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Triggers of Atrial Fibrillation in the Geriatric Medical Intensive 
Care Unit: An Observational Study
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Abstract

Background: Atrial fibrillation (AF) is a common arrhythmia in the 
non-cardiac intensive care unit (ICU). However, data concerning AF 
incidence and predictors in such populations are scarce and controver-
sial. The study aimed to investigate the contributing factors of new-
onset AF in elderly patients within the medical intensive care setting.

Methods: Patients admitted to ICU during a 6-month period were 
prospectively studied. Patients admitted for short period postopera-
tive monitoring and patients with chronic or paroxysmal AF were ex-
cluded. The conditions involved as AF risk factors or “triggers” from 
demographic data, history, and echocardiography were recorded. 
Acute Physiology and Chronic Health Evaluation II score was calcu-
lated. Electrolytes including some trace elements (zinc, copper, and 
magnesium) were analyzed.

Results: The study included 142 patients (49% females). Mean age 
was 69.5 ± 7.3 years. AF was observed in 12%. Diagnosis of pneu-
monia (P < 0.001), low copper (P < 0.0001) and low zinc levels (P < 
0.0001) was significantly associated with the occurrence of AF. By 
multivariate analysis, they remained statistically significant (odds ra-
tio, 7.0; 95% confidence interval, 2.0 - 24.6; P < 0.01).

Conclusions: A significant fraction of ICU elderly patients manifests 
AF. The relevant factors contributing to AF incidence in the elderly 
are pneumonia and low zinc and low copper.
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Introduction

Atrial fibrillation (AF) is a common cardiac arrhythmia in the 

intensive care unit (ICU) associated with increased morbidity 
and mortality [1]. AF occurs in 1.8-10% of non-cardiac patients 
admitted to the ICU [2]; in one study, it was approximately 5.3% 
[3] in surgical ICU patients, and in another 7.8% [4]. ICU mor-
tality in septic shock patients with new-onset AF was 44% [4]. 
AF is more common in older patients [5]. With age, changes in 
the conduction system, atrial volume, and shape due to atrophy 
and fibrosis lead to a higher incidence of AF in older adults [6].

In critically ill patients, AF may develop due to fluid im-
balances, electrolyte imbalances, hormonal imbalances, ar-
rhythmogenic drugs, and systemic inflammatory responses [7].

Trace elements such as copper, cobalt, and arsenic may 
contribute to myocardial dysfunction; zinc deficiency may in-
crease the susceptibility of the phospholipid cell membrane to 
free-radical damage and oxidative changes. Magnesium is an 
important determinant of the resting membrane potential of 
cardiac cell membranes, and potassium regulates heartbeat [8]. 
Imbalance in serum electrolyte levels such as potassium, so-
dium, calcium, and magnesium may result in arrhythmias [9].

Few studies tackled the subject of AF incidence and rela-
tionship with trace elements, but most of these studies worked 
either in cardiac surgery patients [10, 11] or non-cardiac sur-
gery patients [5, 12], while data in general medical patients 
are limited. Those worked on general medical patients focused 
on sepsis patients [13, 14], severity of illness [15, 16], medi-
cations [3, 17], and interventions like catecholamine use and 
heart catheterization [18].

We intended to work with critically ill elderly patients to 
reveal risk factors for AF within the geriatric medical intensive 
care setting with vigilance to some trace elements.

Materials and Methods

This was a prospective, observational, single-center cross-
sectional study to investigate the contributing factors of new-
onset AF in elderly patients within a medical intensive care 
setting. All data were collected after detailed information was 
given to the patient and a written consent was obtained. The 
study was approved by the local Institutional Ethical Commit-
tee of Faculty of Medicine, Ain Shams University. This study 
was conducted in compliance with the ethical standards of the 
responsible institution on human subjects as well as with the 
Helsinki Declaration.

The study recruited all elderly patients admitted to the 
ICU in a period of 6 months (May to October), and they were 
subdivided into two groups. The first group included patients 
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with incident AF (patients who developed new-onset AF). The 
second group included patients who remained in sinus rhythm. 
Patients with the following conditions were excluded: patients 
admitted for brief monitoring (less than 24 h), patients with 
chronic AF, patients with known history of paroxysmal AF and 
those with implanted permanent or transient pacemaker.

