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GRAPHICAL ABSTRACT 

 

ABSTRACT 

Background. Kidney replacement therapy (KRT) confers the highest risk of death from COVID-19. 

However, most data refer to the early pandemic waves. Whole year analysis in comparison with prior 

secular trends are scarce.  

Methods. We present the 2020 REMER Madrid KRT registry, corresponding to the Spanish Region 

hardest hit by COVID-19.  

Results. In 2020, KRT incidence decreased 12% versus 2019 while KRT prevalence decreased (-1.75%) 

for the first time since records began and the number of kidney transplants (KT) decreased by 16%. 

Mortality on KRT was 10.2% (34% higher than the mean for 2008-2019). The 2019 to 2020 increase in 

mortality was larger for KT (+68%) than for HD (+24%) or PD (+38%). The most common cause of 

death was infection (n=419, 48% of deaths), followed by cardiovascular (200, 23%). Deaths from 

infection increased by 167% year over year and accounted for 95% of excess deaths in 2020 over 2019. 

COVID-19 was the most common cause of death (68% of infection deaths, 33% of total deaths). The bulk 

of COVID-19 deaths (209/285, 73%) occurred during the first COVID-19 wave, which roughly 

accounted for the increased mortality in 2020. Being a KT recipient was an independent risk factor for 

COVID-19 death. 
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Conclusions. COVID-19 negatively impacted the incidence and prevalence of KRT, but the increase in 

KRT deaths was localized to the first wave of the pandemic. The increased annual mortality argues 

against COVID-19 accelerating death of patients with short life expectancy and the temporal pattern of 

COVID-19 mortality suggests that appropriate healthcare may improve outcomes. 

Keywords: chronic kidney disease, COVID-19, hemodialysis, kidney replacement therapy, kidney 

transplantation,  mortality, peritoneal dialysis 
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KEY LEARNING POINTS 

What is already known about this subject? 

 Kidney replacement therapy (KRT) confers the highest risk of death from COVID-19. 

 However, most data refer to the early pandemic waves. 

 There is scarce information on whole year analysis of the impact of COVID-19 on the 

epidemiology and mortality of patients on KRT in comparison with prior secular trends.  

What this study adds? 

 In a large regional registry, COVID-19 was the most frequent cause of death among KRT 

patients in 2020 and changed the epidemiology of KRT, resulting in a decreased incidence and 

prevalence of KRT and in an increased all-cause mortality 

 However, most COVID-19 deaths in KRT patients occurred during the first pandemic wave, in 

which the healthcare system collapsed. The first COVID-19 wave roughly accounted for the 

excess mortality of KRT patients observed in the whole of 2020 

 Even in the absence of vaccine, the number of COVID-19 deaths decreased in subsequent 

pandemic waves. However, the lack of a subsequent decrease in mortality during the ensuing 7 

months suggests that COVID-19 did not replace other causes of death in fragile patients with 

short life expectancy. 

What impact this may have on practice or policy? 

 Although multiple reports have stressed the high mortality of COVID-19 in KRT patients, most 

data reflect the first pandemic wave, and this dismal outcome may not apply when the healthcare 

system is working properly, the population has had contact with SARS-CoV-2 or the SARS-

CoV-2 strain evolves 

 Thus, these very high mortality rates early in the pandemic should not be used to deny life-

saving care to KRT patients in future waves and continuous monitoring of the risk of death of 

KRT patients and appropriate update of textbooks in this regard is necessary  
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Patients with chronic kidney disease (CKD) represent the highest number of persons at increased 

risk of death from coronavirus disease 2019 (COVID-19) worldwide, as well as the population at highest 

risk of COVID-19 death (1-3). Specifically, patients on kidney replacement therapy (KRT) by dialysis or 

kidney transplantation (KT) are the subgroups of patients at highest risk of death from COVID-19 (1, 2). 

However, these data represent the situation in the early waves of the pandemic, in which face masks were 

in short supply and national health authorities recommended against their use, access to personal 

protective equipment (PPE) was limited, healthcare systems were frequently overwhelmed by severe 

COVID-19 cases and access to intensive care unit (ICU) care was restricted, potentially toxic and 

ineffective therapies were administered, and vaccines were not available (4-6). The region of Madrid was 

at the epicenter of the COVID-19 pandemic in Spain from early March 2020 and the collapse of Madrid 

healthcare drove the decision for a national strict lockdown on March 14, 2020 (7-9). High mortality rates 

were reported from Madrid hospitals among KRT patients and there was a gradient in COVID-19 cases 

among KRT patients that radiated from Madrid to the periphery of the country (9-12). During 2020, the 

initial catastrophic first wave was followed by a second wave and eventually by a third wave, that built up 

from the reopening of the economy. In these waves, the number of diagnosed COVID-19 cases was 

higher than in the first wave, but healthcare facilities were not overwhelmed, the therapeutic approach to 

severe COVID-19 had improved, PPE were widely available and face masks were recommended by 

health authorities and were mandatory in some circumstances. We now report on the impact of the 

COVID-19 pandemic on the incidence, prevalence, and mortality of KRT patients using data from the 

Madrid REgistro Madrileño de Enfermos Renales (REMER) KRT Regional Registry in 2020 as 

compared to 2019 and prior years since its creation and assess the impact of the successive pandemic 

waves on mortality. As Spain is one of the countries with highest life expectancy in the general 

population and with the highest prevalence of KT recipients among patients on KRT (13,14), information 

from the Spanish regions hardest hit by COVID-19 may offer insight into the interaction of COVID-19 

with KRT over time during the pandemic. 
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MATERIALS AND METHODS 

 

REgistro Madrileño de Enfermos Renales (REMER) 

REMER is the Regional Registry of patients on KRT of the Autonomous Community of Madrid, 

in Spain. REMER was created on 23 September 2008 by Order 685/2008 of the Consejería de Sanidad 

(Regional Ministry of Health) of the Regional Government (15). All centers caring for KRT patients must 

enter data into REMER. These data are used to generate a publicly available annual report and are 

submitted to the Registro Español de Enfermos Renales (REER, Spanish Registry of Kidney Patients) and 

to the European Renal Association (ERA) Registry (14-18). 

