PLUS

AN EDUCATIONAL RESOURCE PUBLISHED BY AMERICAN RED CROSS BLOOD SERVICES | S PR I NG 2019

Direct Oral Anticoagulants (DOACs) and their Reversal: or not
An estimated 6 million patients in the United States are on
anticoagulants, and are thus at increased risk of bleeding
with its associated increased risk of morbidity and mortality.
The American College of Cardiology published a consensus
paper on managing these patients in 2017. This review
describes the appropriate treatment pathway to follow with
patients on anti-coagulant therapy including consideration of
when to resume this treatment. Reversal agents designed to
target specific factors are also evaluated. Studies have shown
the advantages of DOACs when compared with vitamin K
antagonists (VKAs) in the management of atrial fibrillation
(AF) and with low-molecular-weight heparin in the
treatment and prevention of venous thromboembolism. The
favorable outcomes with DOACs coupled with the emergence
of reversal agents has led to the increased use of both.
We have been able to manage for so long without specific
reversal agents because of the overall lower risk of
intracranial hemorrhage with DOACs as compared with
VKAs. These agents also have a shorter half-life than
VKAs, so reversal is often not required. Another reason is
the widespread use of prothrombin complex concentrates
(PCC), a non-specific approach, to reverse DOACs, a practice
which continues despite limited evidence, and can result in
increased thrombin generation.
Options for reversal of VKAs were briefly reviewed by the
authors. Plasma is only indicated for reversal of VKAs when
4F-PCC is unavailable.
Transfusion medicine specialists are often consulted when a
patient on a DOAC has a life-threatening or critical site bleed,
or in situations with uncontrolled bleeding. If no medication

history is available, testing to assess the presence of DOACs
should be performed. Supportive care should include
activation of massive transfusion protocols if needed. In these
circumstances, reversal of DOACs is required.
Among the reversal options is Dabigatran (dabi), a factor
IIa inhibitor. Idarucizumab, a Fab fragment directed at
dabi is the first line agent for reversal in patients with
life-threatening anticoagulation emergencies. Idarucizumab
has an affinity for dabi that is 350 times stronger than dabi’s
affinity for thrombin. In a study of emergency reversal,
patients were given 5 grams of idarucizumab as an infusion
of two 2.5-gram aliquots. Maximum reversal of dabi was
achieved in 100% of patients within 4 hours. Bleeding
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cessation was achieved in 3 ½ to 4 ½ hours and hemostasis
was normal in 92% of patients during surgery. 6% of patients
experienced thrombotic complications, with 2/3 occurring in
patients who did not resume anticoagulant therapy.
The best tests for assessing the anticoagulant activity of
dabi include the dilute thrombin time, ecarin clotting
time, and the ecarin chromogenic assay. While these tests
correlate closely with dabigatran levels measured by liquid
chromatography-tandem mass spectrometry, they are not
widely available, in particular for guiding emergency reversal.
In their absence, the thrombin time (TT) and aPTT may be
used. The TT is very sensitive to dabi.
Andexanet alfa (andexanet) is the only specific reversal
agent for the FXa inhibitors rivaroxaban and apixaban that
is approved and is available on a limited basis in the United
States. Andexanet is a recombinant form of FXa that binds
FXa inhibitors, but is not enzymatically active. In studies of
non-traumatic bleeding, it reduced anti–FXa activity and
active drug levels by over 90%, and clinical hemostasis was
achieved in 79% of patients. Andexanet has a very short
half-life and two dosing regimens (low and high), based on
the last dose and timing of the DOAC.
Ciraparantag (PER977) binds to direct and indirect inhibitors
of FXa and prevents the anticoagulant from binding to its
endogenous target. Ciraparantag is still in the early stages
of development, with one study demonstrating rapid and
maintained (24 hours) reversal of whole-blood clotting times
in subjects receiving edoxaban.