Diagnosis of new onset AF

At baseline and during follow-up examination, 10-s 12-lead 
electrocardiography (ECG) was recorded with an ECG record-
er (Bionet CardioCare).

All subjects underwent thorough history taking and physi-
cal examination at baseline.

Cardiovascular evaluation was performed as well as echo-
cardiography to evaluate left atrial volume and dimensions, 
left ventricular ejection fraction, diastolic dysfunction, right 
and left ventricular systolic pressure.

ICU outcome measures

Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score

It provides a classification of the severity of disease condition 
for adults admitted to ICU, and it is calculated from 12 routine 
physiologic measurements made during the first day after ad-
mission. An increasing score (range 0 to 71) correlates with the 
later risk of hospital death [16].

Systemic inflammatory response syndrome (SIRS)

It is an inflammatory disease that affects the entire body as 
the immune system responds to infection. SIRS is sensitive 
because approximately more than 90% of ICU patients meet 
SIRS criteria. Manifestations of SIRS include body tempera-
ture below 36 °C or above 38 °C, heart rate above 90 beats 
per minute, shortness of breath above 20 breaths per minute, 
white blood cell count below 4,000 cells/mm3 or above 12,000 
cells/mm3. If two or more of these criteria are met, a patient is 
diagnosed with SIRS regardless of evidence of infection [19].

Laboratory test

It included complete blood count (CBC), serum chemistry 
(electrolytes/liver function test/kidney function test), and co-
agulation profile.

Statistical methods

Descriptive analysis was represented in means ± standard devia-
tion (SD), minimum and maximum of the range for quantita-
tive parametric data, and as numbers and percentages for the 

qualitative ones. In case of two independent groups with para-
metric quantitative data, inferential analyses were done using in-
dependent t-test. Inferential analyses for independent variables 
were done using Chi-square test for differences between propor-
tions. The level of significance was taken at 95% (P < 0.05).

Multivariate analysis using a logistic regression model 
was done to evaluate significant contributing risk factors for 
new-onset AF.

Results

One hundred sixty-nine patients were admitted to the ICU dur-
ing the 6 months period, and 27 were excluded due to early 
death or history of AF. Of the 142 remaining, 18 were con-
verted to AF as shown in Figure 1.

Demographic data and baseline characteristics

The mean age of the sample was 69.5 ± 7.3 years (mean ± SD); 
males are nearly equal to females. Non-smokers represent two-
thirds. The body mass index (BMI) of the sample was average. 
Comorbidities are shown in Table 1. There was no difference 
between sinus patients and incident AF patients regarding de-
mographics, comorbidities and clinical presentation except for 
percentage of patients presented with pneumonia (50% in pa-
tients with incident AF vs. 9.6% in those who stayed in sinus 
rhythm, P ≤ 0.05).

Clinical characteristics according to the onset of AF

Comparing different clinical characteristics, there was no sta-
tistically significant difference between both groups as regards 
ischemic heart disease (IHD), heart failure, hypertension, chron-
ic obstructive airway disease (COPD), pulmonary embolism, 
obstructive sleep apnea, diabetes mellitus (DM), chronic liver 
disease, renal impairment, and hemorrhage. Similarly, there 
was no significant difference between those who developed AF 
and those who remained in sinus rhythm regarding APACHEII 
score, SIRS, or presence of septic shock, as shown in Table 2.

Medications used

Studying different medications used among the study popula-
tion with emphasis on beta-blockers (BBs, 16% vs. 15%, P = 
1) (bisoprolol was the main prescribed one), calcium channel 
blockers (CCBs, 11% vs. 8%, P = 0.65) as well as inotropic 
and vasopressor agents (11% vs. 12%, P = 1), there was no 
significant difference between those who developed AF and 
those who remained in sinus rhythm (Fig. 2).

Baseline serum electrolyte concentrations

Comparing various serum electrolyte concentrations at base-
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Figure 1. Study flow chart.

