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Where in the World is Saskatchewan? 

+ Fall  
+ Winter 



Objectives 
 Discuss the unique challenges involved in the identification and 
collection of capillary blood specimens from neonates 

 Describe the effect of body temperature, specifically hypothermia, on 
the measurement of blood gases 

 Analyze the limitations of arterialization of capillary blood specimens on 
the measurement of blood gases 

 Review the ways in which heparin based anticoagulants can influence 
the measurement of electrolytes, specifically ionized calcium 

 Assess the effect of small air bubbles and transporting blood through 
the pneumatic tube on the measurement of oxygen 
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62%  
Lab 

Associated 
Errors 

Carraro P, Plebani M. Errors in a stat laboratory: Types and frequencies 10 years later. Clin Chem 2007; 53,7: 1338-42 



Potential Errors in Obtaining and  
          Reporting a Blood Gas Result 

Pre-Analytical Analytical Post-Analytical 

Problems that can 
occur during the 

actual analysis of the 
specimen 
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Plebani M, Carraro P. Mistakes in a stat laboratory: types and frequency. Clin Chem. 1997;43(8Pt 1):1348-51 
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Results reported 
without reference 
range 

Transcription 
(LIS) errors in 
result reporting 
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Special Emphasis on 
Neonates 



  

Survey 204 
clinical labs 

Croatia (174:85%) 

1) Prevalence of 
CBS 
for different 
patient 
populations 
 
2) Compliance of 
protocols with 
international 
guidelines 
 

Objectives 

 89%  of labs 
performed CBS 
routinely or 
occasionally 

 75% CBS used 
for hematology 
(CBC); 24% 
blood gases 

 51% CBS 
performed in 
Pediatrics 

 78% of labs 
performing 
CBS had a 
written 
protocol; only 
30% included 
order of draw 
for multiple 
specimens 



Capillary Blood Gas Analysis 

 Not just blood gases ! 
 (pO2, pCO2, pH) 

 Hemoglobin derivatives 
 (carboxy-Hb, met-Hb, oxy-Hb, 

and reduced Hb) 

 Electrolytes  
 (Na+, K+, Cl-, iCa2+, iMg2+) 

 Metabolites  
 (glucose, lactate, creatinine, TBIL) 
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Patient Identification 

“Voluntary Electronic Reporting of Laboratory Errors. An 
Analysis of 37,532 Laboratory Event Reports from 30 Health 
Care Organizations” 
Snydman et al., American Journal of Medical Quality; 2012:27(2); 147-53 

 

 Pre-analytical events were most commonly (81.1%) 
reported 
18.7% specimen not labelled 
16.3% specimen mislabelled 
13.2% improper collection  

Top 3 problems 



Patient Identification  

 

 Two unique patient identifiers 
 
Full name 
Assigned ID number 
Date of Birth 
Photo ID on government  
approved card (ie driver’s licence)  

(CLSI GP33-A Accuracy in Patient and Sample Identification) 



Patient Identification – At Birth 

•  First ID band (mother’s information) 

• Within 1 hr of birth, baby issued with personal 
health number (second ID band) 

 

When baby arrives 
in Post Partum – 2 

ID bands 



Patient Identification  
 Normal Newborn Nursery 

•  First ID band (mother’s information) 

•  Within 1 hr of birth, baby issued 
with personal health number 
(second ID band) 

•  Date of Birth  
• No given name yet – will 

happen after birth registration 
forms filled out 

 



Patient Identification 
Challenges 

 Mother’s surname (at birth) Father’s surname 
(after birth registration)  

 Identification of twins, triplets etc. 
Twin A Baby Girl 
Twin B Baby Boy 
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 Patient Assessment 
Information (CLSI C46-A2) 

 “Steady state” ventilation (20-30 min acceptable for most patients 
post ventilator change) 

 Patient age & Location 

 Body Temperature 
 Time of sampling 
 FIO2 or actual flow rate and method of delivery 
 Ventilatory status (spontaneous breathing or assisted/controlled 
ventilation) 
 Mode of Ventilation (pressure support) 
 Site of Sampling 
 Position and/or activity (rest, exercise) 



Gestational & Post- Natal Age:  
Pre-analytical Error? 

