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Abstract
Purpose of Review  This review summarizes the American Society for Apheresis (ASFA) recommendations for apheresis 
indications in the perioperative setting. It reviews pathophysiology of these indications, highlights the key rationales for 
apheresis, and examines the current evidence behind the recommendations. This concise review will allow readers to learn 
about indications and available evidence behind apheresis in the perioperative setting.
Recent Findings  Encountered indications in the perioperative setting include heparin induced thrombocytopenia (HIT), 
desensitization/rejection prophylaxis or treatment of antibody-mediated rejection in solid organ transplants, sickle cell 
anemia, and thyroid storm.
Summary  Apheresis can be utilized as an adjunct therapy for many perioperative indications.

Keywords  Apheresis · Therapeutic plasma exchange · Red cell exchange · Heparin induced thrombocytopenia · Solid organ 
transplant · Antibody-mediated rejection · Sickle cell · Thyroid storm

Introduction

Therapeutic apheresis is a procedure in which a com-
ponent of patient’s blood is selectively removed for 
the purpose of removing pathogenic substances. The 
patient’s whole blood is removed and separated into 
components using centrifugation or membrane filtra-
tion [1]. Therapeutic plasma exchange (TPE) is a type 
of apheresis in which patient’s plasma is removed and 
replaced with either donor plasma or 5% albumin. There 
are advantages and disadvantages of both replacement 
fluids – for example, donor plasma contains coagula-
tion factors and proteins that replace those lost in the 
removal process, however, transfusion of plasma carries 
the risk of possible blood-product related risks, such as 
transfusion-associated lung injury (TRALI), anaphylactic 

reactions in IgA-deficient patients, pathogen transmis-
sion, and transfusion-related hypocalcemia. Albumin 
does not carry blood-product related risks, however it 
does not contain coagulation factors. Pathogenic sub-
stances removed via TPE are most commonly immu-
noglobulins, immune complexes, or toxins. While TPE 
removes these harmful substances, it is non-selective 
and therefore also removes beneficial substances such 
as albumin-bound medications, biologic medications, 
and coagulation proteins. In the peri-operative setting, 
the removal of coagulation factors can be of concern due 
to risk of bleeding. The removal of 1.0 plasma volume 
exchange is estimated to decrease coagulation factors by 
up to 50% and fibrinogen up to 60% [2]. The coagula-
tion factors can rebound to pre-TPE levels in one to two 
days in a patient with normal hepatic function, except 
fibrinogen which only recovers partially [3]. Therefore, 
in a peri-operative patient, using some plasma as part 
of thereplacement fluid might be better than using just 
albumin. The effectivity of the target substance removal 
can vary based on certain characteristics, such as con-
centration in the blood, degree bound to protein, and 
amount of distribution between the intravascular and 
extravascular space. Typically, in one session of TPE, 
1.0 to 1.5 plasma volumes are replaced. The amount of 
the removed component is most effectively removed with 
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the first session, with exponentially decreasing amounts 
removed thereafter, due to dilution of the substance in 
the intravascular space with replacement fluid [4]. Typi-
cally a 1.0 plasma volume exchange removes 62% of the 
native plasma along with the intravascular pathogenic 
substance. Vascular access for the purpose of apheresis 
may be in the form of peripheral or central venous access. 
The recommended size for peripheral access is optimally 
at least a 17-gauge needle for blood withdrawal and at 
least an 18-gauge needle for return [5]. However, smaller 
needles may be used in certain settings, e.g. pediatrics 
with reduced flow rates. Adverse reactions to TPE can 
be related to infusion of plasma or fluid shifts, the most 
common of which include hypocalcemia, hypotension, 
fever, urticaria, and pruritis [6]. Hypotension can also 
be severe in a patient taking an angiotensin-converting 

enzyme (ACE) inhibitor, possibly due to increased kinin 
production. Red blood cell exchange (RCE) is another 
type of apheresis in which the patient’s abnormal red 
blood cells (e.g. sickled red blood cells) are removed and 
replaced with donor red cells. The American Society for 
Apheresis (ASFA) routinely reviews clinical evidence 
behind apheresis performed for diseases and assigns a 
category and grade for each entity [7••]. The assigned 
category defines the strength of the TPE role in treat-
ment (I-IV), and the assigned grade (1A-2C) defines the 
strength of the quality of evidence behind the category. 
Definitions of each category and grade are summarized 
in Table 1. In this review, we will discuss the assigned 
ASFA category and grade along with current literature 
for diseases encountered in the perioperative setting, 
which are summarized in Table 2.

