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Spectrum of analgesia to anesthesia

Reprinted with permission from Wolters Kluwer Health, Inc.; 

American Society of Anesthesiologists Task Force on Sedation and Analgesia by Non‐Anesthesiologists.

Minimal Sedation 
(Anxiolysis)

Moderate Sedation 
(Conscious Sedation)

Deep Sedation General 
Anesthesia

Responsiveness Normal response to 
verbal stimulation

Purposeful response to 
verbal or tactile stimulation

Purposeful response after 
repeated or painful 

stimulation

Unarousable even 
with painful stimulus

Airway Unaffected No intervention required Intervention may be 
required

Intervention often 
required

Spontaneous 
ventilation

Unaffected Adequate May be adequate Frequently 
inadequate

Cardiovascular 
function

Unaffected Usually maintained Usually maintained May be impaired

J Am Heart Assoc. 2016;5(6):e003629.



EWHA WOMANS UNIVERSITY MEDICAL CENTER 

Patient control during cardioversion and EP procedure

Sedation
(mild or 

moderate vs. 
deep)

Pain Relief 

Anesthesia
(General)

• Easy preparation
• Low cost, relatively 
• Proceduralist‐directed 

nurse‐administered 
(PDNA) model, possible

• Patient control and stability during procedure

• Stability during procedure
• Safety
• Anesthesiologist needed
• High cost
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Systems of Sedation Delivery

Should an anesthesiologist be present on site during cardiologic interventions? 
J Cardiothorac Vasc Anesth. 2011;25:e51.

• A 2011 national survey evaluating approaches to sedation in EP labs cited 
several reasons for selecting proceduralist‐directed nurse‐administered 
(PDNA) rather than the anesthesia‐provider administered model, including ease 
of scheduling, faster turnover times, and lower costs.

Considering points
• Patients undergoing sedation outside of the operating room are at higher risk for 

airway‐related complications. 
• A closed claims analysis of out‐of‐operating‐room procedures found higher rates 

of inadequate oxygenation and ventilation (21% versus 3%, P<0.001), claims 
for death (54% versus 29%, P<0.001), and more frequent respiratory events 
(44% versus 20%, P<0.001).

J Korean Med Sci 2018;33:e183.
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Electrophysiologic Procedures

• AF ablation

• VT ablation

• SVT ablation 

• Electrical Cardioversion

• CIED procedure
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AF ablation

2012 HRS/EHRA/ECAS Expert Consensus Statement on Catheter and Surgical Ablation of Atrial Fibrillation:

Europace. 2012;14:528–606. 

• Because these procedures are lengthy and necessitate patient immobility at 
certain critical times, deep sedation or GA is typically required. 

• Among Heart Rhythm Society/European Heart Rhythm Association expert 
consensus statement task force members, ≈50% reported using GA for all AF 
cases.

• In the aggregate, the literature on  proceduralist‐directed nurse‐administered 
(PDNA) with propofol demonstrates a relatively low cumulative incidence of 
positive pressure ventilation (PPV) and intubation, but a significant overall 
associated incidence of hypoxia and hypotension with this technique. 

• A major concern is propofol's narrow therapeutic window; thus it seems prudent 
to question the generalizability of these findings and the underpowered nature of 
these analyses for rare but catastrophic events. 

J Am Heart Assoc. 2016;5(6):e003629.
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Proceduralist‐Directed Nurse‐Administered (PDNA) Sedation 
for AF Ablation

J Am Heart Assoc. 2016;5(6):e003629.

Primary 
Author Year Study Design Patient Medications

Capnography
/Monitoring 
and Airway

Intended Level 
of Sedation

Sedation‐
Related Outcomes

Tang et al. 2007 RCT Deep sedation 
vs conscious sedation

120 Propofol infusion 
vs 
midazolam+fenta
nyl

None Deep sedation vs 
conscious 
sedation

Propofol; Hypotension –
28% (vs 16%), Hypoxia –
21.7% (vs 6.7%) 2 pts bag 
mask (vs 1 pt), 1 cardiac 
arrest

Kottkamp et al. 2011 Observational No 
exclusions reported

650 Propofol, 
midazolam, 
fentanyl

None/Orophar
yngeal airway

Deep sedation Hypotension (≤70 mm Hg) 
2.3%, ephedrine bolus 15%, 
Hypoxia (<85%) 1.5%, 
mask ventilation 1.2%