New or incident cases are patients that start KRT for the first time due to stage 5 CKD, including 

hemodialysis, peritoneal dialysis (PD), or preemptive kidney transplantation (KT), i.e. KT recipients not 

on hemodialysis or PD, independently of the duration of KRT. This time criterion differs from criteria 

used by the European Renal Association (ERA: at least 90 days on KRT) and the Spanish Registry of 

Kidney patients (REER: at least 45 days on KRT) (14), which should be considered when comparing 

incidence and mortality parameters, since most exits within the first 45 or 90 days of KRT are due to 

death, while recovery of kidney function is unusual. Only patients residing in the Madrid Region are 

included. Prevalent cases are patients that receive KRT (hemodialysis, PD or are KT recipients) as of 

December 31 of the year. For the prevalence analysis, KT recipients included all patients who had a 

functioning kidney graft on December 31.  

Registry data are provided by healthcare professionals and, for KT data, by the Regional 

Transplant Organization (ORCT), and are then verified. Mortality data are crossed with mortality 

databases annually, in collaboration with the General Directorate of Public Health, allowing the capture 

and confirmation of mortality events occurring outside the Healthcare System. COVID-19 as a cause of 

death was assigned according to the General Directorate of Public Health database, i.e. to official 

government figures. These were derived from death certificates in which the cause of death was assigned 

to COVID-19 if there was a positive PCR test for SARS-CoV-2 at admission and the clinical 

manifestations were compatible with COVID-19 or (especially in the early weeks of the pandemic, in 

which the availability of PCR testing was limited) if the clinical manifestations were highly suggestive of 
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COVID-19, such a bilateral pneumonia without other infectious agent identified and associated with new 

onset lymphopenia.  

 

Data analysis and statistics 

For data analysis, the REMER database was downloaded, underwent recodification and 

depuration, and was analyzed using SPSS V26©. Population data used to calculate rates were obtained 

from the Statistics Institute of the Community of Madrid. Rates were expressed per million population 

(pmp). Tables of Primary Kidney Disease (PKD) and mortality used the codes and groups of the ERA 

Registry (16,19). 

Epidemiological weeks are according to Instituto de Salud Carlos III (8,20). The first 

epidemiological week of 2020 ended on January 5, 2020. During 2020, the Spanish Public Health 

Institute defined three pandemic waves: first wave from January 31, 2020 (epidemiological week 5); 

second wave from July 1, 2020 (epidemiological week 27); third wave from December 1, 2020 

(epidemiological week 49) (20). The third wave peaked in the third week of 2021 (21), however, only 

data until December 31, 2020 were included in the 2020 Registry analysis. Data are expressed as 

mean±SD or n (%). For multivariate analysis of risk factors for COVID-19 death, we used a multinomial 

logistic model, using reference categories and 100 iterations maximum, with estimates at 95% CI, with 

hierarchical in and out of terms, using the following variables: gender, age, KRT at death, KRT vintage 

and cause of CKD. 

Secular trends are presented for incidence and prevalence rates of KRT, annual mortality and 

main causes of death, and mortality is compared with the mean of all years available from the creation of 

the Registry (i.e. for the 2008-2019 period). Additionally. a detailed comparison is provided for 2020 and 

the most recent previous year (2019). 

 

Ethics statement 

The ethics committee of IIS-FJD indicated that ethical committee approval was not required for 

mandatory registries.  
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RESULTS 

Incidence and prevalence of KRT  

In 2020, 742 patients started KRT in the Madrid region: 592 of them hemodialysis, 125 PD and 

25 underwent preemptive KT (Table 1). The largest difference in incidence between 2019 and 2020 was 

observed during the first wave of the pandemic (March-May 2020) (Table S1). The mean age was 

64.1±15.8 years and 68.6% were males (Table S2). Overall, 15.9% less women and 12.8% less men 

started KRT in 2020 compared to 2019. The age range most represented among patients starting KRT was 

45-64 years and saw a 14.5% decrease in incidence of KRT compared to 2019 (Table S2). Nearly 30% of 

patients starting KRT were over 74-year-old in both years and a decrease in incidence of 13.4% was 

observed in this age range in 2020 vs 2019. 

The 2020 incidence rate was 111.4 pmp, a 12% drop versus 2019 and a return to lower incidence 

rates not seen since 2008-2012 (Figure 1.A). The decrease in incidence rate from 2019 was more 

noticeable in HD (13.37% decrease) and pre-emptive KT (11.63%) than in PD (6.93%) (Figure 1.B).  

On 31 December 2020, there were 7.731 prevalent KRT patients in Madrid, 2990 on 

hemodialysis, 424 on PD and the majority, 4317, were KT (Table 1). The mean age was 61.7±15.7 years 

and 63.8% were males (Table S3). 2802 women were on KRT on this date, 2.0% less than in 2019, while 

the number of men decreased by 2.4% In 2020, 39% of prevalent patients were in the 45-to-64-year-old 

group and in this group, prevalence decreased by 1.1% (Table S3) while prevalence in older groups (aged 

65 years or higher) showed the largest decrease (3.6%) when compared to 2019. 

The continuous increase in the prevalence rate of KRT observed since 2008 was replaced by a 

year-on-year decrease of 1.75% in 2020, the first decrease since REMER was created (Figure 1.C). The 

largest decrease in the prevalence rate from 2019 was observed in hemodialysis (3.78%), followed by PD 

(2.48%) and KT (0.20%) (Figure 1.D).  

