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Abstract

Alloimmune platelet refractoriness (alloPR) among actively bleeding surgical patients with
thrombocytopenia represents a life-threatening problem. Here we present three cases in which
surgical bleeding was complicated by life-threatening thrombocytopenia and alloPR. We
demonstrate that the human leukocyte antigens (HLA) antibodies associated with alloPR are
broadly reactive and in high concentration, are not removed by hemodilution, and are not absorbed
by transfusion of multiple doses of platelet concentrates. HLA alloPR may be under-recognized
among surgical patients. Research is needed to develop pre-operative screening methods that will
identify patients in need of specialized platelet support using HLA compatible donor products.

Introduction

Alloimmunization to human leukocyte antigens (HLA) remains a major hurdle in achieving
successful transplantation and is the primary cause of alloimmune platelet refractoriness
(alloPR) [1-3]. Platelet transfusion support of HLA allosensitized patients presents distinct
problems for the blood transfusion service. Whereas patients are routinely tested for red
blood cell (RBC) alloantibodies prior to blood transfusion, no screening test is routinely
performed for HLA alloantibodies prior to platelet transfusion. Moreover, there are no data
available validating the use of any screening test for HLA alloantibodies as a reliable
predictor of platelet refractoriness [4,5]. In the Trial to Reduce Alloimmunization to
Platelets, the incidence of HLA alloimmunization exceeded that of clinical platelet
refractoriness by twofold [4]. Thus, alloPR is currently recognized when inadequate platelet
increments are documented following platelet transfusion [1-3]. Furthermore, while all
blood banks have ready access to an inventory of antigen-typed RBC units that are
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compatible and available for transfusion to the majority of patients who are sensitized to red
cell antigens, very few blood banks have an inventory of HLA-typed platelet components.

While alloPR due to HLA antibodies is well recognized among patients with chemotherapy-
related thrombocytopenia [4,6], there are little data describing its frequency in other patient
populations. The reported prevalence of detectable HLA antibodies in normal male and
nulliparous female blood donors ranges from 1 to 17% and increases to 24-53% in females
with prior pregnancy [7-10]. Pregnancy imparts a greater risk of HLA allosensitization
compared with blood transfusion [8] and an increasing number of pregnancies is associated
with higher HLA allosensitization rates [7,9]. In addition, there are data suggesting an
increased prevalence of HLA alloantibodies among patients with antibodies to RBC antigens
[11,12]. Given these data, it is reasonable to expect alloPR to occur outside of the setting of
hematologic malignancies and that prior pregnancy and/or known RBC alloimmunization
may identify at-risk patients.

Here, we present three surgical cases in which alloPR due to HLA antibodies compromised
transfusion support for active bleeding and thrombocytopenia during major surgery and
resulted in life-threatening hemorrhage. We show serologic evidence that HLA antibodies
are found in much higher concentration than RBC antibodies and cannot be sufficiently
“washed out” during massive transfusion or “adsorbed out” by transfusion of multiple doses
of platelets. Given that alloPR is not typically considered in the context of intra-operative
thrombocytopenia, it may play an under-recognized role in bleeding morbidity and mortality
in the surgical patient population.

