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Abstract
AIM: To assess the safety of therapeutic hypothermia (TH) concerning arrhythmias we analyzed serial electrocardiograms (ECG) during TH.

METHODS: All patients recovered from a cardiac arrest with Glasgow < 9 at admission were treated with induced mild TH to 32-34 ºC. TH was obtained with cool fluid infusion or a specific intravascular device. Twelve-lead ECG before, during, and after TH, as well as ECG telemetry data was recorded in all patients. From a total of 54 patients admitted with cardiac arrest during the study period, 47 patients had the 3 ECG and telemetry data available. TECG analysis was blinded and performed with manual caliper by two independent cardiologists from blinded copies of original ECG, recorded at 25 mm/s and 10 mm/mV. Coronary care unit staff analyzed ECG telemetry for rhythm disturbances. Variables measured in ECG were rhythm, RR, PR, QT and corrected QT (QTc by Bazett formula, measured in lead v2) intervals, QRS duration, presence of Osborn’s J wave and U wave, as well as ST segment displacement and T wave amplitude in leads II, v2 and v5.

RESULTS: Heart rate went down an average of 19 bpm during hypothermia and increased again 16 bpm with rewarming (P < 0.0005, both). There was a non-significant prolongation of the PR interval during TH and a significant decrease with rewarming (P = 0.041). QRS duration significantly prolonged (P = 0.041) with TH and shortened back (P < 0.005) with rewarming. QTc interval presented a mean prolongation of 58 ms (P < 0.005) during TH and a significant shortening with rewarming of 22.2 ms (P = 0.017). Osborn or J wave was found in 21.3% of the patients. New arrhythmias occurred in 38.3% of the patients. Most frequent arrhythmia was non-sustained ventricular tachycardia (VT) (19.1%), followed by severe bradycardia or paced rhythm (10.6%), accelerated nodal rhythm (8.5%) and atrial fibrillation (6.4%). No life threatening arrhythmias (sustained ventricular tachycardia, polymorphic ventricular tachycardia or ventricular fibrillation) occurred during TH. 

CONCLUSION: A 38.3% of patients had cardiac arrhythmias during TH but without life-threatening arrhythmias. A concern may rise when inducing TH to patients with long QT syndrome. 
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Core tip: Induced, therapeutic hypothermia is a treatment for post-cardiac arrest syndrome with a potential survival benefit; however it is not widely used. We aimed to assess the safety of this therapy regarding cardiac arrhythmias through a systematical evaluation of electrocardiograms (ECG) changes during hypothermia and telemetry data. Our conclusions are that therapeutic hypothermia according to current practice is safe with arrhythmias in one third of the patients (38.3%) but no life-threatening arrhythmias. Bradycardia and reversible prolongation of ECG intervals are common findings. A concern may rise when inducing hypothermia to patients with arrhythmias related to long QT syndrome. 
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INTRODUCTION
In 2002, two randomized clinical trials demonstrated that inducing mild therapeutic hypothermia (TH) between 32 ºC and 34 ºC Celsius during 12 to 24 h improve survival and neurologic outcome in comatose adults recovered from ventricular fibrillation (VF) cardiac arrest (CA)[1,2]. Thenceforth, the recommendation to induce TH has been extended to non-VF cardiac arrest, and in-hospital CA[3-6]. Today, TH is the only in-hospital treatment that improves survival in comatose patients recovered from a CA[7]. Despite the evidence, TH is still underused nowadays. Some causes have been proposed: technical difficulties, lack of experience with cooling methods, safety concerns and the many gaps on various issues such as optimal target temperature, duration of TH or rewarming rate[8,9].
While there are reports about complications and side effects of hypothermia from more than 50 years ago[10-12], the vast majority of the information on cardiovascular and side effects comes from case reports, accidental deep hypothermia or induced deep hypothermia in cardiac surgery. Known side effects of TH are shivering[13], increased risk of infection[2,14], increased diuresis, electrolyte abnormalities such as hypokalemia, hypophosphatemia and hypomagnesaemia[15], hyperglycemia, coagulopahty with increased risk of bleeding, bradycardia and complex effects in hemodynamics, with small reduction in cardiac output that balances with the decrease of metabolic rate[16]. The randomized clinical trials of TH did not show any differences in arrhythmias between patients assigned to TH or normothermia, but there is paucity of data regarding electrocardiographic abnormalities in humans recovered from a cardiac arrest under controlled mild hypothermia.
In this prospective, observational study we performed a systematic analysis on serial electrocardiograms (ECG) and arrhythmias during TH, in order to describe changes and assess the safety of TH concerning ECG alterations and rhythm disturbances.