The number of KT performed in 2020 was 359, a 15.7% decrease from the 426 KT performed in 

2019 and a 14.1% decrease over the mean of 418±14.8 KT/year performed from 2008 to 2019. Despite 

the large decrease in the number of KT, the transplant waiting list only increased from 730 in 2019 to 778 

in 2020 (6.6%). 
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Mortality 

During 2020, mortality among patients on KRT in Madrid was 10.2%, which was 34% higher 

than the mean for 2008-2019 of 7.58±0.35% (Figure 2.A). The year-on-year percentual increase was 

larger among KT (68% increase from a mean of 2.92±0.28% to 4.9%, corresponding to an absolute 

increase of 1.98%) than among HD (24% increase from a mean of 13.51±0.66% to 16.8%, corresponding 

to an absolute increase of 3.29%) or PD patients (38% increase from a mean of 7.25±1.23% to 10%, 

corresponding to an absolute increase of 2.75%)(Figure 2.B, C).  

Overall, during 2020, 875 KRT patients died: 605 hemodialysis patients, 223 KT and 47 PD 

patients. Of these deaths, 603 (69%) occurred in men. The mean age at death was 73.9±11.1 years vs 

74.9±11.1 years in 2019 (p ns). Figure 3.A and 3.B show the age and sex pyramid for prevalent KRT 

patients in 2020 and for KRT patients that died in 2020. The number of deaths increased with age, being 

more conspicuous above the age of 55 years in men and of 60 years in women. Indeed, 2020 mortality 

surpassed 20% in men and women over the age of 80 years and 30% above the age of 90 years (Figure 

3.C). 

Causes of death are presented in table 2. The most common cause of death in 2020 was 

infection, accounting for 419 (48% of deaths), followed by cardiovascular which accounted for 200 

(23%) deaths. In 2019, there were 557 deaths, and the most common cause of death was cardiovascular, 

accounting for 193 (35%) deaths, followed by infection which accounted for 157 (28%) deaths. Thus, 

deaths from infection increased by 167% year over year and accounted for 95% of excess deaths in 2020 

over those of 2019, while deaths from cardiovascular disease remained stable. Figure 4 shows the main 

causes of death over the years. 

In 2020, infection was the most common cause of death among hemodialysis patients (46%), KT 

recipients (55%) and PD patients (47%). By contrast, in 2019, infection was the cause of death in 28% of 

hemodialysis patients, 29% of KT recipients and 26% of PD patients. 

 

COVID-19 mortality 

Overall, COVID-19 was the cause of death in 285 patients (Table 2), representing the most 

common cause of death in KRT patients in 2020, 68% of infection deaths and 33% of total deaths. Of 

COVID-19 deaths, 194 (68%) occurred in men. The mean age at death was 74.3±10.5 years, compared to 
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73.6±11.3 years for non-COVID-19-related deaths. (p=0.387). The number of COVID-19 deaths peaked 

among 80- to 85-year-old males and 70- to 75-year-old females (Figure 3.D). COVID-19 mortality 

expressed as percentage of prevalent KRT patients increased progressively with age, and above the age of 

80 years, 10 % or more of prevalent KRT patients died from COVID-19 (Figure 3.E). However, in 

relative terms with respect to all deaths, COVID-19 represented 20-40% of all deaths in most age groups 

above the age of 40 years, without large differences between groups (Figure 3.F). 

The bulk of COVID-19 deaths (209/285, 73%) occurred during the first COVID-19 wave, in 

epidemiological weeks 11 to 21, corresponding to March 9 through May 24, 2020 (Figure 5.A-C). This 

number roughly accounted for the increased mortality in 2020 over the mean mortality for the preceding 

decade. In fact, 156/285 (55%) COVID-19 deaths occurred within a 4-week period in the first wave, from 

March 16 through April 11, 2020. The first wave differed from subsequent waves in that women 

represented 37% of COVID-19 deaths, as opposed to 20% over the second and third waves (p=0.0078 chi 

square)(Figure 5.D). Additionally, patients who died from COVID-19 in the first wave were older than 

those who died from COVID-19 during the second and third waves (75.2±9.7 vs 71.8±12.1 years old 

respectively; p=0.015) and there was a steeper gradient in the contribution of increasing age categories to 

the overall number of COVID-19 deaths: in the first wave, 14% of COVID-19 deaths occurred in 45- to 

64-year-olds and 54 % of COVID-19 deaths occurred in those older than 74 years while in subsequent 

waves, the corresponding numbers were 24% and 43%, respectively (Figure 5.E). 

Overall, 185 (65%) of COVID-19 deaths occurred in hemodialysis patients, 88 (31%) in KT and 

12 (4%) in PD patients and there were no significant differences in the distribution of COVID-19 deaths 

among KRT modalities between the first and subsequent waves (p=0.853, not shown). However, in weeks 

in which COVID-19 deaths were persistently occurring (i.e. weeks 11 to 22 in the first wave and weeks 

35-53 of the second and third wave), a shift was observed in the contribution of COVID-19 deaths to 

overall mortality within each KRT modality. Thus, in the first wave, COVID-19 deaths contributed 63% 

to 65% of all deaths for those weeks among hemodialysis and KT recipients, while during the second and 

third waves, COVID-19 caused 25% of all hemodialysis deaths for the period, while it caused over 40% 

of all KT deaths for the period (Figure 6). Six percent of patients on HD, 3% of patients on PD and 3% of 

KT patients died in 2020 due to COVID-19. 

The impact of COVID-19 was heterogeneous across healthcare catchment areas, as COVID-19 

represented from 11% to 44% of KRT deaths in different health areas (Suppl figure 1). 
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In multivariate analysis, only being on PD or hemodialysis were independent factors for a lower 

risk of COVID-19 death, as compared to being a KT recipient (Table 3). The lack of association between 

older age and risk of death is striking and may be explained in part by the younger age of KT recipients. 

