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Abstract 

 

Problem Statement: Currently, in the United States, there are approximately 3 million patients 

with Cardiovascular Implantable Electronic Devices (CIEDs). Annually, more than 1 million 

CIEDs are implanted and 2% of patients with CIEDs undergo cardiac/non-cardiac surgical 

procedures. With the increase in surgical patients with CIEDs, CIED variations and CIED risk of 

complications, anesthesia providers must have current knowledge about preoperative and 

postoperative management of this patient population.  

 

Purpose: The purpose of this Doctor of Nursing Practice (DNP) project was to develop an 

evidence-based clinical practice guideline (CPG) for standardizing the preoperative and 

postoperative anesthesia management of surgical patients with CIEDs at a large, teaching, level 

two trauma hospital in Baltimore, Maryland. Currently, there is no existing evidence-based 

practice for anesthesia management of these patient populations at this facility which provided 

an educational opportunity to improve patient safety. 

 

Methods: An expert panel was convened and included two Certified Registered Nurse Anesthetists 

(CRNAs), one anesthesiologist, an interventional cardiologist, and a chief information officer. A 

comprehensive review of literature was conducted. The Appraisal of Guidelines for Research & 

Evaluation II (AGREE II) Tool was utilized by the expert panels to assess the quality of the CPG. After 

the dissemination of the CPG via an educational PowerPoint presentation to anesthesia providers at 

Grand Rounds, the practitioner feedback questionnaire (PFQ) was completed. The PFQ is a 3-point 

Likert-scale used to assess the accuracy and transparency of the development of the CPG. 

 

Results: The domain scores of the AGREE II tool ranged from 70 to 100%. The domain 

“Editorial Independence” rated highest with a score of 100%. The domain “Stakeholder 

Involvement” rated lowest with a score of 70% and “Applicability” with a score of 81%. 80% of 

anesthesia providers (n=30) completed PFQ. Overall, 94% of the anesthesia providers agreed 

that the guideline should be approved for practice and it would be applied in their practice. 

 

Conclusion: This CPG impacted the knowledge deficit among anesthesia providers at this 

facility to increase awareness and improve patient safety of surgical patients with CIEDs. Even 

though this CPG was designed based on the need of this institution’s anesthesia providers, 

stakeholders permitted the application and usability of this CPG at other sister hospitals under 

this facility’s health system.  
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Introduction 

Currently, in the United States, there are approximately 3 million patients with 

Cardiovascular Implantable Electronic Devices (CIEDs). Annually, more than 1 million CIEDs 

are implanted and 2% of the patient population undergoes cardiac/non-cardiac surgical 

procedures (Neubauer et al., 2018). With the increase in surgical patients with CIEDs, CIED 

variations and CIED risk of complications, anesthesia providers must have current knowledge 

about preoperative and postoperative management of this patient population. According to the 

American Society of Anesthesiologists and Heart Rhythm Society, recommendations for surgical 

patients with CIEDs are based on expert clinical opinion due to lack of data concerning the 

statistical occurrence of electromagnetic interference (EMI) affecting CIEDs during surgery 

(Crossley et al., 2011). Even though there is limited high-quality clinical evidence concerning 

this problem, current recommendations indicate that a thorough pre and post-operative 

assessment can assist in providing safe anesthesia management by reducing the incidence of 

adverse outcomes such as EMI (Neubauer et al., 2018).    

CIEDs are divided into pacemakers and implantable cardioverter defibrillators (ICDs). 

Pacemakers are used to treat bradycardia arrhythmia by increasing heart rate on demand, while 

ICDs are used to treat ventricular arrhythmia (i.e., ventricular tachycardia or fibrillation) by 

delivering a defibrillator shock when needed. One consequence of EMI on a pacemaker during 

surgery is the inhibition of pacing on the device that can lead to hemodynamic instability such as 

bradycardia and hypotension (Rooke et al., 2015). Another consequence of EMI on an ICD is the 

untimely delivery of anti-tachycardia therapy, which can lead to myocardial injury, ventricular 

tachycardia, ventricular fibrillation and even death (Rooke et al., 2015). With the increasing 

variations of CIED devices, there are confusing recommendations in caring for these populations 
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during the perioperative phases (Neubauer et al., 2018). Anesthesia providers need to have 

current evidence-based knowledge about the perioperative management of these patient 

populations to prevent CIED complications during surgery.  

A large, teaching, level two trauma hospital in Maryland has stated the necessity for a  

clinical practice guideline (CPG) concerning CIEDs due to the current practice of inconsistent 

perioperative assessments of surgical patients with CIEDs. Currently, at this institution, there 

were four records of EMI in the past year involving CIEDs during surgery leading to arrhythmias 

and hemodynamic instability which required anesthesia providers’ intervention to decrease the 

patient’s morbidity and mortality. The purpose of this scholarly project was to develop a 

standardized evidence-based CPG for preoperative and postoperative anesthesia management of 

surgical patients with CIEDs.  

Literature Review 

Analysis  

 According to Table A, these literature reviews focused on surgical patients with CIEDs 

and anesthesia management of these patient populations. Gifford et al. (2014) assessed the 

anesthesia management of surgical patients with ICD while using monopolar electrocautery. This 

study concluded that there are higher risks of threatening arrhythmia in the ICD off time group 

instead of the magnet suspension group. Magnet application did not turn off the ICD however, it 

suspended the ICD’s arrhythmia detection during surgery. Based on the distance of ICD implant 

from the surgical site, no EMI was noted in the surgical sites greater than 6 inches from the site 

of ICD even though monopolar cautery was used.  

 A cohort study conducted by Rooke et al. (2015), compared the management of surgical 

patients with CIEDs between a trained Anesthesiologist Cardiology Device Service (ADS) and 
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Electrophysiology Cardiology Service (EPCS). This study concluded that there were no 

differences in perioperative assessments between the two groups. It is important to develop 

anesthesia management for surgical patients with CIEDs that ensure patient safety 

perioperatively. Investigation on the extent of the intended surgery, duration, and strength of 

electrocautery must be conducted to formulate safe anesthesia care. 

 Ellis et al. (2017) conducted a cohort study that evaluated the effectiveness of initiating 

an anesthesiologist CIED service for assessing and improving surgery efficiency and patient 

safety. Results concluded improved patient safety and operative room efficiency by a reduction 

in mean surgical start delays. Specially trained anesthesiologists leading the CIED service 

provided competent, and cost-effective care for these patient populations based on the reduction 

in operation room delays from 53.4 minutes to 20.2 minutes. Thus, saving the institution about 

$14,102 annually in CIED pre-operative screening.  

Gifford et al. (2017) focused on reviewing preoperatively magnet response in surgical 

patients with CIEDs. Pacemaker dependent surgical patients with surgery sites less than six 

inches from their device had their AICD reprogrammed asynchronously to prevent any intra-

operative complications. Based on the distance of CIED implant from the surgical site, there was 

more risk of EMI with surgeries less than six inches from CIED sites or above the iliac crest (i.e., 

45% in thoracic surgeries, 35% in head and neck surgeries, 15% in upper extremity surgeries, 

3% in abdominal surgeries, and none in surgeries below the iliac crest/umbilicus). The author 

concluded that surgical location, type of CIED and programmed magnet response should be 

evaluated before surgeries. 

Neubauer et al. (2018) observational prospective study evaluated the efficiency of the 

ICD-ON protocol for the management of patients with CIEDs requiring surgeries based on 
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surgical sites and type of electrocautery being utilized. The ICD was reprogrammed for surgery 

above the umbilicus involving monopolar cautery and a magnet was used on ICD for surgery 

above or below the naval involving a bipolar cautery. EMIs were not noted based on the 

postoperative ICD analysis with surgical sites below the umbilicus with monopolar 

electrocautery and in surgical sites above the umbilicus with bipolar electrocautery. This study 

along with Gifford et al. (2017) recommended the importance of preoperative discussion with 

surgeons concerning the type of electrosurgery that will be used and the distance of CIED 

implant from the surgical site due to increased risk of EMI with surgeries less than six inches 

from CIED sites. 

Schulma et al. (2018) evaluated the occurrence of intraoperative EMI based on surgical 

sites and the type of electrocautery being utilized. Cardiac surgical patients with CIEDs had the 

highest rate of EMI during the pre-intervention with 29% and post-intervention with 8.8%. 

Followed by surgery above umbilicus with 7% before intervention and 2.9% after intervention. 

Lastly, surgery below umbilicus had the lowest rate of EMI with 0% for pre and post-

intervention. This study supported the benefits of anesthesia providers understanding the risk of 

EMI and the importance of pre/ post-operative assessment of CIED. Gifford et al. (2017), 

Neubauer et al. (2018) and Schulma et al. (2018) concluded that surgical location, type of 

electrosurgery, and type of CIED should be evaluated before surgeries especially surgeries 

involving thoracic, head/neck, and upper extremity region.  

