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Abstract
Purpose The aim of the study was to assess whether a history of dialysis is related to cardiopulmonary resuscitation (CPR) 
attempts and survival to hospital admission in patients with out-of-hospital cardiac arrest (OHCA).
Methods The databases of the POL-OHCA registry and of emergency medical calls in the Command Support System of 
the State of Emergency Medicine (CSS) were searched to identify patients with OHCA and a history of dialysis. A total of 
264 dialysis patient with OHCA were found: 126 were dead on arrival of emergency medical services (EMS), and 138 had 
OHCA with CPR attempts. Data from the POL-OHCA registry for patients with CPR attempts, including age, sex, place 
of residence, first recorded rhythm, defibrillation during CPR, and priority dispatch codes, were collected and compared 
between patients with and without dialysis.
Results CPR attempts by EMS were undertaken in 138 dialyzed patients (52.3%). The analysis of POL-OHCA data revealed 
no differences in age, sex, place of residence, first recorded rhythm, and priority dispatch codes between patients with and 
without dialysis. Defibrillation was less frequent in dialysis patients (P = 0.04). A stepwise logistic regression analysis 
revealed no association between survival to hospital admission and a history of hemodialysis (odds ratio = 1.12; 95% CI 
0.74–1.70, P = 0.60).
Conclusions A history of dialysis in patients with OHCA does not affect the rate of CPR attempts by EMS or a short-term 
outcome in comparison with patients without dialysis. Defibrillation during CPR is less common in patients on dialysis than 
in those without.
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Introduction

The number of people receiving dialysis in Poland reaches 540 
per million inhabitants and has been growing by about 1.3% 
per year, but it is still lower than the average number reported 
for other European Union countries (710 per million) [1]. Car-
diac arrest accounts for a quarter of deaths among patients on 
dialysis [2, 3]. It is known that early initiation of cardiopulmo-
nary resuscitation (CPR) is associated with better survival and 
quality of life in patients with cardiac arrest [4].

Although all-cause mortality rates in dialysis patients are 
constantly decreasing, the frequency of sudden cardiac death 
(SCD) remains stable [5]. The annual risk of SCD is higher 
in patients on dialysis than in general population, patients not 
receiving dialysis in end-stage renal disease (ESRD), or even 
patients with heart failure [6]. Studies on cardiac arrest in 
dialysis patients concern the incidence of cardiac arrest dur-
ing hemodialysis session, which may be provided at a dialysis 
center located in or out of hospital [7–9]. It is known that rapid 
electrolyte and fluid shifts during dialysis may cause electrical 
instability and predispose to cardiac arrhythmia, especially in 
the presence of left ventricular hypertrophy (LVH) or reduced 
ejection fraction [10, 11]. Additionally, the progression of car-
diovascular diseases in dialysis patients is affected not only 
by traditional risk factors but also by other factors associated 
with uremia [12, 13]. Ventricular arrhythmias are more likely 
to cause sudden cardiac arrest (SCA) during hemodialysis ses-
sions [14, 15]. Studies based on electrocardiogram recordings 
have shown that in the nondialysis period, SCA is more often 
caused by bradycardia and subsequent asystole [16, 17].

There are scarce data on the prevalence and treatment of 
out-of-hospital cardiac arrest (OHCA) in dialysis patients 
[18]. These patients constitute a minority of the whole popu-
lation of patients with OHCA and are poorly represented in 
small studies on OHCA. A history of dialysis is one of the 
factors that decrease the rates of survival to hospital discharge 
in patients admitted after CPR due to OHCA [19]. Although 
comorbidities worsen prognosis in OHCA patients, the impor-
tance of hemodialysis as a factor related to the incidence of 
CPR attempts and survival to hospital admission has not been 
investigated so far. Therefore, the aim of this study was to 
assess the associations between dialysis status and the rate of 
CPR attempts and survival to hospital admission in patients 
with OHCA.