 

DISCUSSION 

The main findings of the present study are that COVID-19 led to an unprecedented increase in 

mortality in KRT patients, that occurred mostly during the first wave, a period characterized by a 

collapsed healthcare system that accounted for most of the full year excess mortality. COVID-19 thus had 

a significant negative impact on the epidemiology of KRT leading to a decreased incidence and 

prevalence of KRT. Thus, although most publications on COVID-19 and KRT refer to this early period of 

the pandemic, it may not be representative of the later impact of COVID-19 on KRT patients, even in the 

absence of vaccines, as vaccination did not start in Spain until the last days of December 2020. In this 

regard, dialysis and, mainly hemodialysis patients appear to have been very hard hit during the first wave. 

Inability to shield and rejection for advanced life-saving care may have contributed to this high impact on 

mortality. This is relevant to prevent future rejection of dialysis patients from advanced life support based 

on the outcomes observed early in the COVID-19 pandemic. Finally, the fact that the excess mortality 

during the first pandemic wave was not associated to a subsequent decrease in mortality during the rest of 

the year suggests that, contrary to some speculation, the impact of COVID-19 in a setting of a collapsed 

healthcare system was severe and not limited to replacing other causes of death or accelerating the death 

of fragile patients with short (i.e. a few months) life expectancy. 

During 2020, both the incidence and prevalence of KRT decreased in Madrid. Indeed, the 

prevalence decreased for the first time since records began. Several factors could have contributed to this 

decrease. Madrid was one the hardest and earliest hit regions in Europe, after Northern Italy, and the 

national health authorities had not predicted, nor prepared for the pandemic. It was the only Spanish 

region that exceeded a COVID-19 hospitalization rate over 7 days of 150 persons per 100.000, doubling 

that of Catalonia (22). On March 8, 2020, during epidemiological week 10, the national Government had 

promoted a large demonstration in Madrid that was mainly attended by women, but by the end of the 

week, on March 14, 2020, a hard confinement was decreed in which citizens were forbidden to leave 

home except to buy food and few other exceptions, as the number of COVID-19 cases sky-rocketed and 

the healthcare system collapsed (7,23). Triaging became necessary for hospital or ICU admission. At one 
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point, 90% of inpatients in large hospitals were COVID-19 patients. Nephrologists became COVID-19 

specialists. Thus, a combination of a high mortality among prospective KRT patients and strained 

healthcare resources may have contributed to the decreased incidence of KRT, the decreased number of 

KT performed and the lower-than-expected growth of the KT waiting list, while both the decreased KRT 

incidence and the record-breaking mortality on KRT contributed to the decreased prevalence of KRT. 

However, our data suggest that the healthcare system was able to adequately care for KRT patients in the 

subsequent COVID-19 waves, which resulted in a larger number of population-wide COVID-19 cases, as 

the first wave accounted for most of the excess mortality in the year. Thus, we suggest that to correctly 

assess the impact of COVID-19 on KRT patients, the widely published and cited outcomes observed 

during the first COVID-19 wave (2) should be updated, and research should focus on outcomes during 

subsequent COVID-19 waves, both in the absence of available vaccine, as the present report, or in the 

vaccine era, as the collapse of the healthcare system was a confusion factor regarding the true impact of 

COVID-19 in a well-functioning healthcare system. Thus, although most publications on COVID-19 and 

KRT refer to the early phase of the pandemic, this phase may not be representative of the current impact 

of the disease on KRT patients, especially dialysis patients, when the healthcare system is performing as 

usual and not under unprecedented stress. Research should focus on current impact of COVID-19 on 

patients on different KRT modalities. Overall, the risk of death from COVID-19 was higher for KT 

recipients. However, an analysis of the timeline of the pandemic suggests that the increased risk of death 

for KT recipients persisted over time while the risk for dialysis patients decreased. This decreased risk in 

dialysis patients during subsequent waves was potentially related to better control of risk factors for 

infection (from masking to avoidance of risk exposures), as well as to the wider availability of ICU care 

or evolving SARS-CoV-2 strains (5,6). Thus, KT recipients became the KRT population of highest 

concern already in the pre-vaccine era, and, unfortunately, reports on vaccine effectiveness on KT 

recipients are not promising, at least for current vaccines and dosing schedules (24,25). 

It is also noteworthy that the excess mortality during the first pandemic wave translated into an 

overall excess mortality for KRT patients over the year. The lack of a subsequent decrease in mortality 

during the ensuing 7 months suggests that COVID-19 did not replace other causes of death in fragile 

patients with short (i.e. months) life expectancy. Rather, a higher-than-expected mortality was observed 

during the first wave in patients that may otherwise have survived at least into the next year, as was the 

case in prior years. A potential impact of triaging for access to ICU care should be acknowledged. The 
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challenge now is to prevent that this high mortality in a context of a collapsed healthcare system will in 

the future translate into recommendations to limit access to ICU care or KRT patients based on their high 

risk of death when ICU care may have not been provided as needed or when more modern tools to treat 

COVID-19 were not available. While we cannot exclude the contribution of other factors to explain the 

very high mortality of the first wave compared to later waves (e.g. changes in the viral genome, decrease 

in inoculum size due to widespread use of masks, reinfection of hosts who had had prior contact with 

SARS-CoV-2 or others), the war-like conditions of healthcare in this first wave would be expected to 

have contributed to the high mortality.  

A striking observation is the higher impact of the first wave on COVID-19 deaths in women as 

compared to subsequent COVID-19 waves. Potential reasons may include the epidemiological situation, 

as on epidemiological week 10, large women demonstrations were held and there was an 

overrepresentation of women among COVID-19 cases nationally, or a negative bias towards women 

accessing ICU care, among other potential reasons that should be further analyzed. Thus, during the first 

wave in Spain, women represented 58% of COVID-19 cases, while from June 22, 2020 onwards they 

represented 51% of cases, which is in line with women representing 51% of the Spanish population (22) 

Both the epidemiological situation regarding gender at the time and any impact of gender on triaging 

would be external to the actual impact of COVID-19 on the outcomes of infected KRT women. Thus, the 

negative impact of the first wave on KRT women outcomes should not be considered into subsequent 

decision algorithms, especially in those related to triaging. 

