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Insulin: A Primer

Introduction
Prior to the discovery of insulin, type 1 diabetes was a uniformly fatal 

disease. The first use of exogenous insulin in a dog by Banting and Macloed 
resulted in the Nobel Prize in Physiology or Medicine.1 In January 1922, 
they injected exogenous insulin in a 14-year-old boy who was dying at the 
Toronto General Hospital. After receiving the insulin he desperately needed, 
he improved and by the end of that month his glucosuria and ketonuria 
normalized.1

Initially, bovine and porcine insulins were purified from animal pancreatic 
tissues and were used to treat people with diabetes. Since they were foreign 
to the human body, immune reactions were common, which resulted in an 
unpredictable treatment effect and duration. In 1958, Frederick Sanger won 
a Nobel Prize in Chemistry for the discovery of the molecular structure of 
insulin.1 Dorothy Hodgkin, who won a Nobel Prize in Chemistry in 1964, 
discovered the tertiary structure of insulin.2 These discoveries allowed for the 
pharmacologic development of human insulin.

The development of human insulin was a significant advancement as it 
decreased immunogenic reactions and provided longer duration of action. 
Human insulin is produced by recombinant DNA technology, introducing 
the proinsulin gene into Escherichia coli or yeast. These organisms replicate 
and produce insulin.  

Human insulins include regular (R) and neutral protamine hagedorn 
(NPH), lente (L), and ultralente (U). Only R and NPH are still available 
today. R insulin is used most commonly as mealtime insulin. It should be 
dosed 30-45 minutes before a meal. NPH insulin has a longer duration of 
action, can be dosed 4-6 hours before a meal, and is used 1 meal in advance 
(taken before breakfast to cover lunch) or as a basal insulin 2-3 times per 
day. NPH has a prolonged effect due to the addition of a positively charged 
protamine.  

Today there are three rapid-acting analog insulins (aspart, lispro, glulisine) 
and two long-acting analogs (glargine, fetemir). 

Insulin and C-peptide Physiology
Insulin is produced and released specifically by the ß cells of the pancre-

atic islet cells within the pancreas. Insulin is a polypeptide hormone that 
consists of two chains (chain A with 21 amino acid residues and chain 
B with 30 amino acid residues) linked by two disulfide bridges. The first 
form is preproinsulin. Soon after production, it is released from the rough 
endoplasmic reticulum when proteolytic enzymes cleave into pro-insulin. 
Pro-insulin converts to insulin when other proteolytic action cleaves the 
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EXECUTIVE SUMMARY
 z Patients starting on insulin in the ED should be started on a 

basal insulin 0.1-0.2 U/kg.  

 z Patients being treated for acute hyperglycemia (not previ-
ously on insulin) should receive 2 U for every 50 mg/dL eleva-
tion of glucose over 150 mg/dL.

 z Patients who present acutely ill with an active insulin pump 
should have the pump turned off and supplemental insulin 
given IV.

 z Patients who present with unexplained hypoglycemia should 
have a c-peptide and insulin level drawn. High insulin levels 
without equal elevation of c-peptide suggest exogenous insu-
lin administration.

C chain (c-peptide) and leaves the 
active insulin molecule in the vesicle 
for secretion. This physiologic feature 
is convenient in that one molecule of 
c-peptide is produced for each insu-
lin molecule. This makes c-peptide a 
good measure of endogenous insulin 
production.3

While the cause of hypoglycemia in 
most patients is apparent, in patients 
with unexplained hypoglycemia, mea-
surement of insulin and c-peptide, 
and in some cases sulfonylurea, can be 
important. The most important causes 
of hypoglycemia are shown in Table 1. 
In most cases the cause of the hypogly-
cemia will be apparent — sepsis, known 
excessive use of insulin, etc.

Patients who have an excess of exog-
enous insulin, such as overdose on insu-
lin (intentional or unintentional) will 
have low c-peptide levels and high insu-
lin levels. Patients with an insulin-pro-
ducing tumor such as insulinoma will 
have high insulin levels (< 100 uU/mL) 
and high c-peptide levels. These tumors 
tend to be very small (< 2 cm) and 
are often missed on imaging. Patients 
who have an inadvertent or intentional 
overdose of sulfonylurea drugs will have 
very high levels of insulin and c-peptide 
exceeding those seen with insulinoma.4 
Exogenous sulfonylurea levels can be 
measured.

Insulin secretion is based on the 
glucose level presenting to the pan-
creas. There is a diurnal pattern as well 
whereby insulin secretion is lowest in 
the middle of the night and greatest 
first thing in the early morning. In a 
fasting state, insulin secretion sup-
presses glycogenolysis and stimulates 
gluconeogenesis and lipogenesis. 

Insulin secretion is also modulated 
by the intake of nutrients (bolus secre-
tion). In response to meal ingestion, 
insulin secretion is biphasic. There is 

a large and rapid first-phase insulin 
secretion followed by a slower and 
more sustained second-phase secre-
tion. The incretin system stimulates 
insulin release and suppresses glucagon 
release from the pancreas. The incretin 
effect provides a much larger increase 
in insulin secretion than glucose levels. 

The liver removes at least 50% of 
insulin released. The remainder is 
taken up into systemic circulation 
where it interacts with target site 
receptors. At the target sites, insu-
lin binds to receptor sites on plasma 
membranes. This binding begins a 
cascade of intracellular reactions that 
trigger significant cellular responses 
such as glucose uptake, glycogen syn-
thesis, and lipogenesis.5

The insulins discussed are currently 
FDA approved in the United States 
for use in diabetes (see Table 2).

Rapid-Acting Insulins
There are three FDA-approved, 

rapid-acting insulin analogs available 
in the United States today: glulisine, 
lispro, and aspart. Timing of meals 
and monitoring for hypoglycemia are 
important with rapid-acting insulins. 

Insulin lispro was approved in 
1996 by Lilly with the brand name 
HumaLOG®. Upon injection, insulin 
lispro is quickly absorbed, faster than 
regular injected human insulin. Lispro 
also has a shorter duration of action 
compared to regular insulin. The rec-
ommended time of administration for 
insulin lispro is 15 minutes prior to a 
meal.6

Insulin aspart (NovoLOG®) by 
Novo Nordisk was approved in 2000. 
This insulin is recommended for 
subcutaneous administration approxi-
mately 5-10 minutes before a meal.7

Insulin glulisine (Aprida®) is a 
human insulin analog. This insulin 
can be given either prior to the meal 
or up to 20 minutes after the meal. 
Insulin glulisine was approved for use 
in 2004.8 

Short-Acting Insulin
Regular insulin, which was FDA-

approved in 1982, is a short-acting 
human insulin that is produced using 
recombinant DNA techniques. Regular 
insulin is normally administered 30-45 
minutes prior to a meal and tends to 
last longer than rapid-acting insulins, 

Table 1: Important Causes of Hypoglycemia

• Intentional or unintentional overdose of insulin
• Intentional or unintentional overdose of oral hypoglycemic
• Insulinoma, multiple endocrine neoplasias
• Liver disease
• End stage renal disease
• Hypopituitarism
• Hypothyroidism
• Inborn errors of metabolism
• Starvation
• Sepsis
• ETOH
• Reactive after gastric surgery
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anywhere from 4-12 hours. Regular insu-
lin, which can be given subcutaneously 
or intravenously, is particularly useful as 
an intravenous infusion and is frequently 
used in hyperglycemic crises such as 
diabetic ketoacidosis and hyperglycemic 
hyperosmolar nonketosis syndrome.9 

Intermediate-Acting 
Insulin11

Neutral protamine hagedorn 
(NPH), or isophane, is a cloudy sus-
pension that contains insulin and 
protamine. The addition of protamine 
creates a longer duration of action. 

When administered, enzymes slowly 
break down the protamine to allow 
for the slow absorption of insulin. 
NPH absorption is often variable, 
having an onset from 1-5 hours, and 
duration of action from 4-12 hours.10 
NPH insulin, which has been available 
since 1982, is available as HumuLIN 
N® (Lilly) or NovoLIN N® (Novo 
Nordisk). In the clinical setting, NPH 
is typically given one meal in advance 
or as 2-3 doses per day to serve as a 
basal insulin. The availability of long-
acting insulins has led to decreased use 
of NPH insulin. 

Premixed Insulins9,10-12

Human insulin regular and NPH 
can be mixed into a single syringe for 
administration. The two commercially 
available human insulin mixes are 
HumuLIN® 70/30 or NovoLIN N® 
70/30 (70% NPH and 30% regular). 
The 70/30 mix is a cloudy suspension 
(as NPH is cloudy). The onset is around 
30-45 minutes, with a peak effect in 
4-12 hours. This insulin is typically 
dosed 2-3 times per day with pre-break-
fast and pre-dinner dosing. This is con-
venient for patients who want to limit 
the number of injections. Responses to 

Table 2: Pharmacokinetic Profiles of Currently Available Insulins and Insulin Analogs

Time of Action (hours)
 
Insulin

 
Brand Name

 
Manufacturer

 
Species 
Source

 
Concentration

 
Onset

 
Peak Effect

 
Duration

Rapid
Glulisine Apidra Sanofi-Aventis human analog U100 0.2-0.5 1.6-2.8 3-4

Lispro HumaLOG Lilly human analog U100 0.25-0.5 0.5-2.5 ≤ 5

Aspart NovoLOG Novo Nordisk human analog U100 0.2-0.3 1-3 3-5

Short-Acting

Regular HumuLIN R
NovoLIN R

Lilly
Novo Nordisk human U100 0.5 2.5-5 4-12

Intermediate

NPH HumuLIN N
NovoLIN N

Lilly
Novo Nordisk human U100 1-2 4-12 14-24

Intermediate/Short-Acting Mixed
70 NPH
30 regular

HumuLIN 70/30
NovoLIN 70/30

Lilly
Novo Nordisk human U100 0.5 regular 0.8-2

NPH 6-10 18-24

Intermediate/Rapid-Acting Mixed
50 lispro 
protamine
50 lispro

HumaLOG Mix 
50/50 Lilly human analog U100 0.25-0.5 0.8-4.8 14-24

75 lispro 
protamine
25 lispro

HumaLOG Mix 
75/25 Lilly human analog U100 0.25-0.5 1-6.5 14-24

70 aspart 
protamine 
30 aspart

NovoLOG Mix 
70/30 Novo Nordisk human analog U100 10-20 

minutes 1-4 18-24

Long
Detemir Levemir Novo Nordisk human analog U100 3-4 3-9 6-23

Glargine Lantus Sanofi-Aventis human analog U100 3-4 none average 24

Miscellaneous Long

Regular HumuLIN R U500 
(concentrated) Lilly human U500 0.5 2.5-5 up to 24
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this insulin, though, can be less reliable 
dose to dose. Regular insulin can pre-
cipitate out in the NPH insulin. 

