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Capillary Confusion 

• Capillaries are the smallest blood 
vessel connecting arterioles and 
venules 

 
• Capillary wall is a single cell thick 

which promotes the release of O2  and 
nutrients and capture of CO2  and 
waste 
 

• Blood collected by skin puncture 
represents a mixture of arteriole, 
capillary and venule blood 



Capillary Confusion 

Micro-collection device 



Objective #1 

• To briefly review CLSI and WHO guidelines for collection of capillary 
blood specimens  



Objective #2 

• To describe the physiological differences in analyte concentrations in 
arterial, capillary and venous specimens  



Objective #3 
• To discuss pre-analytical errors associated with capillary specimen 

collection 
• Hemolysis 

• Clotted specimens 

• Specimen transport and Handling  

(ie on/off ice, pneumatic tube, specimen mixing)  



Objective#4 

• To describe the use of simulation modelling to assess the potential 
clinical risk of point of care devices that analyze capillary blood with 
different analytical performance characteristics 



CLSI and WHO guidelines: Collection of 
capillary blood specimens  

GP 42-A6  Procedures and Devices for the Collection 
of Diagnostic Capillary Blood Specimens.  Approved 
Standard- 6th Edition, 2008 

WHO guidelines on drawing blood: best practices in 
phlebotomy, Geneva, Switzerland, 2010 

C46-A2  Blood Gas and pH Analysis and Related 
Measurements.  Approved Standard- 2ndEdition, 2009 



CLSI and WHO guidelines: Collection of 
capillary blood specimens  

GP 42-A6  Procedures and Devices for the Collection 
of Diagnostic Capillary Blood Specimens.  Approved 
Standard- 6th Edition, 2008 

WHO guidelines on drawing blood: best practices in 
phlebotomy, Geneva, Switzerland, 2010 

C46-A2  Blood Gas and pH Analysis and Related 
Measurements.  Approved Standard- 2ndEdition, 2009 

23 Core Recommendations  

For each step in the skin 
puncture technique  







#10: Selecting the skin puncture site  



#10: Selecting the skin puncture site  

CLSI Guideline Section 7.1 Infants  
(Section 7: Sites for Collecting Skin Puncture Blood) 
• “ punctures must not be performed on earlobes” 

Krleza et al., 2015 Capillary blood sampling review 
• Earlobe specimen has been used for lactate 

monitoring in sports medicine 
• “Earlobe puncture is recommended for blood 

gas analysis and will be described in Croatian 
national recommendations for blood gas and 
acid base balance”  







#11: Selecting Lancet Length  

Puncture should 
be made across 
the fingerprint;  
not parallel to 
the fingerprint 



#11: Selecting Lancet Length  

Recommended 
Puncture Site 

Recommended 
Incision Depth up to 

Premature neonates 
(up to 3 kg) 

Heel 0.85 mm 

Infants under 6 
months of Age 

Heel 2.0 mm 

Child  
6 months-8 years 

Finger 1.5 mm 

Child > 8 years 
Adults 

Finger 2.4 mm 

Krleza et al., Biochemia Medica 2015;25(3):335-358 



#11: Selecting Lancet Length  

• Retractable incision devices are preferred 
• Use a blade slightly shorter than recommended incision depth 

• “Pressure applied on the device during the puncture 
results in an incision slightly deeper than the nominal 
blade length” 

Krleza et al., Biochemia Medica 2015;25(3):335-358 



#11: Selecting Lancet Length  

• Avoid applying strong pressure on the incision device 
• Too much pressure can cause the puncture to be deeper 

than necessary 
• Risk of damaging bone or nerves 

Krleza et al., Biochemia Medica 2015;25(3):335-358 



Wrap the heel in warm 
moist towel (hyperemic 
or vasodilatory creams) 
• 40-45° C 
• 3-5 min 

Objective 
• Increase the blood 

flow to the 
puncture site 

Outcome 
• To obtain an 

adequate sample 
without the need to 
apply pressure to 
surrounding tissue 



0.02 



Arterial Blood = Gold 
Std Sample 

“The clinical value of 
capillary-blood gas results 
depends, however, on the 
extent to which pH, pCO2, 
and pO2 of capillary blood 
accurately reflect pH, pCO2, 
and pO2 of arterial blood” 

Capillary pH was similar to 
Arterial pH  
• <0.05 difference 
• Clinically insignificant 

