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Foreword

H21-A3 is part of a series of guidelines involving methodology in blood coagulation testing. Because of the
many variables that can affect coagulation test results, the Subcommittee on Coagulation concluded that it
would be advantageous to provide a guideline which describes procedures for collection, storage, and preparation
of blood or plasma before and during coagulation testing. This publication should increase the uniformity of
coagulation testing and, thereby, reduce many variables that can affect the test results. Other publications in the
series deal with specific coagulation assays such as the prothrombin time test, the activated partial thromboplastin

time test, the fibrinogen assay, coagulation factor assays, bleeding time test, as well as other assays.

The second-edition approved guideline (H21-A2) received a wide review by the patient-testing community and has
generated numerous comments. The subcommittee wishes to thank all commentors for their recommendations.
Each comment was carefully reviewed and changes were made where appropriate. All comments and the

subcommittee responses to these comments may be found in the document.

Key Words
Activated partial thromboplastin time, coagulation, coagulation factors, citrate, control (plasma), fibrinogen,

prothrombin time, sample storage, specimen collection, specimen transport, thrombin time.

1 Introduction

A procedural guideline for the collection, transport, and processing of specimens for coagulation tests is

necessary as many variables may affect test results, (e.g., concentration and amount of anticoagulant, specimen
and sample storage time and temperature, the surface of containers in which the specimen is obtained and stored).
Because important diagnostic and therapeutic decisions are based on the results of coagulation tests a procedural
guideline for the collection, transport, and processing of blood specimens for the general performance of

coagulation assays is warranted.
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2 Scope

This guideline covers the procedures for the collection, transport, and processing of specimens for coagulation

tests. Many variables including anticoagulant amount and concentration, specimen and sample storage, and
surface of containers may affect test results. The document is directed toward laboratory and/or clinical personnel
responsible for obtaining patient specimens and preparing plasma for analysis by coagulation testing. It is also
aimed at manufacturers of products involved in specimen collection, storage, and preparation for coagulation
testing. This document does not address whole blood clotting tests or point-of-care testing. In addition, H21-A3
provides general guidelines for performance of coagulation testing. Performance guidelines for specific coagulation
assays are addressed in other NCCLS documents such as for PT and APTT assays [e.g., H47- One-stage
Prothrombin Time (PT) Test and Activated Partial Thromboplastin Time (APTT) Test], fibrinogen assay (e.g., H30-
Procedures for the Determination of Fibrinogen in Plasma), and factor assays (e.g.,H48-Determination of Factor
Coagulant Activities).

3 Safety

Because it is impossible to know which blood specimens might be infectious, all patient blood specimens are to

be treated with universal precautions. Guidelines for specimen handling are available from the U.S. Centers for
Disease Control and Prevention [MMWR 1987;36(suppl 2S):2S-18S]. The most current version of NCCLS document
M29- Protection of Laboratory Workers from Instrumental Biohazards and Infectious Disease Transmitted by Blood,

Body Fluids, and Tissue, deals specifically with this issue.

4 Definitions

In the context of this publication, the following definitions apply.

Activated Partial Thromboplastin Time Test (APTT), n-A test used for the evaluation of the intrinsic and common
coagulation pathway and for monitoring therapy with unfractionated heparin and certain other anticoagulants. The
APTT is the time in seconds required for a fibrin clot to form in a plasma sample after an optimal amount of calcium
chloride, a partial thromboplastin reagent (phospholipid), and a contact factor activating agent have been added to

the sample.

Anticoagulant, n - An agent that prevents coagulation of blood or blood products.

Blood collection device, n - An evacuated tube, syringe, or other device with nonactivating surface.

Blood collection system, n - A system consisting of several components, such as catheter, luer lock, syringe, needle,

and collection device, used for blood collection.
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Coagulation factors, n - The various components of the blood coagulation system. The following factors have been

identified: (Synonyms which are or have been in use are included.)

