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P-Wave Variation and Effective Hemodialysis in Chronic Hemodialysis Patients
Abstract
Background.  Analyzing a 12‐lead surface electrocardiogram (ECG), specifically variability of the P wave interval, we aimed to assess whether or not P-wave variation can be used as a good indicator of effective hemodialysis with chronic hemodialysis patients.
Methods.  Data from 58 patients receiving HD over a period of one year were collected; the same group of patients was then evaluated during treatment with conventional HD. Electrolyte values were obtained, and Holter ECGs were performed. 
Results.  P maximum was 108±76 ms at the beginning and showed a decrease by the end of dialysis to 101±37ms (P<0.0001). Although statistically significant decreases were observed in potassium and a significant increase in natremia and calcium levels after hemodialysis, no such changes were observed in other blood electrolytes.
Conclusion: The decrease of P-wave after hemodialysis and its significant correlation with the variability of natremia, calcemia and potassium serum level, which can be used as an indicator of effective hemodialysis. 
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INTRODUCTION:
Cardiovascular disease is the leading cause of mortality in patients with end-stage renal disease (ESRD) undergoing hemodialysis (HD). With a mortality rate exceeding 165 per 1000 patients per year reported by the United States Renal Data System, cardiac arrhythmias and sudden death account for 40 percent of mortality in these patients, confirming that sudden death is a critical problem for the dialysis population.1
The high risk of sudden death is now widely recognized, but not fully explained. The most frequent etiology of sudden death is due to severe arrhythmias such as ventricular fibrillation.2
Fluid overload, uremic cardiomyopathy, secondary hyperparathyroidism, anemia and changes in blood pressure are some of the factors that may cause cardiovascular dysfunction in hemodialysis patients.3 Hemodialysis itself also represents an additional hemodynamic stress, due to variations in intradialytic blood volume and electrolytes.4
Therefore, it is crucial to identify early markers of cardiovascular risk, such as P wave variation, to improve patient outcomes. This prospective study aims to examine the relationship between P-wave variation and effective hemodialysis in patients with chronic kidney disease. By analyzing the findings, we can gain a better understanding of factors that contribute to effective hemodialysis and potentially improve patient outcomes.
Background and Significance
P wave variation, reflecting changes in atrial electrical activity, has been shown to be a useful predictor of cardiovascular events in patients with various cardiovascular diseases. However, studies investigating P wave variability in the context of hemodialysis are limited. The present prospective study aims to investigate the relationship between P wave variability and effective hemodialysis in patients with ESRD.
Methods :
Participants :
We included in this study 56 patients with chronic end-stage renal disease at the hemodialysis stage, who met the following inclusion and exclusion criteria:
o Inclusion criteria: Patients with chronic end-stage renal disease are on hemodialysis for a minimum of one year, with good observance of their hemodialysis sessions.
o Exclusion criteria: Patients with psychiatric or neurological illnesses hindering ECG holter placement.
Measurement of P-wave Variation:
A 24-hour HOLTER ECG was set up for the patient recruited, on the day of his hemodialysis session (thus covering the pre, and per then post-hemodialysis period) at the cardiovascular explorations laboratory of the Mohammed VI Hospital Arrazi in Marrakech. The results of P wave duration, amplitude, and dispersion were measured from the ECG tracings and were interpreted by the Cardiology team at the cardiovascular laboratory of the Mohammed VI Hospital in Marrakech.
Electrolytes serum tests:
An electrolyte blood test was performed, before and after the hemodialysis session at the hemodialysis center Hôpital Ibn Tofail Marrakech, including:
Blood ionogram: sodium, potassium and calcium
Statistical Analysis
Statistical analysis was performed using SPSS version 25.0. Correlation analysis and regression analysis were used to explore the relationship between P wave variation and electrolyte variation.
Results:
Of the 56 patients in the sample population, most of the hemodialysis patients were female (54%), with a mean age of 49,89 years. The youngest patient was 16 years old and the oldest was 86 years old. Hypertension is the most common risk factor, followed by diabetes. The mean cause of their kidney disease was undermined (45%), the rhythm of hemodialysis was 3 times a week.
The variation in P-wave duration was significant, shortening from the pre-hemodialysis period (108.76 ms), per-dialysis period (102.76 ms) to the post-dialysis period (101,37 ms).
There was a statistically significant decrease in P wave duration at the end-point of hemodialysis compared to the baseline and mid-point (p<0.001), The variation of the amplitude was not statistically significant. (Table 1)

Table I: P wave variation in duration and amplitude during a hemodialysis session
	Variable
	Pre-HD
	Per-HD
	Post-HD
	p

	P wave duration (ms)
	108,76
	102,76
	101,37
	0,0001

	P wave amplitude(mV)
	2,04
	2,14
	2,08
	0,0200



As expected, serum levels of potassium decreased, while the serum level of calcium and natremia significantly increased during the HD process. Changes in electrolytes parameters are presented in Table II.
Table II: Variation of the electrolyte’s serum levels before and after hemodialysis session:
	Electrolyte
	Pre-Hemodialysis
	Post-hémodialysis
	p