MATERIALS AND METHODS
We prospectively collected data about every CA admission in the Coronary Care Unit of a Spanish tertiary hospital during a period of 3 years. TH was performed according to current guidelines to those patients recovered from CA with any initial rhythm and Glasgow  8 at admission. Sedation was obtained with midazolam, fentanyl and muscular relaxation with cisatracurium. All drugs adjusted to body weight and administered by intravenous infusion through a central venous line. Patients where cooled to a target temperature of 32 ºC to 34 ºC, as soon as possible, with cold fluid infusion. TH was maintained with physical measures (ice packs, isolating blankets) during 24 h in the first 20 patients. The rewarming process was passive, withdrawing cooling measures, during 12 to 24 h. In the last 34 patients an intravascular cooling device (Coolgard 3000, Zoll medical Corp, Chelmsford, MA) was used to induce, maintain (33 ºC for 24 h) and withdraw TH, set to fastest cooling speed at induction and slow rewarming at a rate of 0.08-0.17 ºC/h, to slowly rewarm the patient in 12-24 h. Core temperature was measured with a Swan-Ganz catheter or urinary catheter.
During TH, all patients were under mechanical ventilation, muscular relaxation and sedation. Inotropics or vasodilators were used if necessary to maintain a target mean arterial pressure of 80-90 mmHg. Patients underwent urgent coronary angiogram (and percutaneous coronary intervention if necessary) if ST elevation acute coronary syndrome (ACS) or clinical indication. Echocardiogram was performed at admission. Complete 12 lead ECG were recorded at admission (ECG A), during peak hypothermia or minimum stable temperature (ECG B) and after rewarming (but before sedation was withdrawn, ECG C). Continuous ECG telemetry was recorded during TH. The ethical board of the hospital approved TH protocol. 
For the present study we selected all consecutive patients (n = 54) that underwent TH. Baseline characteristics of the patients, cooling rates and temperatures of TH protocol, clinical outcome data, ECG telemetry data and original ECG were recorded. ECG analysis was blinded and performed with manual caliper by two independent cardiologists from blinded copies of original ECG, recorded at 25 mm/s and 10 mm/mV. Coronary care unit staff analyzed ECG telemetry for rhythm disturbances. Variables measured in ECG were rhythm, RR, PR, QT and corrected QT (QTc by Bazett formula, measured in lead v2) intervals, QRS duration, presence of Osborn’s J wave and U wave, as well as ST segment displacement and T wave amplitude in leads II, v2 and v5. Quantitative data was obtained through arithmetical mean of 2 measured values. If there was any discordance in rhythm analysis or categorical variables, a final joint decision was reached with a third cardiologist.
Statistical analysis of measured intervals was performed with paired t-tests for related samples. Statistical significance was considered at P < 0.05 (two sided). Continuous variables are represented as means and standard deviation in brackets and categorical variables as percentages. Statistical analysis was performed with SPSS 15 (SPSS Inc, Chicago, IL). 
The statistical methods of this study were reviewed by Pablo Salinas, MD, PhD, and bachelor degree in biostatistics. 

