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Physiologic Monitoring For Adult Enteral Sedation 
 
 

 
 

Adapted from:  Goodchild JH, et al.  Dentistry Today 2003;22(3):106-11. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source:  American Society of Anesthesiology (www.asahq.org) 
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Monitoring:  “In office conscious sedation mortality & serious morbidity are 
exceedingly rare in modern practice.” 

~ Dr. John Yagiela 
 
 
Blood Pressure: 
 Systolic Blood Pressure (SBP) 

Reflects peak pressure in vascular system 
 Diastolic Blood Pressure (DBP) 

Reflects resting pressure in vascular system 
 Mean Arterial Pressure (MAP) 

Reflects average pressure in vascular system 
MAP = SBP + (2 × DBP) / 3 

 
Heart Rate: 
 Normal   60-100 bpm 
 Bradycardia  <60 bpm 
 Tachycardia  >100 bpm 

 
 
 

On November 21, 2017 the American College of Cardiology and American Heart 
Association introduced new blood pressure guidelines… 
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Definitions: 
 

Ventilation – refers to carbon dioxide elimination and is monitored by a 
stethoscope and/or end-tidal CO2 

 

Oxygenation – refers to O2 being delivered to cells and is monitored by a 
pulse oximeter 

 
Respiration 

Monitoring the respiratory status of the patient is vitally important for 
sedation patients! 

 
During sedation, changes in breathing are often noted well before 
cardiovascular changes 

 
Respiration may be monitored by: 

1) Determining the respiratory rate 
2) Observing rise and fall of the chest wall 
3) Observing the color of mucous membranes 
4) Observing inflation and deflation of the reservoir bag if inhalation 
sedation is used 

 
Visualization of inflation/deflation of the reservoir bag is a valid method of 
determining air exchange if an airtight seal of the mask is maintained 
Holding a mirror or an ungloved hand in front of the patient’s mouth or nose so 
that air is felt (or seen fogging the mirror) is a good method of determining 
exchange of air is occurring 
 
Respiration - devices used to assess respiration include:  

 Precordial stethoscope  
 Pretracheal stethoscope   
 Esophageal stethoscope 

 
A precordial / pretracheal stethoscope involves a weighted stethoscope head 
secured in place with tape to either the precordial or pretracheal area 
 
The esophageal stethoscope is designed for placement into the patient’s 
esophagus through their nose or mouth 
 

- This obviously would not be tolerated during oral sedation, but is 
excellent for general anesthesia 
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Note:  There can be an approximately 30 second delay in the 
readings of pulse oximetry. 

 
Pulse Oximeter 
 PaO2 = partial atmospheric pressure of oxygen that is dissolved in the 

blood.  Measured in mmHg 
 SaO2 = oxygen saturation of the blood as defined as % of heme sites 

occupied by an oxygen molecule  
 Sp02 = estimate of oxygen saturation as  calculated by the pulse oximeter  

 
 
The relationship between the amount of oxygen dissolved in the blood and the 
amount attached to the hemoglobin is called the oxyhemoglobin dissociation 
curve  
 

97% saturation = 97 mmHg (PaO2)  →  Normal 
90% saturation = 60 mmHg (PaO2)  →  Danger! 

80% saturation = 45 mmHg (PaO2)  →  Severe Hypoxia! 
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Oxyhemoglobin Dissociation 
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Changes in this curve can be caused by: 
 1.  Alkalosis/Acidosis 
 2.  Changes in PaCO2 
 3.  Hypothermia/Hyperthermia 
 4.  Increased or decreased 2-3-DPG (a normal by-product of red blood cell 
 metabolism) 
 
 
Considerations for Pulse Oximetry: 
 
 Effect of non-functioning hemoglobin: 
 Pulse ox only measures oxygenated hemoglobin (HbO2) and deoxygenated 

hemoglobin (Hb) 
 When patients have large amounts of non-functioning hemoglobin pulse 

oximeter readings can vary widely! 
o Carboxyhemoglobin (HbCO) 
o Methemoglobin (METHb) 
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Anemia (a lack of red blood cells causes anemia) 

 Hemoglobin 
The small of amount of hemoglobin may be well saturated with oxygen 
Pulse ox readings will be normal  
Changes in pulse ox are concerning b/c pt may not have enough O2    going 
to tissues 

 
Dyes 

Some surgical dyes can impact Pulse Ox use 
Dyes can alter light transmission thru blood 
If the patient’s blood contains the following dyes, pulse oximetry cannot be 
used: 

Methylene blue 
Indiocyanine green 
Indiocarmine 

 
Bilirubin, the breakdown product of RBC, does not affect Pulse Ox 
readings 

 
Common sources of error: 
 Light interference – consider covering the site 
 Movement artifacts – usually pulse readings 
 Sensor application – tight vs. loose 
 Inadequate blood flow – BP cuff, tight clothing 
 Nail polish 

 
 
 
What else is out there for patient assessment during 
in-office sedation? 
 
