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Retrospective Analysis of COX II, COX III and Catheter Ablation  

for Treatment of Atrial Fibrillation  

Atrial fibrillation (AF) is considered the most common cardiac arrhythmia, and it affects 

more than 2.2 million persons in the United States.
1
  Atrial fibrillation is presumed to be caused 

by erratic electrical impulses within the atria that lead to abnormal conduction through the 

atrioventricular node and thus an irregular ventricular response.
2
  There are many patients for 

whom the rate and rhythm control strategies have failed and other strategies need to be pursued.  

Often a patient cannot tolerate the side effects of the antiarrhythmic medications or continues to 

have symptomatic, paroxysmal atrial fibrillation.  Two options that can be pursued for 

management of atrial fibrillation are cardiac catheter ablation and a Cox procedure.  Catheter 

ablation involves using electrical activity to target and isolate the pulmonary veins.  Lesion sets 

are used to subsequently ablate any areas, other than the pulmonary veins, that trigger and 

maintain atrial fibrillation.
3
  

The Cox II procedure involves a surgeon making multiple incisions through both atria 

using a median sternotomy approach.  The foundation of this procedure is that the incisions 

create a “maze” through which an electrical impulse follows.  The Cox III procedure involves a 

surgeon making incisions that are placed to interrupt the macro-reentrant circuits that lead to AF.  

Incisions are then made to the left and right atria to help direct the sinus impulse from the SA 

node to the AV node along a specific route.  This procedure differs from the Cox II procedure, 

because there is isolation of pulmonary veins and often excision of the left atrial appendage.
4
  

The Cox III procedure was developed to address both the “chronotropic incompetence of the 

sinus node and the occasional dysfunction of the left atrium (p. 477).”
5
  Often, the Cox 



TREATMENT OF ATRIAL FIBRILLATION  2 

procedures are performed in conjunction with another cardiac surgery such as a valve 

replacement.   

The number of studies comparing catheter ablation outcomes to Cox outcomes is very 

limited.  Data regarding the outcomes of these procedures at our institution were collected, but 

had not been analyzed.  This made it impossible to present statistically supported local data to 

patients regarding outcomes of each specific procedure.  Therefore, the purpose of this 

investigation was to identify the differences in the outcomes of restoration of sinus rhythm, 

length of stay, complications, and costs in patients treated with one of the three treatments for 

atrial fibrillation: Cox II, Cox III, and catheter ablation.  The results of this study could lead to 

improved patient care and improved patient outcomes.  Advanced practice nurses and staff 

nurses should be able to utilize the results to educate patients and family members about the 

various procedures as well as the expected outcomes. 

Methods 

Approval to conduct this descriptive, retrospective study was obtained from the 

appropriate institutional review board. 

Sample and Setting 

Patients were included in this study if they underwent a Cox II or Cox III procedure by a 

participating cardiothoracic surgeon from March, 2004 to October, 2010 at the participating 

institution.  The Cox II procedure was used until July 2010, and after that the Cox III procedure 

was used.  The comparison group was patients who underwent a catheter ablation by an 

interventional cardiologist from March, 2004 to October, 2010 at the same hospital.  Patients 

were excluded from this study if there were two or more missing data points.  If a patient was 
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lost to follow-up or died during the year of analysis, he/she was not excluded unless there were 

two or more missing data points.  A total of 130 patients were eligible for this study.   

Procedure 

A list of patients who had undergone the procedures was obtained from the participating 

physicians.  Baseline demographic as well as clinical data were obtained from the patients’ 

medical records.  Chart audits were performed to review the past medical history, operative note, 

discharge summary, EKGs (electrocardiogram), and clinic office visits.  Charts and medical 

records were analyzed to obtain cardiac rhythm on discharge, within six months after the 

procedure, and within one year after the surgery.  Length of stay was determined by counting the 

days after admission date to the discharge date.  If a patient underwent the procedure as an 

outpatient and did not stay overnight in the hospital, this was counted as zero days for length of 

stay.  To determine if a patient had complications after the procedure, the operative note as well 

as the discharge summary and follow-up office notes were reviewed.  Complications were 

included if they occurred within 30 days after the procedure and were documented as a 

complication of the procedure in the medical chart or office notes.  Complications were only 

included if they were a new medical condition after the procedure was performed.  Total 

operating costs as well as physician fees were obtained from the financial department at the 

participating institution.   

