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CLINICIAN’S CAPSULE

What is known about the topic?

The influence of renal impairment upon emergency

department-based outcomes in patients with atrial fibril-

lation or flutter (AFF) is unknown.

What did this study ask?

What was the impact of renal impairment upon adverse

events (AE) and rate and rhythm control (RRC) attempts

in emergency department (ED) AFF patients?

What did this study find?

When EDAFF patientswith renal impairment are adminis-

tered RRC, they have more than 10% excess AE risk.

Why does this study matter to clinicians?

Emergency physicians should be cautious about attempt-

ing RRC in ED AFF patients with renal impairment.

ABSTRACT

Objective: Atrial fibrillation or flutter (AFF) patients with renal

impairment have poor long-term prognosis, but their emer-

gency department (ED) management has not been described.

We investigated the association of renal impairment upon out-

comes after rate or rhythm control (RRC) including ED-based

adverse events (AE) and treatment failure.

Methods: This cohort study used an electrocardiogram data-

base from two urban centres to identify consecutive AFF

patients and reviewed charts to obtain comorbidities, EDman-

agement, including RRC, prespecified AE, and treatment fail-

ure. Patients were dichotomized into a normal estimated

glomerular filtration rate (eGFR) > 60 mL/min/1.73 m2) or

impaired renal function (“low eGFR”). Primary and secondary

outcomes were prespecified AEs and treatment failure,

respectively. We calculated 1) adjusted excess AE risk for

patients with decreased renal function receiving RRC; and 2)

adjusted odds ratio of RRC treatment failure.

Results: Of 1,112 consecutive EDAFF patients, 412 (37.0%) had

a low eGFR. Crude AE rates for RRC were 27/238 (11.3%) for

patients with normal renal function and 26/103 (25.2%) for

patients with low eGFR. For patients with low eGFR receiving

RRC, adjusted excess AE risk was 13.7%. (95% CI 1.7 to

25.1%). For patients with low eGFR, adjusted odds ratio for

RRC failure was 3.07. (95% CI 1.74 to 5.43)

Conclusions: In this cohort of ED AFF patients receiving RRC,

thosewith loweGFR had significantly increased adjusted excess

risk of AE compared with patients with normal renal function.

Odds of treatment failure were also significantly increased.

RÉSUMÉ

Contexte: Lafibrillation auriculaire et le flutter auriculaire (FFA)

chez les patients atteints d’un dysfonctionnement rénal com-

portent un pronostic sombre à long terme,mais la documenta-

tion reste silencieuse sur leur prise en charge au service des

urgences (SU). L’étude avait donc pour objet l’incidence du

dysfonctionnement rénal sur les résultats cliniques après

une réduction de la fréquence (RF) cardiaque ou une régular-

isation du rythme (RR) cardiaque, dont la survenue d’événe-

ments indésirables (EI) au SU ou l’échec du traitement.

Méthode: Il s’agit d’uneétudedecohorte qui visait à repérerdes

patients consécutifs atteints de FFA, à l’aide de données sur les

ECG recueillies dansdeuxgrands centresurbains, et à examiner

les dossiersmédicaux à la recherche de renseignements sur les

affections concomitantes; la prise en charge auSU, dont les trai-

tements par RF/RR; les EI prédéterminés et l’échec du
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traitement. Les patients ont été divisés en deux groupes : fonc-

tionnement rénal normal (débit defiltrationglomérulaire estimé

[DFGe]≥ 60 ml/min/1,73 m2) et fonctionnement rénal anormal

(DFGe faible). Les critères principal et secondaire d’évaluation

comprenaient des EI prédéterminés et l’échec du traitement,

respectivement. Ont été calculés 1) le risque excédentaire

rajusté d’EI chez les patients atteints d’un dysfonctionnement

rénal qui ont été soumis à une RF/RR; et 2) le risque relatif

approché [RRA] rajusté d’échec du traitement par RF/RR.

Résultats: Sur 1112 patients consécutifs examinés pour FFA

au SU, 412 (37,0%) avaient un faible DFGe. Le taux brut d’EI

après une RF/RR était de 27/238 (11,3%) chez les patients

ayant un fonctionnement rénal normal et de 26/103 (25,2%)

chez les patients ayant un faible DFGe. Parmi ceux qui ont

été soumis à une RF/RR dans ce dernier groupe, le risque excé-

dentaire rajusté d’EI s’est établi à 13,7% (IC à 95% : 1,7-25,1%)

et le RRA rajusté d’ET par RF/RR, à 3,07 (IC à 95% : 1,74-5,43).

