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Plasmapheresis

Principles, Methods & clinical use
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" PAS Column(Prosorba) PAA Column(Immunosorba)
Antiglomerular basement Chemotherapy-induced
membranes disease thrombotic thrombocytopenic
(Goodpasture's Syndrome) purpura (eg,mitomycin-C)
Wegner's granulomatosis Platelet alloimmunization
Focal segmental Solid organ malignancy
glomerulosclerosis
Systemic lupus erythematosus Paraneoplastic syndsromes
Myasthenia gravis Paraproteion-associated
polyneuropathy
Acute demyelinating Autoimmune hemolytic anemia
Polyneuropathy

(Guillain-Barré syndrome)

Humoral rejection of solid

organs

* Off-label uses not approved by the FDA.
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Method of Substances Removed
LDL Advantages Disadvantages
Removal
Dextran Binding to LDL-56% to 65% Column can - Requires
sulfate dextran HDL-90% to 30% be plasma
(Liposorber sulfate based  Triglycerides-34% to regenerated separation
LA-15, upon 40% - High
Kaneka, electrical Lp(a)-52% to 61% hematocrit may
Osaka, charge interfere with
apan) plasma
separation
HELP(plas  Precipitation LDL-67% Removes -High
mat Secura, of LDL by HDL-15% fibrinogen  hematocrit may
B.Braun heparin atan  Triglycerides-41% interfere with
Medical, acidic pH Lp(a)-62% plasma
Bethlehem, separation
PA) -Complicated
system
Membrane  Separation LDL-56% Removes - High
differential  based on size HDL-25% fibrinogen  hematocrit may
filtration by filtering Triglycerides-49% interfere with
apheresis plasma witha Lp(a)-53% plasma
second filter - Loss of Some
albumin, HDL,
and [gG
Immunoads Immobilized LDL-64% Column can -Exposure to
orption(plas sheep HDL-14% be animal
maslect, apolipoprotei  Triglycerides-42% regenerated proteions
Teterow, n B-100 Lp(a)-64%
Germany)  antibodies
Lipoprotein Binding to LDL-61% Plasma Column cannot
hemoperfus polyacrylate- HDL-30% separation  be regenerated
ion(DALI, coated Triglycerides-42% is not
Fresenius polycrylamid Lp(a)-64% necessary
HemoCara, e beads based
Redmond, on electrical
WA) charge
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(TBV) g 35 JS o2 dmlono -
Patient Habitus Obese Thin Normal Muscular
Rule of Fives( ml of whole blood/Kg of body weight)(1A)
Male 60 65 70 75
Female 55 60 65 70
Infant /child - - 80/70

Nadler's Formula (for adults)(\4)
Male (0.006012xHeight in inches® )(14.6x Weight in pounds)+604
Female ( 0.005835xHeight in inches’ )(15x Weight in pounds)+183

IS o V0 @ 5l 2 e a (0,5 Sgaste gl 4 (V0 )dax sle o lailul sl
Vel g V0 ML/KE g 0)ls s 5l 2,5 jlae el jlre a5 Sg5 Jlade ST 95
Sz b oaisSTaal slowdly s RBC oo sl jlay b oaiiSTaal ()39 0,55k 52 sl 42 (o

(VV)395 o0 oduzmin il S glod 9 95 S o2 bl 5
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PV =BV [1- (0.91) (0.96) VCH / 100]

PV: Plasma Volume
BV: Blood Volume (liter)
VCH: Venous Centrifuge Hematocrit

(YY)l 8929 55 (5500l Jgo,8
PV =TBYV x (1-HCT)