Table 1   ASFA category and grade definitions

RCT​ randomized control trials

Category Description

I Apheresis is first-line therapy, either as monotherapy or as an adjunct
II Apheresis, is second-line therapy, either as monotherapy or as an adjunct
III Role of apheresis is not established
IV Apheresis is ineffective or harmful
Grade Description Recommendation
1A Strong recommendation. RCTS without important limitations or overwhelming evidence from 

observational studies
Strong

1B RCTs with important limitations or strong evidence from observational studies Strong
1C Observational studies or case series Strong
2A RCTs without important limitations or overwhelming evidence from observational studies Weak
2B RCTs with important limitations or strong evidence from observational studies Weak
2C Observational studies or case series Very weak

Table 2   ASFA 
recommendations for 
perioperative apheresis 
indications

TPE therapeutic plasma exchange, RCE red cell exchange, ABOi ABO-incompatible, ABOc ABO-compat-
ible, AMR antibody-mediated rejection, LDLT living donor liver transplant, DDLT deceased donor liver 
transplant

Procedure Indication Category Grade

TPE Heparin induced thrombocytopenia (HIT) III 2C
TPE Kidney transplant, ABOi, desensitization I 1B
TPE Kidney transplant, ABOi, treatment of AMR II 1B
TPE Kidney transplant, HLA incompatible, desensitization and AMR I 1B
TPE Liver transplant, ABOi LDLT, desensitization I 1C
TPE Liver transplant, ABOi DDLT, desensitization and AMR III 2C
TPE Heart transplant, desensitization II 1C
TPE Heart transplant, treatment of AMR III 2C
TPE Lung transplant, desensitization and treatment of AMR III 2C
RCE Sickle cell disease III 2A
TPE Thyroid storm II 2C
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Indications for Therapeutic Apheresis 
in Perioperative Setting

Heparin Induced Thrombocytopenia (HIT)

Heparin-induced thrombocytopenia (HIT) is a complica-
tion typically resulting from exposure to unfractionated 
or low molecular weight heparin. An antibody is formed 
against a heparin molecule complexed with endogenous 
platelet factor 4 (PF4), resulting in thrombocytopenia and 
prothrombotic venous and arterial pathology. The “4Ts” 
score is a pretest probability scoring system used to predict 
likelihood of HIT. Points are given for thrombocytopenia, 
timing of thrombocytopenia, thrombosis, and if there are 
no other causes for thrombocytopenia. Higher scores cor-
relate to a stronger likelihood of HIT [8]. There are two 
categories of assays available for the diagnosis of HIT: 
1) functional, or platelet activation assays and 2) PF4-
dependent immunoassays. The gold standard assay is the 
serotonin release functional assay. Briefly, patient serum 
containing the antibody is incubated with donor platelets 
containing radiolabeled serotonin. Heparin is added, which 
activates the platelets in the presence of the antibody and 
releases the labeled serotonin, which is then measured. 
The immunoassays detect the PF4-heparin complex anti-
body (anti-HPF4) using an enzyme-linked immunosorbent 
assay.

The general treatment for HIT is to cease any heparin 
administration and administer anticoagulation with a par-
enteral non-heparin agent, due to high risk for thrombosis 
and mortality. If a patient with acute HIT requires elec-
tive cardiothoracic surgery, it is optimal to delay surgery 
until the platelet count has recovered and the antibody is 
undetectable via either the antigen or functional assay [9, 
10, 11••]. In patients who urgently need cardiothoracic 
surgery, a diagnosis of HIT poses a challenge. Indeed 
cardiothoracic surgery may involve cardiopulmonary 
bypass (CPB) and/or extracorporeal membrane oxygena-
tion (ECMO) which requires anticoagulation to prevent 
thrombosis in the circuit. Alternative anticoagulants to 
fractionated heparin have been used in this situation, 
such as the direct thrombin inhibitor bivalirudin, which 
is not optimal due to a delayed reversal effect, a lack 
of standardization approach to rapid monitoring with an 
increased risk of bleeding [6, 12, 13•, 14]. Due to the 
increased risk of bleeding with bivalirudin, it may be 
preferable to utilize peri-operative TPE with heparin re-
exposure in the circuit rather than bivalirudin in patients 
undergoing high-risk cardiothoracic procedures (i.e. 
re-do sternotomy, transitioning off mechanical cardiac 
support).