A male patient with Marfan's syndrome and an extensive history of prior cardiac surgery and
multiple blood transfusions presented for a repeat aortic arch repair. His pre-surgical platelet
count was 106,000/uL. A pre-operative specimen was noted to have anti-C and anti-Fya
RBC antibodies. Intra-operatively, 10 units of compatible packed RBCs (C—, Fya —) were
administered. Continued bleeding and depletion of all available Fya-negative RBCs
necessitated switching to (C— Fya+) packed RBCs after an intra-operative specimen
showed only weak reactivity with Fya+ cells. The patient also received numerous fresh
frozen plasma (FFP) and platelet transfusions (see Table I). During surgery, the patient's
platelet count dropped to 21,000/uL. In response to a 6 unit dose of platelets, the patient's
platelet count increased to 30,000/uL within minutes of platelet transfusion, representing a
corrected-count increment of 4950/pL. Transfusion of an additional 18 units of platelets
increased the platelet count to only 46,000/uL and 45 min later, the patient's platelet count
was only 30,000/uL despite transfusion of an additional 21 units of platelets. A presumptive
diagnosis of alloPR was confirmed by detection of anti-HLA antibodies. Single antigen bead
studies identified 68 different HLA Class | antigen specificities. The patient continued to
bleed in the post-operative period despite administration of platelets, plasma, recombinant
activated factor V11, and epsilon aminocaproic acid (EACA) and required surgical re-
exploration. The highest platelet count obtained during surgery or the post-operative period
was 98,000/uL with a nadir of 10,000/uL. He expired four days after the initial surgery after
withdrawal of care.
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A female patient with localized pelvic osteosarcoma underwent neoadjuvant chemotherapy
and radiation eight weeks prior to surgical resection of the tumor. The patient had two
pregnancies at least 15 years prior to surgery and only one non-leukoreduced red cell
transfusion 12 days prior to her surgery. Her pre-transfusion specimen did not have any red
cell alloantibodies. Her pre-operative platelet count was 351,000/uL. Intra-operatively, the
patient received massive transfusion support (see Table I). In response to an intra-operative
platelet count of 49,000/uL, the patient was transfused 12 units of platelets, with no
increment and a platelet count of 36,000/uL at the conclusion of the surgery ~4 hr later. An
additional 24 units of platelets were transfused over the following 7 hr in response to platelet
counts below 20,000/pL and in the setting of ongoing hemorrhage. None of these platelet
transfusions resulted in any documented increase in the platelet count. A presumptive
diagnosis of alloPR was confirmed by the detection of anti-HLA antibodies. Single antigen
bead studies identified 41 HLA Class | antigen specificities. The patient continued to bleed
despite packing of the wound, administration of EACA, and continued blood product
support. The highest platelet count obtained during surgery and the post-operative period
was 36,000/uL with a nadir of 8,000/uL. She expired seven days following surgery from
sepsis.

A female patient with recurrent chondrosarcoma underwent radiation therapy prior to
surgery. The patient had at least four prior pregnancies but no previous transfusions. Her
pre-operative platelet count was 206,000/uL. Intra-operatively, the patient required massive
transfusion support (see Table I). During the operative procedure, the patient was transfused
12 units of platelets in response to a platelet count of 32,000/uL. A platelet count taken
within 60 min of platelet transfusion was 31,000/uL. In the post-operative period, an
additional 6 units of platelets were administered for a platelet count of 24,000/uL and a
repeat platelet count taken within 60 min of transfusion was 23,000/uL. A presumptive
diagnosis of alloPR was made and later confirmed by the detection of anti-HLA antibodies.
Single antigen bead studies identified 76 HLA Class | antigen specificities. The highest
platelet count obtained during surgery and the post-operative period was 39,000/uL with a
nadir of 19,000/uL. Bleeding was subsequently controlled and transfusion support was
minimal in the postoperative period. She was subsequently discharged to a rehabilitation
center.

The study protocol, including sample collection and medical record review, was approved
by the Massachusetts General Hospital (MGH) Institutional Review Board. HLA Class |
type was determined by either a serologic method (Lambda Monoclonal Typing Trays™ ,
One Lambda) or by molecular/DNA hybridization (Labtype™ SSO, One Lambda).

For antibody studies, discarded EDTA-anticoagulated blood specimens from the
Massachusetts General Hospital Blood Bank were collected and frozen for later testing.
Screening for the presence of RBC antibodies was performed using the anti-human IgG 1D
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Microtyping System™ (Ortho Clinical Diagnostics) gel card system. RBC antibody
identification was performed by tube testing using an extended red cell panel (Panocell,
Immucor). RBC antibody reactivity was monitored using select heterozygous antigen-
positive RBCs. Standard tube titration techniques for RBC antibodies were performed as
described [13].

