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Table 8-1. Anticoagulant-Preservative Solutions (mg in 63 mL)

CPD CP2D CPDA-1

Ratio (mL solution to blood) 1.4:10 1.4:10 1.4:10
FDA-approved shelf life (days) 21 21 35
Content

Sodium citrate 1660 1660 1660

Citric acid 188 188 188

Dextrose 1610 3220 2010

Monobasic sodium phosphate 140 140 140

Adenine 0 0 17.3

B

D
%

JLEE A7 500mL, =167 250mL
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Total Volume of Packed Red Blood Cells (2 U 1] itS)

Red Blood Cells
Hematocrit 0.50-0.70
Hemoglobin: 40g / unit
(thus, 160-200g/L)

Weird Soup of
added preservatives
and metabolic by-
products of starving
red blood cells

Potassium:
20 mmol/L

Sodium:
150 mmol/L

Adenine
170mg/L

Mannitol
5.3g/L

Dextrose 9g per L, or 0.9% wlv;
That makes... 49 mmol/L

The non-cellular contents Packed Red Blood Cells

CATIONS ANIONS
Bicarbonate:
ﬂ 11mmol/L
Lactate:
9 mmol/L
Chloride
150 mmol/L
pH of 6.79

One might surmise the total osmolality is 340mmol/L



Packed Red Blood Cells

How much citrate remains in there?
Who knows.
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Table 1 Haemostasis parameters in plasma following thawing and storage at 4°C and during storage of platelets at 22°C

Plasma Platelets
Parameter Baseline Day 4 Day 6 P-value Baseline Day 5 Day 7 P-value
PT ratio 1-05 £ 0-1 1-06 + 0-20 1-09 + 0-21 0-3435 096 +0-05 1-16 £ 0-07"**  1-24 £ 0-07""  <0-0001
APTT ratio 1-14 £ 010 1-24 £ 010"  1.23 £ 0-10™*  <0-0001 1-:08+ 013 115+ 013" 116 £ 0-12"*  <0-0001
Fibrinogen (Clauss, g/l)  2-48 £ 0-40  2-50 + 0-40 248 + 0-41 0-6257 276 £ 040 2-68 £ 0-41 2:63 £ 0-36 0-2383
HI (U/ml) 0-96 + 0-14 095+ 016 0-93 + 0-15* 0-0206 1-03 £ 0-11 0-98 + 0-11 0-98 + 0-11 0-0792
FV (U/ml) 0-85 + 0-23| 0-77 + 0-18* 0-76 + 0-18™ 0-0004 111 +0-13 | 0-73 +0-12* 0.57 £ 0-10™  <0-0001
FVIL (U/ml) 0-94 +£ 0-27| 0-84 £ 0-37 0-79 £+ 0-38° 00317 101 +£0:13 | 071 £ 0-10™ 0-63 = 0-09™  <0-0001
EVIIl (U/ml) 0-72 + 0-19| 049 + 013" 048 £ 0-13"™  <0-0001 085+ 0-17 | 0-64 + 0-14™] 0-63 = 0-13"*  <0-0001
FIX (U/ml) 0-85 + 0-11 0-81 £ 0-10™  0-80 £ 0-10™  <0-0001 1-07 £ 0-14 100 + 0-15 1-00 + 0-16 0-0543
FX (U/ml) 0-94 £ 022 093 £ 0:25 0-91 + 0-23 0-3274 1.05+0-18 095+ 0-14" 0-91 £ 0-13* 0-0007
FXI (U/ml) 0-71 £ 0-16  0-71 £ 0-16 0-71 £ 0-15 0-4784 1-05+0-15 099 £ 0-15™  0-98 £ 0-15™  <0-0001
FXII (U/ml) 0-94 + 027 092 + 0-27* 0-92 + 0-27* 0-0142 1-10+0-23 122 £ 025" 128 £ 0-27"*  <0-0001
Antithrombin (U/ml) 092 +0-14 092+ 014 0-91 £ 0-14 0-4386 098 £ 0.07 0-97 £ 0-07 0-96 + 0-07 0-8626
Free protein S (U/ml) 0-85+ 019 084+ 020 0-83 + 0-20 0-1346 0-86 £ 0-07 0-66 £ 0-06™  0-59 £ 0-07**  <0-0001
Protein C (U/ml) 0-95+ 006 094 + 0-05 0-94 + 0-06 0-4722 100+ 0-12 095%0-12" 094 £ 012"  <0-0001

Baseline is immediately following thawing for plasma and the day of production for platelets (day 1). Data are given as mean with SD, n = 10 for

plasma, n = 20 for platelets (except for platelet concentrates (PC), protein S and ATIIl where n = 10 for PC). Units were an equal number of groups A

and O. P value is from one way ANOVA with repeated measures. P values from Dunnett's post test comparing day 5 or 7 with baseline are given as

*<0-05, **<0-01, ***<0-005. Bold = P value d<0.05 from one way ANOVA.



WAMETRE -
H] DAFH 2455 81 BRI 7



*Passage through 18-ga and 20-ga needles
caused no hemolysis, but rapid passage
through 23-ga, 24-ga, and 25-ga did.

