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Foreword 
 
The NCCLS Area Committee on Hematology established an expert group as a subcommittee to 
recommend standards for blood collection procedures and for equipment used in such procedures.  The 
Subcommittee on Blood Collection Procedures was charged with the responsibility of providing blood 
collection equipment manufacturers with appropriate guidelines for the component parts needed for blood 
collection activities, as well as guidance for modern clinical practice in the field.  This subcommittee was 
composed of members representing industry, government, and the professions. 
 
This document builds on the efforts of that subcommittee in establishing a state-of-the-art standard for 
skin puncture specimen collection, as well as devices used for such collection. 
 
The NCCLS Area Committee on Hematology formed a new subcommittee to assist the area committee in 
updating this standard. The Subcommittee on Skin Puncture has reviewed the various comments on the 
previous standard (H4-A4) and incorporated changes where appropriate.  All comments and the 
subcommittee’s responses are summarized at the end of the document.  Several changes have been made 
in this edition; chief among them is renaming the document and modifying the text to reflect the increased 
use and availability of skin incision devices as an alternative to puncture devices.  In addition, the revised 
document reflects the availability of safer equipment including retractable skin puncture and incision 
devices as well as plastic-coated capillary tubes.  This revised standard reflects changes in recommended 
sites for capillary blood collection, includes recommendations regarding proper patient identification 
procedures consistent with NCCLS standard H3-A5, and was reorganized for clarity. 
 
Key Words 
 
Arterialized skin puncture blood, blood collection, blood collection technique, infant blood collection, 
lancet, skin puncture 
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Procedures and Devices for the Collection of Diagnostic Capillary Blood 
Specimens; Approved Standard—Fifth Edition 

 
1 Scope  
 
This standard describes general procedures for collecting diagnostic capillary blood specimens. It is 
intended for phlebotomists or other healthcare providers responsible for obtaining specimens from 
patients, as well as for manufacturers of skin puncture and incision devices and microcollection 
containers. 
 
In addition, this document describes and recommends several disposable devices for collecting, 
processing, and transferring diagnostic capillary blood specimens.  The recommendations are strictly 
limited to disposable products, which are used once per specimen or as defined by the manufacturer’s 
detailed test technique. 
 
2 Introduction 
 
2.1 Pediatric Patients 

 
Blood specimens obtained by skin puncture are especially important in pediatrics, because small but 
adequate amounts of blood for laboratory tests can be obtained with this technique.  Obtaining blood by 
venipuncture from infants may be difficult and potentially hazardous,1 and obtaining large quantities of 
blood, especially from premature infants, may result in anemia2 (see Figure 1).  Puncturing deep veins in 
children may cause: 
 
• cardiac arrest; 

• hemorrhage; 

• venous thrombosis; 

• reflex arteriospasm and gangrene of an extremity; 

• damage to surrounding tissues or organs (e.g., puncturing the apex of the lung or piercing the 
trachea); 

 
• infection; and 
 
• injury from restraining the infant or child during the collection procedure. 
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Figure 1.  Relationship of a 10 mL Blood Sample to Total Blood Volume, Body Weight, and Age of 
Infants and Children.  From Werner M, ed. Microtechniques for the Clinical Laboratory: Concepts and Applications. 
1976;1-15. This material is used by permission of John Wiley & Sons, Inc. 
 
2.2 Adult Patients 
 
It is also advantageous to obtain skin puncture blood specimens from some adult patients.2 Skin puncture 
is especially applicable for: 
 
• severely burned patients; 

• extremely obese patients; 

• patients with thrombotic tendencies; 

• geriatric patients, or other patients in whom superficial veins are either not accessible or are very 
fragile; 

 
• patients performing tests at home (e.g., blood glucose); and 

• point-of-care testing. 

2.3 Patients for Whom Skin Puncture May Be Inappropriate 
 
If a patient is dehydrated or has poor peripheral circulation from other causes (e.g., peripheral edema), it 
may be impossible to obtain a representative blood specimen, especially by skin puncture. 
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3 Standard Precautions 
 
Because it is often impossible to know what might be infectious, all patient and laboratory specimens are 
treated as infectious and handled according to “standard precautions.” Standard precautions are guidelines 
that combine the major features of “universal precautions and body substance isolation” practices. 
Standard precautions cover the transmission of all infectious agents and thus are more comprehensive 
than universal precautions which are intended to apply only to transmission of blood-borne pathogens. 
Standard and universal precaution guidelines are available from the U.S. Centers for Disease Control and 
Prevention (Guideline for Isolation Precautions in Hospitals. Infection Control and Hospital 
Epidemiology. CDC. 1996;17(1):53-80 and MMWR 1988;37:377-388). For specific precautions for 
preventing the laboratory transmission of all infectious agents from laboratory instruments and materials 
and for recommendations for the management of exposure to all infectious disease, refer to the most 
current edition of NCCLS document M29—Protection of Laboratory Workers from Occupationally 
Acquired Infections. 
 
4 Definitions 
 
Automated skin puncture device – A single-use device that punctures or cuts the skin with a lancet or 
blade that automatically retracts into a protective housing.  Used for collecting a capillary blood 
specimen. 
 
Capillary blood – Blood obtained by skin puncture or incision that contains a mixture of undetermined 
proportions of blood from arterioles, venules, and interstitial and intracellular fluids. 
 
Incision – A cut into the skin, using an automated skin puncture device, for the purpose of obtaining 
capillary blood. 
 
Lancet – Sharp, needle-like device used to puncture skin to obtain blood (e.g., from finger or heel). 
 
Puncture – Breakage of skin with a lancet or blade to produce blood for collection and testing. 
 
Specimen (patient) – The discrete portion of a body fluid or tissue taken for examination, study, or 
analysis of one or more quantities or characteristics to determine the character of the whole. 
 
5 Skin Puncture 
 
Skin puncture blood is a mixture of undetermined proportions of blood from arterioles, venules, 
capillaries, and interstitial and intracellular fluids.  The proportion of arterial blood is greater than that of 
venous blood, because the pressure in arteries and the subsequent arterioles leading into the capillaries is 
much greater than the pressure in the venules exiting from the capillaries.3 The arterial portion can be 
increased by arterializing the site (see Section 9), which can increase the blood flow as much as 
sevenfold.4 
 
There are important differences between the composition of skin puncture blood and that of blood 
specimens collected by venipuncture or arterial puncture (see Section 15). 
 
6 Outline for Skin Puncture Technique 
 
The steps of the skin puncture technique are as follows:   
 
(1) Prepare the accession order (test request). 
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(2) Identify the patient. 
 
(3) Position the patient. 
 
(4) Verify the patient diet restrictions, as appropriate. 
 
(5) Verify that the patient is free of latex allergies. 
 
(6) Wash hands and put on gloves. Refer to the most current edition of NCCLS document M29— 

Protection of Laboratory Workers from Occupationally Acquired Infections. 
 
(7) Verify the paperwork, select the microcollection device, and assemble the supplies. 
 
(8) Choose the puncture site, as described in Section 7. 
 
(9) Warm the puncture site (as applicable), as described in Section 9. 
 
(10) Clean the puncture site and allow to air dry, as described in Section 10. 
 
(11) Open a new, sterile skin puncture device within sight of the patient or guardian. Inspect the skin 

puncture device and other equipment. 
 
(12) Notify older children and adults of the imminent puncture. 
 
(13) Puncture the skin with a disposable lancet/incision device, as described in Section 11.3. For the 

puncture technique of a newborn infant’s heel, see Section 7.1. 
 
(14) Properly dispose of the lancet/incision device in a puncture-resistant disposal container (see Section 

12.3). 
 
(15) Wipe away the first drop of blood with a dry gauze pad (refer to each point-of-care device 

manufacturer’s instructions). 
 
(16) Collect the specimen in the chosen container, and mix appropriately following the manufacturer’s 

instructions. 
 
(17) Seal the specimen container. 
 
(18) Apply direct pressure to the wound site with a clean gauze pad and slightly elevate the extremity. 
 
(19) Label the specimen container in direct view of the patient or guardian to verify identification, and 

record time of collection as described in Section 14. Remove gloves and wash hands before 
proceeding to the next patient. 

 
(20) If an insufficient specimen has been obtained because the blood has stopped flowing, the puncture 

may be repeated at a different site, using a new lancet/incision device.  Steps 9 through 13 in this 
section must be followed.  

 
(21) Report the source and nature of the specimen in accordance with institutional policy. 
 
7 Sites for Collecting Skin Puncture Blood 
 
Skin puncture blood can be obtained from the: 
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• palmar surface of the finger’s distal phalanx; and  
 
• lateral or medial plantar surface of the heel (see Figure 2). 
 
In infants less than one year old, heel puncture is generally performed.  With older children and adults, 
the palmar surface of the finger’s distal phalanx is most frequently used.5 
 
Blood must not be obtained from the: 
 
• central area of an infant’s heel; 
 
• fingers of a newborn or infant less than one year old; 
 
• swollen or previously punctured site, because accumulated tissue fluid will contaminate the blood 

specimen; or 
 
• fingers on the side affected by a mastectomy.   
 
NOTE:  In the case of a bilateral mastectomy, please consult with the ordering physician.a 
 
7.1 Infants 
 
In infants less than one year old, punctures to the lateral or medial plantar surface of the heel are generally 
performed. (See Figure 2.) When puncturing an infant’s heel, the site must be on the plantar surface 
medial to a line drawn posteriorly from the middle of the great toe to the heel, or lateral to a line drawn 
posteriorly from between the fourth and fifth toes to the heel (see Figure 2). In almost all infants, the heel 
bone is not located beneath these areas. For recommendations for spot collection from newborns, please 
refer to the most current version of NCCLS document LA4—Blood Collection on Filter Paper for 
Newborn Screening Programs. 
 
Punctures must not be performed on: 
  
• The posterior curvature of the heel.6 
 
• The central area of an infant’s foot (area of the arch). Punctures to this area may result in injury to 

nerves, tendons, and cartilage.  The arch area offers no advantage over puncturing the heel and must 
not be used. 

 
• The fingers of a newborn or infant less than one year old. The distance from skin surface to bone in 

the thickest portion of the last segment of each finger of newborns varies from 1.2 to 2.2 mm. With 
available lancets, the bone could easily be injured.5,6 In newborns, local infection and gangrene are 
potential complications of finger punctures.7 

 
• A swollen site, because accumulated tissue fluid may contaminate the blood specimen. 
 
• Previous puncture sites. 
 
• Earlobes. 
 

                                                      
a For additional information regarding lymphedema please use:  
http://www.cancer.org/docroot/mit/content/mit_7_2x_lymphedema_and_breast_cancer.asp 
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Figure 2.  Recommendations for Skin Puncture Sites in Newborn Infants. Shaded areas indicated by 
arrows represent recommended areas for infant puncture. (Reprinted with permission. From McCall RE, Tankersley 
CM. Phlebotomy Essentials. Lippincott Williams & Wilkins.© 1993.) 
 
Skin puncture must be no deeper than 2.0 mm (see Section 11.1). 
 
Excessive crying may adversely affect the concentration of some constituents8 (e.g., leukocyte count and 
capillary blood gases). If the specimen is collected while the patient is crying, note the condition on the 
report. 
 
7.2 Older Children and Adults 
 
When skin punctures are performed on the fingers of adults or older children (over one year old), the 
following guidelines must be observed: 
 
• The puncture must be on the palmar surface of the distal phalanx and not at the side or tip of the 

finger, because the tissue on the side and tip of the finger is about half as thick as the tissue in the 
center of the finger (see Figure 3).  The puncture should occur across the fingerprints, not parallel to 
them.9 

 
• The middle finger and ring finger are the preferred sites, because the thumb has a pulse and the index 

finger may be more sensitive or callused.  The fifth finger must not be punctured, because the tissue 
depth is insufficient to prevent bone injury.  
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Figure 3.  Recommended Skin Puncture Site in Adults and Older Children.   Photograph contributed 
by Center for Phlebotomy Education, Inc. 
 
8 Approach, Identify, and Position the Patient 
 
The phlebotomist should identify himself or herself, establish a rapport, and gain the patient’s confidence. 
Information given to the patient regarding the testing to be performed and specimen to be collected must 
be in accordance with institutional policy.  The phlebotomist must NOT perform blood collection against 
the patient’s or guardian’s consent.  Instead, report the patient’s objections to the nurse or physician and 
document according to facility policy. 
  
8.1 Identify the Patient 
 
Identification of the patient is crucial. The phlebotomist must ensure that the blood specimen is collected 
from the individual designated on the request form. The phlebotomist must not rely on a bed tag, crib 
card, or on charts or records placed on the bed, nearby tables, or equipment. The following steps are a 
suggested sequence for ensuring patient identification, regardless of the clinical setting. 
 
8.1.1 Patient Who Is Conscious  
 
The suggested sequence of steps for a patient who is conscious is: 
 
(1) Ask outpatients to give their full name, address, identification number, and/or birth date. 
 
(2) Compare this information with the information on the request form. 
 
(3) Ask inpatients for the same information and compare it with the information on the request form and 

the patient’s identification bracelet, which must be attached to the patient. 
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(4) Report any discrepancy, however minor, to the responsible person in the area (as determined by 
institutional policy) and have the patient identified by name and identification number before 
collecting any specimen.  Document according to facility policy. 

 
8.1.2 Patient Who Is Semiconscious, Comatose, or Sleeping  
 
The phlebotomist must take special care when collecting blood from semiconscious, comatose, or 
sleeping patients to anticipate any unexpected movements or jerks. Sleeping patients should be awakened 
before collecting blood. If unable to identify the patient, then contact the nurse or physician. 
 