In trauma, the type of DOAC may be unknown. Conventional
testing will not be able to differentiate between the effects
of DOACs or traumatic coagulopathy or the relative
contribution of both. Fast turn-around times for anti Xa
assays will be crucial. Andexanet may be considered although
there are no trials supporting its use in this setting. The price
of reversal may also be considered, as the cost of andexanet is
approximately $50,000 for the higher dose. In comparison,
the cost of idarucizumab for dabigatran reversal is $4,200,
although its use in trauma patients also remains unstudied,
and it too may carry a thrombotic risk.
Contact for additional information: Gary.Bachowski@redcross.org
Tomaselli GF et al.  2017 ACC Expert Consensus Decision Pathway on
Management of Bleeding in Patients on Oral Anticoagulants: A Report of the
American College of Cardiology Task Force on Expert Consensus Decision
Pathways. J Am Coll Cardiol. 2017 Dec 19;70(24):3042-3067.
Pollack CV Jr. et al. Updated Results of the RE-VERSE AD study:
Idarucizumab Reverses the Anticoagulant Effects of Dabigatran in Patients
in an Emergency Setting of Major Bleeding, Urgent Surgery, or Interventions.
Presented at: American Heart Association Scientific Sessions 2016; New
Orleans, LA; November 12–16, 2016.
Ansell JE et al. Singledose Ciraparantag Safely and Completely Reverses
Anticoagulant Effects of Edoxaban. Thromb Haemost. 2017. 117:238–45.
Hunt BJ et al. Reversing Anti–Factor Xa Agents and the Unmet Needs in
Trauma Patients Blood 2018 132:2441-45.

The paper by Hunt, et al. highlights the problems of a
neglected and growing clinical area, that of reversing the
anticoagulation effect of factor Xa inhibitors in bleeding
trauma patients. Given our aging population, coupled with
an increase in trauma in elderly patients, collaboration by the
blood bank, pharmacy, and trauma surgeons will be essential
in the development of protocols and in carrying out clinical
trials to determine best practices.
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Factoring it in: Comparing Efficacy of Medications
for Warfarin Reversal
University (Portland OR) evaluated the safety and clinical
efficacy of the two PCCs formulations. Patients were selected
based on admission for active bleeding and requiring
emergent Warfarin reversal. This study incorporated both
clinical end-point evaluation (i.e. hemostasis control), as
well a laboratory correction of INR to monitor primary
outcomes. In addition, secondary findings were evaluated for
rebound INR to ≥1.4, two days after PCC administration, and
whether hematoma expansion occurred and/or blood product
transfusions were needed.

The new generation of oral anticoagulants such as Apixaban
(Eliquis®) and Rivaroxaban (Xarelto®) are garnering greater
attention for their improved safety profiles, while providing
equal therapeutic benefit in comparison to the traditionally
used Warfarin (Coumadin). However, acceptability of these
innovative drugs is hindered by their higher price tags,
resulting in an ongoing prescribing bias for Warfarin.
Due to the inhibition of Vitamin K-dependent clotting factors
II, VII, IX, and X by Warfarin, uncontrolled bleeding can
occur at a reported rate of 1—4%. To minimize this risk,
regular monitoring is performed by testing the blood INR
(international normalized ratio, a standardized prothrombin
time), the result of which is used to adjust the drug dosage
into therapeutic range.
In an emergent situation for an uncontrolled traumatic
bleed or in perioperative settings, rapid INR normalization
is required. In these scenarios, Warfarin reversal guidelines
direct the use of prothrombin complex concentrates (PCC),
to restore the vitamin K dependent coagulation factors. PCCs
are available in 3- or 4- factor PCC formulation; however, as
the 3-factor PCC is deficient of the critical clotting factor VII,
the use of recombinant factor VII (rVIIa) is added, which can
increase risk of thromboembolic events.
Recently, a study published in the American Journal of
Surgery by researchers from the Oregon Health and Science
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The results indicated that patients who received 3-factor
PCC / rVIIa drug therapy were likely to have longer duration
in the hospital’s ICU, as well as requiring additional Vitamin
K and plasma support. Interestingly, the INR correction
was significantly lower with this therapy in contrast to the
4-factor PCC, which may have accounted for the higher, as
much as four-fold, thromboembolic complications noted with
the former group.
The researchers do admit that the high thromboembolic
rate may be due to the increased dosage of the 3-factor PCC
in comparison to other studies. However, taking this point
into consideration, analyses clearly point to the use of rVIIa
as an independent factor for thromboembolism which is
comparable to other studies: a literature-reported rate
of 5—10%.
The findings in this study support the use of PCCs which
outperform exclusive use of Vitamin K and plasma in
Warfarin reversal, with decreased overall side-effects.
However, the administration of the 3-factor PCC / rVIIa
protocol underperforms in terms of efficacy and reduction
of thromboembolic risk in comparison with the 4-factor
PCC. If 3-factor PCC is to be used, consideration for close
post-administration monitoring for associated risk should be
incorporated into the decision-making process.
Contact for additional information:
Corinne.Goldberg@redcross.org
Barton CA et.al. Protocolized Warfarin Reversal with 4-factor Prothrombin
Complex Concentrate versus 3-Factor Prothrombin Complex Concentrate with
Recombinant factor VIIa. Am. J Surg. 2018. 15:775-779.

