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Minimal Protamine Dosing
during Drug Shortages:
Comment

To the Editor:

e read with interest the contribution to the journal

by Jain et al., in which patients were allocated to
receive a single 250-mg dose of protamine sulphate or a 1:1
(1 mg protamine:100 IU heparin) fixed-dose ratio after car-
diopulmonary bypass (CPB).' We congratulate the authors
for undertaking this trial.

The authors conclude that “a conservative heparin
reversal strategy based on the initial administration of a
single 250-mg dose of protamine is feasible and effective.
It resulted in activated clotting time values that were not
different from a heparin ratio-based strategy and allowed
protamine conservation without worsening postoperative
bleeding.” However, the applicability of their results in
contemporary clinical practice is limited: specifically, their
choice of intervention, comparator, and primary outcome
are inappropriate.

Protamine requires judicious dosing.>* Previous studies
have reported increased bleeding when higher fixed-dose
ratios of protamine to heparin are used.*® While guidance
from 2019 recommends a fixed-dose ratio of between 0.8
and 1.0 (based on the initial dose of heparin required to
establish a safe activated clotting time) be used when dosing
protamine,® more recent guidance recommends explicitly
against using a protamine-to-heparin ratio of 1.0.” This
recommendation is classed 1B, suggesting equipoise for
including this regimen in clinical trials is limited.

‘While no significant difference in 24-h chest tube drain-
age was reported in Jain ef al., the study was not powered
to examine this outcome®; a =77 ml (95% CI, —220 to 65)
mean difference in chest drain output favoring the interven-
tion group was observed (P = 0.28). It is not surprising that
this result did not achieve significance given the small sample
size of the study (n = 125), and there is a risk of type II error.
Previous studies suggest that patients who received fixed-dose
ratios of 1.0 or greater are likely to have received excess pro-
tamine, leading to inferior coagulation parameters as a result.?

The authors’ choice of activated clotting time after
administration of protamine as their primary outcome
muddies the waters further: while activated clotting time
correlates well with heparin concentration before CPB, it is

known to correlate poorly with heparin concentration both
during” and after'!'" CPB.This is because activated clotting
time is affected by multiple factors in addition to hepa-
rin concentration once CPB commences. Furthermore,
activated clotting time cannot differentiate between dif-
ferent causes of deranged coagulation.'? In the absence of
any other coagulation assessment (i.e., kaolin/heparinase
R-time ratio on thromboelastography, anti-Xa concentra-
tion, activated partial thromboplastin time, and others), it is
not possible to state with any certainty whether the coag-
ulation profile after protamine differed between the groups
(although, again, lower doses of protamine have been shown
to correlate with superior coagulation parameters on visco-
elastic hemostatic assays), especially where a fixed-dose ratio
of 1:1 or greater is used as the comparator.>®"?

Our attention now turns to the intervention group,
and whether a single 250-mg dose of protamine in all
patients is appropriate. In the Optimal Protamine Dosing
After Cardiopulmonary Bypass (PRODOSE) multicenter
randomized controlled trial, our group assessed the per-
formance of a pharmacokinetic algorithm of heparin
metabolism to determine protamine dose. The algorithm
was designed to account for variability in heparin require-
ment during CPB.* The median initial protamine dose in
the algorithm group was 180 mg (interquartile range, 160
to 210 mg). This correlates to an initial fixed-dose ratio of
0.66 (interquartile range, 0.56 to 0.75). The median total
protamine dose in the algorithm group (accounting for
pump blood) was 210 mg (interquartile range, 180 to 250
mg). The variances of these results highlight the substantial
interindividual variability in protamine requirement, itself a
reflection of the size of the initial dose of heparin, the dura-
tion spent on CPB, and the size and timing of supplemental
doses of heparin. It is not plausible that a single fixed dose
of protamine can safely account for all these factors. The
apparently satisfactory performance of the 250-mg dose
reported by Jain ef al. needs to be interpreted in the context
of the high dose of protamine administered to the control
group. As suggested by our results® and by others,'*"
initial dose of 250 mg protamine in all patients will be, for

an

a substantial proportion, excessive.