Table 1.  Demographic Data, Comorbidities and Clinical Presentation

Stay sinus (n = 124) Converted to AF (n = 18) P value
Age (years) 69.3 ± 7.2 71.6 ± 8.4 0.2
Sex, n (%)
  Male 63 (51%) 9 (50%) 1
  Female 61 (49%) 9 (50%)
BMI 24.2 ± 7.2 25.2 ± 7.8 0.8
Smoking, n (%) 25 (20%) 3 (16.6%) 0.87
COPD 36 (29%) 6 (33%) 0.85
Pneumonia 12 (9.6%) 9 (50%) 0.00*
Pulmonary embolism 1 (0.8%) 1 (5.5%) 0.23
Diabetes 63 (50%) 8 (44%) 0.8
Renal impairment 19 (15%) 2 (11%) 1
Hemorrhage 10 (8%) 0 (0%) 0.3
Heart failure 16 (13%) 3 (16.6%) 0.7
Pulmonary edema 2 (1.6%) 0 (0%) 1
Hypertension 72 (58%) 8 (44%) 0.3
Obstructive sleep apnea 1 (0.8%) 0 (0%) 0.87

*P ≤ 0.05. No difference is found between the two groups except for pneumonia. AF: atrial fibrillation; BMI: body mass index; COPD: chronic obstruc-
tive pulmonary disease.
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line between those who remained sinus and those who de-
veloped new-onset AF, we found no significant difference 
between all except copper and zinc levels. There was a statisti-
cally significant lower serum level of copper (128 ± 64 µg/dL 
vs. 72.3 ± 37.4 µg/dL, P < 0.0001) and zinc (132 ± 79 µg/dL 
vs. 52 ± 27.5 µg/dL, P < 0.0001) in patients converted to AF 
(Table 3).

Laboratory results

There was no significant difference between both groups re-

garding other laboratory results as shown in Table 4.

Multivariate logistic regression model for factors increas-
ing the incidence of AF in critically ill elderly patients

We performed logistic regression analysis of occurrence of 
pneumonia, serum copper at baseline and serum zinc at base-
line as predictors of developing new-onset AF in critically ill 
patients admitted to geriatric ICU (Table 5).

Pneumonia had a coefficient of 0.254 that was statistically 
significant with P value < 0.001.

Table 2.  Clinical Characteristics According to the Onset of Atrial Fibrillation

Stay sinus (n = 124) Converted to AF (n = 18) P value
Systolic blood pressure (mm Hg), mean ± SD 119.6 ± 33.6 111.6 ± 25 0.3
Diastolic blood pressure (mm Hg), mean ± SD 72.4 ± 20 68.8 ± 17 0.4
Pulse (beats/min), mean ± SD 92 ± 17.6 93 ± 13.6 0.8
Temperature (°C), mean ± SD 37.5 ± 0.6 37.6 ± 0.7 0.5
Respiratory rate, mean ± SD 22.6 ± 7 25.3 ± 7.8 0.1
APACHE II, mean ± SD 14 ± 6.7 14.7 ± 6.4 0.7
SIRS
  Negative 86 (69%) 11 (61%) 0.5
  Positive 38 (30.6%) 7 (39%)
Septic shock
  Negative 111 (89%) 13 (72%) 0.8
  Positive 13 (8%) 5 (27.7%)

There is no difference between the two groups. APACHE II: Acute Physiology and Chronic Health Evaluation II; SIRS: systemic inflammatory re-
sponse syndrome; SD: standard deviation.

Figure 2. Comparison between relevant medications used in the sinus and the AF groups. AF: atrial fibrillation.
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As well as copper and zinc, they had a statistically highly 
significant coefficient ((-0.252 and -0.268, respectively) with 
P < 0.0001.

Discussion

The aim of the study was to measure the incidence rate of AF 

in elderly patients admitted to non-cardiac medical intensive 
care units and its possible risk factors. The study revealed that 
the incidence rate of AF in elderly patients was 12.6%. In the 
current study, we found that the incidence of AF is associated 
with pneumonia diagnosis, low serum copper and low serum 
zinc in univariate and multivariate analysis. Other electrolytes 
and possible triggers (like APACHE II score, inotropic agents 
use, SIRS and abnormal vital signs) were not a significant pre-