 
Bispectral Index Monitoring (BIS) 
 
BIS Monitoring measures EEG on a dimensionless 
scale from 0-100.  A BIS reading of 0 corresponds to 
flat-line EEG (no brain activity).  A BIS of 95 to 100 is 
normal.  A BIS reading of ≤ 60 is commonly 
considered general anesthesia.   
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What about Pulse CO-Oximetry? 
 
Pulse CO-Oximeter measures: 

1. Pulse 
2. Oxygen saturation 
3. Carboxyhemoglobin 
4. Methemoglobin 

 
Remember that pulse oximeters show oxygen saturation as SpO2 (an estimate of 
the true oxygen saturation) 
 
“True” oxygen saturation is written as SaO2 

 
In the blood, carbon monoxide combines with hemoglobin to form 
carboxyhemoglobin (COHb) 
 
In smokers, the amount of COHb in the blood ranges from 5-15%. 
 
In non-smokers the level is 0.3-1.6% 
Even in places of environmental pollution the level does not exceed 1.9% 
Affinity of carbon monoxide for hemoglobin is 200x that of oxygen 
 
High levels of carboxyhemoglobin causes a left shift in the oxyhemoglobin 
dissociation curve – more difficult for tissues to extract oxygen.  Result is chronic 
tissue hypoxia – body compensates with more RBC  
   
Net effect = increased oxygen availability at the expense of plasma viscosity 
 
Currently pulse oximeters can only measure oxyhemoglobin (HbO2) and 
deoxyhemoglobin (HHb); COHb can not be measured. 
 
The pulse oximeter will grossly overestimate the oxygen saturation in chronic 
smokers!   

 
 

 
 
 
 

Source:  Anesthesia Progress 2000;47:143-150 
 
Pulse oximeter will show HbO2 + COHb (normal pulse oximeters can not 
differentiate the two hemoglobin species) 
 
Example:  Pulse oximeter reads 99% on a chronic smoker.  If they have 10% 
COHb then the true reading of HbO2 is 89%!!! 
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How do Pulse Oximeters calculate SpO2?

Fractional SpO2 = 
O2Hb x 100%

O2Hb + Hb + COHb + MetHb

Clinically…SpO2 = O2Hb - COHb

 
 
 
What is Methemoglobinemia? 
 
 Can occur in patients given extremely large doses of Prilocaine (>8 mg/kg 

or >8 carps in a 70 kg adult) 
 The metabolite of Prilocaine, o –toludine, causes oxidation of the iron 

atom in hemoglobin from the reduced to the oxidized state.  Fe2+ → Fe3+ 
 
Medications associated with Methemoglobinemia: 
 
 Local Anesthetics (Prilocaine, Benzocaine) 
 Analgesics (Acetaminophen, Celecoxib) 
 Antibiotics (Sulfonamides) 

 
Methemoglobinemia: 
 The resultant species of hemoglobin - Methemoglobin is unable to 

transport oxygen 
 Patient appears cyanotic 
 Blood takes on a bluish hue 

 
Fortunately, for most patients methemoglobinemia is well-tolerated 

 
Of concern are pediatric patients, patients with cardiovascular or pulmonary 
disease, or patients with hereditary methemoglobinemia 
 

For compromised patients or patients with hereditary 
methemoglobinemia, Prilocaine & Benzocaine should be avoided 
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Treatment of Methhemoglobinemia = IV methylene blue 
 
Organs with high oxygen demands (ie CNS, cardiovascular) usually are the first 
systems to manifest toxicity 
 
Normal methemoglobin fraction = 1% 
 At 3-15% signs may include changes in skin color 
 At 15-20% patients may be relatively asymptomatic, but cyanosis is likely 

present 
 At 25-50%, the signs and symptoms are: 

o Headache 
o Dyspnea 
o Lightheadedness 
o Weakness 
o Confusion 
o Palpitations, Chest pains 
o Methemoglobinemia 
 

 At 50-70%, the signs and symptoms are: 
o Altered mental status 
o Delirium 

 Death occurs when methemoglobin fractions approach 70% 
 
 
Drugs that can cause Methemoglobinemia: 
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End-Tidal CO2 Monitoring (ET CO2) 
The ability to measure a patient’s exhaled 
carbon dioxide (CO2) 
 
 
Advantages 

 Measures ventilation via detecting 
exhaled CO2 

 Rate 
 Alarm 

 
Disadvantages 
 Non-intubated patient – difficult and 

inaccurate if patient is a mouth breather 
 Expensive 

      
 
Capnography:  
Refers to the comprehensive measurement & display of CO2, including end-tidal, 
inspired, and the capnogram (real time CO2 waveform) 
 
Capnometry: 
Refers to the measurement and display of CO2 in numeric form only 
Normal PaCO2 = 40 ± 5 mmHg 
 
ET CO2 = 0 mmHg indicates the patient is not being ventilated 
 Upper airway obstruction 
 Apnea 
 ET misplaced 
 Ventilator disconnect / malfunction 
 Disconnect of sample line  

 
 
 