During the first COVID-19 wave in Spain, median age at death was 83 (75-89) years which was 

9 years older than in Madrid KRT patients, further supporting the increased risk of death among KRT 

patients (26). 

Large differences on the impact of COVID-19 on mortality were observed between different 

healthcare catchments area. This merits further study to understand the underlying causes that may range 

from the differential impact of the pandemic on different locations of the Madrid region to socioeconomic 

factors to the age pyramid to epidemic bouts in dialysis facilities or other factors.  

Some limitations should be acknowledged, inherent to the observational and Registry-based 

nature of the report. However, this is compensated by the compulsory nature of the Registry, that has 

been curated and linked to other administrative databases and spans all KRT patients in Madrid. 

Furthermore, it provides an expanded view of the impact of COVID-19 in Madrid, a region that provided 
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key contributions to the literature on COVID-19 and KRT mainly originating on the first wave, given that 

it was among the first major cities or regions overwhelmed by COVID-19 (10,12,27-32). In this regard, 

the current report represents a full-year update that puts these early reports into perspective. As additional 

limitations, this study did not include the full impact from the third wave because it started on December 

of 2020 and extended into 2021 and it did not formally assess the impact of COVID-19 on life expectancy 

or the impact of specific measures of healthcare (e.g. access to hospital or ICU beds) on outcomes. 

Finally, the case definition evolved during the pandemic due to limitations in the access to diagnostic tests 

in the first weeks of the pandemic. 

In conclusion, COVID-19 negatively impacted incidence and prevalence of KRT, but the 

increase in KRT deaths was localized to the first wave of the pandemic, in which healthcare collapsed. 

The increased annual mortality and the wide distribution of COVID-19 deaths across age groups argues 

against COVID-19 accelerating death of patients with short (a few months) life expectancy and the 

temporal pattern suggests that appropriate healthcare may improve outcomes. 
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APPENDIX 

REMER:  
Hospital General Universitario Gregorio Marañón: Maria Ángeles Goicoechea Diezhandino, María Luisa 
Rodriguez Ferrero, Soraya Abad Estébanez 
Hospital Universitario Ramón y Cajal: Milagros Fernández Lucas, Nuria Rodríguez Mendiola, Martha 
Díaz Domínguez, Sandra Elias Triviño, Victor Burguera Vion 
Hospital Universitario La Paz: Carlos Jiménez Martín, Auxiliadora Bajo Rubio, Rafael Selgas Gutiérrez, 
Ángel Alonso Melgar, Laura Espinosa Román 
Hospital Universitario Puerta de Hierro-Majadahonda: José María Portolés Pérez, Beatriz Sánchez 
Sobrino, Rosario Llópez Carratalá 
Hospital Clínico San Carlos: José Antonio Herrero Calvo, Isabel Pérez Flores, Ana Isabel Sánchez 
Fructuoso 
Hospital Universitario Doce de Octubre: Paula Jara Caro-Espada, D.ª Elena Gutiérrez Solís 
Fundación Jiménez Díaz: Catalina Martín-Cleary, Ana Ramos Verde, Jesús Hernández Pérez 
Hospital Universitario La Princesa Guillermina Barril Cuadrado, Martín Giorgi González, Antonio 
Fernández Perpén, Cristina Bernis Carro 
Hospital Universitario Príncipe de Asturias Patricia Martínez Miguel,  María Fuensanta Moreno Barrio, 
Hanane Bouarich, María Pérez Fernández 
Hospital Universitario Fundación Alcorcón Enrique Gruss Vergara, Gema María Fernández Juárez, 
Eduardo Gallego Valcarce, Ana Tato Ribera 
Hospital Universitario Severo Ochoa: Juan Carlos Herrero Berrón 
Hospital Universitario de Getafe: María Teresa Naya Nieto, Alfonso Cubas Alcaraz 
Hospital Universitario del Sureste: Fernando Tornero Molina, Beatriz Gil-Casares Casanova 
Hospital Universitario de Torrejón: Elda Besada Estévez 
Hospital Universitario del Henares: Vicente Paraíso Cuevas 
Hospital Universitario Infanta Cristina: Jesús Benito García 
Hospital Universitario Infanta Elena: Alicia García Pérez, Valeria Sáiz Prestel 
Hospital Universitario Infanta Leonor: Patricia de Sequera Ortiz 
Hospital Universitario Infanta Sofía: Rocío Echarri Carrillo, M. Covadonga Hevia Ojanguren 
Hospital Universitario del Tajo: M.ª del Carmen Jiménez Herrero 
Hospital Rey Juan Carlos I: Simona Alexandru, Saúl Enrique Pampa Saico 
Hospital General de Villalba: Rosa Sánchez Hernández, Rocío Zamora González-Mariño, Laura 
Rodríguez-Osorio Jiménez, Beatriz Durá Gurpide 
Hospital Universitario Central de la Defensa Gómez Ull: Elisa Ruiz Cicero, Cristina Albarracín Sierra 
Hospital Rúber JB: Ramón Delgado Lillo 
Unidad de Hemodiálisis Fuensanta (UNHSA)–Clínica Fuensanta: María Delgado Yagüe, D. Jorge 
Valencia Alonso 
Clínica Santa Elena: Raquel Gota Ángel 
Hospital San Francisco de Asís: Aurelio Sanz Guajardo, Carlos Jiménez Martín 
Centro de Diálisis Santa Engracia-F.R.I.A.T.: Jesús Hernández Pérez 
Centro de Diálisis Los Llanos-F.R.I.A.T.: Karina Ruth Furaz Czerpak 
Centro de Diálisis Los Llanos II-F.R.I.A.T.: Ángel Agustín Méndez Abreu 
Centro de Diálisis Los Lauros-Majadahonda-F.R.I.A.T.:  Ana Botella Lorenzo, Javier Naranjo Sanz 
F.M.C. Dialcentro, Centro de Diálisis: María Teresa Villaverde Ares, Sandra Castellano Gasch 
F.M.C. I.C.N. El Pilar, Centro de Diálisis: María del Pilar Martínez Rubio 
F.M.C. Unidad Nefrológica Moncloa, Centro de Diálisis: Patricia Nora Estrada Villanueva, José Ramón 
Berlanga Alvarado 
F.M.C. Hemodial, Centro de Diálisis: Ana María Blanco Santos 
Unidad de Diálisis Madrid Oeste BBraun A: Carmen Gámez Matías, Pablo Mateos Hernández 
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Centro de Diálisis Diaverum Madrid: Marta Sanz Sainz 

