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AIDING IN THE ADMINISTRATION OF NITROUS OXIDE
COURSE OUTLINE

Course Description 

This course is designed to provide the practicing dental assistant with the background knowledge necessary for aiding in the administration of nitrous oxide-oxygen analgesia.

I. Physiologic and Pharmacologic Effects of Anesthesia 

II. Side Effects and Adverse Reactions

III. Analgesia vs. Anesthesia

IV. Indications and Contraindications

V. Clinical Manifestations of Analgesia/Anesthesia

VI. Armamentarium Used in the Administration of Nitrous Oxide

VII. Preanesthetic Preparation

VIII. Techniques for Administration 

IX. Legal Considerations and Chart Entries

X. Occupational Exposure

XI. Current Literature

The course is intended to involve six hours of lecture. A comprehensive final examination is administered to the students who complete this course. A 75% score is required on the written final examination in order to obtain certification for “aiding in the administration of nitrous oxide.” Clinical experience is not required because dental assistants cannot legally administer nitrous oxide-oxygen analgesia. 

Required Text

Bowen, D.M.  Aiding in the Administration of Nitrous Oxide-Oxygen Analgesia, Adopted by Idaho State Board of Dentistry and Idaho State Board of Vocational Education, 1991. 

COURSE SCHEDULE
	Week 1:  Three Hours
	-Physiologic and Pharmacologic Effects

-Side Effects and Adverse Reactions

-Analgesia vs. Anesthesia

-Indications/Contraindications

-Armamentarium



	Week 2:  Three Hours
	-Pre-anesthetic Preparation
-Vital Signs

-Technique for Administration

-Legal Considerations

-Occupational Exposure



	F I N A L   E X A M I N A T I O N



AIDING IN THE ADMINISTRATION OF

NITROUS OXIDE-OXYGEN ANALGESIA

INTRODUCTION

This module provides instruction in the administration of nitrous oxide-oxygen for analgesic purposes. The term “nitrous oxide” will be utilized throughout the module to indicate this type of administration.

The technique and procedures described represent one method for administration of nitrous oxide. Several other methods are employed by various practitioners; however, this technique has been selected due to two advantages:

1. It individualizes administration for each patient; and, 

2. It has been utilized safely in a number of clinical situations. 

The module has been designed to provide necessary instruction based upon the assumption that no previous knowledge exists relevant to the topic. The reader should complete each portion of the module and answer the self-examination included. In this manner, all pertinent information can be understood clearly. 

BROAD OBJECTIVES

1. Describe the physiologic effects of nitrous oxide inhalation. 

2. Describe the pharmacological effects of nitrous oxide. 

3. Explain the indications and contraindications for the use of nitrous oxide analgesia based upon a thorough medical and personal history evaluation. 

4. Describe the stages of anesthesia and the planes of analgesia including signs and symptoms of each. 

5. Discuss and identify clinical symptoms of a patient at the various levels of nitrous oxide sedation. 

6. Aid in the proper administration of nitrous oxide to a dental patient.

7. Monitor all signs and symptoms of nitrous oxide sedation in a clinical setting. 

8.
Be aware of methods for handling possible side effects.

9.
Discuss legal considerations involved with administering nitrous oxide in the dental office and record proper legal chart entries. 

10.
List and explain all parts of nitrous oxide equipment and describe necessary care and maintenance. 

11.
Discuss occupational hazards associated with chronic exposure of dental personnel to low levels of nitrous oxide. 

BACKGROUND INFORMATION

Nitrous oxide (N20) is employed in dentistry for the primary purpose of reducing anxiety in the dental patient. It is estimated that 20 to 40 million adults in America avoid dental treatment because of fear. 

The N20 gas was discovered by Joseph Priestly in 1772. By 1800, Sir Humphrey Davy had discovered its analgesic effect and recommended its use as an anesthetic. In 1844, Gardner Quincy Colton was publicly demonstrating the exhilarating effects of nitrous oxide as “laughing gas” while presenting popular science lectures. Dr. Horrace Wells, a dentist, observed one of these demonstrations and requested that Colton use it on him during dental treatment. Dr. Wells had a tooth extracted while under the influence of nitrous oxide and no pain was experienced! These two men unsuccessfully advocated use of this gas in dentistry from 1845 to 1863.

In 1868, Dr. Edmund Andrews, a Chicago surgeon, established the need to mix oxygen with nitrous oxide for use in operations of long duration. By the turn of the century (1903), Dr. Charles Teter, a Cleveland dentist, had applied this finding to invent the first nitrous oxide-oxygen machine.

After that time, periods of interest in nitrous oxide were followed by periods of little use. Research on the safe administration of nitrous oxide continued. In the 1950’s and 1960’s, nitrous oxide was becoming more frequently used in dentistry. The first “fail-safe” system was marketed in 1962.

These developments provided the basis for the system of nitrous oxide administration employed in dentistry today. Experiments continue on the physiologic actions and pharmacological effects of this gas. Much information is lacking; however, many questions have been answered during the research process. 

Physiologic Effects of Nitrous Oxide

Two essential body systems are involved directly in the physiology of nitrous oxide. These systems include the nervous system and the respiratory system. A review of these systems and their relationship to the effects of nitrous oxide is essential prior to understanding the pharmacological effects of this gas. 

The nervous system has two components: the central nervous system (CNS) and the autonomic nervous system (ANS). The CNS includes the brain and spinal cord. Three parts of the brain are

involved when nitrous oxide is administered: 1) the cerebrum, 2) the brain stem, and 3) the cerebellum. The cerebrum is responsible for conscious functions of the nervous system. The outer surface of the cerebrum is called the cerebral cortex. The cortex receives sensory information from the skin, eyes, ears, nose, mouth, etc. A person responds to sensations in these regions on the basis of past experience. For example, if a foreign object becomes lodged in the eye, the eye will water and the individual will close it immediately, based on previous experiences of relief when the eye is closed. An infant or young child may not respond as quickly if they had never experienced this sensation. When applying this information to dental pain and anxiety, it can be seen that the patient might react ot an oral injection by jerking or turning the head as the cortex receives this sensation from the oral cavity. The brain stem is located at the base of the brain continuous with the spinal cord. It is responsible for several functions which are applicable to the physiologic effects of nitrous oxide. These functions include:

1. the movement and sensation related to controlling the throat, neck and face;

2. the reflex activity involved in breathing;

3. the reflex activity involved in eye movement;

4. the control over the “wakefulness state” of the entire brain; and,

5.   the major relay system and integration center for all senses except smell (called the thalamus).

Later in the module, effects of nitrous oxide on each of these functions will be discussed. The major point to consider, at this time, is that all pain sensations are relayed from the thalamus (a part of the brain stem) to the cortex. This is important because pain in the oral cavity will be received in the brain stem and relayed to the cortex for purposes of receiving that sensation. The patient then will react to pain based on the past experience.   

If nitrous oxide is to slow pain reaction, or the patient’s response to pain, it must have a physiologic effect on these two parts of the brain (i.e., the cortex and the brain stem). The final segment of the brain, which is affected by nitrous oxide, is the cerebellum (see Figure 1 below). The cerebellum is responsible for a person’s orientation in space; therefore, light-headedness or a 
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floating feeling may be related to effects on the cerebellum. Patients sometimes respond to nitrous oxide administration in this manner. 

The second component of the nervous system that is involved in the physiology of nitrous oxide is the autonomic nervous system (ANS). It is responsible for innervating smooth muscle, viscera and glands which make-up many of the major internal body systems and/or organs. The innervation has a dual effect: increasing the activity of the tissue/organ and decreasing the activity of the tissue/organ. Some of these responses, which might be affected by the administration of nitrous oxide include:

1) dilation/constriction of the pupils,

2) acceleration/deceleration of the heart, and 

3) increased/decreased respiration.

Figure 1 includes a basic diagram of the brain and spinal cord. The major functions of each portion are outlined as a brief summary of the previously presented information relevant to physiology.

The second body system involved in the physiology of nitrous oxide is the respiratory system. Respiration is the transport of oxygen from the atmosphere to the cells and, in turn, transport of carbon dioxide from cells back to the atmosphere. When an individual breathes room air, oxygen is inhaled and carbon dioxide is exhaled. 

