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Background 
Although end stage renal disease is known to elevate risk of sudden cardiac death 

(SCD), the role of less severe renal impairment in SCD is unclear. Our objective 

was to examine the association between mild-moderate renal impairment and first 

ischemic ventricular fibrillation.

Methods 
Renal function in patients included in the Arrhythmia Genetics in the NEtherlands 

Study (AGNES) were compared. Cases (n=337, age: 56±1 yr, 80% men) were defined 

as patients who had survived VF at the time of their first acute ST elevation myocardial 

infarction (STEMI), and controls (n=339, age: 58±1 yr, 80% men) as those without 

VF during their first acute STEMI. Estimated glomerular filtration rate (eGFR) at the 

time of the acute STEMI was computed using the 4-variable Modification of Diet in 

Renal Disease equation. 

Results
At eGFR less than 105 ml/min, decrease in eGFR was associated with elevated odds 

of developing VF during STEMI. The association was essentially flat at eGFR levels 

greater than 105ml/min. The lowest eGFR quintile was associated with over a 6-fold 

increase in odds of developing VF compared to the fourth quintile. This association 

between eGFR and VF at the time of STEMI remained significant after adjusting for 

potential confounders including electrolyte levels.

Conclusions 
Mild to moderate kidney dysfunction is associated with a significantly elevated risk 

of VF in the setting of acute STEMI. Further studies should investigate the precise 

mechanisms by which mild kidney function results in VF.
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Kidney dysfunction and primary ischemic VF

Introduction
Sudden cardiac death (SCD) is a major public health problem of Western countries.1-9 

The majority of the SCDs occur in the setting of coronary artery disease (CAD), and in 

up to 50% of CAD cases, SCD is the first manifestation.2 Although the contemporary 

preventative strategies are based on presence of an arrhythmic substrate, and are 

largely targeted towards the ‘high-risk’ groups such as patients with heart failure with 

or without previous myocardial infarction10-13, the large majority of SCDs occur in 

the apparently healthy population with no preexisting heart disease in which risk-

stratification for SCD is incompletely understood.14,15

End stage renal disease forms an important subset of the population, with a significantly 

elevated risk of SCD.16 However, the role of less severe renal impairment in SCD is 

unclear and there has been a recent interest in assessing the role of chronic kidney 

disease (CKD) in SCD.17-20 Secondary data analyses in clinical trials of implantable 

cardioverter defibrillators have an inherent limitation as they typically include patients 

with advanced structural heart disease. Moreover, as CKD is highly associated with 

coronary artery disease as well as left ventricular dysfunction, which in turn are strong 

predictors of SCD, it is difficult to assess the independent effect to CKD in these 

trials. On the other hand, the absence of rhythm monitoring makes SCD adjudication 

challenging in the general population.20 Moreover, the effect of CKD independent of 

electrolyte fluctuations that may trigger off VT/VF is virtually impossible to assess in 

these studies in which the events occur in an unobserved environment.

We hypothesized that CKD is independently associated with an elevated risk of VT/

VF. We examined this association in the Arrhythmia Genetics in the NEtherlands 

Study (AGNES), a case control study of patients undergoing their first ST elevation 

myocardial infarction (STEMI) with or without accompanying VF. 

Methods
Study population
The study population was comprised of patients enrolled at the Amsterdam and 

Eindhoven sites of the AGNES study. AGNES is an ongoing case-control study, started 

in April 2001, enrolling patients at the time of their first myocardial infarction. Patients 

fulfilling the following criteria are included in the AGNES study – (1) 18 years < age 

at STEMI < 80 years; (2) of Western European Caucasian origin; (3) undergoing 

STEMI defined by 0.1 mV ST elevation in two contiguous leads (0.2 mV in leads 

V2-V3) and elevated cardiac markers; (4) no previous myocardial infarction; (5) no 

major co-morbidity; (6) no ongoing antiarrhythmic treatment; and (7) consenting to 

participate in the study. All patients provided written informed consent to participate 

in the study. The study protocol was approved by the Institutional Review Board of the 
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Academic Medical Centre, University of Amsterdam and was conducted according to 

the principles of the Declaration of Helsinki. The funding source had no role in the 

study.

Case and control definition
Cases were defined as patients who were successfully resuscitated after a documented 

VF that occurred between the onset of symptoms and their percutaneous coronary 

intervention. VF was determined by evaluation of electrocardiograms recorded in the 

ambulance or at admission. Patients that developed  VF during or after the percutaneous 

coronary intervention were not eligible. Controls were defined as patients who had no 

documented VF at the time of their first STEMI. As early reperfusion is negatively 

associated with the development of VF, potential controls that received percutaneous 

coronary intervention within two hours of onset of symptoms were excluded. 