The rationale of peri-operative TPE for HIT is removal 
of anti-HPF4. ASFA assigns pre-procedural (CPB, 
ECMO, and pre-transplantation) TPE a Category III, 
Grade 2C recommendation (Table 2). The largest system-
atic review examining the role of TPE for HIT examined 
113 cases treated with TPE and/or IVIG [15••]. 91% of 
cases were diagnosed via immunoassay and/or serotonin 
release assay. Of all cases examined, 30 involved patients 
with HIT received IVIG and/or TPE prior to CPB sur-
gery. 87% of these patients were treated with TPE only, 
and 13% with TPE and IVIG. The cases had an average 
number of three TPE sessions each. Almost all patients 
(29 of 30) received heparin re-exposure during CPB, with 
one patient with bivalirudin as an alternative anticoagu-
lant. Plasma was the most common replacement fluid 
utilized. Post-operative outcomes were overall positive, 
with only two patients experiencing bleeding and no 
HIT-related thrombotic events. As previously discussed, 
the use of plasma rather than albumin as the replacement 
fluid has the advantage of providing valuable coagula-
tion factors and some fibrinogen lost in the pheresis pro-
cess, especially in a perioperative patient. In some clini-
cal contexts cryoprecipitate may be used to replace lost 
fibrinogen, however practice has not been studied in the 
perioperative patient[16]. In the cases that had post-oper-
ative bleeding complications, a combination of albumin 
and plasma was used for one patient, and the replacement 
fluid for the other patient was not listed [17, 18]. The 
largest case series examining the role of TPE in cardiac 
surgery patients (included in the systematic review by 
Onuoha et al.), examined 11 patients who received a sin-
gle session of intraoperative TPE due to HIT diagnosed 
via immunoassay and clinical findings[19]. Plasma was 
used as the replacement fluid for all cases. While heparin 
was utilized in the CPB circuit, anti-HPF4 antibody titer 
decreased significantly (50%–84%) post-TPE. Of these 
11 patients, two died of thrombotic events, reported as 
unrelated to HIT. Functional assays for HIT, which may 
not be logistically feasible in certain clinical settings, 
were not performed for any of these patients. Additional 
smaller case series have reported the successful use of 
peri-operative TPE in the setting of HIT with variations 
in the approach – such as the number of sessions and tim-
ing of TPE performed prior to surgery, antibody reactiv-
ity levels deemed acceptable for surgery, and the types of 
anticoagulants used in CPB (for example heparin versus 
bivalirudin) [9, 20–22]. Due to the small sample size 
of these studies and lack of randomized control trials 
(RCTs), the evidence for peri-operative TPE in the set-
ting of HIT is overall weak. Larger studies are needed to 
strengthen evidence for this indication.
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Kidney Transplant

When evaluating a kidney transplant recipient, ABO and 
human leukocyte antigen (HLA) compatibility are evalu-
ated. Both ABO and HLA incompatible organs can be suc-
cessfully transplanted, however preoperative desensitization 
strategies such as plasmapheresis and immunosuppressants 
are utilized to prevent or treat antibody-mediated rejection 
(AMR).

ABO Incompatible Kidney Transplant

A major ABO incompatible (ABOi) transplantation is 
defined as a recipient presenting with naturally occurring 
blood group antibodies/isoagglutinins (anti-A and/or anti-
B) directed against the ABO type of the donor organ. ABOi 
kidney transplants performed without desensitization result 
in severe AMR and hyperacute graft rejection; however, 
with pre-transplant desensitization the outcomes might be 
comparable to ABO compatible transplants. The pool of 
available organs for patients with end-stage kidney dis-
ease can be greatly widened by allocating ABOi organs 
which is more widely performed in other countries, such as 
Japan [23]. Comparatively, in the United States allocation 
of ABOi kidney transplants is much lower, accounting for 
1.5% of all kidney transplants [24•]. Of note, subtype A2 
or subtype A2B donor kidneys express a low level of the A1 
antigen on the kidney and endothelium, and these kidneys 
can be successfully transplanted into blood group non-A 
recipients without TPE [25–27]. Prior to transplantation, 
the recipient’s isoagglutinin (anti-A) titer is measured. The 
premise of TPE is to reduce circulating isoagglutinins in 
the serum to promote a successful transplantation. Immu-
noadsorption can also be used for this purpose but is not 
used in the United States. The goal set for post-desensiti-
zation titer determines the number of sessions and varies 
between institutions, but is typically less than 8 to 32 at the 
IgG phase [28, 29•, 30, 31]. Post-transplantation, titers are 
monitored, and a significant rise may indicate a need for 
TPE or kidney biopsy, due to associated risk of rejection 
[32]. Although there is an association with AMR and high 
post-transplant isoagglutinin, this is not always true, and 
some patients with clinical AMR do not have elevated titers 
[32]. Routine TPE is not performed. TPE may also be used 
to reduce the rise in isoagglutinin titers post-transplanta-
tion. It is important to note that other desensitization strate-
gies are used in conjunction to TPE, including intravenous 
immune globulin (IVIG), B cell depletion rituximab, and 
splenectomy.