The respiratory system can be divided into two segments: 1) those parts involved in transporting air from the atmosphere into the lungs and, 2) those parts involved in the exchange of gases from the lung into the blood stream and to the body’s cells. These portions of the respiratory system are called “external respiration” and “internal respiration,” respectively. External respiration involves the nose, pharynx, larynx, trachea, bronchi, and bronchioles. The final exchange of air from the lungs to the blood stream occurs in the alveolus. The alveolus is a pocket of air surrounded by a thin membrane that contains many capillaries (or small blood vessels). This thin wall is important for the rapid exchange of gases from the lung to the blood. There are 300 million alveoli (plural for alveolus) involved in respiration. Air is filtered, humidified and warmed as it travels to the lungs. It moves from the external environment through external respiration because of differences in pressure within the respiratory system.  The inhaled air moves through the nose and throat, down the trachea to the lungs. Once the air reaches the lungs, it travels through the many smaller chambers until it reaches the smallest ones called the alveoli of the lungs.  Here, gases are absorbed from the lungs into the blood stream.  The blood stream carries oxygen to individual tissues and cells and the cells use it to complete their designated function.  The cells undergo their own process of respiration and return carbon dioxide to the blood stream.  The carbon dioxide is transported back to the lungs and exhaled into the atmosphere.  Expired air has a higher concentration of carbon dioxide (4.0 %) than inspired air (0.4 %).

Normally, 97 percent of oxygen transported from lungs to tissue is carried by a chemical bond to hemoglobin. Hemoglobin is a pigment of the red blood cell.  Oxygen uses this mechanism to attach to a red blood cell and be transported through the blood stream.  In this way, hemoglobin buffers (i.e., reduces shock) oxygen to control air pressure in the tissues.

Sometimes breathing and respiration are not normal.  A person may breath more or less rapidly than normal; or a person may breath normally, but respiration may not be completed properly due to some type of complication.  The following terms are related to breathing and/or respiration and are defined here for clarity:


1.
eupnea – normal breathing;


2. 
tachypnea – rapid breathing;


3. 
bradypnea – slow breathing;


4.
hyperpnea – over respiration;


5.
hypopnea – under respiration;


6.
anoxia – total lack of oxygen;


7.
hypoxia – decreased oxygen in tissue.

The effect of nitrous oxide on breathing and respiration will be discussed later in the module.  At this time, the information relevant to physiology should be reviewed and understood prior to proceeding to the pharmacology of nitrous oxide.

Pharmacologic Effects and Properties of Nitrous Oxide
Nitrous oxide is a nonirritating, colorless gas with a sweet taste and odor.  It is dispensed a liquid under pressure in a container which is always marked BLUE for identification.  The gas is stable at normal temperatures; it is non-flammable, but will burn readily if ignited.  Nitrous oxide is soluble in water.  It is a relatively safe gas; however, all gases should be handled with caution.

Nitrous oxide is a true general anesthetic and meets all of the properties of anesthetics.  It is the least potent of all anesthetic gases.  For example, halogen (an anesthetic gas used for surgical depth anesthesia in operating rooms) is 100% potent.  Nitrous oxide is approximately 15% potent.  The fact that N2O is a weak agent is beneficial for its use in dentistry because of its wide margin of safety.

The exact mechanism by which anesthetics act on the brain is unknown.  Nitrous oxide travels through the respiratory system from the nose to the lungs in the same manner as oxygen.  The gas is transferred into the blood stream through the alveoli in the lungs.  The difference between respiration of nitrous oxide and respiration of oxygen is found in the transport of nitrous oxide through the blood stream.  Rather than attaching to hemoglobin for transport (as oxygen does), nitrous oxide travels through the blood stream in a free gas state, without combining with any cell or portion of a cell.  Nitrous oxide replaces nitrogen (N2) in the blood and because it is much more soluble that nitrous or oxygen, large volumes of N2O are absorbed.  Total saturation in the blood occurs within 3 to 5 minutes of N2O-O2 administration.  This fact is important because a patient may not react to initial administration within this time period. The clinician should be cautious about increasing the N2O concentration until maximal clinical effect has occurred.

At one time, it was thought that the anesthetic effect of N2O was caused by a decrease of oxygen (hypoxia) in the cells of the brain.  It is now known that N2O can, even in the presence of adequate oxygen, cause an effect on the central nervous system (brain and spinal cord).  Tissues with a greater blood flow—such as the brain, heart, liver, and kidneys—will receive greater amounts of N2O and absorb higher concentrations because the blood supply is saturated with the gas; thus, brain cells will react most readily to administration of nitrous oxide.  The cerebrum, thalamus and midbrain functions discussed previously will be depressed when N2O inhalation anesthesia is delivered.

Because of the depressing action of N2O on the brain, signs and symptoms of nitrous oxide can be related to the CNS. Somnolence is the production of sleep.  Since the brain stem is responsible for the “wakefulness state” of the brain, this symptom of N2O can be correlated with effects on the brain stem.  Dissociation, or a distorted spatial orientation, can be related to the function of the cerebellum since it is responsible for orientation in space.  Finally, decreased sensory perception, which reduces a person’s ability to perceive pain, can be correlated with effects on the thalamus and cortex.  Remember, all pain sensations are relayed from the thalamus to the cortex.  Almost all forms of sensation are depressed including not only pain but also sight, hearing, and touch.  Memory also is dulled with degree of amnesia depending on concentration of N2O administration. 

The uptake of nitrous oxide by other tissues with a lesser blood supply than the brain, like muscle and fat, absorb only a very small amount of N2O.  For this reason, recovery from nitrous oxide after its administration is relatively fast.  Only minute traces of nitrous oxide (1%) can be found in the blood several hours after administration.

As mentioned previously, the total circulation time for one breath of N2O is three to five minutes.  This means that the gas is absorbed into the blood stream, transported through the body and returned to the lungs at a fairly rapid rate.  Likewise, the diffusion of N2O from the blood stream after administration is terminated is quite rapid. If the patient is permitted to breath room air at this time, a phenomenon called “diffusion hypoxia” occurs.  Diffusion hypoxia causes decreased oxygen and results in nausea, headache, and lethargy—or a “hangover” feeling.  In order to prevent it, the clinician must always administer 100% oxygen to a patient for at least three to five minutes immediately following administration of N2O. Oxygen is administered until the patient regains normalcy; recovery is rapid and complete and negative side effects are prevented.

When administrated properly, N2O-O2 has little effect on other parts of the central nervous system, on the cardiovascular system, or on the respiratory system.  The total circulation time for one breath of nitrous oxide/oxygen is three to five minutes.  There are no changes in heart rate (pulse) or blood pressure.  Changes in respiratory rate are related more to the relaxation of the patient than to the nitrous oxide itself; it is nonirritating to the lungs.  With higher concentrations of nitrous oxide, greater than 70%, hypoxia can occur.  Depression of heart rate, respiration, and brain functioning can occur.  For this reason, it is imperative that appropriate levels of nitrous oxide and oxygen are administered.  Side effects can be avoided with proper techniques and concentrations.

Pharmacologic effects of N2O-O2 will differ between patients.  Average effects with various concentrations of N2O are:


100% will produce anoxia.

80% will produce hypoxia with hallucinations and bizarre dreams; may cause respiratory, cardiovascular, kidney, or liver damage.

65% can cause patients to enter the excitement stage.

35% usually provides maximum analgesia with maintenance and cooperation of the patient.

25% is claimed as analgesic as 10mg morphine sulfate.

Because the needs of individual patients will vary, the trituration method is recommended for administration of N2O-O2.  In this method, the concentration of N2O is slowly increased until the patient has reached an acceptable level of analgesia.  Concentrations over 50% should not be administered without special consideration.

Side Effects and Adverse Reactions
As stated previously, side effects can be minimized or prevented with proper administration.  Nausea is the most common side effect.  Its incidence increases:


1.
with prolonged administration or rapid induction,


2.
with higher concentrations of N2O,


3.
following a heavy meal,


4.
following fasting (empty stomach),


5. 
in motion sickness sufferers or patients with pervious history of vomiting.

Nausea can be prevented by using the lowest effective concentration, administering oxygen every 45 minutes during prolonged procedures, suggesting that patients eat a light meal prior to the appointment, and avoiding use in patients with motion sickness or with a previous history of vomiting.

Adverse reactions associated with N2O are infrequent.  When concentrations below 50% are used and nitrous oxide is administered by the trituration method, the record of patient safety is excellent.  Clinicians must be careful not to become complacent, however, assuming that N2O is harmless.  The potential for adverse reactions increases with improper administration and with higher concentrations.

The following are known adverse reactions which can be prevented:

1. 
Hypoxia: most obvious and immediately lethal effect.  Always administer enough oxygen.  Check analgesia machine regularly, and especially after refilling tanks, to be sure fail safe system is operating correctly.  Also, be sure to fully oxygenate patients upon completion of administration in order to prevent diffusion hypoxia.