RESULTS
A total 54 post-CA patients were included in the TH protocol. Of this 54 patients, 7 had one ECG missing (4 of them died before rewarming, 3 had unsatisfactory quality or were missing), therefore a total of 47 patients make the study population. PR interval changes were only considered when the 3 ECG were in sinus rhythm, 29 patients (61.7%).
Baseline characteristics of study population are shown in Table 1. Twenty one percent of the patients were under intraaortic balloon counterpulsation and 10% had a temporary transvenous pacemaker implanted, all of them during coronary angiogram. Two patients (4%) received continuous veno-venous hemofiltration therapy. Three patients (6.4%), already at TH target temperature, required premature protocol termination because of clinical indication, two because of hemodynamical instability and one because of emergent surgery of intraperitoneal hemorrhage, spleen and hepatic lacerations due to traumatic resuscitation. Median hospital stay was 11.5 d, ranging from 2 to 71 d. Mechanical ventilation was maintained for a median of 5.1 d. In-hospital survival rate was 53.2%. Implantable defibrillator was implanted in 23% of survivors.
Comparison of heart rate, QRS duration and RR, PR, and QTc intervals among ECG at admission (ECG A), during hypothermia (ECG B) and in normothermia after rewarming (ECG C) are shown in Table 2 and Figure 1. Changes form ECG A to ECG B were a statistically significant increase in RR interval (decrease of heart rate of 19.5 bpm, P < 0.0005); a non-significative prolongation in PR interval; a minor significant prolongation of QRS duration of 9.9 ms, P = 0.041; and a significant increase in QTc interval of 57.5 ms (P < 0.0005). Changes from ECG B to ECG C were a statistically significant decrease in RR interval (increase of heart rate of 15.9 bpm, P < 0.0005); a small significant decrease in PR interval of 18.1 ms (P = 0.003); a significant but small shortening of QRS duration of 16.7 ms, P < 0.0005; and a significant shortening of QTc interval of 35.3 ms (P = 0.017). Comparing basal ECG (A) with post-TH ECG (C), there were no significant difference in heart rate or PR interval; but we found a slight significant shortening in QRS duration of 6.8 (P = 0.029) and a significant increase in QTc of 22.2 ms (P = 0.046), with a final mean QTc interval above the upper limit of normal QTc interval (463.9 ms). 
Comparison of T wave amplitude and ST segment deviation are shown in Table 3. On the whole there were no significant changes, except for a progressive decrease in amplitude of T wave in lead v5 through the TH process, a minor descent in ST from ECG B to ECG C in lead v5, and a slight decrease in amplitude of T wave in lead II. Osborn or J wave was observed in 21.3% of the patients in ECG B (Figure 2, arrow) with average amplitude of 0.2 millivolts. All of them appeared with cooling and reverted when patient was rewarmed. No U wave was detected in any ECG.
Arrhythmia analysis is shown in Table 4. Any new arrhythmia occurred in 38.3 % of the patients during TH. The most frequent arrhythmia (50% of the patients with arrhythmias) was non-sustained monomorphic ventricular tachycardia (VT), 55% of them in patients with ACS. A 10.6% had severe bradycardia (< 50 bpm) or paced rhythms. An 8.5% had rapid nodal rhythms and 6.4% atrial fibrillation. Neither polymorphic VT, nor sustained VT, nor VF (considered as life-threatening arrhythmias) happened during TH. Twelve percent of the population changed to sinus rhythm after TH induction: half of them were in atrial fibrillation and the other half in accelerated nodal rhythm. Two patients (4.2%) had a reversible change of rhythm with TH: one in sinus rhythm developed an atrial fibrillation during TH and then relapsed to sinus rhythm and the other with an atrial fibrillation at admission had an accelerated nodal rhythm in TH and then reverted to atrial fibrillation with rewarming. No patient needed pacemaker implantation or chronotropic drugs as a result of bradycardia during TH. Supraventricular tachycardias were treated following current guidelines if considered necessary. No treatment was given to non-sustained VT. 