PV: Plasma Volume
TBV: Total Blood Volume

Lowily e3s3 aloyo S 3 45 o s o a8 o b plii 4 (icoe Lowdly o §
(Y V)o,5 colaiul gl co (o3l 5
EV - PV xPVE

o9 Ll oz S ol a5 Sl olaws (PVE (plasma volume exchanges)
D 50
P e g o BV

5o ol oslaiwl b 4 el Slie 4 Lewdly g Ledolos Jolds oy 5l oas 2 )15 95 pa> IS
) 2 RBC e 5 (4S e ol |y o ol cde] il 15) s sy )5 4 |, ol (sl oo
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02 b 5l B ez el 35350 olKiws 0 (1STyie sl RBC e 517 Ve 5l L a0
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Catheter Advantages Disadvantages Site
Femoral Placed at bedside Increased risk of infarction
Requires least skill to Decreased patient mobility
insert Risk of kinking
Hemorrhage easier to Risk of arterial puncture*
control Increased risk of thrombosis
No risk of
pneumo/hemothorax
Subclavian Patient comfort and Hemothorax/arterial
mobility puncture
Long-term placement Pneumothorax
Requires greater skill and
technology
Cardiac arrhythmia(position
of tip)
Subclavian vein stenosis
Internal Patient mobility Risk of arterial puncture*
Jugular Long-term placement Cardiac arrhythmia (position
of tip)
*Using a cutdown technique instead of percutaneous
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Procedure Instrument
Primary
PLAP MCS +(LN9000), Spectra,
Trima, CS-3000, Amicus,
AS104
PLAP + Plasma MCS +(LN9000), Spectra,
Trima, CS-3000, Amicus,
AS104
PLAP +RBC Trim a
2RBC MCS +(8150)
RBCP MCS +(8150)
Plasma PCS-2, Autopheresis-C
Granulocytes MCS+(LN9000), Spectra, CS-
3000
PBPC Spectra, CS-3000, AS104
Secondary
Cryoprecipitate PBC-2, Autopheresis-C
Cryoreduced Plasma PBC-2, Autopheresis-C

PLAP:Plateletpheresis; RBC: Red Blood Cells; 2RBC: Double Red Blood Cells,
RBCP:Red Blood Cells plus Plasma; PBPC: Peripheral Blood Progenitor Cells.
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Donor Donor Maximum Absolute
Weight Hematocrit Red Blood Cell Maximum plasma

(Ib) (%) Volume (ml) Volume (ml)
Men
110-129 >38 185 450
130-149 >38 195 500
>150 >38 210 550
Women
110-129 >38 180 450
130-149 >38 190 450
150-174 >38 190 500
>175 >38 200 550

3 _ Fresh Frozen Plasma:FFP
4 _ Source Plasma
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Whole Blood Apheresis Red Cells
Derived Fresh Frozen Plus Plasma
Plasma

Volume(ml) 200-250 500-600 450-550
Plasma (%) 80 90 90
Anticoagulant 1:8 1:16 1:16
ratio
Anticoagulant 3% citrate 4% sodium 3% CP2D
type citrate
Citrate content 0.60 0.40 0.30
(g/100ml
plasma)
Adapted from Gilcher) (7)

5 _Jumbo Plasma

% _Thrombotic Thrombocytopenic Purpura
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REACTION Whole Blood AFFP
Vasovagal Occasional Rare
Hypovolemia Occasional Rare
Allergic Very rare Very rare
Citrate
effect None Rare
toxicity None Very rare
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AFFP: apheresis fresh frozen plasma; Occasional: 0.5% to 2.5%;
Rare: <0.5 %; very rare: <0.10%; Frequent: 5% to 20%
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Table 8-Indications for Therapeutic Apheresis Generally
Accepted for Reimbursement by Third-Party Payers (A)

Plasma exchange
IgG
Myasthenia gravis
Eaton-Lambert syndrome
Goodpasture syndrome
Myeloma with renal failure
Guillain-Barre syndrome
Hemophilia with factor VIII inhibitor
Chronic inflammatory demyelinating
polyradiculopathy
IgM
waldenstrom's macroglobulinemia
Cryoglobulinemia
Hyperviscosity
Immune complex
Glomerulonephritis, rapidly progressive
Rheumatoid vasculitis
Metabolic diseases
Refsum's diseases
Hyperlipoproteinemia, familial
Cholestasis- intractable pruritus
Diseases of unknown cause
Thrombotic thrombocytopenic
Thyroid storm
Scleroderma, refractory
Polymyositis, refractory
Cytapheresis
Acute leukemia-debulking
Hairy cell leukemia-maintenance
Thrombocytosis, symptomatic
Chronic myelogenous leukemia, acute symptoms
Red cell exchange
Sickle cell disease