A solid-phase multiplex bead flow cytometric assay (Luminex™) using HLA Class | single
antigen beads (One Lambda) was used to determine the specificity of HLA antibodies. A
mean fluorescence intensity (MFI) of =1000 was used as a positive cut-off. For antigen
specificities represented in multiple beads, the average MFI of the beads was used. Dilutions
of plasma specimens were made using sterile phosphate buffered saline as diluent. The
Luminex™ based C1gScreen (One Lambda) was used to assess complement fixation. The
calculated panel reactive antibody (CPRA) was determined using the online “CPRA
calculator” provided by the Organ Procurement and Transplantation Network
(optn.transplant.hrsa.gov).

Adsorption studies were performed on patient plasma by using a pooled platelet concentrate
(PPC) prepared from 35 donors. Briefly, sodium azide (final concentration 0.2%) was added
within 24 hr to outdated platelet concentrates which were kept on a shaker at room
temperature. Equal volume aliquots of 35 outdated platelet concentrates were combined to
make the PPC (concentration of ~1 x 106 platelets/uL). PPC volumes of 1 mL, 500 pL, and
50 pL were centrifuged at 200g for 5 min and the donor plasma carefully separated from the
resulting PPC pellet. About 50 pL of patient plasma was added to the PPC pellet and mixed
gently to create a slurry. The platelet-plasma slurry was incubated at room temperature for
30 min then centrifuged at maximum speed (~17,0009) for 5 min. The adsorbed plasma was
carefully removed and tested by Luminex™ single antigen bead.

In this series, all three patients displayed clinical refractoriness to platelet transfusions in the
intra-operative and post-operative period as evidenced by poor or absent platelet count
increments following transfusion. Non-alloimmune causes of refractoriness to platelet
transfusion were considered unlikely in these patients. All three were afebrile and clinically
stable before surgery so platelet consumption related to sepsis was not a consideration. None
were taking antimicrobial agents implicated in platelet destruction or refractoriness to
platelet transfusion prior to surgery. Patients 2 and 3 did not have splenomegaly and had
normal platelet counts before surgery. Patient 1 had mild thrombocytopenia attributable to
mild splenomegaly and microangiopathic hemolytic anemia (MAHA) secondary to
dysfunction of the prosthetic aortic valve. He was also being given unfractionated heparin
prior to surgery. However, the clinical picture of rapid clearance of platelets despite multiple
transfusions strongly favored an immune-mediated over these clinical factors. Similarly,
although bleeding has been implicated in a mild reduction in post-transfusion platelet count
increments [14], it was deemed an insufficient explanation for the severity of clinical
refractoriness to platelet transfusion observed in these patients based on prior experience
with similar surgical cases. Select transfusion data are provided for the first OR course
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(Table 1) and in the perioperative period that required transfusion support (see Supporting
Information Table II).

To determine whether anti-HLA antibodies were affected in vivo by massive transfusion, we
compared antibody levels using a single antigen bead assay in pre-transfusion and post-
operative blood samples in the two patients who received the largest volume of blood
resuscitation. For each patient, the MFI of representative antibody specificities against HLA
Class | antigens are presented. A single Class 11 specificity is also included (HLA-DR17).
These specificities were selected because they represent commonly found HLA-A and -B
antigens in the donor population and both patients made strong antibodies against these
antigens (except HLA-B44). In the case of Patient 1 (Fig. 1 A), pre-operative MFI values
were lower on post-operative day 1 following massive transfusion. Interestingly, there was a
suggestion of a rebound in antibody levels (as determined by MFI) from POD1 to POD3. In
contrast, the preoperative HLA antibodies in Patient 2 appeared to increase over time,
despite massive transfusion (Fig. 1B). The combined antibody trends for Patient 1 and 2 are
shown (Fig. 1C). Since, the MFI of the HLA alloanti-bodies approached the saturation range
for the bead-based assay in both the pre-operative and post-operative blood samples, assays
were repeated and findings confirmed using plasma diluted 100-fold (data not shown).
Additionally, the CPRA was determined for pre-operative and post-operative blood samples
and was found to be largely unchanged despite massive volume resuscitation (see
Supporting Information Table I11). Thus, in both these patients, HLA alloantibodies
remained at high levels and demonstrated broad alloreactivity despite massive volume
resuscitation and blood replacement. Any declines in MFI due to massive transfusion
appeared to be transient.