REFERENCES 

1. Council E-E, Group EW. Chronic kidney disease is a key risk factor for severe COVID-19: a call to 

action by the ERA-EDTA. Nephrol Dial Transplant. 2021;36(1):87-94. 

2. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al. Factors associated with 

COVID-19-related death using OpenSAFELY. Nature. 2020;584(7821):430-6. 

3. Clark A, Jit M, Warren-Gash C, Guthrie B, Wang HHX, Mercer SW, et al. Global, regional, and 

national estimates of the population at increased risk of severe COVID-19 due to underlying health 

conditions in 2020: a modelling study. Lancet Glob Health. 2020;8(8):e1003-e17. 

4. Quiroga B, Sánchez-Álvarez E, Ortiz A, de Sequera P, Nephrology SSo. Suboptimal personal 

protective equipment and SARS-CoV-2 infection in Nephrologists: a Spanish national survey. Clin 

Kidney J. 2021;14(4):1216-21. 

5. Fernandez-Prado R, Gonzalez-Parra E, Ortiz A. Often forgotten, transport modality to dialysis may be 

life-saving. Clin Kidney J. 2020;13(4):510-2. 

6. Rincón A, Moreso F, López-Herradón A, Fernández-Robres MA, Cidraque I, Nin J, et al. The keys to 

control a COVID-19 outbreak in a haemodialysis unit. Clin Kidney J. 2020;13(4):542-9. 

7. Carriazo S, Kanbay M, Ortiz A. Kidney disease and electrolytes in COVID-19: more than meets the 

eye. Clin Kidney J. 2020;13(3):274-80. 

8. Informes COVID-19, ISCIII; 

https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibl

es/Paginas/InformesCOVID-19.aspx.  Accessed on February 24 2022. 

9. Deira JL, González-Sanchidrián S, Rocha A et al. Covid-19 in 40 dialysis facilities. A prospective 

multicenter cohort study in Spain. Port J Nephrol Hypert 2021; 35(3): 153-159.  

10. Goicoechea M, Sánchez Cámara LA, Macías N, Muñoz de Morales A, Rojas Á, Bascuñana A, et al. 

COVID-19: clinical course and outcomes of 36 hemodialysis patients in Spain. Kidney Int. 

2020;98(1):27-34 

11. Albalate M, Arribas P, Torres E, Cintra M, Alcázar R, Puerta M, et al. High prevalence of 

asymptomatic COVID-19 in haemodialysis: learning day by day in the first month of the COVID-19 

pandemic. Nefrologia. 2020;40(3):279-86. 



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

12. Stock da Cunha T, Gomá-Garcés E, Avello A, Pereira-García M, Mas-Fontao S, Ortiz A, et al. The 

Spectrum of Clinical and Serological Features of COVID-19 in Urban Hemodialysis Patients. J Clin Med. 

2020;9(7): 2264 

13. Foreman KJ, Marquez N, Dolgert A, Fukutaki K, Fullman N, McGaughey M, et al. Forecasting life 

expectancy, years of life lost, and all-cause and cause-specific mortality for 250 causes of death: reference 

and alternative scenarios for 2016-40 for 195 countries and territories. Lancet. 2018;392(10159):2052-90. 

14. Kramer A, Boenink R, Stel VS, Santiuste de Pablos C, Tomović F, Golan E, et al. The ERA-EDTA 

Registry Annual Report 2018: a summary. Clin Kidney J. 2021;14(1):107-23. 

15. Orden 685/2008, de 23 de septiembre, de la Consejería de Sanidad, por la que se crea el Registro 

Madrileño de Enfermos Renales en la Comunidad de Madrid (REMER) 

http://www.madrid.org/wleg_pub/secure/normativas/contenidoNormativa.jsf?opcion=VerHtml&nmnorm

a=5265&cdestado=P#no-back-button. Accessed February 24 2022. 

16. Kramer A, Boenink R, Noordzij M, Bosdriesz JR, Stel VS, Beltrán P, et al. The ERA-EDTA Registry 

Annual Report 2017: a summary. Clin Kidney J. 2020;13(4):693-709. 

17. Registro Español de Enfermos Renales (REER, Spanish Registry of Kidney 

Patients); https://www.senefro.org/contents/webstructure/MEMORIA_REER_2020_PRELIMINAR.pdf. 

Accessed on 24 february 2022. 

18. Report of the Madrid Registree of Renal Patients, 2020; 

https://www.comunidad.madrid/sites/default/files/doc/sanidad/asis/informe_remer_2020-rr.pdf. Accessed 

on February 24 2022. 

19. Boenink R, Astley ME, Huijben JA, et al. The ERA Registry Annual Report 2019: summary and age 

comparisons. Clin Kidney J 2021;15(3):452-472.. 