Izrailtyan et al. (2013) evaluated the impact of applying intraoperative use of magnet on 

pacemakers and ICDs. It focused on an elderly 89-year-old man status post-ICD placement for 

tachyarrhythmias and undergoing right hip surgery. Based on the intraoperative ICD response to 

magnet application, this study concluded that life-threatening tachycardias can still occur in 
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surgeries under the iliac crest (i.e., greater than 6 inches) when monopolar cautery is used. It is 

crucial to discuss the option of bipolar cautery with the surgical team before surgery.   

Ip, Liu, Chen, & Lerman (2017) study focused on an elderly 80-year-old woman with a 

dual-chamber pacemaker undergoing a mastectomy surgery. Based on the intraoperative 

pacemaker’s response to magnet application, asystole was observed in the pacemaker-dependent 

patient after anesthesia induction. This study emphasized the importance of anesthesia providers 

collaborating with the cardiac electrophysiology and surgical team in the optimization of these 

patient populations before surgery. 

Synthesis  

Overall, the evidence concluded the support for the implementation of this CPG to guide 

preoperative assessments and decisions. Anesthesia providers need to have current knowledge 

about preoperative and postoperative management of surgical patients with CIEDs to reduce 

CIED complications during the perioperative period. All the studies discussed are of low quality 

of evidence except for the study by Gifford et al. (2014) which was a randomized controlled 

study. Other studies discussed in this literature review included cohort, observational and case 

studies indicated low quality of evidence. Even though the current evidence is of low quality, it 

can be utilized to increase patient safety. Furthermore, more high-leveled studies focused on 

pre/postoperative anesthesia assessment of surgical patients with CIEDs are needed to decrease 

perioperative complications. 

The results of the studies stressed the importance of conducting thorough assessments of 

the CIED device to ensure the functioning of the device before surgery. Preoperatively 

communication between the CIED, anesthesia, and surgical teams about the type of 

electrocautery and the location of the surgical incision also plays an important role in the 
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incident of EMI. Overall, the information about surgical patients with CIEDs is consistent among 

the various articles. In conclusion, this evidence supported the importance of assessing 

preoperative CIED function and the patient’s comorbidities so that individualized perioperative 

anesthesia care can be created. 

Theoretical Framework 

Change is vital for organizational growth especially in healthcare where current 

evidence-based practice must be occasionally adapted to stay up to date with the standard of 

care. Lewin’s Change Theory was chosen for this DNP project based on its description of 

organizational changes that can be incorporated into the clinical problem of anesthesia 

management of CIED surgical patients. This theory is known as the “Unfreeze, Moving 

(Change) and Refreeze” theory (Lewin, 1947). Lewin’s change theory explained how an 

organizational change is dependent on the nature of the organization, the implemented change, 

and the people involved (Lewin, 1947).  

The three phases discussed in this theory are unfreezing, change, and refreezing.  

The first phase “unfreezing” evaluated the necessity and willingness for a change (Lewin, 1947).  

Stakeholders and expert panels planned for change by replacing the current facility practices 

with the developed evidence-based CPG. Staff was supported through education, motivation, and 

evidence of change to reestablish the new expectations of anesthesia providers.  

 The second phase “change” involved the implementation of phase one, after staff 

education and new CPG development was established (Lewin, 1947). There was continual 

reciprocal feedback and communication between stakeholders and anesthesia staff on this 

change's success to make necessary modifications. Recruitment of CPG champions (i.e., 



ANESTHESIA MANAGEMENT OF SURGICAL PATIENTS WITH CIED       9 

operating room nurses and anesthesia providers) was also important to inspire and support staff 

through this phase.  

 The final phase "refreezing” involved the integration of these new behaviors and 

standards of care through consistent utilization of the new CPG. This included the use of the 

pre/post-operative CPG for surgical patients with CIEDs and adhering to recommendations 

during perioperative stages to create a comprehensive anesthetic care plan. Monitoring changes 

through pre- and post-implementation analysis was essential for this phase to make necessary 

adjustments needed for the success of the CPG. Reinforcement of the importance of the CPG 

was essential especially for individuals who are resisting change. At this stage, anesthesia 

providers need to embrace change to further the acceptance of the CPG at an organization level.  

Method 

This CPG was created to offer a reference in the standardization of preoperative and 

postoperative anesthesia management of surgical patients with CIEDs at a large, teaching, level 

two trauma hospital in Baltimore, Maryland. The target population for this CPG was the 

Anesthesia Department [i.e., Anesthesiologists, Certified Registered Nurse Anesthetists 

(CRNA), and Student Registered Nurse Anesthetists (SRNA)]. This project occurred in four 

phases beginning with the approval of the CPG by the Institutional Review Board (IRB) of the 

University of Maryland Baltimore and the local institution.  

Phase I 

Phase one of the DNP project began with an initial meeting with the expert panel (EP) 

and clinical site representative to present evidence supporting the CPG. An expert panel was 

convened and provided with a draft CPG that was developed using evidence based literature. The 

expert panel included two CRNAs, one anesthesiologist, an interventional cardiologist, and a 
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chief information officer. The expert panel provided feedback on the draft CPG and it was 

revised afterward. A second meeting introduced the Appraisal of Guidelines for Research and 

Evaluation (AGREE II) tool which was distributed at the beginning of the meeting and collected 

anonymously at the end for review. The AGREE II found in Appendix C is a 23-part instrument 

utilized by the EP to assess the quality of the CPG. Results from the AGREE II tool were utilized 

to revise the CPG and come to a consensus on the final draft of the CPG.  

Phase II 

Phase two began with a meeting consisting of administrative sponsors to obtain approval 

of the final CPG. The administrative sponsors consisted of the Chief CRNA and an 

anesthesiologist. Revisions made based on feedback from the administrative sponsors were 

approved by the expert panel before the final CPG was presented to anesthesia providers. 

Recruitment of CPG champions to inspire and support staff throughout the CPG process 

commenced after the approval of the CPG. CPG champions included pre-operative nurses, post-

operative nurses, operating room nurses, and anesthesia providers.  

Phase III 

Phase three began with an educational PowerPoint presentation on the CPG to anesthesia 

providers at grand rounds. During the presentation, a practitioner feedback questionnaire (PFQ) 

found in Appendix D was given to each anesthesia provider in attendance. The PFQ consisted of 

23 questions based on a 3-point Likert scale to assess anesthesia providers' endorsement and 

reception of the CPG. At the end of the presentation, 80% of anesthesia providers completed the 

PFQs for review.   

Phase IV 
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 Phase four began with a meeting with CPG champions, administrative sponsors, and 

expert panel to discuss approval of the CPG based on the PFQ feedback and recommendations. A 

further revision to CPG was made before it was approved by the expert panels. After the final 

approval of the CPG, it became accessible to all anesthesia providers. 

Data Collection and Analysis  

The AGREE II and PFQ were used to collect data on the CPG development. The data 

from each tool were collected and analyzed using descriptive statistical analysis within Microsoft 

Office’s Excel before CPG implementation. The AGREE II Tool in Appendix C consisted of 6 

domains including scope and purpose, stakeholder involvement, the rigor of development, clarity 

of presentation, applicability, and, editorial independence (Brouwers, Kerkvliet, & Spithoff, 

2016). The 23 items were graded based on a 7- point Likert scale ranging from 1 (i.e., strongly 

disagree) to 7 (i.e., strongly agree). The analysis of the AGREE II tool was done by calculating 

the quality scores of each domain. Each domain score was calculated by adding item scores for 

each domain and then dividing by the total possible score of each domain (AGREE Next Steps 

Consortium, 2013).  

The PFQ in Appendix D is a paper-based questionnaire that was used to assess the 

accuracy and transparency of the development of the CPG. The 3-point Likert scale ranged from 

strongly agree to strongly disagree. The four domains of quality accessed by the PFQ were rigor, 

comparative value, applicability and acceptability (Brouwer et al., 2009). Descriptive statistics 

were used to evaluate the PFQs. To provide numerical differences on the 3-point Likert scale; 

“strongly disagree” was scored as 1, “neither agree/disagree” was scored as a 2 and “strongly 

agree” was scored as a 3. Reverse scoring was also used to assess the negatively worded items 

(Brouwer et al., 2004).  



ANESTHESIA MANAGEMENT OF SURGICAL PATIENTS WITH CIED       12 

Results  

 To improve the structure of this CPG, revisions were made to the CPG according to the 

feedback of the analyzed AGREE II tool. The domain scores of the AGREE II tool done by the 

expert panel ranged from 70 to 100%. The domain “Editorial Independence” rated highest with a 

score of 100%. The domain “Stakeholder Involvement” rated lowest with a score of 70% and 

“Applicability with a score of 81%. Additional scored domains consisted of “Scope and Purpose” 

with a score of 92%, “Clarity of presentation” with a score of 84% and “Rigour of Development” 

with a score of 85%. The overall assessment score of the CPG was 86% indicating a strong 

recommendation of the CPG utilization by the expert panels. A synopsis of the AGREE II Tool 

result can be found in Appendix E. 