Table 4.  Comparison of Laboratory Results

Laboratory investigation Stay sinus (n = 124) Converted to AF (n = 18) P value
WBCs 15.5 ± 18.6 16 ± 6 0.9
HGB 12 ± 10.4 10.4 ± 2 0.5
Platelets 220.6 ± 119 214 ± 123 0.2
BUN 42.4 ± 34.6 45.7 ± 44.2 0.7
Creatinine 2.4 ± 2 1.9 ± 1.4 0.4
Total proteins 6.4 ± 0.8 6.2 ± 0.8 0.4
Albumin 3 ± 0.7 2.7 ± 0.8 0.2
AST 47 ± 72.4 50.3 ± 63 0.8
ALT 44.6 ± 130.6 33 ± 24 0.7
Total bilirubin 1.7 ± 3.2 1.5 ± 1.4 0.8
Direct bilirubin 0.74 ± 1.7 0.7 ± 0.9 0.9
CK total 475.8 ± 948 469.7 ± 653.4 0.9
CKMB 23 ± 21.7 24.3 ± 16 0.7
INR 1.3 ± 0.3 1.5 ± 0.9 0.25

Data are presented as mean ± SD. ALT: alanine transaminase; AST: aspartate transaminase; BUN: blood urea nitrogen; CK: creatine kinase; HGB: 
hemoglobin; INR: international normalized ratio; SD: standard deviation; WBCs: white blood cell counts.

Table 3.  Baseline Serum Electrolyte Concentrations

Serum electrolyte concentrations Stay sinus (n = 124) Converted to AF (n = 18) P value
Sodium (mmol/L) 134.2 ± 13.5 137 ± 10.4 0.32
Potassium (mmol/L) 4.4 ± 3.7 3.7 ± 0.8 0.84
Magnesium (mEq/L) 1.9 ± 0.4 1.8 ± 0.5 0.186
Phosphorous (mmol/L) 3.4 ± 1.7 3.4 ± 2 0.66
Calcium (mg/dL) 8.6 ± 1 8.8 ± 0.75 0.17
Chloride (mmol/L) 108.7 ± 11 109.5 ± 9 0.580
Copper (µg/dL) 128 ± 64 72.3 ± 37.4 0.000*
Zinc (µmol/L) 132 ± 79 52 ± 27.5 0.000*

*P ≤ 0.001. Data are presented as mean ± SD. Difference is noted between the two groups regarding serum copper and serum zinc. SD: standard 
deviation.

Table 5.  Logistic Regression for Factors Increasing the Incidence of AF in Critically Ill Elderly Patients

Variables Beta Standard errors P
95% confidence interval

Lower bound Upper bound
Pneumonia 0.254 0.069 0.00 0.117 0.391
Copper -0.252 0.000 0.000 -0.002 0.000
Zinc -0.268 0.000 0.000 -0.002 0.000

AF: atrial fibrillation.
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cipitant to AF in the present study.
In our study, APACHE II, SIRS and septic shock were not 

risk factors for AF. Yet there was a trend of higher percentage 
of patients having septic shock in the AF group (27% com-
pared to 8% in sinus group). In the studies by Della et al and 
Sanne et al, SIRS and septic shock were risk factors of AF, 
and this is mostly due to atypical presentation of infection in 
elderly which includes absence of fever, leukocytosis as well 
as limited number of patients in the current study [20, 21].

As regards new-onset AF, the incidence varied widely ac-
cording to the setting. It is reported to be a high rate among 
septic shock patients (46.0%) [22]. Postoperative AF has been 
reported to occur in 15-50% of patients with cardiac surgery 
[23, 24] and 10-42% with thoracic surgery [25, 26], suggest-
ing that these two specific cohorts might have a higher inci-
dence of AF compared with the general ICU population. The 
incidence range in our study (12.6%) is higher than previously 
thought (4-9%) [27], possibly due to the aging population and 
the development of more complex medical comorbidities.