Kidney function
For each patient, creatinine level at enrollment was measured and estimated glomerular 

filtration rate (eGFR) was computed using the 4-variable Modification of Diet in 

Renal Disease (MDRD) equation.21

Covariates
Other patient characteristics were used in this analysis to adjust for their confounding 

effect in multivariate regression models. These included demographic characteristics 

(age and gender), cardiovascular risk factors (smoking, body mass index [BMI], 

diabetes, hypertension, hyperlipidemia), and medication use (beta-blocker, aspirin, 

angiotensin converting enzyme inhibitor, angiotensin-II receptor blockers). While 

assessing the effect of eGFR, electrolyte levels were also adjusted for. 

Statistical analyses
Patient characteristics were compared between cases and controls using β2 for 

categorical variables and Student’s t-test for normally distributed continuous variables. 

The study population was divided into quintiles based on the distribution of eGFR 

levels in controls. To assess the dose-response relationship between eGFR level and VF, 

restricted cubic spline was used with knots at 5th, 50th, and 95th percentile of eGFR. 

Subsequently, logistic regression was used to examine the association between eGFR 

quintiles and VF at the time of STEMI. The fourth quintile of eGFR was chosen as 

the reference group because the eGFR obtained using the MDRD equation may not 

be the true accurate representation of true GFR at values above 115 ml/min (the fifth 

quintile). To examine the independent effect of the of eGFR five models adjusting for 
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different covariates were fitted: (A) unadjusted; (B) adjusted for demographics (age 

and gender); (C) further adjusted for traditional cardiovascular risk factors (BMI, 

smoking, hypertension, hypercholesterolemia, diabetes, family history of SCD); (D) 

further adjusted for medication use (diuretic, ACEI/ARB, beta blocker, statins); 

and (E) further adjusted for other kidney related covariates (sodium, potassium and 

hemoglobin). P-value for trend was obtained by imputing the quintile-specific median 

for the respective quintile and using it as a continuous variable in the regression 

models. Finally, the association between eGFR and VF was evaluated for subgroups 

defined by age, gender, smoking status, diabetes, hypertension, hypercholesterolemia, 

family history of SCD, and BMI. Evidence for interaction between CKD and these 

variables was tested using logistic regression. All statistical analyses were performed 

using STATA statistical package (version 10, College Station, TX). A P value of <0.05 

was considered as statistically significant.

Results
The present study was conducted among the 676 patients enrolled at the Amsterdam 

and Eindhoven sites of the AGNES study as of May 31, 2009. This constituted a 

total of 337 cases and 339 controls. In cases, VF occurred at a mean of 75±117 mins 

after onset of complaints. VF and defibrillation occurred on the scene (39.7 %), in 

the ambulance (24.6 %) or after arrival in the hospital (34.9 %). Most arrests were 

witnessed and only 23.7% of cases needed ventilator support after defibrillation. The 

majority of patients had single vessel disease, and coronary culprit location and TIMI 

(Thrombolysis In Myocardial Infarction) flow on first injection was similar in cases 

and controls (Table 1). Compared to controls, the cases were slightly younger, less 

likely to be diabetic and hypercholestrolemic, and were more likely to have family 

history of sudden death. Cases also had lower levels of BMI, eGFR, potassium and 

hemoglobin, and higher levels of creatinine, BUN and sodium compared to controls 

(Table 1).

The median (interquartile range) eGFR of the study population was 88 (71, 104) 

ml/min. Restricted-cubic spline regression demonstrated an inverse dose-response 

relationship between eGFR levels and VF at the time of STEMI up to an eGFR of 105 

ml/min. However, above eGFR of 105 ml/min there was essentially a flat relationship 

between eGFR and VF (Figure 1). 

Decreasing eGFR quintiles were associated with elevated risk of VF at the time of 

STEMI. The multivariate adjusted odds associated with the 3rd, 2nd and 1st quintiles 

of eGFR relative to quintile 4 were 1.5(0.8-2.9), 2.8(1.5-5.3), and 6.7(3.6-12.4) 

respectively. The multivariate adjusted odds of having VF for the 5th quintile, relative 

to quintile 4, was 1.0(0.5-1.9) (Table 2).
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Table 1. Patient characteristics by case-control status
Values expressed as mean (SD) or frequency(%); *Time between onset of symptoms and blood draw for 
creatinine

