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Surveillance of complications related to blood donation

ISBT 2014
Land 2018



Other complications of donation

Whole Blood
• Iron deficiency 
• Restless legs syndrome

Apheresis
• Protein loss
• Exposure to plasticizers (DEHP)
• Iron deficiency
• Impact on platelets / coagulation
• Technical and machine-related 

problems



Overall adverse event (AE) incidence 
(rate /10000 collections)

AE Whole Blood Plasmapheresis PLTpheresis Multicomponent Apheresis mix Ref

Total events 24 - 3050 4 - 251 81 - 700 87 - 600 47 - 1250

Newman 1997
McLeod 1998
Despotis 1999
Tomita 2002
Bonomo 2004
Winters 2006
Bueno 2006
Eder 2008
Schulzki 2006
Crocco 2009
Yuan 2010
Amrein 2012
Goldman 2013
Kiessig 2013
Heuft 2013
Barbosa 2014
Diekamp 2014 – 2015 
Burkhardt 2015- 2019
Dogra 2017
Catalano 2018

(1029-3050
24-340)



Moderate/severe adverse event (AE) incidence 
(rate /10000 collections)

AE Whole Blood Plasmapheresis PLTpheresis Multicomponent Apheresis mix Ref

Moderate+severe 1 - 14 21 - 33 37 - 54 35 - 100 4 - 65

Goncales 2012
Goldman 2013
Diekamp 2014
Yuan 2008 – 2010
Danic 2010
Wiltbank 2007
Gustafson 2019
Daurat 2016
Narbey 2016

Severe 3 - 8 7 10 - 15 2 - 21 1 - 54

Crocco 2009 
Danic 2010
Yuan 2008 - 2010
Ounnoughene 2013
Daurat 2016

Severe 
(hospitalization) 0.05 0.1 1

Popovsky 1995
Despotis 1999
Schulzki 2006



Total events Circulatory

First time Repeat Repeat

Whole blood 2,78 0,56 0,30

Plasmapheresis 7,96 1,01 0,49
Burkhardt 2015

AE (%) by donor status

Adverse events Donor status First time vs repeat

First time Repeat

Venipuncture only 1,92 1,01 P < 0.05

Non venipuncture 2,92 0,77 P < 0.00001

Total 4,84 1,78 P < 0.00001
Mc Leod 1998



Incidence of unexpected events (UE) 
in plasmapheresis by category and donor status.

Diekamp 2014



Apheresis donation and donor status

In France, apheresis donations are performed after a donor has experienced 
several successful WB donations. So no apheresis donors are first-time donors.

Daurat 2016

Within Australia, plasmapheresis donors are only recruited if they have completed 
at least one WB donation without complication. 

Bagot 2013

• This strategy is intended to maximize donor safety and retention as first-time donors are more 
likely to experience a vasovagal reaction than experienced donors and those who experience a 
vasovagal reaction are less likely to donate again. 

• Operationally, a novice donor’s initial WB donation provides an opportunity for the blood 
collection staff to assess the donor’s blood type and vein suitability for plasmapheresis.



AE surveyed during apheresis
(rate /10.000 collections)

Apheresis mix Plasma

AR McLeod 
1998

Winters 
2006

Amrein 
2012

Catalano 
2018

Kiessig 
2013

Diekamp 
2014

Burkhardt 
2019

Gustafson 
2019

VVR/hypovol. mild 45 5 10 - 70 31 13 48 19

VVR/hypovol. mod-sev 10 8 9 9 3 11 15

Citrate mild 32
40

3

Citrate mod-sev 5 40 1.5 2 1

Vessel injury 111 115 11 36 4

Haemolysis 1 ≈ 0 1



Venipuncture-related side effects
Problems with venous access  /10.000 donations

Plasmapheresis 52

Whole blood donation 26

Burkhardt 2015

Burkhardt 2015

Donor discomfort

Unit loss



Apheresis donors: 
recruitment and retention strategies

• Focus on providing relevant and sufficient information and educating donors on the 
additional value of plasmapheresis donation to the collection agency, wider 
community, patients and him/her self.

• Emphasize safety of plasmapheresis donation, including the return process.
• Ensure positive early experiences with additional attention, including efficiency of the 

pre-donation process, providing an experienced phlebotomist and reducing perception 
of donation time.

