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Introduction

During the early afternoon of March 27, 1977, the Canary Islands 

Independence Movement (CIIM), a terrorist organization fighting 

for Canarian autonomy from Spain, detonated a small bomb at the 

Las Palmas Airport. When the CIIM claimed responsibility for the 

attack and warned of another bomb, airport authorities were 

forced to close all terminals until the area could be properly 

secured. Unbeknownst to anyone, this small incident set in motion 

a horrific set of events that culminated in the deadliest airline 

disaster in world history.a
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The Swiss Cheese Model

The Swiss Cheese Model
Ten years later, a British psychologist at the University of Manchester named 

James T. Reason began formulating a model that could be used to describe the causes 
of human error. Dr. Reason stated that accidents occur when protective barriers are 
breached and hazards are allowed to progress through those safeguards unchecked.b
Accidents are prevented when multiple protective barriers are put in place and 
breaches to those barriers are blocked. Dr. Reason described his model through the use 
of a metaphor that he called “the Swiss Cheese Model”.c He suggested that protective 
barriers are like layers of Swiss cheese. Invariably, every protective barrier (or slice of 
cheese) has a potential to develop a problem or failure (or hole in the slice of cheese). 
When enough slices have enough holes, the holes can potentially “line up” and allow a 
hazard to pass through the slices.b This results in an accident even though safety 
barriers may have been in previously been in place (see Figure 1 and 2). 

According to Dr. Reason, two types of failures exist: active failures and latent 
conditions.d Active failures are unsafe human acts like being reckless, being ignorant, 
or violating protocol. For example, if an automobile driver decides not to fasten his 
seatbelt, he has committed an active failure. Latent conditions are problems that exist 
in a system that may or may not be able to be controlled. Black ice on a roadway could 
be considered a latent condition that may contribute to a motor vehicle accident. The 
best way to avoid accidents is to increase protective barriers (increase the number of 
slices) and/or decrease the number of active and latent errors (decrease the number 
holes in the slices).
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The Tenerife Airport Disaster
When the Las Palmas Airport was temporarily shut down on the 

afternoon of March 27, 1977, all air traffic into the Canary Islands was diverted 
to the island of Tenerife. Tenerife’s sole airport, Los Rodeos, had a single 
runway and it quickly became congested with the unexpected influx of large 
passenger planes. Two Boeing 747 jumbo jets, PanAm flight 1736 and KLM 
flight 4805 were waiting on the tarmac to take off when a thick fog descended 
upon the island limiting visibility to under 300 feet. In a hurry to avoid 
overtime hours for its crew, the KLM jet taxied to the end of the runway, turned 
180˚, and prepared to take off down the same runway it had just traveled. As 
KLM flight 4805 sat idling at the end of the runway awaiting clearance to 
depart, PanAm flight 1736 was directed to taxi down the same runway and 
take the third exit so that the KLM could pass by. Unfortunately, because of the 
low visibility and lack of runway markings, the PanAm flight missed the 
designated exit and continued down the single runway. Captain Jacob van 
Zanten, a seasoned pilot with over 11,700 flight hours, and commander of the 
KLM jet, made the fateful decision to advance the throttles and accelerate his 
airplane for takeoff without express permission from the air traffic control 
tower. It was not until the planes were within 300 feet of each other that the 
pilots from each jet were able to see each other. In a panic, the KLM jet 
attempted to lift off, but before it could get completely airborne, it collided with 
the PanAm. Traveling at 160 miles per hour, the destruction to the KLM aircraft 
was complete, killing all 248 passengers and crew aboard. 335 passengers and 
crew aboard the PanAm perished in the wreckage and subsequent fire.e,f

Application of the Model
Much as been written about the cause of the Tenerife Airport disaster, 

but perhaps the easiest way to understand the accident is to apply James 
Reason’s Swiss Cheese Model to the situation. It is obvious that one singular 
event was not responsible for the deadly collision of KLM 4805 and PanAm
1736, but rather a series of events that spiraled out of control. Many latent 
conditions existed that contributed to the tragedy such as KLM’s mandatory 
overtime policy and uncontrollable preconditions such as thick fog or a 
terrorist attack at another airport. Other latent conditions such as an 
understaffed control tower and the use of non-standard language added to the 
confusion. As these failures (or holes in the cheese) added up, it produced a 
“perfect storm” scenario. When active failures like missing the proper runway 
exit or taking off without permission occurred, the proverbial barriers (or 
cheese slices) were completely breached, resulting in a catastrophe.g
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It is prudent, as a healthcare provider, to look at the events that contributed 
to the Tenerife Airport disaster and glean valuable insights that may assist in 
preventing medical emergencies in a dental office setting. The use of James 
Reason’s Swiss Cheese Model can be just as effective in preventing accidents in the 
healthcare industry as it is in the airline industry.h,i Looking at the average dental 
practice it is easy to see the many potential hazards that exist which may contribute 
to a medical emergency. 

Consider, for example, the fact that American Baby Boomers began turning 65 
years old in 2011. There are presently over 50 million Americans that are aged 65 
years or older.j These patients often present with unique health problems and 
complex comorbidities that, according to the Swiss Cheese model, could be 
considered latent conditions which increase the risk of having a medical emergency 
while at the dental office. Other latent conditions that may predispose an 
emergency situation include: treatment of very young patients (especially in a 
practice where adult patients are also treated), treatment of patients who take 
multiple medications, treating patients for long periods of time (usually over two 
hours), and treating patients who have complex social histories (including alcohol, 
tobacco, or drug abuse).

Statistics
It has been estimated that nearly 45% of all dentists have at least one medical 

emergency in their office annually.xx While most of these emergencies are not life 
threatening, approximately 10% of emergencies can be considered serious. xx The 
following paragraphs list other health related statistics that correspond to the 
growing risk of health related hazards presenting in a dental setting.