 Out of the 37 PFQs distributed, 80% PFQs (i.e., n=30) were completed by anesthesia 

providers during grand rounds presentation. The respondents to the PFQs consisted of 47% 

CRNAs, 26% SRNAs, and 27% Anesthesiologists. 73% of the respondents had less than 10 

years of anesthesia experience, followed by 20% with greater than 20 years of experience, and 

lastly, 7% with 10-20 years of experience. The percentage agreement of the PFQ was based on 

five subscales of interest. The highest-rated subcategory was Quality, Comparative and 

Outcomes with a score of 100% resulting in a strongly agree rating among 97.6% of respondents. 

The lowest rated subcategory was Applicability with a score of 79% followed by the subcategory 

Acceptance with a score of 98.3%. Overall, 94% of the anesthesia providers agreed that the 

guideline should be approved for practice. 93% of anesthesia providers also agreed that the CPG 

would be applied in their practice. This revealed CPG utilization interest within the Anesthesia 

Department. A synopsis of the PFQ result and demographic data can be found in Appendix G. 

Structures and Processes  
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 According to the informal interviews and concerns of anesthesia providers at this 

institution, there is an educational need based on knowledge deficit on the anesthesia 

management of surgical patients with CIEDs. A process (i.e., knowledge deficit) and a structure 

(i.e., lack of CPG on CIEDs) were addressed and impacted in this DNP project by the creation of 

the CPG. The creation of the CPG using current evidence-based literature addressed the 

knowledge deficit of anesthesia providers on this subject. This was achieved by establishing an 

anesthesia standard of care with the assistance of a multidisciplinary consult team including 

anesthesia providers, surgeons, cardiology and electrophysiology physician leaders.  

 A concise and detailed standardized education regarding these patient populations can 

constantly promote provider adherence as well as patient safety. The CPG consisted of pre and 

postoperative algorithms for assessing surgical patients with CIEDs by identifying the type of 

CIED, patient associated comorbidities, the preoperative diagnostic test needed before surgery 

(i.e., chest x-ray, echocardiogram, and EKG), reprogramming/ magnet considerations and 

consequences of inhibiting the device. This CPG recommended a thorough pre and postoperative 

assessment to prevent hemodynamic instabilities and EMI. It is important that anesthesia 

providers understood their expectations and have current knowledge about the perioperative 

management of these patient populations to prevent, recognize, and treat complications that 

could occur. Providing easy access to CPG via the hospital’s intranet for anesthesia providers 

increased awareness of the policy and served as a safety mechanism to ensure all surgical 

patients with CIEDs receive safe anesthesia care. 

Barriers and Facilitators 

There are barriers and facilitators in the development of this CPG. A facilitator to this 

CPG was the current institution’s environment. Anesthesia staff were open to increasing patient 
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safety and improving patient outcomes by adapting the CPG protocol. The leadership team and 

expert panels were attentive which will be vital in the adoption process and future sustainability 

of the project. The expert panel’s dedication to CPG development was also a large facilitator. 

They were willing to communicate and conduct meetings to ensure project completion. Even 

though most surgeons prefer monopolar cautery on account of its ability to cut and coagulate 

large bleeding areas compared to bipolar cautery, leadership and stakeholders were committed to 

requesting bipolar cautery to prevent electrical current passing through the CIEDs thus causing a 

short-circuit or misfire. 

A barrier to this CPG was reluctancy from some providers related to the disruption of 

workflow and delay surgeries when incorporating the CPG algorithm. However, after the 

educational presentation of the CPG during grand rounds, it was suggested that incorporating this 

project will require the assistance of an interdisciplinary team and project champions for better 

workflow. Educating preoperative and operative nurses on the CPG so that information can be 

gathered before anesthesia providers arriving to perform preoperative assessments can ensure 

sustainability and encourage CPG improvements after implementation. The CPG algorithms are 

clear, easy to read and understand which makes it easier to be incorporated in anesthesia 

workflow. Providing a paper version of perioperative CPG algorithms in anesthesia workrooms, 

preoperative rooms, and operating rooms improves access to information. The electronic version 

of the CPG protocol was available to anesthesia providers through the institution’s intranet under 

anesthesia policies and procedures for easy access. 

Discussion  

Results of the AGREE II Tool and PFQ survey were very constant among all 

respondents, despite the years of experience in their anesthesia role. Collaborative problem 
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solving and open communication between expert panels, clinical representative and stakeholders 

on policy updates was essential to the success of this project. The engagements of anesthesia 

providers along with administrative sponsors after CPG education benefits contributed to the 

widespread favorability among staff. Anesthesia providers were willing to increase patient safety 

and improve patient outcomes by adapting the protocol to their daily practice. This was proven 

by the overall assessment score relating to the AGREE II Tool and PFQs. The predicted and 

consequently attained results of this scholarly CPG were observed with desirable results. The 

recruitment of CPG champions during Phase II contributed to the strength of this project. CPG 

champions can inspire and support staff throughout the CPG process especially the 

implementation and sustainability stage.  

 A weakness of this CPG development was the cost of the bipolar electrocautery. It was 

expensive compared to the standard unipolar electrocautery and it provides inadequate ability to 

cut and coagulate large bleeding areas during surgery. Even with this limitation, using a bipolar 

cautery is an important measure in preventing EMI especially in surgeries above the umbilicus. 

After education, leadership and stakeholders were committed to requesting bipolar electrocautery 

for these patient populations because the path of the electrical current can be confined to the 

tissue between the two electrodes and prevent electrical current passing through the CIEDs 

causing a short-circuit or misfire.  

According to the American Society of Anesthesiologists and Heart Rhythm Society, 

recommendations for surgical patients with CIEDs are based on expert clinical opinion due to 

lack of data concerning the statistical occurrence of EMI affecting CIEDs during surgery 

(Crossley et al., 2011). Even though there is limited high-quality clinical evidence concerning 

this problem, summarizing recent evidence reassured the potential prevention of adverse 
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outcomes. The current recommendation indicates that a thorough pre- and post-operative 

assessment can assist in providing safe anesthesia management. More high-leveled studies 

focused on the perioperative anesthesia management and assessments of surgical patients with 

CIED are needed to increase patient safety. Generalizability of this project in addition to the 

outcomes generated using process measures was only intended to meet the specific needs of 

surgical patients with CIEDs at this specific facility. 

Conclusion 

 With the increase in the number of patients with CIED across the United States, and 

anesthesia providers must have current knowledge concerning anesthesia management of this 

patient population. By educating anesthesia providers, administrative sponsors and expert panel 

about the CPG guideline recommendations, the outcome for this DNP project was accomplished. 

This CPG also impacted the knowledge deficit concern among anesthesia providers at this 

facility and as a result, increased awareness and patient safety of surgical patients with CIEDs. 

Even though, this CPG was designed based on the need of this institution’s anesthesia providers, 

stakeholders permitted the application and usability of this CPG at other sister hospitals under 

this facility’s health system. Due to the overwhelming acceptance and endorsement of this 

scholarly project, anesthesia providers at this institution believe other larger institutions can 

benefit from this CPG. As a result, some anesthesia providers are willing to assist in 

disseminating this CPG to other hospitals. Some larger organizations that can also benefit from 

this CPG are the American Association of Nurse Anesthetists, Heart Rhythm Society and the 

American Society of Anesthesiologists. These CPG algorithms are clear, easy to read and 

understand which can improve utilization after implementation at any institution.  
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 Future extension of this quality improvement project will be the incorporation of 

perioperative staff nurses’ responsibilities to this CPG. Preoperative and operative nurses can be 

educated on the CPG to gather patient information before anesthesia providers perform 

preoperative assessments. Also, the creation of on-site cardiology led CIED Team could be 

incorporated as suggested by the Chief anesthesiologist during the grand round presentation. 