Salukhe et al. 2012 Observational 
Exclusion; No 
exclusions reported

1000 Propofol 
infusion+fentanyl, 
midazolam if 
propofol stopped

None Deep sedation Propofol cessation – 13.6% 
hypotension 1.9% 
respiratory depression (1 pt
bag‐mask vent)

Wutzler et al. 2013 Observational 3 
groups by age 
Exclusion not defined

401 Propofol, 
midazolam, 
piritramide

None/Orophar
yngeal airway

Deep sedation 1 hypoxic event related to 
contrast reaction, no 
hypotension (≤80 mm Hg or 
≥40% change)

Sairaku et al. 2014 RCT Exclusion; OSA 87 Dex vs thiamylal 
Both groups 
pentazocine, 
rescue thiamylal

None/SD‐101 
portable 
respiratory 
monitor

Moderate 
sedation

Dex; Less apnea, higher 
RASS, lower movement 
index, shorter procedure, 
trend for hypotension
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Kottkamp et al. J Cardiovasc Electrophysiol. 2011;22:1339–1343. 

Proceduralist‐Directed Nurse‐Administered (PDNA) Model for AF Ablation

• Deep Sedation for Catheter Ablation of Atrial Fibrillation: A Prospective Study in 
650 Consecutive Patients.

• Sedation was initiated with an intravenous (iv) bolus of midazolam, and 
analgesia with an iv fentanyl bolus. 

• After an iv propofol bolus, maintenance of sedation was achieved with continuous 
iv administration of propofol with a guide dose of 5 mg per kg per hour. 

• Heart rate, invasive arterial blood pressure, and oxygenation were continuously 
monitored. The administration of sedation and analgesia medication were 
performed by a nurse under the supervision and instructions of the 
electrophysiologist. No major sedation‐related complications were observed. 
Endotracheal intubation was necessary in none of the patients.

• The authors concluded that PDNA deep sedation for AF ablation is safe and 
practical.
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Heart Rhythm 2011;8:368–372

General anesthesia reduces the prevalence of pulmonary vein reconnection 
during repeat ablation when compared with conscious sedation

• At the repeat procedure, 42% (66/158) of PVs in mild conscious sedation group 
had recovered PV conduction, compared with 19% (11/57) in GA group              
(P =0.003). 
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Heart Asia 2019;11:e011155.

Anesthesia use in catheter ablation for atrial fibrillation: 
a systematic review and meta-analysis of observational studies

• Sedative agents are commonly applied to avoid body movement, maintain stability 
of catheters and reduce pain.

(1) The use of GA/deep sedation may confer increased chance of procedural success.

(2) Since there is no significant difference in mean procedural and fluoroscopy time, 
the GA/deep sedation is equally efficient as the mild/moderate sedation approach.

(3) Patients who use GA/deep sedation are associated with lower risk of recurrence 
on follow-up compared with the mild/moderate sedation group though statistically 
insignificant.

(4) GA/deep sedation was also found to be equally safe with mild/moderate sedation 
in terms of total complication rate.
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Ventricular Tachycardia (VT) Ablation

• Unstable hemodynamics, long procedure times, and patient comorbidities 
often result in the use of GA for ventricular tachycardia (VT) ablation.

• Nof et al. performed a retrospective and prospective study in patients with 
sustained VT associated with structural heart disease. 

• In the retrospective comparison of 226 patients, there was no difference in VT 
inducibility, complications, or abolition of clinical VT, but there was a higher 
incidence of hemodynamic support in the GA group. 

• Though VT storm has been managed with deep sedation and GA, VT ablation 
success does not seem to be impacted by the use of GA.

J Am Heart Assoc. 2016;5(6):e003629.

Impact of general anesthesia on initiation and stability of VT during catheter ablation. 

Heart Rhythm. 2015;12:2213–2220.
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Supraventricular Tachycardia (SVT) Ablation

• Conscious sedation with intermittent midazolam- and fentanyl-reduced patient 
discomfort during electrophysiology study and ablation of supraventricular 
tachycardia without affecting tachycardia inducibility. 

• Sedation administered in the absence of an anesthetist was safe.

J Am Heart Assoc. 2016;5(6):e003629.
Europace (2019) 21, 142–146.
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Electrical Cardioversion (EC)

• The ideal anesthetic agent for EC should have a short onset time and duration 
of action producing a rapid loss of consciousness and prompt recovery with 
minimal adverse hemodynamic and respiratory effects.