According to the Center for Disease Control (CDC), approximately 30 million 
Americans are afflicted with diabetes, 25% of which do not know that they are 
diabetic.k Likewise, one-in-three Americans have an impaired oral glucose 
tolerance that classifies them as pre-diabetic, 90% of which are unaware of their 
condition.l,m It is, therefore, reasonable to assume that because greater than 30% of 
patients have baseline dysglycemia and that because hyperglycemia may be 
induced by surgical distress, that many dental patients will be in a diabetic or pre-
diabetic state.n,o
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Approximately 30% of American adults (one out of every three) has 
hypertension.p Of the 75 million Americans afflicted with the disease, only half of 
those people have their hypertension under control. Hypertension increases a 
person’s risk of developing heart disease and stroke and contributes to over 400,000 
deaths annually.p By the year 2030 the percentage of adults in the United States that 
have hypertension will increase to approximately 40%.q

Anxiety disorders affect 20% of the population and range from mild 
depression to post traumatic stress disorder (PTSD).r Treatment of anxiety 
disorders oftentimes includes pharmacologic intervention. Most drugs used to treat 
anxiety disorders and other mental disabilities are metabolized in the liver and can 
affect the pharmacokinetics of other drugs. These interactions can cause unintended 
responses to common drugs administered by the dentist. Severe dental anxiety may 
affect nearly 20% of the population; this increases the chance that a patient may 
self-medicate with alcohol or another substance before presenting for a dental 
appointment.s Dental anxiety, fear, and pain all increase the probability of a patient 
experiencing a syncopal episode during dental treatment.

Asthma is an obstructive lung disease that is increasing in the general 
population, especially among minority children. More than 50% of people with 
asthma have at least one acute attack annually; the disease is responsible for several 
thousand deaths each year.t

Obesity is health problem of epidemic proportions in the United States. The 
CDC estimates that nearly 40% of American adults and 20% of children are obese.u
Obesity is often seen in conjunction with other co-morbidities like diabetes mellitus, 
heart disease, and asthma. Obesity presents a potential airway problem in the dental 
office; supine patients with a large habitus may have difficulty maintaining a patent 
airway, especially those that are sedated or subjected to long appointments.

The number of latent conditions that can contribute to the occurrence of a 
medical emergency in the dental office are innumerable. The prevalence of many 
hazards are, because of the nature of population, increasing and thus making dental 
emergencies more common than ever. Perhaps the best way to prevent medical 
emergencies from happening in the dental office is to subscribe to the ideas in James 
Reason’s Swiss Cheese Model. By making an active effort to increase the number of 
protective barriers (slices of cheese) and decrease the number of hazards (holes in 
the cheese) in daily practice, accidents can be prevented and disasters will be 
averted. 6



Several steps can be taken in the dental setting that can increase protective 
barriers and decrease hazards in an effort to prevent medical emergencies. Most 
of the following concepts are based upon common sense; however, accidents and 
tragedies in the dental office can often times be traced back to a failure to simply 
implement one or more of them. Consider the application of five areas of focus: 
1) the use of a thorough medical history, 2) use of appropriate monitors, 3) 
understanding of appropriate emergency equipment, 4) adherence to proven 
emergency algorithms, and 5) obtaining appropriate training.

1. The Use of a Thorough Medical History
Most dentists learn how to take a thorough medical history while they are 

in dental school. However, the frequency and effectiveness of obtaining an 
accurate and updated medical history sometimes suffers in general practice due 
to perceived time constraints, forgetfulness, or complacency (all of which are 
latent failures). There are many different ways to perform a proper medical 
history, but following the SOAP Formula is the most common. SOAP is an 
acronym that stands for Subjective findings, Objective findings, Assessment, and 
Plan (or Procedure).

Subjective Findings
Subjective findings consist of information that is gathered from a patient 

by talking to them chairside. It does not come from touching or examining the 
patient. Common elements discovered in subjective findings include the 
patient’s: past medical history, past surgical history, family history, social history, 
current medicines and allergies. A quick review of subjective findings will reveal 
many aspects of the patient’s health that must be considered in order to keep 
him or her safe while in the dental setting.

Exploring a patient’s past medical history involves briefly discussing each 
of the major organ systems of the body including (but not limited to) the brain 
and nervous system, the endocrine system, the cardiac and circulatory system, 
the pulmonary system, the gastrointestinal system, the hepatic and renal 
systems, the genitourinary system and integumentary system. A review of these 
systems will review potential health related issues that a patient may experience 
in the dental setting. For example, if during a discussion about the patient’s 
respiratory system it is revealed that the patient has emphysema, the dentist 
would know to never administer nitrous oxide to that particular patient. Nitrous 
oxide expands in closed air spaces such as an emphysematous bulla; rupture of a 
bulla could cause a pneumothorax.v
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A review of a patient’s past surgical history is very telling and can provide 
insight into potential problems while in the dental chair. For example, a patient who 
has had a cervical laminectomy and/or fusion may not be able to flex or extend his 
or her neck into a position compatible with dentistry in the supine position. A 
dentist who discovers that his or her patient has had cervical neck surgery would 
be cautious in any manipulation of the patient’s head or neck while in the chair. A 
dentist who discovers that his or her patient has had a recent cardiac stent would 
ask follow up questions to find out how long ago the stent was placed and what 
kind of stent was used. Before undergoing elective services like dentistry, patients 
with bare metal stents should wait for at least four weeks while patients with drug 
eluting stents should wait at least six months.w

An extensive review of the patient’s current medications is a cornerstone of 
an effective health history. There are hundreds of different drugs on the market 
making drug recognition a daunting task. The existence of both a generic name and 
a trade name for each drug contributes greatly to the confusion of comprehending 
modern pharmacology. The vastness of the task, however, does not dismiss the 
importance of intimately understanding every drug that the patient is taking. There 
can be cataclysmic drug interactions with drugs commonly administered or 
prescribed by the dentist. For instance, a patient taking warfarin (Coumadin) 
should never be prescribed the antibiotic, erythromycin. Erythromycin inhibits 
liver enzymes and can potentiate the action of warfarin; patients taking both drugs 
concurrently can have internal bleeding.x All vitamins, minerals, and herbal 
substances taken by the patient should be reviewed as well.