Other mixed insulins available 
include rapid-acting analog insulin 
and protamined rapid-acting analog 
insulin. The protaminated rapid-acting 
analog will delay absorption and give 
a prolonged effect. The HumaLOG® 
75/25 and NovoLOG® 70/30 mixes 
have a more rapid onset of action and 
a shorter peak effect. This allows them 
to be dosed immediately before meal-
time, which may result in more reliable 
clinical effects and reduced post-meal 
hypoglycemia. These rapid-acting mixed 
insulins came to market in the mid-to-
late 1990s. 

Long-Acting Analog 
Insulin

Insulin glargine (Lantus®) came on 
the market in 2000, followed by the 
release of insulin detemir (Levemir®) in 
2005. The introduction of a steady, long-
acting insulin closely mimics the basal 
rate of endogenous insulin. These agents 
alone have a lower risk of hypoglycemia 
due to the lack of a peak response and 
the continuous release of low levels of 
insulin. 

Insulin glargine is a long-acting 
analog of human insulin. The insulin 
structure was modified by attaching two 
arginine amino acids to the terminal 
end of the B chain and changing aspar-
agine to glycine at the terminal end of 
the A chain. These modifications form a 
precipitate upon subcutaneous injection. 
This precipitate dissolves slowly, creating 
a continuous, steady release of insulin. 
Because of this mechanism, insulin 
glargine has no defined peak. Glargine 
is injected subcutaneously once daily 
and should not be administered intrave-
nously or intramuscularly.13 Given that 
glargine has an acidic pH, it should not 
be mixed with other insulins. 

Insulin detemir is a long-acting 
human analog insulin. The onset of 
action is generally 1-2 hours. It can 
be given once daily. Insulin detemir is 
administered subcutaneously, but should 
not be administered intravenously or 
intramuscularly.14

Concentrated Insulin
Currently there is only one 

concentrated insulin clinically avail-
able in the United States (HumuLIN 
U500) but there are more emerging.  

Starting Insulin in the ED
In most cases, patients with severe 

hyperglycemia will be admitted, and 
treatment with insulin will be initi-
ated by the primary care physician 
or endocrinologist. However, some 
patients with diabetic ketoacidosis are 
now kept in observation or in the ED 
until discharge. Increasingly, patients 
with new onset diabetes are dis-
charged home directly or placed in an 
observation unit under the care of an 
emergency physician, who then starts 
insulin treatment. Traditional “diabetic 
teaching,” which includes diet, foot 
care, and eye care, is either completed 
in the ED or as an outpatient. 

Patients with type 1 diabetes (those 
who present with diabetic ketoacidosis) 
will require insulin treatment. Many 
patients with type 2 diabetes (meta-
bolic syndrome, obese, later onset) can 
be tried on an oral hypoglycemic, with 
insulin used in refractory cases. Some 
advocate insulin as the first treatment 
for type 2 diabetes.15,16 The underlying 
principle behind early intensive insulin 
use is that “resting” the pancreas in early 
diabetes may provide not only more 
rapid control of glucose but also a last-
ing or “legacy” effect on glucose control. 
While this is promising, this method of 
treatment requires further exploration.

How to Start Insulin? For most 
patients, starting insulin usually means 
starting a basal insulin, glargine, 

detemir, or NPH. Basal insulins allow 
for suppression of hepatic glucose 
production overnight and can help 
normalize morning blood glucose. 
Therefore, controlling fasting glucose 
is a logical first step. By removing glu-
cose toxicity, the remaining function-
ing ß cells are better able to address 
prandial hyperglycemia. 

The ADA/EASD recommend a 
starting dose of 0.1-0.2 units/kg as a 
single dose. This starting dose is rarely 
enough insulin to normalize morn-
ing glucose, so patients should be 
instructed to see their doctor within 
a few days to adjust their dose. Table 
3 compares basal insulin titration rec-
ommendations from major diabetes 
organizations. 

Patient-driven titrations have 
proven to be more effective than 
physician-driven titrations.17,18 Agreed 
upon stopping points include when 
the basal dose reaches 0.5 units/kg or 
when the patient experiences a hypo-
glycemic episode.19 

Since diabetes is very common, 
many patients may already be famil-
iar with insulin injections. In other 
patients, nursing can teach the proper 
injection technique. 

As mentioned earlier, there are 
two long-acting basal insulins and 
one intermediate-acting insulin that 
can serve as a basal insulin. All three 
formulations work well to suppress 
hepatic glucose production. The ana-
log insulins (glargine, detemir) have 
numerous benefits over NPH insu-
lin,20-22 including less hypoglycemia, 

Table 3: Basal Insulin Algorithms

Measure ADA/EASD AACE/ACE IDF CDA
Algorithm
Initial dosage
 
Titration

 
10 U/d 
 
2 U every 3 
days

 
10 U/d 
 
1-3 U every 
2-3 days

 
Not specified
 
2 U every 3 
days

 
10 U/d
 
1 U every day

Target FBG, mg/dL 70-130 < 110a <110 72-126
aFasting blood glucose (FBG) target recommendation from the American Association of Clinical 
Endocrinologists (AACE) 2011 guidelines.

Abbreviations: ACE, American College of Endocrinology; ADA, American Diabetes Association; 
CDA, Canadian Diabetes Association; EASD, European Association for the Study of Diabetes; A1c, 
glycated hemoglobin; IDF, International Diabetes Federation.

Adapted from: LaSalle JR, Berria R. Insulin therapy in type 2 diabetes: A practical approach for 
primary care physicians and other health professionals. J Am Osteopath Assoc 2013;113:152-162.
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especially nocturnal hypoglycemia; 
less weight gain; and less frequent 
dosing. The downside is the expense. 
Analog insulins are 3-5 times more 
expensive than generic human insulin. 
When dosing a basal insulin analog, 
it is recommended to start with a 
weight-based dose once daily. Many 
physicians have stayed with the initial 
recommendations to dose glargine at 
bedtime, but dosing can, in fact, be 
any time of day based on the patient’s 
schedule and preference. 

When NPH is used as a basal insu-
lin, it is most commonly dosed 2-3 
times per day. Twice-daily dosing, 
before breakfast and before dinner, 
is best. This minimizes hypoglycemia 
between meals and overnight. Use of 
three times daily dosing insulin will 
result in a very complex set of insulin 
actions and unpredictable hypogly-
cemia in a person who may not fully 
understand the dynamics of these 
insulins. 

Premixed insulin allows a person 
to take fewer injections than a basal 
bolus regimen. However, it is more 
often associated with hypoglycemia 
and results in an inflexible daily and 
meal schedule to prevent hypoglyce-
mic episodes.

Premixed insulin can be used for 
someone who has poor control but 
who is not motivated to engage in 
three or more shots per day. 

Adjusting Insulin in the ED 
Hyperglycemia is often noted in 

diabetic patients who come to the ED. 
If the elevation is mild, say under 300 
mg/dL, and not related to the acute 
disease, the patient may require simple 
adjustment of their insulin. This is best 
done by the PCP, but in some cases 
that cannot be done. The ED provider 
should be able to start the insulin 
adjustment until the patient can see 
his or her physician. It is good to draw 
an A1c in the ED to help guide future 
adjustments.

If the patient is only on a basal regi-
men, increase the basal dose 1-3 U per 
day and have the patient check fasting 
glucose levels. If a patient has a good 
fasting glucose but the later glucose 
levels are elevated, consider adding a 
newer oral agent (DPP-4 inhibitors, 

SGLT-2 inhibitors), older agent such 
as the glinides or alpha-glucosidase 
inhibitors, or the shorter acting inject-
able GLP-1 receptor analogs.23 The 
use of non-insulin injectables or oral 
agents is beyond the scope of this 
paper. Rapid-acting insulin analogs, 
which include aspart, lisine, and gluli-
sine, can also be used. 

The Endocrine Society, in coopera-
tion with a number of other profes-
sional organizations, developed a 
decision tool for mealtime dosing. This 
reference (Accurate insulin decisions) 
is freely available for clinicians.19

The goal of using mealtime insu-
lin is to replicate physiologic insulin 
release. The patient takes an injection 
of mealtime insulin with each meal. 
The typical starting dose is 0.1 unit/
kg per meal. If the patient is well-
controlled in the morning, the physi-
cian may need to subtract 10% of the 
basal dose to prevent hypoglycemia 
that could result from treating daytime 
hyperglycemia more effectively by 
using a mealtime dose of insulin. 

Recent studies support the principle 
of a basal plus 1 insulin schedule. In 
this scenario, the patient continues 
basal insulin, but only takes mealtime 
insulin with the largest meal of the 
day. For most people in the United 
States, this corresponds to the evening 
meal. When using a basal plus 1 regi-
men, the mealtime dose may be bigger 
at 0.1-0.2 units per kg.24

The term “sliding scale” has been 
replaced by “correction scale” to iden-
tify a different way to use insulin when 
current insulin needs are unknown. 