® Factor | (fibrinogen)

® Factor Il (prothrombin)

® Factor lll (thromboplastin, tissue factor)

® [gctor IV (calcium)

® Factor V (labile factor)

® Factor VI (stable factor)

® Factor VI (antihemophilic factor [AHF], antihemophilic globulin [AHG], anti-hemophilic factor A, Factor
VIII:C)

® Factor IX (plasma thromboplastin component [PTC], Christmas factor, anti-hemophilic factor B)

® [gctor X (Stuart factor, Prower factor, Stuart-Prower factor)

® Factor XI (plasma thromboplastin antecedent [PTA], antihemophilic factor C)

® Factor Xl (Hageman factor, surface factor, contact factor)

® Factor Xl (fibrin stabilizing factor[FSF], fibrin stabilizing enzyme, fibre

® (Other factors: (prekallikrein [Fletcher factor], high molecular weight kininogen [Fitzgerald])

Control plasma, n - A preparation of fresh, frozen or lyophilized plasma collected from human or animal blood, or
artificially derived material, intended for use in the quality control process. Control plasmas are used to monitor all
aspects of the laboratory test system, including the reagents, instruments, reconstituting and diluting fluids, and
pipets. Normal controls should give test results within the reference interval. Abnormal control plasmas should give

values within the clinically relevant abnormal range.

Dead space volume, n - The volume of blood that would fill the length of a catheter lumen. This term is used in the

collection of blood from indwelling catheters.

Fibrinogen assay, n - The assay of fibrinogen concentration; it is most commonly measured by the rate at which it is
converted to fibrin by the action of thrombin. It is described in NCCLS document H30-Procedure for the
Determination of Fibrinogen in Plasma. Other methodologies include precipitation/gravimetric, immunological and

nephelometric procedures.

Nonactivating surface, n - A surface that does not activate coagulation factors (as indicated by lengthening or

shortening of the PT or APTT).
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Prothrombin time (PT) test, n - A test used for evaluation of the extrinsic and common coagulation pathway and for
monitoring oral anticoagulant therapy. The PT is the time in seconds required for a fibrin clot to form after tissue

thromboplastin and an optimal amount of calcium chloride have been added to the sample (citrated plasma).

Reference interval, n - The range of values (usually 95% confidence limits) found in an apparently healthy
population (i.e., not afflicted with a discernable illness). Patient sample, n - A material prepared from the patient

blood or plasma specimen and used to obtain information by means of a specific laboratory test.

Patient specimen, n - The discrete portion of a body fluid or tissue taken for examination, study, or analysis of one or

more qualities or characteristics. For coagulation testing, the specimen would be anticoagulated blood or plasma.

Thrombin time (TT) test, n - A test used to evaluate the final steps of the coagulation pathway. The TT is the

time in seconds required for a fibrin clot to form in a sample after a known amount of thrombin has been added.

5 Specimen Collection

5.1 Methods for Obtaining Blood Specimens
It is recommended that blood specimens for coagulation testing be collected by venipuncture using a blood

collection system that collects the specimen directly into a tube containing the anticoagulant. For proper
venipuncture technique using an evacuated blood collection set or syringe, see the most current edition of NCCLS
document H3 - Procedure for the collection of Diagnostic Blood Specimens by Venipuncture. All specimens should

be collected in a nonactivating surface container.

Syringe draws using a hypodermic needle/syringe may have limitations because of the increased risk of

hemolysis and apparent safety issues. With larger syringes, there is an increased chance that clotting may occur.

If a syringe is used, a small volume syringe (< 20 mL) is recommended. If a needle is used on the syringe to

obtain the specimen, appropriate safety procedures should be employed in its removal. (See the most current
edition of NCCLS document M29- Protection of Laboratory Workers from Instrument Biohazards and Infectious
Disease Transmitted by Blood, Body Fluids, and Tissue).

Under certain circumstances blood specimens for coagulation testing may be drawn from an indwelling catheter
using a blood collection system or a syringe. When obtaining a blood specimen from a catheter, the components of
the blood collection system (catheter, luer lock, syringe, needle, and collection device) should be checked to ensure
compatibility to avoid air leaks which may cause hemolysis and incorrect draw volumes. Collection of the blood
through lines that have been previously flushed with heparin should be avoided, if possible. If theblood must be
drawn through an indwelling catheter, possible heparin contamination and specimen dilution should be considered.