• Analysis of blood gases, basic 
biochemistry, coagulation, CBC, urinalysis 
and microbiology should be available in all 
units where babies are delivered 
 

• Pediatric and Neonatal patients are not 
just little adults 
 

• Acquiring Gestational Age (& Post-Natal 
Age) reference ranges is a huge challenge 
 

       
Neonatology & Laboratory Medicine, Anne Green, Imogen Morgan and Jim Gray, 2003 





 
Plasma Creatinine Concentration (µmol/L) 

 

 
Post-Natal Age 

 
Gestational Age 

(28 weeks) 

 
Gestational Age 

(32 weeks) 
 

 
Gestational Age 

(36 weeks) 

 
Gestational Age 

(40 weeks) 

2 days 40 - 220 27 - 175 23 - 143 18 - 118 

7 days 23 - 145 19 - 119 16 - 98 13 - 81 

14 days 18 - 118 15 - 97 12 - 80 10 - 66 

21 days 16 - 104 14 - 86 11 - 71 9 - 57 

28 days  15 - 95 12 - 78 10 - 64 9 - 53 

Neonatology & Laboratory Medicine, Anne Green, Imogen Morgan and Jim Gray, 2003, pg 303 



 Patient Assessment 
Information (CLSI C46-A2) 

 “Steady state” ventilation (20-30 min acceptable for most patients 
post ventilator change) 

 Patient age & Location 

 Body Temperature 
 Time of sampling 
 FIO2 or actual flow rate and method of delivery 
 Ventilatory status (spontaneous breathing or assisted/controlled 
ventilation) 
 Mode of Ventilation (pressure support) 
 Site of Sampling 
 Position and/or activity (rest, exercise) 



Body Temperature & Premature 
Babies 

 Robin Knobel, PhD, RN, assistant professor at the Duke University School of Nursing in Durham North Carolina, and 
a Robert Wood Johnson Foundation nurse faculty scholar, shared her research at the conference. In a telephone 
interview with Medscape Medical News, she discussed what nurses can learn from this type of monitoring. 

 Medscape: What prompted you to study temperature regulation in extremely 
low-birthweight infants? 

 Dr. Knobel: I worked as a NICU [neonatal intensive care unit] and a neonatal 
nurse practitioner. We did a lot of transport, and it would always impress me 
how cold the babies were when we would pick them up. Nurses would take care 
of everything — blood pressure, ventilation, all those vital things — but many 
times they would forget about the temperature. 

 Once I picked up a really cold baby who ended up dying because he was so 
hypothermic in the beginning. I also saw many hypothermic babies coming from 
the delivery room who would be cold from the delivery experience. I decided 
that I wanted to do something to improve temperatures for babies. 

  
An Expert Interview With Robin Knobel, PhD, RN  Troy Brown October 23, 2012 
 



Body Temperature & Premature 
Babies 

 All infants up to ~ 1 yr generate 
heat by non-shivering 
thermogenesis 
 Thermogenin 
 mitochondrial protein (brown 

adipose tissue) 
 Used to generate heat 

 Infants < 32 wks do not warm 
themselves effectively (relative 
deficiency of thermogenin) 

 
 Henry’s Law  

• The partial pressure of a gas is proportional to its concentration at a given 
temperature and pressure 

 



Hypothermia used 
as neuroprotective 
strategy for 
asphyxiated 
neonates 

Hypothermia affect 
blood gas solubility 

• Decrease temp 
• Increase pH 
• Decrease pCO2 

pCO2  affects 
vascular tone & 

cerebral perfusion 

“During 
hypothermia, 
arterial pCO2  
decreases and pH 
increases 
compared with 
37°C when 
measurements are 
made at the actual 
body temperature” 
 



“ In conclusion, 
variations in body 
temperature 
significantly affect the 
results of important and 
frequently used 
monitoring techniques 
in intensive care, 
aesthesia and 
emergency medicine.  
The knowledge of 
physical and technical 
changes during 
hypothermia and 
hyperthermia is 
necessary to avoid 
pitfalls in monitoring of 
blood gases ….” 
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• 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 



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



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 



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

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



• Single deep puncture 
• Heel (< 1 y) 
• Earlobe (> 1y) 

Numerous Conditions where 
Capillary Blood Sampling is 
Unsuitable, including 
• Dehydrated Patients 
• Edematous Patients 
• Poor peripheral perfusion 

Do not “milk “ the puncture site 
• May cause hemolysis 
• Contamination with tissue 

fluid 



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. 