8.1.3 Patient Who Is Unconscious, Too Young, Mentally Incompetent, or Does Not Speak the 
Language of the Phlebotomist  
 
In any of these circumstances, the phlebotomist should follow this suggested sequence of steps: 
 
(1) Ask the nurse, a relative, or a friend to identify the patient by name, address, and identification 

number and/or birth date.  If unable to identify the patient, then contact the nurse or physician. 
 
(2) Compare these data with the information on the request form. 
 
(3) Report any discrepancy, however minor, to the responsible person in the area (as determined by 

institutional policy) and have the patient identified by name and identification number before 
collecting any specimen. Document according to facility policy. 

 
8.1.4 Procedure for Identifying Unidentified Emergency Patients  
 
Identification standards established by the American Association of Blood Banks (AABB) provide clear 
guidelines for unidentified emergency patients.  
 
The patient must be positively identified when the blood specimen is collected. The unidentified 
emergency patient should be given some temporary but clear designation until positive identification can 
be made.  For a person who cannot be identified immediately, it is necessary to: 
 
• Assign a master identification number (temporary) to the patient in accord with institutional policy. 
 
• Select the appropriate test request forms and record with master identification number. 
 
• Complete the necessary labels either by hand or by computer and apply the labels to the test request 

forms and specimens. 
 
• When a permanent identification number is assigned to the patient, make sure the temporary 

identification number is cross-referenced to the permanent number to ensure correct identification and 
correlation of patient and test result information. 

 
In all cases, the name and permanent or temporary identification designation must be attached to the 
patient’s body either by wristband or some similar device.  
 
8.2 Position the Patient 
 
Outpatients should be seated in a chair suitable for capillary puncture.  In certain situations, the use of a 
bed, cot, or reclining chair may be appropriate for positioning the patient for collection. The chair should 
have arms to provide support and prevent falls if the patient loses consciousness.  Chairs without arms do 
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not provide adequate support for the arm or protect fainting patients from falls.  Have the patient position 
his/her arm on the armrest. 
 
9 Procedure for Warming the Skin Site Before Puncture (Arterialization) 
 
9.1 Blood Flow 
 
Warming the skin puncture site may be important for pH and blood gas specimens and recommended for 
other microcollections to increase arteriolar blood flow to the site (see Section 12.6).  Specimens from 
warmed sites are described as “arterialized.”  A warm, moist towel (or other warming devices) at a 
temperature no higher than 42 °C may be used to cover the site for three to five minutes.10 This 
technique increases arterial blood flow to the site up to sevenfold,4 does not burn the skin, and with the 
exception of PO2, does not result in significant changes for routinely tested analytes.11 

 
The need for heel-warming is not universal in the literature.12,13 The cited references provide data showing 
no significant difference of analyte measurement (pH, blood gas, electrolytes) between warming and non-
warming for capillary collection. Although studies show that prewarming may not be necessary when 
using a skin incision device, increasing capillary blood flow may be necessary to prevent hemolysis 
and/or contamination with tissue fluids when using other devices or as a general practice. 
 
There are conflicting reports in the literature regarding the validity of PO2 analyses performed on 
arterialized skin puncture specimens compared to arterial PO2.14,15 One of the studies reported a clinically 
useful correlation over a narrow range of arterial PO2 values.  Nonetheless, it was concluded that arterial 
specimens are preferred for blood gas analysis.15  

 

NOTE:  Because blood obtained by skin puncture is a mixture of fluids (see Section 5), PO2 would be 
expected to be lower in skin puncture blood than in arterial blood.  The difference is greatest with high 
arterial PO2 and with low blood flow. In newborns with anatomically patent ductus arteriosus and 
foramen ovale, crying may cause a functional right-to-left shunt, thus lowering the arterial PO2, 
particularly in the domain of the descending aorta.  Heel-puncture blood from newborns, therefore, does 
have limitations for the accurate assessment of oxygen saturation calculated from PO2 measurements. 
 
10 Technique for Cleansing the Skin Puncture Site 
 
10.1 Isopropanol 
 
The skin puncture site must be cleansed with a 70% aqueous solution of isopropanol (70% v/v). 
 
10.2 Cleansing the Site 
 
After cleansing the skin puncture site with the isopropanol, allow the area to air dry, so the antiseptic 
action of the alcohol can take effect. Residual alcohol causes rapid hemolysis, can have adverse effects on 
test results, and will cause discomfort (stinging) to the patient.  Errors in blood glucose determination 
caused by contamination with isopropanol have also been reported.16 Iodine/povidone must not be used to 
clean and disinfect skin puncture sites; blood contaminated with iodine/povidone may have falsely 
elevated levels of potassium, phosphorus, or uric acid.17 
 

11 Skin Puncture Technique 
 
Skin puncture compresses the puncture site; however, the compression depth has not been scientifically 
measured. Studies have been performed to determine the optimal depth of a skin puncture from which an 
adequate specimen of blood can be obtained without causing injury to newborns and adults.5,6  
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11.1 Depth 
 
In small or premature infants, the heel bone (calcaneus) may be no more than 2.0 mm beneath the plantar 
heel-skin surface and no more than half this distance at the posterior curvature of the heel. Puncturing 
deeper than 2.0 mm on the plantar surface of the heel of small infants may, therefore, risk bone damage. 
 
Studies indicate that for some infants (including premature infants), a puncturing beyond 2.0 mm may be 
excessive and requires further study.5,10  
 
The appropriate depth for a skin puncture in older patients should be based upon testing requirements and 
manufacturer’s guidelines for device usage. 
 
11.2 Blood Vessel Location 
 
The major blood vessels of the skin are located at the dermal-subcutaneous junction, which in the 
newborn’s heel is 0.35 to 1.6 mm beneath the skin surface. Therefore, even in the smallest infant, a 
puncture 2.0 mm deep on the plantar surface of the heel will penetrate the major skin vasculature and not 
risk puncture of the bone. 
 
11.3 Skin Puncture/Incision Devices 
 
Disposable skin puncture devices of numerous designs are available commercially and can be used to 
puncture the skin and obtain adequate blood flow. Permanently retractable lancet/incision devices are 
available and have safety advantages for both the phlebotomist and the patient.  Some of these devices 
puncture the skin, while others provide an incision, depending upon the design features.  These products 
are designed to control the length and depth of the incision. Users can select from a number of variable 
depth- and length-of-cut characteristics, depending upon the desired blood flow and patient age and 
weight. Detailed “instructions for use” are provided by the manufacturers and should be read, understood, 
and followed to achieve optimum results.  Some lancet blades are longer than 2.0 mm and might puncture 
the heel bone (calcaneus) of a newborn.   
 
In addition, there are several laser lancet products on the market which are alternatives to blade or lancet 
devices. One, in particular, has a disposable portion attached to the reusable portion that ensures the 
reusable portion will not be contaminated. It also serves as a safety mechanism that prevents the device 
from being accidentally activated. Blood flow and healing time are purportedly comparable to that of 
conventional devices. 
 
11.4 Puncture  
 
11.4.1 Automated Devices  
 
Various retractable puncture and incision devices for obtaining capillary specimens are available. Refer to 
the manufacturer’s directions for optimum performance. Nonretractable devices are not recommended. 
 
The following skin puncture procedure should be followed when using retractable incision or puncture 
devices: 
 
(1) Remove the device from its packaging. 
 
(2) If the device has a shield or trigger lock, remove/release the feature according to the manufacturer’s 

recommendations. 
 
(3) Hold the device firmly between the fingers following the manufacturer’s instructions. 
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(4) Hold the patient’s heel or finger firmly to prevent sudden movement. (See Section 7 for the 

appropriate site.) 
 
(5) Position the device on the patient’s skin after cleansing the site and allowing it to air dry. (See 

Section 10.2.) 
 
(6) Notify the patient of the imminent puncture. 
 
(7)  Activate the release mechanism. 
 
(8)  Remove the device from the skin and discard it into an appropriate sharps container. 

 
11.4.2 Manual Devices 
  
Although not recommended for obtaining capillary specimens, manual, non-retractable lancets with an 
exposed blade or tip may be in use in facilities not subject to OSHA regulations. The following skin 
puncture procedure should be followed when using non-retractable lancets: 
 
(1)  Cleanse the site and allow it to air dry (see Section 7 for the appropriate site).  
 
(2)  Remove the lancet from its packaging. 
 
(3)  Hold the lancet firmly between the fingers. If using a spring-loaded mechanism, follow 

manufacturer’s recommendations for installing the sharp and activating the device. 
 
(4)  Hold the patient’s heel or finger firmly to prevent sudden movement and position the lancet above the 

selected site. 
 
(5)  If so provided, remove the protective cap or shield from the sharp. 
 
(6) Notify the patient of the imminent puncture. 
 
(7)  Make a single puncture perpendicular to the surface of the skin in one smooth motion.  
 
(8)  After the full depth of the lancet’s blade has penetrated the skin, remove the lancet in one upward 

motion and immediately discard it into an appropriate sharps container. 
 

NOTE: An immediate repeat puncture (double sticking) at the same site must be avoided. 
 
12 Skin Puncture Specimen Collection Technique 
 
NOTE:  Gloves must be worn when performing skin punctures since skin puncture causes 
contamination of the skin surface and poses a hazard to the laboratory worker.  See the most 
current edition of NCCLS document M29—Protection of Laboratory Workers from Occupationally 
Acquired Infections for more details. 
 
12.1 First-Drop Elimination 
 
After the chosen site has been prepared and punctured, the first drop of blood should be wiped away with 
a gauze pad (refer to each point-of-care device manufacturer’s instructions), since the first drop is most 
likely to contain excess tissue fluid. 
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12.2 Blood Specimen Collection 
 
A variety of microcollection devices may be used to collect a specimen.  Refer to Section 16 for specific 
details on the use of these devices. 
 
After the site is punctured and wiped, a second drop of blood will form over the puncture site. When the 
tip of a microcollection device touches this drop, blood will flow into the tube by capillary action. Blood 
flow from the puncture is enhanced by holding the puncture site downward and gently applying 
intermittent pressure to the surrounding tissue (or proximal to the puncture site when the blood is 
obtained from a finger). A scooping motion to collect blood and strong repetitive pressure (milking) must 
be avoided, as both procedures may result in hemolysis or tissue-fluid contamination of the specimen. 
 
NOTE: The “scooping” motion should not be confused with the accessories of microcollection 
devices commonly referred to as “scoops.” These accessories should be used according to 
manufacturers’ directions.  
 
Drops of blood should be allowed to flow freely into the collector top and down the walls of the tube. If a 
drop of blood becomes lodged inside the collector top, a gentle tap of the tube on a hard surface is 
sufficient to move it to the bottom of the tube.  When collecting an anticoagulated specimen, the 
specimen should be adequately mixed (according to manufacturer’s instructions) by gentle inversion after 
the closure is placed on the tube.  
 
After blood has been collected from an infant’s heel, the foot should be elevated above the body and a 
clean gauze pad pressed against the puncture site until the bleeding stops.  It is not advisable to apply 
adhesive bandages over skin puncture sites on children less than two years old.18 Adhesive bandages can 
cause irritation to an infant’s skin, and an older infant might remove the bandage, put it in its mouth, and 
aspirate it.  Bandages can also be ingested by older children. 
 
12.3 Device Disposal 
 
Used, disposable skin puncture devices should be placed into a rigid, puncture-resistant disposal container 
with a lid (needle container) and a prominent biohazard label. The container should be easily recognized 
(e.g., red) and clearly marked as a biohazard.  Rigid plastic, metal, or stiff paperboard (cardboard) should 
be used.  If paperboard containers are used, they should be of at least 0.015 gauge. See the most current 
edition of NCCLS document M29—Protection of Laboratory Workers from Occupationally Acquired 
Infections for further information. 
 
12.4 Order of Collection 
 
The order of collection for microcollection differs from that of venipuncture. If multiple specimens are to 
be collected, including EDTA specimens, the EDTA specimen is collected first to ensure adequate 
volume and accurate hematology test results. Other additive specimens are collected next; specimens 
requiring serum are collected last.  
 
12.5 Microcollection Device Filling, Closure, and Mixing 
 
When blood is collected in microcollection devices containing anticoagulants, the devices should be 
immediately capped and the blood mixed well (according to the manufacturer’s directions) to prevent 
clotting. Avoid vigorous shaking as hemolysis can result. These tubes must be filled with the proper 
quantity of blood; overfilling can result in clot formation, while underfilling can cause morphologic 
changes in cells due to the excess anticoagulant (see Section 16). Some mixing can be accomplished 
during the collection process, according to manufacturer’s instructions. 
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12.6 pH and Blood Gas Determination 
 
Refer to the most current edition of NCCLS document H11—Procedures for the Collection of Arterial 
Blood Specimens for detailed instructions and discussion of pH and blood gas determination. 
 
12.7 Microhematocrit Collection 
 
Blood for determining the packed cell volume (PCV; “microhematocrit”) may be collected directly into 
capillary tubes containing four to six units of USP heparin. (See the most current edition of NCCLS 
document H7—Procedure for Determining Packed Cell Volume by the Microhematocrit Method.)  For 
accurate results, the tubes should be two-thirds to three-quarters full.  As soon as the tube is filled, one 
end should be sealed (see Section 13.2). 
 
12.8 Blood Films 
 
For appropriate blood film preparation, see the most current edition of NCCLS document H20—
Reference Leukocyte Differential Count (Proportional) and Evaluation of Instrumental Methods. 
 