Conclusion: Dans cette cohorte composée de patients atteints

de FFA et traités par RF/RR au SU, ceux qui avaient un faible

DFGe ont connu une augmentation importante du risque excé-

dentaire rajusté d’EI comparativement aux patients qui avaient

un fonctionnement rénal normal. Il en allait de même pour le

RRA d’échec du traitement.

Keywords: Atrial fibrillation, patient safety, renal impairment

INTRODUCTION

Atrial fibrillation or flutter (AFF) are commonly encoun-
tered dysrhythmias.1 Most emergency department (ED)
research has focused on patients with acute-onset AFF
and determined that rate or rhythm control (RRC) are
both safe and effective.2–8 However, in patients with
AFF either provoked by or concomitant with an acute
underlying illness,9 RRC has a higher chance of undesir-
able ED-based outcomes.10

Community AFF patients with renal impairment have
higher rates of stroke and death,11–15 whereas ED
patients with elevated creatinine have higher mortality.16

The recent CAEP guidelines4 do not mention patients
with renal disease but given this elevated risk, we sought
to investigate whether RRC was also associated with
poor ED-based outcomes.
We analysed an ED AFF cohort and hypothesized

that patients with renal impairment undergoing RRC
would have more adverse events (AE) and higher rates
of treatment failure.

METHODS

Study design and setting

This cohort study was conducted at two urban Canadian
university-affiliated EDs. St. Paul’s Hospital is a referral
centre with 70,000 annual ED visits and comprehensive
cardiology and renal services. Mount St. Joseph’s
Hospital is a community centre with 25,000 yearly visits
and a general internal medicine unit. This is a secondary
analysis of a previously described cohort10,17,18 approved

by the Providence Health Care/University of British
Columbia research ethics board.

Patient selection

During the study period, every electrocardiogram
(ECG) conducted was stored in theMUSE (GEHealth-
care Clinical Systems, Waukesha, WI) database, along
with the patient’s unique identifying number, and date
and time of acquisition. A cardiologist confirms all
ECGs within 24 hours. We interrogated the database
to identify ED-based ECGs showing AFF between
January 1, 2009 and December 31, 2009.10,17,18 We
entered this list into a spreadsheet (Excel, Microsoft
Corporation, Redmond WA), removed all identifiers
except the unique number, date, and time, and reviewed
the ED chart. Each patient then had a chart review of the
ED encounter.

Exclusions

We excluded patients with recent cardiac procedures
because cardiologists or surgeons directed treatment,
and those referred to the ED for direct specialty admis-
sion. We also excluded patients who re-attended the ED
within 1 year, those from outside our six-ED health
region, and those who only attended to monitor
anticoagulation.

Interventions

ED physicians managed AFF patients at their discretion,
including decisions to 1) order any investigations; 1)
administer the following care: no RRC; rate control
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using intravenous or oral rate control agents; or rhythm
control using oral or intravenous antiarrhythmic agents,
or electrical countershock under procedural sedation;
and 3) discharge or refer the patient.

Testing of renal function

Both hospitals used a rapid serum creatinine test on a
blood gas analyser (Radiometer ABL800 Flex analyzer,
Radiometer Canada, London, ON). To account for
differences in gender and body mass, the estimated
glomerular filtration rate (eGFR) was automatically
calculated using the abbreviated Modification of Diet
in Renal Disease (MDRD) equation, eGFR = 175x
(SCr/88.4)−1.154 x (age)−0.203 for males, multiplied by
0.742 if the patient was female.19 Results were routinely
available within 10 minutes.

Data capture

The sites share an electronic database that records
patient demographics, triage complaint, and all ED
investigations with results including eGFR. For each
patient, emergency physicians completed an electronic
discharge summary recording all diagnoses, medications
administered, procedures, and consultations. The nurs-
ing record provided initial and all subsequent vital signs.