Methods

Patient population and data source

Hemodialysis in Poland

According to a national registry from 2018, dialysis 
therapy in Poland was conducted in 275 dialysis centers, 
including 131 public (48%) and 142 private (52%) ones. 
However, data on the number of dialysis patients in 2018 
are not fully consistent due to considerable fluctuations in 
the status of patients as a result of transplant procedures, 
moving to a different dialysis center, or death.

Patients who have cardiac arrest at an in-hospital dialy-
sis center (usually a public one) are managed in the hospi-
tal and are considered as having in-hospital cardiac arrest 
(IHCA). On the other hand, if patients suffer cardiac arrest 
at a private dialysis center, they immediately receive medi-
cal assistance on the spot and the emergency medical ser-
vices (EMS) are called.

Study setting

The study was designed as a retrospective analysis based 
on the 2018 POL-OHCA (Poland OHCA) registry of 
OHCA and a database of emergency medical calls in the 
Command Support System of the State of Emergency 
Medicine (CSS) [20]. Because POL-OHCA contains only 
cases of cardiac arrest with CPR attempts, the database 
of the emergency medical calls from CSS was searched 
to identify dialysis patients with OHCA and those who 
pronounced dead on arrival of EMS. We searched for the 
International Classification of Diseases, 10th Revision 
codes that were likely to be used in patients with OHCA, 
including I46, I47, and I49 as well as R09, R95, R96, R98, 
and R99. A total of 116,245 records from all 340,000 in 
2018 were retrieved, which were then searched using the 
term “dializa” (dialysis) in the field “medical history”. 
This yielded 415 records related to 373 events (2 ambu-
lances were dispatched to 42 events) (Fig. 1). Data regard-
ing the history of dialysis were based only on information 
reported by the caller. Most cardiac arrests occur at home, 
which implies that there usually is a person who knows the 
patient’s history. Moreover, callers generally report that 
the patient is on dialysis as they consider this to be impor-
tant information. For the purpose of this study, the terms 
“dialysis” and “hemodialysis” were used interchangeably, 
because “dialysis” was used to retrieve information from 
the CSS database. The rate of peritoneal dialysis in Poland 
is only 5% of dialysis patients; therefore, we assume that 
it does not affect the obtained results.
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The status (dead or alive) of a patient after EMS treat-
ment is not clearly stated in the database of the CSS. 
Therefore, it was assessed on the basis of records related 
to medical treatment, vital signs, and information whether 
the patient was referred to the hospital or remained at the 
scene of emergency.

Among the 373 patients, 109 had no cardiac arrest, 126 
were dead on arrival of EMS, and 138 patients had cardiac 

Fig. 1  Flow chart of patients/
event inclusion from Command 
Support System of the State 
Emergency Medicine

arrest and underwent CPR (defibrillation or at least one 
dose of epinephrine). The selected records from the CSS 
database were reviewed and combined with information 
obtained from the POL-OHCA registry, which included data 
of 26,783 patients with CPR attempts due to OHCA in 2018 
in Poland (Fig. 2). The following data were collected for the 
138 dialysis patients included in the POL-OHCA database 

Fig. 2  Distribution of dialysis 
patients in database of Com-
mand Support System of the 
State Emergency Medicine and 
in Pol-OHCA registry
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Table 1  Comparison of patients with out-of-hospital cardiac arrest with and without a medical history of dialysis who underwent cardiopulmo-
nary resuscitation

Data are presented as number (percentage) of patients unless otherwise indicated
VF/VT ventricular fibrillation/ventricular tachycardia, PEA pulseless electrical activity, EMS emergency medical services, HEMS helicopter 
emergency medical service

Parameter History of dialysis (N = 138) No history of dialysis (N = 26,645) P value