ASFA assigns TPE for desensitization of an ABOi living 
donor transplant a Category I, Grade 1B recommendation 
(Table 2). Multiple controlled studies have been published 
denoting success of ABOi renal transplants using TPE as 

an adjunct to other conditioning regimens [28, 29•, 30, 31, 
32]. The adjunctive conditioning regimens varied between 
studies. Masterson et al. examined twenty ABOi renal trans-
plants performed in recipients low baseline isoagglutinin 
titer (defined as ≤ 16) and the use of routine immunosuppres-
sion, without TPE, with a relative success—only one patient 
experienced AMR [33•]. ASFA has not defined the titer to 
be achieved with TPE for desensitization. One important 
factor to consider in examining the available evidence of 
TPE use in this context is the methodology of titer measure-
ment. Titers between laboratories show significant variation 
due to difference in methods and reagents [34]. Most stud-
ies consider the titers performed at the anti-human globulin 
(AHG) phase (the IgG titers), to be the most significant, 
however titers measured at the room temperature (the IgM 
phase) and their effect on graft survival and outcomes is 
uncertain [32].

TPE for the indication of AMR due to ABOi transplant 
receives a Category II, Grade 1B recommendation (Table 2). 
There is no recommendation on number of sessions, dura-
tion, or ideal titer. Isoagglutinin levels are monitored after 
transplantation, and significant rise in titer may trigger 
a renal biopsy or preemptive TPE. Currently, there is no 
guideline regarding a specific titer or rise in titer in which 
TPE is indicated, as AMR is diagnosed based on the com-
bination of multiple clinical and serologic findings. In some 
studies, a low titer may have a negative predictive value for 
AMR, but the positive predictive value is lower and patients 
with AMR may not have elevated titers [32]. TPE appears 
to play a significant role along with other modalities of 
immunosuppression in AMR, however, overall there is less 
data examining its role in preventing AMR rather than in 
desensitization.

HLA Incompatible Kidney Transplant

In addition to the ABO antigens, HLA antigen compatibility 
is also important in kidney transplant patients. Recipients 
may present with preformed antibodies to HLA antigens on 
the donor kidney, also referred to as donor specific anti-
bodies (DSA), previously developed via transfusions, preg-
nancy, or previous transplants. During pre-transplant work-
up, recipients undergo HLA typing and screening for HLA 
antibodies. If the patient has HLA antibodies, the percent of 
reactive cells from the panel (PRA) is obtained. Next, the 
calculated panel of reactive antibody (cPRA) is obtained 
based on the known HLA frequency in the population. A 
crossmatch is also performed using the patients DSA and 
donor T cells. A high cPRA presents a significant barrier 
to kidney transplantation, as it makes it harder to find an 
eligible living kidney donor. Specifics of HLA incompat-
ible transplantation eligibility and pre-transplant protocols 
vary between institutions. HLA incompatible transplantation 
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performed with desensitization of the DSA via TPE and 
IVIG has shown increased patient survival compared to dial-
ysis alone or remaining on the waiting list and then receiving 
an HLA compatible transplant [35••, 36•].