The line should be flushed with 5 mL of saline and the first 5 mL of blood or six deadspace volumes of the catheter

discarded.
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If multiple specimens are collected, the coagulation specimen should preferably be collected into the second or

third tube. For the appropriate order of draw when collecting multiple specimens, see the most current edition of
NCCLS document H3- Procedures for the collection of Diagnostic Blood Specimen by Venipuncture. If a blood
collection set is used and only a coagulation specimen is drawn, a discard tube is recommended to assure
maintenance of the proper anticoagulant/blood ratio. If a double syringe technique is used, blood from the second
syringe should be used for the coagulation specimen. In the case of any unexplained abnormal coagulation test
result, a new specimen should be obtained and the test repeated. If heparin contamination is suspected, the test

should be repeated after the specimen is treated with a method that removes or neutralizes heparin.

When using the hypodermic needle/syringe, it is important that the blood is added to the appropriate volume of
anticoagulant within one minute of completion of draw. Regardless of the device used for specimen collection, all

tubes should be inverted at least four times to mix.

5.2 Anticoagulant and Blood/Anticoagulant Ratio

5.2.1  Anticoagulant

The anticoagulant used for coagulation assays should be 105 - 109 mmol/L, 3.13%-3.2% (commonly
described as 3.2%)°  of the dihydrate form of trisodium citrate (Na,C,H,O, x 2H ,0), buffered or
nonbuffered. Other anticoagulants (e.g., oxalate, heparin, or EDTA) are unacceptable .

5.2.2  Anticoagulant/Blood Ratio

The proportion of blood to the sodium citrate dihydrate anticoagulant volume is 9: 1. Inadequate filling of the
collection decice will decrease this ratio, and may lead to inaccurate results. ** The manufacturer’s
recommendations should be followed.

5.2.3 Citrate Concentration Adjustments

The final citrate concentration in the blood should be adjusted in patients who have hematocrit values above

0.55 (55%). For Hcts below .20, there is no current data available to support a recommendation for adjusting the
citrate concentration. The chart in the appendix can be used to determine the amounts of anticoagulant and blood
for hematocrit values above 0.55 .

5.3 Needle Gauge

Suitable needle gauges for coagulation tests range from 22 to 19. For the pediatric patient, a 21- to 23-gauge

needle may be used. A winged blood collection set of the same gauge can also be used.

6 Specimen Transport, Processing, and Sample Storage

6.1 Preparation of Suitable Plasma Specimens

Specimens that are clotted, collected in the wrong anticoagulant, or are in collection devices that have less than the
recommended fill are not suitable for testing and should be rejected. The whole blood specimen should be checked
for clot formation by gently inversion and observation. To obtain a plasma sample, the capped specimen tube

should be centrifuged at a speed and time required to consistently produce platelet-poor plasma (platelet count<10
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X 109/I_) (10,000/pL). This may be accomplished by centrifuging at 1500 g for no less than 15 minutes at room
temperature. We recommend that a swing-out bucket rotor should be used to minimize remixing of the plasma and
platelets particularly with plasma removal. Samples that have visible hemolysis should not be used because of
possible clotting factor activation and end point measurement. Some current instruments using an optical detector
may have problems with end point determinations on samples that are icteric, lipemic, or contain substances that

interfere with light transmission. Alternative methods (e.g., mechanical/electromechanical) should be considered.

6.2 Storage
The allowable time interval between collection of the specimen and testing of the sample will depend on the
temperature encountered during transport and storage of specimen. Specimens for coagulation testing should be

9
Processed and stored as follows:

® Specimens for PT assays uncentrifuged or centrifuged with plasma remaining on top of the cells in an unopened
tube kept at 2 to 4 °c or 18 to 24 °c should be tested within 24 hours from time of specimen collection. If the
patient is on both heparin and oral anticoagulant therapy, the PT may vary with time of storage of the specimen
unless the PT reagent contains a heparin neutralizer. Specimens for routine APTT assays on nonheparinzed
patients uncentrifuged or centrifuged with plasma remaining on top of the cells in an unopened tube kept at 2 to
4 °c or 18 to 24 °c should be tested within four hours from time of specimen collection.