Patient 1 also had RBC alloantibodies against the red cell antigens C and Fya that were
identified in the pre-operative specimen. We therefore monitored the strength of this
patient's RBC alloantibodies over the same time course as that used to measure HLA allo-
antibodies. Preoperative antibody reactivity against Fya+ and C+ red cells was 2 + and
weakly reactive, respectively. Neither red cell antibody was reactive in specimens from
POD1 and POD3. We observed that, in contrast to his HLA alloantibodies, the RBC
alloantibodies became undetectable. These data suggest that the HLA alloantibodies in this
patient were at a significantly higher concentration than his RBC alloantibodies.

Because blood volume exchanged in vivo was determined by the degree of hemorrhage and
the consequent volume resuscitation and blood transfusion, we sought to quantify the degree
of hemodilution required to decrease the MFI of detectable anti-HLA alloantibodies below
1000. We therefore performed in vitro dilutions of the preoperative specimens from all three
patients and tested the plasmas using the single-antigen bead-based assay. Results are
presented as the CPRA as this metric takes into account the frequency of a given HLA
antigen in the donor population and therefore better estimates the likelihood of finding an
antigen negative donor [15]. All three of these patients had clinically significant CPRAs in
pre-operative samples even when diluted 100-fold (see Supporting Information Table I11).
Indeed, for Patients 1 and 3, the pre-operative CPRASs remained at 100% despite 1,000-fold
dilution. Although the pre-operative and POD1 CPRAs were decreased by dilution in Patient
2, over her clinical course, the MFI of HLA alloantibodies increased significantly (Fig. 1C).
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Thus, by POD3 the CPRA remained at 100% despite 1,000-fold dilution (see Supporting
Information Table I11). These data corroborate our earlier observations that HLA
alloantibodies can occur in extraordinarily high titer, and support the notion that such
antibodies could not be effectively removed by massive transfusion, exchange transfusion,
or pre-operative plasmapheresis.

HLA antibodies can be removed from plasma in vitro using platelet adsorption [16], a
technique utilized in the clinical laboratory to reduce interference by certain HLA antibodies
during RBC alloanti-body identification. Using a similar approach, we determined whether
allogeneic platelets used for transfusion are able to adsorb out anti-HLA antibodies in the
plasma from platelet refractory patients. Incubation of patient plasma with increasing
numbers of platelets reduced the MFI of HLA Class | alloantibodies (Fig. 2). Because
platelets do not express HLA Class 1l (HLA-DR) molecules [17], adsorption of anti-HLA-
DR17 was used as a control for non-specific adsorption. Not all Class | HLA antibodies are
partially adsorbed out by PPC equally (e.g., B44 antibody). While HLA-B44 antigen has a
frequency (~20%) that would predict representation in the 35-donor platelet pool used for
adsorption, the observed lack of adsorption may be due to differences in the affinities of the
HLA antibodies, variable HLA-B44 antigen expression on platelets [18], or a lack of B44
donors in the platelet pool used for adsorption. The equivalent of 200 therapeutic doses of
platelets (1,200 units of platelets) decreased the MFI reactivity to only one of the five
representative HLA Class | antigens below 1,000 (i.e., anti-B8 antibody decreased from MFI
15,891 down to 565). These data strongly suggest that high-titer anti-HLA alloantibodies
cannot be overwhelmed in patients by transfusion of multiple doses of platelets.

Finally, it has been suggested that in patients with HLA-mediated alloPR, complement
fixing anti-HLA antibodies result in poorer platelet count increments compared with non-
complement fixing antibodies [19]. Patient 1's antibodies were complement fixing as
determined by the C1q assay (Fig. 3). Interestingly, complement fixation appeared to
correlate with antibody titer. After 100-fold dilution, Patient 1's antibodies still had MFIs
exceeding 10,000 (Fig. 3A), but the resultant C1q binding to most of the antigens was
disproportionally decreased (Fig. 3B).

