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Standard Practice for
- - - 1
Assessment of Hemolytic Properties of Materials
This standard is issued under the fixed designation F 756; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope

1.1 This practice provides a protocol for the assessment of hemolytic properties of materials used in the fabrication of medica
devices that will contact blood.

1.2 This practice is intended to evaluate the adateitro hemolytic properties of materials intended for use in contact with
blood.

1.3 This practice consists -ef-twe—procedural-parts—Procedure-A-describes—a-testrun—under—static-conditions—Procedure
deseribes protocol for a hemolysis test run under-dynamic-conditions. One static conditions with either an extract of the materia
or-beth direct contact ef-these-procedures-may-be-used-n-complying the materiabwith-this-standard. blood.

1.4 This practice is one of several developed for the assessment of the biocompatibility of materials. Practice F 748 may provid
guidance for the selection of appropriate methods for testing materials for a specific application.

1.5 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

1.6 Identification of a supplier of materials or reagents is for the convenience of the user and does not imply single source.
Appropriate materials and reagents may be obtained from many commercial supply houses.

2. Referenced Documents
2.1 ASTM Standards:

1 This practice is under the jurisdiction of ASTM Committee F-4 on Medical and Surgical Materials and Devices and is the direct responsibility ohifebdedd.16
on Biocompatibility.
Current edition approvee-Marer-15-+993. July 10, 2000. Publishee-May 1993. October 2000. Originally published as F 756 — 82. Last previous édii&h. D35

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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6—Fest-Methed-for-MetaHn-Waterand-Wa By i i ophoetometry
F 619 Practice for Extraction of Medical Plasfics

F 748 Practice for Selecting Generic Biological Test Methods for Materials and Devices
I 2:2—0OtherDoecuments:

Hemoglobin Product Class Standard, U.S. FDA, 1977

3. Terminology
3.1 Definitions:

3.1.1 eomparative-hemelysisplasma hemoglebebmparison-of-the—the amount-of-hemetysisin-milligrams of hemoglobin
Atibe-{rreta stodese-byarasteris SRR aretbw-tRaE R ety a |_SUCh—a'S—|-H-theUSF
plasma.

3.1.2 eentacttest% hemolysisatestfor—the quotient of the-hemolysis-property-performed free plasma hemoglobin (mg/ml)

[ ] 2 Annual Book of ASTM Standardgol 113.01.
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released as a result of contact with the test material or extract divided by the total hemoglobin (mg/ml) presentin-contact with the
erythroeeyte-plasma-test-media. blood solution multiplied by 100. (This is synonymous with hemolytic index).

3.1.3 dynamic—conditioncomparative _hemolysihat-eondition—in—which—comparison of the-sample-and hemolytic index
produced by a test-media-are-keptin-metien-throughout material compared with that produced by a standard reference material
such as polyethylene at the-treubation-period. same test conditions.

3.1.4 extraet direct contact testa test for the hemolystisc property performed with-an-isetenie-extract of the test material in
direct contact with the-erythreeyte-pltasma-testmedia. blood.

3.1.5 hemolysisextract testdestruction-ef-erythroeytes—+esulting in—a test for the hemelytibc properaty performed with an
isotonic extract cf-hemeoglebin-into the—supernatantfluid. test material, as described in F 619, in contact with the blood.

3.1.6 hemeolytie-indexhemolysisthe-guotientin-pereent,—destruction of erythrocytes resulting in-the-free-ptasma-hemoglobin
released-by-the-speeimens liberation-ef-material-or-extract-divided-by-the total hemeglobinpresent in-inte-the-bleed- substrate.

plasma or suspension medium.
3.1.7 negative contrel-a-plastic material, such as a polyethylene, that produces little or no hemetysis-{tess-than-6-29%- by Static
Fest-Method),sueh-as (<2 % after subtraction of-the-polyethylene-b-S-P—Negative-Control-Plastic- Referenee Standard. blank) in

the test procedure It is deswable that the control spec:lmens have the same conflguratlon as the test samples.