If blood films are made at the bedside, they must be considered infectious until they are stained or fixed.  
See the most current edition of NCCLS document M29—Protection of Laboratory Workers from 
Occupationally Acquired Infections for further recommendations. 
 
13 Technique for Sealing and Handling Capillary Tubes 
 
13.1 Methods 
 
Whenever possible, the risks of laboratory worker contact with blood and other potentially infected 
material are to be eliminated or minimized through the use of engineering controls (e.g., plastic capillary 
tubes) and work practice controls (e.g., no-hands procedures in handling contaminated sharps). 
 
The capillary tubes should be sealed with sealing clay or with specially made, commercially available 
covers. Care should be taken to avoid breaking the tube when placing it in sealing clay. Self-sealing 
capillary tubes are available. Clay slabs used to seal capillary tubes pose a hazard because the slabs 
become contaminated with blood and possibly small glass fragments. (See Section 16.6.1 for additional 
recommendations.)  They should not be recycled; that is, the clay should not be reformed to extend their 
life. Rather, they should be replaced at appropriate intervals and discarded in an appropriate sharps 
container (see Section 16).   
 
13.2 Procedure 
 
Capillary tubes for the determination of packed cell volume must be sealed with the tube perpendicular to 
the sealing clay. This will ensure a flat seal. (For more detailed information, please refer to the most 
current edition of NCCLS document H7—Procedure for Determining Packed Cell Volume by the 
Microhematocrit Method.) 
 
When other capillary tubes (i.e., blood gases) are sealed with clay, the tubes may be held at an angle of 
approximately 45o and inserted into the clay with a “scooping” motion to force the clay into the tube. The 
tube is inserted 3 to 4 mm deep into the clay, and is rotated between the thumb and forefinger before 
withdrawing.  This action ensures that the plug of sealing material remains in the bore of the tube as the 
tube is withdrawn from the sealing clay. 
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14 Identification and Labeling of Capillary Blood Specimens 
 
The specimen must be labeled immediately following collection and mixing and before leaving the 
patient’s side. There must be an identification system to record the name of the person collecting the 
blood. Each microcollection device may be labeled individually, or placed in a larger tube or waterproof 
plastic bag that is labeled for transport to the laboratory. When skin puncture blood specimens are 
collected in capillary tubes, the small, sealed capillary tubes from each patient should be placed into a 
single large test tube. Alternatively, when multiple capillary tubes are collected from a patient, the label 
can be placed around them, like a flag, and the labeled group then placed into a large test tube. The label 
must state the patient’s first and last names, identification number, date and time of specimen collection, 
and initials of the person collecting the specimen.  If an encoded (bar-code) label is used, attach it 
according to the established institutional policy. 
 
15 Analyte Concentration in Skin Puncture Blood 
 
Although differences in venous and skin puncture blood are generally minor, it is recommended that the 
laboratory indicate on the test results that the blood was collected by skin puncture. There is no known 
clinically important difference in the concentration of any chemical constituent between serum and 
heparinized plasma obtained by skin puncture.11   
 
15.1 Skin Puncture Blood vs. Venous Blood 
 
When the concentrations of chemical constituents in serum or plasma from skin puncture blood have been 
compared to those in serum from venous blood, statistically and/or clinically important differences in the 
concentrations of glucose, potassium, total protein, and calcium have been reported.19 Except for glucose, 
the concentration of these analytes is lower in skin puncture blood. 
 
15.2 Hemolysis 
 
Hemolyzed specimens may cause inaccurate chemical determinations. Young, et al20 have listed the 
chemical constituents whose concentration in serum and plasma may be affected by hemolysis. 
 
It has been reported that plasma containing 20 mg/dL (200 mg/L; 12 µmol/L) of hemoglobin is faintly 
pink and plasma containing 100 mg/dL (l.0 g/L; 62 µmol/L) of hemoglobin is red.21 Other studies, 
however, have reported that as much as 190 mg/dL (1.9 g/L; 118 µmol/L) of hemoglobin may not always 
be visually evident.22  Elevated bilirubin in the plasma may mask hemoglobin, and a hemoglobin 
concentration of 200 mg/dL (2.0 g/L; 124 µmol/L) may not be detected by the unaided eye if the plasma 
contains 20 mg/dL (200 mg/L; 342 µmol/L) of bilirubin23; detection of discoloration also depends on the 
diameter of the tube being viewed.  This is of particular significance, since bilirubin concentration is 
elevated in many newborns. 
 
Hemolysis may occur in skin puncture blood for the following reasons: 
 
• There is residual alcohol at the skin puncture site. 
 
• Patients have increased red blood cell fragility and high packed cell volume (e.g., newborns and 

infants). 
 
• Milking of the puncture site. 
 
• Excessive and aggressive mixing of the specimen in the tube after collection. 
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15.3 Packed Cell Volume Discrepancies 
 
Some studies have shown no significant difference between an individual’s capillary and venous blood 
values for packed cell volume, red and white cell counts,24 MCV, and platelet counts; others have 
reported discrepancies in packed cell volumes.25,26  These discrepancies may, however, have been 
exaggerated by cold with resulting slow capillary blood flow.27 

 

16 Devices for Collecting Blood Specimens from Skin Punctures 
 

Typically, skin puncture specimens may be collected through the collector top of a microcollection device 
or by capillary action into a capillary tube. Microcollection tubes and capillary tubes with different bore 
sizes and capacities are available28 and EDTA-coated, heparinized, or untreated capillary tubes can be 
used, depending on requirements.11  
 
16.1 Items Considered 
 
The following items are recommended: 
 
• general accessories for microcollection devices, i.e., closures, sealers, and scorers; 

• plastic microcollection devices; 

• plastic coated capillary tubes; 

• microdilution systems; 

• Caraway and Natelson tubes; and 

• retractable automated skin puncture devices. 

16.2 Items Excluded 
 
16.2.1 General Exclusions 
 
The device types as listed in Section 16.1 cover most of the generic devices in use and recommended, as 
determined by a survey of correspondent laboratories and recommendations by consultants working with 
the task group.  The list is not exhaustive; certain older and specialized devices are omitted.  
 
NOTE:  This guideline is not intended to restrict the availability or use of skin puncture blood 
collection devices other than those specifically mentioned. 
 
16.3 General Device Considerations 
 
The collection of a suitable skin puncture blood specimen, using any microcollection device, depends on 
the application of proper technique and a free flow of blood from the puncture site (see Sections 11  
and 12). 

 
16.3.1 Additives 
 

   Hematology specimens can be collected directly into tubes containing disodium, dipotassium, or 
tripotassium ethylenediaminetetraacetate (Na2EDTA, K2EDTA, K3EDTA) as anticoagulant; such 
samples are stable for two to four hours and provide accurate hematologic parameters. Since heparin 
distorts cell morphology and interferes with cell staining, specimens for hematology tests should not be 
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collected in heparinized tubes, unless the specimens are to be used only for the packed cell volume 
determination. 
 
16.3.1.1 Stability 
 
Users will be governed by the label value or manufacturer’s package insert; stock rotation and other good 
distribution practices are required to ensure that the end user gets a maximum stable product lifetime. 
 
NOTE:  Heparinized tubes may appear cloudy. This phenomenon is prevalent when drying sodium 
heparin within a capillary tube and will not affect the functional use of the tube.  (This statement is 
in the ASTM specifications cited in Section 16.6.1.1.) 
 
16.3.1.1.1 Potency 
 
Anticoagulant potency is specified in the current version of NCCLS document H1—Tubes and Additives 
for Venous Blood Specimen Collection.  All current methods for potency determinations are listed in that 
document. 
 
16.3.1.2 Anticoagulant Interferences 
 
The quantity of anticoagulant included in devices is generally determined empirically for ease of use and 
freedom from clotting or fibrin formation.  The recommended varieties of anticoagulant and levels of 
activity are compatible with most laboratory procedures requiring whole blood. 
 
Ammonium heparinized devices are also used to collect specimens for chemistry analysis.  These should 
not be used for ammonia testing. Consult the manufacturer’s method limitations for possible interference 
in other methods. These and other possible interferences are discussed in greater detail in other 
references.29,30 

 
In some instances, it may be impossible to obtain sufficient blood to fill the container.  The effects of 
relative excess anticoagulant concentrations in microcollection devices have not been documented. 
However, this effect on evacuated tubes has been documented, and may be a caution for interpreting 
results for microcollection devices. 

 
16.3.2 Mixing 
 
The contents of blood collected in plastic microcollection devices can be adequately mixed by gentle 
inversion of the sealed device eight to ten times.  In small- or large-bore capillary tubes, effective mixing 
of specimen and anticoagulant without aeration can be achieved with the magnetic flea method. A 
magnetic “flea,” consisting of a piece of fine magnetic steel wire, is inserted into the tube before sealing.  
A magnet is then drawn back and forth along the length of the tube several times. It is important to 
remove the flea before using the specimen.  Many laboratories find the flea too difficult to use.  Fleas are 
tiny and are easily dropped or misplaced, especially during emergency procedures. For larger specimen 
tubes, and when aeration is not a problem, mixing beads can be used. 
 
16.3.3 Serum Removal 
 
Serum may be extracted from larger collection devices with Pasteur pipettes.  The tip is inserted nearly to 
the serum-cell interface, and the serum is then extracted using negative pressure supplied by a rubber 
bulb.  Syringes may also be used for finer-bore capillary tubes. 
 
Serum is extracted by capillary action, without bulbs or aspirators, into glass microtubes.  The finer-bore 
tubes will usually fill to the line with the tube in the vertical position. Other accessories for extracting and 
transferring serum include manual pipettors or microtips capable of reaching into narrow-bore tubes. 
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16.3.4 Aspiration Devices 
 
The filling of microcollection devices described in this document depends primarily on capillarity and 
gravity during the specimen collection phase.  However, because collection is frequently followed by 
transfer and dilution phases, a variety of aspiration and dilution support devices is available. 
 
16.3.4.1 Mouth Pipetting Prohibition 
 
NOTE:  Mouth pipetting must never be performed. 
 
A number of institutions and professional organizations have taken steps to eliminate mouth pipetting. 
Not only is there the danger of ingesting some part of the specimen, but contact of the mouthpiece with 
clothing, hands, etc., provides other paths for contamination with pathogenic or toxic material. 
 
Mechanical pipetting devices must be used for all liquids in the laboratory. Mechanical pipettes or 
diluting devices must be used in place of Thoma-type pipettes in making precise dilutions of blood, 
semen, or other body fluids.  (See the most current edition of NCCLS document M29—Protection of 
Laboratory Workers from Occupationally Acquired Infections). 
 
16.3.4.2 Manual Aspiration 
 
Manual aspirators range from rubber bulbs to electrically operated suction devices for which the pumping 
speed and direction can be controlled.  Rubber bulbs are inexpensive and are useful for aspirating into 
larger-bore pipettes. However, they are difficult to control on the draw-phase with fine capillaries, and 
they retain residual vacuum that can cause bubbling. Puncturing a hole in the bulb that can be closed with 
one finger helps to control the bulb action. Rubber bulbs are excellent for drop delivery. 
 
Several manufacturers market manual pipettors for use with calibrated microtubes.  These convenient 
hand-held devices use a moving piston/cylinder to control aspiration and delivery.  Motion of the piston is 
finely controlled by a manually operated helical drive. A resilient adapter at the open end of the piston 
retains the tube with an airtight seal.  The aspirator is used to draw the specimen to the calibration line on 
the tube and is, accordingly, not rated for accuracy or precision. 

     
16.4 General Accessories for Microcollection Devices 
 
16.4.1 Closures  
 
Several manufacturers list soft plastic caps that can be used to seal glass or plastic tubes for storage and 
centrifugation.  These closures operate effectively over a range of tube dimensions. The scientific 
literature does not indicate interference from closure materials; choice is a matter of user preference. 
 
16.4.2 Sealants 
 
Plastic and clay compounds are available for sealing small-bore tubes with sufficient strength to withstand 
centrifugation when the bottom end is supported evenly. Sealants are available in convenient punchcard 
trays, in which flat layers of the material are contained in flat, rigid plastic trays. These trays are available 
with indexed, punched upper plates to retain the sealant and guide the tube. 
 
The filled capillary tube should be pushed into the sealant and down, until the tube is bottomed against 
the lower surface. Separation of the sealant plug can be improved by removing the tube with a twisting 
action. There are several sealant trays of this type available commercially. The manufacturer’s 
recommendations are to be followed regarding use of sealants.  No chemical interferences caused by 
sealants have been reported. 
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Some sealants harden when left exposed to air; a hardened sealant can cause loss of blood specimen due 
to capillary breakage upon sealing. Cover the sealant with plastic film in storage to prolong usable life. 
 
NOTE: Trays of sealant putty become contaminated with blood and small glass fragments.  They 
should not be recycled; that is, the clay slabs should not be reformed to extend the life of the 
product. Rather, they should be replaced at appropriate intervals.  (See the most current edition of 
NCCLS document M29—Protection of Laboratory Workers from Occupationally Acquired Infections.) 
 
16.4.3 Scorers 
 
Plastic tubes for harvesting serum/plasma are separated with any type of tube cutter available.  
 
NOTE:  Glass tubes should be used when no other alternative is available. 
 