Chart review

We followed the criteria of Gilbert20 and Worster.21

Four reviewers blinded to study hypothesis and
outcomes independently abstracted charts onto stan-
dardized electronic spreadsheets.10,17,18 We trained
reviewers on the first 10 charts, the primary investigator
was available at any time to discuss unclear data, and
reviewers submitted blocks of charts on regular intervals.
With the assistance of electronic records dating to 1999,
we regularly clarified missing or discrepant data, and
identified obvious issues such as a CHADS2 score22 in
an 80-year old patient. A second abstractor reviewed a
random 10% of all charts, and we obtained kappa values
for the key variable eGFR, dichotomized as greater or
less than 60. A second staff emergency physician
reviewed all potential AE. In case of disagreement, two
specialists independently reviewed the case.

Outcomes and variable definitions

The primary outcomewas the number of patients with at
least one AE within 4 hours of RRC10,17,18 or within 4
hours of arrival if no RRC was administered. These
were defined according to prespecified criteria reflecting
likely complications of RRC and classified into major
and minor AE (Box 1).10,17,18 We combined patients
undergoing RRC, similar to a previous study using the
same cohort.10 Patients with more than one AE were
counted as having a single AE.

The secondary outcome was treatment failure with
RRC. As per standards, successful rate control was
defined as decreasing ventricular rate to 100 beats per
minute or fewer4 within 4 hours of medication adminis-
tration. (We did not distinguish resting or active heart
rates.) Successful rhythm control was defined as estab-
lishment and maintenance of sinus rhythm in patients
who had a rhythm control attempt.10,17

For all outcomes, we divided the cohort into patients
with renal impairment (eGFR less than 60 mL/min/
1.73 m2; “low eGFR”) and patients without renal impair-
ment (eGFR 60 or greater), as per the Kidney Disease/
Improving Global Outcomes (KDIGO) guidelines.23,24

Because physicians might not have access to a prior
eGFR value or a thorough medical history, we did not
attempt to differentiate between chronic kidney dis-
ease23,24 and acute kidney injury.25 Greenslade used a
similar approach in an ED cohort of chest pain
patients.26 Because physicians might not order an

Box 1. Emergency department adverse events10,17,18

Major adverse events
Hypotension requiring inotropic agents

Respiratory distress requiring

Non-invasive positive-pressure ventilation

Endotracheal intubation

Newbradycardia requiring pharmacologic intervention or

pacing

Confirmed thromboembolic event

Chest compressions

Death

Minor adverse events
Respiratory distress requiring

Bag-valve mask

Oral airway

Hypotension requiring intravenous fluid bolus (crystalloid

or colloid)
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eGFR in well-appearing patients, we treated patients
without an eGFR as having a normal value.

Data analysis

We used Microsoft Excel 2011 (Microsoft Corp,
Redmond, WA) for data entry, and reported discrete
variables were reported as percentages. We presented
continuous variables as means with standard deviations
or medians with interquartile ranges where applicable.
We performed statistical analyses using SAS 9.3. (SAS
Corporation, Cary, NC).
We compared risk of AE in low eGFR patients with

the risk in normal-eGFR patients by several methods,
as follows:

1) The adjusted causal risk difference is the excess risk
of AE as a result of RRC administration in patients
with low versus normal eGFR after adjustment for
the presumed overall greater illness of the low
eGFR population. Expressed another way, this is
the AE rate if all AFF patients, dichotomized into
low- and normal-eGFR groups, received RRC,
minus the AE rate if no AFF patients received RRC.

2) The population attributable risk is the excess AE risk
due to RRC use, compared with no RRC use, in
patients with both low and normal eGFR after adjust-
ment for comorbidities – or alternatively, the propor-
tion of AEs that would not have occurred had RRC
not been attempted. While similar to 1), this only
measures patients who actually had RRC, rather
than if, “all” patients had RRC.

3) The exposure effect is the excess AE risk when RRC
is used in patients with low versus normal eGFR.
(This only applies to patients who received RRC.)
We used three different analyses because this is a het-
erogeneous group of acute and chronic AFF patients
with and without acute underlying illnesses, and we
also combined RRC treatments. Similar direction and
magnitude of the association between eGFR and out-
comes in each separate analysis would suggest a strong
relationship between eGFR and outcomes of RRC.