3—1—9—p05|t|ve control—a—p%as&c—eembber material capable of conS|stentIy produeirH h hemolv5|s of at leas8 % after
subtraction of the results of the blank. Suggested materiats inc llude, but are not limited to, BUNA-N (Aexro Rubber and other
suppliers), and plastisol (Plasti-Coat, Watertown CT.).

3.1.9 cyanmethemoglobin reagert reagent to which whole blood, plasma, or test supernatant is added that quickly converts
most of the forms of hemoglobivn to the single cyanmethemoglobin form for quantification at its 540 nm spectrophotometric peak.
The reagent (based on that by van Kampen and Zij(&laH 7.0-7.4), is made with 0.14 g potassium phosphate, 0.05 g potassium
cyanide, 0.2 g potassium ferricyanide, and 0.5-1 ml of nonionic detergent diluted to 1 L with distilled water. The conversion time
of this reagent is 3-5 minutes. This reagent is recommended by the National Commission for Clinical Laboratory Studies (NCCLS)
and may be made from the chemicals or purchased from supply houses.

The first cyanmethemoglobin reagent used to measure total blood hemoglobin concentration was Drabkin’s Reagent (1 g of
sodium bicarbonate, 0.05g of potassium cyanide, 0.2 g of potassium ferricyanide and diluted with distilled water to 1 L). The
disadvantages of using the Drabkin’s reagent versus the NCCLS cyanmethemoglobin reagent are thatit-has-a-pesitive control
conversion time of 15 minutes, and pH of 8.6 which may cause turbidity. However, it is still available as individual chemicals or
kits such as Sigma 525-A.

The Drabkin’s and cyanmethemoglobin reagents were developed to quantify the high hemoglobin concentration normally found
in whole blood (e.g. 15,000 mg/dl). By modifying the sample dilution volumes and accounting for background interference, these
reagents can also be used to measure much lower plasma or supenatant hemoglobin concentrations as well (Moore et al
Malinauskag2), (3)).

3.1.10 statie-conditionPBS-that-condition—phosphate buffered saline (Ca and Mg free). The use of phosphate buffered saline
is preferable to the use of saline-r-which order to maintainthe-sample pH. The use of magnesium and t calcium free PBS is
necessary to maintain the anticoagulant properties of the chelating agents used in collecting the blood. It is used as the backgrounc
or “blank” for a hemolysis test.

3.1.11 A—absorbance value of cyanmethemoglobin reaction product measured at 540 nm.

3.1.12 F—slope of the hemoglobin curve. The units -are—kept-stationary-€uring [(mg/ml)/A] such that multiplication by an
absorbance value yields a hemoglobin concentration. Implicit assumption: The y-intercept of the hemoglobin calibration curve is
approximately zero and its effect on converting absorbance values to concentration values is negligible.

3.1.13 PFH—plasma free hemoglobin concentration.

3.1.14 C—total blood hemoglobin concentration.

3.1.15 T—diluted blood hemoglobin concentration.

3.1.16 B—blank (i.e. no material added to this tube, only the isotonic medium).

3.1.17 S—sample (i.e. test material sample, or negative and positive control sample).

4. Summary of Practice

4.1 Test and control material specimens or extracts are exposed to contact with rabbit blood under defined-statie{Procedure A)
and-dynamie{Procedure-B) conditions and the increase-inplasma released hemoglobin is measured. Comparisons are made witl
reference-materials the control and-eontrols test specimens tested under identical conditions.

5. Significance and Use

I 5.1 The presence of hemolytic material in contact with the blood_may cause loss of, or damage to, red blood cells and may
produce increased levels of free plasma hemoglobin capable of inducing toxic effects or other effects which may stress the kidneys
or other organs.