They will be responsible for assessing CIED on the day of surgery, assisting in developing a 

collaborative anesthesia plan of care and reducing perioperative CIED complications. This will 

assist in improving patient safety and ensuring the sustainability of the CPG through an 

interdisciplinary approach 

The plan of sustainability of this DNP project is dependent on the rate of utilization of the 

CPG protocol after implementation. The continued inclusion of CIED protocol champions at this 

institution will facilitate/sustain change and encourage continued use of the CPG’s 

recommendations. They are responsible for following up with anesthesia providers on the 

perceived helpfulness and effectiveness of this guideline in improving patient safety. CPG 

change champions and clinical site representatives will also meet quarterly to evaluate the CPG 

progress. Overall, there will be a continuation of buy-in from anesthesia providers since they are 

the end-users of this CPG. Getting their input on the ease use of the CPG is imperative, and it 

can also help maintain sustainability. Annual staff education and revision of the CPG every 3 

years can be conducted by designated champions to incorporate the most recent evidence-based 

research.  
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Table A: Evidence Review Table 

 

Table A1. Evidence Review, Level and Quality Rating 

Author, year Study 

objective/intervention 

or exposures compared 

Design Sample (N) Outcomes studied 

(how measured) 

Results *Level 

and 

Quality 

Rating 

Ellis et al., 

2017 

To evaluate the 

effectiveness of 

initiating an 

anesthesiologist lead 

CIED service. 

Cohort studies N= 15,100 patients 

Intervention: The use of 

anesthesia consult 

service for surgical 

patients who have a 

CIED. 

N=7293 patients’ pre-

intervention (2.1%, 151 

patients with ICD) 

N=7807 patients post 

intervention, (1.9%, 146 

patients with ICD) 

 

Multiple linear 

regressions were used 

to compare pre and 

post-intervention 

period surgical start 

delay evaluating 

operative room 

efficiency.  

 

CIED complications 

documentation was 

retrieved from a 

patient safety 

database. 

 

Nationally published 

administrative 

estimates were used to 

calculate the cost 

analysis resulting in 

reduced institutional 

cost. 

 

Mean surgical start delays for 

CIED patients in pre-intervention 

are 21.6 (53.4 minutes) while post-

intervention is 5.4 (20.2 minutes). 

The mean surgical start delays for 

patients without CIED in pre-

intervention is 9.2 (28.5 minutes) 

while and post-intervention is 4.1 

(15.0 minutes).    

 

Anesthesiologists specially trained 

to lead the CIED service are 

capable of providing efficient, cost-

effective and competent care for 

patients with CIEDs based on 

reduction in operation room delays 

and cost-saving institutions about 

$14,102 annually in CIED pre-

operative screening. 

   4B 

Gifford, 

Larimer, 

Thomas, & 

May, 2017 

To evaluate the pre, 

intra and postoperative 

management of surgical 

patients with CIEDs 

requiring electrocautery 

during surgery. 

Retrospective 

Cohort studies 

N= 306 patients 

undergoing surgeries 

with CIEDs from 2014 

to 2015 

Patients were divided 

into three groups 

N= 228 (69%) no change 

group with 153 

A multicenter registry 

was used to search for 

a patient’s inquiry at 

three hospitals. 

 

The reprogram group 

consisted of surgical 

sites less than six 

inches away from the 

No device reset was needed even 

though, there were several 

intraoperative electromagnetic 

interferences (EMI) interpreted as 

arrhythmia, with no shock was 

delivered.  

  

Greater than 69% of patients did 

not require any magnet application. 

 4B 
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pacemakers and 75 

ICDs. 

N= 52 (16%) 

reprograming group with 

18 pacemakers and 34 

ICDs. 

N= 51 (15%) magnet 

application group with 3 

pacemakers and 48 

ICDs. 

 

CIED implant while 

the magnet group 

consisted of surgical 

sites greater than six 

inches away from the 

CIED.  

 

The outcome was 

measured on the 

number of 

occurrences of 

electromagnetic 

interference based on 

surgical sites.   

 

Different device 

generators and 

surgical position 

(Supine - 287 

patients, prone – 24 

patients, and lateral – 

20 patients) was also 

used to gather 

information 

 

 

Based on the distance of the CIED 

implant from the surgical site, there 

was more risk of EMI with 

surgeries less than six inches from 

CIED sites. The results are as 

followed: thoracic surgeries (45%), 

head and neck surgeries (35%), 

upper extremity surgeries (15%), 

abdominal surgeries (3%) and 

surgeries below the iliac crest (0%). 

 

 

 

Gifford, 

Larimer, 

Thomas, May, 

Stanhope, & 

Gami, 2014. 

To assess anesthesia 

management of surgical 

patients with 

implantable cardiac 

defibrillators (ICD) 

while using monopolar 

electrocautery. 

Randomized 

Controlled 

Trial 

N = 80 patients 

undergoing surgery with 

pectoral ICDs. 

 

Randomly divided into 

two groups 

N=40 patients (off 

group) 

N=40 patients (magnet 

group) 

A registry was used to 

measured time with 

ICD off, caregiver 

handoff, and 

incidence of 

electromagnetic 

interference (E MI). 

“Off” group had higher mean ICD 

off time (115minutes vs 28 

minutes, P<0.001) and provider 

caregiver handoff time (6.6 vs 5.5, 

P<0.001) than the “magnet” group. 

 

No EMI was noted in the surgical 

sites greater than 6inches from the 

ICD. 

 

 

  2B 

Ip, Liu, Chen, 

& Lerman, 

2017. 

To evaluate the impact 

of applying magnet on a 

pacemaker for 

pacemaker dependent 

Case study N=1 

An elderly 80-year-old 

woman with a dual-

chamber pacemaker 

The patient’s pre and 

intraoperative 

response to magnet 

Application of magnet in 

pacemaker-dependent patient 

resulted in asystole after anesthesia 

induction. 

  6B 
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patient undergoing 

mastectomy surgery. 

 

undergoing a 

mastectomy surgery. 

 

Secondary to the history 

of complete heart block, 

hypertension, breast 

cancer, and status post 

lumpectomy surgery. 

 

application were 

measured.  

 

Izrailtyan, 

Schiller, Katz, 

& Almasry, 

2013. 

To evaluate the impact 

of tachycardia 

arrhythmias associated 

with applying magnet 

on an Implanted 

Cardioverter 

Defibrillator (ICD) in a 

patient undergoing Hip 

surgery. 

 

Case study N=1 

An elderly 89-year-old 

man undergoing right 

hip surgery with status 

post ICD placement 20 

months ago for 

tachyarrhythmias.  

 

The patient’s 

intraoperative 

response to magnet 

application during 

surgery with surgical 

location is greater 

than 6 inches from the 

ICD site. 

Application of magnet on patients 

with ICD devices in surgeries under 

the iliac crest (i.e. >6 inches) may 

induce life-threatening 

tachycardias.  

  6B 

Rooke et al., 

2015 

To evaluate the best 

service for the surgical 

management of patients 

with cardiovascular 

implantable electronic 

devices (CIEDs). 

Trained 

anesthesiologist 

cardiology device 

service (ADS) versus 

Electrophysiology  

Cardiology Service 

(EPCS) 

Cohort studies N=1029 patients 

undergoing surgeries 

with CIEDs from 2009 

to 2013 

N=254 was managed by 

EPCS 

N= 548 was managed by 

ADS 

N= 227 was managed by 

neither service 

A computer program 

database was used to 

search for pre-

operative notes from 

10/1/2009 through 

6/30/2013. Patients 

with CIED were 

classified into three 

groups: EPCS, ADS 

or neither 

Groups were 

compared with the 

Fisher exact test.  

 

OpenEpi program was 

used to calculate 

statistical analysis.  

 

For patients not managed by neither 

the ADS nor EPCS, no pre-

operative CIEDs interrogation or 

magnet was performed. Several 

incidents of intraoperative 

electromagnetic interference were 

noted and interpreted as arrhythmia 

however, no shock was delivered to 

patients.  

 

There were no differences in pre, 

intra and postoperative assessments 

between the two groups (EPCS or 

ADS). However, EPCS intervened 

in two CIEDs managed by the 

ADS due to unstable postoperative 

hemodynamics.  

 

During preoperative assessment by 

both groups (EPCS or ADS), 1% (7 

of 800) of the CIEDs was 

  4A 
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discovered to have a low battery 

which required post-operative 

follow-up.  

 

Neubauer et 

al., 2018 

To evaluate the 

efficiency of the ICD-

ON protocol for the 

management of patients 

with CIEDs requiring 

surgeries based on 

surgical sites and type 

of electrocautery being 

utilized. 

 

Observation 

study 

N=101 patients  

N= 14 (13.9%) no 

change group  

N= 42 (41.6%) 

reprograming group 

N= 45 (44.5%) magnet 

application group  

 

The outcome was 

measured by 

examining the 

frequency of 

intraoperative 

electromagnetic 

interferences (EMI) 

based on the location 

of surgical sites and 

type of preoperative 

intervention 

ICD was reprogrammed for surgery 

above the umbilicus involving 

monopolar cautery while the 

magnet was used on ICD for 

surgery above or below the naval 

involving a bipolar cautery.  

 

No EMI was noted based on the 

postoperative ICD analysis. 

However, the surgery location and 

the type of cautery need to be taken 

into consideration.  

