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 Procedural sedation

 Patients under regional anesthesia in the OR

 Post-Anesthesia Care Unit (PACU)

 Patients who receive potent analgesic 

therapy (e.g., postop)

 Critically ill patients (ICU) *

Where do we find sedated                                 
non-intubated patients?



 Hypoxemia

 Respiratory depression 
(hypoventilation, hypercapnia, apnea) 

 Airway obstruction 

 Aspiration

What are the respiratory risks?



Oxygenation



“The role of pulse oximetry in clinical 
anesthesia and intensive care has evolved to 
the point where it is unlikely that we will ever 
be able to do without it”.



The oximeter is a cost-effective intervention that 
enables early detection of hypoxia before irreversible 
damage occurs; it should be more accessible in all 
operating rooms of this type.



Hypoxemic episodes in the 
PACU occur ≥30 min after 
admission, a time by 
which the anesthesia 
provider who transported 
the patient usually would 
no longer be present, and 
resolve more slowly than 
episodes in operating 
rooms.



Douw G, et al



 Severe and prolonged episodes of hypoxemia were a 
consistent finding, despite aggressive preoperative diagnosis 
and treatment of OSA, including use of CPAP postoperatively. 

 In no instance was a significant hypoxemic episode suspected 
or detected. 

 We recommend that every bariatric surgical patient be 
monitored by pulse oximetry with alarm capability enabled. 



Oximetry effectively detects oxygen desaturation and 
hypoxemia in patients undergoing sedation and analgesia.

All patients undergoing sedation/analgesia should be 
monitored by pulse oximetry with appropriate alarms. 



 Measurement of oxygen saturation is relatively 
insensitive to the earliest signs of hypoventilation 
because significant changes in arterial PaO2 may 
occur with little alteration in oxygen saturation. 

 This is particularly true for those individuals 
receiving supplemental oxygen.



Pulse oximetry is a useful tool to assess 

ventilatory abnormalities, but only in the 

absence of supplemental inspired oxygen.



Fu ES, et al.

Chest. 2004, 126: 1552

The pulse oximeter is a 

LATE detector of 

respiratory depression 

if supplemental oxygen              

is being administered



Only the PaO2 can be used to assess the hyperoxic range; 

however, measurements are both intermittent and delayed. 

Is the PaO2 80 or 400 mmHg?

The limitations of pulse oximetry



ORI is a non-invasive 

continuous parameter that 

provides information about 

the oxygenation in the 

moderate hyperoxic range -

PaO2 >100 and <≈200 mmHg

The Oxygen Reserve Index (ORI)



 The ORI is aimed for patients receiving 
supplemental oxygen. 

 The ORI may provide an advance warning of an 
impending hypoxic state.

 ORI may enable proactive interventions to avoid 
hypoxia or unintended hyperoxia.

The Oxygen Reserve Index (ORI)



S-377 - RELATIONSHIP BETWEEN OXYGEN RESERVE 

INDEX AND ARTERIAL PARTIAL PRESSURE OF 

OXYGEN DURING SURGERY

R. Applegate, et al. Proceedings of the International Anesthesia 

Research Society Annual Meeting, March 23, 2015, Honolulu, Hawaii.



Fu ES, et al.

Chest. 2004, 126: 1552

ORI?



Ventilation



 The primary causes of morbidity associated with 
sedation/analgesia are drug-induced respiratory 
depression and airway obstruction. 

 Because ventilation and oxygenation are separate though 
related physiologic processes, monitoring oxygenation by 
pulse oximetry is not a substitute for monitoring 
ventilatory function.



The majority of RD events in this national database shared three 
basic features: 

 they occurred within the first 24 h of surgery.
 they resulted in death or severe brain damage.
 they were preventable.







Waugh JB, Epps CA, Khodneva YA. 

Cases of respiratory depression were 17.6 times 
more likely to be detected if monitored  by 
capnography during sedation than cases not 
monitored by capnography.



Eur J Anaesthesiol 2010; 27:1016-1030.

 Visual assessment of respiratory activity…is not a reliable 
method of detecting apnea.

 Capnographic monitoring may reduce episodes of 
hypoxemia … but no clinical impact has been demonstrated. 

 Therefore, capnography cannot be recommended as 
standard. (Evidence level 1+, Recommendation grade B)

Endoscopy 2010; 42:960



During moderate or deep sedation the adequacy of ventilation 
shall be evaluated by continual observation of qualitative clinical 
signs and monitoring for the presence of exhaled CO2 unless 
precluded or invalidated by the nature of the patient, procedure, 
or equipment. 



 Respiratory rate has been described as being the “neglected 
vital sign”. 

 Counting respiratory rate is time consuming, is not continuous, 
cannot be audited and, to be sure there is adequate 
ventilation associated with chest movements, requires a 
stethoscope.







 The Acoustic Respiration Rate (RRa) enables the automatic 
continuous monitoring the breathing rate and status.



 The Acoustic Respiration Rate (RRa) enables the automatic 
continuous monitoring the breathing rate and status. 

 An abnormal breathing pattern may be indicative of airway 
obstruction or respiratory distress. 



 Patient surveillance system (SafetyNet, Masimo) based on 
pulse oximetry and acoustic respiratory rate monitoring with 
nursing alarm notification via wireless pager. 



 Patient surveillance system (SafetyNet, Masimo) based on 
pulse oximetry and acoustic respiratory rate monitoring with 
nursing alarm notification via wireless pager. 

 A 10 months observation period after implementation of the 
system in a 36-bed orthopedic unit (2,841 patients). 

 Rescue events decreased by 65% (from 3.4 to 1.2 per 1,000 
patient discharges) and ICU transfers by 48% (from 5.6 to 2.9 
per 1,000 patient days). 



Airway obstruction



The primary causes of morbidity associated with 

sedation/analgesia are drug-induced respiratory 

depression and airway obstruction. 





 The overall incidence of airway obstruction among 486 
patients admitted to the PACU was 30.8%.

 Forty-five patients (9.2%) required airway support in 
the PACU.

 Only 16 patients (3.2%) encountered a drop in SpO2 to 
less than 94%. 



 Airway obstruction may not be detected by any of the 
parameters that are currently recommended.

 Excessive respiratory variation in the Pleth signal is 
the most sensitive sign of upper airway obstruction in  
spontaneously breathing patients.



CO2

Pleth

Impedance

Art P.

‘Classic’ picture of severe airway obstruction                                 
in the PACU. 



A 70 years old patient, severe COPD, 15 
minutes after arrival to Recovery following 

extensive liver surgery.



Patient was immediately re-intubated 
(before a CO2 value of 71 mmHg came 

back from the lab)



 Higher doses of propofol are associated with increased 
collapsibility of the upper airway. 

 This dose-related inhibition seems to be the combined 
result of depression of central respiratory output to 
upper airway dilator muscles and of upper airway 
reflexes.





Eur J Anaesthesiol 2010; 27:1016-1030

Endoscopy 2010; 42:960











 Sedation in the non-intubated patient may be associated 
with severe respiratory (and other) complications that may 
lead to a fatal outcome when not iagnosed in a timely manner.

 New non-invasive monitoring technologies, such as the 
combination of oximetry and ORI, capnography, monitoring 
respiratory rate and variations in the pleth signal, may provide 
early signs of deterioration in oxygenation, ventilation and 
airway patency. 

 Their use may therefore increase the safety of the sedated 
non-intubated patient during procedural sedation, in the ICU, 
OR, PACU, and the general ward.

Thank you for your attention! 

Conclusions