I 5.2 This practice may not be-appropriate for predictive of events occurring during all types of implant applications. The user
is cautioned to consider the appropriateness of the method in view of the materials being tested, their potential applications, and
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the recommendations contained in Practice F 748.
6. Preparation of Test and Control Specimens

M in diamet

6.1 Specimens with a determinable surface area will be used at a ratie-of 15.#Smamsurface area to 1 ml ofproperly
dituted test blood solution. For irregular materials-er-extractant-empltoyed—(Fhis-eorresponds powders, a weightef-6-2te the U.S.F
su#_aee—afea—reeemn%eﬁdaﬂeﬁ—feﬁplasﬁes—tests ) 0.5 g per ml of liquid will be used. A minimum-of-6-replicate samples-of 50 rods
each-prepared-as-deseribed-abeve-isrecommended-foreachtest-material positive and each negative-eentrol material for and e

test samprle shoculd be prepared to be used in the direct contact test and the test with the extract.
6.2 The final sample should be prepared with a surface finish consistent with end-use application.
6.3 The sample shall be sterilized by the method to be employed for the final product.
6.4 Care should be taken that the specimens do not become contaminated during preparation but aseptic technique is r

required.
7. Preparation-of-Control-Speeimens Hemoglobin Determination (Direct Method)

7.1 Prepare a hemoglobin calibration curve consistent with-the—primary-negative-standard-as-described specifications of th
International Committee for Standardizatior#-3-1.7. Hematology (ICSH). For hemoglobin standardization use reference standarc
such as the Sigma Hemoglobin Reference Standard No 525 or equivalent and the suggested reagent diluent. The spectrophotom
used should be high resolution and provide at least 3 decimal places.

7.2 Prepare-6-replicate-samples a standard curve from stock hemoglobin in 8 dilutions to accommodate the—+ange of 50 roc
eachpositive-controbmaterial 1.4 to 0.03 mg/ml (140- 3 mg/dl). The cyanmethemoglobin reagent diluent serves-as described
zero blank in-6-3-{eptienal)—This-correspends to-the U spectrophotometer.S Measure the absorbance at-540 nm. P. slot a calibrati
curve from these values using mg/ml Hb on the y axis ang An the x-axis. The calibration coefficient (F) is the slope of this
plot. The y-intercept should be approximately zero.

Note 1—If local restrictions or other problems contraindicate use of these cyanmethemeglobind reagents, then another method for measuring tote
blood hemoglobin concentration, plasma free hemoglobin concentration, and supernatant hemoglobin concentration may be substitutedtptovided tha
is validated and shown to be substantially equivalent to the cyanmethemoglobin method. Methods which quantify oxyhemoglobin alone may not be
appropriate since some materials can convert oxyhemoglobin to other forms or alter the absorbance spectrum. Investigators should be aware that th
results of determining supernatant hemoglobin concentration may be compromised by absorption of hemoglobin by the test materials, precipitation c
hemoglobin out of solution, or alteration of the spectrophotometric absorbance spectrum by material leachables.

8. Collection and Preparation of Blood Substrates

8.1 Obtain-anticoagutated(USP-ACB-USP-CPDB;-erotherstitable-anticoagulant) anti-coagulated rabbit bleee-from three at leas

3 donors for each test day. The preferred anticoagulant is citrate (0.13 M). Approximately 5 ml should be drawn from each rabbit
Store the blood at 4= 2° C and preferably use within 48 h. Blood may be used up to 96 h after collection if the plasma free
hemoglobin is not excessive. Equal quantities of blood from each rabbit should be pooled.

8.2 Do not wash cells; use them suspended in the original plasma.

8.3 Determination of Plasma Free Hemoglobin (PEH)

8.3.1 Centrifuge a+-mkt-aliguot 3-ml sample-efeach the pooled bleed-sample-at 700 t0-800 G in a standard clinical centrifuge
for 15 min.

8.3.2 Add—lee—prLOSmlef—eachpIasm&sampHe—&OmLOSm%e#D*&waReaga%ﬂ—g%#se&ww&e&ba%OOSgof

1 L). cyanmethemoglobin solution or

vahdated dlluent
8.3.3 Read the absorbance of the resulting solutien-in-accerdance-with 9.10.2 at 540 nm. Obtain the concentration from th

standard curve. Multiply by 2 to obtain, ang-cempute-as-in-9:10.3.