Ig, immunoglobulin.
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Substance to Treatment Treatment Treatment Endpoint
Remove Volume Interval
(ml/kg) (in hours)

Autoantibodies 40-60 24-48 Four to six treatments

Immune 40-60 24-48 Treat for response

complexes

Paraproteins 40-60 24 Treat for response

Cryoproteins 40-60 24-48 Treat for response

Toxins 40-60 24-72 Treat for response

Thrombotic 40 24 Treat to establish

thrombocytopenic remission

purpura/

Hemolytic uremic

syndrome

Immunologic 40-60 24-48 Two to three

rebound treatment followed by
immunosuppressive
medication
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Replacement Advantages Disadvantages
solution
Crystalloids Low cost 2-3 volumes required
Hypoallergenic Hypo-oncotic
No viral risk No coagulation factors
No immunoglobulins
Albumin Iso-oncotic High cost
No contaminating No coagulation factors
"inflammatory No immunoglobulins
mediators "
No viral risk
Hydroxyethyl =~ Moderate cost No coagulation factors
starch Iso-oncotic Long-term residual
No contaminating levels of HES
"inflammatory Contraindicated with
mediators " renal failure
Possible coagulopathy
Plasma Maintains normal levels Viral transmission risk
of: Citrate load
immunoglobulins ABO incompatibility
complement risk
antithrombin Allergic reaction
other proteins Sensitization
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Percent Decrease  Percent Recovery 48
Constituent from Baseline hours after Plasma
Exchange
Clotting factors 20-25 80-100
Fibrinogen 63 65
Immunoglobulins 63 ~45
Paraproteins 30-60 Variable
Liver enzyme 55-60 100
Bilirubin 45 100
C3 63 60-100
Platelets 25-30 75-100
" Replacement fluid consisting of 4 to 5% albumin in 0.9%
sodium chloride.
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Signs and Symptoms Possible Suggested Treatment(s)
Cause(s)

Bradycardia, hypotension, Vasovagal reaction, Put patient in Trendelenbug 's position
diaphoresis, pallor, anxiety, full or elevate feet, administer saline
nausea, blader, bolus, offer bedpan; fan patient,

feeling of doom or unknown cause simulate patient (ie, have patient

move extremities as much as
possible), administer ammonia

spirit,
aromatic ( be sure to protect patient 's
eyes )
Tingling in fingertips or toe, Hyperventilation, Have patient breathe in paper bag, offer
flushing, diaphoresis, anxiety fan, encourage very slow deep
hypotension/hypertension, breathing . If patient is hypotensive,
tachycardia, seizures place patient in Trendelenburg's

position and administer saline bolus.

Tachycardia, hypotension, Antihypertensive Hold antihypertensive Rx before next
diaphoresis Rx: procedure. Administer saline
Beta blockers bolus, put patient in
Ca channel Trendelenburg's position, increase
blockers fluid balance, review type and
Hypovolemia volume of replacement fluids,

increase % of colloid if using
crystalloid replacement.

Circumoral paresthesias that Citrate toxicity, Decrease whole blood flow rate, ,
may progress over entire hypocalcemia increase WB:ACD ratio, switch to
body , chest tightness, nau- ACD/heparin anticoagulation, slow
sea, vomiting, flatus, diar- FFP infusion rate, administer cal-
rhea, hypotension, pro- cium PO or IV(slow push or drip),
longed QT interval, tetany add calcium to replacement fluid

(continuous flow procedures only &
not FFP or Cryo poor plasma)

(continued)
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Signs and Symptoms Possible Suggested Treatment(s)
Cause(s)
Hives, urticaria, wheezing, Allergic reaction Administer Benadryl IVP, epinephrine
facial edema, SOB, hypoten- sub g, and/or solumedrol IV
sion, tachycardia
Back pain, hematuria, Acute transfusion Discontinue blood component and order
tachycardia, hypotension, reaction transfusion reaction work-up
hemolysis,SOB
Burning eyes, periorbital Ethylene oxide Discontinue procedure, perform setup
Edema allergic with double prime, use oldest tubing kits
reaction
Flushing, hypotension ACE inhibitor change albumin lot number, switch to
reaction FFP or colloid starch replacement, hold

or discontinue ACE inhibitor, delay
therapeutic apheresis for 24-48 hours
after ACE inhibitor administration