Capillary pCO2 was similar 
to Arterial pCO2 
• < 3-5 mmHg difference 
• Clinically acceptable 

Capillary pO2 was different 
from Arterial pO2 
•  20 mmHg difference 
• Clinically UNacceptable 

• Arterial pO2 decreases so does the arterial 
capillary difference 

• Arterial pO2 increases so does the arterial 
capillary difference 



“There is really no substitute for arterial blood 
if accuracy of pO2 measurement is important, 
for example, for the prescription of long-term 
oxygen therapy” 

Higgins C. Capillary-blood gases: To arterialize or not. MLO. 
November 2008:42-47  

#12:  Arterialization 
 





#15: Elimination of the first drop of 
capillary blood sampled 

                                 CLSI  
“Wipe away the first drop of blood with a 
clean gauze pad (unless testing the first 
drop is required by the manufacturer of 
the point of care device)” 

                         Primary Concern 
First drop can contaminate the blood 
specimen due to excess tissue fluid 





#16: Order of draw in capillary blood 
collection 

 Collection Order 
• Blood gas analysis 
• EDTA samples 
• Samples with other additives 
• Samples for serum  

                          Primary Concern 
If more that two capillary specimens are 
needed….consider requesting a venipuncture 
(may provide more accurate results) 



CLSI and WHO guidelines: Collection of 
capillary blood specimens  

GP 42-A6  Procedures and Devices for the Collection 
of Diagnostic Capillary Blood Specimens.  Approved 
Standard- 6th Edition, 2008 

WHO guidelines on drawing blood: best practices in 
phlebotomy, Geneva, Switzerland, 2010 

C46-A2  Blood Gas and pH Analysis and Related 
Measurements.  Approved Standard- 2ndEdition, 2009 

23 Core Recommendations  

For each step in the skin 
puncture technique  

 Other Recommendations  

Minimize the influence 
of limitations of 
capillary blood sampling  

Differences in analyte 
concentrations between 
capillary and venous 
specimens  



#24: Patients for whom capillary blood 
sampling is not recommended 

Edematous 
patients 

Poor 
Peripheral 
Perfusion 



Objective 1 Conclusion 

• CLSI and WHO guidelines for the collection of capillary 
blood specimens describe general procedures involved 
with obtaining capillary specimens. 



Objective #2 

• To describe the physiological differences in analyte concentrations in 
arterial, capillary and venous specimens  



Arterial Central Venous Peripheral Venous 

ALT (U/L) 62 61 81 

Albumin (g/dL) 3.6 3.7 3.9 

ALP (U/L) 114 113 107 

Amylase (U/L) 149 148 177 

AST (U/L) 20 20 21 

Calcium (mg/dL) 8.1 8.2 8.3 

Chloride (mmol/L) 99 97 101 

CK (U/L) 82 73 91 

Creatinine (mg/dL) 1.4 1.3 1.2 

GGT (U/L) 13 14 14 

Potassium 
(mmol/L) 

4 3.9 3.8 

Sodium (mmol/L) 144 145 144 

Total Protein (g/dL) 6.6 6.8 7.7 

Urea (mg/dL) 32 31 25 

Uric Acid (mg/dL) 8.1 8.1 7.9 

Tietz Textbook of 
Clinical Chemistry, 3rd 
Edition 
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Capillary Collection 

• Capillaries are the smallest blood 
vessel connecting arterioles and 
venules 

 
• Capillary wall is a single cell thick 

which promotes the release of O2  and 
nutrients and capture of CO2  and 
waste 
 

• Blood collected by skin puncture 
represents a mixture of arteriole, 
capillary and venule blood 



0.02 



Capillary Value Greater 
Than Venous Value (%) 

No Difference Between 
Capillary and Venous 

Values 

Capillary Value Less Than 
Venous Value (%) 

Glucose 1.4% Phosphorus Bilirubin 5% 

Potassium 0.9% Urea Calcium 4.6% 

Chloride 1.8% 

Sodium 2.3% 

Total Protein 3.3% 

Objective 2: Analyte Concentration 
Differences between Capillary and Venous 

Tietz Textbook of Clinical Chemistry, 3rd Edition 



Differences between Arterial, Capillary and 
Venous Glucose Concentrations 

• Arterial Glucose ~ Capillary Glucose 
• Capillary Glucose > Venous Glucose 

Venous glucose = capillary glucose  
(fasting specimens)  

Capillary glucose can be up to 20 – 
25% higher than venous glucose 
• After a meal 
• Glucose load 
• Glucose clamping studies 



Objective 2 Conclusions 

• Significant (clinically) variation may exist in analyte 
concentrations between arterial, capillary and venous 
specimens. 