8-34+H record, the total plasma free_ hemoglobin concentration (PFH), although it has not been corrected for the plasmz
background interference. Plasma free hemoglobin (mg/ml):

PFH = AP+ F*2 @

8.3.4 Proceed with the testing if the value of the PRHHs-greater less-thanr-1-0-mglmi-do not use 2 mg/miifthe-bleed-specimen:
for PFH is 2mg/ml or greater this sample should be discarded and another blood sample should be obtained.

8.4 Determitunation of Total Blood-Substrates Hemoglobin Concentration

8.4.1 Add 20 pL of-each—wel-mixed, well-mixed pooled whole blood specimen te—5-:0 mL ml-of-DBrabkin’s—reagent.
cyanmethemoglobin solution or validated diluent.

8.4.2 Allow the resulting solution to stand 15 minutes for Drabkins or 5 min for cyanmethemoglobin reagent and then read the
absorbance of the solution with a spectrophotometer at a wavelength of 540 nm.

8.4.3 Determine blood hemoglobin concentration a from the standard-curves and multiply by 251 to account for dilution. This
should be performed 1-9-136-3. duplicate. Total blood hemoglobin concentration:

C = A% F*251 )
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8.4.4 Adjust the total hemoglobin content-efeach the blood sample-tedessthan 25.0 10gBwhgimt | mg/ml by diluting
with an appropriate amount of calcium-anod magnesium free PBS. Verify the hemoglobin concentration by repeating 8.4.1-8.4.3
in tripl-sicate but using 400 pl of the diluted blood to 5 ml of reagent to remain on the standard curve. This is a dilution factor
of 13.5.

T = A™*F*13.5 ()

9. Procedure-A—Static-TFest

9 1 Extract

9.1.1 Prepare an extract-of-supernatantto-3-0 mL each-of-Drabkin’s-Reagent.

910-2-Alew 3 replicate samples of each test, positive control, negative control material, and PBS blank according to Practice
F 619 using the-sample appropriate ratio of material to s extractant. (The extractant is Mg Ca free PBS). A samplé sfif@am
area or 2-5 gram is recommended-fer-15-min—Read-the-abserbance use in 10 ml of extractant.

9.1.2 Use the-selution-with-a—spectrophotometer-at-a-wavelength highest temperature conditiens-of 540 nm.
9—19—3—P+epare—a—ea4+braﬁen—eurve—eensrstent—wrth Practice F 619 that—the—speemeatlons of material will withstand.

Note 2—If the-tnterns on i 2 sttehas the Sigma
Hemegrebrn—Re#efenee—Standard—Ne—Smtractlon is done at 121° C, borosrlrcate tubes must be used and any volume lost should be noted At lower
temperatures either polystyrene-eregtivalent—Coempute—results-inilligrams glass tubes may be used.

9.1.3 Transfer 7 ml et—hemeglebrn—reieased

Prabkin’s

ReagerHe—gwe—eeneentraﬂons resultant extraePef—O—GG—G—?re—e—H—e—Géeﬂand—e—ese—mg#nlerew—solutrons each sample into

individual screw capped test tubes of borosilicate glass or polystyrene approximately 16 x 125 or 16 x 150 mm.
9.1.4 Using an appropriate blank-te-stane-for-5-min—Read zero the spectrophotometer, the abserbanee-against-a Drabkin’s

orm-9.8 using extracts should be checked for

bacquound interference WhICh could affectthe—eahbfatren—eurve

91033 Caleulate-the-Hemolytic-index as:
Hemoglobin release@ng/mL)

HI = - X 100 1)

1 [P~ e fon |
CTOgIoDTpPresenuygrims)

Feee*ampte—At—%—mg#nJ—a—mateﬁal—mat—shewed supernatant hemoglebinrelease-ef 2-mgimb-would-have-aHemelytic Index

9—1—1—Hemeg+eb+n—9etem+rna&en—6°&ternatwe—h4etheds) concentration calculation.
9.2 Direct Contact

9412.1-BSamples are cut into appropriate pieces. Transfer each of 3 nonextracted samples of test and control specimens intc
individual tubes as described in 9.1.3. For samples with a determinable surface area, the surface area shoulfl d&el24 tm
3.5 g if the specimen is irregular or a powder. The recommended tube size is 16 x 125 mm. However the tube size may be any
such that the specimen is covered by 7 ml of PBS liquid. Place 7 ml of PBS into each tube containing the nonextracted sample.
Place 7 ml of PBS into each of 3 tubes to serve as the blank.
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9.3 Test—Add 1 ml of blood prepared in 8.4.4 to each tube containing extract, each tube containing a specimen, and the blanks
Cap all tubes.