The procedure should be paused when a reaction occurs and the physician should be notified. All
medical interventions should be prescribed by a physician. The physician will determine if the
procedure should be restarted or aborted. SOB = shortness of breath; WB = whole blood; ACD =
acid citrate dextrose; FFP = fresh frozen plasma; ACE = angiotensin-converting enzyme
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Disease

Procedure

Indication
category

Neurologic disorders

Chronic inflammatory demyelinating
Polyradiculoneuropathy(CIDP)
Acute inflammatory demyelinating
Polyradiculoneuropathy(AIDP or
Guillian-Barre syndrome )
Myasthenia gravis

Lambert-Eaton myasthenic syndrome

Multiple sclerosis and related disorders
Acute fulminant central nervous system
demyelination

Relapsing or progressive

Paraneoplastic Neurologic syndrome

Paraproteinemic polyneuropathies

Demyelinating polyneuropathy
IgG/IgA

Polyneuropathy with IgM
(¥Waldenstrom's macroglobulinemia)
Cryoglobulinemia with polyneuropathy

Multiple myeloma with polyneuropathy

POEMS syndrome
Systemic (AL) amyloidosis

Inflammatory myopathies

Polymyositis or dermatomyositis

Inclusion-body myositis

Rasmussen encephalitis

Stiff-person syndrome

Plasma exchange

Plasma exchange

Plasma exchange
Plasma exchange

Plasma exchange

Plasma exchange
Immunoadsorption

Plasma exchange
Immunoadsorption

Plasma exchange
Immunoadsorption
Plasma exchange

Plasma exchange

Plasma exchange
Plasma exchange

Plasma exchange

Leukapheresis

Plasma exchange
Leukapheresis

Plasma exchange
Plasma exchange

Plasma exchange

I
II
III

III

I
I

I
I

II
III
I

I

I
v

III

v

I
v
I

I

111
(continued)
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Disease Procedure Indication
category
Plasma exchange I
Sydenham's chorea/pediatric autoimmune
pneuropsychiatric disorders associated with
streptococcal infections(PANDAS)
Hematologic disease
ABO-incompatible hematopoietic cell transplant Plasma exchange I
(recipient)
Erytherocytosis / polycythemia vera Erythrocytapheresis I
Leukocytosis and thrombocytosis Cytapheresis I
Thrombotic thrombocytopenic purpura Plasma exchange I
Post-transfusion purpura Plasma exchange 1
Sickle cell diseases Red cell exchange I
Myeloma / paraproteins / hyperviscosity Plasma exchange I
Myeloma/acute renal failure Plasma exchange II
Coagulation factor inhibitors Plasma exchange II
Aplastic anemia/pure red cell aplasia Plasma exchange I
Cutaneous T-cell lymphoma Photopheresis I
Leukapheresis I
Hemolytic disease of the newborn Plasma exchange I
Platelet alloimmunization and refractoriness Plasma exchange I
Immunoadsorption I
Malaria / babesiosis Red cell exchange I
Renal and metabolic disease
Antiglomerular basement membrane antibody disease =~ Plasma exchange 1
(Goodpasture's syndrome)
Rapidly progressive glomerulonephritis Plasma exchange II
Hemolytic-uremic syndrome Plasma exchange I
Renal transplantation
Rejection Plasma exchange v
Presensitization Plasma exchange I
Reccurent focal glomerulosclerosis Plasma exchange I
(continued)
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Disease Procedure Indication
category
Heart transplant rejection Plasma exchange I
Photopheresis I
Acute Hepatic failure Plasma exchange I
Familial hyper cholesterolemia Selective adsorption I
Plasma exchange I
Overdose poisoning Plasma exchange I
Phytanic acid storage disease Plasma exchange I
(Refsum's)

