
Use of Glucose Meters 
in Critically Ill Patients 

James H. Nichols, PhD, DABCC, FACB 

Professor of Pathology, Microbiology and Immunology 

Medical Director, Clinical Chemistry and Point-of-Care Testing 

Vanderbilt University School of Medicine 

Nashville, Tennessee, USA 

james.h.nichols@vanderbilt.edu  

1 

mailto:james.h.nichols@vanderbilt.edu


Objectives 

• Describe the limitations of glucose meters 

• Recognize FDA, CMS and other regulations for use of 
glucose meters in critically ill patients 

• Identify CLSI POCT17 White Paper as a resource  

• Review the top AACC government affairs committee 
priorities for Capital Hill Visits this year 
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POCT Glucose 
 

A glucose test is not necessarily a 
glucose test 

 

This fact has been known  

for many years 

 



Glucose Testing Methods 

• Core Laboratory – glucose hexokinase 

• POCT – glucose oxidase, glucose dehydrogenase 

• Critical Care – glucose oxidase 

 

• Method differences 

• Calibration differences 

• Whole blood to plasma considerations 



Blood Glucose Meter Precision 
• 95% of results fall within ± 2SD 

• Core Lab 

   93.7 ± 0.9 mg/dL (1.0% CV) 

   282.7 ± 1.9 mg/dL (0.7% CV) 

• POCT  

  49.0  ± 9.2 mg/dL (18.6% CV) 

  283.0 ± 15.0 mg/dL (5.3% CV) 

• Clinically the ADA has recommended glucose meters to 
have CV’s of <5% at all levels and accuracy to within 
5% of a lab result. (1987) 



Blood Glucose Meter 
• 95% of results within ± 20% if >100 mg/dL 

• 95% of results within ± 20 mg/dL if <100 mg/dL 

• Most recent evaluation by FDA on patient samples: 

         <100 mg/dL     >100 mg/dL 

         <20mg/dL >20mg/dL <20% >20%   
Meter A   0% 22%    0% 24% 

Meter B   0% 14%    0%   0% 

Meter C   2%   6%    0%   0% 

Meter D   4% 10%    4%   0% 

• Currently marketed glucose meters fail to meet consensus 
criteria in the hypoglycemic range. 

Chen ET, Nichols JH, Duh SH, Hortin G. Performance evaluation of blood glucose 
monitoring devices. Diabetes Technol Ther 2003;5:749-68. 
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Glucose Meter Potential 
Interferences 

• Environmental 

– Air, exposure of strips 

– Altitude 

– Humidity 

– Temperature 

• Operational 
– Hemolysis 

– Anticoagulants 

– Generic test strips 

– Amniotic fluid/Animal 

– Arterial and catheter 

– Volume of sample 

– Reuse of strips 

• Physiologic 

– Hematocrit (neonates) 

– Prandial state 

– Hyperlipidemia 

– Oxygenation 

– pH 

• Drugs 
– Maltose 

– Acetaminophen 

– Ascorbate 

– Mannitol 

– Dopamine 
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The Hospital Issue 
• The critical nature of hospitalized patients presents extreme conditions 

to bedside glucose meters in terms of PO2 and hematocrit, and 
increasing the potential for interferences from drugs and hospital 
therapies like intralipid nutrition.  Because of these circumstances, the 
same meters utilized for home self-testing do not always perform well 
when applied to hospitalized patients. 
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Clarke W, Nichols JH. Bedside Glucose Testing : Applications in the Home and 

Hospital. Clinics in Laboratory Medicine: Point-of-Care Testing. Lewandrowski K 

editor. June 2001. 