TPE may be used as a method of desensitization as well 
as a treatment for AMR in these settings, with the intent of 
removing DSA. ASFA assigns TPE for AMR and desensi-
tization from a living donor a category I, grade 1B recom-
mendation (Table 2). ASFA recommends pre-operative TPE 
is typically performed daily to every other day for one to 
five sessions, or until a negative crossmatch is achieved. In 
addition, post-operative TPE is continued for at least three 
sessions. TPE is not recommended for deceased donor trans-
plants due to the transient effects and logistical barriers with 
deceased donor transplants [7••]. When a deceased donor 
organ is made available, the allocation process is rapid due to 
time-sensitive nature of the quality of organ (cold ischemia 
time). In addition, the effects of TPE are transient. Lefaucher 
et al. showed that treatment of AMR with TPE in combina-
tion with IVIG and rituximab is superior to treatment using 
IVIG alone [37•]. TPE combined with IVIG is the most 
commonly used modality for treatment of AMR and is con-
sidered the standard of care, however the specifics of treat-
ment such as number of sessions and dosing is not defined. 
Overall, the use of TPE for these indications in combination 
with other antibody-depleting strategies appears effective, 
with moderate quality evidence. TPE may also be used for 
pre-transplant desensitization or treatment of AMR post-
transplant due to non-HLA antibodies (for e.g. angiotensin 
type 1 receptor antibody) [38].

Liver Transplant

Similar to kidney transplantation, AMR of the transplanted 
liver may be due to ABO antibodies or HLA (DSA) anti-
bodies, although the role of DSA antibodies is less clearly 
defined [39, 40]. ABO incompatible liver transplantation 
may be performed from either living or deceased donors 
[41•, 42•, 43, 44]. TPE can be used for either desensitization 
or to treat rejection with the goal of removing antibodies. 
The regimens for these purposes vary between institutions 
and there is no consensus guideline on dosing, combination 
of therapies, or goal titers in TPE.

Living Donor Liver Transplant (LDLT)

ASFA assigns desensitization for an ABO incompatible 
living donor liver transplant (LDLT) a category I, grade 
1C recommendation (Table 2). Although TPE is consid-
ered a mainstay method of desensitization in ABOi trans-
plants, there is also a retrospective study showing rituximab 

monotherapy as an appropriate desensitization strategy [45, 
46]. There have not been any studies utilizing TPE mono-
therapy for desensitization. Overall, while the quality of 
evidence for TPE use for desensitization in LDLT is weak, 
it is still used as a main adjunct, given the significant risk of 
hyperacute rejection.

Deceased Donor Liver Transplant (DDLT)

ASFA assigns TPE for ABOi deceased donor liver trans-
plant (DDLT) desensitization and AMR a category III, grade 
2C recommendation (Table 2). TPE is either performed 
immediately pre-transplant, or both immediately before 
and after transplantation, to prevent hyperacute rejection. 
There is overall less evidence for the use of TPE in ABOi 
DDLT than in LDLT, likely due to rarity of ABOi DDLT. 
Mysore et al. proposed the use of a titer-based management 
for desensitization in pediatric ABOi DDLT in a retrospec-
tive study [47]. Patients with pre-transplant titers of ≥ 32 
received TPE, rituximab, IVIG, and mycophenolate, while 
patients with titers ≤ 16 received steroids and tacrolimus. 
Outcomes were similar to ABO compatible liver transplants 
over the three-year follow-up period. It should also be noted 
that ASFA specifically states that TPE is not an indication 
for desensitization of group A2 into group O DDLT due to 
decreased expression of the A antigen in the donor endothe-
lium, similar to subtype A2 donor transplants in DDKT [48]. 
Additionally, in DDLT, ASFA specifies the recommenda-
tion for AMR to include rejection from ABO and anti-HLA 
antibodies.

Heart Transplant

TPE may be used as an adjunct for DSA desensitization and 
treatment for AMR in heart transplantation. ABO incompat-
ible heart transplants are not performed in adults, therefore 
the principle of TPE in these settings is to remove donor 
specific HLA antibodies. Similar to other organ transplants, 
the regimens for desensitization and rejection treatment are 
not standardized and vary between institutions [49•]. ASFA 
assigns TPE for desensitization as a category II, grade 1C 
recommendation. Per ASFA, one to three sessions alongside 
TPE are recommended prior to transplant, with three to five 
sessions post-transplant.