• To assist with clinical interpretation of results obtained 
using a capillary specimen, reference intervals specific 
for capillary blood specimens are advisable.     



Objective #3 

• To discuss pre-analytical errors associated with capillary specimen 
collection 

• Hemolysis 

• Clotted specimens 

• Specimen transport and Handling  

(ie on/off ice, pneumatic tube, specimen mixing)  



What is hemolysis? 



Analyte Concentrations in RBCs and Plasma 

Sodium:  16 mmol/L 

Potassium: 100 mmol/L 

Chloride: 52 mmol/L 

LDH: 58,000 U/L 

AST: 500 U/L 

ALT: 150 U/L 

Sodium: 140 mmol/L 

Chloride: 104 mmol/L 

Potassium: 4.4 mmol/L 

LDH: 360 U/L 

AST: 25 U/L 

ALT: 30 U/L 

Am J. Clin. Path. 37: 445, 1962 



“Release of K+ from as few as 0.5% of erythocytes can increase K + 

values by 0.5 mmol/L” 

 – Tietz Textbook of Clinical Chemistry, 3rd Edition 



How do we currently detect hemolysis? 

• Visual inspection of plasma 

 

• Problems: 
▫ time consuming (requires 

centrifugation) 

▫ manual qualitative assessment 

▫ between observer variability 

 



• Hemolysis Index (Automated Clinical Chemistry Systems) 
 
• Spectrophotometric assessment 
▫ Blanked bichromatic measurements 

  405 nm and 700nm 
 

• Problems: 
▫ Some time consumed  

 

 
 

How do we currently detect hemolysis? 



 Can we detect hemolysis in a 
whole blood specimen? 

• Not yet! 



What are the rates of hemolysis? 



Laboratory Medicine May 2002 vol. 33 no. 5; 378-380 

Hemolysis in Serum Samples Drawn 
in the Emergency Department 

 
  

 

 

Edward R. Burns, Noriko Yoshikawa 

Department of Pathology, Albert Einstein College of Medicine and Montefiore 

Medical Center, New York, NY. 
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75-80% of all 
specimens are 

visually hemolyzed 



Will hemolysis affect clinical lab 
 test results? 



Effect of Hemolysis of Blood 
Gases and  Electrolytes 

pH (-.2%); *pO2 (-4.9%); sO2 (-4.9%); COHb (-11%); *Ca2+ (-7%) 
*pCO2 (+4.1%); HCO3- (+1.4%); *K+ (+152%) 

Influence of spurious hemolysis on blood gas analysis. Clin Chem Lab Med. 2013 Aug;51(8):1651-4. 

* Clinically Meaningful Bias 

http://www.ncbi.nlm.nih.gov/pubmed/23314547


Clinical Lab Tests that are Influenced  
by Hemolysis 

 
 

Degree of 
change in 
analyte 

Test result increased by 
hemolysis 

  

Test result 
decreased by 

hemolysis 

Test result 
increased or 
decreased by 

hemolysis 

Slight change Phosphate, Total Protein, 
Albumin, Magnesium, 
Calcium, Alkaline 
Phosphatase (ALP) 

Haptoglobin, 
Bilirubin 

  

Noticeable 
change 

ALT, CK, Iron, Coagulation 
tests 

Thyroxine (T4)   

Significant 
change 

Potassium (K+), Lactate 
Dehydrogenase (LD), AST 

Troponin T HGB, RBC, 
MCHC, Platelet 
Count 

CLS, Accessed Jan5,2014 



Objective #3 

• To discuss pre-analytical errors associated with capillary specimen 
collection 

• Hemolysis 

• Clotted specimens 

• Specimen transport and Handling  

(ie on/off ice, pneumatic tube, specimen mixing)  



Glass versus Plastic Syringe  
or Capillary Tube 

Historical 



Historical 

1) Immediately place on 
ice slurry 

Glass versus Plastic Syringe  
or Capillary Tube 



Historical 

1) Immediately place on 
ice slurry 

2) Negligible permeability 
to oxygen and carbon 
dioxide (due to diffusion) 