Determination of the Best Threshold for Neonatal
Platelet Transfusions
When is it appropriate to transfuse platelets in neonates?
To date there has been no consensus among hospitals and
clinicians and practice varies widely. A recent paper in the
New England Journal of Medicine describes a multi-center
randomized clinical trial to attempt to answer this question.
In 43 trial sites in three countries (the United Kingdom,
the Netherlands and Ireland) 660 pre-term neonates were
randomly assigned to two trial arms.
One arm received platelets at a platelet-count threshold of
50,000 per cubic milliliter (high threshold) the other at a
count of 25,000 (low threshold). The primary outcome was
death or severe bleeding up to 28 days.
Criteria for enrollment in the trial included neonates
who were born at a gestational age of 34 weeks or less,
no measured intraventricular or other type of active
hemorrhage within 72 hours of receiving the first platelet
unit, and a platelet count of less than 50,000.
The results were statistically significant. The infants who
were transfused at the higher threshold had greater risk
of death or severe bleeding through the trial period. In the
high threshold group, 85/324 (26%) experienced one of
the primary outcomes, while in the low threshold 61/329
(19%) did. The odds ratio was 1.57 (1.06-2.32; p = 0.02).
The authors note that the reason for the difference between
the two arms were unknown although they speculate that
inflammatory/ immunological effects of platelets as well
vessel occlusion by platelet microthrombi might be factors.
Of interest, a subgroup analysis evaluating development
of minor or worsening of current bleed did not show any
significant difference between neonates receiving a higher
versus lower platelet concentrate. In addition, there was
no statistical difference in rates of serious adverse events
such as multi-organ failure, necrotizing enterocolitis, or
respiratory failure.