2.
Bone Marrow Depression: nitrous oxide may have some cytotoxic effect in humans, especially with increased frequency of use.  This hazard may not be relevant to dental inhalation unless a patient receives frequent and prolonged exposures to N2O. But, dental personnel who frequently use N2O should be concerned.

3.
Pressure/Volume Effect: N2O diffusion into any air-containing body cavity temporarily increases either the volume or the pressure in the air space. These changes can affect the middle ear and auditory acuity, intestinal gas volume leading to gastrointestinal distension, or air emboli in the blood stream.

4.
Psychologic Reactions: particularly hallucinations or claustrophobia. Patients with a history of psychiatric disorders should not receive N2O without special consideration and medical consultation. Also, since dreams and hallucinations associated with N2O are sometimes sexually oriented, the operator should not be alone while administering it.

5.
Fire: N2O is combustible.  Be particularly careful when using electrocautery.  Also, never allow grease to contact valves of N2O tanks.

6.
Protective Reflexes: present knowledge is incomplete.  It seems that normal protective reflexes remain intact, yet reactive gag reflexes of anxious patients are reduced.  Methods for prevention of airway complications are recommended.

REMEMBER: The safety of any pain control technique depends upon the health status of the patient, the inherent toxicity of the drug used, and the competence of the practitioner.
ANESTHESIA AND ANALGESIA
As stated previously, nitrous oxide is classified as an anesthetic; however, many dental practitioners refer to it as an analgesic.  The terms anesthesia and analgesia need to be understood prior to discussing the administration of this drug.

Anesthesia produces a lack of all sensation.  When an injection is given for local anesthesia, the nerve is blocked and the patient does not feel pain in that particular area.  Surgery is often performed under a general anesthetic and the patient is unconscious, thereby producing a total lack of sensation.  Analgesia creates a decreased ability or inability to perceive pain.  Total analgesia completely eliminates a patient’s reaction to pain.  Relative analgesia, which is accomplished in dentistry through the use of nitrous oxide, decreases a patient’s pain reaction; but, the patient is able to cooperate.  Sedation is the calming of a nervous apprehensive patient without loss of consciousness.

General anesthetics can be employed to various levels to produce analgesic results or anesthetic results depending upon desired effects.  There are four stages of anesthesia.  An explanation of each stage follows.

Stages of Anesthesia
I.
Analgesia: the patient is conscious, comfortable, and cooperative.  Pain reaction is decreased.

II.
Delirium: this is the excitement stage.  The patient becomes extremely stimulated, raged and possibly angry.  Loss of consciousness begins in Stage II. Delirium is an undesirable effect; therefore, it should be avoided.

III.
Surgical: at this point, the patient is unconscious and life support is required.  There is a total lack of sensation.

IV.
Respiratory Paralysis: death occurs in this stage.

When a general anesthetic is administered for surgery, the patient is brought through the first two stages rapidly and maintained in stage three.  Any of the general anesthetics, however, can be utilized to maintain a patient in stage one: analgesia.  Nitrous oxide is particularly good at this level because it is a relatively weak general anesthetic.  In dentistry, nitrous oxide most commonly is utilized at analgesic levels.  This is why many practitioners refer to nitrous oxide as an analgesic even though it is classified as an anesthetic.

The stage of analgesia has been divided further into three planes.  Each plane has a variety of possible signs and reactions; although, all of them probably will not be seen in one particular administration.  A list of clinical manifestations for each plane of analgesia follows.

Planes of Analgesia: Clinical Effects
1.
Plane 1
a. 
Patient appears normal, relaxed, awake.


b.
Patient may feel slight tingling in toes, fingers, tongue, or lips.


c.
Patient may giggle.


d.
There are no definite clinical manifestations.


e.
Vital signs remain normal.

2.
Plane 2

a.
Patient may have dreamy look.


b.
Reactions of patient are slowed.


c.
Partial amnesia may occur.


d.
Voice will sound “throaty.”


e.
Patient will feel warm and drowsy.


f.
Patient may drift in and out of environment.


g.
Patient may hear pleasant ringing in ears.


h.
Vital signs may remain normal.


i.
Pain is reduced or eliminated but touch and pressure is still perceived.


j.
Patient is less aware of surroundings; sounds and smells are dulled.

3.
Plane 3

a.
Patient becomes angry with hard stare.


b.
Patient’s mouth tends to close frequently.


c.
Patient no longer cooperates.


d.
Patient is totally unaware of surroundings.

e.
Patient may hallucinate.


f.
Patient’s chest may feel heavy.


g.
Sensation of flying or falling or uncontrolled spinning.


h.
Pupils may dilate.

It is essential that clinicians who administer nitrous oxide become totally familiar with the signs and symptoms of each plane in order to maintain a patient at the desired level.  In most cases, plane two will be ideal.  The patient will be comfortable, pain reaction will be decreased or eliminated, and the patient will be able to cooperate.  Plane three is undesirable because, at this point, the patient is approaching stage two of anesthesia (delirium).  If the patient is in deep plane two, approaching plane three, he/she will not hear you or the mouth will tend to close.  The patient also may not be able to follow instructions.  At this point, the concentration of nitrous oxide should be reduced so that the patient is maintained in plane two.  These symptoms might occur before plane three; but pain will still be perceived.  Tables 1-3 describe clinical manifestations in each plane of analgesia.  Each clinician involved in the monitoring or administration of nitrous oxide must be able to recognize clinical manifestations in each plane of analgesia in order to monitor the patient’s response.  Be sure to study the information presented in this section and in these tables prior to proceeding to the next segment of the module.
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The Planes of Analgesia:  Plane 1
	CHARACTERISTICS
	PATIENT REACTION

	Respiration
	Normal and regular

	General Muscles
	Normal

	Eyes


	Pupils normal and contract normally to light; conjuntiva sensitive

	Pulse Rate
	Normal

	Blood Pressure
	Normal

	Patient maintains an open mouth without mouth props
	Yes

	Patient follows directions
	Yes

	Degree of Amnesia
	Very slight

	Effect on Pain
	Elevation of pain reaction threshold

	Effect on Fear
	Diminished

	Appearance of Patient
	Normal; relaxed, a fully conscious patient

	Subjective Reactions


	A feeling of relaxation; may experience tingling in fingers, toes, lips and tongue

	Gag Reflex
	Reduced


NOTE:  Some patients prefer Plane 1, especially if they are apprehensive about N2O effects, or unfamiliar with feelings of sedation
T A B L E   2

The Planes of Analgesia:  Plane 2

	CHARACTERISTICS
	PATIENT REACTION

	Respiration
	Normal, but breathing may be slower due to relaxation

	General Muscles
	Normal, but relaxed

	Eyes


	Pupils normal; rate of winking reduced; a relaxed dreamy, far-away look

	Pulse Rate
	Normal

	Blood Pressure
	Normal

	Patient maintains an open mouth without mouth props
	Yes

	Patient follows directions
	Yes, but more slowly

	Degree of Amnesia
	Moderate to complete

	Effect on Pain
	Pain reaction markedly reduced or eliminated

	Effect on Fear
	Eliminated

	Appearance of Patient
	Relaxed; euphoric; less aware of immediate surroundings and less concerned with activity around him/her

	Subjective Reactions


	May feel a warm wave suffuse entire body; humming, droning, or vibratory sensation; a feeling of headiness, lethargy or drowsiness; voice becomes “throaty”; a feeling of euphoria, safety; thoughts may wander beyond treatment room; less idea of lapse of time

	Gag Reflex
	Depressed


NOTE:  Plane 2 is considered ideal for many apprehensive, anxious or fearful dental patients.
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The Planes of Analgesia:  Plane 3

	CHARACTERISTICS
	PATIENT REACTION

	Respiration
	May be normal, irregular, superficial or prolonged

	General Muscles
	Usually normal; sometimes rigid mandible or rigid body

	Eyes


	Very hard stare; angry or very sleepy look; eyes may close; eyeball may become eccentric; pupils may be dilated

	Pulse Rate
	Normal; may be accelerated

	Blood Pressure
	Normal

	Patient maintains an open mouth without mouth props
	No—mouth tends to close.  May open if operator presses on lower lip, but immediately closes again

	Patient follows directions
	Not usually

	Degree of Amnesia
	Complete

	Effect on Pain
	Pain reaction eliminated

	Effect on Fear
	A short exposure (1-2 minutes) to this plane is useful for controlling extreme fear; longer exposure brings many patients into a state of fear, and then excitement

	Appearance of Patient
	Begins to assume appearance of unconsciousness, totally unaware of surroundings; jaw may become rigid; body may stiffen

	Subjective Reactions


	May have hallucinatory dreams; experience fear, a feeling of falling, a fear of dying with inability to do anything about it


NOTE:  Plane 3 is not recommended.
INDICATIONS AND CONTRAINDICATIONS FOR

NITROUS OXIDE-OXYGEN INHALATION SEDATION
The primary reason for administration of N2O-O2 to dental patients is to reduce fear and anxiety.  Even non-threatening dental procedures can be traumatic for patients who experience dental fear. Dental office personnel have the responsibility of selecting appropriate cases for administration of nitrous oxide.  An updated, thorough personal and health history must be completed for each patient prior to administration.   Indications (reasons why N2O-O2 should be given) and contraindications (when N2O-O2 should be avoided) are discussed in this section.