Statistical Analysis 

Data were analyzed by using SPSS 15.0 software (IBM SPSS Statistics, Armonk, New 

York).  Analysis of length of stay and costs were completed using a one-way ANOVA model to 

compare differences between the three groups.  Complications after each procedure and 

restoration of sinus rhythm were analyzed using a logistics model because these data were 
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binary.  Level of significance for this study was p < 0.05.  It was hypothesized that there would 

be differences in all outcomes between the three treatment groups. 

Results 

In the ablation group, there were eight patients who had one missing data point.  There 

were 34 patients who were missing at least one data point for the Cox II group and 17 patients 

who were missing two or more data points.  These 17 patients who were missing two or more 

data points were not included in data analysis.  Three patients in the Cox III group had one 

missing data point.  Therefore, the analysis includes data from 113 patients.  There were 39 

patients in the ablation group, 70 patients in the Cox II group, and 4 patients in the Cox III group.  

Due to patients being lost to follow-up and mortality over the course of the year, there are 

variances in the number of participants throughout data analysis.  Of the 39 patients in the 

ablation group, 29 (74.3%) were men and 12 (30.76%) were women.  In the Cox II group, 43 

(61.4%) were men and 27 (38.57%) were women, and in the Cox III group, 2 (50%) were men 

and 2 (50%) were women.  The mean age of patients who received a cardiac ablation was 56.3 

years (range 36-79 years).  The mean age of patients who received a Cox II procedure was 72.7 

years (range 48-90 years) and the mean age of patients who received a Cox III procedure was 

73.5 years (range 58-79 years).  

Restoration of Sinus Rhythm  

There was a statistically significant difference in the ablation group compared to the Cox 

II group on the discharge EKG (p=0.0266) (Table 1).  At the end of one year, there was no 

statistical significant difference in restoring normal sinus rhythm between: the Cox II and Cox III 

(p=0.925), the Cox II and ablation (p=0.433), and the Cox III and ablation (p= 0.796).  
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Table 1:  Frequency and percent of patients in sinus rhythm at discharge, 6 months, and 1 year 

post procedure 

 

Discharge 6 month 1 year 

Ablation 34 (87.18% [n=39]) 22 (56.41% [n=39]) 20 (62.5% [n=32]) 

Cox II 47 (67.14% [n=70]) 33 (68.75% [(n=48]) 32 (71.11% [n=45]) 

Cox III 2 (50% [n=4]) 2 (66.67% [n=3]) 1 (100% [n=1]) 

Length of Stay 

The mean length of stay for cardiac ablation was 0.77 days (range 0-5 days), the mean 

length of stay for a Cox II was 12.2 days (range 3-36 days), and the mean Cox III length of stay 

was 11.8 days (range 5-21 days).  There were statistically significant differences found between 

the three groups (F= 39.93, df=2.0, 112, p<.0001). Using ANOVA testing, a difference of 11.4 

days was identified for the ablation group and the Cox II group (t=8.86, p <.0001).  The 

difference in mean between the ablation group and the Cox III group was statistically significant 

at 10.98 days (t=3.26, p = 0.0015).  No statistically significant difference was found for length of 

stay between the Cox procedures (t=.01, p=0.9935).  Residual analysis indicated that 

assumptions of constant variance and normal distribution were not valid, so data were natural log 

transformed before fitting the ANOVA model.  Log transformation of the data reports a mean 

LOS of -1.09 (SD +/- 1.38) days for ablation group, -2.11 (SD +/- 1.11) days for the Cox II 

group, and -2.37 (SD +/- 0.49) days for the Cox III group (F= 92.87, df=2.0, 112, p<.0001).  

After the log transformation of LOS, residual analysis showed that both assumptions of constant 

variance and normal distribution are met for the ANOVA model.  There still remains a 

statistically significant difference between the ablation and Cox II group with a difference of 3.2 

days (t= -13.44, p<.0001) and between the ablation and Cox III group with a difference of 3.5 
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days (t=-.550, p <.0001).  There is no statistically significant difference in LOS between the Cox 

procedures (t= -0.41, p=0.672).   

Complications 

Of the 39 patients who underwent a cardiac ablation, 17 (43.6%) had at least one 

complication within thirty days after the procedure (Table 2).  A total of sixteen patients (41%) 

required repeat cardiac ablation or cardioversion within a year after the initial ablation.  Seven 

(17.9 %) patients required a permanent pacemaker placement during the analysis period.  There 

was no mortality of patients recorded during the study time frame. 