Glucose Meters 

 

•FDA clears glucose meters for the following intended uses: 

•For quantitative measurement of glucose in whole blood (e.g., capillary, venous, 

arterial) 

•For use by healthcare professionals or lay users 

•A few are cleared for use on neonates 

   For the following indications: 

•As aid in monitoring the effectiveness of diabetes control program 

•Not intended for the diagnosis of or screening for diabetes 

 

Other ways they are also used (off-label): 

•Glycemic control protocols in hospitals (diabetics and non-diabetics) 

•Critically ill patients 

•Anything they are needed for in the hospital 



Glucose Meters 

 

•Manufacturers submit the meters to FDA with home use claims even 

when they intend to sell them as hospital use meters 

 

•They submit validation data suitable for home use capillary self testing, 

and minimal validation in arterial and venous blood (if claimed) 

 

•This submission strategy allows the hospital meters  

 to be waived (due to OTC status) without the need for  

 CLIA waiver studies 



• In recent years concerns have been raised citing the inability of 

currently cleared glucose meters, if not adequately validated and 

controlled by the hospital, to perform effectively in critical care 

settings, given that these devices were not originally designed or 

evaluated for this type of use.   

 

• Patients in critical care settings can be more acutely ill and 

medically fragile, and are more likely to present physiological, 

pathological and pre-analytical factors that could interfere with 

glucose measurements as compared to other types of users.   

 

• For critically ill patients who by their very nature tend to be more 

seriously ill, any inaccuracies in the meters could further increase 

the risk to these patients.   

Glucose Meters 



• For many years, FDA has requested that all labeling for glucose 

meters include a statement in their device labeling indicating that the 

system is not intended to be used in the critically ill patient 

population.   

 

• FDA requested this statement because the device has not been 

designed for use in, or studied in this population.   

 

• By including the statement in the Limitation section, FDA hoped to 

clarify that use in the critically ill population is an off label use and 

hospitals need to validate that use and place appropriate controls to 

assure the accurate and appropriate use of the device.   
 

Glucose Meters 



• Hospitals are recently becoming more aware of these limitation 

statements 

 

• FDA has been receiving more questions about these limitations, including 

whether use of meters in the ICU would be off label use 

 

• Because off-label use would void the waived status, facilities would 

technically need CLIA high complexity certification to use these meters: 

•In critically ill patients 

•In people without diabetes 

•Health fairs and screening the general public for diabetes 

 

• Challenge – abrupt disruption of glucose meter use in hospital settings 

may adversely affect patient safety 
 

Off Label Use 
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New York State Department of Health 
• FDA has approved glucose meters for quantitative measurement of 

whole blood glucose for use by healthcare professionals or lay users as 
an aid in monitoring the effectiveness of a diabetes control program 

• Glucose meter manufacturer validation data has not been sufficient 
for FDA to extend approved intended use to other patient populations 
or settings (concerns about accuracy and reliability in hospitals) 

• FDA reminds clinical laboratory regulatory agencies that intended use 
does not include: 
– Diagnosis or screening for diabetes 

– Monitoring glycemic control in non-diabetic hospitalized patients 

– Use in critically ill patients 

– Health fairs or other community events to screen the public for diabetes  
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Off-Label Use –New York State DOH 
• Glucose meter defaults to CLIA high complexity 

• For New York State, requires a New York State clinical 
laboratory permit in category of Clinical Chemistry 

• Personnel licensed by New York State Education Dept are 
eligible to perform testing 

• Fully establish analytic and clinical performance specifications 

– Risk-based evaluation of appropriate populations/settings for use 

– Design of studies to establish analytical and clinical performance of 
glucose meter used for anything other than intended use in pkg insert 

– Consideration of populations/settings where use of glucose meters 
may not be appropriate and have been documented to cause patient 
morbidity/mortality 
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Intended Use 

• Off-label use: (for this system) 

– Glucose tolerance testing 

– Diagnosis or screening for gestational diabetes 

– Health-fair screening 

– Capillary blood drawn from alternative sites (not fingertip) 

19 
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Laboratory Test Limitations 

• Lab tests are not fool-proof! 

• There is no “perfect” device, otherwise we would 
all be using it! 

• Any device can and will fail under the right 
conditions 

• Those conditions are listed in the limitations 
section of the package insert, policy and training 
materials 
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Current Vanderbilt Glucose Procedure 
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This limitation is new 

as of December 2012 

for all glucose meters! 