Primary Indications

1.
Fear and Anxiety

Fearful or anxious patients will present patient management problems.  They also are more prone to medical emergencies because stress can initiate an exacerbation of their medical problems.  Patients who have a history of upsetting or painful experiences in the dental office may be more anxious. Nitrous oxide-oxygen sedation can serve to safely relax most fearful or anxious dental patients.  Some persons, however, are not comfortable with the effects of N2O and others will not achieve adequate sedation at safe concentrations.  When adequate sedation cannot be achieved within safe limits, another form of sedative should be selected for that patient.

2.
Patient who refuses or is allergic to local anesthesia
Although N2O-O2 is not a true substitute for local anesthesia, it can be used to reduce pain sensation when local anesthesia is contraindicated. 

3.
Prominent gag reflex

Gagging is a potential problem during many dental procedures.  Administration of 

N2O-O2  will reduce or eliminate severe gagging without jeopardizing protective cough reflexes.  Seating the patient in an upright position might also be helpful.

4.
Patient gets impatient at long appointments
Patients who are nervous or stressed sometimes become impatient at long appointments.  Because nitrous oxide reduced the patient’s awareness of the lapse of time, it can be beneficial in these cases.  A clinician should, however, administer pure oxygen every 45 minutes to reduce the potential for adverse reactions associated with prolonged administration.

Indications with Special Consideration
In the recent past, N2O-O2 sedation has become increasingly important in management of medically comprised patients.  It is particularly indicated when these patients are stressed or anxious because stress can result in an oxygen deficit or cause an acute exacerbation of an underlying medical problem. Nitrous oxide should only be administered to these patients with special consideration given to each case.  It is critical to determine whether the medical condition is under treatment and control.  If not, administration of N2O is not recommended.  A physician consultation is recommended prior to administering N2O-O2 sedation.  As long as the following conditions are not severe, nitrous oxide is the sedative of choice because of its margin of safety and its adjunctive use of oxygen during administration.

1.
Cardiovascular disease
N2O-O2 inhalation sedation can minimize the risk of myocardial infarction (heart attack) or angina pectoris (chest pain) resulting from stress during a dental appointment.  It is the most appropriate technique for sedating patients with a history of cardiovascular disease. It is not recommended, however, within 6 to 9 months following a heart attack or when there is cardiac dysfunction.

2.
Cerebrovascular disease
The patient who has cerebrovascular disease, or a history of a stroke, can receive N2O-O2 for stress/anxiety reduction.  Levels beyond 50% are not recommended due to the threat of hypoxia.

3.
Respiratory disease: asthma
Patients with bronchial asthma can receive nitrous oxide because it is nonirritating to the bronchial and pulmonary tissues. Increased stress can lead to an asthmatic attack;  therefore, N2O-O2 sedation can be helpful.  Refer to contraindications for respiratory disease that prohibit the use of nitrous oxide.

4. 
Hepatic disease

Hepatic (liver disease, such as hepatitis or cirrhosis, often contraindicates administration 

of  drugs because the agent is biotransformed in the liver.  Since N2O-O2   is not biotransformed anywhere in the body, it can be used in patients with hepatic disease.

5. 
Epilepsy and other seizure disorders
Again, because stress might trigger the onset of a seizure, the use of N2O-O2 can be useful in these patients. It is important to avoid hypoxia; therefore, higher concentrations of N2O must be avoided.

6.
Patients taking tranquilizers, analgesics, antidepressants, or hypnotics
Many of these drugs cause depression of the central nervous system; therefore, it is difficult to predict and control the pharmacological effects of nitrous oxide.  All drugs taken by patients who are to receive nitrous oxide should be evaluated for effects on the CNS, or for contraindications with anesthetics.  Some examples include tranquilizers (diazepam), analgesics (morphine, percodan, meperidine), and hypnotics (barbiturates).  Nitrous oxide should not be used in conjunction with these drugs unless absolutely necessary.  If used, N2O should be administered in low concentration.

7. 
Patients using alcohol
Nitrous oxide is not recommended for patients who are chronic alcohol abusers or for patients who may have had a social drink immediately prior to the dental appointment.

8.
Allergies

There are no known allergies to nitrous oxide

9.
Thyroid disease
Hyperthyroidism or hypothyroidism routinely causes the dental professional to be more cautious in the administration of certain drug groups (e.g. Vasopressers, CNS depressants).  In most instances, however, the patient will have a normal level of thyroid activity because of drug therapy or surgical intervention to control hyperthyroidism or hypothyroidism.  A physician consultation to determine current status is indicated.

Contraindications

In the following cases, administration of nitrous oxide is not recommended.  A careful review of the health history should be made to rule out these contraindications.

1.
Nasal Obstruction
Patients with nasal obstruction cannot sufficiently inhale the N2O-O2 gases administered.  Conditions which might lead to nasal blockage include: 
a. the common cold

b. upper respiratory infections (URI) or bronchitis

c. allergies or hay fever

d. deviated nasal septum

In conditions such as the common cold, bronchitis or URI, the nasal hood will be contaminated during use.  If nitrous oxide administration is attempted, a disposable nosepiece should be used or the nosepiece should be sterilized before cross-contamination of personnel or other patients can occur.

2.
Chronic Obstruction Pulmonary Diseases (COPD)
COPD will prevent the sedative effect of  N2O and contraindicate its use.  Patients with emphysema, tuberculosis, eustachian tube blockage, and other chronic respiratory disorders should not receive nitrous oxide.  It can result in immunosuppression, abnormal pulmonary function, secondary bacterial infections, or hypoxia.

3.
Debilitating cardiac or cerebrovascular disease
If heart disease or valvular damage limits a person’s daily activities, N2O is not recommended. Patients who report cyanosis (blue coloring), dyspnea (shortness of breath), need for increased pillows when sleeping, or artery blockage should avoid all CNS depressants including N2O.

4.
Pregnancy
Nitrous oxide does cross the placenta to the fetus and it affects the baby’s CNS.  Studies in animals show that a single dose of N2O is usually safe when administered in proper concentrations.  Nitrous Oxide also has been shown to be the most highly recommended sedation agent when one must be employed during pregnancy.  In the opinion of this author, however, administration of all drugs should be avoided whenever possible during pregnancy and particularly during the first trimester.  If a sedative is absolutely essential for dental treatment, a medical consultation should be made prior to administration.

5.
Patients with psychiatric disorders or compulsive personalities
It is difficult to predict the effects of N2O-O2 in patients with psychiatric disorders or compulsive personalities.  Drugs given to psychiatric patients, such as mood-altering antidepressants, also should be carefully evaluated. Altering the consciousness of patients with psychiatric disorders or patients who fear “losing control” may result in negative reactions.

6.
Claustrophobic patients
Some patients are not able to tolerate the nasal mask without a feeling of suffocation.  The nasal cannula can be used in these cases; however, this technique is not routinely recommended because of the risk of exposure of trace elements to dental personnel.

7.
Children with severe behavioral problems
Nitrous oxide can be used to control fear and anxiety in most pedodontic patients.  A severely disruptive child, however, cannot give the degree of cooperation needed for administration of N2O-O2 inhalation sedation.  Forced administration is never recommended.

8.
The patient who does not want N2O-O2

Patients should never be forced or coerced to receive N2O (or any other drug) against their will.  Doing so can result in negative side effects or legal repercussions.

ARMAMENTARIUM

There are many types of inhalation sedation units.  This module discusses the most common apparatus used.  A brief review of the central storage system, the nitrous oxide-oxygen machine, the breathing apparatus and safety features follows.

The Central Storage System

The central storage system is where the large tanks of nitrous oxide and oxygen are stored.  It is usually separated from the treatment rooms.  As mentioned previously, the nitrous oxide tanks are always marked blue for identification, and the oxygen tanks are green.  A Pin Index Safety System prevents attaching the wrong cylinder to the yokes during installation.  Cylinders should be handled with care, stored upright and kept intact.