A patient’s allergies should also be considered in detail. A distinction should 
be made between a drug sensitivity (i.e. gastrointestinal upset from taking an 
opioid) and a true allergy (i.e. urticaria from taking an antibiotic). When true 
allergies are detected, the dentist should avoid that substance and other substances 
similar to it. For example, while cross-reactivity between different beta-lactam 
containing antibiotics is low, prudence would suggest prescribing a different class 
of antibiotics if a patient is allergic to penicillin.y Patients who have a history of 
anaphylaxis to any drug should have easy access to epinephrine while in the dental 
office (more about this will be covered later in this article).
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Objective Findings
Objective findings consist of information gathered while actually examining or 

touching the patient. These observations include (but are not limited to) baseline 
vital signs, reviewing significant laboratory values, reviewing cardiac function, and 
reviewing pulmonary function.

Baseline vital signs should be reviewed often; it is prudent to record them at 
the initial patient encounter as well as at each semiannual checkup. Each dentist 
should consider obtaining vital signs more often on certain patients such as those 
needing oral surgery or those with special health concerns. At a minimum, blood 
pressure and heart rate should be recorded at each of these encounters. Respiration 
rate, temperature, height, weight, and body mass index (BMI) should be recorded if 
possible. The question of whether or not a patient with hypertension should be 
treated in the dental office setting is commonly debated. New guidelines from the 
American College of Cardiology and the American Heart Association have lowered the 
definition of stage 1 hypertension from 140/90 mm Hg or higher to 130/80 mm Hg 
or higher.z These patients should be seen by a physician for assessment and possible 
treatment. Patients who have a blood pressure of greater than 180/120 mm Hg with 
organ damage should be admitted to the hospital intensive care unit and treated 
appropriately.z (See Table 1). The wisdom of gathering baseline vital signs lies in the 
fact that these values can be referenced if a patient is in distress; baseline vital signs 
can be compared to vital signs at any given time to determine if there is a change and 
if the change is significant.

The need to obtain any significant laboratory values will differ from patient to 
patient. As a general rule of thumb, lab values should not be ordered unless they will 
alter the course of a provider’s proposed treatment.aa In other words, lab values 
should not be ordered simply for the sake of being thorough. The process of obtaining 
lab values can be expensive, time consuming, and potentially harmful to patients.aa

However, when laboratory values are needed in order to interpret a patient’s ability 
to tolerate a proposed treatment plan, the dentist should not hesitate to access the 
information. 

Table 1: Blood Pressure (BP) Classificationz

BP Range Systolic BP Diastolic BP
Normal <120 mm Hg and <80 mm Hg
Elevated 120 - 129 mm Hg and <80 mm Hg

Stage 1 Hypertension 130 - 139 mm Hg or 80 - 89 mm Hg
Stage 2 Hypertension ≥140 mm Hg or ≥90 mm Hg
Hypertensive Urgency >180 mm Hg and/or >120 mm Hg

Hypetentsive Emergency >180 mm Hg and/or >120 mm Hg
and organ damage and organ damage
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Perhaps the most commonly accessed laboratory values that are significant to 
dentistry are hemoglobin A1C (HbA1c), and international normalized ration (INR). 
HbA1c measures the amount of glucose that is bound to hemoglobin and reveals 
the average blood glucose concentration over a three-month period of time. Normal 
HbA1c levels range from 4.0% to 5.6%. Diabetes is typically diagnosed when the 
HbA1c is greater than 6.5%. Diabetic patients are considered “well-controlled” if 
their HbA1c is less than 7.0%n,bb (see Table 2)

International normalization ratio (INR) is a calculation that is used to 
evaluate how effectively a patient’s blood clots. For healthy people who do not take 
blood thinners, a normal INR range is usually between 0.8 and 1.2. Patients who are 
at risk for developing blood clots (i.e. patients who have atrial fibrillation, deep 
venous thrombosis, or mechanical heart valves) will often take prescription 
warfarin (Coumadin) in an effort to thin their blood. The optimal INR range for 
patients taking warfarin is usually 2.0 – 3.0. Patients who have an INR of greater 
than 3.0 should not have dental surgery without first consulting the patient’s 
prescribing physician and instituting a plan to control bleeding or temporarily stop 
warfarin usage.cc

Table 2: Hemoglobin A1c (HbA1c) classificationn, bb

HbA1c Level Diagnosis
4.0 - 5.6% Normal glycated hemoglobin
5.7 - 6.4% Pre-diabetes

> 6.5% Diabetes
< 7.0% Well controlled diabetes

Table 3: Revised Cardiac Risk Indexee

Predictor
Undergoing high-risk surgery

History of ischemic heart disease
History of congestive heart failure
History or cerebrovascular accident

History of diabetes requiring insulin use
Chronic kidney disease

Risk of a negative cardiac event:
0 predictors = 0.4%
1 predictor = 0.9%
2 predictos = 6.6%
≥3 predictors = >11%