 

  3B 

Schulman et 

al., 2018 

To evaluate  

the occurrence of 

intraoperative EMI with 

monopolar 

electrocautery in 

patients with AICDs 

requiring surgeries.  

 

Prospective 

cohort study 

N= 144 surgical patients 

with ICD between May 

2012- September 2016 

Intervention: the 

protocolized position of 

the electro-surgery unit 

dispersive electrode  

 

N= 70 (surgery above 

the umbilicus)  

N= 40 (surgery below 

the umbilicus)  

N= 45 (cardiac surgery) 

Quantitative 

characteristics were 

measured by Means ± 

SD (standard 

deviation) while 

categorical 

characteristics were 

measured by 

frequencies (%).  

 

Confidence Interval 

(Cis) was measured 

by the Agresti–Coull 

method.  

There was a reduction in recorded 

clinically meaningful EMI after an 

intervention. 

 

Cardiac surgical patients with 

CIEDs had the highest rate of EMI 

pre-intervention (29%) and post-

intervention (8.8%).  

 

Followed by surgery above 

umbilicus with 7% before the 

intervention and 2.9% after 

intervention. 

 

   4A 
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Table 1. Rating System for the Hierarchy of Evidence 

Level of the Evidence Type of the Evidence   

I (1) Evidence from a systematic review, a meta-analysis of randomized controlled 

trials (RCTs), or practice-guidelines based on a systematic review of RCTs.  

II (2) Evidence obtained from well-designed RCT  

III (3) Evidence obtained from well-designed controlled trials without randomization 

IV (4) Evidence from well-designed case-control and cohort studies  

V (5) Evidence from systematic reviews of descriptive and qualitative studies 

VI (6) Evidence from a single descriptive or qualitative study 

VII (7) Evidence from the opinion of authorities and/or reports of expert committees 

Melnyk, B.M. & Fineout-Overholt, E. (2014). Evidence-based practice in nursing & healthcare: A guide to best 

practice (3rd ed.). New York: Lippincott, Williams & Wilkins.  

 

 

Table 2. Rating Scale for Quality of Evidence 

Rating Scale  Quality of Evidence 

A High – consistent results with sufficient sample, adequate control, and definitive 

conclusions; consistent recommendations based on extensive literature review that 

includes thoughtful reference to scientific literature 

B Good – reasonably consistent results; sufficient sample, some control, with fairly 

definitive conclusions; reasonably consistent recommendations based on fairly 

comprehensive literature review that includes some reference to scientific evidence 

C Low/major flaw – Little evidence with inconsistent results; insufficient sample size; 

conclusions cannot be drawn 

Newhouse, R.P. (2006). Examining the support for evidence-based nursing practice. Journal of Nursing 

Administration, 36(7-8), 337-40 
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Appendix A 

 

Clinical Practice Guideline  

 

PURPOSE 

To provide a perioperative clinical practice guideline for performing standard anesthesia 

care for surgical patients with cardiac implantable electronic devices (CIEDs). 

 

TARGET AUDIENCE 

Anesthesia providers: Anesthesiologists, Certified Registered Nurse Anesthetists, and 

Student Registered Nurse Anesthetists. 

 

TARGET POPULATION  

Included: Adult surgical patients with CIED (the Automated Implanted Cardioverter 

Defibrillator (AICD) or Pacemakers) undergoing routine or elective surgeries.  

Excluded: surgical patients with CIEDs during emergency surgeries, surgical patients 

without CIEDs, pediatric and obstetric population.  

 

BACKGROUND 

 In the United States, about 1 million patients get CIED implantation yearly and many 

patients with CIEDs subsequently require cardiac and/or non-cardiac surgeries (Neelankavil, 

Thompson & Mahajan, 2013). Electromagnetic interference from surgical equipment utilized can 

damage the CIED, deplete the battery generator, and/or cause arrhythmias in the patient, and 

inhibit pacing (Crossley et al, 2011). There is an increase in surgical patients with a cardiac 

implantable electronic device (CIED) and anesthesia providers must have current knowledge 

about preoperative, intraoperative and postoperative management of this patient population. To 

adhere to the American Society of Anesthesiologists and Heart Rhythm Society standard of care, 

there is a necessity to create a clinical practice guideline (CPG) to offer evidence concerning the 

standardization of anesthesia care throughout the perioperative period.  

 

DEFINITIONS 

 

CIED - Cardiac Implantable Electronic Device: This is an umbrella term to describe a 

permanent pacemaker or automated implantable cardioverter defibrillator (ICD/AICD). 

 

AICD - Automatic Implantable Cardioverter Defibrillator: A device capable of detecting 

arrhythmias and delivering an electrical impulse directly to the myocardium.  

 

PPM - Permanent Pacemaker: A single chamber or dual chamber cardiac device used to 

improve cardiac output and provide pacing support. 

 

Reprogramming: Refers to any programming changes made to a CIED device. For an ICD, this 

refers to turning off and on. For a PACEMAKER, this refers to any change in programming to 

the device. Reprogramming notes can be found in the Clinical Notes section in Cerner if 

documentation was not brought in on the day of surgery. 
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Suspend: Placing a magnet on the AICD to temporarily stop the defibrillation function. This will 

not affect the pacemaker function within the unit because once the magnet is removed, the ICD 

resumes its previous function settings.  

 

Deactivate: Reprogramming the ICD to stop defibrillation or pacing function. 

 

Activate: Reprogramming the ICD to resume its function.  

 

Magnet:  Used to alter the function of CIED. Some pacemaker models or AICDs do not 

respond to a magnet. For pacemakers that do respond to a magnet, the magnet is placed over the 

device. It triggers the reed switch from off to on in the presence of a magnet. This will cause the 

pacemaker to pace asynchronously at a fixed rate between 70-100 bpm. As soon as the magnet 

is removed, the pacer will return to its normal function. For AICDs that do respond to a magnet, 

the magnet is placed over the ICD. This will disable the shock or anti-tachycardia function. 

When the magnet is removed, normal function resumes. 

 

RECOMMENDATION 

 

1. Preoperative: 

A. Before the day of surgery, Surgeons are responsible for identifying the patient 

with a CIED before posting for surgery and posting information about the 

patient's CIED device in CERNER. 

B. The following should be found in the interrogation report in CERNER under 

either clinical notes or diagnostic tab under result review which will include the 

status of the CIED and plan of care. 

i. The name of the patient’s Cardiologist and contact information 

ii. Manufacturers and phone numbers 

1. Medtronic—1-800-MEDTRONIC 

2. Guidant (Boston Scientific) -1-800-CARDIAC 

3. St. Jude-1-800-PACE ICD 

4. Biotronik -1-800-547-0394 

5. ELA / Sorin- 1-800-352-6466 

iii.  Device manufacturer, model, and serial number  

iv. Type of Device (PPM or AICD), see Figure 1. 

v. A copy of the most recent CIED evaluation/interrogation. The CIED must 

be evaluated within 1 year for pacemakers and 6 months for AICDs before 

the scheduled elective surgery and include the following: 

1. Date of device placement 

2. Indication for device 

3. A description of the patient’s underlying rhythm 

4. Response to the placement of a magnet 

5. Device current programming 

6. Was there a CIED replacement in the last 3 months? 

7. Results of a recent evaluation of the CIED 

8. Basic cardiac data, when available – recent echocardiogram, 

electrocardiography, stress test, cardiac catheterization, 
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electrophysiology studies, chest x-ray, etc., and any additional 

physician recommendations. 

9. What is the personalized perioperative recommendation based on 

the patient’s comorbidity, device characteristics, and type of 

surgery?  

 

C. The anesthesia team will perform a pre-operative assessment. 

a. Physical assessment, pulse regularity and location of the device are 

assessed.  

i. What is the type of procedures and unpredictable outcomes? (i.e. chest 

wall surgery that can damage CIED leads, large blood loss or fluid shift). 

ii. Where is the location of the incision for the surgical procedure? 

iii. What is the patient’s position during surgery? 

iv. What type of electrocautery will be used? 

v. Is the patient going to be discharged on the day of surgery or admitted?  

vi. Assess the patient's response to pre-induction magnet application 

documented by an electrocardiography report or by anesthesia provider if 

planned intraoperative magnet use over the CIED. 

vii. Anesthesia is responsible for communicating and providing handoff 

information regarding CIED among providers, and nursing. 

viii. Also overriding the case cancellation based on clinical consultation with 

the surgical team and cardiologist if there is no cardiologist note. 

ix. The anesthesia team will inform the cardiologist and surgery team if 

further evaluation is needed. 