20. Panel COVID-19 Red Nacional de Vigilancia Epidemiológica (RENAVE). 

https://cnecovid.isciii.es/covid19/#documentaci%C3%B3n-y-datos. Accessed on 24 february 2022. 

21. Informe epidemiológico  semanal comunidad de madrid. Semana 7. 

https://www.comunidad.madrid/sites/default/files/doc/sanidad/epid/informe_epidemiologico_semanal.pdf

. Accessed on February 24 2022. 

22. Informe nº 102. Situación de COVID-19 en España. Informe COVID-19. 27 de octubre de 2021 

https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibl

es/Documents/INFORMES/Informes%20COVID-19/INFORMES%20COVID-



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

19%202021/Informe%20n%C2%BA%20102%20Situaci%C3%B3n%20de%20COVID-

19%20en%20Espa%C3%B1a%20a%2027%20de%20octubre%20de%202021.pdf. Accessed on February 

24 2022. 

23. Ortiz A. Madrid at the center of the Spanish COVID-19 pandemic: the result of ill-advised political 

decision-making. Port J Nephrol Hypert 2021; 35(3): 205-206 

24. Bertrand D, Hamzaoui M, Lemée V, Lamulle J, Hanoy M, Laurent C, et al. Antibody and T Cell 

Response to SARS-CoV-2 Messenger RNA BNT162b2 Vaccine in Kidney Transplant Recipients and 

Hemodialysis Patients. J Am Soc Nephrol. 2021;32(9):2147-52. 

25. Seija M, Rammauro F, Santiago J, Orihuela N, Zulberti C, et al. Comparison of antibody response to 

SARS-CoV-2 after two doses of inactivated virus and BNT162b2 mRNA vaccines in kidney transplant. 

Clin Kidney J. 2021;15(3):527-533.  

26. Informe sobre la situación de COVID-19 en España: Informe COVID-19 nº 32. 21 de mayo de 2020. 

https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibl

es/Documents/INFORMES/Informes%20COVID-

19/Infoe%20n%c2%ba%2032.%20Situaci%c3%b3n%20de%20COVID-

19%20en%20Espa%c3%b1a%20a%2021%20de%20mayo%20de%202020.pdf. Accessed on 24 February 

2022. 

27. Sánchez-Álvarez JE, Pérez Fontán M, Jiménez Martín C, Blasco Pelícano M, Cabezas Reina CJ, 

Sevillano Prieto Á, et al. [SARS-CoV-2 infection in patients on renal replacement therapy. Report of the 

COVID-19 Registry of the Spanish Society of Nephrology (SEN)]. Nefrologia. 2020;40(3):272-8 

28. Maldonado M, Ossorio M, Del Peso G, Santos C, Álvarez L, Sánchez-Villanueva R, et al. COVID-19 

incidence and outcomes in a home dialysis unit in Madrid (Spain) at the height of the pandemic. 

Nefrologia. 2021;41(3):329-36. 

29. Quiroga B, Muñoz Ramos P, Giorgi M, de Santos A, Núñez A, Ortiz A, et al. Dynamic assessment of 

interleukin-6 during hemodialysis and mortality in coronavirus disease-19. Ther Apher Dial. 

2021;25(6):908-16. 

30. Pizarro-Sánchez MS, Avello A, Mas-Fontao S, Stock da Cunha T, Goma-Garcés E, Pereira M, et al. 

Clinical Features of Asymptomatic SARS-CoV-2 Infection in Hemodialysis Patients. Kidney Blood Press 

Res. 2021;46(1):126-34. 



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

31. Shabaka A, Gruss E, Landaluce-Triska E, Gallego-Valcarce E, Cases-Corona C, Ocaña J, et al. Late 

thrombotic complications after SARS-CoV-2 infection in hemodialysis patients. Hemodial Int. 

2021;25(4):507-14. 

32. Alcázar-Arroyo R, Portolés J, López-Sánchez P, Zalamea F, Furaz K, Méndez Á, et al. Rapid decline 

of anti-SARS-CoV-2 antibodies in patients on haemodialysis: the COVID-FRIAT study. Clin Kidney J. 

2021;14(7):1835-44. 

 
 
  



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

 
Table 1. Incidence and prevalence of KRT in 2019 and 2020. Prevalence refers to 31 December of the 
year. 
 
 
 Incidence Prevalence 
 2019 2020 2019 2020 
Total KRT (n) 861 742 7907 7731 
HD 695 592 3123 2990 
DP 137 125 437 424 
KT 29 25 2674 4317 
Age (years),  64.0±16.3 64.1±15.8 61.9±15.7 61.7±15.7 
Male (n, (%)) 584 (67.8) 509 (68.6) 5048 (63.8) 4929 (63.7) 
Deaths (n) - - 651 875 
Age presented as mean ±SD 
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Table 2. Causes of death in KRT patients in the Region of Madrid in 2020, by type of KRT 
modality and ERA cause of death groups. Results shown as number of patients. All other causes and 
also broken down into cardiovascular, suicide, refusal of treatment, withdrawal, cachexia, malignancy, 
miscellaneous, unknown.  
 