Determining a patient’s cardiac function 
before elective non-cardiac surgery is of 
utmost importance. There are many tools that 
are available to quickly help any health 
practitioner assess a patient’s general cardiac 
health. The easiest tool to use is the Revised 
Cardiac Risk Index (RCRI) which estimates the 
risk of having a perioperative negative cardiac 
event.dd,ee Each predictor on the index is worth 
one point. Patients who have a score of 1 have 
a 0.9% chance of developing cardiac 
complications while in the dental setting. 
Unhealthy patients with a score of ≥3 
predictors have a greater than 11% chance of 
cardiac complications and probably should not 
be treated outside of a hospital. (See Table 3). 
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More complex methods of analyzing cardiac status and function include the 
evaluation of a recent electrocardiogram (ECG) and/or echocardiogram. 
Electrocardiograms are useful in diagnosing arrhythmias, ischemia, and infarction 
among other things. Echocardiograms use ultrasound technology to diagnose 
cardiac function through observation of the ejection fraction (EF) of the left 
ventricle. A normal EF is between 55 and 65%. Electrocardiograms and 
echocardiograms are complex tools of analysis that should be reviewed with a 
cardiologist.

Assessing a patient’s airway and pulmonary function is no less important than 
assessing cardiac function. At the very least, a quick auscultation of all five lung 
lobes should be performed with a stethoscope while listening for wheezing, rhonci, 
stridor, crackling, or rales. These lung sounds can give a gross indication of any 
pulmonary abnormalities that may contribute to ventilation and/or oxygenation 
issues. If warranted, recent pulmonary function tests (PFTs) may be requested and 
reviewed with a pulmonologist in an effort to determine the severity of any 
obstructive (i.e. asthma, chronic obstructive pulmonary disease) or restrictive (i.e. 
fibrosis, or kyphosis) lung disorders.

When conducting an airway exam, a dental provider should measure mouth 
opening and thyromental distance and assess an accurate Mallampati Score, 
mandibular jaw protrusion, and cervical range of motion. These measurements and 
assessments will alert the provider to any potential problems that may be 
encountered with the airway management of a sedated or unconscious patient. A 
minimum of three centimeters (or three finger breadths) is considered ideal 
measurements for both mouth opening and thyromental distance. A Mallampati
score of 1 or 2 and the ability to protrude the mandible far enough to bite the 
maxillary lip both predict ease of direct laryngoscopy if an airway emergency is 
encountered.ff

A Mallampati score is obtained 
by having the patient extend the 
head backward while 
simultaneously opening the mouth 
and fully protruding the tongue 
without phonating. In a patient with 
a favorable Mallampati score (class 
1), all of the oral structures can be 
seen including the hard and soft 
palate, the fauces, the entire uvula, 
and the tonsilar pillars. (See Figure 
3)gg 11



It is essential that a patient can rotate his or her head in a fashion that will 
allow a dental provider to have an unobstructed view into the patient’s oral cavity. 
Treatment of patients with cervical spine issues may present the dichotomy of how 
to position them comfortably and safely while still being able to see the teeth 
properly. Assessing cervical range of motion is before starting treatment is very 
important in order to keep the patient safe. The potential to cause damage in 
patients with a prior laminectomy or fusion surgery, rheumatoid or osteoarthritis of 
the cervical spine, or Down Syndrome with atlantoaxial instability can be very high. 
Asking the patient to extend the neck backward, flex the neck forward, and rotate 
the head side-to-side will give a good indication of a patient’s limitations. (See 
Figure 4)hh

Assessment

The Assessment portion of the SOAP formula involves a short, one sentence 
summary of the patient’s general health and the assignment of an American Society 
of Anesthesiologists (ASA) physical status classification. For instance, a patient 
might be assessed as, “A 25 year old African American male in general good health 
who is ASA class 1.” Another patient may be assessed as, “A 75 year old Caucasian 
female in poor health who is ASA class 3.” This is done so that a concise, overview of 
the patient’s health status according to the information gathered from Subjective 
findings and Objective findings can be declared.

12



The ASA physical status classification was developed in the 1940’s to help 
hospitals with statistical diagnostics. Today, it is used to give providers a way to 
communicate a patient’s general health status.ii Though the system is imperfect, it 
has merit in its simplicity and ability to quickly identify sick patients. (See Table 4)jj

The ASA physical status classification can act as major barrier in the Swiss Cheese 
Model. A properly classification of physical status can act a warning sign to dental 
practitioners, alerting them of patients who should not be treated outside of a 
hospital setting. For example, a prudent dentist would see ASA class I patients in a 
dental office without concern. ASA class II patients would be seen as long as the 
reasons for the class II classification were well understood and appropriate 
preparations were made for possible or anticipated complications. ASA class III 
would only be seen in a dental office if the patient’s dental needs outweighed the 
risks involved with treating the patient outside of a hospital setting. ASA class III 
patient’s treatment would, therefore, be kept to an absolute minimum. ASA class IV 
patients should not be seen in a dental office. The risks of treating such a patient 
outside of a hospital setting cannot be justified. It is obvious that ASA class V and VI 
patients would not be receiving dental treatment at all.

Table 4: The ASA Physical Status Classificationjj

Classification Definition Example

ASA I A normal, healthy person Healthy. Non-smoking, little or no alcohol
ASA II A person with a mild Few limitations. Smoking, obesity, 

systemic disease pregnancy, well controlled diabetes or
hypertension

ASA III A person with a severe Substantive functional limitations.
systemic disease Morbid obesity, uncontrolled diabetes, 

or hypertension
ASA IV A person with a severe systemic Recent myocardial infarction (<3 months),

disease that is a constant threat unstable angina, end stage renal disease

to life

ASA V A moribund patient who is not Ruptured abdominal aneruysm, massive

expected to survive without the trauma
operation

ASA VI A declared brain-dead patient

who's organs are being donated
13



Plan or Procedure
When considering the SOAP formula, the letter “P” stands for “plan” or 

“procedure”. This is the point where the practitioner documents what, exactly, is 
going to be done for the patient. If the patient is going to be referred to a 
specialist or to a hospital, it should be documented as well.