A pressure gauge monitors the pressure within each cylinder.  The nitrous oxide is stored at approximately 750 psig (pounds per square inch of gas) and the oxygen has approximately 

1800-2150 psig. N2O and O2 are stored as a liquid under pressure which is released as a gas.

Pressure regulators are usually mounted inside of a box frame.  They act to reduce cylinder pressure to about 50 psig to be used in the system.

When turning on the tanks in the control storage system, it is important to open the valves slowly in a counter-clockwise direction.  No grease, oil, or lubricant of any type should be used on any of the valves, regulators, gauges, or tanks.  It can be extremely dangerous if these lubricants come in contact with the gases because an explosion could result.

When the nitrous oxide and oxygen are turned on, the operator should check each pressure gauge and pressure regulator to be sure that the gases are flowing properly. Manufacturer’s instructions should be read to ascertain proper readings.

Nitrous Oxide-Oxygen Machine

Several types of machines are available for use in nitrous oxide-oxygen inhalation sedation.  The gases generally are transported to the machine at chairside through a series of copper tubings from the central storage area.  Some offices have portable nitrous oxide-oxygen machines which house small tanks of N2O and O2. The portable units usually are employed when nitrous oxide is administered infrequently.

The most common machine used in dentistry has ball-type flow meters which indicate the amount of gas being administered.  The machine has an on-off knob which allows the gases to flow into the tubing and nasal mask.  Two additional knobs are used to regulate the amount of nitrous oxide or oxygen flow which is displayed in two separate glass tubings.  As each knob is turned to a more open position, more gas enters the glass tubing in the flow meter and a ball floats to indicate how much gas is being dispensed.  The flow tubes have markings that are numbered to show how many liters per minute are being dispensed.  These two “ball flow meters” (one for N2O and one for O2) enable the clinician to regulate the flow up to a maximum of 10 liters per minute (L./min.). The nitrous oxide can be turned off to 0 L./min., but the minimum oxygen flow permitted is about 2.5-3 L./min. This safety feature prevents administration of pure nitrous oxide.

A reservoir bag, or breathing bag is located beneath the flowmeter.  This bladder-type bag, made of rubber or silicone, holds a portion of the gas(es) that are available to be delivered into the flowmeter system.  The main purpose of this bag is to store additional gas(es) in case the patient’s respiratory demands exceed the amount being delivered through the flowmeter. During normal respiration, nitrous oxide and oxygen are delivered directly into the flowmeter and none is taken from the reservoir bag.  It also expands and contracts when a patient breathes so that respiration can be monitored during administration of nitrous oxide.  Conducting tubes, or hoses, connect the nitrous oxide machine to the copper tubing leading to the central storage area.  They also connect the machine to the nasal mask, or hood, used to administer nitrous oxide to the patient.

Breathing Apparatus

Three types of breathing apparatus can be used for inhalation sedation: the full face mask, the nasal hood, or the nasal cannula. The full mask covers both the nose and the mouth, so it is impractical for use in dentistry.  It is recommended, however, for administration of forced oxygen in cases of medical emergencies requiring oxygen for management.  The nasal cannula is made of soft plastic tubing with two short prongs which fit into the nostrils for breathing.  It is not recommended for routine use with nitrous oxide due to concerns about long-term exposure of dental personnel to trace elements of nitrous oxide in the operatory.  Thus, a nasal hood is most frequently employed in dental practices.

The nasal hood fits comfortably, yet snuggly, over the patient’s nose.  Two types are available.  The traditional nosepiece had one hose on each side that is used for inhalation and exhaled gases are eliminated through an exhaling valve located on the top of the nasal hood.  Again, this exhaling valve creates concerns for occupational exposure; thus, a scavenging nasal hood is recommended.  The scavenging nasal hood typically has four tubes (two on each side) connected to it.  Two of the tubes contain gas(es) flowing from the nitrous oxide machine.  The other two tubes carry exhaled gases through a controlled ventilation system which deposits them outside of the building or to a safe repository away from the dental operatory.

When selecting a nasal hood, the clinician should be sure that it fits the patient’s nose properly in order to prevent discomfort, but to ensure minimal or no leakage into the treatment room.  Autoclavable nasal hoods, or disposable hoods, are recommended in order to prevent disease transmission.  Nasal hoods and tubing also should be checked frequently for cracks which might allow leakage and replaced as needed.

Safety Features

All inhalation sedation units marketed in the United States contain certain safety features to prevent accidents from occurring.  They are designed so that a minimum of 21% oxygen will always be administered through the system.  Any mechanical device can fail, however, so visual and verbal monitoring of a patient is always critical.

A brief description of these safety features follows:

1. Pin index and diameter index safety systems – make it virtually impossible to attach N2O tanks to O2 yokes and vice versa.

2. Minimum oxygen liter flow – assures that 2.5-3 L./min. of oxygen is the minimum amount that can be administered; thus a maximum of 75-79% nitrous oxide can be administered.

3. Oxygen fail-safe system –designed so that the nitrous oxide will automatically turn off when oxygen is depleted before the N2O tank is empty.

4. Emergency air inlet – designed to remain closed as long as gas(es) are being administered to the patient; however, when the oxygen fail safe system turns gases off, room air is allowed to enter the system so that the patient can continue to breath through the nasal hood.

5. Fail-safe alarm – when the fail-safe system turns off the gases, an audible alarm sounds to alert the clinician that the patient is no longer receiving N2O-O2.

6. Oxygen flush button – this flush mechanism allows for 100% oxygen to be administered through the reservoir bag in the event of an emergency.  For forced oxygen delivery, however, a full face mask is required.

7. Color coding – all parts (knobs, tanks, and sometimes tubing) are color-coded blue for N2O and green for O2. 

8. Texture of knobs – the knobs used to regulate liters of gas flowing into each tube are often textured differently to differentiate between adjusting the flow of N2O and the flow of O2. 

PROCEDURE FOR ADMINISTRATION

OF NITROUS OXIDE

Prior to administration of nitrous oxide, the clinician must complete a thorough medical history review and record vital signs of the patient.  The medical history should be reviewed thoroughly with all new patients and updated at each reappointment or recall appointment.  Special consideration should be given to all indications and contraindications prior to the administration of nitrous oxide.

Vital sign must also be recorded for each new patients or recall patient.  Three basic vital signs including pulse rate, blood pressure, and respiration are indicated.  The first measurement of each vital sign is recorded as the baseline for any particular patient.  This baseline data will be used as that patient’s normal and all other future measurements will be compared to it to determine if any change has occurred.  This comparison becomes particularly important in an emergency situation.

The measurement and recording of pulse, blood pressure, and respiration is simple to complete. Instructions for each procedure follows.

Vital Signs

The pulse rate is obtained by placing the pads of two (or more) fingers over the radial artery which is located on the wrist, below the hand, on the same side as the thumb.  The pulse should be obtained utilizing the index finger and middle finger since the thumb has a pulse of its own which might be confused with the patient’s pulse.  Feel around the designated area, applying gentle pressure until a beat can be detected.  Once the pulse is located, begin counting the beats for a 60 second period.  Record the pulse rate, (which is how many beats occur during the total 60 second period) and compare it to normal rates.  In an adult patient, 60-100 beats/minute is considered normal; whereas in a child patient, 80-120 beats/minute is average.  An anxious patient might have a higher pulse rate due to fear of dental procedures.  If this is noted, wait 5 minutes and take the pulse again.  It will usually subside during this resting period.  An abnormal pulse rate should be drawn to the dentist’s or physician’s attention prior to proceeding with any dental treatment.

Next, the blood pressure is taken.  Blood pressure measures how much air pressure is needed to close off an artery.  A cuff is inflated on the upper arm until the blood going though the artery is stopped.  This first measurement is called the “systolic” reading.  The cuff is then slowly deflated until the artery is completely open and the blood flows freely through it.  This second measurement is called the “diastolic” reading.  It is the most important since it represents the constant pressure in the artery when the heart is beating at a normal rate and the artery is in its normal, open position.