To separate glass, the tube is set on a semiresilient surface.  A fine file of hard steel or carborundum is 
drawn firmly across the tube once to make a definite score.  When the ends of the tube are pressed with a 
shearing force, continuing the initial crack, the tube should snap cleanly.  The tube is held in such a way 
that the break point occurs away from the person’s fingers to avoid injury.  Proper use of eye and hand 
protection is stressed when scoring and snapping glass tubes. Aging of the glass interferes with this 
process; if any difficulty occurs, a different, newer lot should be tried. Caution must be exercised to avoid 
injury in the scoring and snapping operation.   
 
16.5 Plastic Microcollection Devices 
 
16.5.1 Product Description and Applications 
 
This class of microcollection devices comprises proprietary systems or kits with matched components that 
are used to simplify the processes of collection, storage, centrifugation, and separation of the blood 
constituents. 
 
These microcollection devices consist of small, disposable, nonsterile plastic tubes.  They incorporate 
means for filling, color-coding, mixing, and sealing.  The tubes are intended for collecting blood.  Some 
mixing can be accomplished during the collection process, according to manufacturers’ instructions. 
 
16.5.1.1 Whole Blood 
 
After a skin puncture is performed, a microcollection device containing anticoagulant is used to collect 
blood specimens for hematology and chemistry.  
 
16.5.1.2 Serum or Plasma 
 
Microcollection devices containing serum/plasma separators will yield samples that can be used for most 
analyses requiring serum/plasma after centrifugation.31 
 
16.5.2 Color Coding 
 
The tubes and/or closures can be color coded. Color coding normally follows established procedures for 
blood collection tubes, for example: lavender - EDTA; green - heparin; pink - no additive; red - no 
additive; gray - glycolysis inhibitor. 
 
After collecting blood in the reservoir, the appropriate color-coded closure is placed on it. 
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16.5.3 Surface Treatments/Additives (Anticoagulants, Activators, Gels) 
  
These devices may have surface treatments that facilitate blood flow into the tube during filling. 
 
The whole blood collection tube contains an optimal amount of additive to ensure anticoagulation.  The 
manufacturer’s directions should be followed to collect the recommended amount of blood, ensuring 
correct additive-to-blood ratio and optimal product performance. Serum separator devices contain a gel. 
Plasma separator devices contain a gel and anticoagulant. 
 
16.5.4 Speed and Ease of Fill 
 
Identifying a time limit for filling additive blood tubes is extremely difficult. 
 
16.5.4.1 Free-Flowing Specimen 
 
A specimen for hematological analysis requires a free-flowing, anticoagulated specimen, collected 
without excessive manipulation of the puncture site to prevent premature clotting.  Therefore, the 
specimen must be obtained as rapidly as possible. 
 
16.5.4.2 Clotted Samples 
 
Clotted samples can be collected in a similar time frame, although speed of collection is not as critical. 
 
16.5.5 Sealing 
 
16.5.5.1 Anticoagulated Whole Blood Specimen 
 
After the whole blood specimen is collected, a closure is placed on the device to protect the specimen 
from contamination, evaporation, and spillage; the tube is then gently inverted eight to ten times to mix 
the blood and anti-coagulant. Specimen stability depends on the additive and storage conditions. 
 
16.5.5.2 Gel Separator Specimens 
 
After the serum/plasma separator specimen is collected, a closure is placed on the device to protect the 
specimen from contamination, evaporation, and spillage. The device is then centrifuged to effect 
separation of the serum/plasma from the cells. Serum/plasma can be stored on the gel barrier.  However, 
consult the manufacturer’s package insert for specific limitations. (For additional information, please refer 
to the most current edition of NCCLS document H18—Procedures for the Handling and Processing of 
Blood Specimens.) 
 
16.6 Disposable Calibrated Microcollection Tubes 
 
16.6.1 Product Description and Applications 
 
Disposable calibrated microcollection tubes are narrow-bore (capillary tube) devices intended for one-
time use.  They are factory-calibrated at a single, predetermined level in a range of 1 to 200 µL to contain 
specimens or solutions.  Although generally intended for measurement and transfer, they are frequently 
used for blood collection.  There are two major types of calibration: fill-to-line (Type 1) and end-to-end 
(Type 2). 
 
Calibrated disposable microtubes intended for use as transfer devices may also be used to collect skin 
puncture samples when a measured amount of whole blood is required. 
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To reduce the risk of injury due to breakage, regulatory agencies (e.g., in the U.S., the FDA, NIOSH, 
OSHA) recommend that users consider blood collection devices less prone to accidental breakage. These 
include: 
 
• nonglass capillary tubes; 
 
• glass capillary tubes wrapped in puncture-resistant film; 
 
• products that use a method of sealing that does not require manually pushing one end of the tube into 

putty to form a plug; or  
 
• products that allow blood hematocrit to be measured without centrifugation. 
 
Blood collection devices with these characteristics are currently available, and their use may reduce the 
risk of injury and blood exposure.32 
 
16.6.1.1 Applicable Documents 
 
• American Society for Testing and Materials (ASTM).  Glasses in Laboratory Apparatus. (Document 

E 438.) 
 

• ASTM. Recommended Practice for Calibration of Volumetric Glassware. (Document E 733-80.) 
 
• ASTM.  Disposable  Glass Microtubes.  (Document E672-87.) 
 
• Federal Specification (4/15/78). Tube, Capillary, Blood Sample.  (Document NNN-T- 1499A) 
 
16.6.2 Material 
 
Disposable calibrated microcollection tubes have been made from borosilicate glass, Type 1, Class A or 
B, or soda lime glass, Type 2, as defined in ASTM E 438. Plastic-coated microcollection tubes are also 
available. 
 
For safety reasons, plastic microcollection tubes are replacing glass tubes for many applications.  
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 Stated Capacity      Color Code       Minimum             Minimum        Maximum Volumetric 

 µL    Diameter A,  Wall B,   Deviation 
     mm  mm 
         Accuracy  Coefficient 
         %  of Variation % 

  
 5  white  1.0  0.35  ±1.0  <1.5 
 10  orange  1.0  0.25  ±0.5  <1.0 
 20  black  1.1  0.25  ±0.5  <1.0 
 25  2 white  1.1  0.25  ±0.5  <1.0 
 44.7  purple  1.1  0.20  ±0.5  <1.0 
 50  green  1.3  0.20  ±0.5  <1.0 
 100  blue  1.6  0.20  ±0.5  <1.0 
 200  red  2.2  0.20  ±0.5  <1.0 

 
Figure 4.  Type 1 Glass Microtube.  Reprinted with permission, from the Annual Book of ASTM Standards, Copyright © 
ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428. 
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 Stated Capacity  Minimum  Minimum  Minimum   Maximum Volumetric 
 µL  Length A,  Diameter B,  Wall C,   Deviation 
   mm  mm  mm 
         Accuracy  Coefficient 
         %  of Variation % 
 
             

  1  20  0.5  0.20  ±1.5  <2.0 
 2  20  0.5  0.20  ±1.2  <1.5 
 3  20  0.6  0.20  ±1.2  <1.5 
 4  20  0.6  0.20  ±1.2  <1.5 
 5  20  0.6  0.20  ±1.2  <1.5 
 10  20  0.6  0.10  ±1.0  <1.2 
 20  20  0.6  0.10  ±1.0  <1.2 
 25  30  0.6  0.10  ±1.0  <1.2 
 44.7  30  1.0  0.20  ±0.5  <1.0 
 50  30  1.0  0.10  ±1.0  <1.2 
 100  50  1.3  0.10  ±1.0  <1.2 

 
Figure 5.  Type 2 Glass Microtube.  Reprinted with permission, from the Annual Book of ASTM Standards, Copyright © 
ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428. 
 
16.6.3 Volumes, Dimensions, and Coding 
 
The tables in Figures 4 and 5, drawn from ASTM E 672-87 (the 44.7-µL size has been appended to the 
original), list the capacities, dimensions, coding, markings, accuracy, and precision of the current standard 
calibrated, disposable microcollection tubes.  Reference to the ASTM specification in the labeling implies 
conformity with that standard. 
 
16.6.4 Capacity Marks 
 
Tubes illustrated in Figure 4 have a capacity line which is calibrated “to contain” a volume of liquid at 20 °C.  
The capacity line is 0.3 to 0.5 mm wide and completely encircles the tube in a plane perpendicular to its 
longitudinal axis. 
 
16.6.5 Identification Markings 
 
The tubes illustrated in Figure 4 are identified by color or code marking with one or two color bands on 
each tube to designate capacity as listed.  For a code consisting of one band, the band is 2 to 6 mm wide; 
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for a code consisting of two bands, each band is 2 to 6 mm.  The color-code band or bands completely 
encircle the tubes.  The tubes in Figure 5 have no markings and are identified for capacity on the package 
label. 
 
16.6.6 Workmanship 
 
The tubes illustrated in Figures 4 and 5 should be free of defects that detract from their appearance or 
impair their serviceability.  The tubes should be free of foreign matter, loose or embedded lint, chips that 
affect the bore, or stains when viewed under normal room light. The calibration line and color code on 
Type 1 tubes should be applied to the glass tube at locations shown in Figure 4. The calibration line 
should be sufficiently deposited on the glass to enable the setting of a meniscus, and the color band 
should be sufficiently deposited on the glass to identify the tube by its stated volume. 
 
16.6.7 Surface Coatings and Treatments 
 
16.6.7.1 Passive Coatings 
 
Proprietary surfactants, lubricants, and wash solutions are commonly used in the manufacture and 
processing of microtubes.  These treatments should not interfere with commonly requested tests. Any 
known incompatibility should be indicated plainly by appropriate warnings in the package insert.  For less 
common or more sensitive tests, such as toxicological or trace metal determinations, users should verify 
compatibility by their own protocol or consult the manufacturer and the scientific literature. 
 
16.6.7.2 Active Coatings 
 
Disposable calibrated microtubes are commonly supplied without active coating, i.e., anticoagulants. (The 
44.7-µL size, primarily intended for whole blood collection and transfer, is available both heparinized and 
nonheparinized.  The nonheparinized Type 1 version is denoted by a blue band adjacent to the purple and 
the heparinized Type 1 by a green band.  Coating of the Type 2 version is designated on the package; 
sodium heparin is the most common anticoagulant.) 
 
16.6.8 Packaging 
 
Disposable calibrated Type 1 microtubes are commonly supplied in cardboard cylinders, 250 per cylinder.  
Resilient material may be included to reduce breakage; however, many manufacturers overfill packages 
by a small percentage to allow for breakage. Type 2 tubes are supplied in vials and are packaged, 100 or 
200 tubes per vial. 
 
16.6.9 Accessories 
 
16.6.9.1 Sealants and Scorers 
 
Plastic or clay sealants, proprietary cap-type closures, and scorers or files commonly used with these 
narrow-bore devices are described in Section 16.4. 
 
16.6.10  Centrifugation 
 
Type 1 and Type 2 tubes, being primarily transfer devices, are not rated for centrifugation.  The user 
should determine tolerable relative centrifugal field (rcf) limits.  
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16.7  Capillary Tubes for the Microhematocrit Method 
 
16.7.1 Product Description and Applications 
 
Capillary tubes for the microhematocrit method are disposable narrow-bore tubes intended primarily for 
determining packed cell volume in microsamples by specially designed centrifuges and read-scales.  They 
are also used frequently for general purpose collection of microspecimens. 
 
16.7.1.1 Packed Cell Volume 
 
The microhematocrit procedure is the standard method for determining packed cell volume. (See the most 
current edition of NCCLS document H7—Procedure for Determining Packed Cell Volume by the 
Microhematocrit Method.) The plastic capillary tubes are filled from the primary collection tube, or blood 
is collected directly from the skin puncture (see Section 12).  In both cases, the packed cell volume is the 
fraction of the whole blood that is occupied by the packed erythrocytes. 
 
16.7.1.2 General Purpose 
 
For harvesting serum or plasma, the same procedure described in Section 16.3.4 is used. However, the 
serum or plasma is harvested by scoring and snapping the tube on the clear side of the buffy coat, after 
which the serum or plasma can be removed by gravity or air pressure (see also Section 16.4). 
 
16.7.1.3 Applicable Documents 
 
• ASTM.  Glasses in Apparatus.  (Document E 438.) 
 
• Federal Specification (4/15/78).  Tube, Capillary, Blood Sample.  (Document NNN-T- 1499A) 
 
• ASTM. Disposable Glass Blood Sample Capillary Tube (Microhematocrit).  (Document E 734-80.)  
 
16.7.2 Material 
 
Capillary tubes for the microhematocrit method have been made from borosilicate glass Type 1, Class B, 
or soda lime glass, Type 2, in accordance with ASTM E 438. 
 
Plastic capillary tubes may be used if dimensional fill and coating characteristics conform to this standard. 
 
16.7.3 Volumes, Dimensions, and Coding 
 
The nominal specimen volume required is 50 to 75 µL; because the microhematocrit is a fractional 
determination, the exact specimen volume is not important, and no volume marking is provided. 
However, the walls should be parallel; a 1% taper in bore diameter translates into equal percent error in 
hematocrit.  Fortunately, the nature of the glass drawing process precludes this type of error. Figure 6 
(taken from ASTM specifications) illustrates the standard dimensions, coding, and classification currently 
in effect in the United States.  They are coded, as shown, to indicate anticoagulant coating: red band for 
heparin, blue band for plain. 
 
Certain microhematocrit centrifuges require specific capillary tubes.  It is important to follow the 
manufacturer’s directions. 
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 CODE  DESCRIPTION  SPECIFICATION  VARIANCE 
 
 A 

 
 LENGTH 

 
 75 mm 

 
± 0.5 mm 

 
 B 

 
 INSIDE DIMENSION 

 
 1.155 mm 

 
± 0.085 mm 

  
C 

 
 WALL THICKNESS 

 
 0.20 mm 

  
+ 0.03 mm 
- 0.02 mm 

*Tube-to-tube variation 
 
Figure 6.  Microhematocrit Capillary Tubes.  Reprinted with permission, from the Annual Book of ASTM Standards, 
Copyright © ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428. 
 