Age (years), mean ± SD 67.1 ± 11.8 (N = 127) 65.6 ± 17.6 (N = 22,638) 0.33
Male sex 107 (67.3) 19,930 (68.4) 0.83
Defibrillation 33 (23.9) 8536 (32.0) 0.04
Place of residence (city > 10,000 inhabitants) 77 (55.8) 14,644 (55.0) 0.84
Priority code 1 118 (86.8) 23,325 (90.2) 0.36
2 EMS ambulances dispatched 21 (15.2) 4256 (16.0) 0.81
Defibrillation performed by the first EMS 32 (23.2) 8370 (31.4) 0.04
VF/VT recognized by the first EMS 22 (16.4) 5448 (20.8) 0.22
Sinus rhythm 19 (13.8) 2475 (9.3) 0.07
Supraventricular tachycardia 1(0.7) 374 (1.4) 0.50
Ventricular tachycardia 1 (0.7) 227 (0.9) 0.87
Atrial fibrillation 2 (1.5) 1026 (3.9) 0.14
Asystole 91 (65.9) 18,057 (67.8) 0.65
PEA 30 (21.7) 6641 (24.9) 0.39
Pacemaker artifacts 6 (4.4) 510 (1.9) 0.04
ECG signs of myocardial infarction 2 (1.5) 849 (3.2) 0.25
Pacing 4 (2.9) 462 (1.7) 0.30
Intubation 109 (79.0) 20,632 (77.4) 0.66
Venous access 126 (91.3) 24,719 (92.8) 0.51
Traumatic injuries 6 (4.4) 3182 (11.9) 0.006
Epinephrine 135 (97.8) 25,665 (96.3) 0.35
Atropine 23 (16.7) 5424 (20.4) 0.28
Survival to hospital admission or HEMS transport 51 (36.9) 9682 (36.3) 0.88

regression analysis was conducted to find an association 
between survival to helicopter EMS (HEMS) transport or 
hospital admission and demographic and clinical data. The 
“dialysis” variable was retained in the stepwise logistic 
regression analysis even if P was not significant. A P value 
of less than 0.05 was considered significant.

Results

The final study sample included 264 patients with OHCA 
and a history of dialysis, including 138 patients who under-
went CPR (epinephrine and/or defibrillation) and 126 
patients who were pronounced dead on arrival of EMS. 
Therefore, CPR attempts were undertaken in at least 52.3% 
of dialysis patients with OHCA. Among the 138 patients 
with CPR attempts, resuscitation efforts were unsuccessful 
in 87 patients and 51 patients survived to hospital admission 
or HEMS transport. A comparison between OHCA patients 
with and without a history of dialysis who underwent CPR 

and compared between individuals with CPR attempts 
with and without a history of dialysis recorded by an emer-
gency dispatcher: age, sex, place of residence, first recorded 
rhythm, CPR attempt, defibrillation during CPR, and prior-
ity dispatch codes (code 1, which denotes the highest prior-
ity and requires the use of visual and audible signaling by 
the ambulance, or code 2, which does not require signaling 
unless the dispatcher decides otherwise, for example, due to 
traffic congestion).

Ethics approval

As this was a retrospective study, the approval of the Ethics 
Committee and patient consent to participate in the study 
were not required.

Statistical analysis

Continuous variables were presented as means and standard 
deviations and compared with the Student’s t test. Discrete 
variables were presented as numbers and percentages and 
compared with the chi-squared test. A stepwise logistic 
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and were included in the POL-OHCA database is presented 
in Table 1.

The rate of OHCA on Mondays and Tuesdays was 42.0% 
in patients on dialysis and 29.1% in those not undergoing 
dialysis (P < 0.001).

In dialysis patients, the rate of ventricular fibrillation 
(VF) or pulseless ventricular tachycardia (VT) on Mondays 
and Tuesdays was 13.8%, but on the other days of the week, 
it was 17.5% (P = 0.59). In nondialysis patients, the rate of 
VF/VT on Mondays and Tuesdays was 21.1%, as compared 
with 20.2% on the other days (P = 0.01). The rate of VF/VT 
was similar on Mondays and Tuesdays (P = 0.17) as well as 
on the other days of the week (P = 0.55) in patients with and 
without a history of dialysis (Fig. 3).