Firstly, we calculated crude AE rates in patients who
received RRC and those who did not and obtained
crude risk difference. Secondly, we fit a logistic regres-
sion model for AE risk using the following: age, sex,
prior AFF, hypertension, diabetes, initial systolic blood

pressure, and use of RRC. Thirdly, we used the fitted
model to estimate standardized (to the covariate distribu-
tion) risks under different exposure assumptions (actual
exposure to RRC, if all patients were exposed to RRC,
if no patients were exposed to RRC) and subgroups (all
patients, and only those who received RRC) to calculate
the previous three measures of effect (adjusted causal
risk, population attributable risk, and exposure effect)
and compare these effect measures between the low
and normal eGFR groups. We used the percentile boot-
strap method to obtain 95% confidence intervals (CI).
To analyse treatment failure, we calculated the

adjusted odds ratio of treatment failure with RRC, com-
paring patients with low versus normal eGFR. We fit a
logistic regression model for treatment failure as a func-
tion of normal versus decreased renal ability, using the
same covariates.
In addition, we also conducted two further analyses:

1) a secondary analysis of patients with an initial heart
rate > 100 beats per minute (because they would be
more likely to receive RRC), and 2) a sensitivity analysis
for the cohort of patients with complete data, with all of
the above outcomes.

RESULTS

During the 1-year study period, 1,508 consecutive patients
had ECG-proven AFF, with 1,112 patient encounters
meeting inclusion criteria (Figure 1). Overall, 966 patients
(86.8%) had an eGFR, and none of the 146 patients with-
out this test were admitted to hospital. The kappa value for
eGFR was 1.0 (95% CI 0.97 to 1.0) and 2 of 73 potential
AE required adjudication.
Four hundred and twelve (37.1%) patients (349 fibril-

lation and 63 flutter) had low eGFR. Patients with low
eGFR were older with more comorbidities. Overall,
254 patients received rate control (151 beta-blocker, 93
calcium channel blocker, 10 digoxin), and 87 patients
received rhythm control (50 electrical, 37 chemical)
(Table 1). Rates of RRC were 238/700 (34.0%) for
patients with normal eGFR and 103/412 (25.0%) for
patients with low eGFR.
Unadjusted AE rates were as follows (Table 2): For

patients with low eGFR, AEs occurred in 26/103
(25.2%) who had RRC, and in 13/309 (4.2%) who did
not. For normal patients, the proportion was 27/238
(11.3%) and 7/462, (1.5%), respectively. (Unadjusted
AE results for both low normal eGFR for both RRC
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and “no treatment” are significant at p = 0.05.) The most
common AE across all groups was “hypotension requir-
ing fluid boluses” (Appendix 1), and patients receiving
rhythm control had higher unadjusted AE rates than
those receiving rate control. Unadjusted RRC failure
rates were as follows (Table 3): 61/103 (59.2%) in
patients with low eGFR and 78/238 (32.8%) for normal
eGFR; treatment failures were higher for patients under-
going rhythm than rate control.
Appendix 2 displays demographics, comorbidities,

treatments, and outcomes for stepwise eGFR categories:
as renal function decreased, patients were older, had
more comorbidities, and had higher unadjusted rates of
AE and treatment failure. The risk of AE (independent
of whether patients received RRC) in patients with

eGFR≥ 60 was 34/700 (4.9%) compared with 8/173
(4.6%) in patients with eGFR 45–59, 13/135 (9.6%) in
patients with eGFR 30–44, and 18/104 (17.3%) in
patients with eGFR < 30. Among patients undergoing
RRC, the AE risk was 27/238 (11.3%) in patients with
eGFR≥ 60, 6/50 (12%) for eGFR 45–59, 9/31
(29.0%) for eGFR 30–44, and 11/22 (50.0%) for
eGFR < 30. The risk of treatment failure for patients
undergoing RRC was 73/238 (30.6%) in patients with
eGFR≥ 60, 18/50 (36.0%) for eGFR 45–59, 22/31
(71.0%) for eGFR 30–44, and 16/22 for eGFR < 30.
For the adjusted outcomes, we excluded 81 (7.3%)

patients from the primary analysis due to missing
covariates. For patients with low eGFR, the excess causal
risk difference for AE in patients with low eGFR who

Figure 1. Study flow diagram.
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Table 1. Baseline characteristics stratified according to

estimated glomerular filtration rate, n = 1,112

Characteristic, n (%)
unless specified

eGFR less
than 60

eGFR 60 or
greater

Number of patients 412 (37.1) 700 (62.9)
Demographics
Age, years: median (IQR) 78 (72, 84) 73 (64, 81)
Male: 195 (45.7) 336 (62.2)
EMS arrival: 208 (48.8) 161 (29.8)
Initial vitals on index ED
visit, median (IQR)

Heart rate (beats/min) 92 (81, 106) 102 (90, 115)
Systolic blood pressure
(mm Hg)

