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Abstract
Purpose: We conjectured that obstructive sleep apnea (OSA) is associated with an increased risk of ventricular arrhythmias freely of other risk issues and that the 
harshness of OSA is directly allied with the extent of this risk. In this curent study, we assessed the effects of clonazepam and zolpidem in OSA in patients with 
advanced chronic kidney disease (CKD) and mild left ventricular (LV) dysfunction.

Methods: This transversal study involved 30 patients with CKD stage 4, fifteen of them using clonazepam 2 mg and the other 15 patients using zolpidem 10mg 
before to sleep due to a disturbance to sleep.

Results: During the polysomnography, the group using clonazepam 2 mg showed a higher apnea/hypopnea index events (47.3 ± 6.5 events/hour) in comparison 
with the group using zolpidem 10 mg (10.4 ± 3.3 events/hour), P<0.0001. The 24-hour Holter monitoring presented a mean number of non-sustained ventricular 
tachycardia (NSVT) during the day, night, and whole period, respectively of 3.1 ± 1.9, 18.2 ± 2.1, and 10.7 ± 2.0 for the subjects using 2 mg of clonazepam, as well 
as, 9.4 ± 2.5, 3.3 ± 1.5, and 6.3 ± 1.8 for the individuals using zolpidem 10 mg (all the comparisons between groups into the same period were significant, P<0.0001 
for all of them).

Conclusion: There were the highest number of AHI events in patients using clonazepam 2 mg than in those using zolpidem 10 mg, as well as, a major incidence of 
NSVT in the first group compared to the second one, during the whole period recorded by the 24-hour Holter monitoring.
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Introduction
Sleep complications are frequently seen in subjects with chronic 

kidney disease (CKD). These difficulties vary in nature and assortment 
from insomnia to obstructive sleep apnea (OSA). Insomnia has 
been described in nearly 60% of individuals on hemodialysis (HD), 
stretching from the struggle in falling asleep in approximately half 
of the patients to difficulty in sleep keep in a quarter of subjects [1]. 
This is further than estimated population prevalence of around 15%. 
Sleep illnesses are not just comorbid with CKD reasonably they may 
be pathophysiologically connected to this disease. Psychological, as 
well as biological aspects, impact the sleep among CKD subjects. From 
the psychological perspective, the CKD may be considered as a state 
of chronic stress that may adversely affect the quality of life across 
all domains [2]. As a result of chronic stress, a higher prevalence of 
anxiety and depression that has been reported in these patients should 
not be surprising [3,4]. Stress, anxiety and depression are well known 
factors leading to insomnia - a common sleep problem - reported in 
CKD patients. So, quality of sleep frequently remnants insuficcient 
in subjects undergoing HD. The CKD population is also susceptible 
to to preent OSA as these individuals are habitually in a state of extra 
fluid that can cause to upper airway narrowing by provoking edema. 
OSA is characterized by snoring, pauses in breath lasting at least 10 s 
and oxygen desaturation happening during sleep. Polysomnography is 
indispensable for its diagnosis [5]. Previous studies have reported that 
nearly a third of the CKD patients have comorbid OSA [6]. Beecroft 
and colleagues recommended that a narrow upper airway could be 

responsible for the OSA in these patients [7]. This narrowing is thought 
to be triggered by fluid excess and consequent upper airway edema as 
already cited.

OSA may be an individual such not recognized risk feature for 
sudden cardiac death (SCD) [8]. A rising group of evidence confirms 
strong associations between OSA and cardiovascular illnesses, including 
coronary artery disease, left ventricular dysfunction, hypertension, 
and arrhythmias [9]. OSA also is associated with increased mortality 
[10,11]. A particular relationship to SCD was suggested by the 
discovery that SCD is more likely to happen during usual sleep hours 
in patients with OSA, which is the period when SCD is slightest likely 
in individuals without OSA and in the general population [12]. While 
these data revealed that subjects with OSA know-how an altered day-
night pattern of SCD, whether OSA growths the overall risk of SCD 
is not known. SCD balance sheet for 450,000 deaths annually in the 
United States [13]. The methodology to SCD risk stratification is 
hard, as modern treatments after myocardial infarction have altered 
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the prognostic influence of many risk factors, and also because the 
massive majority of SCD occurs in persons without documented heart 
disease [14]. Current population studies propose that the risk of SCD 
is largely unrelated to c ustomary risk factors and may include yet 
unrecognized parameters that directly disturb cardiac function and 
arrhythmogenesis [15,16].

Methods
We conjectured that OSA is associated with an increased risk of 

ventricular arrhythmias freely of other risk issues and that the harshness 
of OSA is directly allied with the extent of this risk. In this curent study, 
we assessed the effects of clonazepam and zolpidem in OSA in patients 
with advanced CKD and mild left ventricular (LV) dysfunction.