The conclusion drawn from this study was that transfusion
of these critically ill preterm infants at the lower threshold
of 25,000 platelets per cubic milliliter as compared with
the higher level resulted in better outcomes. Such studies
are noteworthy as they highlight findings related to patient
demographics outside hematologic cancers. This paper
contributes to the growing literature supporting a restrictive
approach to blood transfusion.
Contact for additional information: Liz.Marcus@redcross.org
Curley A. et al. for the PlaNeT2 MATISSE Collaborators. Randomized Trial
of Platelet-Transfusion Thresholds in Neonates. NEJM. Nov 2018 DOI 10.1056/
NEJMoa1807320. [ePub ahead of print].
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The Heart Knows. Evaluating Cardiac Biomarkers
for Transfusion Risk
Transfusion-associated circulatory overload (TACO) is a
condition that results after rapid or large volume blood
product(s) transfusion in susceptible patient populations. It
can cause acute heart failure leading to pulmonary edema,
and has a reported incidence rate of 3%. Its presentation can
be masked by the overriding disease so that it’s unrecognized
and underreported as a leading cause of transfusion-related
fatalities. Identification of reliable predictive indicators
for patients at risk for developing TACO have not been
standardized to current medical practices. Of interest is the
use of cardiac biomarkers.
Brain natriueretic peptide (BNP) is a hormone released by
cardiac muscle fibers when stretched by increasing blood
volume in the ventricular chamber. Significant high levels are
notable with congestive heart failure. Its precursor is known
as pro-BNP, which is enzymatically cleaved into the active
hormone BNP and the inactive fragment N-terminal pro-BNP
(NT-proBNP). BNP and NT proBNP have been used to assist
in differentiating the mechanical fluid overload state of TACO
from the predominantly immune-mediated transfusion
related acute lung injury (TRALI).
This study evaluated the impact a single RBC unit transfusion
has on cardiac function. A group of 51 patients who were
hemodynamically stable, and not actively bleeding or at
immediate risk for bleeding (i.e. requiring surgery) were
enrolled. The patients were closely monitored within a
24-hour period post-transfusion to determine general clinical
as well as cardiac changes. An increase by 1.5 fold in the
cardiac biomarkers (BNP, NT-proBNP, and troponin) and
reference values exceeding the pre-transfusion baseline was
classified as a risk for TACO.
Findings indicated that patients with underlying cardiac
conditions and/or who were older (>70 years) were more
likely to have higher baseline cardiac biomarkers. Comparing
BNP and NT-proBNP, the latter was found to have more
consistent results, as it less likely to degrade during sample
storage. In addition, testing closer to or at the 24-hour mark
post-transfusion was more likely to assure detectability of the
biomarkers’ peak values.
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A 1.5 fold increase of the tested lab values was observed in
38% of the cases, with a strong concordance among all three
tested lab markers in conjunction with elevation of systolic
blood pressure >30 mmHg, a known clinical indicator for
TACO. However, a multivariate analysis failed to identify
any one of these biomarkers as predictive for an adverse
transfusion event. This was attributed to the small size of
the study; however, the results would indicate continued
investigative support for the role of cardiac biomarkers in
determining risk and clarifying diagnosis of transfusion
associated dyspnea events
Contact for additional information:
Catherine.Mazzei@redcross.org
Callum JL et.al. Cardiac Stress Biomarkers after Red Blood Cell Transfusion in
Patients at Risk for Transfusion-associated Circulatory Overload: a Prospective
Observational Study. Transfusion. 2018;58;2139–2148.

Early Plasma Use in Trauma Patients
The primary outcome showed a 39% reduction in overall
30-day mortality rates when plasma was given early in
contrast to standard care. In addition, mortality rates within
the first 24 hours and the duration of the patient’s hospital
stay was lower with early plasma administration. Hemostasis
control with plasma units was observed by the administration
of fewer RBC unit transfusions within the first 24 hours of
treatment and a lower median prothrombin-time ratio, upon
arrival at the hospital.
The adverse event rate was similar in the two study arms. Six
of 230 patients in the plasma group vs 2 of the 271 standard
care group patients developed a transfusion reaction. The
majority were mild type and of those mostly from allergic
responses. A single anaphylaxis (plasma group), and a single
septic (standard care group) reaction was reported.
Over the years, the treatment strategy for critically injured
patients has evolved from a mostly crystalloid and red
blood cell (RBC)-based resuscitation supportive measure
to a more balanced blood component delivery of plasma,
platelets, and RBC units. The early transfusion of plasma is
considered decisive in improving clinical outcome owing to
the correction of trauma-induced coagulopathy, increased
endothelial permeability, and mitigation of inflammatory
response. (Cardenas)
Due to the critical importance of early plasma delivery, the
American College of Surgeons has recommended the use of
immediate available thawed plasma, or liquid plasma, to be
used as part of the rapid responsive measures for massive
transfusion protocols. The plasma is to be either AB or A
type, with the latter having low anti-B titers. (Cryer)
In a recent multicentric, large randomized study published
in the New England Journal of Medicine, the investigators
evaluated the effectiveness of pre-hospital plasma
transfusion as part of the PAMPer—Prehospital Air Medical
Plasma trial. Patients (n = 501). Patients who had sustained
trauma-induced injuries with evidence of hypotension,
were to be transfused with either two liquid plasma units or
standard crystalloid solutions en route to the hospital, before
implementation of routine resuscitative measures.