The use of a thorough health history may seem to be a long or arduous 
process. However, with practice and with purpose, a dental practitioner should be 
able to run through the process of reviewing a patient’s health history as 
described above in a few minutes. The benefit that comes from such an effort 
cannot be overstated. The process of obtaining a thorough health history is the 
first, and perhaps, the most effective barrier that separates safe dental practice 
from unnecessary tragedy.

2. The Use of Appropriate Monitors
On July 23, 1903, a Chicago dentist named Ernest Phennig purchased the 

first Model A Ford automobile.kk The vehicle was cherry red, produced eight 
horsepower, and allegedly could reach speeds of approximately 30 miles per hour. 
Unfortunately, the automobile did not have a dashboard. Without a dashboard, 
the driver was deprived of many important pieces of information about the 
vehicle. For example, the driver did not know exactly how fast he or she was 
actually traveling, the temperature of the engine, or the amount of gasoline left in 
the fuel tank. Essentially, the driver of a Model A Ford was driving “blind” in 
respect to any diagnostic information that would allow an assessment of the 
vehicle’s current condition. Modern vehicles have no such omission; there are 
dashboard indicators that alert the operator to a bevy of information from tire 
pressure to motor oil levels. 

When considering the Swiss Cheese Model and ways to improve or increase 
safety barriers, patient monitors are of great importance. Patient monitors act as 
a “dashboard” for the practitioner; they serve as indicators that allow an 
assessment of the patient’s current condition. The following discussion outlines 
the most important monitors for patient safety in the dental setting and mentions 
a few more required for practitioners who implement sedation or general 
anesthesia. 
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Heart rate can also be recorded manually. Feeling a patient’s radial 
pulse for 15 seconds and multiplying the number of beats detected by 4 will give 
an accurate heart rate. Electronic monitors can also be used for obtaining heart 
rate; it is common to use an inexpensive monitor called a pulse oximeter that 
simultaneously records heart rate and blood oxygen saturation level. For adults, 
a normal heart rate is typically between 60 and 100 beats per minute (bpm). 
Heart rates lower than 60 bpm are considered bradycardic and heart rates 
higher than 100 bpm are considered tachycardic. Medications, anxiety, and 
hypovolemia can make a patient’s heart rate abnormally high or low. For 
example, a patient who takes a beta blocker (e.g. metoprolol) may have a resting 
heart rate lower than 60 bpm. Children should have heart rate that is higher than 
adults. (see Table 5)nn

Table 5: Normal Pediatric Heart Ratesnn

Age Awake Rate
Sleeping 

Rate
(beat/min) (beat/min)

Neonate 100-205 90-160
Infant 100-180 90-160

Toddler 98-140 80-120
Preschooler 80-120 65-100

School-aged-
child 75-118 58-90

Adolescent 60-100 50-90

As already mentioned in this article, the baseline vital signs of blood 
pressure and heart rate should be obtained from all patients on a regular basis 
and more often as needed for patients with particular health concerns. Blood 
pressure can be taken manually or a more expensive automatic blood pressure 
monitor can be used. It is important that with whatever method is used, the cuff 
fits properly and is properly positioned to avoid erroneous readings. Cuffs that 
are too large falsely record a low blood pressure; conversely, cuffs that are too 
small will falsely record a high blood pressure.ll It is important that cuffs are not 
too tight; two fingers should be able to be easily slipped between the uninflated 
cuff and the patient’s limb. If possible, the limb with the cuff should be placed at 
the same level as the heart for accurate readings. Cuffs that are placed higher 
than the heart will record a falsely low blood pressure while cuffs that are placed 
lower than the heart will record a falsely high blood pressure. Blood pressure 
will be approximately 2mm Hg in error for every inch that the cuff is placed 
above or below the heart.mm
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Peripheral arterial oxygen saturation as recorded by a pulse oximeter is 
not a mandatory monitor unless the patient is under sedation or general 
anesthesia. However, because the monitor is inexpensive and reveals the 
patient’s heart rate while simultaneously showing the blood oxygen saturation 
level (SPO2), many practitioners utilize it in general practice. A normal SPO2 is 
≥95% on a pulse oximeter.oo Any reading ≤94% indicates a level of hypoxia and 
should be treated immediately with supplemental oxygen and airway 
management support if necessary. Finger sensors for pulse oximeters can be 
prone to error; excessive movement, cold extremities, ambient light, and dark 
fingernail polish can all adversely affect an accurate reading.

If a patient is being treated under anesthesia, other monitors must be used 
including an electrocardiogram (ECG), pulse oximetry (SPO2), and end-tidal 
capnography (ETCO2).pp

3. The Use of Appropriate Emergency Equipment 
In an effort to avoid an accident that turns into a tragedy, all dental offices 

should be equipped with appropriate emergency equipment and all office 
personnel should be properly trained in their proper use. This section will cover 
the importance of having the following: emergency drugs, medication cards, 
oxygen tank, bag-valve-mask, automatic external defibrillator (AED), and “other 
equipment”.

Most dental offices have an emergency drug kit available because it 
required by law in many states. However, many dental practitioners are 
unfamiliar with the proper usage of the drugs found in those kits. In the heat of 
the moment when an emergency is occurring, it is often very difficult to recall 
the correct protocol of emergency drug administration. It is, therefore, highly 
advisable to have premade medication cards available that instruct the 
practitioner how to safely deliver each drug. 