Note 3—This procedure calls for preparing the sample, adding the diluent to the sample and t(hen adding the blood which minimizes) the time
difference for contact of sample with blood. Alternatively, the blood may be added to the diluent and then the sample added to the prepared solution
Whichever method is chosen must be used for the controls as well as the test specimens.

9.4 Maintain tubes in a suitable test tube rack for attl@hk at 37°+ 2 C in a water bath. Gently invert each tube twice
approximately every 30 min to maintain contact of the blood and material. In some cases of samples with complicated
configurations, it may be necessary to do more inversions to adequately mix the sample.

9.5 At the end of the specified incubation time, transfer the fluid to a suitable tube and centrifuge at 700-800 G for 15 min in
a standard clinical centrifuge.

9.6 Remove the supernatant carefully to avoid disturbing any button of erythrocytes which may be present. Place the
supernatant into a second screw cap tube. Record the presence of any color to the supernatant and any precipitate.

9.7 Analyze the samples from 9.6 for supernatant hemoglobin concentration using the methed-n-acecerdanee-with-Fest Methoo
B-1668Db2461,Db2576, 9.8.

9.8 Supernatant Hemoglobin Determination

9.8.1 Add 1.0 ml of supernatant to 1.0 ml of cyanmethemoglobin reagent-oran-eguivalent vatidated method.

9112 Cenvertiron diluent.

9.8.2 Allow the sample to stand for 15 min for Drabkin’s or 3-5 min for cyanmethemoglobin reagent. Read the absorbance of
the solution with a spectrophotometer at a wavelength of 540 nm.

9.8.3 In the unlikely event that4, exceeds 2, dilute the 1 ml of the supernatant with 3 ml of diluent and repeat 9.8.

9.8.3.1 Determine the hemoglobin concentration in each supernatant from 9.8 using the calibration curve.

9.8.3.2 Multiply the results from 9.8.2 by-multiptying 2 (or the results from 9.8.3 by 4) to correct for the dilution. Hemoglobin
concentration-v_of supernatant from test sample or control tubes:

S= A%F*2 (4)

Hemoglobin concentration of the blank tube:

B = A%F*2 (5)
9.8.3.3 Calculate the % hemolysis or hemolytic index as:

Concentration of hemoglobin released in supernattd®% 6
Total hemoglobin concentration in Tube (6)

% hemolysis=

(To account for the dilution factor introduced by putting 1 ml of diluted blood into each tube that contains 7 ml of isotonic
solution, the total hemoglobin concentration-r-milligrams each tube (W) is defm&d a T/8). Then,

S
% hemolysis= W*lOO% @)

In the above equation, the “total Hemoglobin in Tube” is calculated-by-2.96. dividing the total blood hemoglobin concentration
obtained in 8.4.4 by 8 to account for the blood dilution in PBS in the test tubes. Use of this equation assumes that backgroun
interference from endogenous plasma and free hemoglobin, and from the extracts, is negligible. This assumption can be verifie
by measuring the supernatant absorbance of the extract solutions and of blood diluted in a test tube containing 7 ml of PBS ar
1 ml of diluted blood (10 mg/ml) which has been incubated along with the test sample tubes.

9.8.3.4 % hemolysis corrected for the blank:

(A*F*2)—(A%*F*2)
(A™F*13.5/8)— (A% F*2)

Blank corrected hemolysis= *100% (8)

The final equation can then be simplified:

AS B
Blank corrected hemolysis=

BT 1000
(0.849A™—A" 100% ©)

11-Report

120.1 Express results in the form-ef-a-hemolytic-index-which is-the-percentage-hemoglobinreleased-of-the-tetal-hemoglobir
present{see-3-1.6).
+1+2-Fhe corrected % hemolysis index as described in 9.8.3.4.
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10.2 The final report, as a minimum, shall include the following:

110.2.1 Detailed sampte-deseription, and control preparations including generic and or chemical names, catalog humber, lot or
batch number, and other pertinent available designations or descriptiens—required.