Multivariate analysis

In the stepwise logistic regression analysis, the following 
factors were related to survival to hospital admission or 
HEMS transport: VT or VT as the first recorded rhythm, 
defibrillation, atropine use, place of residence (city of more 
than 10,000 inhabitants), and priority code 2. On the other 
hand, male sex and epinephrine use were linked to worse 
survival (Table 2).

Discussion

Our study revealed that more than half of patients with a his-
tory of dialysis underwent CPR by EMS. This rate is similar 
to that reported for the general population of patients with 
OHCA in previous research [21]. This finding indicates that 
the history of dialysis does not affect CPR attempts under-
taken by EMS personnel.

The second finding of our study is that a history of dialy-
sis is not related to survival to hospital admission or HEMS 
transport, either in a univariate and multivariate analysis. 
Shockable first recorded rhythm and VF during CPR, as well 
as defibrillation performed during CPR, are well-known 
positive predictors of survival [22]. Surprisingly, despite 
the lack of differences in survival, defibrillation was per-
formed less often in dialysis patients with OHCA than in 
those not receiving dialysis. The lower rate of defibrilla-
tion in dialysis patients is expected to be related with worse 
survival. However, it could not be excluded that hyper-
kalemia in dialysis patients, a frequent cause of OHCA, can 
be successfully treated during CPR. Sacher et al. showed 
that higher potassium levels are associated with a greater 
risk of conduction disturbances [17]. Dialysis patients are 
at risk of high potassium levels, especially after a longer 
break in dialysis. Electrolyte disturbances in these patients 

Table 2  Association between survival to hospital admission or heli-
copter emergency medical services transport and demographic and 
clinical data: a stepwise logistic regression analysis

ECG electrocardiogram, OR odds ratio, VF ventricular fibrillation, 
VT ventricular tachycardia

Parameter OR 95% CI P value

VF or VT on first ECG 1.73 1.57–1.90  < 0.001
Defibrillation 1.29 1.18–1.40  < 0.001
Atropine use 1.16 1.08–1.25  < 0.001
Place of residence 

(city > 10,000 inhabitants)
1.21 1.14–1.29  < 0.001

Priority code 2 1.82 1.66–1.99  < 0.001
Male sex 0.86 0.80–0.91  < 0.001
Epinephrine use 0.18 1.15–1.22  < 0.001
Hemodialysis 1.12 0.74–1.70 0.60

Fig. 3  Total annual rates of 
sudden cardiac death in dialysis 
patients
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may be responsible for the lack of benefit from an implant-
able cardioverter-defibrillator (ICD) implantation. Pun et al. 
did not show any difference in mortality in dialysis patients 
depending on the ICD implantation in primary prevention, 
which is consistent with the results of the MADID II study 
in a subgroup of patients with low glomerular filtration rate 
[23, 24]. Wase et al. showed a progressive increase in the 
defibrillation threshold with increasing renal failure, par-
ticularly in patients with progression of LVH [25]. About 
60–80% of patients starting dialysis have LVH [26]. Its 
regression is associated with improved survival in ESRD 
patients [27]. Additionally, considering the periprocedural 
complications associated with ICD implantation in dialysis 
patients, the procedure requires an individualized approach 
in this population [28].

Our study also revealed that OHCA is more frequent on 
Mondays and Tuesdays than on the other days of the week, 
which is in line with a study by Kiuchi et al. [10]. Dialysis 
according to the Mon–Wed–Fri or Tue–Thu–Sat schedule 
is preferable from the logistic point of view; however, to 
reduce the rate of cardiac arrest, the daily schedule seems to 
be more advantageous [29].

A study among dialysis patients showed that patients 
with CPR undertaken during dialysis by medical personnel 
had three-fold higher survival rates compared with dialysis 
patients in whom CPR was performed by EMS [9]. However, 
the benefits of using automated external defibrillator were 
not demonstrated because only 37% of patients presented a 
shockable rhythm. Nevertheless, the study emphasized the 
importance of a rapid initiation of CPR by bystanders also in 
the group of dialysis patients, which is in line with our study.