DISCUSSION
In the 1950’s there was a growing interest in hypothermia as a protective measure in the beginnings of open-heart surgery. Some reports from intraoperative ECG obtained during circulatory occlusion and profound hypothermia (reaching 21-23 ºC), described a decrease in heart rate and a prolongation in PR, QRS and QT intervals. Arrhythmias were common and were related to core temperature. During mild hypothermia most frequent arrhythmias were ectopic atrial rhythms and nodal rhythms. A remarkable incidence of atrial fibrillation occurred below 30-32 ºC[10,11]. VF appeared associated with circulatory occlusion. Other studies in dogs suggested temperature thresholds for VF below 26 ºC and asystole below 18 ºC[10,11,17]. Changes in ECG and arrhythmias in these reports are subject to multiple confounding factors: very low temperatures, myocardial ischemia, circulatory occlusion, cardioplegic solutions and the open-heart surgery itself. Because of those factors, previously described changes can hardly be applicable to current mild controlled TH.
Since the beginning of our decade, and after a gap in the literature of 40 years, hypothermia has regained interest, partly because the mechanism involved in its therapeutic effect were progressively clarified. Most information about complications and side effects come from old reports, animal experimentation and case reports. In the present study we provide a systematized analysis of cardiac arrhythmias and temperature-dependent, sequential ECG changes during TH performed to an unselected post-CA population.
According to our findings, during TH to a target temperature of 32-34 ºC in post-CA patients, some ECG changes may be expected: a considerable decrease in heart rate, a minimum prolongation of PR interval, a slight prolongation of QRS duration and a significant prolongation in QTc interval. All of these changes were reversible, except the prolongation of QTc interval (at least in the first 24 h after rewarming). Temperature-related changes in ST segment and T wave were not conclusive, but there was a trend towards flattening of T waves through TH process. ST segment and T wave changes may be interfered by previous cardiac disease and cause of CA, as almost half of the patients had an ACS. 
The Osborn wave, or J wave, first observed in 1938 and fully described in 1953[18], is a frequent ECG feature in deep hypothermia. It can be seen as a notch or hump-like deflection in the terminal forces of QRS or between QRS and ST segment, more visible in precordial leads[19]. The amplitude and duration correlates with temperature, and although literature rarely describes it in mild hypothermia, we found a J wave in 21.3% of the patients (Figure 2, arrow). It is caused by a temperature dependent, transmural voltage gradient of a transient potassium current, more intense in epicardium than endocardium.
On the whole, ECG changes found in our study are concordant with those described previously in deep hypothermia[20-23]. Medical staff as well as nurses working with patients treated with induced TH should be aware of the possible arrhythmias and ECG changes that may occur. An example of ECG changes is shown in Figure 2. These changes are secondary to low body temperature and should not be considered pathological. Prolongation of action potential and decrease of myocardial conduction velocity has been proposed as physiopathological explanations for these phenomena[16]. These changes were reversible with rewarming and did not deteriorate hemodynamic status or clinical situation.
Bradycardia is one of the most disturbing effects of hypothermia because CA-recovered patients are often in cardiogenic shock and cardiac output decreases along with heart rate. In our series, patients with low initial heart rates did not decrease further, but maintained or increased their heart rates (Figure 1A). Besides, some studies suggest that the relation between heart rates and cardiac output inverses with hypothermia and that allowing mild TH to reduce heart rate could actually improve myocardial contractility. This is explained because hypothermia worsens diastolic function in the myocardium, and this is partially balanced by bradycardia[24,25]. External pacing or administration of chronotropic drugs is not recommended during TH to increase cardiac output[16].
The use of TH in post CA patients was safe with no life-threatening arrhythmias that worsened hemodynamic stability or required withdrawing the TH protocol. Non life-threatening arrhythmias were found in less than a half of the patients (38.3%). 
The behavior of QTc interval in our TH series was remarkable (Figure 1D). We found a mean baseline QTc interval in the upper normal limits (mean 441 ms), it increased with TH (mean 499 ms), and partially reverted with rewarming, but final QTc interval was still lenghthened when compared to initial QTc interval (463 ms) and was above upper normal limits. In spite of that, we had no arrhythmias related to prolongation of QT interval, like polymorphic ventricular tachycardia. We presumably (some patients died before a cause of the CA could be elucidated) did not have any patient with arrhythmic CA caused by long QT, but as QT and QTc intervals lengthen with TH, and remain lengthened afterwards, a concern may raise about safety of hypothermia in patients with long QT CA. Further investigation about this issue is warranted.
There is a concern about whether TH may increase the risk for arrhythmias and that the hypothermic myocardium can be somewhat resistant to antiarrhythmic drugs during hypothermia. It is well known that deep hypothermia under 30º increments the risk for atrial fibrillation and progressively with cooling under 28º the risk for life-threatening arrhythmias as VT and VF is increased[26]. Conversely, controlled mild TH is associated with higher rates of ROSC in animal CA models and is successfully used as a treatment for junctional ectopic tachycardia in infants[27-29]. Our study supports all previous reports that controlled, mild TH, is a safe technique with no increased risk for malignant arrhythmias and a relatively small number of minor arrhythmias that on the other hand can not only be attributed to TH but also to post-CA situation and previous cardiac disease.
Our study has some limitations. Accuracy of manual calipers is limited but represents day-by-day clinical practice. Arrhythmias and ECG changes could be interfered by several confounding factors like electrolyte disturbances. We had no control group, so this point cannot be ruled out in our study. However, our findings are congruent with those previously described in hypothermia and the fact that the changes were reversible with rewarming supports that TH was the cause of these changes. Recent trials show conflicting evidence regarding optimal target temperature, one of them suggests a benefit from deeper hypothermia (32 ºC vs 34 ºC), while other found no benefit of 33 ºC over normothermia (36 ºC)[30,31]. It would be relevant to know the “arrythmical” safety of different temperature levels, however our study did not analyzed different target temperatures. 
In summary, therapeutic hypothermia according to current practice is safe with a 38.3% of patients having cardiac arrhythmias during TH but without life-threatening arrhythmias. Main ECG changes were bradycardia and prolongation of PR, QRS and QT intervals. A concern may rise when inducing TH to patients with long QT syndrome. 