• Currently, sedation for EP procedures including EC is most often performed with 
benzodiazepines, opioids, and propofol.

• Multiple studies demonstrate that for EC, PDNA midazolam, diazepam, or even a 
combination of midazolam and propofol is well tolerated. 

• There is no single ideal sedative agent for EC but, propofol is likely superior as 
compared to benzodiazepines. However, adverse respiratory events still 
occurred.

J Am Heart Assoc. 2016;5(6):e003629.
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Electrical Cardioversion (EC)

• Midazolam brings the advantage of hemodynamic stability with few side effects 
but a prolonged recovery time.

• Propofol, with its fast-acting and antiemetic properties, is an excellent choice in 
most cases.

• Propofol has proven to be superior with respect to sedation, hemodynamic 
stability, and cardiologist satisfaction, except for elderly patients with structural 
cardiac disease, for whom the use of etomidate/fentanyl offers advantages.

• During cardioversion, complications usually are related to airway obstruction, 
prolonged apnea, aspiration risk, arrhythmias accompanied by hemodynamic 
instability, and skin burn.

Journal of Cardiothoracic and Vascular Anesthesia 00 (2021) 1-9.
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CIED implantation

• The majority of cardiovascular implantable electronic devices implantations 
appear safe when PDNA moderate sedation is targeted.

• Based upon the limited observational studies, even for patients undergoing a 
relatively minor procedure such as cardiovascular implantable electronic devices 
insertion, and even when administered by an anesthesia provider, propofol causes 
significant rates of respiratory depression and hypotension. 

• However, if deep sedation or use of propofol is required (ie, for subcutaneous ICD 
implantation), anesthesiology services may be more suitable. 

J Am Heart Assoc. 2016;5(6):e003629.
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S-ICD implantation

• Pain control is the main issues 
when S-ICD procedure.

• Serratus anterior plane block (SAPB) reduces perioperative sedation use and 
discharge analgesia in subcutaneous implantable defibrillator implantation

• SAPB is performed by ultrasound-guided infiltration of 50ml prilocaine into the 
inter-fascial plane between the serratus anterior muscle and latissimus dorsi 
at the mid axillary line over the level of the 5th rib.

• In the SAPB+ cohort, a greater proportion were performed using conscious 
sedation (97.5% vs 84.8%; p=0.036) with a lower required dose of midazolam 
(3.3mg vs 6.4mg; p<0.001). 34 (83%) patients in the SABP+ cohort required no 
analgesia at discharge compared for 42 (53.2%) in the SAPB- cohort (p=0.042).

2021 EHRA congress, abstracts sessions
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Systems of Sedation Delivery

• There are numerous patient and institutional factors to consider when creating the 
optimal anesthetic plan.

• These must be balanced against increased costs, scheduling challenges, and the 
anesthesia care team's level of familiarity with EP procedures.

• Both propofol and dexmedetomidine have been safely used, with midazolam 
and fentanyl given to initiate sedation. 

J Am Heart Assoc. 2016;5(6):e003629.
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Systems of care flowsheet

J Am Heart Assoc. 2016;5(6):e003629.

• Multidisciplinary Care system
 Dedicated anesthesia with 

anesthesiologist vs. PDNA 

• Clinical procedure type
 Risk of hypoventilation
 AF or VT ablation
 Deep sedation (cardioversion)
 Risk of aspiration

• Choice of drugs for Analgesia  
and anesthesia

 Propofol
 Opiated/benzo (midazolam, 

fentanyl, remifentanil)
 Dexmedetomidine
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Summaries : Electrophysiologic Procedures

• Multidisciplinary Care system
 Dedicated anesthesia with 

anesthesiologist vs. PDNA 

• Clinical consideration
 Risk of hypoventilation
 AF or VT ablation, long procedure
 Risk of aspiration
 Short and deep sedation (cardioversion, 

CEID)

• Analgesia to anesthesia
 General anesthesia
 Propofol
 Dexmedetomidine
 Opiated/benzo (midazolam, fentanyl, 

remifentanil, morphine)

• AF ablation

• VT ablation

• SVT ablation 

• Electrical Cardioversion

• CIED procedure

Proceduralist‐Directed Nurse‐Administered 
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