One retrospective study compared sensitized heart trans-
plant recipients who received IVIG and TPE for desensi-
tization and unsensitized recipients who did not receive 
desensitization, and found similar outcomes for an average 
follow-up of 22 months[50]. Another retrospective study 
showed similar results, with a desensitization protocol 
utilizing TPE, rituximab, tocilizumab, and post-operative 
IVIG. The available studies regarding TPE for desensi-
tization have important limitations, including varying 
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definitions of a sensitized recipient, relatively short follow-
up times, and small sample sizes. TPE for AMR receives a 
category III, grade 2C recommendation (Table 2). ASFA 
recommends TPE performed daily or every other day for 
one week, adjusted based on clinical and other laboratory 
response. The evidence behind this indication also lacks 
strength – studies have been retrospective with small sam-
ple sizes and varying definitions of AMR and various treat-
ment regimens [51]. For example, one case series utilized 
TPE exchanging twice the patient blood volume for five 
days with methylprednisone rescue and change in immu-
nosuppressants [42•]. Another case report of hyperacute 
rejection was successfully treated using biventricular ven-
tricular assist devices, TPE, IVIG, and rituximab. The lack 
of standardization in the diagnosis of AMR plays a signifi-
cant role in the available evidence [52]. For example, at a 
consensus conference involving 67 heart transplant centers 
across the world, 53% of centers diagnosed AMR based on 
clinical findings with a negative biopsy [53••]. Criteria that 
can be used include endomyocardial biopsy findings such 
as histologic findings or immunohistochemistry, circulating 
DSA, and graft dysfunction, however institutions reported 
varied use of these criteria in diagnosis (i.e., centers use 
unique criteria) [53••].

Lung Transplant

TPE may be used to treat AMR or for desensitization in 
lung transplantation. ABO incompatible lung transplants 
are not routinely performed; TPE is performed to remove 
DSA. ASFA assigns both indications a category III, grade 
2C recommendation (Table 2). Three to six sessions are 
recommended for treatment of AMR, however there are 
no specific recommendations for desensitization. Although 
there are now standardized diagnostic criteria for antibody-
mediated rejection in lung transplants, it is still a diagnosis 
of exclusion and can be challenging at times [54]. Further 
complicating available evidence in these transplants is a 
lack of standardization for treatment or desensitization. 
Evidence for TPE in combination with other immunosup-
pressants for these indications has been retrospective with 
varying results. For example, one group utilized TPE along-
side IVIG and antithymocyte globulin as a desensitization 
protocol for recipients with DSA and found no difference in 
long-term allograft and chronic lung allograft dysfunction 
(CLAD)-free survival against patients without DSA [55]. 
Another study treated AMR with TPE, rituximab, high-dose 
corticosteroids, and IVIG with poor clinical responses. A 
conflicting study showed successful treatment of antibody 
mediated rejection with TPE and IVIG [56]. Overall, TPE 
is commonly used alongside other modalities for AMR and 
desensitization, albeit with weak evidence.

Sickle Cell Disease

Sickle cell disease (SCD) is a genetic disorder caused by an 
amino acid substitution in the beta globin chain, resulting in 
an abnormally shaped hemoglobin S (HgbS). HgbS causes a 
host of acute and chronic morbidity, such as vaso-occlusive 
complications (crisis, acute chest syndrome, stroke), infec-
tion, anemia, avascular necrosis, and pulmonary hyperten-
sion. Treatment of SCD includes hydroxyurea, red cell sim-
ple transfusion and exchange transfusions, and preventative 
measures. The principle of red blood cell exchange (RCE) 
is to remove HgbS and to replace with normal healthy red 
cells, lowering the HgbS percentage. It has the advantage 
over simple transfusions in more efficient removal of HgbS, 
and decreased risk of blood hyperviscosity viscosity and 
iron overload. Although there have not been RCTs compar-
ing simple versus exchange transfusions in numerous spe-
cific complications of SCD, RCE is generally preferred for 
acutely ill patients over simple transfusions [57–59].