Items needed for measuring the blood pressure include a sphygmomanometer and a stethoscope. The sphygmomanometer consists of a gauge, to measure air pressure in millimeters, connected by two hoses to an inflatable cuff.  This cuff is wrapped around the patient’s bare upper arm one inch above the bend of the elbow.  The patient’s arm should be resting on the arm of the dental chair.  The positioned cuff should allow enough room for two fingers to be inserted between the cuff and the arm.  The gauge should be positioned so that it is easily visible to the operator and the tubing should hang freely.  A bulb is located at the end of the tubing.  Turn the knob on the bulb until it is closed completely.  Begin inflating the cuff by squeezing and releasing the bulb at the end of the tubing while palpating the radial artery (taking the pulse as previously described). Keep inflating the cuff until the pulse stops and continue inflating until the gauge rises 30 millimeters beyond that point.  Then, begin deflating the cuff slowly by turning the knob counter-clockwise until the pulse can be detected again.  This level represents the approximate systolic reading.  Be certain that the cuff is completely deflated before placing the stethoscope.  This may require you to squeeze the cuff to force all of the air out.  The two ear plugs on the stethoscope should be placed in the operator’s ears.  The round, flat portion of the stethoscope is centered on the bend of the arm just below the cuff.  Close the knob on the bulb again.  Inflate the cuff 30mm above the previously determined approximate systolic reading.  Deflate the cuff slowly while listening for changes in the pulse.  At the point when pulse first appears, read the number on the gauge.  This is the systolic pressure.  Continue deflating the cuff slowly and listening until the pulse completely disappears.  At this point, read the number on the gauge again.  This is the diastolic pressure.  The blood pressure is recorded as a fraction with the systolic reading over the diastolic reading.  The patient’s blood pressure should be compared to normal rates. Normal blood pressure is approximately 120/80 (or 120 systolic and 80 diastolic); however, systolic pressure less than 140 and diastolic pressure less than 90 is acceptable for an average adult patient.  Clinical evaluation of blood pressure may lead to discovery of abnormal rates.  The appropriate steps to follow with each reading are outlined in Table 4.
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Clinical Evaluation of Blood Pressure
	BLOOD PRESSURE:

Systolic/Diastolic
	DENTAL THERAPY
CONSIDERATIONS

	Less than 140 systolic and 

Less than 90 diastolic
	Routine dental management; recheck in six months.

	140 to 160  systolic and

90 to 95 diastolic
	Recheck blood pressure prior to dental therapy for three consecutive appointments.  If all exceed these guidelines, medical consultation is indicated.

	160 to 200 systolic and/or

95 to 115 diastolic
	Recheck blood pressure in five minutes.  If still elevated, medical consultation is indicated.

	Greater than 200 systolic and/or

Greater than 115 diastolic
	Recheck blood pressure in five minutes.  If still elevated, immediate medical consultation is indicated.  No dental therapy.


Adapted from:  Malamed, Stanley F.  Medical Emergencies in the Dental Office.
The third routine vital sign to be recorded is the respiratory rate.  This should be noted when the patient is unaware of observation; since it if often difficult for a patient to breath normally when being watched.  Some operators choose to observe respiration immediately after taking pulse for 60 seconds, leaving their fingers over the radial artery so the patient is unaware of observation.  Respirations are counted by observing the rise and fall of the patient’s chest for 60 seconds.  Normal respiratory rate for an adult is 16 to 18 breaths per minutes; whereas, a child will take 40-45 breaths per minute.  Any significant variation in respiratory rate should be evaluated by the dentist prior to dental therapy.  If within normal range, the respiratory rate is recorded with other vital signs and utilized as baseline data.

Any abnormality in medical history or vital signs should be drawn to the dentist’s attention prior to proceeding with treatment.  This is particularly important when nitrous oxide is going to be administered.  If all signs are normal, the operator should note each consideration mentally, as well as on the chart, so that the information is readily available in the event of an emergency.  Once this has been completed, nitrous oxide can be administered.

Preanesthetic Preparation

The first step to preparing for administration of nitrous oxide is turning on the main tanks containing nitrous oxide and oxygen.  Tanks should always be turned on slowly to avoid a 

build-up of heat, and cylinders and gauges should be checked to be certain that both tanks are full.  Procedure for this will vary, therefore, manufacturer’s instructions should be read carefully prior to operating any equipment.

The patient is seated comfortably and, as discussed previously, medical history and vital signs are checked.  The analgesic machine should be positioned behind the patient with controls readily visible and easily accessible to the operator.  The appropriate size nosepiece is selected to fit snuggly over the patient’s nose without causing an inability to breath or leakage around the sides.  The nosepiece should be cleaned with a cold sterilizing agent rather than alcohol, since alcohol dries out the rubber and causes it to crack.

Prior to administration of nitrous oxide, the operator should discuss the procedure with the patient.  The number one rule is to ALWAYS BE POSITIVE when discussing techniques and effects with patients.  Describe expected results in positive terms.  Tell the patient that they will feel relaxed, warm, and comfortable. Answer any questions they may have honestly; yet, do not use negative terminology.  For example, a patient might ask, “Does this N2O make you feel drunk or nauseous?”  You can respond that, “With proper administration, both of these side effects are rare; you should feel very relaxed.”  At the same time that you are honestly answering the question, you are also reassuring the patient.  It is important that you review all of the clinical manifestations of each plane of analgesia at this time in order to become familiar with each one so that you are capable of answering questions for the patient.

Once the patient had been informed of all procedures and effects, consent to the administration of nitrous oxide can be obtained.  If the patient agrees to proceed, administration of nitous oxide is begun.

Techniques for Administration

The traditional nosepiece has an air valve in the center which should be opened about halfway prior to placing the nosepiece on the patient’s face.  When using a scavenging mask, there is no valve that needs adjustment.  Oxygen flow is begun at this time.  The reason for completing these two procedures prior to placement of the nosepiece is to avoid causing a feeling of suffocation when covering the patient’s nose.  Be certain that the tubing from the machine to the nosepiece is not tangled to provide for a smooth, even flow of gases.  Place the nosepiece over the patient’s nose and ask him/her to breath normally while only oxygen is flowing in order to provide a period of adjustment to breathing out of the nosepiece.

At placement time, the oxygen is set at 8 liters.  As mentioned earlier, the gauge in the nitrous oxide-oxygen machine will have numbers which represent liters of gaseous flow.  Often lines between the numbers will indicate half liters.  A small ball will rise and fall by turning the knob marked green for oxygen.  Turn this knob until the ball reaches 8 liters on the gauge.  After placing the nasal mask, ask the patient if this volume is comfortable for their respiration. It may need to be adjusted up or down for their needs. (5-10 L./min.).

After the patient has had a few minutes to adjust to breathing normally, flow of nitrous oxide can be begun.  Stress that the patient should continue to breath through the nose since mouth breathing will cause an additional intake of oxygen from the room air, thereby, changing the ratio of gases.  Patients can be informed that breathing through the mouth causes increased oxygen inhalation; therefore, they can regulate the effects of nitrous oxide by taking in room air if they feel that the nitrous oxide is a little stronger than desired.  Request that they inform you if this should happen, so that you can adjust the flow of the gases accordingly.  Talking will have the same effect as mouth breathing; therefore, patients should not talk in excess or the nitrous oxide will be diluted with room air.  Observe the reservoir bag to be sure that the patient is breathing at a normal rate through the nose hood.

When the patient is breathing normally through the nosepiece, nitrous oxide flow can be started.  At this time, the air valve on the nosepiece is closed slightly to prevent leakage of nitrous oxide into the room air.  In the trituration techniques described in this module, the total flow of gas(es)  will always remain constant.  Thus, if the clinician begins with 8 lpm (liters per minute) the total amount of N2O and O2 administered will always equal 8 lpm.  The first adjustment to begin N2O administration should equal about 20% N2O and 80 % O2.  Since 20% of 8 lpm is appropriately 1.5 lpm, the nitrous oxide would be started at 1.5 lpm and the oxygen would be reduced 

(from 8 lpm) to 6.5 lpm.  Note that 1.5 l and 6.5 l equals the eight liters total flow with which the administration was started.  Each time the nitrous oxide is increased ½ liter, the oxygen is decreased ½ liter.  (Note: After each adjustment, wait one minute before adjusting these levels again, observing the patient’s reactions.)  In this way, a total flow of 8 liters is maintained continuously.  The oxygen is begun at 8 liters; 1 ½ liters of nitrous oxide (N2O) is administered and the oxygen (O2) is decreased to 6 ½ liters; therefore, a total of 8 liters is maintained.  Continue decreasing the oxygen by ½ liter followed by increasing the nitrous oxide by ½ liter and observing the patient’s response, (i.e., 6 liters O2 and 2 liters N2O then observe; 5 ½ liters O2 and 2 ½ liters N2O then observe; and so on).  The last adjustment of N2O should be made when the oxygen and the nitrous oxide are each at 4 liters, again totaling 8 liters.  At this point, 50 percent O2 and 50 percent  N2O are being administered.  This is the highest ratio of nitrous oxide recommended for safe administration without special consideration.  The importance of maintaining an appropriate ratio of oxygen to nitrous oxide cannot be over-stressed.  Remember that detrimental effects of nitrous oxide are caused by hypoxia. This is why oxygen is administered simultaneously with nitrous oxide.