129 (112, 144) 134 (118, 150)

Diastolic blood pressure
(mm Hg)

76 (68, 89) 80 (70, 92)

Respiratory rate
(breaths/min)

20 (18, 22) 20 (18, 20)

Oxygen saturation (%) 96 (95, 97) 97 (96, 98)
Temperature (degrees C) 36.6 (36.4, 36.9) 36.7 (36.4, 36.9)
Arrhythmia
Atrial fibrillation 361 (84.7) 450 (83.3)
Atrial flutter 65 (15.3) 90 (16.7)
Duration of symptoms,
Time of onset < 48 h 69 (16.2) 189 (35.0)
Time of onset > 48 h 357 (83.8) 351 (65.0)
Chief complaint,
Palpitations 57 (13.4) 144 (26.7)
Chest pain 38 (8.9) 85 (15.7)
Dyspnea 120 (28.2) 172 (31.9)
Weakness 188 (44.1) 121 (22.4)
Acute focal neurologic
symptom

11 (2.6) 8 (1.5)

Other 12 (2.8) 10 (1.8)
Comorbidities
Prior atrial fibrillation/flutter 295 (69.3) 335 (62.0)
Hypertension 339 (79.6) 328 (60.8)
Acute coronary syndrome 92 (21.6) 95 (17.6)
Valvular disease 76 (17.8) 61 (11.3)
Diabetes 86 (20.2) 62 (11.5)
Heart failure 114 (26.8) 102 (18.9)
Prior stroke or TIA 76 (17.8) 61 (11.3)
CHADS 2 score
0 25 (5.9) 162 (30.0)
1 72 (16.9) 131 (24.3)
2 110 (25.8) 137 (25.4)
≥ 2 219 (53.2) 107 (15.3)
Medications
ASA 142 (33.3) 164 (30.4)
Clopidogrel 15 (3.5) 19 (3.5)
Warfarin 139 (32.6) 145 (26.9)
Beta blocker 149 (35.0) 176 (32.6)

(Continued )

Table 1. Continued.

Characteristic, n (%)
unless specified

eGFR less
than 60

eGFR 60 or
greater

Calcium channel blocker 68 (16.0) 54 (10.0)
Digoxin 50 (11.7) 57 (10.6)
Antiarrhythmics 24 (5.8) 45 (6.4)

Antiarrhythmics = propafenone, amiodarone, sotalol, flecanide, dronedarone; ASA =
acetylsalicylic acid; CHADS2 = heart failure, hypertension, age > 75, diabetes, stroke/TIA;
EMS = emergency medical services; TIA = transient ischemic attack.

Table 2. Emergency department adverse events (unadjusted)

stratified according to estimated glomerular filtration rate,

n = 1,112

eGFR less
than 60
(n = 412)

eGFR 60 or
greater
(n = 700) Difference (95% CI)

Total patients
with at
least 1 AE

39/412 (9.5) 34/700 (4.9) 4.6 (1.4 to 8.3)

Patients with
no rate or
rhythm
control

13/309 (4.2) 7/462 (1.5) 2.7 (0.1 to 5.9)

Patients with
rate or
rhythm
control

26/103 (25.2) 27/238 (11.3) 13.9 (4.7 to 24.2)

Rate control
Metoprolol 10/41 (24.4) 12/99 (12.1) 12.3 (−2.0 to 29.4)
Atenolol 0/2 (0.0) 0/9 (0.0) 0.0 (−80.2 to 37.1)
Diltiazem 4/19 (21.1) 5/42 (11.9) 9.2 (−11.1 to 35.3)
Verapamil 1/11 (9.1) 3/21 (14.3) −5.2 (−29.8 to 30.2)
Digoxin 0/2 (0.0) 0/8 (0.0) 0.0 (−40.3 to 80.2)

Total rate
control

15/75 (20.0) 20/179 (11.7) 8.8 (−1.1 to 20.7)

Rhythm
control
Electrical countershock

7/16 (43.8) 4/38 (10.5) 33.2 (5.7 to
59.9)

Chemical cardioversion
4/12 (33.3) 3/21 (14.3) 19.0 (-12.9 to

52.0)
Total rhythm
control

11/28 (39.3) 7/59 (11.9) 27.4 (6.7 to 48.5)