Dialysis patients were reported to have a worse outcome 
of in-hospital cardiac arrest than those not receiving dialy-
sis [30]. This is contrast to a recent study conducted using 
the Get With The Guidelines-Resuscitation registry, which 
showed that the outcome of dialysis patients is similar to 
those not receiving dialysis [31]. However, it is unclear to 
what extent the method adopted in the study allows to distin-
guish dialysis patients from the whole population.

The frequency of SCD per year could be estimated using 
data from other studies. The annual mortality rate among 
dialysis patients in Poland was reported to reach 18% [1]. 
Based on the CRUSH-ILS study, sudden death occurs in 
a quarter of hemodialysis patients [3]. Therefore, assum-
ing that the estimated annual number of dialysis patients is 
21,000, the annual number of deaths would be 3780, includ-
ing 945 SCAs. Our population of OHCA patients receiving 
dialysis included 264 patients, that is, approx. 30% of the 
entire expected population of dialysis patients with SCD. 
Therefore, the population seems to be sufficiently repre-
sentative to draw conclusions. The SCA in dialysis patients 
occurs more frequent than in general population, which 

indicates the need to look for predictive factors and possible 
modifications of CPR in renal failure [32].

The major limitation of our study is its retrospective 
design and the inherent problem of incomplete medical 
records. Another limitation is the fact that some OHCA 
patients with CPR attempts and no reported history of dialy-
sis might have actually received dialysis. However, we esti-
mate that there were only about 2% of such patients, which is 
unlikely to have affected the results. We were also unable to 
assess whether OHCA in our patients was sudden. However, 
this is a common problem in large epidemiologic studies 
where detailed medical history is unavailable. Therefore, 
the term “OHCA” is preferred over SCA in these studies.

Conclusions

In conclusion, a history of dialysis is not a factor that dis-
courages EMS teams to perform CPR and affect the rate of 
CPR attempts. Moreover, a history of dialysis is not related 
to worse short-term outcome in dialysis patients in compari-
son with the general OHCA population. Finally, defibrilla-
tion during CPR is less likely to be performed in patients 
receiving dialysis.

Author contributions MO, KM, DZ, KN research concept and design; 
MO, KM, DZ, JRŁ, RG, MG, KN collection and/or assembly of data; 
MO, KM, DZ, JRŁ,RG, MG, KN data analysis and interpretation; MO, 
KM, DZ writing the article; MO, KM, DZ, JRŁ,RG, MG, KN critical 
revision of the manuscript. All authors read and approved the final 
version of the manuscript.

Funding None.

Complaince with ethical standards 

Conflict of interest The authors declare no conflict of interest.

Availability of data and material There are no additional data available 
to share with the readers. The datasets used and/or analyzed during the 
current study are available from the corresponding author on reason-
able request.

Ethics approval and consent to participate It was a retrospective study, 
the approval of the Ethics Committee and patient consent to participate 
in the study were not required.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 



569International Urology and Nephrology (2021) 53:563–569 

1 3

permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Kalinowska A, Kowalczyk M, Pruszko C, Prystacki T, Gel-
lert R (2019) Dostęp do świadczeń nefrologicznych w Polsce, 
2019 [Access to nephrological services in Poland, Report 2019]. 
MAHTA website. https ://www.korek torzd rowia .pl/wp-conte 
nt/uploa ds/rapor t_doste p_do_swiad czen_nefro logic znych .pdf. 
Accessed 11 May 2020

 2. Makar MS, Pun PH (2017) Sudden cardiac death among hemodi-
alysis patients. Am J Kidney Dis 69:684–685

 3. Roberts PR, Zachariah D, Morgan JM et al (2017) Monitoring of 
arrhythmia and sudden death in a hemodialysis population: the 
CRASH-ILR Study. PLoS ONE 14(12):e0188713