In order to compute the ratio of oxygen to nitrous oxide, divide the total flow of combined gases (in this case, 8 liters) into the liters of nitrous oxide being administered.  For example, if your gauges are set at 5 liters O2 and 3 liters N2O, you would divide 8 (total liters) into 3 (N2O liters) to find that .37 or 37 percent nitrous oxide was being administered.  Next, subtract the percentage of nitrous oxide from 100 percent (total flow) to determine the percentage of oxygen being administered.  In this example, 37 percent (N2O) from 100 percent equals 63 percent oxygen.  The ultimate ratio of nitrous oxide to oxygen should be recorded for each administration.

Remember, it takes one minute for any change in dosage to become evident.  For this reason, the patient should be observed closely before readjusting the knobs.  Carefully monitor the signs and  symptoms of the patient.  You can communicate with your patients to determine level of analgesia as long as they are not required to talk excessively, thereby inhaling too much room air.  Be sure to use direct, specific questions while monitoring the patient.  Ask, “What are you feeling?” rather than “How are you feeling?” Ask, “Are you breathing comfortably?” or “Do you feel warm and relaxed?” It is a good idea to tell patients you will use their name when speaking to them.  Patients may drift in and out of the environment and should be able to relax.  With these instructions, they will not feel forced to attempt to stay alert, listening to the operators.  They will, however, be able to respond and cooperate when addressed by name.

Another suggestion is to inform the patient of the time frame occasionally, since time is often distorted under the effects of nitrous oxide.  Tell the patient how long they have been there in relation to time remaining.  For example, you might say, “You have been here for 20 minutes and we are about half-way through your treatment.”

When the patient reaches the appropriate level (generally, plane two of the analgesia), the dental treatment planned can be begun.  The patient will feel relaxed and comfortable; and may feel drowsy and warm; or may drift in and out of the environment, but will still be able to cooperate.  Clinical signs and symptoms should continue to be monitored closely for any change so further adjustments can be made if necessary.

If patients become irritated or they can no longer cooperate and their mouth tends to close, plane three is being approached.  This is an indication that the nitrous oxide level is too high.  Also, changes in physical symptoms, such as dilation of pupils or nausea, would be an indication of too much nitrous oxide. At this point, the clinician should take three steps to rectify the situation:

1. 
Reduce the level of nitrous oxide or turn it off depending upon severity of the side effect or reaction;

2. 
Increase the level of oxygen; and

3.
Reassure the patient

All models of nitrous oxide-oxygen analgesia machines have a device called an oxygen “flush valve.”  When turned on, the breathing bag fills with oxygen rapidly at a flow of about 50 liters per minute.  Any time that pure oxygen is needed quickly, the flush mechanism can be employed.  This may become important in an emergency situation.

Since emergencies occur without notice and analgesia levels fluctuate, it is important to monitor the patient continuously while nitrous oxide is being administered.  NEVER leave a patient unattended while under the effects of nitrous oxide.  Some references suggest retaking vital signs during dental treatment to compare baseline data.  Remember, vital signs will remain normal with proper levels of analgesia.  The ratio of oxygen to nitrous oxide should be maintained at a comfortable level according to the patient’s response.  Table 5 presents a few common clinical findings with appropriate procedures to follow in each.  
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Clinical Findings during Maintenance Period

and Appropriate Procedures to Follow

	CLINICAL FINDINGS
	PROCEDURE TO FOLLOW



	1. Reduced activity of the eyes (either closed or comfortably fixed toward the ceiling).


	Means good sedation. No changes needed.

	2. Increased activity of the eyes.
	Usually too light.  Best to ascertain status by direct questioning.  Probably needs positive verbal support and an increased N2O-O2 ratio.


	3. Fixed, hard stare of the eyes (possibly with dilation of pupils).
	Too deep; approaching excitation stage.  Reduce N2O to O2  ratio.  Supply verbal and physical contact.


	4. Arms and legs crossed.
	Patient is not relaxed yet.  Needs more N2O and suggestions designed to achieve relaxation.  (“As you feel your arms becoming more and more relaxed, let them rest naturally and comfortably by your side, and as you feel your legs becoming more and more relaxed, let them uncross and rest naturally and comfortably.”)


	CLINICAL FINDINGS

	PROCEDURE TO FOLLOW

	5. Patient talks too much.
	Too light due to mouth-breathing.  Place rubber dam or cotton rolls and holder.  Be aware of too much N2O when patient finally stops talking.  May bring on sedation frighteningly fast. 



	6. Patient talks too much.
	Too light.  May need to improve fit of nosepiece or prevent dilution with air or increase N2O or both.



	7. Patient answers slowly and deliberately.
	Good sedation.  No changes needed.



	8. Patient does not answer.
	May be:  1) tired and asleep or 2) too deep.  If no pre-medication was used and ratio of gases is such that anesthesia could not be produced (i.e., 30% N2O), either no change or reduced N2O.  If in doubt, arouse patient by physically prodding and check verbally.



	9. Perspiration appears on face.
	Indicates onset of peripheral vasodilation.  No change in ratio of gases needed.  Reassure patient that this is expected and will pass.  Remove outer garments for use after the appointment and cover with light blanket to reduce rate of evaporation and loss of body heat.



	10. Paraesthesia (numbness or tingling) of extremities.
	Indicates early phase of Stage 1 and is closely related to peripheral vasodilation phenomenon.  Reassure patient that this is “just as it should be.”  If no other changes occur in one or two minutes, increase ratio of N2O to O2 to achieve Plane 2.



	11. Paraesthesia (numbness or tingling) of lips, tongue or oral tissues.
	Indicates more profound depth, probably achieving analgesia, and permits injections of local anesthetic to be given comfortably.  After the injections, the N2O may be reduced or turned off unless needed to control apprehension.




Adapted from:  Langa, Harry, D.D.S.  Relative Analgesia in Dental Practice.
After dental treatment is completed, pure oxygen is administered to stabilize the patient before dismissal.  Turn the nitrous oxide completely off and increase the oxygen to 8 liters to “oxygenate” or “flush” the patient with oxygen.  Pure oxygen should be administered for a minimum of 3-5 minutes following nitrous oxide analgesia.  Oxygen should be administered until the patient regains “normalcy.”  It may take longer for some patients to return to normal than others.  When oxygenating the patient, inform him/her that you are turning off the nitrous oxide and that, while breathing pure oxygen, the symptoms will disappear.  An estimated 38 percent of the effects of nitrous oxide are psychological.

Once the patient feels normal again, vital signs should be taken again and compared to the baseline data.  An operator who releases a patient who has not regained normalcy can be held legally liable for any harm that results.  For this reason, oxygenation is essential.  Also, if a patient is permitted to breath room air immediately after inhalation of nitrous oxide-oxygen, “diffusion anoxia” can result.  If the patient is adequately flushed with oxygen, this condition can be prevented.  Once the patient is oxygenated and reports that he/she feels normal, the patient can be dismissed.   Some sources suggest administering a connect-the-dots test to patients to test their coordination prior to dismissal.  After the patient is dismissed, a legal chart entry should be recorded.

Legal Chart Entries and Other Legal Considerations
There are two major reasons for being certain to record administration of nitrous oxide completely and accurately.  First, in the event of a complaint by the patient or a malpractice suit, the dental chart will be considered a primary source of evidence.  Second, dosage levels vary from patient to patient and even with the same patient on a day-to-day basis.  Factors contributing to the variance include: amount of food or drink consumed prior to the appointment; mental and/or emotional state of the patient at any specific point in time; amount of sleep or physical condition of the patient; and increased tolerance with repeated administration.  This is why the trituration technique presented in this module suggests beginning with pure oxygen and increasing nitrous oxide slowly at each patient appointment.  It is not safe to assume that the previous analgesic level will be appropriate on sequential visits.  A very rapid induction also might cause nausea or other adverse reactions. 

A complete and accurate chart recording included the following information:


1.
patient’s vital signs (pre and post-op);


2.
consent of the patient was granted;

3.
routine information including date, procedure performed, and information given to the patient;

4.
maximum levels of nitrous oxide and oxygen stated in terms of percentages of each gas administered and total volume used;

5.
length of administration;

6.
any other anesthetics, premedication, or post medication administered.

7.
length of oxygenation and patient’s report of feeling normal prior to dismissal;

8.
any side effects or complications incurred, or the fact that none occurred.