 
Cause of death   PD HD KT Total 
  

 Male Female Male Female Male Female  
COVID-19  

2019  0 0 0 0 0 0 0 
2020  9 3 129 56 56 32 285 

Other infections  
2019  3 4 92 47 35 15 196 
2020  5 4 59 32 23 11 134 

All other causes  
2019  14 5 234 101 64 37 455 
2020  19 7 240 89 63 38 456 

Cardiovascular* 
2019 8 3 108 39 18 14 190 
2020 8 4 97 45 28 18 200 

Suicide, refusal 
of treatment  

2019 1 0 5 5 1 5 12 
2020 0 0 4 2 1 0 7 

Withdrawal  
2019 1 0 30 19 0 2 52 
2020 1 1 38 13 0 0 53 

Cachexia  
2019 1 0 4 1 1 2 9 
2020 0 1 5 3 0 1 10 

Malignancy  
2019 2 2 30 8 26 6  
2020 7 1 42 15 22 12 99 

Miscellaneous  
2019 1 0 57 27 14 12 111 
2020 3 0 49 10 8 6 76 

Unknown  
2019 0 0 0 2 4 1 7 
2020 0 0 5 1 4 1 11 

* Ischemic heart disease, heart failure, cardiac arrest, stroke 
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Table 3. Risk factors for COVID-19 death 
 

Univariant (Χ2
M-H) Multivariant (rlog) 

Total 
deaths (n) 

COVID-19 
deaths (n) OR 95% CI p OR 95% CI p 

Gender  

Woman (Ref.) 272 91 1 
  

1 
  Man 603 194 1.06 0.78-1.44 0.708 1.08 0.79-1.48 0.632 

Age 

0-44 y (Ref.) 10 1 1 
  

1 
  45-64 y 153 48 4.11 0.51-33.39 0.155 4.30 0.52-35.29 0.175 

64-74 y 263 90 4.68 0.58-37.53 0.112 5.12 0.63-41.61 0.126 

>74 y 449 146 4.34 0.54-34.55 0.132 4.83 0.60-39.07 0.140 

KRT at Death 

KT (Ref.) 223 88 1 
  

1 
  PD 47 12 0.53 0.26-1.07 0.073 0.45 0.21-0.95 0.036 

HD 605 185 0.68 0.49-0.93 0.016 0.59 0.41--0.86 0.006 

KRT vintage 
      0-1 y (Ref.) 199 54 1 1 

2-4 y 237 87 1.56 1.03-2.35 0.033 1.45 0.96-2.20 0.076 

5-9 y 212 71 1.35 0.89-2.06 0.162 1.14 0.73-1.77 0.572 

10-14 y 84 30 1.49 0.87-2.57 0.150 1.14 0.64-2.03 0.666 

>14 y 143 43 1.16 0.72-1.86 0.553 0.75 0.43-1.29 0.291 

Cause of CKD 

Other (Ref.) 330 104 1 1 

Diabetes mellitus 273 87 4.65 3.29-6.56 0.000 1.05 0.73-1.50 0.803 

Vascular 142 43 0.94 0.62-1.45 0.791 0.95 0.61-1.49 0.837 

GN 130 51 1.40 0.92-2.14 0.115 1.51 0.97-2.35 0.066 
GN: glomerulonephritis 
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Figure 1. Incidence and prevalence rates of KRT in the Madrid region. A) Incidence rate of KRT in 

pmp over the years since the creation of REMER. Numbers shown in labels correspond to 2020 data. B) 

Percentual change in incidence rate of KRT and different modalities of KRT from 2019 to 2020. C) 

Prevalence rate of KRT in pmp over the years since the creation of REMER. Numbers shown in labels 

correspond to 2020 data. D) Percentual change in prevalence rate of KRT and different modalities of 

KRT from 2019 to 2020. PD: peritoneal dialysis, HD: hemodialysis, KT: kidney transplantation. 
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Figure 2. Annual mortality of KRT patients in the Madrid region over time. A) Annual mortality 

over the years since the creation of REMER for all modalities of KRT combined expressed as % of the 

KRT population. Numbers shown in labels correspond to 2020 data. B) Annual mortality over the years 

since the creation of REMER for specific modalities of KRT expressed in % of each KRT population. 

Numbers shown in labels correspond to 2020 data. C) Percentual change in mortality from 2019 to 2020 

for each KRT modality and for all KRT. PD: peritoneal dialysis, HD: hemodialysis, KT: kidney 

transplantation. 
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Figure 3. Age and sex distribution of prevalent patients on KRT, total deaths and COVID-19 

deaths in 2020 in the Madrid region. A) Age pyramid for the prevalent KRT population in 2020. B) 

Age pyramid for KRT patients who died in 2020. C) Age pyramid for all-cause mortality expressed as % 

of KRT patients in each age group who died in 2020 from any cause. D) Age pyramid for KRT patients 

who died from COVID-19 in 2020. E) Age pyramid for mortality from COVID-19 expressed as % of 

patients in each age that died from COVID-19. F) Age pyramid for COVID-19 mortality expressed as % 

of all deaths within each age group. Note that the scale and units for the horizontal axis differs for the 

different panels. 
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Figure 4. Main causes of death of KRT patients in the Madrid region over the years. The number of 

cardiovascular (CV) disease and infection deaths are shown. Cardiovascular (CV) deaths include cardiac, 

vascular and sudden death. 
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Figure 5. Timeline of COVID-19 and non-COVID-19 deaths among KRT patients in the Madrid 

region over 2020. A) All COVID-19 (red) and non-COVID-19 (blue) deaths. B) Male deaths. C) Female 

deaths. D) Number of COVID-19 deaths for male and female KRT patients in the first wave as compared 

with the second and third waves. Numbers in labels represents % of females in each time window. E) 

Number of COVID-19 deaths among KRT patients in different age categories in the first wave as 

compared with the second and third waves. Numbers in labels represents the % contribution of each age 

category to the 100% of COVID-19 deaths in each time window (first wave vs second and third waves). 

Epidemiological week 11 was 9 to 15 March 2020 
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Figure 6. Contribution of COVID-19 deaths to total deaths in the first (weeks 11 to 22) and second 

and third waves (weeks 35-53) of the pandemic. Results expressed as % of total deaths that were 

COVID-19 deaths. A single COVID-19 death occurred outside the period shown. The 12 PD deaths are 

not represented, but the pattern was similar than for hemodialysis (HD), and the contribution of COVID-

19 to total PD deaths decreased from 55.56% in the first wave to 18.18% in subsequent waves. 

 

 