 4. Perkins GD, Handley AJ, Koster RW et al (2015) European Resus-
citation Council Guidelines for Resuscitation 2015: Section 2. 
Adult basic life support and automated external defibrillation. 
Resuscitation 95:81–99

 5. Wetmore JB, Gilbertson DT, Liu J, Collins AJ (2016) Improv-
ing outcomes in patients receiving dialysis: the peer kidney care 
initiative. Clin J Am Soc Nephrol 11:1297–1304

 6. Turakhia MP, Blankestijn PJ, Carrero JJ et al (2018) Chronic kid-
ney disease and arrhythmias: conclusions from a Kidney Disease: 
Improving Global Outcomes (KDIGO) Controversies Conference. 
Eur Heart J 39:2314–2325

 7. Alqahtani F, Almustafa A, Shah K et al (2018) Sudden cardiac 
arrest in end-stage renal disease patients on dialysis: a nationwide 
study. Pacing Clin Electrophysiol 41:1467–1475

 8. Karnik JA, Young BS, Lew NL et al (2001) Cardiac arrest and 
sudden death in dialysis units. Kidney Int 60:350–357

 9. Pun P, Dupre M, Starks MA et al (2019) Outcomes for hemodialy-
sis patients given cardiopulmonary resuscitation for cardiac arrest 
at outpatient dialysis clinics. J Am Soc Nephrol 30:461–470

 10. Kiuchi MG, Mion D Jr (2016) Chronic kidney disease and risk 
factors responsible for sudden cardiac death: a whiff of hope? Res 
Clin Pract 35:3–9

 11. Franczyk-Skóra B, Gluba-Brzóska A, Wranicz JK, Banach 
M, Olszewski R, Rysz J (2015) Sudden cardiac death in CKD 
patients. Int Urol Nephrol 47:971–982

 12. Kamiński TW, Pawlak K, Karbowska M, Myśliwiec M, Pawlak 
D (2017) Indoxyl sulfate- the uremic toxin linking hemostatic 
system disturbances with the prevalence of cardiovascular disease 
in patients with chronić kidney disease. BMC Nephrol 18:35

 13. Vallianou NG, Mitesh S, Ghogkou A, Geladari E (2019) Chronic 
kidney disease and cardiovascular disease: is there any relation-
ship. Curr Cardiol Rev 15:55–63

 14. Davis TR, Young BA, Eisenberg MS, Rea TD, Copass MK, Cobb 
LA (2008) Outcome of cardiac arrests attended by emergency 
medical services staff at community outpatient dialysis centers. 
Kidney Int 73:933–939

 15. Wan C, Herzog CA, Zareba W, Szymkiewicz SJ (2014) Sudden 
cardiac arrest in hemodialysis patients with wearable cardioverter 
defibrillator. Ann Noninvasive Electrocardiol 19:247–257

 16. Silva RT, Martinelli Filho M et al (2015) Predictors of arrhythmic 
events detected by implantable loop recorders in renal transplant 
candidates. Arq Bras Cardiol 105:493–502

 17. Sacher F, Jesel L, Borni-Duval C et al (2018) Cardiac rhythm 
disturbances in hemodialysis patients: early detection using an 
implantable loop recorder and correlation with biological and 
dialysis parameters. JACC Clin Electrophysiol 4:397–408

 18. Genovesi S, Boriani G, Covic A et al (2019) Sudden cardiac death 
in dialysis patients: different causes and management strategies. 
Nephrol Dial Transplant. https ://doi.org/10.1093/ndt/gfz18 2

 19. Potpara TS, Mihajlovic M, Stankovic S et al (2017) External vali-
dation of the simple NULL-PLEASE clinical score in predicting 
outcome of out-of-hospital cardiac arrest. Am J Med 130:1464.
e13-1464.e21