Correction scale insulin may be 
used alone for initial treatment if the 
person’s insulin needs are unknown. 
However, it is intended that after 24 
hours, the “correction insulin” needed 
the previous day would be converted 
to scheduled insulin the next day that 
will prevent the need for ongoing 
“sliding scale insulin.” Correction scale 
insulin is used in addition to sched-
uled mealtime insulin to supplement 
the current meal dose and correct 
a hyperglycemic reading in specific 
situations.  

To make a specific correction scale, 
the physician can use the rule of 
1800 (the constant may vary from 

1500-1900 based on the source). To 
estimate the amount of glucose reduc-
tion for 1 unit of insulin, take the total 
daily dose of all insulin injections and 
then divide this into the constant of 
1800.25 An example is listed below.

Example 1. A person presents to the 
hospital with community-acquired 
pneumonia. He has no history of dia-
betes but he is hyperglycemic at the 
time of admission with a glucose of 
212 mg/dL and no history of diabe-
tes. Because this patient is acutely ill, 
sliding scale insulin is started using 2 
units for every 50 mg/dL above 150 
mg/dL. After the first 24 hours, he 
needs 20 units of insulin from the 
scale. Using the correction scale cor-
rectly, on day 2 the physician takes 
the total of the previous correction 
scale insulin from day 1 and converts 
it to scheduled insulin. Typically, half 
the insulin would be once-daily basal 
insulin (10 units) and the remaining 
scale insulin would be used to cover 
the meal content, divided equally 
among the meals (about 3 units per 
meal). This is repeated daily until the 
correction insulin need is negligible.

Insulin Delivery
At present, all insulin products are 

delivered via subcutaneous insulin injec-
tions in addition to a syringe and insulin 
drawn from a vial. Insulin pens are 
available as reusable devices (pens) with 
replaceable insulin cartridges or dispos-
able single-use pens. 

Patients who currently use or plan to 
start insulin usually prefer insulin pens26 
because they are more portable and 
allow for attachment of pen needles, 
thus reducing the necessary equip-
ment the patient has to carry. Insulin 
pens hold 3 mL (or 300 units) of insu-
lin, so they need to be replaced more 
often than vials, which hold 10 mL 
(1000 units). Additionally, adherence is 
improved for insulin pens compared to 
vials and syringe.27

Writing Insulin 
Prescriptions

Most insulin products in the United 
States are U100 insulin (100 units/
mL), which translates as 100 units in 
each mL of insulin. Each “unit” is stan-
dardized for a similar clinical response 
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— one unit of lispro, aspart, and gluli-
sine should each have similar glucose-
lowering effects — which allows for 
accurate prescribing and dosing, even 
when switching between insulins. A vial 
of U100 insulin holds 10 mL or 1000 
units. An insulin pen holds 3 mL or 
300 units. 

Prescriptions for insulin pens also 
need to include pen needles, which 
come in regular (8 mm), short (5 mm), 
mini (4 mm), and nano (3 mm). Recent 
evidence has shown that all needle 
lengths are equally effective.28

Errors in insulin prescription and/
or dosing are among the most common 
in inpatient and outpatient settings.29 
To minimize the chance for error a few 
general rules should always be followed:

1. Always write out the word “unit” 
— do not use the abbreviation U as it 
can be mistaken for a 0.

2. The current recommended nomen-
clature (http://www.ismp.org/tools/tall-
manletters.pdf ) is to capitalize the last 
three letters of a brand name to limit 
confusion between similarly named 
products. For example: HumaLOG vs 
HumuLIN or NovoLOG vs NovoLIN.

3. Specify whether the prescription is 
for pens or vials.

4. Write NovoLIN R 6 units before 
each meal three times per day instead 
of writing Novolin R take as directed at 
mealtimes.

5. If a patient needs to take a correc-
tion dose, it should be spelled out on 
the prescription: Write HumaLOG 6 
units per meal plus correction 1 unit for 
every 50 mg/dL above 150 mg/dL.

6. Always include the maximum dose 

per day on the prescription so the phar-
macist can dispense the correct total 
volume. 

The following is an example of what 
a prescription might look like: Apidra 
SolostarR pens, Take ApidraR 6 units 
per meal plus 1 unit for every 50 mg/dL 
above 150 mg/dL for a maximum of 40 
units per day, 30-day supply, 5 refills.

Determining the 
Prescription Dose

Estimating the volume on the pre-
scription is based on daily dose. Each 
vial of U100 insulin holds 1000 units. 
Dividing by a typical 30-day month 
corresponds to approximately 1 vial per 
month. If a person typically takes 40 
units per day of insulin by vial, write 
for two vials. When prescribing vials, 
insulin syringes will also be needed. The 
current sizes for insulin syringes include 
0.3 mL, 0.5 mL, and 1 mL, which allow 
for injections of 30 units, 50 units, and 
100 units, respectively. Insulin pens hold 
300 units of insulin and typically come 
in a box of five, for a total of 1500 units. 
This means that a person who uses 45 
units per day of insulin will use one box 
of five pens per month. 

Concentrated Insulins
Patients who are obese and have 

type 2 diabetes typically need more 
insulin for a therapeutic effect, which 
often means very large doses of daily 
insulin (200-300 units per day). Once 
a person needs more than 300 units of 
insulin per day, the number of injections 
increases and the pharmacokinetics of 
the insulin can be less consistent due to 

potential depot effects at the injection 
site. Concentrated insulins are a poten-
tial solution to this challenge.

Regular human insulin is available 
in a concentrated form, HumuLIN R 
U500, with the same mechanism of 
action as U100 regular insulin. However, 
increased concentrations create more 
aggregation of insulin molecules into 
dimers/hexamers, thus prolonging 
absorption. A single dose of concen-
trated U500 regular insulin may have 
effects up to 24 hours. HumuLIN R 
U500 is recommended for subcutane-
ous administration 30 minutes prior to 
a meal and is typically administered 2-3 
times per day based on the dose.30

Emerging Insulin Products
Researchers are constantly search-

ing for innovative insulins and insulin 
delivery methods. Products currently in 
development include inhaled and oral 
insulin as well as insulin with different 
pharmacokinetics that allows it to be 
even more physiologic. In January 2006, 
an inhaled insulin product (Exubera®, 
Pfizer) came to market, but sales were 
not robust enough to continue its 
production.31

In June 2014, the FDA approved 
Afrezza® (MannKind Corporation),32,33 
an rDNA human dry powder insulin 
indicated for both type 1 and type 2 
diabetes. This inhaled insulin is com-
bined with an inert excipient and used 
with the Technosphere® Inhalation 
System. An “ultra-rapid mealtime insu-
lin,” Afrezza is designed to reach peak 
insulin levels 12-15 minutes after inha-
lation and it is cleared faster than rapid-
acting insulin. Therefore, it is dosed with 
meals. Afrezza is expected to be avail-
able in the United States in 2015. The 
most common side effects are cough, 
throat pain, headaches, and higher 
rates of hypoglycemia.32 This medica-
tion should not be used in people who 
smoke or have problems with moderate-
to-severe asthma or COPD symptoms. 
In these patients, there is a black box 
warning for bronchospasm.

Dance 501 (Dance Biopharm Inc.) 
is an inhaled insulin device in develop-
ment that releases an insulin mist with 
an appropriate inhalation from the 
patient.34 Dance 501 is being studied in 
adult patients with type 2 diabetes. 

Table 4: Recommended Mealtime Insulin Titrations

Measure ADA/
EASD

AACE/
ACE

IDF CDAa

Algorithm
Initial dosage
 
 
 
 
 
Titration

 
4 U 
 
 
 
 
 
2 U every  
3 days

 
5 U 
 
 
 
 
 
2-3 U every 
2-3 days

 
Not 
specified
 
 
 
 
2 U every 3 
days

 
Total daily dose of 0.3-
0.5 U/kg; 40% of total 
= basal; 20% of total = 
bolus (3 times/d) 
1 U every day 
 
NA

Adapted from: LaSalle JR, Berria R. Insulin therapy in type 2 diabetes: A practical approach for 
primary care physicians and other health professionals. J Am Osteopath Assoc 2013;113:152-162.
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In addition, several novel concen-
trated insulins, including U200 and 
U300 basal insulins, are in development 
for patients who take large volumes of 
insulin. These concentrated insulins will 
most likely have longer durations of 
action. 

Degludec (Novo Nordisk), a basal 
insulin with a duration of 42 hours, has 
been studied in a U100 and a U200 
concentration.35,36 Although it is avail-
able in Europe, the FDA is requiring 
the manufacturer to produce addi-
tional cardiovascular outcome data.35 
PEGylated insulin lispro (Lilly)35,37 
is insulin lispro attached to a poly-
ethylene glycol, which makes this 
molecule have a large hydrodynamic 
size and prolonged duration of action. 
This insulin may also have preferential 
hepatic uptake and may more closely 
approximate normal endogenous insulin 
physiology.

In addition, emerging “ultra-fast 
insulins” that may provide faster insulin 
coverage for meals and correction are in 
development to help prevent formation 
of dimers and hexamers. One promis-
ing approach is the use of hyaluronidase 
to speed absorptions and time to onset. 
Another option is to add excipients 
to speed insulin absorption or insulin 
dispersion.38

A new area of insulin technology is 
biosimilar insulin.15 Since many insulin 
analogs will go off patent in the coming 
years, manufacturers have the oppor-
tunity to make close copies, called bio-
similars. Although the compounds may 
have the same amino acid sequence, 
they may have slightly different clinical 
characteristics when produced under 

different conditions. Biosimilars are 
available in other countries, but there 
are not enough data from controlled 
clinical trials to adequately compare 
them. 