To conclude, the impact of Jain ef al. is limited by the
choice of intervention and comparator dosing, and the
choice of the primary outcome. Where pharmacokinetic
algorithms are not available, fixed-dose ratios (based on the
initial dose of heparin used to establish a therapeutic acti-
vated clotting time) of 0.7:1 are safe and effective in most
patients, and this is discussed appropriately in best practice
guidelines.” There is no one-size-fits-all protamine dose,
and clinicians eager to minimize protamine wastage need
not settle for an imprecise dosing strategy.
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during Drug Shortages:
Comment

To the Editor:

We read with interest the study by Jain ef al., which adds

a new contribution to the long-lasting tricky issue of

unfractionated heparin neutralization after cardiac surgery
with cardiopulmonary bypass (CPB).! The authors observed
that the use of a fixed dose of 250 mg protamine, compared
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with a 1 to 1 ratio of the initial unfractionated heparin dose to
achieve an activated clotting time greater than 450 s, was not
associated with an increased incidence of prolonged activated
clotting time 3 min after protamine administration. However,
the choice of the activated clotting time to assess the complete
neutralization of unfractionated heparin is highly debatable
and provides us an opportunity to recall a few methodologic
concepts that clinicians often overlook.

The activated clotting time is performed in whole blood
and measures the time until initial clot formation or throm-
bin generation after the addition of a high amount of a
contact pathway activator (e.g., celite or kaolin). The test
was designed to monitor very high levels of unfraction-
ated heparin administered during cardiac surgery with car-
diopulmonary bypass (plasma anti-Xa levels: 3 to 5 U/ml,
compared with the 0.3 to 0.7 U/ml targeted for venous
thromboembolism treatment).? Using such high amounts
of activator makes the test insensitive to low concentrations
of unfractionated heparin: the instruction for use of the
activated clotting time plus Hemochron cartridge (Werfen
USA LLC, USA) used by the authors states that the test is
sensitive to unfractionated heparin concentrations ranging
from 1 to 6 U/ml. This means that a patient can still have
“therapeutic” unfractionated heparin concentrations (i.e.,
0.3 to 0.7 U/ml) despite a normal activated clotting time.
Therefore, an activated clotting time that has returned to
the patient’s baseline cannot be used to rule out clinically
significant levels of unfractionated heparin.> Additionally,
the sensitivity of the activated clotting time to residual hep-
arin varies depending on the system used and should there-
fore be verified for each specific device and reagent.®

Other laboratory tests are more sensitive for assessing
low concentrations of unfractionated heparin, i.e., the acti-
vated partial thromboplastin time, the thrombin time, or
the anti-Xa assay. These tests, which are performed with
platelet-poor plasma obtained after centrifugation of whole
blood, have a longer turnover time than the activated clotting
time, around 30 min for an optimized laboratory.” However,
they are useful in clinical practice for checking the complete
reversal of unfractionated heparin in the workup of persistent
bleeding despite normal activated clotting time. As the acti-
vated clotting time, the activated partial thromboplastin time
uses a contact pathway activator, with a lower amount, to
measure the time to inception of clotting and is sensitive to
low coagulation factor levels. Because such factor deficien-
cies can prolong the activated partial thromboplastin time
independently of residual heparin, this test is less appropri-
ate than the thrombin time or the anti-Xa assay after CPB,
particularly when surgery was prolonged and there is a risk
of coagulopathy with low coagulation factor levels. In line
with this, a previous study showed no correlation between
activated partial thromboplastin time and residual heparin
levels after cardiac surgery.® The thrombin time measures the
conversion of fibrinogen to fibrin by an exogenous amount
of added thrombin. This test is sensitive to the inhibition
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of thrombin by heparin—antithrombin complexes inde-
pendently of the patient’s coagulation factors level but is pro-
longed in case of hypofibrinogenemia.” Because it is highly
sensitive to thrombin inhibitors, the thrombin time is useful
for ruling out a residual unfractionated heparin, but not for
its quantification.'™"" In addition, the sensitivity of thrombin
time to unfractionated heparin concentrations in the thera-
peutic range varies according to the reagent used.'? Finally,
the anti-Xa assay measures the inhibition of an exogenous
amount of factor Xa added to the plasma sample by hepa-
rin—antithrombin complexes, independently of the patient’s
coagulation factor levels, and provides an estimate of hep-
arin levels by prior calibration. Thus, the anti-Xa assay is
the accepted standard to ensure adequate neutralization of
unfractionated heparin and should be used in clinical trials,
provided that the reagent does not contain dextran sulfate,
which would displace heparin—protamine interactions in
vitro."*'* Finally, it should be noted that the three tests are
performed with plasma in the absence of platelets. This may
lead to an overestimation of the heparin that is actually active
in vivo, as platelets activated during the clotting process by
generated thrombin release platelet factor 4, which neutral-
izes some of the heparin.'