A sample chart entry follows:

9/15/90  MH reviewed; pulse 75, PB 125/82, resp. 16; consent for N2O obtained; 73% O2, 27% N2O for 20 min.; 3% Carboncaine 1.2 ml inf. alv.; amalgam #30 MOD; 8 liter O2  for 5 min. until patient reported normalcy; no complications, post-op vital 70, 120/80, 16.

Additional considerations necessary for the ethical and legal administration of nitrous oxide should be made.  Emergency equipment must be readily available at all times.  Be certain to follow all previously discussed precautionary measures including: taking a thorough medical history including vital signs; making sure that the patient has regained normalcy prior to dismissal; obtaining consent of the patient before administration of nitrous oxide; and documenting the procedures thoroughly.

It is essential that any clinicians involved in the administration of nitrous oxide complete specific training prior to use.  This is important for safety of the patient as well as legal protection for the operator.  The dentist, dental hygienist and/or assistant can be held liable in any civil or malpractice suits filed by the patient.

Idaho State Board of Dentistry Rules and Regulations state that dental assistants who have completed training and obtained certification can “aid in the administration of nitrous oxide.” This rule has been interpreted to mean that dental assistants can monitor the patient and adjust levels of nitrous oxide to lower concentrations after nitrous oxide-oxygen analgesia has been administered by a licensed dentist.  Dental assistants are not certified to legally administer nitrous oxide to patients or to begin induction.

A related consideration is liability insurance.  Prior to utilizing nitrous oxide in the dental office, the liability policy must be cleared with the insurance carrier.  Cost might be increased by a minimal amount; however, the increased cost is balanced by increased ability in patient management.

This completes instruction in the procedure for administration of nitrous oxide.  Since the discussion presented was lengthy including explanations and justifications for each step, Table 6 presents a summary of steps to follow.  Be certain to become totally familiar with the procedure prior to continuing.

T A B L E   6
Summary of Steps in the

Procedure for Administration of N2O

	PROCEDURAL STAGE
	STEPS INVOLVED



	Pre-anesthetic Preparation
	1. Have patient visit the restroom.

2. Check all equipment.

3. Turn on main tanks and analgesic machine.

4. Review medical history and take vital signs.

5. Explain procedure and effects to patient and obtain consent.

6. Select appropriate size nosepiece and clean with cold sterilizing agent.



	During Administration
	1. Open air valve in nosepiece.

2. Begin flow of O2 at 8 liters.
3. Place nosepiece over patient’s nose allowing breathing adjustment time.

4. Slightly close air valve in nosepiece.

5. Begin N2O at 20% concentration (1.5 lpm) and O2 at 80% 6.51 lpm).

6. Observe patient for one minute prior to changing dosage.

7. Increase N2O by ½ liter and decrease O2 by ½ liter until desired effect is obtained.

8. Monitor clinical manifestations, closely adjusting levels as needed after waiting one minute.

9. Oxygenate patient until normalcy is regained (minimum 3 to 5 minutes).



	Legal Chart Entry and Considerations
	1. Record a complete and accurate legal entry.

2. Have emergency equipment readily available.

3. Complete proper training prior to administration.

4. Check with liability insurance carrier.




CONTROVERSY IN LITERATURE

RELEVANT TO NITROUS OXIDE

Many references state that nitrous oxide is the safest of all anesthetic gases.  Some literature states that there is no harm associated with nitrous oxide at all.  There are also many studies which show detrimental effects due to nitrous oxide.  Problems with these studies leave some question relevant to their validity.  Often, nitrous oxide is not isolated for study.  It is tested in operating rooms where other anesthetic gases are employed simultaneously.  Most results from studies which do isolate nitrous oxide have consisted of laboratory investigations on animals.  Finally, extremely high levels and prolonged administration have been utilized for testing purposes.

Levels and length of administration seem to contribute to a significant difference in results.  The lower level of nitrous oxide employed and less prolonged administrations have shown lesser or no detrimental side effects.  In addition, nitrous oxide had been shown to exhibit addictive properties and to increase susceptibility to suggestion.  Literature has documented some detrimental effects related to occupational exposure to trace amounts of nitrous oxide.

Occupational Exposure

Trace amounts of gases unavoidably leak into room air during utilization of nitrous oxide.  With chronic exposure, such as what dental personnel receive during daily administrations to patients, nitrous oxide is potentially toxic.  Sources of leakage include: the nitrous machine itself, hoses, the nasal mask or nosepiece, and the patient’s mouth.  Possible detrimental effects to dental personnel include: increased kidney and liver diseases, increased spontaneous abortion (miscarriage), increased cancer and decreased bone marrow.  The incidences seem to be greater in females than in males.

Preventive measures should be taken in the dental office to minimize exposure.  Primary control measures include:

1. Testing equipment for leakage and providing preventive maintenance 

4 times a year.

2. Low leakage techniques

a. proper fitting nosepiece;

b. closed air value on nosepiece or preferably use of scavenging nose hood;

c. minimize patient conversation.

3. Manufactured devices for collection and disposal of gases.

a. scavenging masks;

b. outdoor ventilation system.

4. Air monitoring program.

Your dental supply representative can be consulted regarding specifications and cost involved in this protective equipment.  The more frequently nitrous oxide is administered in a particular dental practice, the more essential these items become.

To complete your instruction in the administration of nitrous oxide, answer all questions on the self-examination that follows.

Note:  A bibliography is provided for further information relevant to all topics included in this module.  
SELF-EXAMINATION

AIDING IN THE ADMINISTRATION OF N2O
Directions: Answer the following questions on a separate piece of paper to the best of your ability.  You may use the module to look up needed information.  Upon completion of the exam, review all responses to familiarize yourself with pertinent information.

1. What portion/functions of the CNS and ANS are affected by nitrous oxide?

2. How does oxygen travel through the respiratory system?

3. What changes in respiration/breathing are described by the following terms?

a.   bradypnea


e.   eupnea

b.   tachypnea


f.    anoxia

c.   hyperpnea


g.   hypoxia

d. hypopnea

4. How does nitrous oxide travel through the respiratory system?

5. What effect does N2O have on the CNS and ANS?

6. What are possible side effects and adverse reactions of nitrous oxide and how can these be prevented?

7. What is the difference between anesthesia and analgesia?

8. What are the four stages of anesthesia and what reactions will a patient have in each stage?

9. What are the clinical manifestations observes in each plane of analgesia?

10. How can a clinician recognize that a patient is in deep plane two, approaching plane three of analgesia?  What should be done when these signs and symptoms occur?

11. How are a patient’s respiration, blood pressure, pulse, and pupils affected by the administration of nitrous oxide when in plane two of analgesia and when in plane three of analgesia or light anesthesia?

12. When is the administration of nitrous oxide indicated for dental treatment?

13. When is the administration of nitrous oxide contraindicated for dental treatment?

14. Why are vital signs recorded prior to the administration of N2O?

15. How is the pulse rate obtained?

16. What are normal pulse rates for an adult patient and a child patient?

17. How is blood pressure taken? (describe the procedure in detail)

18. What is the normal blood pressure range for an adult patient?

19. What alterations in dental treatment should be made when the patient’s blood pressure is 140 to 160 systolic and/or 90 to 95 diastolic; 160 to 200 systolic and/or 95 to 115 diastolic; and greater than 200 systolic and/or greater than 155 diastolic?

20. How is the respiratory rate observed?

21. What are the normal respiratory rates for an adult patient and a child patient?

22. What should a dental professional do when a significant abnormality in vital sign(s) is noted?

23. What steps are taken during preanesthetic preparation?

24. What is a fail-safe system?

25. How should a clinician explain the procedures and effects of nitrous oxide to a patient who is going to receive it?

26. What steps are followed during the administration of nitrous oxide?

27. How is the ratio (percentage) of oxygen to nitrous oxide computed if 6 liters of O2 and 

2 liters of N2O are administered?

28. What is the maximum ratio of O2 to N2O that is recommended for administration during routine dental therapy? 

29. What procedures are instituted if a patient is receiving too much N2O?

30. How and why is a patient oxygenated prior to dismissal?

31. Why is a complete and accurate legal chart entry essential following nitrous oxide administration?

32. What points should be recorded in a complete and accurate legal chart entry following administration of nitrous oxide?

33. How does the Idaho State Board of Dentistry define “aiding in the administration” of nitrous oxide?

34. What are some of the variables which have had an effect on nitrous oxide research?

35. What preventative measures should be taken in the dental office to minimize occupational exposure to nitrous oxide?
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