This transversal study involved 30 patients with CKD stage 
4, fifteen of them using clonazepam 2 mg and the other 15 patients 
using zolpidem 10mg before to sleep due to a disturbance to sleep. 
This study was conducted at the Hospital e Clínica São Gonçalo, Rio 
de Janeiro, Brazil. Patients were recruited from July 2014 till July 2016 
from the Arrhythmias and Artificial Cardiac Pacing Service of the same 
hospital. Enrolled patients met the following criteria: (i) a heart with an 
ejection fraction of <50% as measured by cardiac magnetic resonance 
image (Simpson’s method), (ii) use of clonazepam 2 mg or zolpidem 
10 mg before sleeping due a insomnia, (iii) aged 18 to 85 years, (iv) 
patients with CKD stage 4: estimated glomerular filtration rate (eGFR) 
between 15 and 29 mL/min/1.73 m2, and no CKD patients: eGFR 
>60 mL/min/1.73 m2 calculated using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation, and (v) the capacity 
to read, comprehend and sign the informed consent form, and attend 
the study [17]. Patients with any of the following were excluded: (i) 
pregnancy; (ii) valvular disease with significant adverse sequelae; (iii) 
unstable angina, myocardial infarction, transient ischemic attack 
or stroke previously; (iv) psychiatric disease; (v) the inability to be 
monitored clinically after the procedure; and (vi) a known addiction 
to alcohol or drugs that affects the intellect. The subjects were divided 
into two groups according to clonazepam or zolpidem use, and the 
polimsonography and 24-hour Holter monitoring were performed. 
The subjects were also submitted to 24-hour ABPM and cardiac 
magnetic resonance image.

Statistical analysis 

The results are expressed as a mean and standard deviation for 
normally distributed data and as median with interquartile range 
otherwise. Comparisons between two-paired values were performed 
with the paired t-test in cases of a Gaussian distribution and by the 
Wilcoxon test otherwise. For normality of distribution, D’Agostino-
Pearson test was used. Comparisons between more than two-paired 
values were made by repeated-measures analysis of variance or by 
Kruskal–Wallis analysis of variance as appropriate, complemented 
by the post-hoc Tukey test. Categorical variables were compared with 
Fisher’s exact test. A two-tailed P-value<0.05 was used as a criterion 
for statistical significance. All statistical analyses were performed using 
the program Graphpad Prism v 7.0 (Graphpad Software, La Jolla, CA, 
USA).

Results
The general features of the patients with CKD stage 4 in 

use of clonazepam or zolpidem are listed in Table 1. During the 
polysomnography, the group using clonazepam 2 mg showed a higher 
apnea/hypopnea index events (47.3 ± 6.5 events/hour) in comparison 
with the group using zolpidem 10 mg (10.4 ± 3.3 events/hour), 

P<0.0001 (Figure 1). The 24-hour Holter monitoring presented a mean 
number of non-sustained ventricular tachycardia (NSVT) during the 
day, night, and whole period, respectively of 3.1 ± 1.9, 18.2 ± 2.1, and 
10.7 ± 2.0 for the subjects using 2 mg of clonazepam, as well as, 9.4 ± 
2.5, 3.3 ± 1.5, and 6.3 ± 1.8 for the individuals using zolpidem 10 mg (all 
the comparisons between groups into the same period were significant, 
P<0.0001 for all of them), as shown in Figures 2A, B, and C. The inability 
to perform cardiac gadolinium-enhanced magnetic resonance image in 
patients with CKD stage 4, due to the nephrotoxicity of a component 
of this substance is an important limitation because it could confirm 
exactly the zones of scar. 

Discussion
OSA events cause systemic hypoxemia, which is sometimes severe 

and extended. These continuous oxygen desaturations in OSA patients 
may cause premature ventricular contraction. Hypoxemia allied to 
hypercapnia also activates the chemoreflex, which upsurges vascular 
sympathetic nerve traffic and serum catecholamines. Tachycardia and 
outbreaks in blood pressure at the end of apneas in amplified myocardial 
oxygen request at a time when oxygen saturation is at its deepest, a 
condition that may lead to myocardial ischemia and potentially 
dysrhythmic penalties. Subjects with OSA also have a paradoxical rise 
in coagulability through the night. Platelet activation and aggregation 
are augmented, fibrinogen levels are increased, and fibrinolytic activity 
is reduced throughout sleep in patients with OSA [18,19]. An enlarged 
danger of SCD in patients with OSA may also be clarified by heart 
autonomic dysfunction. The OSA affects mechanisms facilitating 
heart rate variability, comprising central nervous system combination 
between cardiac and ventilatory parasympathetic participations, the 
arterial baroreflex, and feedback from pulmonary stretch receptors [20]. 
As a result, heart rate variability is decreased in patients with OSA [21]. 
Moreover, the electrocardiographic QTc interval, which characterizes 
the duration of ventricular repolarization, and QTc interval dispersion, 
which reproduces the heterogeneity of repolarization, are atypical in 
patients with OSA. QTc interval dispersion correlates directly with the 
AHI and the length of nocturnal hypoxemia [22]. Additionally, the 
growth in sympathetic drive persists during the awake daytime period 
in subjects with OSA [23]. Whereas the exact link between autonomic 
function and SCD remain mostly unidentified, chronic sympathetic 