The PAMPer trial had several strengths that would support
early plasma intervention in trauma patients. The study
included a robust sample size, which minimized the variables
that may be associated with differences in the extent of
trauma injury, as well as the type of standard resuscitative
care received in the multiple sites. Self-reported limitations
to the trial include the clustered nature in which the patients
were enrolled due to the logistics of product availability as
well as transfer of patients from medical facilities who may
have received RBC units and/or crystalloid solutions, prior to
transport via air support.
Contact for additional information:
Corinne.Goldberg@redcross.org.
Sperry JL et.al. Prehospital Plasma during Air Medical Transport in Trauma
Patients at Risk for Hemorrhagic Shock.  NEJM. 2018; 379: 315–26.
Cardenas HJC and Holcomb JB. Time to Plasma Transfusion: a Patient
Centered Approach and Modifiable Risk Factor.  Transfusion. 2017;57: 869–73.
Cryer HG et.al. The American College of Surgeons [Web log post]. Retrieved
December 26, 2018, from https://www.facs.org/quality-programs/trauma/tqp/
center-programs/tqip/best-practice.
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How Low Can You Go? Evaluating Patient Outcomes
with Severe Anemia
transfusions, of which 263 patients were admitted with a
hemoglobin level of 8 g/dL or lower. These patients were
stratified into groups based on their lowest hemoglobin
levels, and the mortality rates were then determined. In
addition, cardiac damage was assessed through troponin
level measurements.
The authors found that there was a 47% increase for mortality
risk for each 1 gram drop in hemoglobin (odds ratio [OR],
1.55; 95% confidence interval [CI], 1.25-1.91; p < 0.0001).
A small set of patients with chronic anemia showed higher
survival rates at the lower hemoglobin counts, suggesting a
possible protective compensatory measure.
That the human body can adapt and function at hemoglobin
levels significantly below the estimated normal range of
13.5—17.5 g/dL for males, and 12.0—15.5 g/dL for females
is well established in the clinical literature. Current
transfusion guidelines indicate that a more restrictive
transfusion threshold of 7.0—7.5 g/dL is just as efficacious
as a hemoglobin target of 9.5—10 g/dL. However, there is a
physiological point at which the body can no longer function;
the result is inadequate tissue oxygenation that compromises
multiple organ function including critical cardiopulmonary
and renal systems. This value is generally considered to be a
hemoglobin count of less than 5 g/dL.
Patients with severe anemia who refuse blood transfusions
based on moral or religious grounds often present a
significant medical challenge. Two previous studies have
evaluated the effects of a low hemoglobin in this patient
group. Carson et al, (2002) looked at 300 post-operative
patients with hemoglobin levels of 8 g/dL or lower, and found
that the odds of mortality increased almost 2.5 times for each
1 gram decrease in hemoglobin below 8 g/dL. Shander et al,
(2014) assessed a similar group of 293 patients and found
that the mortality rate was approximately 2 times higher for
each 1 gram/dL drop in hemoglobin. However, these studies
focused only overall mortality outcomes for surgical patients
and did not adequately address the effects of low hemoglobin
levels on cardiac tissue damage.
A newly published study by Guinn et al, looked at 1306
patients (both surgical and non-surgical) who refused blood
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A subgroup analysis of perioperative bleeding patients
indicated there was a slightly decreased rate of death than
in the medical, non-surgical patients, with an incidence of
1.64 of death occurring within 30 days per hemoglobin drop
of 1 g/dL. This was attributed to the higher disease burden
seen within the medical group patients who were not able
to undergo surgical intervention. Not surprising, patients
with a history of cardiac pathology were at risk of myocardial
ischemia as the anemic state progressed (OR, 1.42; 95% CI,
1.07-1.90; p = 0.016).
The results of this study showed a direct correlation between
the incidence of severe anemia with cardiac damage and
overall mortality. Given the challenges of treating patients
who refuse blood transfusions, it is evident that developing
alternative treatment modalities (i.e. artificial oxygen carries)
are needed.
Contact for additional information:
Lawrence.Fialkow@redcross.org
1. Carson JL, Noveck H, Berlin JA et al. Mortality and Morbidity in Patients
with Very Low Postoperative HB Levels who Decline Blood Transfusion.  
Transfusion. 2002;42:812-8.
2. Shander A, Javidroozi M, Naqvi S et al. An Update on Mortality and
Morbidity in Patients with Very Low Postoperative Hemoglobin Levels who
Decline Blood Transfusion. Transfusion. 2014;54:2688-95.
3. Guinn NR et.al. Severe Anemia Associated with Increased Risk of Death
and Myocardial Ischemia in Patients Declining Blood Transfusion. Transfusion.  
2018;58: 2290–2296.