In the following section, protocols for several emergency drugs will be 
reviewed. Each of these protocols can be transferred to a 3” x 5” index card and 
placed with the emergency drugs that they correspond to. This strategy becomes 
another protective barrier in the Swiss Cheese Model; it eliminates many of the 
active errors that might be committed by wrongly administering a drug during 
an emergency. Each medication card should have the following: 1) the name of 
the drug, 2) the dosage of the drug, 3) the emergency use for the drug, 4) the 
result of administration, and 5) the instructions for administration. The 
particular drugs in the following list are presented alphabetically. 16



Medication Cards

Name: Albuterol sulfate / Proventil
Dosage: metered dose inhaler

• acute asthma attack
• bronchospasm
• relaxation of bronchial smooth muscles
• improves breathing
1) shake well
2) hold inhaler vertically
3) depress inhaler while simultaneously taking a 
deep breath
4) repeat for a second dose if needed

Emergency use: 

Results:

Instructions:

Albuterol Medication Card

Name: Aspirin
Dosage: 81 mg chewable tablet

• acute coronary syndrome
• chest pain / angina
• suspected myocardial infarction (heart attack)

Results: • reduces thrombus formation associated with 
an acute myocardial infarction

Instructions: 1) chew four (4) tablets and then swallow

Emergency use: 

Aspirin Medication Card

Name: Diphenhydramine / Benadryl
Dosage: 50 mg / mL

• acute allergic reaction
• anaphylaxis

Results: • blocks action of histamine (i.e. skin rash, 
edema, hypotension, bronchospasm

Instructions: 1) inject 50 mg (1 mL) intramuscularly (i.e. 
deltoid or quadriceps muscle)

Diphenhydramine Medication Card

Emergency use: 

Name: Epinephrine / EpiPen
Dosage: 0.15 mg / 0.3 mg auto injector

• acute allergic reactions, anaphylaxis
• acute asthmatic episodes
• increases blood pressure
• broncho-relaxation
• decreases airway edema
1) use 0.15 mg syringe (green) for pediatric 
patients
2) use 0.3 mg syringe (yellow) for adult 
patients
3) remove safety cover, jab into outer thigh 
(through clothing)

Instructions:

Emergency use: 

Epinephrine Medication Card

Results:
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Name: Glucose / Insta-Glucose
Dosage: 30 g tube of paste
Emergency use: • hypoglycemia
Results: • increases blood glucose level

1) use only if patient is conscious
2) squeeze the contents of tube into the mouth
3) have patient swallow

Instructions:

Glucose Medication Card

Name: Midazolam / Versed
Dosage: 5 mg / mL
Emergency use: • status epilepticus, prolonged seizures

• surpasses electrical seizure foci
• stops prolonged muscle contraction

Instructions: 1) inject 5 mg (1 mL) intramuscularly (i.e. 
deltoid muscle)

Results:

Midazolam Medication Card

Name: Nitroglycerin / Nitro Mist
Dosage: 400 mcg lingual spray
Emergency use: • chest pain associated with angina pectoris

Results: • decreases the work and oxygen consumption 
of the heart
1) spray two (2) times directly on or under the 
tongue
2) do not rinse or expectorate for five minutes
3) repeat every five minutes if chest pain 
persists (not more than three times)
4) activate EMS

Nitroglycerin Medication Card

Instructions:
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A full E-cylinder oxygen tank is another important item of emergency 
equipment that should be available in every dental clinic. Supplemental oxygen 
should be available in the E-cylinder configuration because it is lightweight and 
very transportable. Supplemental oxygen must be available to patients in the 
dental office waiting room or lobby, a location where many medical emergencies 
take place. Although it may seem obvious, it is important to point out that an E-
cylinder oxygen tank must have a pressure regulator attached to it in order for it 
to be used. A pressure regulator reduces the pressure of oxygen coming out of 
the tank to a safe and useable level of 45 psi. A full E-cylinder registers 
approximately 2,200 psi on the regulator and can supply 2 liters of supplemental 
O2 for nearly five hours and 10 liters of supplemental O2 for about one hour.qq A 
tank that is half-empty registers approximately 1,000 psi. A tank that registers 
below 500 psi should be switched for a new cylinder. The oxygen tank and 
regulator can be connected to a bag-valve-mask which can be used to provide 
positive pressure ventilation to a hypoventilating patient or a patient in 
respiratory arrest.

Every year, approximately 350,000 sudden cardiac arrests occur outside of 
a hospital setting. Less than 10% of those people survive.rr Immediate cardiac 
pulmonary resuscitation and defibrillation are essential components in helping a 
sudden cardiac arrest patient survive. Therefore, the automatic external 
defibrillator is an essential piece of emergency equipment to have in a dental 
office. It provides a source of electricity to “reset” a patient’s heart that is 
experiencing a malignant arrhythmia. After two electrode pads are placed on the 
patient’s chest the AED analyzes the patient’s heart. If the patient has a 
shockable rhythm, the AED will prompt the provider to deliver an electrical 
shock to the patient. It is important to understand that AEDs will only prompt to 
shock two malignant arrhythmias: pulseless ventricular tachycardia and 
ventricular fibrillation. Patients who are asystolic will not be shocked. Evidence 
suggests that early defibrillation is extremely important for survival; in cardiac 
arrest, every minute that defibrillation is delayed decreases survival by 10%.rr

After ten minutes of cardiac arrest, there is nearly a 0% chance of survival if the 
patient is not defibrillated.