Autoimmune and rheumatic disease

Cryoglobulinemia Plasma exchange II
Idiopathic thrombocytopenia purpura Immunoadsorption II
Raynaud's phenomenon Plasma exchange I
Vasculitis Plasma exchange I
Autoimmune hemolytic anemia Plasma exchange I
Rheumatoid arthritis Immunoadsorption II
Lymphoplasmapheresis II
Plasma exchange v
Scleroderma / progressive systemic Plasma exchange I
sclerosis
Systemic lupus erythematosus Plasma exchange I

Category I = Standard acceptable therapy; Category II = sufficient evidence to suggest
efficacy usually as adjunctive therapy; Category III = inconclusive evidence of efficacy
or uncertain risk/benefit ratio; Category IV = lack of efficacy in controlled trials.
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Indication

Disease Procedure category
Guillian-Barre syndrome Plasma exchange I
Chronic inflammatory Plasma exchange I
demyelinating
Polyradiculoneuropathy
Polyneuropathy with IgG/IgA Plasma exchange I
monoclonal protein
Polyneuropathy with IgM Plasma exchange II
monoclonal protein
Myasthenia gravis Plasma exchange I
Stiff-person syndrome Plasma exchange I
Lambert-Eaton myasthenic Plasma exchange II
syndrome
Paraneoplastic Neurologic Plasma exchange I
syndrome
Polymyositis or dermatomyositis Plasma exchange I

Leukapheresis v
Multiple sclerosis Plasma exchange I
Idiopathic inflammatory Plasma exchange II
demyelinating disease
Refsum's disease Plasma exchange I
Rasmussen's encephalitis Plasma exchange I
Sydenham's chorea Plasma exchange II
PANDAS Plasma exchange II
PANDAS = pediatric autoimmune pneuropsychiatric disorders associated
with streptococcal infections
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'~ Thrombotic thrombocytopenic purpura

% - Hemolytic uremic syndrome

3 - Mitomycin

- Cisplatin

- A Disintegrin And Metalloprotease With Thrombospondin type I motifs
- vWF cleaving protease

- Unusually Large vWF Multimers
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Study Response Refractory Exacerbation  Late No. of
(%) (%) (%) Relapse TPEs
(%)
Rose/Eldor, 30/38 (79) 8/38 (21) NA 12/30 NA
1987 (40)
Onundarson, 21/27(78) 6/27(22) 7/27(22) 2/27(7) 7-19
1992 (mean)
CASG,Rock,  40/51(78)" 11/51(22)" NA 17/63 16
1992 27" (median)
USTTP, 103/115(90)  12/115(10)  25/103(24) 13/103 NA?
Banderenko/ (13)
Brecher,
1998
Vesely, 38/48(83) 10/48(21) 17/38(45) 8/38 17
2003* (21)  (median)
Total 232/278(83)  46/278(17)  49/168(29)  52/261
(20)

" Plasma exchange arm only.

"Includes both arms of Study, plasma exchange and plasma infusion

*Remission rate 70% by day 2130% ... additional 1-2 weeks to respond.
Idiopathic TTP-HUS only.

STPE= therapeutic plasma exchange. Exacerbation= recurrent thrombocytopenia
and resumption of TPE during hospitalization ( Onundarson), within 2 weeks of
discontinuing TPE ( USTTP) , or within 1-3 days of achieving remission( Vesely)
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'~ Hemolytic Uremic Syndrome
% _ Diarrhea positive
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Indication Implicated Ig classes
Hyperviscosity IgM>IgG /IgA
Coagulopathy I[gM> IgA>IgG
Myeloma Kidney light chains
Neuropathy IgM>IgG /IgA
Cryoglobulinemia
Type I IgM / 1gG /IgA
Type 11 IgM >>IgG /IgA

' - HELLP: Hemolysis, Elevated liver enzyme, low platelets
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% Aplastic Anemia and Pure Red Blood cell Aplasia
3 - Pure red blood cell aplasia