Unique Transfusion Considerations in Older Adults
marrow stem cell exhaustion decreases hematopoietic cell
generation, delaying recovery response. It is among these
changes as well as the presence of chronic conditions, such as
diabetes and malignancies, that contribute to the frailty of
the elderly.
Due to these physiological advancements, the elderly, unlike
their younger counterparts are more responsive to a liberal
transfusion policy. This is likely due to poor tolerance by
this age group of anemia in patients with an established
cardiac condition.

As patient outcomes in transfusion studies have shown,
general blood usage guidelines may not be applicable to
all patient situations and ages. There have been numerous
studies performed evaluating transfusion needs and
responses in pediatric patients; however, as this article
demonstrates, specific considerations should also be made
for the elderly.
Currently there are an estimated 46 million people who are
65 years and older in the United States. This demographic
group is rapidly growing and is projected to expand by 2060
to 98 million people, equivalent to 24% of the population.
Yet a complete understanding of how age-associated changes
may respond to treatment modalities, including blood
transfusion, is lacking.
Examples of age-associated physiologic changes include
decreased cardiac output resulting from fibrosis replacing
heart muscle tissue. Loss in elasticity of blood vessels
from atherosclerotic changes modify resilience to abrupt
hemodynamic changes such as blood loss. In addition,

When considering initiation of massive transfusion protocols,
it is important to note that the classic triggers associated with
sudden blood loss may be slower to develop in the elderly.
These individuals, due to the physiological changes stated
earlier, are subject to baseline hypertension. Therefore,
even significant blood loss may not result in an immediately
observed hypotensive state. In addition, the use of
anti-hypertensive agents such as beta blockers can suppress
compensatory tachycardia.
Awareness of medication history is necessary to understand
bleeding risks. The elderly are more likely to have developed
an arrhythmia, such as atrial fibrillation, or susceptibility to
thromboembolic events requiring anti-coagulants. The use of
the vitamin K-dependent inhibitor Coumadin as well as the
newer drugs such as thrombin inhibitors (i.e. Dabigatran /
Plavix) and factor Xa inhibitors (i.e. Rivaroxaban / Eliquis)
may require implementation of reversal measures.
Ongoing investigation is needed to understand how aging
physiology may impact transfusion outcomes in the elderly.
Contact for additional information: Ram.Reddy@redcross.org
Scher CS. Trauma and Transfusion in the Geriatric Patient. Current Opinion
Anesthesiology. 2018 (31): 238-242.
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A Review of the Use of ADAMTS13 Testing in the Diagnosis
and Treatment of TMAs and Other Thrombotic Disorders
A review describes the most recent information available on
the biology of ADAMTS13 and clarifies the use of different
enzyme-related assays to diagnose and provide prognostic
information in the complex clinical setting of TTP. This
paper also discusses the latest evidence regarding potential
future uses of the ADAMTS13 tests for non-TTP conditions
such as assessment of a patient’s risk of bad outcomes from
cardiovascular disease, stroke, or other TMAs.