® Specimens for APTT assays suspected to contain unfractionated heparin kept at 2 to 4 °c or 18 to 24 °c should
be centrifuged within one hour of collection and the plasma tested within four hours from time of specimen
collection. If agitation of the specimen is likely after centrifugation, such as transportation to a remote testing
site, the plasma should be removed within one hour of collection and tested within four hours form the time of
specimen collection.

® Specimens for other assays (e.g. thrombin time , protein C, Factor V, and Factor VIII) kept at 2 to 4 °c or 18 to 24
°c, should be centrifuged and tested within four hours from time of specimen collection. If the testing is not
completed within 24 hours for PT specimens and four hours for APTT and other assay specimens, plasma
should be removed from the cell and frozen at — 20 °c for up to two weeks or — 70 °c for up to six months. A
frost-free freezer should not be used. Frozen plasma samples should be rapidly thawed at 37 °c while gently
mixing and tested immediately; if testing cannot be performed immediately, the sample may be held for a
maximum of two hours at 4 °c until tested. The APTT may be affected on specimens which have been frozen.

7. Performance of Coagulation Assays

These are general guidelines applicable to most coagulation assays. The procedures for specific assays are

covered in separate NCCLS documents.
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7.1 Quality Control

The laboratory should follow generally accepted quality control practices. Specifically, labor personnel with
appropriate experience should inspect the quality control results daily to evaluate for trends of shifts, as well as out-
of limit results. Individual patient values should be reviewed to look for unusual or unlikely patterns that can indicate
a system malfunction or clerical errors. Maintenance of all instruments should be carried out in accordance with
manufacturers’ directions and all actions documented. Manufacturers’ instructions for reagents and equipment
should be followed. In addition, there should be periodic review (generally monthly) of quality control data to look for
long-term changes in the analytic systems and, when appropriate, for the comparison of the laboratory’s results with

those of a peer group.

Each laboratory should enroll in a proficiency testing program acceptable to the relevant inspecting and accrediting

agencies.

The laboratory should keep accurate and complete records of the lot numbers of reagents, reference materials, and,
where possible, blood collection devices (if used). All reagents and solutions should be marked as to expiration
date, date received, and reconstitution date (when applicable).

7.2 Controls

Normal and abnormal controls should be run in accordance with the recommendations provided in the NCCLS
guidelines for specific coagulation assays such as for PT and APTT assays (H47-One-Stage Prothrombin Time (PT)
Test and Activated Partial Thromboplastin Time (APTT) Test), fibrinogen assay (H30-Procedure for the Determination
of Fibrinogen in Plasma) and factor assays (H48-Determination of Factor Coagulant Activities). Controls, once
thawed or reconstituted, should not be refrozen or reused unless otherwise stated by the manufacturer. If the test
values for the control samples are not within the established limits, appropriate action must be taken. This can
include testing new controls and method troubleshooting. Acceptable results must be obtained before patient
samples are tested and reported.

7.3 End Points

End point measurements are read by variety of optical or electromechanical methods using manual,

semiautomated, or automated devices. Manual procedures are difficult to standardize and not widely used.

7.4 Reference Intervals

Reference intervals using normal populations of appropriate age and as otherwise defined should be established by
each laboratory and they should be verified with any change in reagent lot number, instrument, collecting system, or
at least once a year. For more information on reference intervals, see the most current edition of NCCLS document

C28 - How to Define, Determine, and Utilize Reference Intervals in the Clinical Laboratory.
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7.5 Single vs. Duplicate Determinations

Determinations are commonly performed in duplicate and the mean of the two values is reported. With improvements

in the precision of semiautomated and automated coagulation instruments, singlet testing isacceptable, if appropriate

quality standards are met. " Single determinations should only be considered with theuse of automated equipment.

8. Reporting of Results

Reporting systems are addressed in each specific assay guideline such as for PT and APTT assays (H47- One-

stage Prothrombin Time (PT) Test and Activated Partial Thromboplastin Time (APTT) Test), fibrinogen assay (H30-

Procedure for the Determination of Fibrinogen in Plasma), and factor assays (H48-Determination of Factor Coagulant

Activities).
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