The final products in development 
are “smart insulins,” which have built-in 
glucose sensors that allow the insu-
lin delivery component according to 
the ambient glucose. These have the 
potential to resolve the serious issue of 
hypoglycemia, which is a concern with 
current insulin formulations. Examples 
of smart insulins include protein-bind-
ing ligands (lectins) that can reversibly 
bind to carbohydrates and nanotechnol-
ogy and nanoplugs that sense glucose 
levels and control insulin release from 
microgels or bioactive membranes. In 
addition, bulk hydrogel matrices, micro-
gel sponges, and phenyl boronic acid in 
hydrogel have been reported to work 
like closed-loop insulin delivery devices. 
These hydrogels will swell in the face 
of hyperglycemia and in turn release 
insulin from its pores until the glucose 
normalizes. Although these technolo-
gies are exciting, they have only been 
researched in animal models at this 
time.39

Advanced Insulin Delivery
V-Go is a disposable patch insulin 

delivery device specifically designed for 
use in adults with type 2 diabetes.40 The 
V-Go includes many of the advantages 
of an insulin pump and it comes in a 
non-motorized plastic device that is dis-
posable. V-Go is not an insulin pump as 
others that will be described below, and 
is best used only in type 2 diabetes.

Unlike pumps, V-Go has a 

mechanical power source that delivers 
insulin with button presses rather than 
an electronic motor. Each disposable 
patch is used for 24 hours. The V-Go is 
waterproof to a depth of about 3 feet for 
24 hours, so there is no need to remove 
the patch while swimming or bathing. 

Similar to insulin pumps, V-Go uses 
a rapid-acting insulin. Only U100 lis-
pro and aspart insulin are approved to 
use with this device. V-Go pumps are 
available in three different sizes based 
on the basal doses patients will receive 
in a 24-hour interval. For example, 
the V-Go-20 pump delivers 20 units 
of insulin over 24 hours (20/24 units 
= 0.83 units per hour). The delivery 
devices are also available in 30- and 
40-unit systems. Each pump is capable 
of delivering an additional 36 units of 
prandial insulin throughout the day 
through the discrete depression of a 
bolus button on the side of the pump.

Some people require less insulin 
with this system for the same clinical 
effect compared with MDI because the 
delivery method is more effective. The 
NDC code for each pump size indicates 
that the device should be dispensed as 
a drug rather than as a device. As such, 
the V-Go is covered by most insurance 
companies, including Medicare and 
Medicaid.

Disadvantages of the V-Go include 
the potential for insurance coverage 
issues, the potential for skin irritation 
from the adhesive pad, and a risk for 
infections at the infusion site. It is also 
less specific than an insulin pump, pro-
viding only one non-adjustable basal 
rate and fixed dosed boluses in 2-unit 
increments. Finally, this device should 

Insulin 
Product

Regular 
Insulin NPH Glulisine Aspart Lispro Detemir Glargine Afrezza

Vial X X X X X X X

Permanent 
refillable 
insulin pen

X
Echo pen
Novo Jr. pen
Novopen 3

X
Luxura HD

Disposable 
insulin pen

X X
Solostar pen

X
Flexpen

X 
Kwikpen

X
Flexpen, 
Flextouch

X
Solostar pen

Inhaler X

Table 5: Available Insulin Products and Delivery Methods
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be removed before any magnetic reso-
nance imaging (MRI) testing.40

Insulin Pumps
Insulin pumps were first introduced 

more than 30 years ago in the United 
States. Approximately 400,000 people 
use insulin pump therapy in the United 
States today.41 Insulin pumps are a good 
option for people who are on multiple 
daily insulin injections.

Insulin is delivered from a reservoir in 
the insulin pump and provides a basal 
amount of a single insulin dose through 
a transcutaneous catheter. Further 
boluses of insulin can be manually pro-
vided in response to carbohydrate inges-
tion. Insulin pumps are battery-powered 
devices with software that allow patients 
to program in advance, temporarily 
adjust, or suspend insulin basal infusion 
rates. In addition, insulin pumps can 
deliver precise boluses. Insulin pumps 
deliver different basal insulin rates 
throughout the day based on changes 
in insulin sensitivity, which allows for 
greater precision for bolus insulin dose 
delivery relative to carbohydrate intake 
and absorption from the gastrointestinal 
tract. Rapid- or short-acting insulin 
should be used in the pump. Although 
not FDA-approved, Humulin R U500 
insulin has been used successfully off 
label in insulin pumps to improve A1c 
without an increase in hypoglycemia.42,43 
Insulin pumps are attached to patients 
by one of two means: 1) an infusion set 
consisting of long, thin, flexible tub-
ing with a catheter or a stainless steel 
needle on the end that is inserted into 
the patient’s subcutaneous tissue, or 2) 
a tubing-free pump, also known as a 
patch pump, that is attached with a sub-
cutaneous needle-inserted catheter and 
self-adhesive tape. The patient programs 
and operates the pump or the pump’s 
remote control device to deliver insulin 
doses that match individual needs. 

Programmable Settings 
on an Insulin Pump

Basal rates are programmed by the 
provider. The basal insulin release is 
intended to replicate physiologic insulin 
release. For patients on subcutaneous 
injections, this replaces their glargine or 
detemir dose. 

Typically, patients who switch from 

injections to a pump need less insulin. It 
is customary to set the first pump dose 
at 75-80% of the previous injection dose 
to reduce the chance of hypoglycemia. 

Many patients with type 1 diabetes 
and some with type 2 diabetes utilize 
carbohydrate counting to make the 
mealtime insulin match what they are 
about to eat. Then patients can estimate 
what they are about to eat and count the 
carbohydrate grams (or exchanges) at 
the meal. This number can be input into 
the pump and the insulin pump will cal-
culate what dose of insulin is needed for 
that amount of carbohydrates. .

Most people who are on subcutane-
ous injections have a “sliding scale” or 
correction scale. This is set to correct to a 
desired target range. For example, if target 
glucose is 100 and the correction factor is 
50, then the patient will take correction 
insulin when he/she is above 100, 1 unit 
for every 50 mg/dL above 100. A pump 
can dispense a fraction of a unit, e.g., 0.5 
units if the glucose is 125 mg/dL.

At a meal, a person can enter infor-
mation for the carbohydrate content 
and current glucose into the pump. If 
the glucose is below the target range, 
the pump will automatically subtract 
insulin from the dose about to be given, 
allowing the person to bolus for a meal 
if below target and allowing him not to 
drop immediately.

Suspend Feature. Patients with an 
insulin pump who have a hypoglycemic 
episode first should suspend the pump 
so that no additional insulin is adminis-
tered until it is safe again, and then treat 
the low. An ED patient who is acutely 
ill or injured should have their insulin 
pump suspended until they are stabi-
lized. Glucose metabolism is often quite 
variable in acute disease and it is best to 
treat any significant hyperglycemia with 
subcutaneous or intravenous insulin.

Often after patients take a correction 
dose of insulin, their glucose is still high. 
If the second correction is given before 
the first correction has taken full effect, 
patients are at higher risk for dropping 
low by “stacking their insulin.” Patients 
taking injections cannot know how 
much of the insulin from their meal is 
still working, so they make an educated 
guess about much additional insulin to 
take. With an insulin pump, the amount 
of time that insulin is acting can be 

programmed, which limits the amount of 
additional insulin that can be given with 
subsequent boluses within that window 
of time. In other words, this feature pre-
vents patients from taking repeated injec-
tions while the previous injection is still 
acting, thus avoiding “stacking insulin.” 

The pump allows patients to increase 
or decrease the current basal for a set 
amount of time to respond to a change 
in their activity, physical state, or glucose. 
Often, the programmed basal rates will 
work for normal days but there will be 
exceptions that necessitate more or less 
insulin. For example, when a person gets 
sick with a respiratory illness or when 
a woman is menstruating, the glucose 
levels will rise significantly. Under these 
circumstances, patients can change their 
basal rate to a set level or by a percentage. 

Advantages and 
Disadvantages of Insulin 
Pump Therapy

Intensive glucose control has clearly 
been shown to reduce microvascular 
complications in type 1 and type 2 dia-
betes as well to reduce macrovascular 
complications later in the disease.45-47 
Intensive insulin therapy can include 
multiple daily insulin injections (MDI) 
or insulin pump therapy (CSII). 
Multiple studies have shown that insu-
lin pump therapy with rapid-acting 
analog insulin improves glucose control 
and reduces hypoglycemia compared 
to MDI in type 1 diabetes.48-54 Insulin 
pump therapy is also equally effective in 
type 2 diabetes. The majority of patients 
(93%) with type 2 diabetes prefer insu-
lin pump therapy over MDI.55,56

A 2010 Cochrane review compared 
insulin pump therapy to MDI and 
found that insulin pump therapy has 
better A1c reduction, improves quality 
of life, and appeared to reduce overall 
hypoglycemia rates.57

Complications associated with CSII 
include potential skin reactions to tape, 
diabetic ketoacidosis risk if the pump 
malfunctions, infusion-site problems 
(tunneling of insulin or clogged infu-
sion set), and inactivated insulin (due to 
heat) that can lead to ketoacidosis in a 
few hours.58

Insulin pump patients must be 
familiar with the use of multiple daily 
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injections in case of mechanical fail-
ure. In addition, pump patients should 
always carry rapid-acting insulin pens 
and needles in case the insulin pump 
malfunctions.

Problem Solving with 
Insulin Pumps

Patients who are pumping need to 
keep backup supplies, such as quick-
acting insulin pens, in case of pump 
failure. In the case of mechanical fail-
ure, patients should contact the pump 
company directly. Most companies will 
replace the pump within 24 hours. 