Understanding of the pathophysiology of Thrombotic
Thrombocytopenic Purpura (TTP) has progressed
dramatically, since Dr. Eli Moschcowitz first reported in
1925 the sad case of a 16-year old girl with abrupt onset of
petechiae, pallor and paralysis, ending ultimately in coma
and death. Clarity surrounding TTP’s pathophysiology
remained elusive for almost 60 years until work by Moake
et al discovered ultralarge von Willebrand factor (ULVWF)
multimers in TTP patients. In 1996 separate observations by
2 different investigators (Tsai in New York and Furlan et al.
from Bern, Switzerland), independently discovered that the
ULVWF resulted from the deficiency of a metal-containing
proteolytic enzyme (a metalloprotease called ADAMTS13)
that functioned to regulate and cleave these large multimers
into smaller molecules. This lack of ADAMTS13, and
resulting persistence of the hypercoagulable ULVWF, causes
the pathologic thrombosis and subsequent end-organ damage
seen in TTP. Significantly diminished ADAMTS13 levels
(<10% of normal) or decreases in its functionality are also
helpful in distinguishing TTP from its symptomologicallysimilar cousin: Hemolytic Uremic Syndrome (HUS).
ADAMTS13 deficiency is also seen in other thrombotic
microangiopathies (TMAs), albeit to a lesser degree. Plasma
exchange (PEX) is often used to treat TTP with its success
attributed to the replacement of ADAMTS13 and removal of
the patient’s inhibitor.

ADAMTS13 is synthesized mostly in the stellate cells of
the liver. The enzyme molecule is secreted in a closed
conformational shape. Studies have found that ADAMTS13
circulates in this folded conformation in healthy individuals
as well as in 80 % of TTP patients in remission. On the other
hand, it has an open form in the circulation of about 90 % of
patients with acute TTP. Attempting to use conformational
changes of ADAMTS13 as a diagnostic and prognostic tool in
TTP is an active area of research.
ULVWF released into the circulation is potentially toxic,
because, unprocessed, it is able to spontaneously interact
with platelets and form clots that can block microcirculation.
However, like the enzyme, the ULVWF substrate also tends
to unfold under the fluid shear stress of the bloodstream
exposing a molecular region (the VWF A2 domain) where
ADAMTS13 reduces the size and hemostatic function of
VWF in vivo by cleaving a single, specific site within the
VWF A2 domain.
As mentioned above, the primary treatment for TTP is PEX
however as the authors of the paper discuss, other treatments
are being explored. These include the antibody Caplacizumab
which inhibits the platelet to vWF interaction and rituximab
that has shown some utility in preventing relapses in patients
in remission presumably due to its immunosuppressive
effects. The authors of this review follow their acute TTP
patients with complete blood counts and LDH levels forever
(performed weekly during the first month, then quarterly
for the first year and thereafter every 3-6 months) to catch
relapses early and to guide the use of prophylactic rituximab.
If a patient’s follow-up ADAMTS 13 activity remains
Continues on next page
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Continued

persistently below 20%, the authors consider treating the
patient with preemptive rituximab.
Although loss of ADAMTS13 function to less than 10% of
normal is considered diagnostic of TTP, less severe losses
have also been reported in other in other microangiopathic
hemolytic anemias (MAHAs). The review cites sepsis with
organ failure and malignant hypertension as examples.
Unlike TTP, lack of ADAMTS13 is clearly not the ultimate
cause of these other TMAs, however these studies suggest
the enzyme might also play a part in managing normal
hemostasis by preventing pathologic thrombosis in these
other disease states as well. But analogous to TTP, a
prognostic role for the test in this setting is also unclear.