COMMENTS
Background
Induced therapeutic hypothermia is currently recommended by most cardiac arrest guidelines, to improve the prognosis of the so-called post-cardiac arrest syndrome. However it is not widely used and has some controversies. Some of the main concerns that prevent intensive care physicians from inducing therapeutic hypothermia are the potential pro-arrhythmic effects of hypothermia. A study regarding cardiac arrhythmias is relevant to reassure patient’s safety, especially for patients with heart disease. 

Research frontiers
The influence of hypothermia over cardiac rhythm and cardiac conduction system is unknown and main data comes from case reports of accidental deep hypothermia.

Innovations and breakthroughs
This study allows a more comprehensive understanding of the influence of mild hypothermia in cardiac conduction. It shows a reversible prolongation of all cardiac intervals measured by electrocardiograms, suggesting that mild hypothermia slows cardiac conduction speed. The absence of life-threatening arrhythmias is reassuring for using this therapy in cardiac patients. 

Applications
This study must be interpreted with caution due to the relatively small sample and its observational nature. However, it supports the “electrical” safety of therapeutic hypothermia for cardiac patients. Future lines of research suggested by the study are the potential influence of QT prolongation by hypothermia in long-QT syndromes, and the need for experimental (most probably in animal models) studies on the influence of hypothermia and cardiac conduction speed.

Terminology
Hypothermia: any temperature below 35.5-36 ºC. It may be accidental (cold exposure in winter) or induced (cold fluid or specific devices); Target temperature: The desired temperature in induced hypothermia. Usually 32-34ºC. Some groups are investigating 32 ºC vs 34 ºC, while others advocate for only preventing hyperthermia (≤ 36 ºC)

Peer-review
It is an important topic and well written and well presented.
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Figure 1 Graphics and statistical significance for paired t-test analyses for related samples. Triangles represent mean values, shown in Table 2. Electrocardiograms (ECG) A represents ECG at admission; ECG B was performed at peak hypothermia and ECG C was recorded after rewarming.
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Figure 2 Electrocardiograms in lead II from the same patient. Reversible prolongation of all electrocardiograms (ECG) intervals may be observed. A: ECG at admission, core temperature was 35.9 ºC; B: ECG at peak hypothermia, 33 ºC. Osborn or J wave is marked with a black arrow; C: ECG after rewarming, core temperature was 36.4 ºC.

Table 1 Baseline characteristics of study population

	Patients
	47

	Age (median, range)
	65.9 (19-85)

	Male
	40 (85.1%)

	Cardiogenic shock at admission
	15 (31.9%)

	Urgent coronary angiography
	28 (59.6%)

	Left ventricular ejection fraction (%)
	43.2 (15.3)

	Initial Rhythm
	

	     Ventricular Fibrilation 
	30 (63.8%)

	     Asystolia
	14 (29.8%)

	     Pulseless Electrical Activity
	  3 (6.4%)

	Rhythm at admission
	

	     Sinus rhythm
	  31 (66%)

	     Atrial Fibrillation
	  8 (17%)

	     AV block /Nodal rhythm / Paced rhythm
	   8 (17%) 

	TH protocol
	

	     Temperature at admission
	35.7 (0.7)

	     Induction time (from admission to TH, hours)
	  4.8 (2.6)

	     Time in TH (median, range, hours)
	20.8 (5-28.5)

	     Temperature during TH
	32.8 (0.5)

	     Rewarming time (from TH to 36ºC, hours)
	11.3 (7.4)

	Cause of CA
	

	     Acute coronary syndrome
	21 (44.7%)

	     Chronic coronary disease1
	8 (17.0%)

	     Chronic heart failure
	  4 (8.5%)

	     Others / unknown2
	14 (29.8%)


Data are number (percentage) or mean (standard deviation). This group represents those patients with known preexisting coronary disease but without an acute coronary syndrome diagnosis at admission. Presumed cause were ventricular arrhythmias secondary to chronic coronary disease; No final diagnosis of the cardiac arrest could be made for this group, all of these patients died during admission. TH: Therapeutic hypothermia. 