Glass versus Plastic Syringe  
or Capillary Tube 



• Cost 
 
• Safety 
 
• Convenience 

New Standard 

Glass versus Plastic Syringe  
or Capillary Tube 



• Clinical Laboratory 
Standards Institute 
(CLSI) (C-46 A2) 
• Specimen collection 

devices 
• Sample handling 
• Specimen transport 
• Specimen storage 

Recommendation:  
    Arterial specimens collected into a plastic syringe should be stored at room 
temperature and must be analyzed within 30 minutes 

Glass versus Plastic Syringe  
or Capillary Tube 



• Clinical Laboratory 
Standards Institute 
(CLSI) (C-46 A2) 
• Specimen collection 

devices 
• Sample handling 
• Specimen transport 
• Specimen storage 

Recommendation:  
    Arterial specimens collected into a plastic syringe should be stored at room 
temperature and must be analyzed within 30 minutes 

How do temperature and time affect ABG 
results with a plastic syringe or capillary?  



Ice 

RT 





• Background: Important to remove air bubbles 
from syringes (to avoid errors) 

 
• Calculate expected theoretical changes in pO2 

(20 µL or 40 µL of air are added) 
 
• Confirm validity of these calculations by 

measuring blood gas & Co-ox parameters (19 
patients after equilibration with similar 
increments of air) 



Purpose:   
To characterize the potential interference to pO2  measurement 
when blood contamination with air is sent through a pneumatic 
tube system 



Objective #3 

• To discuss pre-analytical errors associated with capillary specimen 
collection 

• Hemolysis 

• Clotted specimens 

• Specimen transport and Handling  

(ie on/off ice, pneumatic tube, specimen mixing)  



Sample Handling 

• Mixing necessary to 
dissolve heparin 

• Necessary to 
achieve uniform 
distribution of RBCs 

• Hemoglobin 
measurement 
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Clots may block 
the sample 
pathway of 
blood gas 
analyzers 

Examined the 
magnitude of 
errors 
produced by 
clots on sensors 
for blood gases, 
pH and 
electrolytes 

Sensors with largest 
clot related errors 
• pH (50%) 
• pCO2 (59%) 
• pO2 (89%) 
Exceeded total 
allowable error 
using CLIA 88 limits 

Magnitude & 
direction of the 
error with pCO2 & 
pO2 showed that 
clots interfere with 
the diffusion of 
analyte across the 
outer sensor 
membrane (sluggish 
response) 



Objective 3 Conclusion 

Pre-analytical errors such as hemolysis, clotting and 
specimen handling conditions represent significant 
challenges for the successful collection and transport 
for capillary blood specimens.  



Objective #4 

• To describe the use of simulation modelling to assess the potential 
clinical risk of point of care devices that analyze capillary blood with 
different analytical performance characteristics 



“ We used simulation 
modelling to relate glucose 
meter performance 
characteristics to insulin 
dosing errors during TGC” 







Glucose  Imprecision (%) Bias 
(%) 

250 mg/dL 1 1 

123 mg/dL 2 2 

88 mg/dL 3 3 

203 mg/dL 4 4 

5 5 

6 6 

7 7 

8 8 

9 9 
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14 14 

15 15 

16 16 

17 17 

18 18 

19 19 

20 20 
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Glucose  Imprecision (%) Bias (%) 

250 mg/dL 1 1 
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5 5 
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New glucose result (255; 245); 1% imprecision; 1% bias 

New glucose result (257.5; 242.5); 1% imprecision; 2% bias 
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New glucose result (265; 235); 1% imprecision; 5% bias 
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New glucose result (270; 230); 1% imprecision; 7% bias 
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Glucose  Imprecision (%) Bias (%) 