Difference is expressed as patients with impaired renal function minus patients with
normal function. (Continuity correction used.)
AE = adverse event; eGFR is the estimated glomerular filtration rate in mL/min/1.73 m2;
RRC = rate or rhythm control.
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received RRC is 11.8% (95% CI 0.7 to 23.9%), the
excess population attributable risk for RRC was 9.0%
(95% CI 1.0 to 18.8%), and the excess exposure effect
of RRC was 13.7% (95% CI 1.7 to 25.1%). When com-
paring patients with low versus normal eGFR, the

adjusted odds ratio for RRC treatment failure was 3.11.
(95% CI 1.79 to 5.57) (Table 4; stepwise calculations
in Appendix 3.)
The secondary analysis of 581 patients (18 [3.1%]

excluded due to missing covariates) had similar results
for both excess AE risk and treatment failure. The sensi-
tivity analysis of 885 patients also had similar results for
both outcomes (see Table 4 and Appendix 3).

DISCUSSION

In this cohort of 1,112 consecutive ED patients with
AFF, over one-third had low eGFR and such patients
were older with more cardiovascular comorbidities.
The crude AE rate for AFF patients with low eGFR
undergoing RRC is approximately 25% – rising to
50% at the lowest eGFR – a far higher rate than seen
in other AFF groups.17,18 The crude RRC treatment fail-
ure for patients with low eGFR was nearly 60%.
We measured the influence of low eGFR upon RRC

administration in AFF patients in three analyses, and,
after controlling for baseline imbalances, AE rates were
higher than had RRC not been administered.1 The
excess RRC risk was 12%, indicating that, had RRC
theoretically been administered to every patient, there
would have been 12% more AE in the low-eGFR
group than the normal-eGFR group, than if RRC had
not been administered to anyone. This implies that
RRC has a greater AE effect upon patients with low
eGFR.2 Because not all patients had RRC, the popula-
tion attributable risk difference implies that the actual
excess RRC risk for our study patients was 9%.3

The exposure effect estimates that there is a nearly
14% excess risk when RRC is used in patients with low
versus normal eGFR. Combined, these results, all statis-
tically significant with the same clinical trend, indicate

Table 3. Emergency department treatment failure (unadjusted)

stratified according to estimated glomerular filtration rate,

n = 1,112

eGFR less
than 60
(n = 103)

eGFR 60
or greater
(n = 238)

Difference
(95% CI)

Total patients
with
treatment
failure, n
(%)

61/103 (59.2) 78/238 (32.8) 26.5 (14.5 to 37.6)

Rate control
Metoprolol 27/41 (65.9) 37/99 (37.3) 28.5 (9.0 to 45.0)
Atenolol 1/2 (50.0) 3/9 (33.3) 16.7 (-42.7 to 69.9)
Diltiazem 11/19 (57.9) 12/42 (28.6) 29.3 (0.04 to 53.6)
Verapamil 5/11 (45.5) 7/21 (33.3) 12.2 (-24.0 to 47.0)
Digoxin 1/2 (50.0) 5/8 (62.5) −12.5 (-67.1 to 47.3)

Total rate
control

45/75 (60.0) 64/179 (35.8) 24.3 (10.1 to 37.2)

Rhythm
control
Electrical countershock

9/16 (56.3) 3/38 (7.9) 67.1 (31.8 to
86.3)

Chemical cardioversion
7/12 (58.3) 11/21 (51.5) 18.5 (-21.4 to

47.5)
Total rhythm
control

16/28 (57.1) 14/59 (23.7) 33.4 (9.7 to 53.7)

Difference is expressed as patients with impaired renal function minus patients with
normal function. (Continuity correction used.)
eGFR is the estimated glomerular filtration rate in mL/min/1.73m2.

Table 4. Adjusted outcomes with 95% confidence intervals in main and secondary analyses, n = 1,112 overall

Main analysis
(n = 1,031)

Initial hr > 100 or
RRC (n = 563)

Complete data
(n = 885)

Excess AE risk in low versus normal eGFR (%)
Causal risk difference 11.8 (0.7 to 23.9) 15.4 (18 to 27.3) 11.5 (-0.4 to 23.7)
Population attributable risk 9.0 (1.0 to 18.8) 7.9 (1.2 to 14.2) 8.9 (0.1 to 18.5)
Exposure risk in patients with RRC 13.7 (1.7 to 25.1) 14.6 (1.8 to 25.9) 13.5 (1.1 to 24.8)
Odds ratio of treatment failure for low versus normal eGFR 3.11 (1.79 to 5.57) 3.07 (1.71 to 5.52) 3.08 (1.72 to 5.53)

