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[bookmark: _Hlk173313059]Appendix S1 – Estimating the citrate content of various blood components

Standardized citrate loads per unit of whole blood (WB), packed red blood cells (pRBC), fresh frozen plasma (FFP) or equivalent, platelets, and cryoprecipitated antihemophilic factor (Cryo) were sought. WB is derived from donor phlebotomy. pRBCs and plasma products may be derived from WB or from apheresis collections. Platelets in this study were all derived from apheresis. Cryoprecipitate is generally only manufactured from plasma derived from WB collection.

Methodology
The citrate content of each preservative and additive solution was obtained from the manufacturer’s reagent bag labels and the package inserts approved by the US Food and Drug Administration1, which were found to be concordant (Supplemental Table 1). The most recent edition of the Technical Manual to include the citrate content of blood products2 and the Circular of Information3 were found to conflict with each other and with the manufacturer’s labeling. The calculations below are predicated on the assertion that citrate disperses uniformly in plasma or otherwise in the extracellular volume of a blood product container. Citrate was assumed to have minimal uptake into or metabolism by red blood cells during the time interval expected in routine processing. Lastly, during routine leukoreduction and component separation, small volume losses occur, which are not considered in the subsequent calculations.

Whole blood units
In the United States, most blood centers collect a standard volume of 450-550 mL (average 500mL) of whole blood which is anticoagulated with 70mL of preservative solution2. Multiple solutions are in use in blood collection, including citrate-phosphate-dextrose (CPD), citrate-phosphate-dextrose-dextrose (CP2D), and citrate-phosphate-dextrose-adenine (CPDA-1). Each preservative solution contains two formulations of citrate. All contain 26.3 g/L of trisodium citrate dihydrate (molar mass 294.1 g/mol), contributing 6.26 mmol of citrate. Each of these preservative solutions also contains either 2.99 g/L of anhydrous citric acid (192.1 g/mol) or 3.27 g/L of monohydrated citric acid (210.1 g/mol), which have the same citrate content of 1.09 mmol. Thus, regardless of the preservative used, this results in a total load of approximately 7.35 mmol of citrate from 70mL of solution added to 500mL of collected whole blood.

Centrifugation of whole blood units into plasma and pRBC’s
Following collection, whole blood may be processed into pRBC and FFP/PF24 components by centrifugation. The volumes of the individual plasma and pRBC units generated are affected by the hematocrit of the donor. Assuming a standard hematocrit of 40% in the donor, the total collected red cell mass is 200mL. The centrifuged pRBC unit (before applying additive solution) must have a hematocrit of <80%. This translates to 50mL or more of residual supernatant fluid accompanying the 200mL of red cell mass. Thus, the processed plasma unit should contain no more than 320mL of volume. At this stage, the pRBC supernatant and the processed plasma unit are expected to have the same citrate concentration. Thus, in components processed from whole blood collections, approximately 6.35 mmol should be present in the final plasma unit and 1.00 mmol of citrate should be present in the pRBC unit (prior to addition of additive solution).

PRBCs with additive solution derived from whole blood donation
Following separation, pRBC units stored in CPD or CP2D are usually treated with an additive solution to extend their storage shelf-life. CPD units may be treated with 110mL of AS-1 (Adsol, Fresenius Kabi), AS-5 (Optisol, Terumo-BCT), or AS-7 (SOLX, Haemonetics), all of which contain no additional citrate. Thus, these whole blood derived pRBC units are expected to contain 1.00 mmol of citrate in a volume of 360mL. CP2D whole blood derived units may be treated with 110mL of AS-3 (Nutricel, Haemonetics), which contains additional citrate: 5.88 g/L of trisodium citrate dihydrate and 0.42 g/L of citric acid monohydrate. This constitutes an additional load of 2.42 mmol citrate, for a total of approximately 3.42 mmol of citrate in CP2D AS-3 pRBC units derived from WB. This is significantly more citrate than pRBC’s containing other additive solutions, however, CP2D whole blood collections, which are paired with AS-3 additive, are uncommon.

Apheresis pRBC units
Red cells may also be collected via apheresis techniques, either as single- or double-unit collections. Apheresis pRBC collection platforms may differ in their approach to anticoagulation, but at our institution all apheresis pRBC units are collected in CP2D, with an average anticoagulant volume of 4mL, contributing 0.42 mmol citrate. All units are then supplemented with 100mL AS-3, contributing 2.20 mmol citrate. A snapshot review of 100 apheresis pRBC units at our institution revealed an average volume of 285mL. Thus, the average CP2D AS-3 apheresis pRBC unit contains 2.62 mmol citrate in 285mL.