Table 2:  Complications of ablation 

Complication Frequency Percent of Patients 

Recurrent atrial fibrillation 8 20.50% 

Ecchymosis 2 2.60% 

Tamponade 2 5.10% 

Acute Renal Failure 1 2.60% 

Hypoxemia 1 2.60% 

Anemia 1 2.60% 

Pericarditis 1 2.60% 

Dysphagia 1 2.60% 

Of the 70 patients who had a Cox II procedure, 66 (94.29%) had at least one complication 

within thirty days after the procedure (Table 3).  Many patients had more than one complication 

recorded, so the frequency of complications does not equal the sample size.  There were eight 

patients (11.4%) who required permanent pacemaker placement within a year after the procedure 

and four (5.7%) patients who required cardioversion after the procedure to restore normal sinus 
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rhythm.  Eleven patients died from complications after the surgery (15.7%).  Causes of mortality 

were respiratory failure (n=4), cardiac arrest (n=2), sepsis (n=2), multiple organ dysfunction 

syndrome (n=1), right ventricular failure (n=1), and stroke (n=1).  

Table 3:  Complications of Cox II  

Complication Frequency Percent of Patients 

Anemia 21 30.00% 

Recurrent atrial fibrillation 20 28.60% 

Acute renal failure 20 28.60% 

Infection 10 14.20% 

Pleural effusion 10 14.20% 

Fluid volume excess 9 12.90% 

Stroke/Transient ischemic attack 6 8.60% 

Atelectasis 6 8.60% 

Respiratory failure 6 8.60% 

Congestive heart failure 4 5.70% 

Gastrointestinal bleed 2 2.90% 

Pneumonia 2 2.90% 

Pneumothorax 2 2.90% 

Sepsis 2 2.90% 

Cardiac arrest 2 2.90% 

Dysphagia 2 2.90% 

Ileus 1 1.40% 

Hypotension 1 1.40% 
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Heparin induced thrombocytopenia 1 1.40% 

Subdural hematoma 1 1.40% 

Multiple organ dysfunction syndrome 1 1.40% 

Acute biliary obstruction 1 1.40% 

Right ventricular failure 1 1.40% 

Analysis of complications data for the four patients who underwent the Cox III procedure 

shows that three (75%) patients had a complication within thirty days after the procedure (Table 

4).  Two patients each had two complications so the frequency numbers do not add up to the 

subgroup size.  There were no mortalities documented in this group of patients. 

Table 4:  Complications for Cox III 

 

Frequency Percent of Patients 

Anemia 2 50% 

Acute Renal Failure 1 25% 

Atelectasis 1 25% 

Recurrent Atrial Fibrillation 1 25% 

Cost 

Cost data were received from the financial department at the participating hospital.  Total 

operating costs were provided, which covered services for operating room and operating time, 

supplies, pharmacy meds, nursing care/day, room and board, and ancillaries.  The finance 

department calculated total costs after contractual write-offs, charity adjustments, and prompt 

pay discounts.  The mean cost for an ablation was $26,242.16 (SD +/- $9,514.33) (Table 5).  For 

a Cox II procedure the mean cost was $39,758.28 (SD +/- $12,797.89), and for a Cox II the mean 

cost was calculated to be $39,812.22 (SD +/- $18,309.98). ANOVA analysis showed that the 
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three procedures have significantly different average costs (F=12.66, df=2, 88, P<.0001). The 

Cox II procedure was on average $13,516.12 more expensive than an ablation (t=4.69, p<.0001). 

The Cox III procedure had a mean cost of $13.570.06 more than an ablation (t=2.21, p=0.0297). 

No significant difference was found between Cox II and Cox III procedures (t=0.01, p=0.9935).  

Physician fees were not included in total operating costs.  Physician fees for an ablation were 

$4,379.53.  Physician fees for both Cox II and Cox III that were performed with another cardiac 

procedure, such as a valve replacement, were the same at $5,546.   

Table 5:  Costs for procedures 

 

Mean Costs Standard Deviation 

Ablation $26,242.16 9514.33 

Cox II $39,758.28 12797.89 

Cox III $39,812.22 18309.98 

Discussion 

This study identified differences in the outcomes of restoration of sinus rhythm, length of 

stay, complications, and costs. 