16.7.4 Workmanship 
 
The capillary tubes illustrated in Figure 6 should be free of defects that noticeably detract from their 
appearance or impair their serviceability. The capillary tube should be free of lint, loose or embedded 
foreign matter, chips that affect the bore, or stains when viewed under normal room light.  The tube ends 
should be cut approximately 90° to the tube axis and should not be cracked or have jagged ends or chips 
that enter the bore of the tubing. 
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16.7.5 Surface Coatings and Treatments 
 
16.7.5.1 Passive Coatings 
 
Proprietary surfactants, lubricants, and wash solutions are commonly used in the manufacture and 
processing of capillary tubing. These treatments should not interfere with microhematocrit test 
performance in any way. Moreover, because of the widespread use of capillary tubes in other procedures, 
the coatings should not interfere with other commonly requested tests.  Any known incompatibility 
should be indicated plainly by appropriate warnings in the package insert.  For less common or sensitive 
tests, such as toxicological or trace metal determinations, users should verify compatibility by their own 
protocol or consult the manufacturer and scientific literature. 
 
16.7.5.2 Heparin Coating 
 
Lithium, sodium, and ammonium heparin are commonly used for capillary tubes; the ASTM specification 
calls for a minimum of two USP units (see Section 16.3.1). 
 
16.7.6 Packaging 
 
Capillary tubes are commonly shipped in vials of 200.  Resilient material both inside and outside may be 
included to reduce breakage in shipping.  Many manufacturers overfill to allow for slight breakage. 
 
16.7.7 Accessories 
 
Plastic or clay sealant is recommended for use in the microhematocrit test. 
 
16.7.7.1 Plastic End-Caps 
 
Several plastic end-caps or closures are available for general applications; they will retain the sample free 
of contamination and withstand centrifugation without leakage.  Self-sealing capillary tubes are also 
available. 
 
16.7.7.2 Metal Scorer 
 
A metal scorer is used to snap the tubes when harvesting serum after centrifugation.  Care must be taken 
to avoid injury and contamination (see Section 16.4.3). 
 
16.7.8 Centrifugation 
 
The capillary tubes should be centrifuged in a properly calibrated rotor specifically designed for them or 
retained in tube carriers with sufficient strength to avoid breakage.  When filled, individual tubes are 
intended to withstand 16 000 rcf maximum without breakage. 
 
16.8 Caraway and Natelson Tubes 
 
16.8.1 Product Description and Applications 
 
Caraway and Natelson tubes are disposable glass and plastic coated glass collection tubes with one 
tapered end and are used primarily to collect whole blood specimens for clinical laboratory testing.  They 
are supplied with and without anticoagulant.  No consistent pattern of interferences has been reported in 
their use. 
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16.8.2 Material 
 
Caraway and Natelson tubes are made from clear, colorless, soda lime glass, Type 2 (see Section 16.6.2). 
The use of plastic coated disposable glass blood collection tubes may reduce the risk of injury and blood 
exposure due to breakage as recommended by regulatory agencies (e.g., in the U.S., the FDA, NIOSH, 
and OSHA). 
 
16.8.3 Volumes, Dimensions, and Coding 
 
Figures 7 and 8 show the capacities, dimensions, and coding of the Caraway and Natelson tubes, 
respectively.  Because they are only labeled for approximate minimum volume, no accuracy or precision 
specification applies. Refer to ASTM E 787-81. 
 
16.8.3.1 Uncoated Version 
 
The nonanticoagulant version should be color coded with a blue circular band at the untapered end. 
 
16.8.3.2 Anticoagulated Version 
 
The anticoagulated version should be color coded with a red circular band at the untapered end. 
 
16.8.4 Accuracy and Precision 
 
Because the dimensions in Figures 7 and 8 are approximate, accuracy and precision statements are not 
required.  The minimum should be as stated. 

 
 

Dimensions in millimeters 
 

A Overall length 73 to 77 
B Outside diameter 3.90 to 4.20 
C Inside diameter 2.40 to 2.80 
D Inside tip diameter 0.70 to 1.50 
E Length of taper 6 to 12 
F Color band location 0 to 10 

 
Figure 7.  Caraway Tube.  Reprinted with permission, from the Annual Book of ASTM Standards, Copyright © ASTM 
International, 100 Barr Harbor Drive, West Conshohocken, PA 19428. 
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Dimensions in millimeters 

 
A Overall length   145 to 155 
B Outside diameter   2.80 to 3.10 
C Inside tip diameter  0.75 to 1.30 
D Length of taper   6 to 12 
E Color band location  0 to 10 top 
F Alternative location  100 ± 1 from tip 
G Inside diameter   1.30 to 1.80 

 
 
Figure 8.  Natelson Tube.  Reprinted with permission, from the Annual Book of ASTM Standards, Copyright © ASTM 
International, 100 Barr Harbor Drive, West Conshohocken, PA 19428. 
 
16.8.5 Workmanship 
 
Tubes should have smooth ends and be clean and free of contaminants such as dust, dirt, and other films 
(see Section 16.6.6). 
 
16.8.6 Surface Coatings and Treatments 
 
16.8.6.1 Passive Coatings 
 
Proprietary surfactants, lubricants, and wash solutions are commonly used in the manufacture and 
processing of microtubes.  These treatments should not interfere with commonly requested tests. Any 
known incompatibility should be indicated plainly by appropriate warnings in the package insert.  For 
sensitive or less common tests, such as toxicology or trace metals, users should verify compatibility by 
their own protocol or consult the manufacturer and the scientific literature. 
 
16.8.6.2 Active Coatings 
 
The anticoagulated versions are generally supplied with ammonium heparin as follows: 
 
• Caraway tubes—minimum 5 USP units.  
• Natelson tubes—minimum 5 USP units. 
 
See Section 16.3.1 for further information about heparin coatings.  The type and activity of heparin 
should be stated on the label. 
 
NOTE:  Ammonium heparin may interfere with urea measurement. 
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16.8.7 Packaging 
 
Caraway and Natelson tubes are usually packaged in units of 100 to 200.  Resilient materials may be 
added to reduce breakage.  The type of container and the number of units overpacked in a case vary 
among manufacturers.  Files for scoring and snapping may also be included (see Section 16.4.3). 
 
16.8.8 Accessories 
 
Plastic closures and sealants are commercially available as separate items.  See Section 16.4 for 
instructions. 
 
16.8.9 Directions for Use 
 
To collect a blood specimen using Caraway and Natelson tubes, it is necessary to: 
 
(1) Hold the punctured surface at an angle vertical with the edge of the tapered tube end which is in 

contact with the forming drop of blood, and at such an angle that a combination of gravity and 
capillary action allows the tube to be filled steadily and evenly (repeated gentle pressure around the 
puncture site ensures a free flow of the specimen). 

 
(2) Avoid excessive squeezing to minimize tissue fluid contamination. 
 
(3) Avoid scraping the tube over the puncture site; this may result in hemolysis of the specimen or 

possible injury to the patient. 
 
16.8.10 Speed and Ease of Fill 
 
With a free flow of blood, tubes should normally fill in less than 30 seconds when held horizontally. 
Blood should enter the tube smoothly and evenly, and air bubbles should be avoided. 
 
16.8.11  Sealing 
 
Molded plastic closures and putty-type sealants are provided by several manufacturers.  However, some 
sealants are not formulated to effectively seal a tube with the large inside diameter (I.D.) and taper of 
Natelson and Caraway tubes. The user should follow the instructions of the sealant manufacturer or verify 
that the compound can seal effectively under centrifugation. 
 
16.8.12  Mixing 
 
Normally, the anticoagulated versions do not require mixing of the specimen subsequent to collection. 
However, some users have used the “flea and magnet” technique described in Section 16.3.2. 
 
16.8.13  Centrifugation and/or Processing 
 
Sealed tubes may be placed in a variety of cushioned carriers for centrifugation.  The centrifuge should be 
properly balanced.  
 
16.8.14  Separation of Components 
 
Serum or plasma may be removed for sampling or storage by following the procedures and precautions 
outlined in Section 16.3.4. 
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16.9 Microdilution Systems 
 
16.9.1 Product Description and Applications 
 
A microtube and dilution system in this section consists of the following: 
 
• a sealed plastic reservoir that contains a premeasured amount of reagent; 
 
• a glass capillary tube that is self-filling and fits into a plastic holder (each plastic holder is color coded 

according to capacity for ease of identification); and 
 
• a tube shield, fitted over the capillary tube to protect it; the shield also punctures the reservoir 

diaphragm for access to the reagent. 
 
This system is used to prepare microblood specimens for hematological and chemical analyses of both 
manual and automated procedures. 
 
16.9.2 Material 
 
Materials needed for a microtube and dilution system include the following: 
 
• reservoir – plastic; polyethylene or similar material; and 
 
• tube – glass; soda lime or borosilicate. 
 
16.9.3 Volumes and Dimensions 
 
The dimensions for a microtube and dilution system are as follows: 
 
• size – plastic reservoirs with nominal capacities of 1, 5, and 10 mL. 
 
• tube volume – 3 µL through 44.7 µL. 
 
16.9.4 Volume Markings 
 
Tube volumes are stamped on the plastic holder; the glass itself is not marked. 
 
16.9.5 Color Coding 
 
Capillary tube volume designations are indicated on the plastic holder and are color coded according to 
volume. 
 
16.9.6 Workmanship 
 
Glass tubes are fire-polished at each end to preclude injury to the user or patient.  Further, tubes must be 
free of scratches on all surfaces. 
 
16.9.7 Accessories 
 
Each unit contains all materials required for proper use. 
 



Volume 24 H4-A5
 

An NCCLS global consensus standard. ©NCCLS.  All rights reserved. 31

16.9.8 Accuracy and Precision 
 
Depending upon the test performed, the technique, and the instrumentation used, this system should 
perform according to the accuracy and precision statements given by the manufacturers. 
 
16.9.9 Active Ingredients 
 
Reagent composition is to be listed on each label and product circular (e.g., sodium chloride; acetic acid). 
 
16.9.10  Stability and Dating 
 
Every container (jar) and case is to be clearly marked (labeled) with storage and expiration dating 
information. 
 
16.9.11  Packaging 
 
Tubes are protected by an individually fitted shield and packaged in plastic bags. 
 
Reservoirs are packed in a protective container (jar) moistened with water to prevent vapor loss through 
plastic reservoir walls.  Jar caps should be replaced after each use. 
 
16.9.12  Directions for Use 
 
Refer to the manufacturer’s instructions. 
 
16.9.13  Speed and Ease of Fill 
 
With a free-flowing blood supply, the capillary tubes will fill by capillary action within 30 seconds.  
Filling will stop automatically when the blood reaches the end of the tube bore located in the shoulder of 
the tube holder. 
 
16.9.14  Sealing 
 
Reservoirs are sealed at the neck by capillary assembly. 
 
16.9.15  Mixing 
 
The reservoir is swirled several times to ensure an even distribution of the contents. 
 
16.9.16  Centrifugation and/or Processing 
 
Contents of reservoirs may be transferred to glass, plastic centrifuge, or test tubes for further processing, 
as required. 
 
16.10  Test Tubes 
 
16.10.1  Product Description and Applications 
 
Glass or plastic test tubes or centrifuge tubes, 100- to 1000-µL capacity, with or without anticoagulant, 
are used primarily to collect skin puncture blood, which provides plasma or serum for analysis. 
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Test tubes may be used for all applications requiring blood specimens, subject to the general cautions 
regarding interference. Additional caution must be taken to avoid excessively pressing the tube to the 
puncture site, since such mechanical trauma may increase the risk of hemolysis.17 
 
16.10.2  Material 
 
Test tubes comprise the following materials: 
 
• glass tubes – borosilicate or soda lime; and 
 
• plastic tubes – polyethylene, polypropylene, or polystyrene. 
 
16.10.3  Dimensions 
 
Test tube dimensions are listed as follows: 
 
• glass tubes – 6 x 50 mm outside dimensions; and 
 
• plastic tubes – variable according to requirements and apparatus. 
 
16.10.4  Volumes and Markings 
 
Volumes and markings for test tubes are listed as follows: 
 
• soda lime glass tubes – approximately 1000-µL capacity; 
 
• borosilicate glass tubes – approximately 800-µL capacity; 
 
• plastic tubes – 100- to 1000-µL capacity; and 
 
• markings – none specified. 
 
16.10.5  Workmanship 
 
Tubes should have smooth surfaces with no visible etching inside or out.  Edges should be fire-polished 
to a smooth contour. Plastic tubes should have smooth surfaces inside and out. 
 
16.10.6  Surface Coatings and Treatments 
 
Various surfactants and lubricants may be used in the manufacturing process; freedom from interferences 
is to be verified before use.  See caution about “weathering” in Section 16.10.8. 
 
16.10.7  Active Ingredients 
 
Anticoagulants or other additives are normally not used with these collection devices. 
 
16.10.8  Stability and Dating 
 
Test tubes are normally stable indefinitely and do not require dating.  However, soda-lime tubes are 
subject to “weathering” (i.e., dimming or fogging of glass surface due to the attack of atmospheric 
moisture), and inventory should be rotated rapidly.  Test tubes are kept in closed, dry containers to 
prevent contamination. 
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16.10.9  Packaging 
 
Glass tubes are packed in lots of up to 1000 in appropriately sized boxes to prevent breakage in shipment.  
Plastic tubes are packed in bulk quantities in any number. 
 