Although the activated clotting time is the first-line test
for checking the full neutralization of unfractionated hep-
arin by protamine after cardiac surgery thanks to its short
turnaround time, its sensitivity is insufficient to completely
exclude residual heparin. More sensitive tests such as the
anti-Xa assay or thrombin time are more appropriate for
ensuring the absence of residual unfractionated heparin in
cases of persistent microvascular bleeding after protamine
administration despite an activated clotting time returned
to its pre-CPB value, or as part of a research protocol.
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Minimal Protamine Dosing
during Drug Shortages:
Comment

To the Editor:

read the article by Jain et al.' with interest. There have

been new developments with both unfractionated hepa-
rin and protamine, and I hope this communication encour-
ages further dialogue.

First, the authors imply that the protamine—heparin ratio
is 1:1 (or 1:100).That these two ratios are synonymous with
each other is a widely held belief and assertion. The 1:100
ratio assumes that 1 mg unfractionated heparin equals 100
U. However, recent developments indicate that each milli-
gram of unfractionated heparin now contains not less than
180 U,? and this may come as a surprise to some. The ques-
tion then arises whether anesthesiologists need to change
their heparin dose the next time they need to administer
it. Per se, this change in unfractionated heparin potency
does not matter clinically since we have always referred to
unfractionated heparin in units, not milligrams.” This is why
unfractionated heparin vials from all manufacturers I am
aware of do not contain any reference to unfractionated
heparin in milligrams.
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The authors also calculate the protamine—heparin ratio
as “total mg of protamine per 100 U heparin administered
before cardiopulmonary bypass (CPB).” To this end, one
could argue not only the validity of the protamine—hep-
arin ratio as has been traditionally accepted, but also that
the protamine—heparin ratio incorporating the total dose of
unfractionated heparin administered during surgery (rather
than just the pre-CPB value) may be more reassuring. It
might not be more informative in this study cohort with
relatively short bypass times requiring low doses of unfrac-
tionated heparin on CPB but may be useful if anesthesi-
ologists extrapolate the study data to other instances with
longer CPB times.

Second, the authors are correct that protamine neutral-
ization of just the initial dose of unfractionated heparin
administered is based on an institutional culture, and not
pharmacologic principles. It is quite possible that this his-
torically just represents a very simplistic approach to not
only homogenize but more importantly restrict the total
dose of protamine on account of its anticoagulant poten-
tial. An interim announcement from the United States
Pharmacopeia (Rockville, Maryland) on protamine indi-
cates that each milligram of protamine neutralizes not less
than 100 U unfractionated heparin.* Real-world data from
various pharmaceuticals also suggest that different man-
ufacturers report a wide range of its ability to neutralize
unfractionated heparin; 1 mg protamine may neutralize
anywhere from 66 to 144 U unfractionated heparin.’

This then highlights the age-old problem anesthesiol-
ogists encounter in the operating room routinely—it is
unknown how much of the residual circulating unfrac-
tionated heparin needs neutralization at the termination
of CPB, nor is there a clear understanding of how many
unfractionated heparin units a particular dose of protamine
dose will neutralize. Based on the information presented
here, it is not unreasonable to start with a low dose of pro-
tamine initially, monitor the activated clotting time, and
administer more protamine as needed to bring the acti-
vated clotting time back to baseline. How low one could
go with the initial protamine dose still has to evaluated
systematically, but there are limited data to date suggesting
that protamine—heparin ratio can vary between patients.®
Of course, activated clotting time may reflect adequate neu-
tralization of anti-Ila levels (the accepted standard for quan-
tifying unfractionated heparin activity),? but this perhaps
needs validation in further studies conducted in different
clinical settings. However, considering the data so far, it is
quite possible that limiting the dose of protamine may not
only help in the era of drug shortages but also be all that is
required at the end of CPB.

Last, let us not forget the ubiquitous nature of “hepa-
rin rebound.””® Exploration of how protamine dose in the
operating room impacts further protamine and transfusion
rates in critical care should be quantified in all trials explor-
ing protamine—heparin interactions.
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Minimal Protamine Dosing
during Drug Shortages:
Reply

In Reply:

hank you for the opportunity to respond to the let-
ters regarding our study.'™ We appreciate each of the
authors’ thoughtful comments.