Based on analysis of EKGs completed after the procedure and prior to discharge from the 

hospital, there was a significant difference in restoration of sinus rhythm between patients who 

underwent an ablation procedure compared to those patients who underwent the Cox II 

procedure.  At the six- month analysis point, all groups had similar outcomes with no significant 

differences in restoration of sinus rhythm.  At the one-year analysis point, all three procedures 

had comparable restoration of sinus rhythm outcomes, and there were no statistically significant 

differences.  EKGs were performed at various times.  The majority of EKGs were performed at 

the three-month and one-year time frame.  However, EKGs were included if there was an EKG 
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prior to the patient leaving the hospital, within six months after the procedure, and another EKG 

from six months until one year after the procedure.  If a patient had more than one EKG during a 

given time period, the last EKG available in the time period was used.  Few studies have been 

performed that compare outcomes of cardiac ablation to Cox II or, more recently, Cox III 

procedures.  In the literature, the Cox II procedure has documented restoration of sinus rhythm 

from 71-90%.
6,7

  The Cox III procedure is almost always used rather than the Cox II procedure 

due to the difficulty and complicated technique needed for the Cox II procedure.  Thus, there are 

more reported Cox III outcomes in regards to restoration of sinus rhythm.  Previous investigators 

report the Cox III procedure has restoration of sinus rhythm of 75-96%.
5,6,8

  Those percentages 

are higher than the results of our study, however, the previous studies have on average five years 

of follow-up.  Results of cardiac ablations as treatment for atrial fibrillation range from 40-60% 

with 9-49% of these patients requiring a repeat procedure.
9
  The findings of our study one year 

after the procedure are consistent with previous studies.  If a patient had a repeat procedure 

within the one-year time frame, the patient was still included in data analysis but this could have 

made the restoration of normal sinus rhythm numbers higher in the end and could skew the data.  

There are differences, although not all statistically significant, between restoration of sinus 

rhythm between the groups at each specified time frame.  Therefore, the hypothesis for this 

outcome is accepted.   

There was a statistically significant difference in length of stay between the ablation and 

the Cox II and Cox III groups.  The ablation procedure is much less invasive and is not 

associated with another extensive cardiac procedure such as a valve replacement.  The majority 

of the patients who underwent an ablation were outpatients who went home after the recovery 

period.  Kalbfleisch, El-Atassi, Calkins, Langberg, & Morady (1993) found that 70% of patients 
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were discharged the day of ablation, and 30% required a short (≤18 h) overnight stay because the 

procedure was completed in late afternoon or the patient needed further observation.
10 

  Our 

findings are consistent with those from the literature.  The median LOS for our patients was 10 

days for the Cox II procedure and 9.5 days for the Cox III procedure, which is similar to what 

previous investigators reported.  Gaynor et al.
8
 reported a median hospital length of stay of 11 

days for either of the Cox procedures.  After reviewing the data analysis and meeting all 

assumptions, there is a difference in the outcome of length of stay between the three groups, so 

the hypothesis is accepted.   

Because the ablation procedure is less invasive and not as extensive as the surgical 

procedure required for the Cox II or Cox III, complications were much less frequent in the 

ablation group.  Younger patients often have less co-morbidity and are less prone to 

complications associated with age.  This could be a reason why the ablation group had fewer 

complications.  There were a variety of documented complications and frequencies of the 

complications between each group.  Patients in the ablation group had higher rates of repeat 

procedure and/or cardioversion to restore normal sinus rhythm within the first year after the 

procedure.  The most frequent complications reported in the literature for patients who 

underwent an ablation procedure were symptomatic or asymptomatic pulmonary vein stenosis, 

cardiac tamponade, pericardial effusion, stroke, and transient ischemic attack.
11 

  However, in our 

patient population the identified complications included recurrent atrial fibrillation, ecchymoses, 

tamponade, acute renal failure, dysphagia, hypoxemia, anemia, and pericarditis.  The most 

frequent complications of the Cox II procedure in our sample included anemia, recurrent atrial 

fibrillation, acute renal failure, pleural effusion, infection, fluid volume excess, atelectasis, 

stroke, and respiratory failure.  Complications for the Cox III procedure included anemia, acute 
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renal failure, recurrent atrial fibrillation, and atelectasis.  Complications for both Cox procedures 

reported in the literature are similar and include atrial arrhythmias, fluid retention, bleeding, 

pneumonia, stroke or transient ischemic attack, low output, pancreatitis, myocardial infarction, 

and mortality.
6  

Statistically significant differences were found between the average costs of the ablation 

compared to both Cox procedures.  This was expected as the Cox procedures have longer lengths 

of stay and there were more complications to medically manage.  Since the same equipment and 

technology is used between a Cox II procedure and a Cox III procedure, there was minimal 

difference between the average costs. No found studies have been completed that compare cost 

outcomes between these procedures, so no comparison to previous literature is able to be 

completed. Since a difference in outcomes was identified between the costs of the procedure, the 

hypothesis is accepted.   