 

2. Intraoperative: 

a. Acknowledge the intraoperative surgery location (above or below the umbilicus) 

and if intraoperative magnet used.  

b. Understand the type of electrocautery used by the surgical team – Bipolar 

electrocautery is better to prevent EMI than Unipolar electrocautery for CIED 

patients. 

c. Consider the intraoperative positioning of the patient for optimized surgical 

exposure and CIED management. 

d. Availability of external pacer/defibrillation equipment in the OR and placed on 

patients before all procedures.  

e. High-risk patients must have pacer/defibrillation pads and arterial pressure 

monitoring placed for surgery.  

f. Standard American Society of Anesthesiologists (ASA) monitors must be applied 

during surgery (i.e. noninvasive blood pressure cuff, cardiac monitor and pulse 

oximetry). 

g. A cardiac monitor with a set pacing mode must be used.  

h. A magnet must always be available in the operating room in case of an 

emergency.  

i. Action will be decided based on the algorithm above (Figure 2)  

a. A magnet may be utilized to place the pacemaker in a fixed pacing mode. 

b. Internal Cardiac Defibrillators (ICD) arrhythmia detection can be 
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suspended with a magnet. 

 

3. Emergent Surgery:  

a. Determine intraoperative surgery location (above or below the umbilicus) and if 

intraoperative magnet used.  

b. Evaluation - A scar at the CIED insertion site or a palpable pulse generator 

reveals the presence and location of the device. 

c. A manufacturer's identification card or CD with the type of device, model 

number, and current settings may be available from the patient or a family 

member. 

d. If a chest radiograph (CXR) is available, the type of device (ICD versus 

Pacemaker) and often the generator manufacturer can be identified on the image 

(see Figure 3).  

 

 
 

Figure 4: Nandate K, Bishop MJ (2018) Emergency Perioperative Management of Cardiovascular Implantable 

Electronic Devices in Critical Trauma Patients. J Clin Anesth Manag 3(2): dx.doi.org/10.16966/2470-9956.139 

 

Chest X-ray of an AICD 
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Figure 5: Crossley, G.H., Poole, J.E., Rozner, M.A., Asirvatham, S, J., Cheng, A., Chung, M.K…Thompson, A.  

(2011). The Heart Rhythm Society (HRS)/American Society of Anesthesiologists (ASA) Expert consensus  

statement on the perioperative management of patients with implantable defibrillators, pacemakers and arrhythmia  

monitors: facilities and patient management. Heart Rhythm Society, 8(7), 1114-1154.  doi:  

10.1016/j.hrthm.2010.12.023 

 

e. If a 12-lead electrocardiogram (ECG) was not obtained in the preoperative period, 

the anesthesia monitoring equipment and chart paper recorder in the operating 

room may be used to generate a rhythm strip in multiple leads. 

f. If time allows, a magnet is applied to the device before surgery begins to 

determine the intrinsic rhythm and determine the type of CIED (Figure 4/5/6/7). 

This may be accomplished in the operating room after continuous monitoring of 

ECG and pulse oximeter plethysmography has been established.  

g. Place transcutaneous pacing/defibrillator pads and to ensure continuous ECG and 

pulse oximeter plethysmography. 

h. Action will be decided based on the algorithm (Figure 8)  

 

4. Postoperative: 

a. Before patient discharge, the CIEDs team (device brand representative or cardiac 

electrophysiologist) will need to reactivate CIEDs to pre-operative settings if it 

was reprogrammed before surgery.  

b. The patient will be continuously monitored with ASA standard monitors until 

CIED settings are restored.  

c. External pacing/defibrillator pads will not be removed until the CIED setting is 

restored. 

 

 

Patient with a pacemaker (left). Arrow A 

shows the right ventricular lead of the 

pacemaker which does not have a radiodense 

coil.   

 

Patient with an ICD (right). Arrow B shows 

the right ventricular lead of the ICD with a 

radiodense/shock coil. 
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Figure 1. Original illustration of Algorithm for Perioperative Management of CIEDs. Adapted from "Newsletter”, 

by The Official Journal of the Anesthesia Patient Safety Foundation, Fall 2013, Volume 28, No.2, p. 29-48 15, 

Copyright 2013 by www.apsf.org. 
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PERIOPERATIVE ALGORITHM FOR CIED PATIENTS:  

ELECTIVE SURGERY 

 

  
Figure 2. Original illustration of Algorithm for Perioperative Management of CIEDs. Adapted from "Newsletter”, 

by The Official Journal of the Anesthesia Patient Safety Foundation, Fall 2013, Volume 28, No.2, p. 29-48 15, 

Copyright 2013 by www.apsf.org. 

 

http://www.apsf.org/
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Figure 6: Jacob, S., Shahzad, M. A., Maheshwari, R., Panaich, S. S., & Aravindhakshan, R. (2011). Cardiac Rhythm  

Device Identification Algorithm using X-Rays: CaRDIA-X. Heart Rhythm, 8(6), 915–922. https://doi-org.proxy- 

hs.researchport.umd.edu/10.1016/j.hrthm.2011.01.012 

https://doi-org.proxy-/
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Figure 7: Nandate K, Bishop MJ (2018) Emergency Perioperative Management of Cardiovascular Implantable 

Electronic Devices in Critical Trauma Patients. J Clinical Anesthesia Management 3(2): dx.doi.org/10.16966/2470-

9956.139 

 

 

 

 

 
Figure 8: Nandate K, Bishop MJ (2018) Emergency Perioperative Management of Cardiovascular Implantable 

Electronic Devices in Critical Trauma Patients. J Clinical Anesthesia Management 3(2): dx.doi.org/10.16966/2470-

9956.139 
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Appendix B 

 

Agree II Tool: Appraisal of Guidelines for Research & Evaluation 

  

Domain Item 

AGREE II Rating 

1 
Strongly 

Disagree 
2 3 4 5 6 

7 
Strongly 

Agree 

Scope and 

purpose 

 

1. The overall objective(s) of the guideline is (are) specifically described.        

2. The health question(s) covered by the guideline is (are) specifically 

described. 
       

3. The population (patients, public, etc.) to whom the guideline is meant to 

apply is specifically described. 
       

Stakeholder 

involvement 

4. The guideline development group includes individuals from all the 

relevant professional groups. 
       

5. The views and preferences of the target population (patients, public, etc.) 

have been sought. 
       

6. The target users of the guideline are clearly defined.        

Rigor of 

development 

7. Systematic methods were used to search for evidence.        

8. The criteria for selecting the evidence are clearly described.        

9. The strengths and limitations of the body of evidence are clearly 

described. 
       

10. The methods for formulating the recommendations are clearly described.        

11. The health benefits, side effects and risks have been considered in 

formulating the recommendations. 
       

12. There is an explicit link between the recommendations and the 

supporting evidence. 
       

13. The guideline has been externally reviewed by experts prior to its 

publication. 
       

14. A procedure for updating the guideline is provided.        

Clarity of 

presentation 

15. The recommendations are specific and unambiguous.        

16. The different options for management of the condition or health issue are 

clearly presented. 
       

17. Key recommendations are easily identifiable.        

Applicability 18. The guideline describes facilitators and barriers to its application.        

19. The guideline provides advice and/or tools on how the recommendations 

can be put into practice. 
       

20. The potential resource implications of applying the recommendations 

have been considered. 
       

21. The guideline presents monitoring and/ or auditing criteria.        

Editorial 

independence 

22. The views of the funding body have not influenced the content of the 

guideline. 
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Domain Item 

AGREE II Rating 

1 
Strongly 

Disagree 
2 3 4 5 6 

7 
Strongly 

Agree 

23. Competing interests of guideline development group members have been 

recorded and addressed. 
       

Overall 

Guideline 

Assessment 

1. Rate the overall quality of this guideline. 

 

1  
Lowest 

possible 

quality 

2 3 4 5 6 
7 Highest 

possible 

quality 

Overall 

Guideline 

Assessment 

2. I would recommend this guideline for use. Yes Yes, with 

modifications 

No 
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Appendix C 

 

AGREE II Tool 

 

CHECKLIST ITEM AND DESCRIPTION       REPORTING CRITERIA 
 

DOMAIN 1: SCOPE AND PURPOSE 

1. OBJECTIVES 

Report the overall objective(s) of the 

guideline. The expected health benefits from 

the guideline are to be specific to the 

clinical problem or health topic. 

       Health intent(s) (i.e., prevention, screening,   

diagnosis, treatment, etc.) 

Expected benefit(s) or outcome(s) Target(s) 

(e.g., patient population, society) 

  

 

2. QUESTIONS 

Report the health question(s) covered by the 

guideline, particularly for the key 

recommendations. 

Target population 

Intervention(s) or exposure(s) 

Comparisons (if appropriate) 

Outcome(s) 

Health care setting or context 

 

3. POPULATION 

Describe the population (i.e., patients, public, 

etc.) to whom the guideline is meant to apply. 