Thus, in conclusion although severely decreased ADAMTS13
activity is at present most helpful in diagnosing suspected
TTP, there is an increasing body of work showing it and
related tests may have a role in predicting TTP patient
outcomes, as well as guiding follow-up and use of therapeutic
interventions (possibly including use of replacement therapy
with recombinant ADAMTS13) to prevent and better treat
this fatal disease. A byproduct of this research on the
relationship between ADAMTS13 and TTP has been increased
insight into the potential contribution of the metalloprotease
to overall hemostasis. The utility of these tests may expand
to helping patients with non-TTP-related TMAs and with
neurovascular or cardiovascular thrombotic disorders.
Contact for additional information: David.Mair@redcross.org

Since the apparent purpose of ADAMTS13 is that of an
anticoagulant to maintain healthy hemostasis, scientists have
also investigated the part it may play in other thrombotic
disorders. The review describes a cohort study measuring
ADAMTS13 activity and found that participants in the
lowest quartile for enzyme activity (<80%) had a higher
risk of ischemic stroke, transient ischemic attacks and
overall cerebrovascular events. Additionally, diabetes and
smoking correlated with lower ADAMTS13 performance. A
case control study found ADAMTS13 antigen was lower in
acute stroke and cerebrovascular disease. Moderate decreases
in enzyme function have also been reported in patients
undergoing emergency cardiac catheterization for ST segment
myocardial infarction that may be associated with a higher
death rate due to cardiovascular disease.

AN EDUCATION

Moschowitz E. An Acute Febrile Pleiochromic Anemia with Hyaline Thrombosis
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Blood Testing Services
Finding the best donor blood for the patient who needs it is an
ongoing challenge. The American Red Cross laboratories serve
the nation with more than 50 years of experience and world class
expertise to meet this critical health care need. Our AABB and
CLIA certified Immunohematology Reference, Molecular, HLA
and Neutrophil laboratories assist with routine and complex
cases, selection of suitable donor units and technical and medical
consultation. Rigorous quality standards and process controls
are followed to meet state and local regulatory requirements. A
new brochure describing the services the Red Cross offers is now
available upon request.
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Publications Corner
Recent publications by American Red Cross scientists and physicians:
Tonnetti L, Townsend RL, Deisting BM, Haynes JM, Dodd RY, Stramer SL.
The Impact of Babesia microti Blood Donation Screening. Transfusion. 2018 Nov
30. doi: 10.1111/trf.15043. [Epub ahead of print]
Tyson J, Tsai WY, Tsai JJ, Brites C, Mässgård L, Youn HH, Pedroso C,
Drexler JF, Stramer SL, Balmaseda A, Harris E, Wang WK. Combination of
Non-Structural Protein 1-Based Enzyme-Linked Immunosorbent Assays can Detect
and Distinguish Various Dengue Virus and Zika Virus Infections. J Clin Microbiol. 2018.
Nov 14. pii: JCM.01464-18. doi: 10.1128/JCM.01464-18. [Epub ahead of print]

Remember these
websites:
Immunohematology Journal
redcross.org/immunohematology
Reimbursement
RedCrossBlood.org/hospitals/
educational-resources/reimbursement
SUCCESS®
success.redcross.org

Karafin MS, Tan S, Tormey CA, Spencer BR, Hauser RG, Norris PJ,
Roubinian NH, Wu Y, Triulzi DJ, Kleinman S, Gottschall JL, Hendrickson JE.
Prevalence and Risk Factors for RBC Alloantibodies in Blood Donors in the
Recipient Epidemiology and Donor Evaluation Study-III (REDS-III). Transfusion.
2018 Nov 14. doi: 10.1111/trf.15004. [Epub ahead of print]
Walters TK, Lightfoot TA. Delayed and Acute Hemolytic Transfusion Reaction
Mediated by anti-c in a Patient with Variant RH Alleles. Immunohematology. 2018.
34(3):109-112.
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