The Future of Insulin 
Pump Therapy

Currently, only one company in the 
United States has a commercially avail-
able integrated system that links glucose 
monitoring to insulin pump therapy. 
However, most insulin pump companies 
are working on this capacity. One pump 
in the United States has a sensor aug-
mented system in which the pump will 
shut off for 2 hours if the glucose drops 
low.60 This technology has been shown 
to reduce the risk of severe hypoglyce-
mia and nocturnal hypoglycemia with 
similar glucose-lowering effects.60,61

Manufacturers are constantly devel-
oping new technologies to improve 
insulin pumps. Researchers are design-
ing artificial intelligence software to 
recognize glucose patterns and to alert 
patients and providers to possible need 
for changes in basal or bolus doses. In 
the future, there likely will be simplified 
and more rapid data downloading and 
improved connectivity. Transmission 
of CGM and control of insulin infu-
sion rates by small devices with remote 
displays and alarms also are in develop-
ment.61,62 Smartphones will be able to 
act as data integrators to allow sharing 
of information from multiple meters, 
CGM, and pumps between patients and 
clinicians. Modified smartphones with 
built-in glucose testing and pump con-
trollers are also in development.62

A recent study tested a “bionic” 
pancreas with a linked sensor and dual 
hormone (insulin and glucagon) pump 
for people with type 1 diabetes.63 This 
system improved glucose control and 
reduced hypoglycemia compared to cur-
rent insulin pump therapy. With these 

advances, the future of insulin pump 
therapy appears to be very bright. 

Summary
Insulin is an increasingly important 

component of diabetes treatment. The 
number of people requiring insulin is 
likely to rise dramatically in response 
to the pandemic of obesity facing our 
nation and the increased rates of type 
2 diabetes. The use of insulin, with new 
more physiologic insulins and advanced 
delivery methods, can be effective and 
convenient across a wide profile of 
patients. With the continued develop-
ment of “smarter” pumps, the man-
agement of one of the most common 
chronic conditions is becoming safer 
and more effective.
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tion of hypoglycemia. N Engl J Med 
2013;369:224-232.

61. Bergenstal RM, et al. Effectiveness 
of sensor augmented insulin pump 
therapy in type 1 diabetes. N Engl J Med 
2010;363:311-320. 

62. Bequette BW. Challenge and recent 
progress in the development of a closed-
loop artificial pancreas. Ann Rev Control 
2012;36:255-266.

63. Russell SJ, et al. Outpatient glycemic 
control with a bionic pancreas in type 1 
diabetes. N Engl J Med 2014;371:313-325.

CME Questions

1. What is the best measure of endog-
enous insulin production?
A. serum insulin level
B. finger stick insulin level
C. c-peptide
D. fasting insulin level

2. Which of the following is a basal 
insulin?
A. glulisine
B. detemir
C. aspart
D. lispro

3. Which of the following is a rapid 
mealtime insulin analog?
A. lispro
B. detemir
C. glargine
D. regular

4. A nurse presents comatose to the 
ED with severe hypoglycemia. She 
responds to D 50. She denies taking 
any medication but is under treat-
ment for depression. Vital signs are 
normal and she appears well. The 
best workup for the patient is: 

A. Draw insulin and c-peptide lev-
els.

B. Order a CT scan for insulinoma.
C. Draw blood cultures and start 

broad spectrum antibiotics.
D. Discharge the patient without 

further workup and have her eat 
frequent small meals. 

5. Which of the following insulins 
cannot be given IV?
A. regular
B. NPH
C. glargine
D. All insulins can be given IV.

6. Which of the following insulins 
is FDA approved as an “inhaled” 
insulin rather than by subcutaneous 
injection?
A. detemir (Levemir)
B. glulisine (Apidra)
C. lispro (HumaLOG)
D. technospheres (Afrezza)
E. neutral protamine hagedorn

7. Insulin pump therapy has not been 
associated with:
A. improved glucose control in type 

1 diabetes
B. reduction in hypoglycemia in 

type 1 and type 2 diabetes
C. greater patient preference and 

quality of life in type 2 diabetes
D. universal insurance coverage

8. You are starting a patient on insulin 
from the ED. What is an appropri-
ate starting dose?
A. 0.1-0.2 U/kg NPH once a day
B. 1.0-2.0 U/kg NPH once a day
C. 0.1-0.2 U/kg regular once a day
D. 0.1-0.2 U/kg regular 4 times a 

day
9. A patient presents with urosepsis 

and a glucose of 300 mg/dL. He has 
no history of prior diabetes. What 
dose of insulin should he receive?

A. 2 U regular 
B. 6 U regular
C. 10 U regular
D. 2 U/kg regular

10. When writing a prescription for 
insulin, which of the following is not 
recommended?
A. Capitalize the last 3 letters of the 

name.
B. Write out the word “units.”
C. Specify pens or syringes.
D. Use the term “as needed” to 

allow the patient to titrate the 
insulin dose.
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Insulin: A Primer

• Intentional or unintentional overdose of insulin
• Intentional or unintentional overdose of oral hypoglycemic
• Insulinoma, multiple endocrine neoplasias
• Liver disease
• End stage renal disease
• Hypopituitarism
• Hypothyroidism
• Inborn errors of metabolism
• Starvation
• Sepsis
• ETOH
• Reactive after gastric surgery

Time of Action (hours)

Insulin Brand Name Manufacturer Species 
Source

Concentration Onset Peak Effect Duration

Rapid
Glulisine Apidra Sano� -Aventis human analog U100 0.2-0.5 1.6-2.8 3-4

Lispro HumaLOG Lilly human analog U100 0.25-0.5 0.5-2.5 ≤ 5

Aspart NovoLOG Novo Nordisk human analog U100 0.2-0.3 1-3 3-5

Short-Acting

Regular HumuLIN R
NovoLIN R

Lilly
Novo Nordisk human U100 0.5 2.5-5 4-12

Intermediate

NPH HumuLIN N
NovoLIN N

Lilly
Novo Nordisk human U100 1-2 4-12 14-24

Intermediate/Short-Acting Mixed
70 NPH
30 regular

HumuLIN 70/30
NovoLIN 70/30

Lilly
Novo Nordisk human U100 0.5 regular 0.8-2

NPH 6-10 18-24

Intermediate/Rapid-Acting Mixed
50 lispro 
protamine
50 lispro

HumaLOG Mix 
50/50 Lilly human analog U100 0.25-0.5 0.8-4.8 14-24

75 lispro 
protamine
25 lispro

HumaLOG Mix 
75/25 Lilly human analog U100 0.25-0.5 1-6.5 14-24

70 aspart 
protamine 
30 aspart

NovoLOG Mix 
70/30 Novo Nordisk human analog U100 10-20 

minutes 1-4 18-24

Long
Detemir Levemir Novo Nordisk human analog U100 3-4 3-9 6-23

Glargine Lantus Sano� -Aventis human analog U100 3-4 none average 24

Miscellaneous Long

Regular HumuLIN R U500 
(concentrated) Lilly human U500 0.5 2.5-5 up to 24

Measure ADA/EASD AACE/ACE IDF CDA
Algorithm
Initial dosage

Titration

10 U/d

2 U every 3 
days

10 U/d

1-3 U every 
2-3 days

Not speci� ed

2 U every 3 
days

10 U/d

1 U every day

Target FBG, mg/dL 70-130 < 110a <110 72-126
aFasting blood glucose (FBG) target recommendation from the American Association of Clinical 
Endocrinologists (AACE) 2011 guidelines.

Abbreviations: ACE, American College of Endocrinology; ADA, American Diabetes Association; 
CDA, Canadian Diabetes Association; EASD, European Association for the Study of Diabetes; A1c, 
glycated hemoglobin; IDF, International Diabetes Federation.

Adapted from: LaSalle JR, Berria R. Insulin therapy in type 2 diabetes: A practical approach for 
primary care physicians and other health professionals. J Am Osteopath Assoc 2013;113:152-162.

Important Causes of Hypoglycemia

Pharmacokinetic Profiles of Currently Available Insulins and Insulin Analogs

Basal Insulin Algorithms
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Measure ADA/
EASD

AACE/
ACE

IDF CDAa

Algorithm
Initial dosage

Titration

4 U

2 U every 
3 days

5 U

2-3 U every 
2-3 days

Not 
speci� ed

2 U every 3 
days

Total daily dose of 0.3-
0.5 U/kg; 40% of total 
= basal; 20% of total = 
bolus (3 times/d)
1 U every day

NA

Adapted from: LaSalle JR, Berria R. Insulin therapy in type 2 diabetes: A practical approach for 
primary care physicians and other health professionals. J Am Osteopath Assoc 2013;113:152-162.

Insulin 
Product

Regular 
Insulin NPH Glulisine Aspart Lispro Detemir Glargine Afrezza

Vial X X X X X X X

Permanent 
re� llable 
insulin pen

X
Echo pen
Novo Jr. pen
Novopen 3

X
Luxura HD

Disposable 
insulin pen

X X
Solostar pen

X
Flexpen

X 
Kwikpen

X
Flexpen, 
Flextouch

X
Solostar pen

Inhaler X

Recommended Mealtime Insulin Titrations

Available Insulin Products and Delivery Methods
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Carbon Monoxide and Cyanide 
Poisoning in Smoke Inhalation 

Victims: A Review
Carbon monoxide and cyanide are highly lethal toxic compounds that can cause 

significant morbidity and mortality. Smoke inhalation victims present a unique 
challenge because they can be exposed to both substances. This article will review the 
most recent literature on carbon monoxide and cyanide diagnostic evaluation and 
treatment options for each poisoning. Practitioners need to maintain a high index 
of suspicion to identify and treat carbon monoxide and cyanide poisonings in smoke 
inhalation victims. Carbon monoxide poisoning can be identified with detection 
of carboxyhemoglobin levels in blood or bedside co-oximetry. Initial treatment is 
the administration of 100% normobaric oxygen. Hyperbaric oxygen is a treatment 
adjunct, although the benefits of this modality are controversial. For cyanide poison-
ing, there is no quick bedside or laboratory confirmatory test, and it remains a clinical 
diagnosis. Fire victims with soot in their mouth, altered mental status, and metabolic 
acidosis with extremely high lactate levels suggest cyanide poisoning. Treatment 
options are hydroxycobalamin, sodium thiosulfate, and amyl/sodium nitrite. Both 
hydroxycobalamin and sodium thiosulfate can be given in suspected cyanide and con-
comitant carbon monoxide poisonings. Amyl and sodium nitrites can cause methemo-
globinemia and hypotension and therefore are not recommended if carbon monoxide 
poisoning is also suspected. Several papers advocate the superiority of hydroxycobala-
min due to its quicker onset of action, but to date there exists no well-designed ran-
domized, controlled trial comparing its efficacy to sodium thiosulfate and amyl/sodium 
nitrite.