Target population, sex and age Clinical 

condition (if relevant) Severity/stage of 

disease (if relevant) Comorbidities (if 

relevant) 

Excluded populations (if relevant) 

 

DOMAIN 2: STAKEHOLDER INVOLVEMENT 

4. GROUP MEMBERSHIP 

Report all individuals who were involved in 

the development process. This may include 

members of the steering group, the research 

team involved in selecting and 

reviewing/rating the evidence and individuals 

involved in formulating the final 

recommendations. 

Name of participant 

Discipline/content expertise (e.g., neurosurgeon, 

methodologist) 

Institution (e.g., St. Peter’s hospital) 

Geographical location (e.g., Seattle, WA) A 

description of the member’s role in the 

guideline development group 

  

 

5. TARGET POPULATION 

PREFERENCES AND VIEWS 

Report how the views and preferences of the 

target population were sought/considered 

and what the resulting outcomes were. 

Statement of type of strategy used to capture 

patients’/publics’ views and preferences (e.g., 

participation in the guideline development group, 

literature review of values and preferences) Methods 

by which preferences and views were sought (e.g., 

evidence from literature, surveys, focus groups) 

Outcomes/information gathered on patient/public 

information 

How the information gathered was used to inform the 

guideline development process and/or 

formation of the recommendations 
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6. TARGET USERS 

Report the target (or intended) users of the 

guideline. 

The intended guideline audience (e.g. specialists, 

family physicians, patients, clinical or institutional 

leaders/administrators) 

How the guideline may be used by its target audience 

(e.g., to inform clinical decisions, to 

inform policy, to inform standards of care) 

 

DOMAIN 3: RIGOUR OF DEVELOPMENT 

7. SEARCH METHODS 

Report details of the strategy used to search 

for evidence. 

Named electronic database(s) or evidence source(s) 

where the search was performed (e.g., MEDLINE, 

EMBASE, PsychINFO, CINAHL) 

Time periods searched (e.g., January 1, 2004 to March 

31, 2008) 

Search terms used (e.g., text words, indexing terms, 

subheadings) 

Full search strategy included (e.g., possibly 

located in appendix) 

 

8. EVIDENCE SELECTION CRITERIA 

Report the criteria used to select (i.e., include 

and exclude) the evidence. Provide rationale, 

where appropriate. 

Target population (patient, public, etc.) characteristics 

Study design Comparisons 

(if relevant) Outcomes 

Language (if relevant) 

Context (if relevant) 

 

9. STRENGTHS & LIMITATIONS OF 

THE EVIDENCE 

Describe the strengths and limitations of the 

evidence. Consider from the perspective of 

the individual studies and the body of 

evidence aggregated across all the studies. 

Tools exist that can facilitate the reporting of 

this concept. 

Study design(s) included in body of evidence Study 

methodology limitations (sampling, blinding, 

allocation concealment, analytical methods) 

Appropriateness/relevance of primary and 

secondary outcomes considered Consistency of 

results across studies Direction of results across 

studies 

Magnitude of benefit versus magnitude of harm 

Applicability to practice context 

 

10. FORMULATION OF 

RECOMMENDATIONS 

Describe the methods used to formulate the 

recommendations and how final decisions 

were reached. Specify any areas of 

disagreement and the methods used to 

resolve them. 

Recommendation development process (e.g., steps used 

in modified Delphi technique, voting procedures that 

were considered) 

Outcomes of the recommendation development 

process (e.g., extent to which consensus was reached 

using modified Delphi technique, outcome of voting 

procedures) 

How the process influenced the recommendations 

(e.g., results of Delphi technique influence final 

recommendation, alignment with recommendations 

and the final 

vote) 
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11. CONSIDERATION OF BENEFITS 

AND HARMS 

Report the health benefits, side effects, and 

risks that were considered when formulating 

the recommendations. 

Supporting data and report of benefits 

Supporting data and report of harms/side 

effects/risks 

Reporting of the balance/trade-off between benefits and 

harms/side effects/risks Recommendations reflect 

considerations of both 

benefits and harms/side effects/risks 

 

12. LINK BETWEEN 

RECOMMENDATIONS AND 

EVIDENCE Describe the explicit link 

between the recommendations and the 

evidence on which they are based. 

How the guideline development group linked and used 

the evidence to inform recommendations Link between 

each recommendation and key evidence (text 

description and/or reference list) Link between 

recommendations and evidence summaries and/or 

evidence tables in the results 

section of the guideline  

 

13. EXTERNAL REVIEW 

Report the methodology used to conduct the 

external review. 

Purpose and intent of the external review (e.g., to 

improve quality, gather feedback on draft 

recommendations, assess applicability and feasibility, 

disseminate evidence) 

Methods taken to undertake the external review (e.g., 

rating scale, open-ended questions) Description of the 

external reviewers (e.g., number, type of reviewers, 

affiliations) Outcomes/information gathered from the 

external review (e.g., summary of key findings) 

How the information gathered was used to inform the 

guideline development process and/or formation of the 

recommendations (e.g., guideline panel considered 

results of review in 

forming final recommendations) 

 

14. UPDATING PROCEDURE 

Describe the procedure for updating the 

guideline. 

A statement that the guideline will be updated Explicit 

time interval or explicit criteria to guide decisions about 

when an update will occur 

Methodology for the updating procedure 

 

DOMAIN 4: CLARITY OF PRESENTATION 

15. SPECIFIC AND UNAMBIGUOUS 

RECOMMENDATIONS 

Describe which options are appropriate in 

which situations and in which population 

groups, as informed by the body of evidence. 

A statement of the recommended action Intent or 

purpose of the recommended action 

(e.g., to improve quality of life, to decrease side effects) 

Relevant population (e.g., patients, public) 

Caveats or qualifying statements, if relevant (e.g., 

patients or conditions for whom the 

recommendations would not apply) 

If there is uncertainty about the best care option(s), the 

uncertainty should be stated in the 

guideline 

 

16. MANAGEMENT OPTIONS 

Describe the different options for managing 

the condition or health issue. 

Description of management options 

Population or clinical situation most appropriate to 

each option  
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17. IDENTIFIABLE KEY 

RECOMMENDATIONS 

Present the key recommendations so that they 

are easy to identify. 

Recommendations in a summarized box, typed in 

bold, underlined, or presented as flow charts or 

algorithms 

Specific recommendations grouped together in 

one section 

 

DOMAIN 5: APPLICABILITY 

18. FACILITATORS AND BARRIERS TO 

APPLICATION 

Describe the facilitators and barriers to the 

guideline’s application. 

Types of facilitators and barriers that were considered 

Methods by which information regarding the facilitators 

and barriers to implementing recommendations were 

sought (e.g., feedback from key stakeholders, pilot 

testing of guidelines before widespread implementation) 

Information/description of the types of facilitators and 

barriers that emerged from the inquiry (e.g., 

practitioners have the skills to deliver the recommended 

care, sufficient equipment is not 

available to ensure all eligible members of the 

population receive mammography) 

How the information influenced the guideline 

development process and/or formation of the 

recommendations  

 

19. IMPLEMENTATION ADVICE/TOOLS 

Provide advice and/or tools on how the 

recommendations can be applied in practice. 

Additional materials to support the implementation of 

the guideline in practice. For example: 

 Guideline summary documents Links to 

check lists, algorithms Links to how-to   

manuals 

 Solutions linked to barrier analysis (see Item 18) 

Tools to capitalize on guideline facilitators (see Item 

18) 

Outcome of pilot test and lessons learned  

 

20. RESOURCE IMPLICATIONS 

Describe any potential resource implications 

of applying the recommendations. 

Types of cost information that were considered (e.g., 

economic evaluations, drug acquisition costs) 

Methods by which the cost information was sought 

(e.g., a health economist was part of the guideline 

development panel, use of health technology 

assessments for specific drugs, etc.) 

Information/description of the cost information that 

emerged from the inquiry (e.g., specific drug 

acquisition costs per treatment course) 

How the information gathered was used to inform the 

guideline development process and/or formation of the 

recommendations  

 

21. MONITORING/ AUDITING 

CRITERIA Provide monitoring and/or 

auditing criteria to measure the 

application of guideline 

recommendations. 

Criteria to assess guideline implementation or 

adherence to recommendations 

Criteria for assessing impact of implementing the 

recommendations 

Advice on the frequency and interval of measurement 

Operational definitions of how the criteria should 
be measured 
 

 

DOMAIN 6: EDITORIAL INDEPENDENCE  



SURGICAL PATIENTS WITH CIED 
 

41 

22. FUNDING BODY 

Report the funding body’s influence on the 

content of the guideline. 

The name of the funding body or source of 

funding (or explicit statement of no funding) A 

statement that the funding body did not 

influence the content of the guideline  

 

23. COMPETING INTERESTS 

Provide an explicit statement that all group 

members have declared whether they have any 

competing interests. 