16.10.10 Directions for Use 
 
The directions for use are as follows: 
 
(1) Hold the punctured surface in a nearly vertical position with the edge of the collecting tube in contact 

with the skin and just below the site of puncture. 
 
(2) Collect blood in the tube by touching the edge of the tube repeatedly to the drops of blood as they are 

formed. 
 
NOTE:  Avoid scraping the tube over the puncture site and applying excessive pressure by pressing 
the tube against the puncture site; this may result in hemolysis of the specimen. 
 
16.10.11 Speed and Ease of Fill 
 
With adequate blood supply, tubes should normally fill within one minute.  Blood should flow smoothly 
down the inner surface and to the bottom of the collecting tube. 
 
16.10.12 Sealing 
 
Glass tubes may be stoppered with clean closures. Plastic centrifuge tubes may have attached caps for 
sealing.   
 
16.10.13  Separation of Components 
 
Remove serum for sampling or storage with any suitable device such as a Pasteur pipette, microtube, or 
automatic sampling and diluting system (see Section 16.3.4). 
 
16.11  Filter Paper 
 
Dried blood spot specimens for a variety of tests may be collected on approved types of collection devices 
(filter paper). (See the most current edition of NCCLS document LA4—Blood Collection on Filter Paper 
for Newborn Screening Programs.)  Most of these specimens are collected by direct applications of the 
incision (lancet) or puncture (needle) device to the skin puncture site; however, the blood collection 
device (filter paper) should be directly applied to the blood drop only.  Do not apply filter paper directly 
to the puncture site. 
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Summary of Consensus Comments and Subcommittee Responses 
 
H4-A4: Procedures and Devices for the Collection of Diagnostic Blood Specimens by Skin Puncture; 
Approved Standard—Fourth Edition 
 
General 
 
1. In some regions and under certain circumstances in the U.S., children are screened for blood lead levels until they are 2 to 3 

years old.  No one disputes that after a child is 1 year, a fingerstick would be appropriate and no one disputes that a heel 
stick is the appropriate method for neonates when doing the metabolic inborn error screening tests (e.g., phenylketonuria, 
hypothyroidism).  However, NCCLS does not define “newborn” for the clarification of heelstick versus fingerstick.  In some 
instances, fingersticks are performed on infants as young as 6 months old. Therefore, there is a gray zone and discrepancy 
between published recommendations from the laboratory perspective and practice for infants from 1 month to 12 months of 
age from the nursing perspective.  Please provide clarification in the next revision of the document. 

 
• The subcommittee was unable to locate any information in the current literature that clearly defined at what age a 

child is classified as an infant or a newborn.  Each institution should determine its own policy based on the weight of 
the infant. The weight of the child is a key factor in determining the depth of skin to bone/cartilage.  
 

2. One consideration not addressed in the H4 publication for blood collection by skin puncture is that of blood collection from 
the great toe.  This method is practiced but is not mentioned in H4.  Please address this method and its appropriate uses. 

 
• The subcommittee is aware that blood collection from the great toe is practiced in the healthcare community. 

However, the subcommittee was unable to locate any information in the current literature that either clearly 
supports or discourages blood collection from the great toe.  Based on the lack of documentation supporting or 
discouraging the use of the great toe for blood collection, the subcommittee has deleted the plantar surface of the big 
toe as a site for collecting peripheral blood. 
 

3. The weight of the child should be a consideration in blood collection by skin puncture.  If it is stated that a fingerstick is 
appropriate for children 1 year or older, weight needs to be a factor.  Premature or underweight infants, at birth, do not 
always catch up with the growth charts by 1 year of age.  Also, socioeconomic factors that influence nutrition may limit a 
child’s growth, as well. Please consider weight of the child and not just the chronological age when giving recommendations 
and definitions for “newborn.”  

 
• The subcommittee was unable to locate any information in the current literature that clearly defined at what age a 

child is classified as an infant or a newborn.  Each institution should determine its own fingerstick policy based on 
the weight of the infant. The weight of the child is a key factor in determining the depth of skin to bone/cartilage. 

 
4. We have a question regarding the collection of blood on the mastectomy side by capillary stick and can’t find any literature 

indicating whether or not it is okay. Thank you. 
 
• “Fingers on the side affected by a mastectomy” has been added to the bullet point list, located in Section 7, of 

locations where blood specimens must not be obtained. This recommendation is footnoted to refer the reader to the 
American Cancer Society website for additional information. 
 

Section 6, Sites for Collecting Skin Puncture Blood (Now Section 7) 
 

5. Should the incision be lateral or perpendicular to the midline of the foot? There seems to be inconsistency among lancet 
manufacturers regarding this recommendation. Also, the recommendations vary in Section 6 and Section 9.4 of this 
document. 

 
• The subcommittee determined that manufacturers varied on their recommendations for the direction of the incision 

in relation to the midline of the foot. The subcommittee recommends that the incision be made in the area designated 
in Figure 2 and to refer to the manufacturer’s instructions for incision direction. The text has been revised in Section 
11.4 for clarification.  

 
 

NCCLS consensus procedures include an appeals process that is described in detail in Section 8 of 
the Administrative Procedures. For further information, contact the Executive Offices or visit our 
website at www.nccls.org. 
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Section 6.1, Infants (Now Section 7.1) 
 

6. A 30-minute waiting period for a child may be a little unrealistic as they sometimes cry until the collection procedure is 
complete. Also, some crying (not hysterical) increases the blood flow and makes collection faster (not meaning that the child 
should be made to cry). What level of crying begins to influence leukocyte count? Perhaps, the wording should reflect that 
the collector needs to be aware of the underlying influences should the child cry excessively. 

 
• The text regarding a 30-minute waiting period has been deleted. The text has been revised to include that crying 

influences capillary blood gases, as well. 
 
Section 9.4, Puncture (Now Section 11.4) 

 
7. Autolancets are now used, as they are much easier and less traumatic to patient and collector. 
 
• The text has been revised to include retractable safety lancets.  

 
Section 10.2, Blood Specimen Collection (Now Section 12.2) 

 
8. Giving a tube a quick shake to remove excess blood from around the bottom of the closure will not cause red cell damage. Is 

this correct? 
 
• According to microcollection device manufacturers, contacted by the subcommittee, excess blood around the bottom 

of the closure is not an issue. The quick shake recommendation has been deleted. 
 

Section 14.11, Filter Paper (Now Section 16.11) 
 

9. The drop of blood should drip onto the filter paper. The paper should not touch the skin puncture site. 
 

• The text has been revised according to the recommendations in NCCLS document LA4-A4—Blood Collection on 
Filter Paper for Newborn Screening Programs; Approved Standard—Fourth Edition. 
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Summary of Delegate Comments and Subcommittee Responses 
 
H4-A5: Procedures and Devices for the Collection of Diagnostic Capillary Blood Specimens; Approved 
Standard―Fifth Edition 
 
General 
 
1. Response to comments was very well done. 
 
• The subcommittee appreciates the positive input. 
 
2. I have carefully reviewed the H4-A5 document and have found it to be well written and thorough.  I strongly recommend its 

acceptance.  Combining H4-A3 and H14-A2 into one document is the efficient and effective thing to do for users of NCCLS 
guidelines. The document, as currently written, will be of significant benefit to my company and my department, bringing 
the essential consistency required for performance of high quality clinical evaluations of new products and for development 
of instructional and educational materials for support of our self testing and near-patient testing products. 

 
• The subcommittee appreciates the positive input. 
 
3. I find the comments and subcommittee responses to be appropriate. 
 
• The subcommittee appreciates the positive input. 
 
Section 2, Introduction 
 
4. Please add a statement in the introduction that instructs the user to follow his/her facility’s policies. 
 
• The subcommittee believes that the standard serves as a basis for facility procedures and encourages readers to 

follow facility policy on issues that are not well defined in the published literature. 
 
Section 2.3, Patients for Whom Skin Puncture May Be Inappropriate 
 
5. Skin puncture may also be inappropriate for patients with over-hydration, such as edema (the opposite condition, 

dehydration, is mentioned).  Lots of people have fluid retention problems. 
 
• The subcommittee agrees, so the phrase “peripheral edema” has been added to the text as an example of poor 

peripheral circulation. 
 
6. It may be of value to include in this guideline examples of test types where capillary blood is suboptimal. 
 
• Due to the multitude of point-of-care devices, laboratory instrumentation and their methodologies available at the 

time of publication, and those that may emerge after publication of this revision, the subcommittee believes facilities 
should follow the instrumentation manufacturer’s recommendations regarding the use of capillary blood. 

 
Section 4, Definitions (Formerly Section 3) 
 
7. Lancets are also used for forearm blood collection.  Only the finger and heel are mentioned. 
 
• The finger and heel are listed as examples of common sites; however, this does not preclude other anatomic locations, 

based on manufacturers’ recommendations and site policies.  
 
Section 6, Outline for Skin Puncture Technique (Formerly Section 5) 
 
8. Regarding the steps of the skin puncture procedure, what an accession order is may not be clear to everyone.  The 

terminology could be clearer in Step 1.  It is also not clear why diet restriction verification is necessary to obtain a skin 
puncture.  One woman on my staff who has two degrees in nutrition, and is a former RD/LD with lots of clinical experience, 
doesn’t think this question is relevant to the skin puncture procedure. 

 
• The phrase “test request” was added to the text, for clarification, where accession order appears.  
  

The subcommittee believes that it may be necessary to verify the patient’s fasting state when performing capillary 
collections for point-of-care glucose testing or other tests that may emerge with dietary restrictions during the life of 
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the document. The subcommittee also recognizes that capillary blood collections for fasting tests are also performed 
on patients with IVs in both hands or whose veins are difficult to access. 

 
9. Step 10, ‘clean the puncture site’ should be ‘clean and dry the puncture site.’  Cleaning agent residues have the potential to 

impact the test result.  The draft is correct on page 9 (Section 9.2) where ‘clean and air-dry’ is included as well as brief 
information about how cleaning agent residues can impact the test results. 

 
• The words ‘and allow to air dry’ have been added to Step 10 as suggested. 
 
Section 7, Sites for Collecting Skin Puncture Blood (Formerly Section 6) 
 
10. Over the past five+ years, the forearm has become a popular region for capillary collection.  This sampling site is not 

mentioned.  This sampling site is rather specific to the glucose community, so whether or not the site belongs in this 
document is a debatable question.   

 
• See the response to comment 7. 
 
11. Points of confusion for me are in two places: In Section 6, the first bullet reads, “palmar surface of the finger’s distal 

phalanx.” Under the second bullet, it reads “the palmar surface of the finger’s last phalanx.” In Section 6.2, under the first 
bullet, it reads “palmar surface of the distal phalanx.” 

 
I think it is important at those places to clarify which fingers are being talked about so the reader doesn’t think any finger 
will do.  I know in Section 6.2, the preferred sites are listed in the second bullet. I still think combining the two is best. 

 
• The subcommittee agrees. The text has been revised for clarity; the term “distal” has been added. 
 
12. The thenar and hypothenar area of the palm are also acceptable sites. 
 
• The subcommittee believes that the recommended sites already offer the collector multiple options in skin puncture 

sites.  
 
13. Caution the user about collection near or posterior from an IV site. 
 
• The subcommittee is of the opinion that skin punctures conducted on the recommended sites (i.e., the fingertips and 

heels) will be distal to the infusion of any IV fluids and are, therefore, not likely to contaminate the specimen. If using 
a collection site, other than those recommended in this document, selection of a site proximal to an IV is not 
recommended. 

 
Section 8, Approach, Identify, and Position the Patient (Formerly Section 7) 
 
14. If a patient refuses, the usual course of action would be to document and report the patient’s objections.  The document is 

limited to the verb ‘report.’  In the clinical community, the verb ‘document’ is most appropriate and then if someone also 
‘reports’ (implied to be oral), that is nice.  However, it is most important to have AMA (against medical advice) in the 
medical record. 

 
• The subcommittee agrees.  The words “and document according to facility policy” have been added to the text. 
 
15. This trend holds true on page 8.  Again, ‘document’ is the preferable verb.  ‘Report’ just means that someone told someone, 

and this is not sufficient action to comply with good clinical practice. 
 
• The subcommittee agrees.  The words “Document according to facility policy” have been added to the text. 
 
Section 8.1.4, Procedure for Identifying Unidentified Emergency Patients (Formerly Section 7.1.4) 
 
16. Bed labels should not be used as a form of ID.  Patients in isolation should also have attached ID or be identified by some 

other means. 
 
• The subcommittee agrees. The text referring to isolation patients has been deleted. 
 
Section 11.4, Puncture (Formerly Section 10.4) 
 
17. Repeat puncture should be avoided with automatic devices as with manual systems.  Even though automatic devices retract, 

it is still possible to expose the blade again. 
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• These automated devices should be used according to the manufacturer’s instructions. Single-use devices should be 
used once and immediately discarded. 

 
Section 11.4.1, Automated Devices (Formerly Section 10.4.1) 
 
18. You’d think folks would be smart enough not to do this, but it is not uncommon for healthcare providers to ‘recock’ a one-

time use lancet, like the Fisherbrand® lancet, as a second effort if the first effort is not successful.  This is enough of a 
problem that an admonition not to do this is warranted at the end of Section 10.4.1.  Once a one-time spring-based lancet 
(non-reloadable) is used, a healthcare provider should not attempt to reset it.  Unfortunately, this happens all the time. 