Table 2 Changes in electrocardiograms intervals, represented as means, standard deviation (in brackets) and P for difference
	
	Admission (ECG A)
	During MTH (ECG B)
	After MTH (ECG C)
	P for difference (A to B)
	P for difference 
(B to C)
	P for difference 
(A to C)

	RR interval (ms) 
	653.8 (174.6)
	818.1 (222.6)
	656.9 (114.4)
	< 0.0005a
	< 0.0005a
	0.9

	Heart rate (bpm)
	97.9 (24.9)
	78.3 (19.8)
	94.2 (17.4)
	< 0.0005a
	< 0.0005a
	0.3

	PR interval (ms)
	169.2 (42.7)
	179.3 (37.5)
	161.2 (37.0)
	0.09
	0.003a
	0.2

	QRS duration (ms)
	108.8 (23.2)
	118.7 (37.9)
	102.0 (22.9)
	0.041a
	< 0.0005a
	0.029a

	QT interval (ms)
	353.8 (58.1)
	448.1 (106.1)
	374.9 (72.0)
	< 0.0005a
	< 0.0005a
	0.042a

	QTc interval (ms)
	441.7 (50.7)
	499.2 (95.5)
	463.9 (76.4)
	< 0.0005a
	0.017a
	0.046a



aIndicates statistical significance (P < 0.05); ms: Milliseconds; bpm: Beats per minute. ECG: Electrocardiograms






Table 3 Changes in ST segment and T wave, represented as means, standard deviation (in brackets) and P for difference

	
	Admission (ECG A)
	During MTH (ECG B)
	After MTH (ECG C)
	P for difference (A to B)
	P for difference 
(B to C)
	P for difference 
(A to C)

	ST deviation lead II
	+ 0.05 (1.4)
	- 0.20 (1.4)
	- 0.12 (0.7)
	0.2
	0.3
	0.4

	ST deviation lead v2
	+ 0.39 (3.2)
	+ 0.08 (0.6)
	+ 0.32 (1.0)
	0.4
	0.06
	0.9

	ST deviation lead v5
	- 0.25 (1.9)
	- 0.38 (0.8)
	- 0.16 (0.8)
	0.6
	0.036a
	0.7

	T wave lead II
	+ 1.0 (1.8)
	+ 0.63 (1.1)
	+ 0.38 (1.2)
	0.2
	0.1
	0.036a

	T wave lead v2
	+ 2.0 (3.6)
	+ 2.10 (3.2)
	+ 1.62 (2.4)
	0.8
	0.3
	0.5

	T wave lead v5
	+ 1.60 (2.9)
	+ 0.84 (2.3)
	+ 0.04 (2.4)
	0.1
	0.013a
	< 0.0005a


Units are millivolts. aIndicates statistical significance (P < 0.05); +: ST segment elevation or T-wave positive deflection; -: Descent in ST segment or T-wave negative deflection. 








Table 4 Incidence of arrhythmias or rhythm changes during hypothermia
	[bookmark: OLE_LINK1][bookmark: OLE_LINK7]New arrhythmias during TH
	38.3 %

	     Non sustained monomorphic VT
	19.1 %

	     Bradycardia < 50 bpm/paced rhythm
	10.6 %

	     Accelerated nodal rhythm 
	  8.5 %

	     Atrial fibrillation 
	  6.4 %

	     Sustained VT
	     0 %

	     Polymorphic VT or VF
	     0 %

	
	

	Change to sinus rhythm with TH
	12.8 %

	     Atrial fibrillation to sinus rhythm 
	  6.4 %

	     Accelerated nodal rhythm to sinus rhythm
	  6.4 %



TH: Therapeutic hypothermia; VT: Ventricular tachycardia; VF: Ventricular fibrillation.



22

image2.tiff




image1.tiff
[

Heart rate (bpm)

g

QRS duration (ms)

@
S

=
(=]

S

p=03

g

p=0041  p<0.0005

(7 ‘®
&






po—
[ p——

S, Lpes o Lo o Cond, A Vi T,
Ry o, b A i e S

[RIw—— o, ol
S, St S

[T T p————

[P ——
e e e g s, o s e dne