Trace elements such as copper and zinc have been studied 
in relation to AF. Two studies have been performed on postop-
erative AF [28, 29]. First, the concentrations of these elements 
in the blood plasma of patients undergoing elective coronary 
artery bypass grafting were determined. Blood samples were 
collected during and after cardiopulmonary bypass. Plasma con-
centrations of copper, zinc, and magnesium were measured. AF 
occurred in 21.7% of patients, and there were significant differ-
ences in zinc and copper concentrations between postoperative 
day 1 and day 3 between those who developed AF and who did 
not. Zinc concentrations recovered more slowly in patients with 
AF after cardiopulmonary bypass surgery than in patients with-
out AF [28]. Another study also applied to patients undergoing 
cardiopulmonary bypass surgery. It has been shown that patients 
presenting with heart failure early after perfusion have signifi-
cantly lower blood copper and zinc concentrations than patients 
without complications postoperatively [30]. In contrast, Negreva 
et al in 2015 studied so far 33 patients with paroxysmal AF and 
33 controls without evidence of arrhythmia. The plasma levels 
of the elements were determined three times in patients: imme-
diately after hospitalization (initial value), 24 h and 28 days after 
restoration of sinus rhythm, and in the control group. In patients 
with paroxysmal AF, plasma zinc concentrations did not differ 
from controls, and no signs of arrhythmias were reported. They 
concluded that the lack of dynamics in the index values gives 
us good reason to believe that zinc is not associated with dis-
ease onset and recurrence [30]. Zinc has antioxidant and anti-in-
flammatory properties [31, 32]. In recent years, research into the 
mechanisms of AF has revealed the development of oxidative 
stress and inflammation in patients with this disease [33, 34].

Regarding copper, the changes in its homeostasis are con-
sidered an independent risk factor for cardiovascular death [34, 
35]. Negreva et al in 2014 assessed copper status early in par-
oxysmal AF and monitored changes after restoration of sinus 
rhythm. They found that copper levels decreased during the 
first few hours of the arrhythmia and subsequently increased 
after restoration of sinus rhythm, suggesting that these changes 
are closely related to the pathogenesis of paroxysmal AF [34].

Regarding magnesium, it is an important cofactor for the 
Na-K-ATP pump, which controls the flow of sodium and po-

tassium across cell membranes [35]. Disturbance or change 
of the function of this pump during hypomagnesemia impairs 
myocardial excitability. Magnesium also prolongs the effec-
tive refractory period and disrupts the function of inwardly 
rectifying potassium channels, although not all studies have 
shown this effect [36-39]. Magnesium infusions prolong atrio-
ventricular nodal conduction time [40], while low serum mag-
nesium concentrations increase sinoatrial node automaticity 
[41]. Clinical studies have shown that intravenous magnesium 
can improve the control of AF and help maintain sinus rhythm 
[42]. Conversely, hypomagnesemia increases the digoxin dose 
required for control [43] and lowers the threshold for digoxin-
related arrhythmias [44].

Some studies have described the relationship between 
hypomagnesemia and AF risk in the postoperative state after 
cardiac surgeries. Another study demonstrated this association 
in a broader community-based cohort [44].

In the current study, baseline serum potassium was normal 
and hence magnesium so both were unrelated to incident AF 
in our data.

In the current study, prior use of some medications such 
as BBs (bisoprolol) and CCBs as well as the use of inotropes 
and vasopressors was not associated with increased risk of AF, 
and this is mostly because of the usage of norepinephrine more 
than dopamine which is less arrhythmogenic.

Although the study of Gennaro et al showed that BBs sig-
nificantly reduce the incidence of post-operative AF [45], also 
in the study of Imad et al, BBs appear to effectively prevent 
occurrence of AF in patients with systolic heart failure, which is 
a longitudinal study [46]. Also the study of Sacha et al showed 
that dopamine use may be associated with a higher incidence of 
arrhythmias compared with norepinephrine administration [47].

Indeed, the early detection of trace elements allows not 
only making a general conclusion that they have relation to 
the pathogenesis of AF, but also in particular that it may be a 
part of the initiation mechanisms. In the current study while 
copper and zinc were lower in the AF group an association 
was not established and thus further studies are needed before 
one proceed to replace copper and zinc on a routine basis to 
prevent AF.

Study limitations

Being a single-center study without longer term follow-up and 
relatively limited number of participants are the main limitations 
of this study. A larger number of enrolled patients can result in 
higher number of AF patients to be studied in future studies.

Conclusions

We can conclude that pneumonia and baseline deficiency of 
copper and zinc are independent predictors of development 
of new-onset AF in critically ill patients admitted to geriatric 
ICU. This finding will help to routinely check zinc and cop-
per serum levels at baseline and try to avoid such electrolyte 
imbalance.
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