 20. Nadolny K, Zysko D, Obremska M et al (2020) Analysis of out-
of -hospital cardiac arrest in Poland in 12 month period: data 
from the Polish POL-OHCA registry. Kardiol Pol. https ://doi.
org/10.33963 /KP.15241 

 21. Gräsner JT, Lefering R, Koster RW et al (2016) EuReCa ONE-27 
Nations, ONE Europe, ONE Registry: a prospective one month 
analysis of out-of hospital cardiac arrest outcomes in 27 countries 
in Europe. Resuscitation 105:188–195

 22. Lehrich RW, Pun PH, Tanenbaum ND, Smith SR, Middleton JP 
(2007) Automated external defibrillators and survival from car-
diac arrest in the outpatient hemodialysis clinic. J Am Soc Neph-
rol 18:312–320

 23. Pun PH, Hellkamp AS, Sanders GD et al (2014) Primary preven-
tion implantable cardioverter defibrillators in end-stage kidney 
disease patients on dialysis: a matched cohort study. Nephrol Dila 
Transplant 3030:829–835

 24. Moss AJ, Zareba W, Hall WJ et al (2003) Prophylactic implanta-
tion of a defibrillator in patients with myocardial infarction and 
reduced ajection fraction. N Engl J Med 346:877–883

 25. Wase A, Basit A, Nazir R et al (2004) Impact of chronic kidney 
disease upon survival among implantable cardioverter-defibrilla-
tor recipients. J Interv Card Electrophysiol 11:199–204

 26. Paoletti E, Specchia C, Di Maio G et al (2004) The worsening of 
left ventricular hypertrophy is the strongest predictor of sudden 
cardiac death in haemodialysis patients: a 10 year survey. Nephrol 
Dial Transplant 19:1829–1834

 27. London GM, Pannier B, Guerin AP et al (2001) Alterations of 
left ventricular hypertrophy in and survival of patients receiv-
ing hemodialysis: follow-up of an interventional study. J Am Soc 
Nephrol 12:2759–2767

 28. Al-Khatib SM, Stevenson WG, Ackerman MJ et al (2018) 2017 
AHA/ACC/ HRS guideline for management of patients with ven-
tricular arrhythmias and the prevention of sudden cardiac death: 
a report of the American College of Cardiology/American Heart 
Association Task Force on Clinical Practice Guidelines and the 
Heart Rhythm Society. J Am Coll Cardiol 72:e91-220

 29. Pun HP, Lehrich RW, Honeycutt EF, Herzog CA, Middleton JP 
(2011) Modifiable risk factors associated with sudden cardiac 
arrest within hemodialysis clinics. Kidney Int 79:218–227

 30. Wong SP, Kreuter W, Curtis JR, Hall YN, O’Hare AM (2015) 
Trends in in-hospital cardiopulmonary resuscitation and survival 
in adults receiving maintenance dialysis JAMA. Intern Med 
175:1028–1035

 31. Starks MA, Wu J, Peterson ED et al (2020) In-hospital cardiac 
arrest resuscitation practices and outcomes in maintenance dialy-
sis patients. Clin J Am Soc Nephrol 15:219–227

 32. Alfonzo AV, Simpson K, Deighan C, Campbell S, Fox J (2007) 
Modifications to advanced life support in renal failure. Resuscita-
tion 73:12–28

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
http://www.korektorzdrowia.pl/wp-content/uploads/raport_dostep_do_swiadczen_nefrologicznych.pdf
http://www.korektorzdrowia.pl/wp-content/uploads/raport_dostep_do_swiadczen_nefrologicznych.pdf
https://doi.org/10.1093/ndt/gfz182
https://doi.org/10.33963/KP.15241
https://doi.org/10.33963/KP.15241

	Out-of-hospital cardiac arrest in dialysis patients
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patient population and data source
	Hemodialysis in Poland

	Study setting
	Ethics approval
	Statistical analysis

	Results
	Multivariate analysis

	Discussion
	Conclusions
	References