Definition of Critically Ill 
• No universal definition of critically ill exists 

• Critical illness is any disease process which causes 
physiological instability leading to disability or death within 
minutes or hours.(1) 

• All inpatients, by virtue of their hospitalization, may be 
considered “critically ill”. So, critically ill patients are not just 
those patients in the ICU 

– Consider the OR, ED, Trauma, Sepsis, and others 

• CMS and FDA indicate that the definition of what 
constitutes “critically ill” must be defined by each 
institution. 

25 British Journal of Hospital Medicine, October 2007, Vol 68, No 10 
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Revised Vanderbilt Glucose Procedure 
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Options to Address CMS Changes 

• Proposed Policy Change 

• Change to a meter cleared for “critically ill” use 

• Use an “alternative” method for “critically ill” patients  

• Use glucose meters “off-label” 
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Proposed Policy Change 

• Least disruptive 

• No change in practice, staff already trained and 
doing this 

• Meets letter of the regulatory change by defining 
what “critically ill” means for this device – the pkg 
insert limitations – so not testing under “off-label” 
uses 
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Use FDA Cleared Meter 

• Requires venous or catheter blood collection 

• Caution! No meter is cleared for use of capillary 
samples in critically ill patients! 

• Patients with poor peripheral circulation 
physiologically have differences between central and 
peripheral circulation 

• Not unique to glucose meters (consider coag, blood 
gases, electrolytes, and other POCT) 
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Use “Alternative” Method 

• Requires more costly Blood Gas testing 

• The number of blood gas analyzers may limit patient 
access to testing 

• Core lab testing has delays in results that could 
impact care 

 

33 



Off-Label Use 

• CLIA high-complexity testing with required performance 
validation in critically ill patients 

• Consequences for staff educational background, licensure (med 
director), and ongoing documentation. 

• Personnel may not meet specific CLIA/State requirements 

– Current license (if required) by state 

– MD, doctor of osteopathy, doctor of podiatric medicine 

– Doctorate, master’s, bachelor’s in chemistry, physical or biological science 

– Maintain documented training and competency records 

– Some nursing or other healthcare professionals may not have the 
required education to meet CLIA high-complexity requirements – some 
states may further reduce eligible staff that can perform glucose testing 
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CMS Personnel Policies Update 

• CLIA surveyors will now accept Primary Source Verification 
company evidence of personnel qualification compliance 

• PSV confirms applicant’s credentials by verifying degree, 
certificate, or diploma received, licenses granted and 
confirming work history and positions held 

• Bachelor’s and Associate’s degrees in nursing meet the 
requirement for earning a degree in a biological science for 
CLIA high and moderate complexity testing personnel 
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AACC Government Relations Committee 

• To monitor and make 
recommendations on legislation, 
regulations, and legal actions 
pertaining to the clinical laboratory  

• To ensure that the interests of AACC 
members are served.   

• To promote member involvement in 
government relations issues.  

• GRC has transitioned to the new 
AACC Core Committee on Policy & 
External Affairs  
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AACC Government Affairs Committee 
Capital Hill Visits 

• The value of laboratory 
testing 

– Role in patient care 

– Who are laboratory specialists? 

• Test harmonization 

• 21st Century Cures – LDT 
position statement 

• Newborn screening and 
children’s health 
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AACC Capital Hill Briefing 
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• Precision Medicine vs 
Personalized Medicine 

• Direct to Consumer 
Testing 

• Test Harmonization 

• CLIA modernization 
and LDT regulation 



Summary 

• Recognize glucose meter limitations 

• Use glucose meters within the package insert 
limitations to maintain CLIA waived status 

• Otherwise must perform studies to prove validity and 
reliability of results (off-label use) 

• AACC Government Relations Committee is a resource 
for voicing your opinion on changing lab regulations 

• I want to thank and acknowledge Courtney Lias and Alberto Guitierrez (FDA) and Karen 
Dyer (CMS) for borrowing several slides 
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