 
• See the response to comment 17. 
 
Section 12, Skin Puncture Specimen Collection Technique (Formerly Section 11) 
 
19. Users should wear gloves and safety glasses. 
 
• The subcommittee believes that facilities should establish their own policies on eyewear protection for skin 

punctures. 
 
Section 12.4, Order of Collection (Formerly Section 11.4) 
 
20. Other “additive” specimens are collected next. It should really say that other “anticoagulated” specimens are collected next 

and then serum. 
 
• The subcommittee believes the word “additive” is more appropriate since it includes not only anticoagulants, but 

preservatives and clot activators that may now, or during the life of this standard, be included in capillary collection 
tubes. 

 
Section 12.5, Microcollection Device Filling, Closure, and Mixing (Formerly Section 11.5) 
 
21. The phrase ‘mixed well’ is emphasized, but a statement should also be added that mixing too vigorously will result in 

hemolysis and a poor specimen. 
 
• The subcommittee agrees. The statement “Avoid vigorous shaking as hemolysis can result” has been added to the 

text. 
 
Section 16.5, Plastic Microcollection Devices (Formerly Section 15.5) 
 
22. When collecting anticoagulated specimens, some mixing (swirling) should be done during the collection. 
 
• The statement “Some mixing can be accomplished during the collection process according to manufacturers’ 

instructions” has been added to the text.  
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The Quality System Approach 
 
NCCLS subscribes to a quality system approach in the development of standards and guidelines, which facilitates 
project management; defines a document structure via a template; and provides a process to identify needed 
documents through a gap analysis. The approach is based on the model presented in the most current edition of 
NCCLS document HS1—A Quality System Model for Health Care. The quality system approach applies a core set 
of “quality system essentials” (QSEs), basic to any organization, to all operations in any healthcare service’s path of 
workflow. The QSEs provide the framework for delivery of any type of product or service, serving as a manager’s 
guide. The quality system essentials (QSEs) are:  
 
Documents & Records Equipment  Information Management Process Improvement 
Organization Purchasing & Inventory Occurrence Management Service & Satisfaction 
Personnel Process Control Assessment Facilities & Safety 
 
H4-A5 addresses the quality system essentials (QSEs) indicated by an “X.” For a description of the other NCCLS 
documents listed in the grid, please refer to the Related NCCLS Publications section on the following page. 
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Adapted from NCCLS document HS1—A Quality System Model for Health Care. 
 
Path of Workflow 
 
A path of workflow is the description of the necessary steps to deliver the particular product or service that the 
organization or entity provides. For example, NCCLS document GP26—Application of a Quality System Model for 
Laboratory Services defines a clinical laboratory path of workflow which consists of three sequential processes: 
preanalytic, analytic, and postanalytic. All clinical laboratories follow these processes to deliver the laboratory’s 
services, namely quality laboratory information.  
 
H4-A5 addresses the clinical laboratory path of workflow steps indicated by an “X.” For a description of the other 
NCCLS documents listed in the grid, please refer to the Related NCCLS Publications section on the following page.  
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Related NCCLS Publications* 
 
H1-A5  Tubes and Additives for Venous Blood Specimen Collection; Approved Standard—Fifth Edition 

(2003).  This document provides requirements for blood collection tubes and additives including heparin, 
EDTA, and sodium citrate. 

 
H3-A5 Procedure for the Collection of Diagnostic Blood Specimens by Venipuncture; Approved Standard—

Fifth Edition (2003).  This document provides procedures for collecting diagnostic blood specimens by 
venipuncture, including line draws, blood culture collection, and venipuncture in children. It includes 
recommendations on order of draw.  

 
H7-A3 Procedure for Determining Packed Cell Volume by the Microhematocrit Method; Approved 

Standard—Third Edition (2000).  American National Standard.  This standard describes the standard 
microhematocrit method for determining pocket-cell volume.  It also addresses recommended materials and 
potential sources of error. 

 
H11-A3 Procedures for the Collection of Arterial Blood Specimens; Approved Standard—Third Edition (1999).  

This standard describes principles for collecting, handling, and transporting arterial blood specimens; these 
principles are aimed at reducing collection hazards and ensuring the integrity of the arterial specimen. 

 
H18-A2 Procedures for the Handling and Processing of Blood Specimens; Approved Guideline—Second 

Edition (1999).  This guideline addresses multiple factors associated with handling and processing 
specimens, as well as factors that can introduce imprecision or systematic bias into results. 

 
H20-A Reference Leukocyte Differential Count (Proportional) and Evaluation of Instrumental Methods; 

Approved Standard (1992).  This standard describes automated differential counters and establishes a 
reference method based on the visual (or manual) differential count for leukocyte differential counting to 
which an automated or manual test method can be compared. 

 
LA4-A4 Blood Collection on Filter Paper for Newborn Screening Programs; Approved Standard—Fourth 

Edition (2003).  This document addresses the issues associated with specimen collection, the filter paper 
collection device, and the transfer of blood onto filter paper, and provides uniform techniques for collecting 
the best possible specimen for use in newborn screening programs. 

 
M29-A2 Protection of Laboratory Workers from Occupationally Acquired Infections; Approved Guideline— 

Second Edition (2001).  Based on U.S. regulations, this document provides guidance on the risk of 
transmission of hepatitis viruses and human immunodeficiency viruses in any laboratory setting; specific 
precautions for preventing the laboratory transmission of blood-borne infection from laboratory instruments 
and materials; and recommendations for the management of blood-borne exposure. 

 
H4-A3-V Quality Microcollection. Details are given on the importance of blood collection and handling using the skin 

puncture method.  The video also illustrates a method for obtaining the highest quality skin puncture 
specimen for laboratory testing.  It is divided into six sections: safety, advantages, supplies, skin puncture 
procedure, handling and labeling, and a review of the skin puncture procedure.  Based on the H4-A3 
standard, the video package includes the video, a copy of the H4-A3 standard, and three laminated summary 
sheets.  

                                                      
* Proposed- and tentative-level documents are being advanced through the NCCLS consensus process; therefore, readers should 
refer to the most recent editions. 

 
X3-R Implementing a Needlestick and Sharps Injury Prevention Program in the Clinical Laboratory; A 

Report (2002). This report presents a step-by-step approach for implementing safer medical devices that 
reduce or eliminate sharps injuries to laboratory personnel.  X3-R is written in an expanded checklist format, 
outlines a process that goes beyond general recommendations, and specifically addresses the needs of 
professionals performing specimen collection and clinical laboratory procedures. 
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College of Physicians and Surgeons 
 of Saskatchewan 
ESCMID 
International Council for  
  Standardization in Haematology 
International Federation of 
 Biomedical Laboratory Science 
International Federation of Clinical 
 Chemistry 
Italian Society of Clinical 
 Biochemistry and Clinical 
 Molecular Biology 
Japan Society of Clinical Chemistry 
Japanese Committee for Clinical 
 Laboratory Standards  
Joint Commission on Accreditation 
 of Healthcare Organizations 
National Academy of Clinical 
 Biochemistry 
National Association of Testing 
 Authorities - Australia 
National Society for  
  Histotechnology, Inc. 
Ontario Medical Association Quality 
 Management Program-Laboratory 
 Service 
RCPA Quality Assurance Programs 
 PTY Limited 
Sociedad Espanola de Bioquimica  
 Clinica y Patologia Molecular 
Sociedade Brasileira de Analises 
 Clinicas  
Taiwanese Committee for Clinical 
 Laboratory Standards (TCCLS) 
Turkish Society of Microbiology 
 
Government Members 
 
Armed Forces Institute of Pathology 
Association of Public Health 
 Laboratories 
BC Centre for Disease Control 
Centers for Disease Control and 
 Prevention 
Centers for Medicare & Medicaid 
 Services 
Centers for Medicare & Medicaid 
 Services/CLIA Program 
Chinese Committee for Clinical 
 Laboratory Standards 
Commonwealth of Pennsylvania 
 Bureau of  Laboratories 
Department of Veterans Affairs 

Deutsches Institut für Normung 
 (DIN)  
FDA Center for Devices and 
 Radiological Health 
FDA Center for Veterinary Medicine 
FDA Division of Anti-Infective 
 Drug Products 
Iowa State Hygienic Laboratory 
Massachusetts Department of Public 
 Health Laboratories 
National Center of Infectious and 
 Parasitic Diseases (Bulgaria) 
National Health Laboratory Service 
 (South Africa) 
National Institute of Standards and 
 Technology 
New York State Department of  
  Health 
Ontario Ministry of Health  
Pennsylvania Dept. of Health 
Saskatchewan Health-Provincial  
  Laboratory 
Scientific Institute of Public Health;  
   Belgium Ministry of Social 
 Affairs, Public Health and the 
 Environment 
Swedish Institute for Infectious 
  Disease Control 
 
Industry Members 
 
AB Biodisk 
Abbott Laboratories 
Abbott Laboratories, MediSense 
 Products  
Acrometrix Corporation 
Advancis Pharmaceutical 
 Corporation 
Alifax S.P.A. 
Ammirati Regulatory Consulting 
A/S ROSCO 
AstraZeneca Pharmaceuticals 
Aventis 
Axis-Shield PoC AS 
Bayer Corporation - Elkhart, IN 
Bayer Corporation - Tarrytown, NY 
Bayer Corporation - West Haven, 
 CT 
BD 
BD Consumer Products 
BD Diagnostic Systems 
BD Thailand Ltd. 
BD VACUTAINER Systems 
Beckman Coulter, Inc. 
Beckman Coulter K.K. (Japan) 
Bio-Development SRL 
Bio-Inova Life Sciences 
 International 
Biomedia Laboratories SDN BHD 
bioMérieux, Inc. (MO) 
Biometrology Consultants 
Bio-Rad Laboratories, Inc. 
Bio-Rad Laboratories, Inc. – France 
BioVeris Corporation 
Blaine Healthcare Associates, Inc. 
Bristol-Myers Squibb Company 
Canadian External Quality  
  Assessment Laboratory 
Cepheid 
Chiron Corporation 
ChromaVision Medical Systems, 
 Inc. 
Clinical Micro Sensors 
The Clinical Microbiology Institute 
Cognigen 
Copan Diagnostics Inc. 
Cosmetic Ingredient Review 
Cubist Pharmaceuticals 
Dade Behring Inc. - Cupertino, CA 
Dade Behring Inc. - Deerfield, IL 
Dade Behring Inc. - Glasgow, DE 
Dade Behring Inc. - Marburg, 
 Germany 
Dade Behring Inc. - Sacramento, CA 
David G. Rhoads Associates, Inc. 
Diagnostic Products Corporation 
Digene Corporation 
Eiken Chemical Company, Ltd. 
Elanco Animal Health 
Electa Lab s.r.l. 
Enterprise Analysis Corporation 
EXPERTech Associates, Inc. 
F. Hoffman-La Roche AG 
Fort Dodge Animal Health 
Gen-Probe 
GenVault 
GlaxoSmithKline 
Greiner Bio-One Inc. 
Immunicon Corporation 
ImmunoSite, Inc. 
Instrumentation Laboratory 
International Technidyne  
  Corporation 

I-STAT Corporation 
Johnson & Johnson Pharmaceutical 
 Research & Development, L.L.C. 
LAB-Interlink, Inc. 
Laboratory Specialists, Inc. 
Labtest Diagnostica S.A. 
LifeScan, Inc. (a Johnson & Johnson 
 Company) 
LUZ, Inc. 
Machaon Diagnostics 
Medical Device Consultants, Inc. 
Merck & Company, Inc. 
Minigrip/Zip-Pak 
mvi Sciences (MA) 
Nippon Becton Dickinson Co., Ltd. 
Nissui Pharmaceutical Co., Ltd. 
Norfolk Associates, Inc. 
Novartis Pharmaceutical 
 Corporation 
Olympus America, Inc. 
Ortho-Clinical Diagnostics, Inc.  
  (Rochester, NY)  
Ortho-McNeil Pharmaceutical 
 (Raritan, NJ) 
Oxoid Inc. 
Paratek Pharmaceuticals 
Pfizer Inc 
Pfizer Inc - Kalamazoo, MI 
Pfizer Italia Srl 
Powers Consulting Services 
Premier Inc. 
Procter & Gamble Pharmaceuticals, 
 Inc. 
QSE Consulting 
Quintiles, Inc. 
Radiometer America, Inc. 
Radiometer Medical A/S 
Replidyne 
Roche Diagnostics GmbH 
Roche Diagnostics, Inc. 
Roche Laboratories (Div. Hoffmann-
 La Roche Inc.) 
Sarstedt, Inc. 
Schering Corporation 
Schleicher & Schuell, Inc. 
Second Opinion 
Seraphim Life Sciences Consulting 
 LLC  
Streck Laboratories, Inc. 
SYN X Pharma Inc. 
Sysmex Corporation (Japan) 
Sysmex Corporation (Long Grove, 
 IL) 
Theravance Inc. 
THYMED GmbH 
Transasia Engineers 
Trek Diagnostic Systems, Inc. 
Tyco Kendall Healthcare 
Vetoquinol S.A. 
Vicuron Pharmaceuticals Inc. 
Vysis, Inc. 
Wyeth Research 
XDX, Inc. 
Xyletech Systems, Inc. 
YD Consultant 
YD Diagnostics (Seoul, Korea) 
 
Trade Associations 
 
AdvaMed 
Japan Association of Clinical 
  Reagents Industries (Tokyo, Japan) 
 