Figure 1. Estimated odds of VF at the time of first acute MI by eGFR level
Odds ratio (solid line) and 95% confidence interval (dotted lines) for the occurrence of VF at the time of first 
myocardial infarction by eGFR levels. The curve represents odds ratios based on restricted cubic splines with 
knots at the 5th, 50th and 95th percentiles of eGFR distribution. The reference value (OR=1) was set at an 
eGFR of 105 ml/min, the median value of eGFR among individuals without evidence of chronic kidney disease 
(eGFR>90 ml/min). The histogram represents the frequency distribution of eGFR in the study population. 
P<0.001
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Because of differing association of eGFR with VF above and below 105 ml/min, 

interaction between eGFR and other covariates was tested separately in the two 

subgroups (A) eGFR ≤ 105 ml/min and (B) eGFR > 105 ml/min. None of the 

interactions were statistically significant except for the interaction of eGFR and 

gender among individuals with eGFR > 105 ml/min (P=0.02). There was also a trend 

towards a significant interaction between eGFR and hypertension among individuals 

with eGFR ≤ 105 ml/min. Every 10 ml/min decrease in eGFR was associated with an 

OR of 1.22 (1.12–1.32) in non-hypertensive compared to an OR of 1.38 (1.24–1.55) 

among hypertensive individuals (P=0.07).

In 9 cases creatinine values during STEMI, immediately (within 1 hour) before and 

after occurrence of ventricular fibrillation, were available. In these patients ventricular 

fibrillation did not result in a significant change in creatinine levels (73.2 ± 13.3 

umol/L before and 69.4 ± 14.1 umol/L after VF, p = 0.432). In 20 cases and 41 

controls, creatinine values (long) before STEMI, during STEMI, and > 1 month post 

STEMI were available. eGFR prior to STEMI in these patients was 92.7±15.5 ml/

min vs 89.6±19 ml/min (p=0.499), during STEMI 85.7 ml/min (IQR 34,8) vs 91.8 

ml/min (IQR 23.2) (p=0.030), and post STEMI 82.2±27.9 ml/min vs 84.3±18.8 ml/

min (p=0.723).

Discussion
In this case-control study of individuals with no known pre-existing cardiovascular 

disease undergoing their first STEMI, there was a non-linear dose-response 

association between eGFR and occurrence of VF at the time of STEMI. At eGFR less 

than 105 ml/min, a decrease in eGFR was associated with elevated odds of developing 

VF at the time of STEMI. The association was essentially flat at eGFR levels greater 

than 105ml/min. The relationship between eGFR and VF at the time of STEMI 

was significant after adjusting for possible confounders. The strong dose-response 

relationship between decreasing eGFR, demonstrated in this population, highlights 

the importance of even mild to moderate kidney dysfunction as a risk factor for SCD 

in the general population.

SCD is a common end-point among patients with myocardial infarction. Majority 

of SCD victims have coronary artery disease and in up to half of the patients with 

coronary artery disease SCD is the first presenting symptom.3,23-25 The presence of an 

infarct is closely tied to the occurrence of SCD and divides the myocardial infarction 

related SCD victims into two distinct groups. In the first, the acute ischemic episode 

precipitates the cardiac arrest. These individuals have, in general, a well preserved 

to slightly abnormal ejection fraction. And the second group comprises of patients 

who, after myocardial infarction, develop significant impairment of left ventricular 
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function. The majority of preventative efforts, such as the use of defibrillators, are 

targeted towards patients in the latter group.2 However, the majority of SCD occurs 

in patients with ejection fraction over 30%.14 

Current literature is lacking in terms of risk-factors specific to SCD.25 A previous 

analysis of the AGNES study identified the presence of family history as a strong 

determinant of primary VF at the time of myocardial infarction. Presence of family 

history was associated with a 2.72-fold increase in odds of developing VF at the 

time of first STEMI.26 Another analysis in AGNES identified allelic variants at 

rs2824292 to be associated with a 1.78-fold increase in the odds of developing VF 

in this population.27 The present analysis identifies a much stronger marker of VF, 

with nearly a six-fold increase in odds associated with the sever kidney dysfunction 

(quintile 1) relative to normal kidney function (quintile 4). We also found increased 

risk of VF in patients mildly impaired kidney function, who could be qualified as pre-

clinical kidney disease patients.20 

The recent interest in examining the role of moderate kidney dysfunction in SCD has 

emerged from the evidence that end stage renal disease patients have an extremely 

elevated risk of SCD. In the MADIT-II trial, every 10 unit decrease in eGFR was 

associated with a 17% increase in the risk of SCD.17 Similarly, in the COMPANION 

trial, the presence of renal dysfunction was associated with a 1.69-fold increase in the 

risk of SCD.18 By the virtue of careful rhythm monitoring via ICD, SCD incidence 

was well adjudicated in both trials. However, as ejection fraction constituted one of 

the enrolling criteria for both these trial, an effect of eGFR independent of the ejection 

Table 2. Odds ratios of VF at the time of first acute MI by quintiles of eGFR
Model 1: Unadjusted
Model 2: Adjusted for age and gender
Model 3: Further adjusted for BMI, smoking, hypertension, hypercholesterolemia, diabetes and family history 
of SCD
Model 4: Further adjusted for diuretic, ACEI/ARB, beta blocker and statin use
Model 5: Further adjusted for sodium, potassium and hemoglobin
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fraction (which itself is a strong predictor) is difficult to appreciate.