Sickle cell patients experience more perioperative com-
plications than the general population, and commonly 
undergo surgeries due to complications of the disease such 
as cholecystectomies and arthroplasties. The American Soci-
ety of Hematology (ASH) recommends preoperative transfu-
sion in patients undergoing low to moderate-risk procedures 
greater than one hour with general anesthesia, with a goal 
hemoglobin of greater than or equal to 9 g/dL [57]. Impor-
tantly, the guidelines state transfusion should be individual-
ized based on factors such as the patient’s disease sever-
ity, risk of surgery, and prior transfusion complications, as 
the overall evidence for pre-operative transfusion versus 
no transfusion is varied [60, 61•]. Although there are no 
RCTs examining transfusions in high-risk surgeries (i.e. 
neurosurgical or cardiothoracic), these patients are thought 
to benefit from transfusions, specifically RCE. The studies 
examining pre-operative simple exchange versus RCE are 
varied, and only one RCT exists. ASH recommends pre-
operative RCE for patients who require transfusion but 
already have a hemoglobin level of > 9–10 g/dL to prevent 
viscosity-related complications. ASFA assigns RCE for pre-
operative management in sickle cell patients a category III, 
2A recommendation (Table 2), with a target HgbS of less 
than 30%. One group compared simple transfusion and RCE 
in the pre-operative setting and showed simple transfusion 
as effective as RCE, with fewer transfusion-associated com-
plications [62]. In this study, one group was transfused to a 
goal hemoglobin of 10 g/dL and received RCE to achieve 
a HgbS level to less than 30%, and the other received only 
simple transfusions to a goal of 10 g/dL. Of note, none of 
these patients were critically ill requiring emergent surgery, 
and further studies would be helpful to examine the benefit 
of RCE versus simple transfusion in this setting.
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Thyroid Storm

Thyroid storm is a form of severe thyrotoxicosis that 
is precipitated by medications (amiodarone-induced), 
untreated hyperthyroidism, thyroidal or non-thyroidal 
surgery, parturition, or other causes of severe stress such 
as trauma or infection [63]. It is suspected in patients 
with clinical features of hyperthyroidism coupled with 
elevated free T4 and/or T3 with decreased thyroid stimu-
lating hormone (TSH). Standard management includes 
supportive care and medical treatment with beta block-
ers, antithyroidal drugs, and glucocorticoids. In refrac-
tory cases or cases in which antithyroidal drugs are not 
tolerated, TPE alone or TPE as a bridge to thyroidectomy 
or radioactive iodine ablation are considered [64]. The 
principle of TPE in thyrotoxicosis is to remove plasma 
protein-bound T3 and T4. In addition, the replacement 
fluid dilutes the pool of the free hormone [65]. TPE has 
additional benefit in removal of the elevated catecho-
lamines, amiodarone in amiodarone-induced cases, and 
autoantibodies in Graves’ disease cases [2]. This effect 
is transient and retrospective studies have shown a rise in 
levels the next day [65]. ASFA assigns TPE for thyroid 
storm a category II, grade 2C recommendation (Table 2). 
The largest case series to date examined 11 patients with 
thyrotoxicosis who underwent TPE prior to thyroidal or 
non-thyroidal surgery [66]. All patients showed improve-
ment in thyrotoxicosis symptoms and decreased levels of 
free T4 and T3, however the decrease was not statistically 
significant. Other case series have also demonstrated 
clinical improvement after TPE, with varying effects of 
the decrease in levels of free T3/T4 [67–69]. It has been 
hypothesized that the varying percentage of decrease in 
free hormone is due to shifts from the extracellular com-
partment [69]. Although there have been multiple case 
series/reports of the success of TPE for thyroid storm, 
more work is necessary to determine its true safety and 
efficacy via controlled trials. Furthermore, there are even 
fewer reports examining TPE for thyroid storm in the 
perioperative setting, which is another area that neces-
sitates more work.

Conclusion

The most common indications for TPE in the periopera-
tive setting are HIT in the setting of urgent cardiotho-
racic surgery and desensitization and treatment of AMR 
for solid organ transplants. RCE may be used for patients 
with sickle cell disease in the pre-operative setting, espe-
cially in those undergoing high-risk surgery or already 
have a high hemoglobin level. The role of TPE for HIT 
is not established due to weak evidence available. Within 

solid organ transplants, recommendations and evidence for 
TPE effectiveness vary between organ transplant type. The 
strongest recommendations (category I) with the strong-
est evidence are for desensitization of ABOi living donor 
kidney transplantation and treatment of AMR in ABO 
compatible living donor kidney transplants. Desensitiza-
tion for an ABOi LDLT also receives a category I recom-
mendation, but with evidence from observational studies 
only. More quality studies on the role of TPE in all organ 
transplants will be essential, as this information will help 
expand the pool of available organs for patients in need. 
A current significant challenge in gathering evidence for 
TPE in organ transplants is the variation of transplant 
protocols between institutions. There is an overall lack 
of standardization in acceptability of donors, diagnosis, 
and treatment of rejection. The recommendation for pre-
operative RCE in sickle cell patients is not established and 
clinical decisions are individualized within each case. TPE 
for thyroid storm in refractory cases have shown overall 
positive clinical results, but with case series-level evi-
dence only.
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