— Ann M. Dietrich, MD, Editor

Introduction
Victims of fires are complicated patients who can have a multitude of injuries 

that can cause significant morbidity and mortality. Smoke inhalation can cause 
systemic toxicity from carbon monoxide (CO) and/or cyanide (CN) exposure. 
Both toxins can cause significant injury or death if unrecognized by clinicians. 
The purpose of this article is to review the epidemiology, pathophysiology, diag-
nosis, and management of carbon monoxide and cyanide poisonings. 

AHC Media’s NEW State-of-the-Art Website Is Here!
Visit ahcmedia.com/NewSite for all the details!
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EXECUTIVE SUMMARY
 z Carbon monoxide poisoning is more likely to occur during the 

winter months in colder climates due to defective household 
furnaces or improper use of cooking equipment for heating in 
enclosed spaces.

 z In fires, hydrogen cyanide gas is created from the combustion 
of products containing carbon and nitrogen. Most often this 
is in foam rubber, wool, plastics, and other common synthetic 
materials.

 z Mild CO poisonings can cause headache, nausea, fatigue, 
irritability, confusion, vertigo, and flu-like symptoms. Severe 
poisonings can have profound effects such as delirium, ataxia, 
chest pain, dyspnea, seizures, coma, myocardial infarction 
(MI), stroke, and death.

 z Patients with CN poisoning present with nonspecific symp-
toms including headache, nausea, vertigo, anxiety, altered 
mental status, tachypnea, and hypertension. More serious poi-
sonings will result in dyspnea, bradycardia, hypotension, and 
arrhythmia, with the most severe poisonings presenting with 
unconsciousness, convulsions, and cardiovascular collapse, 
followed by shock, pulmonary edema, and death.

 z Blood lactate levels greater than 8 mmol/L in non-smoke- 
inhalation victims and greater than 10 in smoke-inhalation 
victims should be considered diagnostic of CN toxicity.

Epidemiology

Smoke inhalation is estimated to be 
responsible for up to 75% of fire-related 
deaths in the United States.1 Inhalation 
injuries are also an independent predic-
tor of prolonged intensive care unit 
(ICU) care and mortality.2 In a case 
review of patients with carbon monox-
ide poisoning, those with concomitant 
smoke inhalation had a higher risk of 
dying than those with CO exposure 
alone.44 A recent meta-analysis dem-
onstrated that the overall mortality 
rate among burn patients was 13.9% 
(4-28.3%), with the mortality rate for 
burn patients with inhalational trauma 
being 27.6% (7.8-28.3%).3 In the 
United States and Canada, fire death 
rates are twice as high as in Europe and 
Japan.4 Due to the numerous mecha-
nisms of injury associated with fires 
and smoke inhalation, it is difficult to 
actually quantify the morbidity and 
mortality directly related to exposures to 
CO and CN. Most of the data focused 
on CO and CN are based on non-fire-
related exposures.

Between 2004 and 2006, an estimated 
20,636 nonfatal, unintentional, non-
fire-related CO exposures were treated 
annually in the United States.5 Carbon 
monoxide poisoning is more likely to 
occur during the winter months in 
colder climates due to defective house-
hold furnaces or improper use of cook-
ing equipment for heating in enclosed 
spaces.6,7,8 The CDC also has noticed 
spikes in carbon monoxide poisonings 
during disasters that result in power 

outages, resulting in improper use of 
generators in poorly ventilated areas.9,10 
Other causes of poisonings are from 
suicide attempts, older automobiles, use 
of power tools in enclosed spaces, and 
hookah smoking.11 

According to the Toxic Exposure 
Surveillance System, there were 3165 
human exposures to cyanide reported 

to Poison Centers from 1993 to 2002.12 
In 2011, only 246 cyanide exposures 
were reported to Poison Centers in the 
United States.13,14 The number of actual 
cases is likely underreported. The most 
common cause of cyanide poisoning 
is smoke inhalation. It is speculated 
that most on-site fatalities in smoke 
inhalation victims are due to cyanide 

Major Contributors to HCN Production During Combustion

• Insulation
• Furniture coverings
• Plastic furniture
• Draperies
• Carpets
• Appliances
• Many plastics
• Some clothing
• Products containing nylon, polyurethane, melamine, acrylonitrile

Minor Contributors to HCN Production During Combustion

• Grass clippings
• Green wood
• Tobacco
• Cotton
• Paper
• Wool
• Silk
• Weeds
• Animal carcasses

Table 1. Contributors to HCN Production
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poisoning.15 In fires, hydrogen cyanide 
gas is created from the combustion of 
products containing carbon and nitro-
gen. Most often this is in foam rubber, 
wool, plastics, and other common syn-
thetic materials.16 (See Table 1.) Cyanide 
is found in nature in the Prunus species, 
consisting of apricots, bitter almonds, 
cherries, and peaches. All of these fruits 
have pits containing the glucoside 
amygdalin. When ingested, amygdalin 
is biotransformed by intestinal d-gluco-
sidase to glucose, aldehyde, and cyanide. 
Cyanide is also found in cassava root.17 
Cyanide salts are used in industrial set-
tings, particularly in jewelry and textile 
industries.18 In medical treatments, cya-
nide poisoning can result from sodium 
nitroprusside treatment for hypertensive 
emergency.19

Pathophysiology
Carbon monoxide (CO) is an odor-

less, tasteless, colorless gas that is cre-
ated by the incomplete combustion 
of fuels (fossil fuels, oil, wood, etc.). 
CO is inhaled in the lungs, perfuses 
across the alveolar barrier, and binds to 
hemoglobin to form carboxyhemoglo-
bin. CO has an affinity to hemoglobin 
210 times greater than that of oxygen. 
Consequentially, there is a leftward shift 
of the hemoglobin-oxygen dissociation 
curve, decreasing hemoglobin’s release 
of oxygen, resulting in cellular hypoxia. 
CO also impairs the oxygen supply to 
the mitochondria in myocardial cells, 
causing injury through the binding to 
intracellular myoglobin.20-23 

CO poisoning can cause nonspecific 
symptoms. The most common symp-
toms are headache, dizziness, nausea 
and vomiting, loss of consciousness, 
and confusion.24 Mild poisonings can 
cause headache, nausea, fatigue, irrita-
bility, confusion, vertigo, and flu-like 
symptoms. Severe poisonings can have 
profound effects such as delirium, ataxia, 
chest pain, dyspnea, seizures, coma, 
myocardial infarction (MI), stroke, and 
death. (See Table 2.) Chronic exposures 
have been associated with depression, 
confusion, and memory loss.21-23

The systems most affected by CO 
poisoning are those that are the most 
prone to hypoxia: the brain and the 
heart. In the cardiac system, CO poi-
soning can result in ischemia, infarction, 

and/or dysrhythmias. Patients with a 
history of coronary artery disease are 
more prone to such injuries, but isch-
emia can occur in patients with no 
underlying coronary artery disease.25 
Those patients with cardiac injury are 
more likely to have increased long-term 
mortality.26 In the central nervous sys-
tem (CNS), carbon monoxide causes 
acute intoxication, neurological dysfunc-
tion, and can lead to chronic neurologi-
cal sequelae. The areas of the brain most 
susceptible to injury are the cerebral 
cortex, white matter, basal nuclei, and 
Purkinje cells of the cerebellum.27 (See 
Figure 1.) In severe poisonings, other 
organs can also be injured, such as 
the kidneys and liver. Whether this is 
because of direct organ injury due to 
hypoxia or secondary to low perfusion 
due to acute heart failure in the setting 
of MI has not been established.21

Long-term neurological sequelae are 
varied both in deficit and intensity. The 
most common symptoms are disorienta-
tion, memory disturbance, attention dis-
turbance, parkinsonism, ataxia, urinary 
incontinence, gait disturbance, and other 
neuropsychiatric manifestations.27 Also, 
a lucid interval of recovery followed by 
a sudden and progressive recurrence or 
deterioration of neuropsychiatric symp-
toms sometimes occurs, which is known 
as delayed encephalopathy.28 

Cyanide’s mechanism of toxicity 
involves the disruption of the electron 
transport chain in the mitochondrial 
production of ATP by binding to and 
inhibiting cytochrome oxidase a3. (See 
Figure 2.) With the cessation of aerobic 

cellular metabolism, cells are forced to 
rely on anaerobic fermentation for the 
production of ATP, with the subsequent 
production of lactate. The result is a 
profoundly acidotic state, quickly result-
ing in cellular death. Clinical mani-
festations reflect rapid dysfunction of 
oxygen-sensitive organs, with CNS and 
cardiovascular findings predominating. 
The time to onset of symptoms typically 
is seconds with inhalation of gaseous 
hydrogen cyanide (HCN).17 Estimates 
of lethal dose vary, but exposures to 
gaseous HCN at concentrations above 
300 ppm will likely result in death 
within a few minutes.29 Mild cases of 
CN poisoning present with nonspecific 
symptoms including headache, nausea, 
vertigo, anxiety, altered mental status, 
tachypnea, and hypertension. More seri-
ous poisonings will result in dyspnea, 
bradycardia, hypotension, and arrhyth-
mias, with the most severe poisonings 
presenting with unconsciousness, con-
vulsions, and cardiovascular collapse, 
followed by shock, pulmonary edema, 
and death.30,31 (See Table 3.)