Other important pieces of emergency equipment that every dental 
provider should be familiar with include the airway adjuncts. Oral and nasal 
pharyngeal airways are devices that can be placed in the oral cavity or in the 
nasal cavity respectively. They bypass an obstructing tongue and open up the 
airway so that ventilation is more effective. A laryngeal mask airway (LMA) is a 
supraglottic device that can be easily placed into the throat superior to the vocal 
cords. It can be attached to a bag-valve-mask and positive pressure ventilation 
can be given through it. 19



4. Adherence to Proven Emergency Algorithms

Technically, any emergency can happen at any time and in any dental 
practice in the world. However, some medical emergencies occur with much 
greater frequency in the dental setting than others and should be prepared for 
more earnestly. For example, approximately 60% of medical emergencies in the 
dental setting are syncope.ss Much like the way preparing medication cards can 
help prevent active failures in the treatment of an emergency, preparing 
situation cards with proven emergency algorithms for specific problems will 
help reduce the amount of mistakes made when treating medical emergencies. 
Situation cards can be made in the same fashion as medication cards and placed 
near the office emergency equipment. Each card should include: 1) the name of 
the specific emergency, 2) the treatment algorithm for the specific emergency. In 
450 BC, the Greek historian Herodotus said, “The man who has planned badly, if 
fortune is on his side, may have a had a stroke of luck; but his plan was a bad one 
nonetheless.” It is important that good, strong, proven plans are made to deal 
with emergencies when they occur. The following list contains six of the most 
common medical emergencies encountered in the dental office.tt

Syncope is a loss of consciousness that is caused by a sudden drop in 
blood pressure causing a lack of oxygen in the brain. Syncope typically has three 
stages: 1) pre-syncope, 2) syncope, and 3) recovery. In pre-syncope, the patient 
usually feels warm or flush in the face and neck. Sometimes, the warm feeling 
will be accompanied by sweating, a “faint” feeling, nausea, or tachycardia. As 
syncope occurs, bradycardia and/or hypotension cause the patient to pass out. 
Syncope can lead to possible airway obstruction or seizure activity. In the 
recovery phase, the patient is often times nauseas, sweaty, pale, and weak. He or 
she may feel poorly for hours afterward. Predisposing factors that can cause 
syncope may be psychogenic (i.e. fright, anxiety, stress, receiving bad news, or 
the sight of blood) or non-psychogenic (pooling of blood from standing for a long 
time, hunger, exhaustion, a hot or humid environment, or poor physical 
condition).

Syncope / Fainting Situation Card
• stop procedure
• position patient supine with legs slightly elevated
• institute basic life support if needed (C-A-B’s)
• give oxygen
• may place cool damp cloth on forehead
• if recovery not complete in 15 min, consider another cause
• consider activating EMS

Syncope
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Hypoglycemia is an insufficient amount of glucose in the blood. The 

normal range for blood glucose (BG) is approximately 80-100 mg/dL. Patients 

typically start showing acute signs of hypoglycemia at approximately 50 mg / dL. 

It is prudent to consider treating a BG level of 70 mg / dL or when signs and 

symptoms begin to develop.uu Causes of hypoglycemia include: fasting, taking 

insulin or oral anti-diabetic medication without eating, and some metabolic 

diseases. Patients experiencing hypoglycemia will often times feel nauseous and 

dizzy. They may have a rapid heart beat (tachycardia) or feel sweaty and 

lethargic. The best way to prevent hypoglycemia is to identify at-risk patients 

while obtaining the medical history. Diabetic or at-risk patients should be 

scheduled for mid-morning appointments that do not interfere with his or her 

meal and medication schedule. It should be verified with the patient that a meal 

was taken after insulin or oral medication was taken. Also, a pre-operative blood 

glucose level via finger stick should be obtained.

Hypoglycemia Situation Card
• stop procedure
• place patient in a semi-reclined position
• if conscious, administer glucose paste
• if patient loses consciousness:
      activate EMS
      maintain patient’s airway
      administer 100% oxygen
      prepare for BLS

Hypoglycemia
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A seizure is a sudden attack triggered when neurons in the brain create 

abnormal electrical discharges. It may be characterized by muscle spasm, mental 

confusion, uncontrolled body movements, and loss of consciousness. Common 

causes of seizures include congenital abnormalities, central nervous system 

damage or tumors, trauma, poisons (e.g. lidocaine overdose), disease (e.g. 

epilepsy), and poor nutrition. When obtaining a medical history from a patient 

who has had seizures in the past, it is important to determine what type of 

seizure the patient usually suffers from: partial (simple or complex) or 

generalized (absence or tonic-clonic). The provider should determine what 

medications the patient typically uses to control the seizures and what the 

patient’s aura presentation is. An aura is a perceptual disturbance like seeing 

bright colored lights, or experiencing a peculiar smell. The practitioner should 

determine how well controlled the seizures are and when the last episode 

occurred.

Seizure Situation Card
• do not restrain the patient
• protect patient from contact with objects in the operatory
• do not use bite blocks or place objects in the mouth
• maintain the patient’s airway if they obstruct
• if seizure lasts longer than 2 minutes:
      give 100% oxygen
      give midazolam 5 mg intramuscularly
      prepare for BLS
      activate EMS

Seizure
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Patients with acute asthma often present with a cough, wheezing, and 

dyspnea. He or she may have difficulty catching his or her breath and may be 

very anxious. The patient may use accessory muscles to assist in breathing 

instead of only using the diaphragm. This is commonly manifest by flexing the 

muscles of the neck and shoulders when attempting to take a breath. During the 

medical history interview, the practitioner should discover what medications the 

patient uses (i.e. a rescue inhaler or maintenance steroid) and how often those 

medications are used. It should also be determined when the last asthma attack 

occurred and if the patient has ever been hospitalized as a result of an asthma 

attack. The practitioner should also find out what precipitates the patient’s 

asthma (i.e. stress, cold air, cigarette smoke). The prophylactic use of the 

patient’s rescue inhaler should be considered before each dental appointment.