250 mg/dL 1 1 

123 mg/dL 2 2 

88 mg/dL 3 3 

123 mg/dL 4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 10 

11 11 

12 12 

13 13 

14 14 

15 15 

16 16 

17 17 

18 18 

19 19 

20 20 

New glucose result (255.0; 245.0); 1% imprecision; 1% bias 

New glucose result (257.5; 242.5); 1% imprecision; 2% bias 

New glucose result (260.0; 240.0); 1% imprecision; 3% bias 

New glucose result (262.5; 237.5); 1% imprecision; 4% bias 

New glucose result (265.0; 235.0); 1% imprecision; 5% bias 

New glucose result (267.5; 232.5); 1% imprecision; 6% bias 

New glucose result (270.0; 230.0); 1% imprecision; 7% bias 

New glucose result (272.5; 227.5); 1% imprecision; 8% bias 

New glucose result (275.0; 225.0); 1% imprecision; 9% bias 



Probability of > 1 dose 
error in insulin dose 

Probability of > 2 dose 
error in insulin dose 

Probability of > 3 dose 
error in insulin dose 



“Current criteria that 
allow 20% total allowable 
error in glucose meters 
may not be optimal for 
patient management 
during TGC” 



Monte Carlo Simulation Modelling to assess 
the potential clinical risk of INR devices with 

different analytical performance 
characteristics (ie Point of Care) 



INR (simulated) = INR (initial) + [n(0,1) X CV X INR (initial)] + [bias X INR(initial)] 



Saskatoon Health Region Warfarin Protocol 

INR <1.5 1.5-1.9 2-3 3.1-3.9 4-4.9 5-9 >9 

 
 
 

Warfarin 
Dosing 

 
 

Extra Dose, 
Increase 
weekly 

dose   
(10-20%) 

 
 

Increase 
weekly 

dose 
(5-10%)  

 
 
 

No 
change 

 
 

Decrease 
weekly 

dose  
(5-10%) 

 
Hold 0-2 

doses, 
decrease 
weekly 

dose 
(10-20%) 

 
Hold 2 
doses, 

decrease 
weekly 

dose 
(10-20%) 

Hold 
Warfarin; 

give vitamin 
K 2.5-5 mg 

PO; 
decrease 

weekly dose 
by 20% 



Distribution of INR data from SHR Community Patients  

N= 53,000 



Probability of Greater than 1 Dose Error Using the 

SHR Warfarin Dosing Protocol 



Comparison of Point of Care Device Performance with the 
Clinical Laboratory 



Comparison of Point of Care Device Performance with the 
Clinical Laboratory 

Comparison between Clinical Laboratory Methodology?  



Probability of Greater than 1 Dose Error Using the 

SHR Warfarin Dosing Protocol 

Variation in Clinical Lab 
Methods Measuring CAP 
Survey Specimens (2014) 

(5-30%) 



Variation between Point 
of Care device relative to 

the clinical lab  
(~76% within ± 0.2)* 
Prob > 1 dose error  

(5-20%) 

*Am J Clin Path 2008:130:88-92 



Variation between Point 
of Care device relative to 

the clinical lab  
(~98% within ± 0.4)* 
Prob > 1 dose error  

(5-35%) 

*Am J Clin Path 2008:130:88-92 



Probability of Greater than 1 Dose Error Using the SHR Warfarin Dosing Protocol 

Variation between Point 
of Care device relative to 

the clinical lab  
(~98% within ± 0.4)* 
Prob > 1 dose error  

(5-30%) 

Prob > 2 dose error 
(<0.5%)  

Probability of Greater than 2 Dose Error Using the SHR Warfarin Dosing Protocol 



Objective 4 Conclusion 

Simulation modelling indicates that similar probabilities 
of warfarin dosing error exist between clinical laboratory 
methods as well as between INR point of care devices 
and clinical laboratory methods.  



Conclusions 
 

• CLSI and WHO guidelines for the collection of capillary 
blood specimens describe general procedures involved with 
obtaining capillary specimens 

 

• Significant (clinically) variation may exist in analyte 
concentrations between arterial, capillary and venous 
specimens. 

 
• To assist with clinical interpretation of results obtained 

using a capillary specimen, reference intervals specific for 
capillary blood specimens are advisable.     



Conclusions 
 
 

• Pre-analytical errors such as hemolysis, clotting and 
specimen handling conditions represent significant 
challenges for the successful collection and transport for 
capillary blood specimens. 
 

• Simulation modelling indicates that similar probabilities 
of warfarin dosing error exist between clinical laboratory 
methods as well as between INR point of care devices 
and clinical laboratory methods.  
 

 
 
 
 
 

 
 

 
 



Marypages.com accessed Jan 30, 2013 

Thank you 
for your 
time! 
 
Any 
Questions? 