The findings of this study are limited by a small sample size, and most especially in the 

Cox III group.  Patients were lost to follow up, which resulted in incomplete records and 

contributed to the small sample size and the data available for analysis.  Data were collected 

retrospectively from a single institution and from only specific physicians who perform the 

procedures within that institution, which limits the generalizability of the findings.  More than 

one surgeon performs the Cox procedures, so results could have been different if we were 

granted access to the other surgeon’s data.  Advanced practice nurses at our institution will be 

able to present the outcomes and statistics at our institution to patients who may undergo one of 

the treatments for atrial fibrillation.  Because complications for each procedure have been 

identified, nurses and nursing staff should more closely monitor for and try to prevent 

complication occurrence in this population of patients.  Physicians will be able to utilize the 
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results of this study to review and improve outcomes to benefit patient care.  It would be 

beneficial to conduct a prospective study at the participating institution to obtain more complete 

data.  Further studies could include the length of atrial fibrillation prior to treatment, type of 

atrial fibrillation, and whether the patient had a previous ablation procedure prior to undergoing a 

Cox procedure.  With this study and continued research in the area of atrial fibrillation 

treatments, improved patient outcomes can occur.   
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Clinical Pearls 

A variety of professionals and populations can benefit from the results of this study. 

There are multiple practical bedside clinical applications that have been identified and are 

presented below.  

 Statistically significant differences were identified in the outcomes of restoration of 

normal sinus rhythm, length of stay, and costs.  Differences among complications 

between procedures were recognized.  

 The ablation group was found to have a shorter length of stay, less complications and was 

less expensive than both of the Cox procedure groups.  

 Initially, prior to discharge, the restoration of normal sinus rhythm was statistically higher 

in the ablation group when compared to both Cox groups.  However, by the end of six 

months and one year, all three groups had similar results and there were no statistically 

significant differences found.   

 Very few prior research studies have been completed that compare outcomes between a 

cardiac ablation, Cox II procedure, and a Cox III procedure.  This study will provide a 

starting point for furture studies and continued research into the management of atrial 

fibrillation.   
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Abstract 

Background:  Atrial fibrillation (AF) is considered the most common cardiac arrhythmia, and it 

affects more than 2.2 million persons in the United States. 
1   

Two options that can be pursued for 

invasive management of atrial fibrillation are cardiac catheter ablation and a Cox procedure.   

Objective:  The purpose of this investigation was to identify the differences in the outcomes of 

restoration of sinus rhythm, length of stay, complications, and costs in patients treated with one 

of the three treatments for atrial fibrillation: Cox II, Cox III, and catheter ablation.  

Methods:  Patients were included in this study if they underwent a Cox II, Cox III or catheter 

ablation from March, 2004 to October, 2010 at Bergan Mercy Medical Center, Omaha, 

Nebraska.  Chart audits were performed to review the past medical history, operative notes, 

discharge summary, EKGs (electrocardiogram), and clinic office visits.  

Results:  A difference was found between the ablation and Cox II procedure with the ablation 

group having restoration of sinus by 20.04% more than Cox II prior to discharge (p=.0266).  The 

Cox II group had 11.4 days longer length of stay than the ablation group (p<.0001).  The 

difference in mean between the ablation group and the Cox III group was statistically significant 

at 10.98 days (p=0.0015).  The Cox II procedure was more expensive by $13,516.12 when 

compared to an ablation (p<.0001). The Cox III procedure had a mean cost of $13,570.06 more 

than an ablation (p = .0297).  

Conclusions:  The results of this study could lead to improved patient care and improved patient 

outcomes.  Advanced practice nurses and staff nurses would be able to utilize the results to 

educate patients and family members about the various procedures as well as the expected 

outcomes. 