Associate Active Members 
 
31st Medical Group/SGSL (APO, 
 AE) 
Academisch Ziekenhuis -VUB  
  (Belgium) 
Alfred I. du Pont Hospital for 
 Children (DE) 
Allina Health System (MN) 
American University of Beirut 
 Medical Center (NY) 
Anne Arundel Medical Center (MD) 
Antwerp University Hospital 
 (Belgium) 
Arkansas Department of Health 
ARUP at University Hospital (UT) 
Associated Regional & University 
 Pathologists (UT) 
Atlantic Health System (NJ) 
Aurora Consolidated Laboratories 
 (WI) 
AZ Sint-Jan (Belgium) 
Azienda Ospedale Di Lecco (Italy) 
Barnes-Jewish Hospital (MO) 
Baxter Regional Medical Center 
 (AR) 
Baystate Medical Center (MA) 
Bbaguas Duzen Laboratories  
  (Turkey) 

BC Biomedical Laboratories (Surrey, 
 BC, Canada) 
Bermuda Hospitals Board 
Boulder Community Hospital (CO) 
Brazosport Memorial Hospital (TX) 
Brooks Air Force Base (TX) 
Broward General Medical Center 
  (FL) 
Cadham Provincial Laboratory 
 (Winnipeg, MB, Canada) 
Calgary Laboratory Services 
 (Calgary, AB, Canada) 
Cape Breton Healthcare Complex 
 (Nova Scotia, Canada) 
Carilion Consolidated Laboratory  
   (VA) 
Carolinas Medical Center (NC) 
Cathay General Hospital (Taiwan) 
Central Texas Veterans Health Care  
  System 
Centro Diagnostico Italiano (Milano, 
 Italy) 
Champlain Valley Physicians  
  Hospital (NY) 
Chang Gung Memorial Hospital 
 (Taiwan) 
Changi General Hospital  
 (Singapore) 
Children’s Hospital (NE) 
Children’s Hospitals and Clinics 
 (MN) 
Children’s Hospital Medical Center  
  (Akron, OH) 
Children’s Hospital of Wisconsin 
Children’s Medical Center of Dallas 
 (TX) 
CHR St. Joseph Warquignies 
 (Belgium) 
Christus St. John Hospital (TX) 
Clarian Health - Methodist Hospital  
   (IN) 
CLSI Laboratories (PA) 
Community Hospital of Lancaster 
 (PA) 
Community Hospital of the 
 Monterey Peninsula (CA) 
CompuNet Clinical Laboratories 
  (OH)  
Cook Children’s Medical Center 
 (TX) 
Cook County Hospital (IL) 
Covance Central Laboratory  
  Services (IN) 
Creighton University Medical Center 
 (NE) 
Danish Veterinary Laboratory 
 (Denmark) 
Detroit Health Department (MI) 
DFS/CLIA Certification (NC) 
Diagnósticos da América S/A   
 (Brazil) 
Dr. Everett Chalmers Hospital (New 
 Brunswick, Canada) 
Duke University Medical Center  
 (NC) 
Dwight David Eisenhower Army 
 Medical Center (GA) 
EMH Regional Medical Center (OH) 
Emory University Hospital (GA) 
Enzo Clinical Labs (NY) 
Evangelical Community Hospital 
 (PA) 
Fairview-University Medical Center 
 (MN) 
Florida Hospital East Orlando 
Focus Technologies, Inc. (CA) 
Focus Technologies, Inc. (VA) 
Foothills Hospital (Calgary, AB,  
  Canada) 
Franciscan Shared Laboratory (WI) 
Fresno Community Hospital and  
  Medical Center 
Frye Regional Medical Center (NC) 
Gamma Dynacare Medical 
 Laboratories (ON, Canada) 
Geisinger Medical Center (PA) 
General Health System (LA) 
Grady Memorial Hospital (GA) 
Guthrie Clinic Laboratories (PA) 
Hagerstown Medical Laboratory 
 (MD) 
Hahnemann University Hospital  
   (PA) 
Harris Methodist Fort Worth (TX) 
Hartford Hospital (CT) 
Headwaters Health Authority 
 (Alberta, Canada) 
Health Network Lab (PA) 
Health Partners Laboratories (VA) 
Highlands Regional Medical Center  
  (FL) 



Hoag Memorial Hospital  
  Presbyterian (CA) 
Holy Cross Hospital (MD) 
Hôpital du Sacré-Coeur de 
 Montreal (Montreal, Quebec, 
 Canada) 
Hôpital Maisonneuve - Rosemont 
 (Montreal, Canada) 
Hôpital Saint-Luc (Montreal, 
 Quebec, Canada) 
Hospital Consolidated Laboratories 
 (MI) 
Hospital for Sick Children (Toronto, 
 ON, Canada) 
Hospital Sousa Martins (Portugal) 
Hotel Dieu Grace Hospital (Windsor,  
 ON, Canada) 
Huddinge University Hospital  
  (Sweden) 
Hunter Area Pathology Service 
 (Australia) 
Indiana University 
Innova Fairfax Hospital (VA) 
Institute of Medical and Veterinary 
 Science (Australia) 
International Health Management  
  Associates, Inc. (IL) 
Jackson Memorial Hospital (FL) 
Jacobi Medical Center (NY) 
John C. Lincoln Hospital (AZ) 
Johns Hopkins Medical Institutions 
 (MD) 
Kadlec Medical Center (WA) 
Kaiser Permanente (CA) 
Kaiser Permanente (MD) 
Kangnam St. Mary's Hospital 
 (Korea) 
Kantonsspital (Switzerland) 
Kenora-Rainy River Regional  
  Laboratory Program (Ontario,  
  Canada) 
Kimball Medical Center (NJ) 
King Faisal Specialist Hospital 
 (Saudi Arabia) 
LabCorp (NC) 
Laboratoire de Santé Publique du 
 Quebec (Canada) 
Laboratorio Dr. Echevarne (Spain) 
Laboratório Fleury S/C Ltda.  
  (Brazil)  
Laboratorio Manlab (Argentina) 
Laboratory Corporation of America 
 (NJ) 
LAC & USC Healthcare  
   Network (CA) 
Lakeland Regional Medical Center      
  (FL) 
Landstuhl Regional Medical Center 
 (APO AE) 
LeBonheur Children’s Medical 
 Center (TN) 
Lewis-Gale Medical Center (VA) 
L'Hotel-Dieu de Quebec (Canada) 
Libero Instituto Univ. Campus  
   BioMedico (Italy) 
Loma Linda Mercantile (CA) 
Long Beach Memorial Medical 
 Center (CA) 
Louisiana State University  
   Medical Center 
Maccabi Medical Care and Health  
   Fund (Israel) 
Magnolia Regional Health Center 
 (MS) 

Maimonides Medical Center (NY) 
Marion County Health Department 
 (IN) 
Martin Luther King/Drew Medical   
 Center (CA) 
Massachusetts General Hospital 
 (Microbiology Laboratory) 
MDS Metro Laboratory Services  
  (Burnaby, BC, Canada) 
Medical College of Virginia  
  Hospital 
Memorial Medical Center (Jefferson 
 Davis Pkwy., New Orleans, LA) 
Memorial Medical Center (Napoleon 
 Avenue, New Orleans, LA) 
Methodist Hospital (TX) 
Michigan Department of 
 Community Health 
Mid America Clinical Laboratories, 
 LLC (IN) 
Middlesex Hospital (CT) 
Monmouth Medical Center (NJ) 
Montreal Children’s Hospital 
  (Canada) 
Montreal General Hospital (Canada) 
National Serology Reference 
 Laboratory (Australia) 
NB Department of Health & 
 Wellness (New Brunswick, 
 Canada) 
The Nebraska Medical Center 
New Britain General Hospital (CT) 
New England Fertility Institute (CT) 
New England Medical Center (MA) 
New York University Medical 
 Center 
NorDx (ME) 
North Carolina State Laboratory of 
  Public Health 
North Central Medical Center (TX) 
North Shore-Long Island Jewish  
  Health System Laboratories (NY) 
North Shore University Hospital 
 (NY) 
Northwestern Memorial Hospital  
  (IL) 
Ochsner Clinic Foundation (LA) 
O.L. Vrouwziekenhuis (Belgium) 
Ordre professionnel des  
   technologists médicaux du  
  Québec 
Ospedali Riuniti (Italy) 
The Ottawa Hospital 
   (Ottawa, ON, Canada) 
OU Medical Center (OK) 
Our Lady of the Resurrection 
 Medical Center (IL) 
Pathology and Cytology 
 Laboratories, Inc. (KY) 
Pathology Associates Medical 
 Laboratories (WA) 
The Permanente Medical Group  
   (CA) 
Piedmont Hospital (GA) 
Pocono Medical Center (PA) 
Presbyterian Hospital of Dallas  
   (TX) 
Providence Health Care (Vancouver, 
 BC, Canada) 
Provincial Laboratory for Public 
 Health (Edmonton, AB, Canada) 
Queen Elizabeth Hospital (Prince  
  Edward Island, Canada) 

Queensland Health Pathology 
 Services (Australia) 
Quest Diagnostics Incorporated  
  (CA) 
Quintiles Laboratories, Ltd. (GA) 
Regions Hospital 
Rex Healthcare (NC) 
Rhode Island Department of Health  
  Laboratories 
Riverside Medical Center (IL) 
Riyadh Armed Forces Hospital 
  (Saudi Arabia) 
Robert Wood Johnson University 
 Hospital (NJ) 
Royal Columbian Hospital (New    
  Westminster, BC, Canada) 
Saad Specialist Hospital (Saudi 
 Arabia) 
Sahlgrenska Universitetssjukhuset 
 (Sweden) 
Saint Mary’s Regional Medical  
  Center (NV) 
St. Alexius Medical Center (ND) 
St. Anthony Hospital (CO) 
St. Anthony’s Hospital (FL) 
St. Barnabas Medical Center (NJ) 
St-Eustache Hospital (Quebec,  
  Canada) 
St. Francis Medical Center (CA) 
St. John Hospital and Medical 
  Center (MI) 
St. John’s Hospital & Health Center 
 (CA) 
St. Joseph Mercy Hospital (MI) 
St. Joseph’s Hospital-Marshfield  
  Clinic (WI) 
St. Joseph’s Hospital & Medical 
 Center (AZ) 
St. Jude Children’s Research 
 Hospital (TN) 
St. Mary of the Plains Hospital    
  (TX) 
St. Michael’s Hospital (Toronto, 
 ON, Canada) 
Ste. Justine Hospital (Montreal, PQ, 
  Canada) 
Salem Clinic (OR) 
San Francisco General Hospital  
   (CA) 
Santa Clara Valley Medical Center    
   (CA) 
Seoul Nat’l University Hospital   
  (Korea) 
Shands at the University of Florida 
So. California Permanente Medical 
 Group 
South Bend Medical Foundation  
   (IN) 
South Western Area Pathology       
  Service (Australia) 
Southern Maine Medical Center  
Southwest Texas Methodist Hospital  
Spartanburg Regional Medical 
 Center (SC) 
Specialty Laboratories, Inc. (CA) 
State of Connecticut Dept. of Public 
 Health 
State of Washington Department of  
  Health 
Stony Brook University Hospital 
 (NY) 
Stormont-Vail Regional Medical  
  Center (KS) 
Sun Health-Boswell Hospital (AZ) 

Sunnybrook Health Science Center 
 (ON, Canada) 
Swedish Medical Center - 
 Providence Campus (WA) 
Temple University Hospital (PA) 
Tenet Odessa Regional Hospital 
 (TX) 
The Toledo Hospital (OH) 
Touro Infirmary (LA) 
Tripler Army Medical Center (HI) 
Truman Medical Center (MO) 
UCLA Medical Center (CA) 
UCSF Medical Center (CA) 
UNC Hospitals (NC) 
Unidad de Patologia Clinica 
 (Mexico) 
Union Clinical Laboratory (Taiwan) 
Universita Campus Bio-Medico 
 (Italy) 
University Hospitals of Cleveland 
 (OH) 
University of Alabama-Birmingham  
  Hospital  
University of Chicago Hospitals 
 (IL) 
University of Colorado Hospital 
University of Debrecen Medical 
 Health and Science Center 
 (Hungary) 
University of Illinois Medical Center 
University of the Ryukyus (Japan) 
The University of Texas Medical 
 Branch 
The University of the West Indies 
University of Virginia Medical 
  Center 
University of Washington 
UZ-KUL Medical Center (Belgium) 
VA (Hampton) Medical Center (VA) 
VA (Hines) Medical Center (IL) 
VA (Tuskegee) Medical Center  
  (AL)  
Valley Children’s Hospital (CA) 
Vejle Hospital (Denmark) 
Virginia Beach General Hospital 
 (VA) 
Virginia Regional Medical Center 
 (MN) 
ViroMed Laboratories (MN) 
Washington Adventist Hospital 
 (MD) 
Washoe Medical Center  
  Laboratory (NV) 
Waterford Regional Hospital  
 (Ireland) 
Wellstar Health System (GA) 
West Jefferson Medical Center (LA) 
Wilford Hall Medical Center (TX) 
William Beaumont Army Medical 
 Center (TX) 
William Beaumont Hospital (MI) 
William Osler Health Centre 
 (Brampton, ON, Canada) 
Winn Army Community Hospital  
  (GA) 
Winnipeg Regional Health 
 Authority (Winnipeg, Canada) 
Wishard Memorial Hospital (IN) 
Yonsei University College of  
  Medicine (Korea) 
York Hospital (PA)  
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