 



How do we currently detect hemolysis? 

• Visual inspection of plasma 
 

• Problems: 
▫ time consuming (requires 

centrifugation) 
▫ manual qualitative assessment 
▫ between observer variability 
 



How do we currently detect hemolysis? 

• Hemolysis Index (Automated Clinical 
Chemistry Systems) 

 
• Spectrophotometric assessment 
▫ Blanked bichromatic 

measurements 
  405 nm and 700nm 

 
• Problems: 
▫ Some time consumed  

 
 

 



 Can we detect hemolysis in a whole 
blood specimen? 

 Not yet! 
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N= 852 75-80% of all 
specimens are 

visually hemolyzed 



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
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Arterial Blood = 
Gold Std Sample 

Immerse heel in 
warm water 
• 40-45° C 
• 5-10 min 

“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  



Identification 
Issues 

Patient Info 
• Age 
• Body Temp 

Puncture Site 
• Heel 
• Earlobe 

Arterialization 

Anticoagulant 

Clinical 
Laboratory 

Sample 
Handling 

Method and 
Conditions of 

Specimen 
Transport 



Anticoagulants 

• Calcium chelators  
     (ie. EDTA, Sodium Citrate) 
 
• Vitamin K Antagonist           

(ie. Warfarin) 
 
• Cofactor 
     (ie. Heparin+antithrombin III) 



Heparin 

• Natural occurring polysaccharide 
 
• Different sizes 
 
• Different degrees of sulfation 
 
• Different formulations 



Different Formulations of Heparin 

Balanced Heparin 
• Lithium and Zinc 
• Lithium, Zinc and Calcium 
• Lithium, Sodium, Potassium and Calcium 

Potential 
binding sites 
for cations 

Depending upon formulation of 
heparin used, biases in the 
measurement of ionized calcium, 
ionized magnesium and sodium 
could be seen 





Congenital 
Analbuminemia is 

rare 

50 cases reported 
since 1954 

12 local cases 
identified from 
First Nations 
Community 
near 
Saskatoon 

Will the lack of 
albumin 
influence the 
measurement of 
ionized calcium? 
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Glass versus Plastic Syringe  
or Capillary Tube 

Historical 



Glass versus Plastic Syringes 
or Capillary Tube 

Historical 

1) Immediately place on 
ice slurry 



Glass versus Plastic Syringes 
or Capillary Tube 

Historical 

1) Immediately place on 
ice slurry 

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



Glass versus Plastic Syringes 
Or Capillary Tube 

• Cost 
 
• Safety 
 
• Convenience 

New Standard 



Glass versus Plastic Syringes 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 Syringes 

• Clinical Laboratory 
Standards Institute 
(CLSI) 
• 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?  



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) 



Remove 
Bubbles 

Introduce air by visually 
pulling back on syringe 
plunger until tip was half 
full of air (20 uL) or 
completely full (40 uL) 





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



Air 

Introduce air by 
visually pulling back 
on syringe plunger 
until tip was half full 
of air (20 uL) or 
completely full (40 
uL) 



• Air contamination showed almost no effect on the control 
samples (walked to the lab for analysis) 

• Specimens sent by PTS showed large erroneous increases in 
samples tonometered at 7% and 12% 

• Specimens sent by PTS showed little interference in specimens 
tonometered at 20% oxygen 

• Specimens sent by PTS showed large erroneous decreases in 
samples tonometered at 50% oxygen 
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Sample Handling 

• Mixing necessary to 
dissolve heparin 

• Necessary to 
achieve uniform 
distribution of RBCs 

• Hemoglobin 
measurement 



.00%
20.00%
40.00%
60.00%
80.00%
100.00%

0
10
20
30
40
50
60
70

Fr
eq

ue
nc

y

Hematocrit

Hematocrit in 434 In-patients 
<7d, October 2007, RRL



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) 



Conclusions  

• Pre-analytical phase of the blood gas 
testing process represents unique 
challenges for the neonatal population 

 
• Capillary blood sampling is a common 

method used to collect a blood specimen 
in neonates 



Thank you for 
your time 

Questions ? 
Marypages.com accessed Jan 30, 2013 
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