• Offer flexibility in scheduling plasmapheresis appointments, tailoring to suit donors’ 
varying schedules, initially mimiking WB frequency.

• Follow-up promptly to keep donation salient for donors to support regular donation 
patterns

Bagot 2013



Citrate toxicity
Neuromuscular hyperactivity related to reduced ionized calcium levels secondary to 
anticoagulant (citrate) infusion during apheresis
Symptoms and signs:
• Numbness or tingling of lips, feelings of vibrations, numbness or tingling in the 

fingers, metallic taste, chills, shivering, light-headedness, feeling of tightness, muscle 
twitching, rapid or slow pulse, shortness of breath.

• Symptoms may progress to carpopedal spasms and vomiting.
• In severe reactions: generalised muscle contractions (tetany), shock, irregular pulse 

and cardiac arrest.
Predisposing factors:

• low body weight (blood volume < 4 liters) and/or high hematocrit
• low baseline level of Albumin, Mg, vitamin D
• alkalosis due to hyperventilation 
• type of anticoagulant solution (ACD-A)
• intermittent flow hemapheresis

ISBT 2014



Anticoagulant (AC) infusion protocols and 
probability of citrate related reactions

• Donor weight
and height

• Volume 
processed

• Procedure 
duration

! Ideal body weight
in female obese 
donors

Blood  / AC ratio 
related to 

donor blood volume

Blood / AC  
fix ratio

• Whole blood
flow rate

• Procedure 
duration

! Donor blood
volume in female
with low body 
weight Weight (Kg)

45 90 135
Despotis 1999, modified



IgG serum / plasma ratio and plasma volume

Collection
volume 

(ml)

Serum IgG

(g/l)

Plasma IgG

(g/l)

Ratio 
S IgG/ P IgG

Citrate
consumed

(ml) 

Citrate in 
collected
plasma 

(ml) 

Citrate
delivered

to the donor
(ml) 

Plasma 
donated

by the donor
(ml) 

760 6.0 5.1 1.17 130 110 20 650

760 6.0 5.4 1.1 85 70 15 690

760 6.0 4.5 1.32 215 185 30 575

• Confidential survey in 8 plasma center companies (2014)
• Ratios IgG s/IgG p between 1.1 – 1.32
• Strong inter-individual variation
• Dipendent on hematocrit and procedure duration
• The individual donation volume without citrate AC cannot be exactly determined

Burkhardt 2019



Citrate AE incidence 
(rate /10000 collections)

AR WB Plasmapher PLTpheresis Multicomp Apheresis mix Ref

Total - 0.14 - 2 8 - 96 24 3.5 - 40

Winters 2006
Yuan 2008
Amrein 2012
Philip 2013
Diekamp 2014
Daurat 2016
Catalano 2018
Burkhardt 2019

Moderate+
severe - 0 - 0.68 3 2 1.5

Makar 2002
Yuan 2008
Diekamp 2014
Catalano 2018
Gustafson 2019



Transfusion 2016

Edgren 2019 



Citrate toxicity
• Prevention

• (for donors with a prior history of clinically significant citrate-related effects, or at high risk)
• oral Ca carbonate, citrate or phosphate (0.5 - 2 g) ± vitamin D, the day before and/or 30 minutes before 

apheresis and/or at 20 minute intervals during donation 

• Treatment
• Minor

• slow re-infusion rate
• increase donor blood /citrate ratio

• Moderate
• give oral calcium (carbonate - antacids, 1000-2000 mg/day) effective on paresthesias
• consider procedure interruption

• Severe
• interrupt procedure
• give intravenous calcium (gluconate or chloride, 1-2  x 500 mg=5 ml, in bolus or continuous 

infusion)
• if ineffective, hospitalization



Lloyd 2017

Syncope: non cardiac etiology



Plasmapheresis vs Whole Blood Donation

Plasmapheresis Multicomponent apheresis Whole blood donation

30 – 60 min. 20 – 70 min. 7 – 15 min. 

Multiple cycles Multiple cycles Single phase collection

600 – 700 ml collected Max 700 ml collected 405 – 495 ml collected

Gradual intravascular volume changes Gradual intravascular volume changes Rapid intravascular volume changes

Compensatory transcapillary refilling 
may occur during the procedure 
(0,5 – 2 ml/min.)