As we noted in the Limitations section, the single-center,
single-surgeon design may constrain the generalizability of
our results.* Miles and Falter" highlight existing evidence and
guidelines that support using lower heparin-to-protamine
ratios (i.e., less than 1 mg protamine per 100 U heparin).
While we agree with this perspective, the primary objec-
tive of our study was not to evaluate heparin-to-protamine
reversal ratios. Rather, we examined the use of a fixed-dose,
single-vial protamine strategy in patients receiving large
heparin doses as a response to national protamine shortages.
Taneja further outlines many of the clinical and pharmaco-
logic issues with ratio-based calculations, including variabil-
ity in manufacturing practices.” This further emphasizes the
need for practical conservation strategies, which our article
supports in the studied patient population.

Our findings, alongside the evidence cited by Miles and
Falter,' further support the safety and efficacy of a conser-
vative protamine dosing approach. Notably, 25% of patients
in our study received a heparin-to-protamine ratio less than
0.71, which is substantively lower than the dosing suggested
in the referenced European guidelines. Those same guide-
lines also provide a Class I, Level A recommendation for
activated clotting time—guided heparin management.® This
is relevant to the concern raised about our use of activated
clotting time as a primary endpoint by Hardy ef al.,* as
well as Miles and Falter.! Both letters underscore activated
clotting time’s imperfect correlation with heparin concen-
tration during cardiopulmonary bypass and highlicht more
accurate tests such as the anti-Xa assay. However, activated
clotting time remains the most widely used and accessible
method for monitoring heparin effect and reversal in clin-
ical practice.

With respect to concerns about the study being under-
powered to detect differences in chest tube output, we
emphasize that this was a secondary endpoint. The study
was powered to assess differences in activated clotting time.
The possibility of false-negative results (i.e., type Il errors)
typically exists for secondary outcomes and suggests the

ANESTHESIOLOGY 2025; 143:1127-36

need for a much larger study powered to detect these clin-
ically relevant differences.

Regarding the commentary on the imprecision of fixed-
dose protamine administration, as discussed in the viscoelas-
tic testing—driven PRODOSE trial,® we commend Miles
et al., the authors of that important work, for their contri-
butions to advancing coagulation management. However,
we note that the recent multicenter FARES-II trial, pub-
lished in the Journal of the American Medical Association, relied
on point-of-care international normalized ratio testing to
guide plasma and factor concentrate administration. This
likely represents the limited availability of viscoelastic test-
ing at many North American centers.” For this reason, we
designed our study to be pragmatic and applicable to insti-
tutions with resource constraints and clinical workflows
similar to our own.

We sincerely thank all the authors for their engagement
with our work. It is through collegial dialogue such as this
that we collectively advance the critical field of patient
blood management.
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Race, Ethnicity, and
Antiemetic Management:
Comment

To the Editor:

We read with great interest the recent study by Goldson
et al. titled “Does Management of Postoperative
Nausea and Vomiting Differ by Patient Demographics? An
Evaluation of Perioperative Anesthetic Management—An
Observational Study.”! The authors have made a valuable
addition to the field by shedding light on differences in
how postoperative nausea and vomiting (PONV) and post-
discharge nausea and vomiting are handled across differ-
ent demographic and socioeconomic groups. The findings
highlight the essential need to address inequalities in surgical
care related to the administration of antinausea medications.

The study offers key insights into demographic and
socioeconomic differences, but we want to highlight hor-
mone changes as another critical element for understand-
ing PONV risk management. New research indicates that
hormone shifts, like those tied to menstrual cycle stages and
menopause status, play a big role in PONV likelihood.>?
For instance, premenopausal women experience higher
PONV rates than postmenopausal women, and the luteal
phase of the menstrual cycle seems to lower PONV risk
compared to the follicular or ovulatory phases.>?

Adding hormone-related factors to upcoming research
might give us a better grasp on PONV risks and help cus-
tomize strategies for managing patients before, during, and
after surgery. For example, breaking down the data by men-
strual cycle phase or whether someone has gone through
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menopause could uncover new differences or risk factors
we are missing. This fits with the focus of the work by
Goldson et al.! on using data segmentation as a method for
identifying and addressing healthcare disparities. We applaud
the researchers for their valuable work. We’re hopeful that
future studies will build on what they’ve found by looking
into how demographic, socioeconomic, and biological fac-
tors work together to aftect PONV risk and treatment.
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