	Natremia mmol/L
	136,26
	138,96
	0,0010

	Potassium mmol/L
	5,66
	3,69
	0,0000

	Calcemia mg/L
	85,40
	93,2
	0,0000


According to the correlation results with hydro electrolytic disorders in this study, electrolyte disturbances in pre- and post-hemodialysis of natremia, calcemic, and potassium levels had a significant impact on the variation of P-wave duration (p<0.001) (Table III)
Table III: Correlation of the Variation of P wave and the variation of the electrolyte’s serum levels:
	
	Calcemia
	Potassium 
	Natremia

	Variation of the P wave duration
	0,0000
	0,0000
	0,0007



DISCUSSION:
Our study showed a shortening of the P-wave duration in the per- and post-hemodialysis period. On the other hand, P-wave amplitude increased progressively from pre-dialysis to per-dialysis to post-dialysis. Serum Level of natremia, calcemia, and potassium significantly impacted the variation of P-wave duration and amplitude (p<0.001). 
Since the conduction velocity of depolarization in atrial and inter-atrial tissue may be heterogeneous,5 P-wave duration should be prolonged and its dispersion from the surface ECG increased. The underlying mechanism may be due to an increase in the transverse diameter of the atrial cavity and to volume and pressure overload. Not to mention increased sympathetic activation and electrolyte imbalance, which may contribute to the inhomogeneous propagation of this atrial depolarization. 6
A study by Alida Pall and colleagues showed that P-wave duration and dispersion increased significantly during the dialytic session. Alida performed echocardiography on patients before and after the hemodialysis session, and noted that left atrial diameter decreased significantly during hemodialysis. This study also found that changes in sodium and calcium levels and variation in P-wave duration were significantly positively correlated (p <0.05, r = 0.478). 7
Szabo and Al  Szabo et al, aimed to assess the effect of hemodialysis on P wave duration and dispersion in non-diabetic patients with end-stage renal failure. Twenty-eight patients undergoing chronic hemodialysis were examined. Echocardiography was performed before hemodialysis, and 12-lead electrocardiograms (ECGs) were recorded at various time points during and after dialysis. The study found that P wave duration increased significantly from the beginning to the end of dialysis, as did P wave dispersion. In patients with a larger left atrial diameter, P wave dispersion increased even more significantly by the end of the dialysis sessions. The results suggest that both ionic imbalance and the hemodialysis process itself can contribute to changes in P wave duration and dispersion.8
another study by Beste Ozben and Al  Beste Ozben et al, intended to evaluate the effect of hemodialysis (HD) sessions on P wave dispersion (PWD), a marker associated with paroxysmal atrial fibrillation (AF). Twenty-five patients undergoing chronic HD were included. Blood samples and 12-lead electrocardiograms were obtained before, during, and after HD. The study found that PWD significantly increased during HD sessions compared to pre-dialysis values but decreased to a level similar to pre-dialysis values at the completion of HD. PWD during HD was correlated with pre-dialysis systolic and diastolic blood pressure and serum potassium levels. Regression analysis identified high pre-dialysis diastolic blood pressure, serum potassium level, and ultrafiltration amount as predictors of prolonged PWD during HD. The findings suggest specific factors such as blood pressure, serum potassium level, and ultrafiltration amount can influence PWD during HD.9


In a study conducted at Ankara Hospital, Turkey. Hemodialysis patients with a significant reduction in total body water after hemodialysis had a statistically insignificant increase in P-wave amplitude and duration values. According to the results of this study, the insignificant change in P-wave duration in hemodialysis patients could be an indicator of effective hemodialysis in CKD patients.10 
Our results concord with those found in previous studies, where P-wave duration decrease during hemodialysis. supposing the fact that hemodialysis did significantly change the patient's volume status. Calculating the diameter of the atria during hemodialysis could help us better to understand the cause of this shortened P-wave duration.
On the other hand, according to other studies, hemodialysis is deemed effective if P-wave duration and dispersion have increased. Probably, the P-wave shortening is due to an inefficient dialytic session resulting in volume overload and an inability to eliminate toxic substances from the body, or to an excessive dialytic session resulting in dehydration and electrolyte imbalance.
The findings suggest that P-wave variation could be an important tool for clinicians in monitoring the effectiveness of hemodialysis. Identifying patients with higher P-wave variation could help target interventions to improve outcomes.

Limitations of the Study
As with any study, there were limitations that may have impacted the findings. The sample size was relatively small, and the study was conducted over a relatively short time period. Further research is needed to confirm the findings and explore potential factors beyond P-wave variation that may contribute to effective hemodialysis.
 Conclusion:
This study provides important insights into the relationship between P-wave variation and effective hemodialysis in patients with chronic kidney disease. While further research is needed to confirm the findings, the study suggests that P-wave variation could be an important tool for improving the quality and efficiency of hemodialysis.
Clinicians may need to incorporate P-wave variation monitoring into their approach to hemodialysis, particularly for patients who are at a higher risk of treatment failure. and they may be able to develop more customized treatment plans for patients, targeting specific interventions to improve dialysis effectiveness.
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