Compensatory transcapillary refilling 
may occur during the procedure 
(0,5 – 2 ml/min.)

Minimal compensatory transcapillary
refilling during the procedure

Can include IV procedural volume 
replacement

Can include IV procedural volume 
replacement

No procedural volume replacement 

Only plasma collected Erythrocytes and/or platelets and/or 
plasma are collected

Erythrocytes, platelets, leucocytes, 
plasma are collected

Erythrocytes (almost) entirely returned
to donor

Selective return. Possible reduction of 
erythrocytes and iron

Reduction of erythrocytes and iron

Small amount of AC returned to donor Small amount of AC returned to donor No AC returned to donor



Max
plasma volume  

(ml)

AC Minimal 
lapse between 
two donations 
(hours-days)

Max
donations/year  

(N)

Max
volume/year

(L)

FDA ⁄ CBER Guidelines 1992 650 - 880 included 48 h 104 ≈ 78 

German Guidelines 2017 650 - 850 included 48 h 60 ≈ 45 

EDQM 19th Edition 2017 750 excluded 48 h 33 25

Australian Red Cross Blood 
Service 2012

800 excluded 14 d 26 ≈ 21

French Arrêté 2017 750 excluded 14 d 24 ≈ 18 

Plasmapheresis volume and frequency
International overview

Italian Decree 2015 700 excluded 14 d ≈ 20 12 



Principles of donor selection
Frequency of apheresis donation and maximal 

amount of collected plasma

For donors weighing 50-65 kg, the total blood volume should be estimated.
Current recommendations are made in the absence of conclusive studies of outcomes from 
different regimes of volumes and frequencies of plasmapheresis. Despite some data being 
available from studies with several years of follow-up, further short- and long-term 
prospective studies are needed and should be undertaken.

EDQM, 19th Edition 2017, Chapter 2



Intermittent flow plasmapheresis (IFP) 
and Extra-corporeal volume (ECV)

• ECV(max) during donation does not reliably predict the degree of hypovolemic 
stress, as long as it remains below 20 % TBV (14,0 ml per Kg body weight). 

• Plasmpheresis donors need not be deferred if ECV exceeds 16% TBV (10,5 ml per 
Kg body weight).

Karger 2006

• Hemodynamic response to intravascular volume changes of up to ≈ 20% of TBV 
in the setting of IFP is sufficient to maintain cardiac function. 

• Administration of volume replacement as part of the source plasmapheresis
donation process, using procedural saline or oral fluids, results in a net end-ECV 
well below any of the presented single unit whole blood or source plasma 
collection volume guidelines.

Becker 2015



16 : 100 = 600 : X (TBV)
X (TBV) = 3750 ml

20% = 750 ml

% ml

EDQM, 19th Edition 2017, Appendix 2



Extra-corporeal volume (ECV) during apheresis

600 : TBV 3586 = X : 100 
X (%) = 16.7
16% = 574 ml
20% = 717 ml

Woman, kg 55, cm 165

600 : TBV 3474 = X : 100 
X (%) = 17.3
16% = 556 ml
20% = 695 ml

%ml
Woman, kg 51, cm 165

600 : TBV 3693 = X : 100 
X (%) = 16.2
16% = 591 ml
20% = 739 ml

Woman, kg 59, h 165

ECV

750

ml

%ml %ml



Pre-donation water-loading and VVR risk

Pre-donation loading Immediate VVR 
RR  or OR (95% CI)

Off site VVR 
RR or OR (95% CI)

Ref

500 mL of water within 30 min RR,   0·79   (0·70–0·89) Fisher 2016

500 mL of water 9 min before
phlebotomy

OR,   0·74   (0·55–0·99) Morand 2016

500 mL of isotonic drink before
phlebotomy

OR,   0·62   (0·40–0·98) Morand 2016



Hypotension during plasma donation 

Evers 2014

Severe acute hypotension
(young women at first/second donation)

Donation Start 

45 ±20 min
602 ±240 ml collected plasma

≈ 1000 ml ECV
Recovery

49 ±18 min 

ECV

NaCl 0,9%
2 x 500 ml

750

ml



Plasma collection, PDMP yield and AE

Systemic
Adverse Event

Severity Method  1 
Incidence N (%)