Miller MA. TRANSFUSION 2004;44:373-381.
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the greater the hemolysis). | 2 3 4 5 6

Weeks of storage

Fig. 1. Effect of needle gauge on Hb release (hemolysis) due to the passage of RBCs
through needles. The horizontal axis indicates the storage time of the RBCs before anal-
ysis. “No needle” (M) is the age-related spontaneous Hb release. Total Hb levels (spon-
taneous Hb release + NAH) are represented on the vertical axis. Data points represent
the average values from two units analyzed daily for the first 7 days of storage (A) and
three units analyzed weekly until expiration (B). Note the different vertical axis scales
used in panels A and B.



TABLE 2. Gentle passage of RBCs through
18-, 20-, 22-, 23-, 24-, and 25-ga needles results in
minimal hemolysis

Needle size (ga) NAH* (g/dL)
18 0.06 £ 0.05
20 0.06 £ 0.04
22 0.06 + 0.05
23 0.06 £ 0.05
24 0.07 £ 0.05
25 0.06 + 0.05

* NAH is the free Hb concentration in the supernatant released
by gentle and slow passage through a specified needle. The
values shown are averages from the three units analyzed after
6 weeks of storage. NAH = needle-associated hemolysis.




Table 2. Findings from the Literature

Synthesis of findings related to posttransfusion hemolysis

1. No significant or clinically important hemolysis occurred when blood was infused through catheters of
varying gauge sizes (27,8 25,1820 24,12 231718 2 121316 1 18 2() 121316 18 1317 1613) or aspirated through needles
of various sizes (25, 22, and 20 gauge™).

2. Varying the flow rate>'¢'® from 20 mL/hr to as much as 999 mL/hr did not significantly affect hemolysis as
long as blood was not outdated (more than 9 days old or designated “expired”).'> 4%

3. The amount (the number of studies) and strength of support showing no adverse hemolysis effects when
using a 22-gauge catheter to infuse blood™ " '® are comparable to the amount and strength of support
for using 20-gauge' ™' and 18-gauge' " catheters.

4. Across studies, infusion technique (syringe pump,® continuous infusion pump''¢) did not increase
hemolysis; however, external bag pressure did increase hemolysis.™

Changing Blood Transfusion Policy and Practice. AJN December 2014; 114 (12): 50-9.



Synthesis of findings related to posttransfusion hyperkalemia

1. No clinically significant increase in potassium occurred when a syringe infusion pump was used to infuse
blood through a 25-gauge thin-walled needle at rates of 70 mL/hr, 20.5 mL/hr,and 10.6 mL/hr.®

2. There was mild variability (-8% to +18%) in potassium levels when packed RBCs were infused through
22-,20-, 18-, and 16-gauge catheters at varying pressures (0 mmHg, 150 mmHg, 200 mmHg) and
dilutions (0 mL, 100 mL, 250 mL normal saline).”

3. Nossignificant increase in potassium level occurred in fresh blood or old blood using different needle
gauges (16, 18, 20, and 22 gauge) under different external pressures (0 mmHg, 150 mmHg, 300 mmHg)."

Summary of findings from authoritative sources

1. “The nurse should be aware that a short peripheral catheter of 14-24 gauge for adults and 22-24 gauge
for pediatric[s] or neonates can generally be used for administration of blood or blood products.’?

2. Blood and blood components can safely be transfused through a 22-to-24-gauge short peripheral
catheter.”

Changing Blood Transfusion Policy and Practice. AJIN December 2014; 114 (12): 50-9.




Table 3. New Recommendations for Catheter Size in Blood Transfusion

Catheter size (gauge) Clinical application related to blood transfusion
14,16, 18 Reserve for rapid infusion of blood
20 Preferred for routine blood transfusion (if vein will accommodate)
oy May be used for blood transfusion to accommodate vein size or patient
preference
24 May be used for blood transfusion (small vein)

Changing Blood Transfusion Policy and Practice. AIN December 2014; 114 (12): 50-9.
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*Normal saline (0.9% sodium chloride) solution for IV use may
be added to red blood cells or if the administration set requires
priming for blood components.

*NOTE:

*The Dextrose in D5W can cause the breakdown of the RBC's
membrane and it will no longer be effective in carrying
hemoglobin and thus oxygen.

Lactated Ringer’s may cause clotting due to calcium content.
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 Administration sets shall be changed between the

administration of different blood components and
blood products.

* Platelets should always be administered using a
new blood administration set to prevent platelets
from becoming trapped in the used filter.



Amounts of WBC and Platelets in FFP before and after
Filtration

* The mean number of WBCs in the prefiltration FFP: 1 - 3.2 x 106.

 After leukoreduction, the mean number of residual WBCs was 0.19
X 10°. The mean number of platelets was 16.57 x 106.