Figure 1. Apnea/hypopnea index (events/hour) during the polysomnography in the group 
using clonazepam 2 mg in comparison with the group using zolpidem 10 mg. AHI, apnea/
hypopnea index; N=15 for each group.
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overdrive has been identified as a risk marker for SCD [24,25]. Also, 
OSA is existent in a large proportion of patients with heart failure and 
has been associated to chronic left ventricular dysfunction, therefore 
contributing to neurohumoral activation and myocardial remodeling 
that create the substrate for the SCD event [26,27].

The mechanism of SCD is frequently well thought-out to be a 
ventricular arrhythmia. However, a number of other processes can 
simulator the unexpected and rapidly fatal presentation required by the 
definition of SCD. This may also result from other cardiovascular events, 
such as massive pulmonary embolism, subarachnoid hemorrhage, 
and aortic dissection. A different minus knew, but the theoretically 
important root of sudden death in individuals with OSA is the apnea by 
itself. An obstructive apnea event may not lay off due to unsuccessful 
stimulation mechanisms related to decreased chemosensitivity, which 
leads to deep cerebral hypoxemia and death. Three such cases, with 

polysomnographic and electrocardiographic monitoring, have been 
reported previously [28,29]. 

Conclusion
So, we can conclude that there were a highest number of AHI events 

in patients using clonazepam 2 mg than in those using zolpidem 10 
mg, as well as, a major incidence of NSVT in the first group compared 
to the second one, during the whole period recorded by the 24-hour 
Holter monitoring, leading us to believe that zolpidem is a safer drug 
for patients with CKD at more advanced stages.
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Figure 2. The mean number of non-sustained ventricular tachycardia recorded by the 24-hour Holter monitoring during the day (A), night (B), and whole period (C), for the subjects using 
2 mg of clonazepam, as well for the individuals using zolpidem 10 mg. NSVT, non-sustained ventricular tachycardia; N=15 for each group.

Parameters Clonazepam 2mg Zolpidem 10mg Overall
P value

N 15 15 ---
Age, years 60.2 ± 11.3 63.2 ± 14.6 0.5342
Body mass index, kg/m2 28.1 ± 5.0 27.3 ± 4.2 0.6388
Male sex (%) 15 (100%) 13 (87%) 0.4828
White ethnicity (%) 10 (67%) 12 (80%) 0.6817
Hypertension 15 (100%) 15 (100%) 1.0000
Type 2 Diabetes Mellitus 8 (53%) 9 (60%) >0.9999
Creatinine, mg/dL 2.73 ± 0.17 2.80 ± 0.12 0.2032
eGFR, mL/min/1.73 m2 26.0 ± 2.7 24.7 ± 2.5 0.1821
Albumin:creatinine ratio, mg/g 65.4 ± 10.0 72.2 ± 12.3 0.1078
Pharmacological treatment
    ACE-inhibitors/ARB 15 (100%) 15 (100%) 1.0000
    Diuretics 15 (100%) 15 (100%) 1.0000
    Spironolactone 15 (100%) 15 (100%) 1.0000
β-blockers 15 (100%) 15 (100%) 1.0000
    DHP Ca++channel blockers 15 (100%) 15 (100%) 1.0000
Mean 24-hour Systolic/Diastolic ABPM, mmHg 120.1 ± 7.4/73.0 ± 4.8 119.2 ± 8.8/70.5 ± 6.0 0.7640/0.2180
Cardiac MRI parameters
 Indexed LV mass/BSA, g/m2 201.0 ± 13.7 194.6 ± 20.1 0.3169
LVEF, % (Simpson) 46.5 ± 6.0 45.7 ± 5.4 0.7040
       LVEDVI, mL/m2 109.8 ± 5.4 112.5 ± 3.6 0.1183
       LVESVI, mL/m2 45.7 ± 2.0 47.3 ± 3.5 0.1355

Table 1. General features of patients with CKD stage 4 at baseline.

Values are expressed as mean ± SD
ABPM: ambulatory blood pressure measurements;ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; CKD: chronic kidney disease; DHP: dihydropyridine; eGFR: 
estimated glomerular filtration rate; LV: left ventricular; LVEDVI: left ventricular end-diastolic volume index; LVESVI: left ventricular end-systolic volume index; MRI: magnetic resonance 
images; N: number of patients.
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