Apheresis platelets
The citrate concentration of platelet units collected via apheresis is highly variable, reflecting both donor factors such as platelet count as well as individual apheresis run-time parameters. Single, double, or triple apheresis platelet units may be collected in one instance of donation, and manufacturing standards require only that each unit contain at least 3 x 1011 platelets and that no more than 500mL of plasma be concurrently collected from the donor (600mL if the donor weighs more than 175lbs). Apheresis platelets are collected locally or are obtained from suppliers in a mixture composed of 35% patient plasma and 65% platelet additive solution C (PAS-C, InterSol, Fresenius Kabi), to which a small volume of acid-citrate-dextrose (ACD) solution is added. PAS-C (formerly known as PAS-III) contains 3.18 g/L trisodium citrate dihydrate and no citric acid1,4. ACD-A solution contains 22.0 g/L trisodium citrate dihydrate and either 7.3 g/L anhydrous citric acid or 8.0 g/L monohydrated citric acid. A snapshot review of platelet inventory (n=53) showed an average apheresis platelet unit volume of 319mL, containing 17.9mL of ACD. Thus, 195.7mL of PAS-C contributes 2.12 mmol citrate and 17.9mL of ACD contributes 2.02 mmol citrate. The average apheresis platelet unit transfused at our center contains approximately 4.14 mmol citrate in a total volume of 319mL.

Apheresis plasma
Plasma may be collected via apheresis techniques, either alone or more frequently together with concomitant pRBC and especially platelet donation. Apheresis plasma collection platforms may differ in their approach to anticoagulation, but at our institution all apheresis plasma units are collected in ACD. A snapshot review of 50 units demonstrated an average ACD-A anticoagulant volume of 32.7mL and an average total unit volume of 217mL. Our average apheresis plasma unit thus contains approximately 3.69 mmol of citrate.

Cryoprecipitated antihemophilic factor
The citrate concentration of cryo is expected to match that of the frozen plasma units from which it is manufactured. Single cryo units have a volume of roughly 15mL. At our institution, cryo is stocked in 5-pack pools and manufactured exclusively from whole-blood derived plasma. A snapshot review of 20 units confirmed an average total unit volume of 75mL. Thus, the expected amount of citrate per pool of cryo is 1.49mmol.

Our Institution
At our institution, the University of Chicago Medical Center in Chicago, IL, all WB units were collected in CPD, including those intended for transfusion as low-titer group O whole blood (LTOWB). Nearly all pRBC units derived from WB were stored in CPD and treated with AS-1 or AS-5 (approximately 80% of our inventory). All pRBC derived from apheresis collection were stored in CP2D and treated with AS-3 (approximately 20% of our inventory). Less than 5% of pRBC inventory was derived from CP2D whole blood collection with AS-3 additive, so they were excluded. Therefore, we assume a weighted average of roughly 1.32 mmol of citrate per unit of pRBCs in our study. 55% of plasma inventory is derived from CPD whole blood collection. 45% is derived from apheresis collection into ACD. Therefore, we assume a weighted average of roughly 970mg of citrate per unit of plasma in our study. Most of our platelet inventory was pathogen reduced, but it is unclear what effect that has on citrate content.

SUPPLEMENTAL TABLE 1   Citrate composition of preservative and additive solutions
	
	Components and their molar masses

	Solution
	Trisodium citrate dihydrate
(294.1 g/mol)
	Anhydrous citric acid
(192.1 g/mol)
	Monohydrated citric acid
(210.1 g/mol)

	CPD
	26.3 g/L
	2.99 g/L
	-

	CPDA-1
   2007-present
   1980-2007
	
26.3 g/L
26.3 g/L
	
2.99 g/L
-
	
-
3.27 g/L

	CP2D
	26.3 g/L
	-
	3.27 g/L

	AS-1, AS-5, AS-7, SAGM
	-
	-
	-

	AS-3
	5.88 g/L
	-
	0.42 g/L

	ACD-A
	22.0 g/L
or
22.0 g/L
	7.3g/L
or
-
	-
or
8.0 g/L

	PAS-C
	3.18 g/L
	-
	-



SUPPLEMENTAL TABLE 2   Estimated citrate content of blood components at our institution
	Blood Product
	Preservative and/or additive solution
	Citrate content (mmol)
	Average volume (mL)

	Whole blood
	CPD
	7.35a
	570

	pRBC
	Mixture; mostly CPD and AS-1. 
	1.32a
(weighted)
	345

	FFP/PF24
	Mixture; CPD or ACD
	5.15
(weighted)
	275

	Apheresis platelets
	ACD
	4.14
	319

	Cryo
	CPD
	1.49
	75



aAs a major caveat: Red blood cells are capable of catabolizing citrate in glycolytic metabolic pathways during storage. A metabolomics analysis of leukoreduced red cells stored in AS-3 demonstrated substantial uptake of citrate within a 14 day cold storage period with conversion to pyruvate, lactate, and malate occurring in a time-dependent fashion5. Therefore, the above citrate content in whole blood and pRBC units likely reflects a theoretical maximum, which decreases during storage.
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