Acute Asthma

Acute Asthma Attack Situation Card
• stop treatment
• put patient in his or her desired position (upright? supine?)
• administer albuterol inhaler (2-3 puffs)
• repeat inhaler if necessary
• administer 100% oxygen
• if the attack is unresolved, consider using an EpiPen
• activate EMS
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Angina, or chest pain, is typically caused by ischemia to the myocardium. 
It can be precipitated by several factors including physical activity, emotional 
stress or anxiety, fever, hot or humid weather or drugs including vasoconstrictor 
in local anesthetic. There are two types of angina: stable and unstable. In stable 
angina, chest pain is usually alleviated by nitroglycerine. It does not occur at rest 
and does not increase in pain or frequency. Unstable angina is characterized by 
new onset of symptoms and pain that is not alleviated by nitroglycerine. It 
frequently occurs at rest and may increase in pain and frequency.

Angina

Anaphylaxis is a life-threatening event caused by an activation of 
basophils in the blood stream and mast cell in the tissues by the antibody 
immunoglobulin E (IgE). Activated basophils and mast cells release histamine 
and leukotrienes causing systemic vasodilation and capillary permeability 
leading to profound hypotension. Histamine and leukotriene release also cause 
bronchoconstriction of the smooth muscles of the lung. The signs and symptoms 
associated with anaphylaxis include pruritis (itching), urticaria (hives), 
erythema (rash), bronchospasm (wheezing), and hypotension (low blood 
pressure).

Anaphylaxis

Angina / Chest Pain Situation Card
• stop treatment
• place patient in supine / semi-reclined position
• administer 100% oxygen
• administer nitroglycerine spray under the tongue (this is 
contraindicated in patients who have used a sexual 
enhancement drug (i.e. Viagra) within the last 72 hours
• prepare for BLS
• summon AED
• activate EMS for unstable angina

Allergy / Anaphylaxis Situation Card
• hives or rash ONLY:
      observe patient and reassure
• hives or rash occurring very rapidly:
      diphenhydramine 50 mg intramuscular injection (IM)
• ANY signs of trouble breathing, altered consciousness, 
hypotension, or edema of the tongue, lips or airway:
      EpiPen IM (green for children, yellow for adults)
      administer 100% oxygen
      prepare for BLS
      activate EMS
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5. Obtaining Appropriate Training
Most states in the United States require that dental health care providers 

receive basic life support training every two years. Literature demonstrates that 
retention of emergency management training is very low after only one year.vv In 
an effort to strengthen protective barriers, dental practitioners should consider 
the following ideas. First, consider receiving training in advanced cardiac life 
support (ACLS) and pediatric advanced life support (PALS) in addition to basic 
life support (BLS). ACLS and PALS develop a greater understanding and more 
specific skills in order to treat respiratory and cardiac failures in adults and 
children. 

Second, consider getting trained in BLS, ACLS, and PALS annually (once a 
year) instead of biennially (every other year). The increased training schedule 
will help to keep the concepts and skills necessary to perform accurate and 
effective life support fresh in the practitioner’s mind. Third, consider doing 
regular in-office simulations of common medical emergencies. Simulation based 
drills helps to reduce the risks associated with performing life support; it also 
increases a provider’s confidence and skill level.ww

Utilizing the Swiss Cheese Model is an effective way to prepare for medical 
emergencies that may occur in the dental office. This article considered the 
application of five areas of focus in an effort to increase protective barriers and 
decrease hazards related to medical emergencies. Through the use of a thorough 
medical history, the use of appropriate monitors, the use of appropriate 
emergency equipment, the use of proven emergency algorithms, and by 
obtaining appropriate training, disasters and tragedies can be avoided.
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Post-Test Page 1
• Answer each question ONLINE (link provided on SMS 

website)
• Answer 6 of 8 questions correctly to pass
• Answer post-course survey questions and click “Finish”
• Deadline is March 9, 2018 4:30pm

1. The SOAP Formula for gathering patient medical history 
stands for Subjective findings, Objective findings, 
Assessment and Plan/Procedure.

a) True
b) False

2. Subjective Findings in the SOAP Formula involve 
physically examining the patient.

a) True
b) False

3. What is the first action to take when a patient is 
experiencing hypoglycemia?

a) Place patient in an upright position
b) Restrain patient
c) Summon AED
d) Stop procedure

4. The American Society of Anesthesiologists (ASA) Physical 
Status Classification states that a person with a mild 
systemic disease is classified as:

a) ASA I
b) ASA II
c) ASA V
d) ASA VI

Author
Bryant W. Cornelius, 

DDS, MBA, MPH
Cornelius.126@osu.edu

SMS Director
John R. Kalmar, DMD, PhD

Kalmar.7@osu.edu

SMS Program Manager
Sydney Fisher, MPH

Fisher.1057@osu.edu

SMS Program Assistant
Nick Kotlar, BS

Kotlar.2@osu.edu

28



Author
Bryant W. Cornelius, 

DDS, MBA, MPH
Cornelius.126@osu.edu

SMS Director
John R. Kalmar, DMD, PhD

Kalmar.7@osu.edu

SMS Program Manager
Sydney Fisher, MPH

Fisher.1057@osu.edu

SMS Program Assistant
Nick Kotlar, BS

Kotlar.2@osu.edu

Post-Test Page 2
• Answer each question ONLINE (link provided on SMS 

website)
• Answer 6 of 8 questions correctly to pass
• Answer post-course survey questions and click “Finish”
• Deadline is March 9, 2018 4:30pm

5.  Which of these is not a common symptom of 
anaphylaxis?

a) Itching
b) Hives
c) Sweating
d) Wheezing

6.   117mm Hg systolic and 76mm Hg diastolic is an 
example of normal blood pressure.

a) True
b) False

7.  Which medication is commonly used for prolonged 
seizures?

a) Albuterol
b) Aspirin
c) Epinephrine
d) Midazolam

8.  If a patient is experiencing syncope, glucose paste 
should be administered.

a) True
b) False

End of Test
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