Discussion

AlloPR due to HLA antibodies in an actively bleeding surgical patient with
thrombocytopenia is a serious medical problem. Two of our three patients died in the early
post-operative period despite very aggressive transfusion support. There is no specific
treatment for bleeding in the setting of alloPR. The only effective intervention currently
available for such patients is the provision of platelets from HLA-matched or HLA-
compatible donors. Here, we show that anti-HLA alloantibodies implicated in three clinical
cases of serious alloPR are found in high concentration, are associated with broad reactivity
(high CPRA), are not depleted by massive blood transfusion, and cannot be absorbed by
transfusion of multiple therapeutic doses of platelets. Indeed, in Patient 2, HLA alloantibody
levels were observed to increase following repeated transfusion of incompatible platelets,
demonstrating that such transfusions may only worsen immune refractoriness by stimulating
further allosensitization.
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In addition to the morbidity and mortality associated with inadequate platelet support of the
actively bleeding surgical patient, alloPR is a costly medical problem. According to the
National Blood Utilization Survey 2011 [20], hospitals paid an average of $535.17 for an
apheresis platelet unit. The average number of platelet doses for the three cases shown here
was 21 (median = 27), which translates into $11,238 per patient without clinical benefit, and
without accounting for the other expenditures related to the care of the patient.

Critical laboratory tests need to be performed to maximize successful platelet transfusion
support in patients who are suspected to have alloPR. These include determining the HLA
type (Class 1) of the patient and the anti-HLA antibody specificities present in the patient's
plasma. Compatible allogeneic platelets may be HLA matched to the patient or lack the
antigens to which the patient has demonstrable alloantibodies. HLA alloimmunized patients
with high-titer and broadly reactive antibodies or those whose HLA haplotypes are under-
represented in the blood donor population pose the greatest challenge to providing
compatible/matched platelets for transfusion. Additionally, while HLA matching for platelet
transfusion primarily focuses on HLA-A and HLA-B antigens only, alloantibodies against
HLA-C resulting in platelet refractoriness have also been reported [21]. Had the HLA
antibody specificities of our patients been known prior to surgery, HLA compatible platelets
would likely have been found for all three patients as each had at least one common HLA
haplotype (frequencies of 4% A2-B7, 7.8% A2-B27, 2.2% A2-B58, and 3% A29-B44; see
Table | for patient HLA type) in the USA donor population [22]. Transfusion of compatible
platelets with better increments may have translated into the use of fewer transfusions and
potentially better outcomes. While selection of HLA compatible platelet products is possible
prior to an elective major surgical procedure, obtaining HLA compatible platelets in an
emergency is not currently a practical reality.

Patients at risk for ineffective intra-operative platelet support due to HLA-medicated alloPR
are not routinely identified pre-operatively Unlike the detection of RBC alloantibodies, there
are no processes in place that might help identify pre-operatively which patients harbor high
titer HLA antibodies. Research is needed to develop algorithms that will identify surgical
patients at risk for alloPR. Unlike the routine “type and screen” for detecting red cell
alloantibodies, screening all patients for HLA alloantibodies using current methods is not
likely to be a cost-effective strategy. It may be necessary to identify risk factors, in addition
to pregnancy and blood transfusions, which increase the pre-test probability of identifying
clinically relevant HLA antibodies in patients at risk for platelet refractoriness. One
promising risk factor is the concurrent presence of red cell alloantibodies in patients [11,12].
As evidenced in this case series, the number of prior pregnancies may also identify patients
at risk for HLA-mediated alloPR.

Pharmacologic agents such as rituximab [23] or bortezomib [24] have been used in patients
with alloPR and concomitant hematologic diseases to reduce HLA antibody levels and
thereby improve the ease of platelet transfusion support. Similarly, immunosuppressive
drugs have been combined with therapeutic plasma exchange to reduce donor-specific HLA
alloantibodies and treat or prevent acute humoral rejection of renal allografts [25,26].
However, these approaches require prior recognition of alloPR and investment of substantial
time before any efficacy is likely to be observed. Furthermore, they are associated with
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substantial morbidity in comparison with transfusion of compatible platelets. Therefore,
their use cannot be advocated to treat alloPR in the surgical patient population.

