim analysis because the accuracy of the new device was
significantly inferior to that of the capillary-based method,
as compared with the reference method: the proportion of
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“Although the possibility
of continuously monitoring
hemoglobin remains attr-
particularly
actively bleeding patients,
some progress has to be
made by the manufacturers
to improve the accuracy of
the devices until we can
safely use them in clinical

inaccurate measurements using
this new device increased mark-
edly (47 vs. 24%, P < 0.001) and
should have been associated with
an increased incidence of failed
transfusions. The use of vasopres-
sor agents did not significantly
interfere with the accuracy. These
negative results are very simi-
lar to those reported last year in
ANESTHESIOLOGY and which used
another technology, that is, pulse
cooximetry (Radical-7 pulse CO-
Oximeter, Massimo Corp., Irvine,
e CA).? These last results obtained in
surgical patients were confirmed in
critically ill patients with gastroin-
stestinal bleeding.*

Although the possibility of
continuously monitoring hemo-
globin remains attractive, particu-
in larly in actively bleeding patients,
some progress has to be made by
the manufacturers to improve
the accuracy of the devices until
we can safely use them in clinical
practice. It is important to con-
sider that a new technique for the
bedside measurement of hemoglo-
bin should demonstrate that it is
either superior to that one we use
daily (e, HemoCue®, Cypress,
California) or at least equivalent if
another advantage can be demon-
strated, such as a continuous mea-
surement. However, even a continuous measurement may
not be such a clear advantage. Just remember the ongoing
debate concerning the usefulness of continuous measure-
ments of arterial blood gases or glycemia.’ It is amazing that
Rice et al’ indicated that “(continuous glucose monitor is)
more of a direction of change than an absolute blood glu-
cose monitor” because the “Bland and Altman plots will not
suffice in substantiating accuracy.” Just replace “continuous
glucose monitor” by “continuous hemoglobin monitor” and

@ This Editorial View accompanies the following article: Coquin
J, Bertarrex A, Dewitte A, Lefevre L, Joannes-Boyau O, Fleu-
reau C, Winnock S, Leuillet S, Janvier G, Ouattara A: Accu-
racy of determining hemoglobin level using spectroscopy in
patients with severe gastroinstestinal bleeds. ANESTHESIOLOGY
2013; 118:640-8.
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you reach the conclusion of Coquin ¢t 4/? study. In the near
future, we need to answer the following questions: (1) Do
we need continuous hemoglobin monitoring? The answer
is probably yes, but for which patients? (2) What price are
we ready to pay to obtain trend information (decreased
accuracy, increased cost)? Considering this last question,
Coquin et al? performed a very interesting complemen-
tary analysis. Besides the accuracy of the monitor, they also
studied the proportion of failed or inappropriate transfu-
sions that should have resulted from the use of the device,
using different hemoglobin level targets. This methodologi-
cal approach is interesting, although it may provide less
definitive conclusions as compared with a randomized study
comparing two groups of patients, one with the device and
the other without it.

These method comparison studies >4 also raise some
important issues concerning the methodological approach.
It is obvious that we need high-quality studies to test these
devices appropriately as Coquin ez a/? did. The Bland and
Altman © technique is now widely recognized as the appro-
priate method, although these articles still contain some
correlation diagrams, which should probably be definitely
abandoned. It should also be pointed out that more sophis-
ticated statistical analyses are now routinely used to take into
account the fact that most of these studies perform repeated
measurements in the same patient.”

However, these recent studies** are landmarks that indi-
cate an important progress in the way we are designing and
reporting method comparison studies. In the modern era of
clinical research, a unique and quantified hypothesis should
be tested. Thus, it is mandatory to calculate the number of
patients required a priori, according to that primary end-
point. Unfortunately, until recently, most method com-
parison studies did not fulfil these quality criteria (table
1), probably because available guidelines did not provide
sufficient recommendations concerning this important
methodological issue.® International guidelines such as the
Consolidated Standards of Reporting Trials recommenda-
tions ° for randomized trials or the Standards of Reporting
of Diagnostic Accuracy initiative'® for diagnostic studies
have indeed led to significant improvements after they
were implemented in high-impact medical journals.!" This
means that from now on, authors should clearly state the
type of their study (superiority, equivalence, noninferiority)
and their primary endpoint, and the statistical analysis plan
should be decided on before the onset of the study (table
1). Several methods can be used to calculate the number
of patients needed. On his Web site, Martin Bland* pro-
poses a method based on the estimation of the confidence
interval of the limits of agreement. Coquin ez @/.* used the
proportion of outliers to calculate the number of patients
needed—an outlier being defined as the clinically unac-
ceptable difference between the tested method and the

*http://martinbland.co.uk/. Accessed November 18, 2012.
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Table 1. Main Quality Criteria for a Method Comparison
Study

1. Clear quantified hypothesis tested

2. Unique primary endpoint

3. Type of the study indicated (superiority, equivalence,
noninferiority)

4. A priori calculation of the number of patients needed

5. Statistical plan decided a priori

reference method. Failed measurements—that is, when the
apparatus does not provide any measure—may represent
a noticeable proportion in some studies,”* and one of the
main interests of looking at outliers is that it includes failed
measurements in the analysis. But a method must be cho-
sen, whatever it is.

Medical devices need the same scrutiny as drugs do, and
leading journals must maintain a high level of methodology
for the articles they publish. The international biostatisti-
cian community should provide us with recommendations
concerning method comparison studies, as they did in the
Consolidated Standards of Reporting Trials or Standards of
Reporting of Diagnostic Accuracy recommendations.”!® In
the meantime, authors who wish to submit their articles to
ANESTHESIOLOGY should make sure that it fulfils the simple
but important quality criteria listed in table 1, as Coquin

et al.? did.
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