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glucose + O2 → gluconic acid + H2O2

H2O2 + o-tolidine → oxidized o-tolidine + H2O

U.S. Patent #3,092,465 (June 4, 1963)

(Ernie Adams)
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In The Beginning . . . (circa 1963)
George Orr

VP, Prof Prod Grp
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CEO, Miles Laboratories



Danowski TS and Sunder JH. Jet injections of insulin during self-
monitoring of blood glucose. Diabetes Care 1978;1:27-33. 

Self-Monitoring of Blood Glucose (1978)



DCCT (1993)

1,441 patients with Type 2 
diabetes randomized to either:

Intensive therapy: insulin (pump 
or injection) 3-4 times per day 
based on BG 4 times daily

Conventional therapy: insulin 
twice daily with urine or BG 
daily.

Goals of intensive therapy:

Preprandial BG 70-120 mg/dL
Postprandial BG <180 mg/dL
Monthly HbA1c <6.05%



Regulation of Cellular Uptake of Glucose

There are four glucose transport 
proteins: GLUT1-GLUT4

Only GLUT4 is insulin-responsive

GLUT1-3 proteins facilitate non-
insulin dependent glucose 
transport

GLUT1: Fetal tissue; RBCs; 
endothelium (BBB)

GLUT2: Renal tubules

GLUT3: Neurons, placenta

GLUT4: Adipose tissue and 
striated muscle



Stress and Hyperglycemia

 Increased glucose uptake
 Increased gluconeogenesis
 Lower glycogenesis
 Glucose intolerance
 Insulin resistance
 Up-regulation of glycolysis

 Are these changes 
beneficial?

Mizock BA. Alterations in carbohydrate metabolism during stress: a review of 
the literature. Am J Med 1995;98:75-84.



Intensive Insulin Therapy (2001)

Maintained of BG between 80-110 mg/dL. 

Controls treated with insulin only when BG 
exceeded 215 mg/dL.

Mortality with IIT = 4.6%, vs. 8.0% in controls

(BG measurements by ABL700 analyzer on 
arterial blood collected from central line)

Catholic University of Leuven, Leuven, Belgium
Arenberg Castle (Engineering Faculty)

University Hospital Gasthuisberg (Greet Van den Berghe, MD, PhD)



The First Sign of Trouble (2001)



The Portland Protocol (2003)

Observed mortality with continuous 
insulin infusion was 2.5%, vs. 5.3% with 
subcutaneous insulin.

CII ⇒ better glucose control ⇒ lower mortality

Grunkemeier Funary

Wu Gao Zerr



The DIGAMI 2 Trial (2008)

Mellbin L G et al. Eur Heart J 2008;29:166-176



What The . . . ?!?!

Wiener, R. S. et al. JAMA 2008;300:933-944.

“In critically ill adult patients, tight glucose 
control is not associated with significantly 
reduced hospital mortality, but is associated 
with an increased risk of hypoglycemia.”



NICE-SUGAR* (2009)

*Normoglycemia in Intensive Care Evaluation—Survival Using Glucose Algorithm Regulation

6,104 patients randomized to:

Intensive control: 81-108 mg/dL

Conventional control: ≤180 mg/dL

“Severe hypoglycemia (blood glucose 
≤40 mg/dL) was reported in 206 of 
3016 patients (6.8%) in the intensive-
control group and 15 of 3014 (0.5%) 
in the conventional-control group 
(P<0.001).”



OMG, What Are We Going To Do?



The FDA Steps In

15197

± 15 mg/dL at < 75 mg/dL

± 20% at ≥ 75 mg/dL

(accuracy, not precision)



Public Hearing, March 16-17, 2010

Jeffrey E. Shuren, MD, JD, Director, Center for 
Devices and Radiological Health, FDA:

“[The] FDA receives approximately 12,000 adverse event 
reports associated with blood glucose meters each year.”

“Despite the fact that these devices have not been approved for this use, 
glucose meters are increasingly being used to achieve tight glycemic 
control.”

Patricia Bernhardt, MT(ASCP), Scientific Reviewer, FDA:

“. . . currently there is no distinction between the performance 
requirements for over-the-counter and professional use glucose meters. 
So when a glucose meter is cleared for over-the-counter use, it can also 
be used in professional settings.”
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Performance of Approved Glucose Meters

A recent evaluation of glucose meters cleared in last 2 years showed 
that approximately 72% would meet ±10 mg/dL at <75 mg/dL and 
approximately 50% would meet ±15% at ≥75 mg/dL.



Why are glucose meters so imprecise?

 Operator variability
 Hospitalized patients

 Hypotension; decreased capillary blood flow
 High or low pO2

 Anemia; hematocrit
 DKA
 Renal failure; uremia
 Hepatic failure; azotemia
 Drugs

 The “Design Conundrum”



Optimizing analytical methods
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Optimizing analytical methods



Clarke’s error grid for glucose measurement

A = no error
B = ≥ 20% error, but benign
C = overcorrection
D = dangerous failure to detect
E = erroneous treatment



What about HbA1c?

Distribution of estimated numbers of persons without a history of diabetes in the US 2000 Census 
population (age >=20 years) at different Hb A1C cutpoints

“Only the Afinion and the DCA Vantage met 
the acceptance criteria of having a total CV 

<3% in the clinically relevant range.”

Lenters-Westra E, Slingerland RJ. Clin Chem
2010;56:44-52



Thank you!