Method  2
Incidence (%)

Method  3
Incidence (%)

VVR
Moderate-severe 1  (0.4) 0 0

Mild 1  (0.4) 2  (0.7) 2  (0.8)

Citrate Moderate-severe 0 2  (0.7) 0

Nausea Mild 0 1  (0.3) 2  (0.8)

Target 840 ml
Saline infusion

250+250 ml

Target 750 ml
No saline infusion

Target 800 ml
Saline infusion

500 ml

Buzza 2012 

* The number of participants donating at least once under each method.               § Indicates significant difference (p > 0.05) in comparison to Method 1.



Saline infusion during apheresis

Donation Start 
NaCl 0,9%

250 ml
NaCl 0,9%

250 ml

ECV

750

ml



Apheresis donation



SIPLA study: 65 (6-180) donations in 475 (39-1093) days
Dropout reasons

Schulzki 2006



Hellstern 2019



Kiessig 2019

The art of keeping donors above IgG level = 6 g/L



Protein content in plasma pools
(mean ± SD)

Laub 2010



Total DEHP dose (ug/24 h) in controls and 
apheresis donors 

Weisbach 2006

1180 ug

2100 ug

370 ug
410 ug



Conclusions
1. In the near future, an increase in plasmapheresis donations is predictable and desirable.

2. In order to increase the donor safety, specific interventions are required focusing on: 

- donor information and support, aimed to improve his/her global donation experience, minimize adverse reaction incidence and 
increase intention to donate;

- identification of donors at major risk of citrate reaction (high Ht, low EBV, Albumin, Mg, Vit. D, hyperventilation) or VVR 
(young, first time, low BMI-EBV, fear/anxiety).

3. Excluding a few Adverse Events, reported in the context of intensive apheresis programmes, the main AE 
are VVRs, vessel injuries, citrate reactions: all of them are foreseeable and mostly preventable or 
manageable since the early symptoms/signs. Severe events are rare, particularly in plasmapheresis 
procedures.

4. The standards (about volume and donation frequency) ratified by the Italian Decree november 2nd 2015
look adequate to guarantee donor safety, PDMP quality and system sustainability.

5. Yet donor safety must be constantly pursued and improved, emphasizing the available scientific 
evidences.

6. In particular, water loading and saline infusion intra and/or at the end of procedure allow to better 
control extracorporeal volume, within safety thresholds, even in donors at major risk.


	Diapositiva numero 1
	Surveillance of complications related to blood donation
	Other complications of donation
	Overall adverse event (AE) incidence �(rate /10000 collections)
	Moderate/severe adverse event (AE) incidence �(rate /10000 collections)
	Diapositiva numero 6
	Incidence of unexpected events (UE) �in plasmapheresis by category and donor status.
	Apheresis donation and donor status
	AE surveyed during apheresis�(rate /10.000 collections)
	Venipuncture-related side effects
	Apheresis donors: �recruitment and retention strategies
	Citrate toxicity
	Anticoagulant (AC) infusion protocols and probability of citrate related reactions
	IgG serum / plasma ratio and plasma volume
	Citrate AE incidence �(rate /10000 collections)
	Diapositiva numero 16
	Citrate toxicity
	Syncope: non cardiac etiology
	Plasmapheresis vs Whole Blood Donation
	Plasmapheresis volume and frequency�International overview
	Principles of donor selection�Frequency of apheresis donation and maximal amount of collected plasma
	Intermittent flow plasmapheresis (IFP) �and Extra-corporeal volume (ECV)
	Diapositiva numero 23
	Extra-corporeal volume (ECV) during apheresis
	Pre-donation water-loading and VVR risk
	Hypotension during plasma donation 
	Plasma collection, PDMP yield and AE
	Saline infusion during apheresis
	Diapositiva numero 29
	SIPLA study: 65 (6-180) donations in 475 (39-1093) days�Dropout reasons
	Diapositiva numero 31
	The art of keeping donors above IgG level = 6 g/L
	Protein content in plasma pools�(mean ± SD)
	Total DEHP dose (ug/24 h) in controls and �apheresis donors 
	Conclusions