* _ Tumor necrosis factor-p
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Disease AABB category ASFA
Category
ABO-incompatible marrow transplant II II
Aplastic anemia I I
Autoimmune hemolytic anemia I I
Coagulation factor inhibitors II II
Cryoglobulinemia II II
HELLP syndrome (postpartum) NR’ NR®
Hemolytic-uremic syndrome I I
Hyperviscosity/multiple myeloma II II
Immune thrombocytopenia purpura iy iy
Platelet alloimmunization I 11
Post-transfusion purpura I I
Pure red cell aplasia I III
Red cell alloimmunization I I
Thrombotic thrombocytopenic purpura I I
“Disorder not ranked by either AABB or ASFA.
" This disorder is ranked only in context of staphylococcal protein A
Immunoadsorption.
AABB = American Association of Blood Banks; ASFA= American Society
For Apheresis; Category I = Standard acceptable therapy; Category Il =
sufficient evidence to suggest efficacy usually as adjunctive therapy;
Category III = inconclusive evidence of efficacy or uncertain risk/benefit
ratio; Category IV = lack of efficacy in controlled trials; HELLP =
Hemolysis, elevated liver enzymes, and low platelet.
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2 _ Rapidly Progressive Glomerulonephritis
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> Anti neutrophilic cytoplasmic antibody
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Large vessel vasculitis

Giant cell ( temporal ) arteritis
Takayasu arteritis

Medium- sized vessel vasculitis

Polyarteritis nodosa
Kawasaki syndrome

Small vessel vasculitis

Wegener granulomatosis

Churg — strauss syndrome
Microscopic polyangiitis
Henoch—Schonlein purpura

Essential cryoglobulinemic vasculitis
Cutaneous leukocytoclastic angiitis
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* - FGS=Focal glomerulosclerosis
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Disease ASFA/AABB
Category
Renal disorder
Glomerular basement membrane antibody disease I
Rapidly progressive glomerulonephritis I
Hemolytic-uremic syndrome 1l
Recurrent focal and segmental glomerulosclerosis I
Lupus nephritis v
Rheumatic Disorders
Systemic vasculitis 1l
Scleroderma / progressive systemic sclerosis 1l
Systemic lupus erythematosus NR
Antiphospholipid antibody syndrome NR
Rheumatoid arthritis v
Metabolic Disorder
Acute Hepatic failure I
Overdose / poisoning 1l
Solid Organ Transplantation
Presensitization to donor organ I
Transplantation across ABO barrier I
Humoral solid organ rejection 1’
Renal allograft rejection (cellular) v
TASFA/AABB assigned specifically to heart transplant rejection.
NR = not ranked.
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'~ Hypercholestrolemia

? - Familial Hypercholestrolemia

3 - Hydroxy-methlglutaryl coenzyme A Reductase
* - Bleomycin

> - Probucol

®_ Tleum Bypass

7 - Portacaval Shunt

¥ - LDL-Cholestrol
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* Homozygotes with an LDL cholesterol > 500mg/dl

* Heterozygotes with an LDL cholesterol > 300mg/dl*

* Heterozygotes with an LDL cholesterol > 200mg/dl and documented
coronary artery disease*

* for heterozygotes, a 6-month trial of maximal drug therapy in
combination with an American Heart Association Step II diet is to be tried
before initiating therapy.
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'~ Refsum Disease (heredopathia atactica polyneuritiformis)
% - Phytanoyl-CoA hydroxylase
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Medication P, (%) Vq(L/Kg) Metabolism Excretion
Digitoxin 30 6-7 Stomach Urine
Cisplatin 90 0.3 Liver Urine
Vincristine 75 7.2 Liver feces
Verapamil” 90 4.5-7 Liver Urine
Thyroxin" 99 ND Liver feces
Antithymocyte NA 0.12 Liver/Spleen NA
globulin
Phenprocoumon 99 0.14-0.17 Liver Urine
(coumadin
deriviate)
Phenytoin 90-95 0.6-0.7 Liver Bile/ Urine
Paraquest 0 1.2-1.6 Liver Urine
Methylparation >90 10 Liver Urine/ feces
Sodium cholorate NA ND Kidney Urine
Amantia Low ND NA NA
(mushroom)
Ethylene glycole ? 0.83 Liver Urine
"Reports describing failure of plasma exchange were also published.
P,= protein binding; V4 = Volume of distribution; NA = not applicable;
ND = not determined.
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