1. Willis J. Transfusion 38:645-649, 1998.

2. Bernvil S. Vox Sang 67:405, 1994.

3. Wieding JU. Transfusion 34:185-186, 1994.

4. CURRENT ISSUES IN TRANSFUSION MEDICINE 2004; 12, (1). The University of Texas M. D.

Anderson Cancer Center, Houston, Texas



Filter

EZ Prime™ Self-Priming
High-Efficiency Leukocyte
Reduction Filter

PXL8 High-Efficiency
Leukocyte Reduction Filter for
Platelets

Where
used?

Bedside

Bedside

# Units of Residual
Filter WDPss leukocytes per

hold-up and/or unit
volume SDP per (consistently
(mL) filter averaging)
1 RBC or 5
23 WB . <2 X10
= 2 Taiwan units

3-8 WBDP =6-16u TaiwanSPIt concentrates
or 1 SDP = JnSilt
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0.35 P <.001
0.30 I
2 025 _P=.013]
o P = .067 'l'
E 020 ' !
2 [ 1
w« 0.15 [
o
5 [
T 0.10 —
o
0.05 1 — Wang RR Am J Clin Pathol. 2012;138(2):255-9
0.00 - T ;
SDP PreSLR PostSLR NonLR
Platelet Type

FNHTR = febrile nonhemolytic transfusion reaction

SDPs were collected through apheresis and leukoreduced at the time of collection

(Trima, CoridianBCT, Lakewood, CO).

PreStorage LeukoReduction pooled platelets were manufactured from whole blood platelets
within 36 to 48 hours after the donation.

PostStorage LeukoReduction pooled whole blood platelets were leukoreduced using the
PXL8c filter (Pall Medical) in the blood bank immediately before issue.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang RR[Author]&cauthor=true&cauthor_uid=22904138

Table 2: Comparison of FNHTRs in PrSLR and
nonleukoreduced RBCs in various studies

Author PrSLR Nonleukoreduced
RBC % RBCs %

Bhattacharya et al.l"® 0.19 0.33

Kumar et al.l'®] 0.18 0.34

Shantala Devi and 0.19 0.37

Gaikhonlungpoul'/]

Present study 0.05 0.24

PrSLR: Prestorage-leukoreduced, RBC: Red blood cell, FNHTRSs: Febrile honhemolytic
transfusion reactions

Rajesh K, Harsh S, Amarjit K. Annals of Medical and Health Sciences Research 2015;5(3) :185-8.
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*Blood component administration should begin within 30
minutes from the time the product is released from
temperature controlled storage and shall not exceed four
hours from the time of issue from temperature controlled

storage.

*Blood components that have been out of temperature
controlled storage greater than 30 minutes shall not be

returned to inventory or re-issued and shall be discarded by
the Transfusion laboratory.
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TABLE 1. Effect of thawing FFP at 37 and 45°C on the clotting activity of FV, FVII, and FVIII*

Days after FV FVII FVIII

thawing 37°C 45°C p valuet 37°C 45°C p valuet 37°C 45°C p valuet
Day 0 93.0 =124 | 91.3 £ 12.1 0.756 102.3 =185 101.2 = 18.3 0.895 98.2 = 13.4 | 102.2 =175 0.574
Day 5 69.6 + 13.8 | 72.7 = 7.1 0.666 122.0 =422 128.2 = 39.0 0.737 59.8 + 8.1 582 + 12.2 0.723
p valuef 0.0001 0.0019 0.0904 0.0178 <0.001 <0.0001

Day 10 61.7 = 141 | 62.0 £ 15.8 0.909 116.7 = 31.6 1149 = 284 0.894 64.3 = 12.4 61.1 = 18.1 0.654
p valuet 0.1157 0.0492 0.6376 0.2058 0.0518 0.5453

Day 15 480 £ 9.1 46.6 = 13.4 0.939 112.6 = 31.1 117.6 = 78.1 0.853 473 85 48.8 = 17.1 0.815
p valuef 0.0001 0.0084 0.2423 0.8908 <0.0001 0.2085

Day 20 39.8 + 9.0 452 + 10.3 0.237 1171 = 35.8 128.6 = 44.7 0.533 441 + 21.6 456 + 9.3 0.846
p valuet 0.0066 0.6498 0.4884 0.5792 0.6460 0.5981

* Data are presented as the mean percent activity = SD. Reference ranges: FV, 34-108; FVII, 28-104; and FVIII, 50-178.
T Comparison of residual factor activity levels for samples thawed at 37°C vs. 45°C.
¥ Comparison of factor activity levels on that day versus the day of the previous measurement.

* Although levels of plasma clotting factors are reduced in storage,
therapeutic levels of FV and FVIIlI are maintained in thawed plasma
stored for up to 10 days at 1 to 6 C.

* Thawing of FFP at 45°C decreases thawing time but does not affect

the activity of FV, FVII, and FVIII.

56
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® Clots may appear as small to large dark red or purple
masses that do not dissipate with gentle manipulation in
red cells.

® Clots and fibrin strands result from the activation of the
clotting processes and can be a mixture of clotting proteins
(including fibrin) and platelets.

® Cold agglutinins form large red blood cell masses that do
not dissipate with gentle manipulation.

® Blood components containing cold agglutinin masses
should not be transfused.
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