Types of competing interests considered Methods by 

which potential competing interests were sought 

A description of the competing interests How 

the competing interests influenced the guideline 

process and development of 

recommendations 

 

AGREE Next Steps Consortium. (2009). The AGREE II Instrument [Electronic  

Version]. Retrieved from https://www.agreetrust.org/wp-content/uploads/2017/12/AGREE-II-Users-Manual-and-

23-item-Instrument-2009-Update-2017.pdf 
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Appendix D 

 

Practitioner Feedback Questionnaire 

 
Please select the appropriate demographic category that most accurately describes you. 

Type of anesthesia provider: 

CRNA             Anesthesiologist         SRNA 
                

Years practiced in current role: 

<5     5-10    10-15  15-20  20-25  >25  
            

For each item, please check off the box that most adequately reflects your opinion. 

1.    Are you responsible for the care of patients for whom this draft guideline 

report is relevant? This may include the referral, diagnosis, treatment, or 

follow-up of patients. 

Yes 
 

No 
 

Unsure 
 

If you answered “No” or “Unsure”, there is no need to answer or return this questionnaire. If you answered “Yes”, please 

answer the questions below and return to [enter expected destination of surveys]. 

 Strongly 

agree 

Neither 

agree or 

disagree 

Strongly 

disagree 

2.    The rationale for developing a guideline is clear.     

3.    There is a need for a guideline on this topic.     

4.    The literature search is relevant and complete (e.g., no key evidence was 

missed nor any included that should not have been) in this draft guideline.  

   

5.    I agree with the methodology used to summarize the evidence included in this 

draft guideline.  

   

6.    The results of the evidence described in this draft guideline are interpreted 

according to my understanding of the evidence.  

   

7.    The draft recommendations in this report are clear.     

8.    I agree with the draft recommendations as stated.     

9.    The draft recommendations are suitable for the patients for whom they are 

intended.  

   

10.  The draft recommendations are too rigid to apply to individual patients.     

11.  When applied, the draft recommendations will produce more benefits for 

patients than harms.  

   

12.  The draft guideline presents options that will be acceptable to patients.     

13.  To apply the draft recommendations will require reorganization of 

services/care in my practice setting.  

   

14.  To apply the draft guideline recommendations will be technically challenging.     

15.  The draft guideline recommendations are too expensive to apply.    

16.  The draft guideline recommendations are likely to be supported by a majority 

of my colleagues.  

   

17.  If I follow the draft guideline recommendations, the expected effects on 

patient outcomes will be obvious. 

   

18.  The draft guideline recommendations reflect a more effective approach for 

improving patient outcomes than is current usual practice. (If they are the 

same as current practice, please tick NA). NA  

   

19.  When applied, the draft guideline recommendations will result in better use of 

resources than current usual practice. (If they are the same as current practice, 

please tick NA). NA  

   

20.  I would feel comfortable if my patients received the care recommended in the 

draft guideline. 

   

21.  This draft guideline should be approved as a practice guideline.     

22.  If this draft guideline were to be approved as a practice guideline, I would use 

it in my own practice. 

   



SURGICAL PATIENTS WITH CIED 
 

43 

23.  If this draft guideline were to be approved as a practice guideline, I would 

apply the recommendations to my patients. 

   

24. Provider Feedback/ Comments: 

Adapted from: Brouwers, M.C., Graham, I.D., Hanna, S.E., Cameron, D.A., & Browman, G.P. (2004). Clinicians' 

assessments of practice guidelines in oncology: The CAPGO survey. International Journal of Technology 

Assessment in Health Care, 20(4), 421-6. 
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Appendix E 

 

AGREE II Tool Result 

 
Table E1. 

Quality Score for Domain I 

Domain I. Scope and Purpose  

Appraiser 1 

 

Appraiser 2  

 

Appraiser 3 

 

Appraiser 4 

 

Total 

1. The overall objective(s) of the 

guideline is (are) specifically described. 

  

7 7 6 7 27 

2. The health question covered by the 

guideline is specifically described. 

 

3. The population to whom the 

guideline is meant to apply is 

specifically described.  

7 

 

 

6  

7 

 

 

6  

7 

 

 

6  

6 

 

 

6  

27 

 

 

      24  

               Total 20 20 19 19       78 

         Domain Score % 92.8 % 
    

 
 

 
Table E2. 

Quality Score for Each AGREE II Domain 
 

Obtained Score Domain Score % 

Domain 1. Scope and Purpose 78 92.8 

Domain 2. Stakeholder Involvement 

Domain 3. Rigour Of Development  

Domain 4. Clarity of Presentation 

Domain 5. Applicability 

Domain 6. Editorial Independence 

59 

191 

71 

91 

56  

70.2 

85.3 

84.6 

81.3 

100.0 
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Appendix F 

 

 Modified PFQ Demographic Results  

 
Table F1. 

Demographic Characteristic (n=30) 

 

 
Figure F1. 

 
 

Figure F2. 

 
 

 

 

27%

47%

26%

Type of Providers

          MDA           CRNA           SRNA

73%

7%

20%

Years of Experience 

          < 10 years           10-20 years           > 20 years

Variable N % 

Type of Provider 
  

   
 

          MDA 8 27 

          CRNA  14 47 

          SRNA 8 26 

Years of Experience 
  

          < 10 years  22 73.3 
    

          10-20 years  2 6.7 
    

          > 20 years  6 20 
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Appendix G 

 

Modified PFQ Data Analysis  

 
Table G1.  

PFQ Data Analysis 

Response Rate: 80% n=30 

Subscales Items Average Percentages of Agreement (%) 

Quality 2-7 100 

Acceptance 8, 9, 11, 12,16, 

17 

98.3 

Applicability 10, 13, 14, 15 

(reverse 

scored) 

79 

Comparative 

Value 

18, 19 100 

Outcome 

Variables 

21, 23 100 

 

Figure G1. 

 
 
 

Figure G2. 
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Appendix H 

 

 Practitioner Feedback Questionnaire Results-Analysis  
 

 Strongly 

agree % 

Neither agree 

or disagree % 

Strongly 

disagree 

% 

2.    The rationale for developing a guideline is clear.  96% 4% 0%  

3.    There is a need for a guideline on this topic.   96% 4% 0% 

4.    The literature search is relevant and complete (e.g., no key evidence was 

missed, nor any included that should not have been) in this draft guideline.  

 90% 10% 0% 

5.    I agree with the methodology used to summarize the evidence included in 

this draft guideline.  

 90% 10% 0% 

6.    The results of the evidence described in this draft guideline are interpreted 

according to my understanding of the evidence.  

90% 10% 0% 

7.    The draft recommendations in this report are clear.  87% 13% 0% 

8.    I agree with the draft recommendations as stated.  87%  13% 0% 

9.    The draft recommendations are suitable for the patients for whom they are 

intended.  

93% 7% 0% 

10.  The draft recommendations are too rigid to apply to individual patients.  17% 50%  33%  

11.  When applied, the draft recommendations will produce more benefits for 

patients than harms.  

90%  10% 0% 

12.  The draft guideline presents options that will be acceptable to patients.  97% 3% 0% 

13.  To apply the draft recommendations will require reorganization of 

services/care in my practice setting.  

 44% 23%  33%  

14.  To apply the draft guideline recommendations will be technically 

challenging.  

 13% 27%  60%  

15.  The draft guideline recommendations are too expensive to apply.  10% 20% 70% 

16.  The draft guideline recommendations are likely to be supported by a 

majority of my colleagues.  

83%   10% 7%  

17.  If I follow the draft guideline recommendations, the expected effects on 

patient outcomes will be obvious. 

 80% 20%  0% 

18.  The draft guideline recommendations reflect a more effective approach for 

improving patient outcomes than is current usual practice. (If they are the 

same as current practice, please tick NA). NA  

73% 27%  0%  

19.  When applied, the draft guideline recommendations will result in better 

use of resources than current usual practice. (If they are the same as 

current practice, please tick NA). NA  

 60% 40%  0% 

20.  I would feel comfortable if my patients received the care recommended in 

the draft guideline. 

90%  7% 3%  

21.  This draft guideline should be approved as a practice guideline.   94% 3%  3%  

22.  If this draft guideline were to be approved as a practice guideline, I would 

use it in my own practice. 

 93%  7% 0%  

23.  If this draft guideline were to be approved as a practice guideline, I would 

apply the recommendations to my patients. 

90%  10%  0%  

 

Adapted from: Brouwers, M.C., Graham, I.D., Hanna, S.E., Cameron, D.A., & Browman, G.P. (2004). Clinicians' 

assessments of practice guidelines in oncology: The CAPGO survey. International  Journal of Technology 

Assessment in Health Care, 20(4), 421-6. 

 

 

 

 
 