110.2.2 Detailed sample and control preparations, including sample size, thickness, configuration of test specimens, and method
of sterilization.

‘ 110.2.3 Age of blood-substrates and type and concentration of anticoagulant used.
H—Hes%eeﬁdﬁreﬁs—%eedtﬁe—kestaﬂa—e%%eedtﬁe—&@yﬁamlc)

10 2 4 Method of hemoglobin determination.

112.6Total-hemoglobin-presentin-each-blooed-substrate.
1127 TFabulation

10.2.5 Tabulation of total supernatant hemoglobin levels.

1128 Hemolyticindex
10.2.6 % Hemolysis for the test-sampte-and samples;—the-controls—expressed-as—a—pereentage of negative centrols, the tota
hemoglobin—present.
1—1—2—9—Mean positive controls, and the blanks. Include mean and standard deviation fer-each-set-efthree-substrates.
, the-Hemelytic-tndex-may-be-eonverted, replicate samples, blanks, and positive and negative controls.
10 2 7 Other pertlnent observations of the experiment.
10.3 Conversion of % Hemolysis for reporting purposebhis practice provides a method for determining the propensity of
a material to cause hemolysis. Pass/fail criteria for the material are subject to consideration of the nature of the tissue contact,
duration of contact, and surface area to body ratios, and the nature of the device. Historically a hemolytic grade had been assigned.
However, the hemolytic grade is an arbitrarily derived scale, has not been validated, and is based on previous results using a
slightly different procedure. If the assignment of a hemolytic grade is required, the following are suggested: The mean hemolytic
index of the blank should be subtracted from the mean hemolytic index of the controls and the test samples. The results of the test
sample should be compared to the results of the negative control.
Hemolytic Index above Hemolytic Grade
the negative control
—0-2 Nen-Hemolytic
—2 nonhemolytic

ki

Slightly-Hemeolytie
-5 slightly hemolytic
MederatelyHemeolytie
Mederately-Hemeolytie
Markedly-Hemelytic

N

im

Above 40 Severely Hemolytichemolytic

11.2.11 Other-pertinent-observations
In addition, if the mean from the replicate test samples is less than 5 but one or more samples gave a hemolytic index of greater
than 5, then the texst should be repeated with double the number of test articles.

11. Precision and Bias

11.1 Precision—The precision of this test method is being established. Although this method has been shown to have
intralaboratory repeatability, especially with regards to classification of hemolytic response, interlaboratory variation is still

significant.

11.2 Bias—The bias of this test method includes the quantitative estimates of the uncertainties of the calibration of the test
equipment and the skill of the operators. At this time, statements of bias should be limited to the documented performance of
particular laboratories.

12. Keywords
| 12.1 biocompatibility; blood compatibility; direct contact; extract; hemoglobin; hemolysis testing
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APPENDIX
(Nonmandatory Information)

X1. RATIONALE

X1.1 The presence of hemolytic material in contact with blood may produce increased levels—ef-free—plasma—hemoglobin
capable blood cell lysis and increased levels-efinducing plasma hemoglobin. This may induce toxic effects or other effects whict
may stress the kidneys or other organs.

X1.2 This practice is presented as a screening procedure for comparing the hemolytic potential of a material with that of a
negative control material which is generally acknowledged to be appropriate for blood contact applications. Materials with a
hemolytic potential above that of the specified negative control material, which is known to have excellent performance in blood
contacting situations, should be carefully considered for use since they may or may not be a potentialicawise loémolysis.

X1.3 The procedure as presented is intended as a routine reproducible screening procedure. It is not to be represented as be
the most sensitive nor the most specific procedure for assessing the hemolytic potential of all materials in all use applications. Th
results obtained with this procedure are intended to be used in conjunction with the results of other tests in assessing the bloc
compatibility of the test material.
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