AE = adverse event; eGFR is the estimated glomerular filtration rate in mL/min/1.73 m2; hr = heart rate in beats per minute; RRC = rate or rhythm control.
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that administration of RRC in AFF patients with low
eGFR is associated with a 9%–14% increase in AE
rates when compared with RRC administration in
patients with low eGFR. Furthermore, there is a three-
fold adjusted odds ratio of RRC treatment failure in low-
eGFR patients. Our secondary analysis of patients with
initial tachycardia or receiving rhythm or rate control
had similar results, and our sensitivity analysis also sup-
ports these conclusions. These results should encourage
clinicians to be very cautious in administering RRC
treatments in AFF patients with low eGFR.
It is important to note that these data reflect a popula-

tion, and that select low eGFR-patients may in fact be at
lower risk than normal eGFR-patients. To illustrate, it
may be safer to administer rate control in a 55-year-old
male with eGFR 59 than a hypotensive, hypoxic
90-year-old male with eGFR 60. Thus, although low
eGFR is generally associated with worse outcomes, phy-
siciansmust still regard this variable in the overall clinical
context; other characteristics such as age and comorbid-
ities also remain important.4

We purposely combined patients with primary AFF
presentations and with AFF precipitated by or concomi-
tant with another acute condition. The latter group is
likely sicker, and ED physicians should strive to identify
underlying acute illnesses prior to initiation of AFF-
specific treatment.10 There is likely overlap between
patients with low eGFR and those with an underlying
illness. However, distinguishing patients with AFF only
(whether with low or normal eGFR), those with AFF
and an underlying illness and acute low eGFR,25 and
those with AFF and an underlying illness worsening
chronic low eGFR can be very challenging in practice.
Clinical histories, including prior eGFR, may not be
available, ominous conditions such as sepsis may not
declare themselves for many hours,27 and often import-
ant ED AFF management decisions such as RRC are
made very early during the ED encounter.10 Thus, the
eGFR, a test that typically returns quickly, can be an
important early clue that the patient is sicker (or health-
ier) than an initial physician assessment might indicate.
Previous data have shown that an ED serum creatinine

>200 umol /L increases 90-day mortality risk for ED
AFF patients.16 However, there is no prior data demon-
strating an association between low eGFR and higher
ED-based AE rates and treatment failures, which emer-
gency physicians may have some control over. While
recent ED guidelines identify a vulnerable group of
ED AFF patients (with acute underlying medical

conditions), using characteristics such as age and cardio-
vascular comorbidities,4 there is no mention of low
eGFR. Our study extends these findings by demonstrat-
ing that across a population of AFF patients with low
eGFR, RRC is more likely to be associated with
increased AE and treatment failure.

Limitations

The findings in this review of two urban Canadian EDs
may be challenging to extrapolate. In particular, the pro-
portion of patients with low eGFRmay be higher than in
other hospitals.We assumed patients without a recorded
eGFR had normal renal function because only a small
number had an AE and none were admitted, and our
sensitivity analysis supports this. The MDRD equation
was derived and validated in stable patients with chronic
kidney disease,19 and its applicability in ED patients is
unknown. Our definition of low eGFR (< 60 ml/min/
1.73m2) reflects a stage of illness progression in outpatients
with chronic kidney disease, and thusmaymisclassify some
EDpatients as high- or low-risk.We combined all patients
with low eGFR, rather than distinguishing between acute
and chronic renal insufficiency, to examine the risks asso-
ciated with any renal insufficiency. This approach has been
adopted in other ED cardiovascular cohort studies.26

Owing to small sample size but similar to a prior analysis,10

we combined rate control, chemical conversion, and elec-
trical conversion. It is possible that unmeasured confoun-
ders, for example, physician10 or patient preference for
RRC, or timing of RRC,10 influenced results, but our sec-
ondary analysis focusing on patientswith higher heart rates
and those who underwent RRC, should help ameliorate
this concern.

CONCLUSION

In this cohort of ED AFF patients administered RRC,
those with low eGFR had significantly increased
adjusted excess risk of AE when compared with patients
with normal renal function. Odds of treatment failure
were also significantly increased.

SUPPLEMENTARY MATERIAL

The supplementary material for this article can be found
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