Diagnosis of Carbon 
Monoxide Poisoning

The key to diagnosis of CO poison-
ing is to have a high index of suspicion. 
Nonspecific symptoms and a history of 
household contacts with similar symp-
toms and circumstances surrounding the 
onset of symptoms should prompt con-
sideration of exposure in the differential 
diagnosis.  

CO poisoning causes cellular hypoxia. 
Standard pulse-oximetry does not 

Mild Exposure Severe Exposure
Headache Delirium

Dizziness Ataxia

Nausea Loss of consciousness

Vomiting Chest pain

Confusion Dyspnea

Vertigo Myocardial infarction

Irritability Stroke

Flu-like symptoms Coma

Fatigue Death

Table 2. Symptoms of Carbon Monoxide Toxicity
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distinguish between the wavelengths 
caused by the refractions of hemoglobin, 
carboxyhemoglobin, and methemoglo-
bin. Previously, measuring plasma levels 
of carboxyhemoglobin (COHb) was 
the gold standard for diagnosing CO 
poisoning. Pulse Co-oximetry (Rad-
57 Masimo Corporation, Irvine, CA) 
distinguishes between the wavelengths 
of hemoglobin, methemoglobin, and 
carboxyhemoglobin, and has become 
widely available, but the reliability is 
debatable. Several studies have shown 
co-oximetry to be highly reliable com-
pared to COHb measurements.32-36 
Other studies have shown a high 

false-positive rate, and conclude that 
a positive screening for CO poisoning 
on co-oximetry warrants confirmation 
by COHb levels.37-39 Studies have also 
shown that co-oximetry tends to over-
estimate actual COHb levels.38,40 What 
can be concluded is that co-oximetry is 
a useful tool to quickly screen suspected 
CO poisonings, which can then be con-
firmed by laboratory analysis.

Normal carboxyhemoglobin levels are 
between 2% and 5% in nonsmokers and 
can range from 5-13% in chronic smok-
ers. The presence of fetal hemoglobin, as 
high as 30% at 3 months, may be read as 
an elevation of HbCO level to 7%.20,21,23 

The level of carboxyhemoglobin in the 
blood does not correlate with the sever-
ity of toxicity.41 Negative carboxyhemo-
globin levels may be present in patients 
who have already received 100% oxygen 
or if sufficient time has passed since 
time of exposure. 

Often there is a mild leukocytosis in 
carbon monoxide poisoning. Arterial 
blood gases should show a normal PaO2 
level and a mild acidosis. Cardiac bio-
markers can be elevated if the exposure 
has resulted in myocardial ischemia. 
Metabolic acidosis secondary to lactic 
acidosis can be seen if there is isch-
emia. In severe poisonings, there can be 
evidence of end organ injury, such as 
elevated BUN, creatinine, and creatinine 
kinase levels, as well as proteinuria due 
to rhabdomyolysis. There can be abnor-
mal liver function tests due to hepatic 
failure.21,23 Characteristic findings on 
imaging of the brain are petechial hem-
orrhages of the white matter, necrosis 
of the bilateral globi pallidi, spongy 
change, and progressive demyelination 
in the cerebral cortex, thalamus, and 
hippocampus.42 

Diagnosis of Cyanide 
Poisoning

Due to its lethality and the delay in 
return of blood cyanide levels, cyanide 
poisoning is a clinical diagnosis. The 
diagnosis should be suspected in anyone 
who inhales smoke in a closed-space 
fire, particularly in the presence of soot 
in the mouth, altered mental status, 
and hypotension.43 Blood lactate levels 
greater than 8 mmol/L in non-smoke-
inhalation victims and greater than 10 
in smoke-inhalation victims should be 
considered diagnostic. While severe 
burns, CO poisoning, and other trau-
matic injuries can cause lactic acidosis, 
they are unlikely to cause the profound 
lactic acidosis that is seen in CN poi-
soning.44,45 Due to delay in results, 
laboratory cyanide levels should only 
be obtained for diagnostic confirmation 
and not for medical decision making. 
Toxic and lethal thresholds of cyanide 
are 1.0 mg/L and 3.0 mg/L, respec-
tively.46 Venous blood gases with very 
high PaO2 levels (levels that would be 
anticipated on an arterial blood gas) can 
also be suggestive of cyanide poisoning. 
This is attributed to the inability of cells 

Axial nonenhanced cranial CT scan of an 8-year-old patient on the day of 
CO poisoning shows diffuse hypodensity of the cerebellum due to hypoxic-
ischemic injury.
Reprinted with permssion Fan HC, Wang AC, Lo CP et al. Damage of cerebellar 
white matter due to carbon monoxide poisoning: A case report. Am J Emerg 
Med 2009;27:757.e5–757.e7.

Figure 1. Diffuse Hypodensity of Cerebellum Due to  
Hypoxic-ischemic Injury
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to extract and use oxygen, and so venous 
blood remains highly oxygenated.43

Treatment of Carbon 
Monoxide Poisoning

Treatment begins by removing the 
victim from the source of exposure. The 
antidote of carbon monoxide poisoning 
is oxygen. (See Table 4.) All victims sus-
pected of toxicity should receive 100% 
oxygen via a nonrebreather mask, non-
invasive positive pressure ventilation, or 
endotracheal ventilation. The theory of 
treatment is based on oxygen competi-
tively displacing CO from hemoglobin. 
While breathing room air, this process 
takes about 300 minutes. While on a 
100% oxygen by nonrebreather mask, 
this time is reduced to about 90 min-
utes; with hyperbaric oxygen treatment, 
the time is shortened to 32 minutes.47 
Once the diagnosis is confirmed, the use 
of hyperbaric oxygen should be consid-
ered. (See Figure 3.) The only absolute 
contraindications to hyperbaric therapy 
are an untreated pneumothorax, ongo-
ing medical instability, and medication 
history of past bleomycin or cisplatin 
treatment, or current doxorubicin, disul-
firam, or sulfamylon treatment.47,48 The 
goal of initial intervention, whether 
hyperbaric or normobaric oxygen, 
is a carboxyhemoglobin level of less 
than 5%.23 Once the patient is clini-
cally stable, imaging of the brain and 
neuropsychological testing is required. 
MRI is the most sensitive modality to 
detect brain abnormalities, although it is 
unknown if MRI findings during acute 

poisonings can predict long-term neu-
rological sequelae.27,49

Hyperbaric treatment remains con-
troversial because there is no global 
consensus of when it is appropriate to 
consider hyperbaric treatment and what 
hyperbaric protocols should be used. 
The Undersea and Hyperbaric Medical 
Society recommends hyperbaric oxy-
gen therapy for patients with serious 
carbon monoxide poisoning — as 
manifested by transient or prolonged 
unconsciousness, abnormal neurologic 

signs, cardiovascular dysfunction, or 
severe acidosis — or patients who are 
36 years of age or older, were exposed 
for 24 hours or more (including inter-
mittent exposures), or have a carboxy-
hemoglobin level of 25% or greater.48,50 
(See Table 5.) Studies have indicated 
that hyperbaric oxygen can decrease 
the severity and incidence of long-term 
neurological sequelae.48,51 Animal stud-
ies have shown that hyperbaric oxygen 
leads to more rapid improvement in 
cardiovascular status, lower mortality, 

Symptoms of Mild Cyanide Poisoning

• Headache
• Nausea
• Vertigo
• Anxiety
• Altered mental status
• Tachypnea
• Hypertension

Symptoms of Serious Cyanide Poisoning

• Dyspnea
• Bradycardia
• Hypotension
• Arrhythmia
• Unconsciousness
• Convulsions
• Cardiovascular collapse

Table 3. Symptoms of Cyanide Poisoning

Figure 2. Mitochondrial Electron Transport Chain
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and lower incidence of neurological 
sequelae.51 However, in February 2008, 
a clinical policy statement released by 

the American College of Emergency 
Physicians (ACEP) gave Level C rec-
ommendations to hyperbaric oxygen as 

a therapeutic option for CO-poisoned 
patients, but that its use cannot be 
mandated.52  

Cyanide Treatment
Due to the lethality of cyanide, once 

a patient is removed from the potential 
source of exposure, initiation of antidote 
therapy must occur as soon as possible, 
preferably in the pre-hospital stage. 
There are numerous available options 
for treatment of cyanide poisoning. The 
most commonly selected treatments are 
hydroxycobalamin and sodium thiosul-
fate. (See Table 6.) Which treatment is 
superior remains controversial. To date, 
there are no well-designed randomized, 
controlled trials comparing the efficacy 
of hydroxycobalamin versus sodium 
thiosulfate with sodium and/or amyl 
nitrite.