In summary, we present three cases that highlight the problem of HLA alloantibody-
mediated refractoriness to platelet transfusion in actively bleeding surgical patients
undergoing massive transfusion support. In each case, intra-operative thrombocytopenia
could not be effectively managed despite very large doses of routine platelet transfusions.
Two of three patients expired in the early post-operative period. Our studies demonstrate
that these antibodies cannot be overcome by massive transfusion, dilution, or adsorption.
Understanding the pathogenesis of HLA antibodies in platelet refractoriness may aid in
identifying potential therapeutic approaches for platelet refractory patients, especially those
undergoing major surgery. Wider recognition of the importance of HLA alloantibodies in
surgical patients may facilitate development of cost-effective screening methods to identify
patients with alloimmune platelet refractoriness.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Effect of massive transfusion and bleeding on anti-HLA antibodies. Antibodies against

common HLA Class | antigens are shown as representative examples of the effect of
massive transfusion on specific HLA allo-specificities; DR17 (an HLA Class Il antigen not
present on platelets) is shown as a control for nonspecific changes in MFI reactivity. (A)
Patient 1 and (B) Patient 2 antibodies over time. (C) The combined MFI of the selected
antibodies are shown depicted in a box and whisker graph where the box denotes the
interquartile range (IQR), the line inside the box represents the median and the whiskers
indicate the maximum and minimum. MFI: mean fluorescence intensity units; Pre: blood
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sample prior to massive transfusion; POD1.: post-operative day 1; and POD3: post-operative
day 3.
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Figure2.
Effect of in vitro adsorption of anti-HLA antibodies using platelet pool concentrate (PPC).

Postoperative day 1 plasma from Patient 1 was mixed with varying amounts of PPC. The
amount of PPC used to adsorb is quantified as dose equivalents, which is the equivalent
number of platelets given in a therapeutic dose (6 units) of platelets when transfused to a 75
kg man with a presumed hematocrit of 45% (plasma volume ~3 L). A dose of platelets (6
units) introduces ~3 x 1011 platelets into ~3L of plasma, resulting in a ratio of 1 x 10°
platelets/uL plasma. For instance, a 10-dose equivalent is achieved by adding 5 x 107
platelets to 50 uL of patient plasma, resulting in 10 x 10° platelets/uL plasma. Data are
shown as the percent MFI remaining after in vitro adsorption of HLA Class | antibodies
compared with unadsorbed plasma (100%).
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Figure 3.
Complement fixation of anti-HLA antibodies in platelet refractoriness. (A) Preoperative

plasma from Patient 1 was tested using the single antigen bead assay and compared with (B)
the C1q binding assay. Antibodies against common HLA Class | antigens are shown as
representatives; DR17 is shown as an example of HLA Class Il antigen. MFI - mean
fluorescence intensity units.
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Table |
Transfusion Data for the First I ntra-oper ative Cour se

Patient 1 Patient 2 Patient 3

HLA type A2,B7,B27 A2,B27,B58 A29, A68, B44
Number of HLA Class | A=20 A=15 A=19

allospecificities® B=40 B=26 B=42

c=8 C=0 C=15

TBV, calculated 56L 46 L 38L
Pre-surgery platelet count (x 103 per pL) 106 351 206
RBC (units) 21 30 14
FFP (units) 14 16 11
PLT (doses)b 16 2 2
OR time 16 h 9h 7h
Blood product volume transfused® 6L 128L 7L
Blood volume exchanged 29x 28 x 1.8x
Ave Rate of transfusion (Liters/hour, L/hr) 1L/hr 1.4 L/hr 1L/hr

TBV: total blood volume, RBC: packed red blood cell, FFP: fresh frozen plasma, PLT: platelet concentrate, OR: operating room.

aHLA Class | antigens specificities identified by a bead-based single antigen assay; the assay is designed to identify antibodies with specificity
against 21 HLA-A, 43 HLA-B and 15 HLA-C antigens.

b . R .
A dose of platelets is equal to one apheresis unit or 6-units of pooled platelet concentrates

CAssumes the following volumes per blood product: RBC = 300 mL, FFP =200 mL, and PLT = 300 mL. Patient 1 also received 1.5 L of blood
collected by intraoperative blood recovery that was included in calculating the blood product volume given.
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