Conversely, in population-based cohorts, SCD adjudication is a major concern, and 

relies mainly on symptomatology and interview of related individuals. In the analysis 

of 2,763 women with preexisting coronary artery disease from the HERS study, the 

definition of SCD required the patient to be under observation for the one hour prior 

to death.19 Similarly, the analysis of 4,465 elderly individuals from the CHS study 

used medical record review to ascertain the presence of SCD.20 These approaches 

particularly pose a problem among unwitnessed deaths or deaths during sleep. Another 

problem in general population based cohorts is the extremely low incidence of events. 

The CHS analysis was based on median follow up periods of 11.2 years and resulted 

in only 91 SCD cases. Despite the potential misclassification and/or the low number 

of SCD cases, there was a clear relationship between kidney function and SCD risk in 

both HERS and CHS studies.

VF is thought to result from an interaction between a susceptible substrate and a 

transient trigger.2 As the kidney is integrally involved in electrolyte homeostasis, 

impaired kidney function can possibly result in a trigger due to electrolyte fluctuations. 

Studies have shown that serum electrolyte levels such as sodium and potassium 

affect cardiac rhythm by prolonging QT interval, depressing HRV and increasing 

QT variability, which in turn may precipitate VT/VF, and thereby SCD. Due to the 

nature of the outcome, which is often in an unmonitored environment, electrolyte 

levels at the time of SCD are unknown. It is therefore virtually impossible, in any 

prospective cohort study to examine the effect of kidney function, independent of 

electrolyte fluctuations, associated with SCD. On the other hand, renal impairment 

is also associated with cardiac remodeling, including left ventricular hypertrophy and 

cardiac fibrosis, which may serve as a substrate to cardiac arrhythmias.28

The AGNES study provides a unique opportunity to examine the relationship between 

kidney function and SCD independent of possible confounders including electrolyte 

Table 2 continued.
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imbalances (which were measured at the time of acute STEMI). The study enrolls 

patients with no previously known cardiovascular disease, who survived SCD. Despite 

the stringent definitions used for ascertainment of the outcome, AGNES represents 

the largest collection of arrhythmic SCD survivors in the general population. While 

focusing on the most common cause of SCD, AGNES baseline characteristics differ 

from population based studies where the etiology is less certain.3,4,6

The results of this study have a direct implication on the efforts directed towards 

prevention of cardiovascular disease in the general population. Epidemiologic 

observational studies have shown that mild to moderate kidney dysfunction is present 

in over 34% individuals in the US.29 Two recent meta-analyses found that the risk 

of mortality in the general population increases at an eGFR < 60 ml/min, but not at 

higher values.30,31 The results of our study call for careful consideration for every level 

of kidney dysfunction as a risk marker for SCD, particularly among individuals with 

one or more risk factors for coronary artery disease, also when eGFR is only mildly 

impaired. 

Study limitations
Some limitations should be considered while interpreting the results. First, this 

study was exclusively conducted in the setting of acute STEMI, and the results may 

not be applicable to the SCDs that occur in other conditions. Nevertheless, as the 

majority of SCDs occur in patients in the setting of ischemia, these findings are 

pertinent. Second, the AGNES study includes only survivors of documented VF. After 

unsuccessful resuscitation, kidney function could not be assessed. However, we would 

expect baseline kidney function to be worse in those that could not be resuscitated. 

Third, as is the case with any observational study, there may be residual confounding 

and, although we adjusted for a large set of potential confounders, there may be other 

unknown risk-factors that may confound the relationship between eGFR and VF. In 

particular left ventricular function before STEMI was unknown, but we expect this 

to be normal as cases and controls had no previous myocardial infarction. Also, long 

term post-STEMI left ventricular function, available in 32% of cases, did not differ 

between AGNES cases and controls.32 The number of patients with eGFRs measured 

prior to STEMI was insufficient to detect a difference in eGFR in cases vs. controls 

prior to STEMI. And finally, resuscitation could influence blood creatinine levels. As 

VF often occurs early after onset of complains, obtaining creatinine levels before VF is 

very challenging. In patients in whom we were able to do so, creatinine levels were not 

changed by resuscitation. Furthermore we have measured BUN, which was associated 

with VF, similarly to creatinine. 
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Conclusions
In summary, this study shows that even mild to moderate kidney dysfunction is a 

risk marker for VF during acute STEMI. Further studies should be conducted to 

investigate the precise mechanisms by which impaired kidney function results in an 

increased susceptibility to SCD.
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