The newest drug available in the 
United States, hydroxycobalamin 
(Cyanokit-R), was approved by the 
FDA for treatment of known or sus-
pected cyanide poisoning in 2006. 
Hydroxycobalamin (vitamin B12a) 
contains a cobalt ion that binds cyanide 
with greater affinity than cytochrome 
oxidase, to form the nontoxic metabolite 
cyanocobalamin (vitamin B12 family), 
which is excreted in the urine. The start-
ing dose of hydroxycobalamin is 5 g 
given as an IV infusion over 15 minutes. 
A second dose of 5 g can be given.53 
In animal studies, hydroxycobalamin 
showed anecdotal efficacy for treat-
ment of cyanide poisoning.54 In a swine 
model of cyanide-induced cardiac arrest, 
hydroxycobalamin improved mean arte-
rial blood pressures and pH, decreased 
lactate and cyanide levels in the blood 
when compared to epinephrine, and 
hydroxycobalamin showed increased 
survival in pigs compared to sodium 
thiosulfate.55,56 In humans, a prospective 
study showed 28 out of 42 (66.7%) con-
firmed cyanide poisonings survived after 
treatment with hydroxycobalamin.57 A 
retrospective study of hydroxycobala-
min given empirically pre-hospital for 
suspected cyanide poisoning showed a 
survival to hospital discharge in 30 out 
of 72 patients in whom survival status 
was known (41.7%), and showed a pre-
hospital return of spontaneous circula-
tion in 21 out of 38 (55%) of patients 
in cardiac arrest.58 The most common 

Increasing the partial pressure of inspired oxygen accelerates elimination of 
carbon monoxide.
Reprinted with permission from Bateman DN. Carbon monoxide. Medicine 
2012;40:115-116.

Breathing air

Normobaric oxygen

Hyperbaric 
oxygen

Figure 3. Dissociation of Carboxyhaemoglobin  
with Different Oxygen Regimens

• 100% oxygen by nonrebreather mask, noninvasive positive pressure 
ventilation, or endotracheal intubation

• Hyperbaric oxygen treatment

Table 4. Treatments for Carbon Monoxide Poisoning

• When the patient has a COHb level greater than 25-30%
• Evidence of cardiac involvement
• Severe acidosis
• Transient or prolonged unconsciousness
• Neurological impairment
• Abnormal neuropsychiatric testing
• Patient’s age is 36 years or older
• Pregnant women

Source: Centers for Disease Control and Prevention

Table 5. When to Consider Hyperbaric Oxygen Treatment 
for CO Poisoning
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side effects of hydroxycobalamin are 
chromaturia and red skin discoloration, 
which are asymptomatic, self-limiting, 
and typically resolve in 72 hours. 
Another side effect is a brief hyperten-
sion that returns to baseline an average 
of 4 hours after administration. The 
most serious adverse effect documented 
in healthy volunteers was an allergic 
reaction in 2 out of 136 volunteers, both 
of which did not decompensate to full 
anaphylaxis.57,59,60 Hydroxycobalamin 
can cause alterations in laboratory val-
ues, including elevated renal and hepatic 
function and uninterpretable dipstick 
urinalysis. This also typically resolves 
by 72 hours after administration.53,57 
The use of hydroxycobalamin can also 
interfere with measurement of carboxy-
hemoglobin levels by co-oximetry.61 
There is also a case report of hydroxyco-
balamin interfering with hemodialysis, 
causing the dialysis machine to shut 
down due to internal sensors detecting 
a “blood leak,” which the authors attrib-
uted to hydroxycobalamin.62 

Sodium thiosulfate removes cyanide 
through the action of rhodanase, an 
enzyme located in the liver, kidneys, and 
skeletal muscle. It acts to add a sulfur 
atom to cyanide to form thiocyanate, 

which is then excreted in the urine.30 
Compared to hydroxycobalamin, 
sodium thiosulfate has a slower onset 
of action.63 The recommended dosing 
according to manufacturer is to admin-
ister 12.5 g (250 mg/kg in pediatrics, 
not to exceed 12.5 g) immediately after 
administration of sodium nitrite over 30 
minutes.64 No clinical trials of sodium 
thiosulfate are available, and efficacy has 
been extrapolated from case studies and 
series of acute cyanide poisoning.54 

Amyl nitrite and sodium nitrite 
both are part of the cyanide antidote 
kit, which had been the treatment of 
choice for cyanide poisoning in the 
United States prior to the introduction 
of hydroxycobalamin in 2006. Sodium 
nitrite is given IV. Amyl nitrite perles 
are crushed up and inhaled and are 
generally reserved for cases in which IV 
access is delayed or not possible. Nitrites 
oxidize the iron in hemoglobin from 
the ferrous to the ferric state, convert-
ing hemoglobin into methemoglobin. 
Cyanide then combines with methemo-
globin to form cyanomethemoglobin. 
It also causes vasodilation, leading to 
hypotension. The major side effects 
are hypotension and cellular hypoxia 
secondary to methemoglobinemia.30,65 

There is a black box warning for the use 
of nitrites because of hypotension and 
methemoglobinemia.66 Use of amyl or 
sodium nitrite is not recommended in 
smoke inhalation victims who may also 
have carboxyhemoglobinemia secondary 
to carbon monoxide poisoning.57

Other antidotes not available in the 
United States include 4-dimethylami-
nophenol (4-DMAP) and dicobalt 
edentate. 4-DMAP is used outside of 
the United State instead of sodium or 
amyl nitrite. It generates methemoglo-
bin more rapidly than sodium nitrite, 
with peak methemoglobin concentra-
tions at 5 minutes after administration 
compared to 30 minutes after sodium 
nitrite administration. Like nitrites, the 
major side effects are methemoglobin-
emia and hypotension. Cobalt in the 
form of dicobalt edetate has been used 
as a cyanide chelator, but its usefulness 
is limited by serious adverse effects such 
as hypotension, cardiac dysrhythmias, 
decreased cerebral blood flow, and 
angioedema.17

Conclusions
Practitioners need to maintain a 

high index of suspicion to identify and 
treat carbon monoxide and cyanide 

Treatment Mechanism of Action Delivery Side Effects

Hydroxycobalamin Binds to CN to form 
cyanocobalamin

5 g IV infusion over 15 minutes
Additional 5 g may be given

Chromaturia
Red skin discoloration
Transient hypertension

Sodium thiosulfate Uses rhodanase to form 
thiocyanate

12.5 g IV infusion over 30 minutes
Given after sodium nitrite
Given as sole agent if suspected CO 
poisoning
May repeat at half dose after 1 hour

Hypotension (infusion rate 
dependent)

Sodium nitrite

Oxidizes hemoglobin to 
methemoglobin, combines 
with cyanide to form 
cyanomethemoglobin

300 mg IV infusion at 75-150 mg/min Methemoglobinemia
Hypotension

Amyl nitrite

Oxidizes hemoglobin to 
methemoglobin, combines 
with cyanide to form 
cyanomethemoglobin

0.3 mL ampule crushed and 
contents poured onto a gauze and 
placed in front of patient’s mouth, 
or endotracheal tube if patient 
intubated, to inhale over 15-30 sec; 
repeat qMin until IV sodium nitrite 
available

Methemoglobinemia
Hypotension

Table 6. Treatments for Cyanide Toxicity
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poisonings in smoke inhalation victims. 
Carbon monoxide poisoning can be 
identified with detection of carboxy-
hemoglobin levels in blood or bedside 
co-oximetry. The level of carboxyhe-
moglobin does not correlate with the 
level of toxicity. In addition to 100% 
normobaric oxygen, hyperbaric oxygen 
is a treatment option, although there 
is controversy regarding its benefits. 
Conversely, there is no quick test to 
confirm cyanide poisoning. Upon ini-
tial evaluation, fire victims with soot in 
their mouth, altered mental status, and 
metabolic acidosis with highly elevated 
lactate levels are highly suggestive of 
cyanide poisoning. Once cyanide toxic-
ity is suspected, treatment must begin 
immediately. Further study is needed 
to determine the efficacy of hydroxyco-
balamin compared to sodium thiosul-
fate. If carbon monoxide poisoning is 
suspected, amyl and sodium nitrite are 
contraindicated. 
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CME/CNE Questions
1. A patient brought from a house 

fire may be at risk for which of the 
following?
A. trauma
B. smoke inhalation
C. carbon monoxide poisoning
D. cyanide poisoning
E. all of the above

2. Which of the following is a non-
invasive way to screen for carbon 
monoxide poisoning?
A. pulse co-oximetry
B. pulse oximetry
C. fetal hemoglobin screen
D. clinical CO score

3. What is the first and most impor-
tant treatment for carbon monoxide 
poisoning?
A. cyanocobalamin
B. hydroxycobalamin
C. sodium thiosulfate
D. amyl nitrite
E. oxygen

4. What is the source of carbon mon-
oxide’s toxicity?
A. a higher affinity to hemoglobin 

than oxygen
B. impaired oxygen delivery to tis-

sues
C. cellular hypoxia
D. multi-organ dysfunction
E. all of the above

5. Which of the following patients 
may be particularly susceptible to 
carbon monoxide toxicity?
A. men
B. women
C. smokers
D. pregnant patients

6. Cyanide’s mechanism of toxicity 
in humans involves which of the 
following?
A. disruption of oxygen-hemoglobin 

affinity
B. disruption of electron transport 

and ATP production
C. direct cytotoxic injury
D. direct neurotoxic injury

7. Since there is currently no rapid test 
for cyanide poisoning, which of the 
following is highly concerning for 
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• identify possible complications that may occur with traumatic 
injuries.
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cyanide poisoning in a smoke expo-
sure victim?
A. WBC > 30 k/uL
B. Hgb < 8 g/dL
C. pO2 > 60 mmHg
D. lactate > 8 mmol/l
E. sodium < 125 mmol/L

8. Hydroxycobalamin selectively binds 
cyanide, resulting in the formation 
of which of the following?
A. free radicals
B. methemoglobin
C. cyanocobalamin
D. lactic acid
E. hydroxyurea

9. Amyl nitrite and sodium nitrite, 
when used to treat cyanide poison-
ing, may have which of the follow-
ing serious side effects?
A. hypotension and methemoglo-

binemia
B. hypertension with crisis
C. hypernatremia
D. cobalt poisoning
E. cyanide deficiency

10. Cyanide, in the form of hydrogen 
cyanide gas, is formed from the 

combustion of carbon and nitrogen 
commonly found in:
A. liquid propane
B. coal
C. gasoline
D. oil
E. foam rubber, wool, plastics
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