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Abb. 1: Pragmatische Einteilung der Symptomhäufigkeit nach aktueller Literatur ohne Anspruch 

auf Vollständigkeit nach [3, 45, 195-198] 

Abb. 2: Überblick über COVID-19 Nomenklatur (in Anlehnung an NICE 2020 [199]) 

AWMF Leitlinie zu Covid/Post-Covid/Long-Covid

NICE Guideline on long covid BMJ 2020



Zwischen-Fazit

Bestehen mehr als 12 Wochen nach einer aktiven Infektion Symptome, 
deviante Laborwerte bzw. deren Kombination wird allgemein von einem Post-
Covid-Syndrom gesprochen. Andere Erklärungen für den Zustand wurden
ausgeschlossen



Co-Morbidität und Schwere der Erkrankung 
sind Determinanten des Post-Covid-Syndroms
Alter

Vorbestehende Niereninsuffizienz CKD

Diabetes und Hypertonie mit oder ohne CKD

Erkrankungsdauer

Stationäre Behandlung

Intensivmedizinische Behandlung incl. Beatmungstherapie
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Risk of bias
Overall, 12 studies were assessed as high risk of bias, 22 as 
moderate risk of bias and 5 as low risk of bias. Most studies 
had a high risk of bias with regard to the generalisability 
of their results to the wider population with COVID- 19. 
High risk of bias ratings were most common for external 
validity, with item 1 (representation of target population) 
and item 3 (random selection) having the most high 
risk of bias ratings (online supplemental file 2). Further, 
the recruitment process and response rates were often 
not well described and several studies applied different 
data collection methods. Although many studies applied 
validated measurement methods to assess participants, 
most were not designed to detect symptoms arising from 
COVID- 19. Only four studies included a comparative 
control group.35 36 43 44

Symptoms and signs
Patients suffering from long COVID report a wide range 
of new or persistent symptoms, in both the hospital-
ised and non- hospitalised populations. Symptoms were 
broadly organised into physiological ‘clusters’ for the 
purpose of presentation and interpretation of this review 
(figure 2).

The focus of each study included in our analysis 
varied. Some authors focused solely on a specialty, such 
as dentistry, or a specific symptom, such as cognition, 
making comparative analysis difficult. Even among those 
studies which took a broad approach, the prevalence of 
symptoms was diverse. Similarly, the prevalence of the 
more commonly reported symptoms varied markedly.

Within these limitations, we performed a meta- analysis 
of the most commonly reported symptoms and signs of 
long COVID. The most commonly described symptoms 
(with prevalence of 25% or greater) were weakness 
(41%, 95% CI 25.43 to 59.01), general malaise (33%, 
95% CI 14.91 to 57.36), fatigue (31%, 95% CI 23.91 to 
39.03), concentration impairment (26%, 95% CI 20.96 to 
31.73) and breathlessness (25%, 95% CI 17.86 to 33.97). 

Across studies, 37% (95% CI 18.43 to 59.93) of patients 
reported reduced quality of life. Although high I2 values 
(>80%) were observed, they resulted from narrow disper-
sions in the estimates and well- separated estimates and 
CIs between studies (online supplemental file 4). The 
differences between these symptoms and the heteroge-
neity within them are likely to be, to some extent, due 
to other factors (eg, study settings, populations and 
different measurement tools used).

Patients also reported a diverse array of less prevalent 
symptoms and signs, including sweating, chest pain, sore 
throat, anxiety and headaches, among others. The preva-
lence of these symptoms was lower, usually less than 20%. 
Figure 3 presents the range of documented patient symp-
toms and signs, including all the studies.

Figure 4 displays these data by population, including the 
studies that specified hospitalised and non- hospitalised 
cohorts. We also performed subgroup analysis based on 
setting (hospitalised vs non- hospitalised) and follow- up 
time. In several symptoms and signs, the heterogeneity of 
the results was found to be associated with level of hospi-
talisation, hospital settings, location of the studies and 
follow- up timing using subgroup analysis (online supple-
mental files 5- 8). Using meta- regression, the proportion 
of female patients in the studies was positively associated 
with headache and smell and taste disturbance (online 
supplemental file 9), while the proportion of ICU patients 
in the studies was positively associated with muscle pain 
(online supplemental file 10). No major difference was 
found in the sensitivity analyses (online supplemental 
files 11 and 12). Asymmetries found in the funnel plots 
suggest reporting biases and poor methodological quality 
in the included studies (online supplemental file 13).

Imaging and diagnostics
Multiple studies assessed lung sequelae and respiratory 
performance through outpatient visits follow- up (49%, 
19/39).31 37–43 46 48 49 51–54 56 60 61 66 Imaging results were 
reported in 33% (13/39)31 37–39 43 46 48 52–54 56 61 66 of the 

Figure 2 Long COVID signs and symptoms.

Symptome von Long-
Covid – Vergleich von 
hospitalisierten und nicht-
hospitalisierten Patienten

• Besonderer Fokus auf den neurologischen und psychischen Auswirkungen

• Die Nieren und die Nierenfunktion sind nicht im Fokus

• BMJ Global Health 2021



Die Infektion der Nieren und potentielle
Auswirkungn
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ACE2-Rezeptor – Eintrittspforte für 
SARS-Cov-2 Virus
• Bürstensaum von proximalen Tubuluszellen, 

Podozyten

SARS-Cov-2 Infektion von 
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SARS-Cov-2 Infektion von 
Nierenzellen

Schwerpunkt: COVID-19
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Fig. 18 SARS-CoV-2 virus detection in kidney and characteristic glomerular changes.a SARS-CoV-2
virus detection in the kidney.Fluorescence in situ hybridization (FISH) shows RNAexpression of
SARS-CoV-2 virus (green; arrows) and its receptor angiotensin-converting enzyme2 (ACE2; red) in the
glomerulus of the kidney of a COVID-19 patient. Scale bar= 20µm (from [36]). b Renal histology of
a 38-year-old patientwith COVID-19 and acute renal failure.Left: Masson–Goldner staining shows
fresh,wall-boundfibrin thrombi (orange) in the glomerular capillaries.Right: Immunohistochemistry
for fibrinogen/fibrin showswall-adherent precipitates (red) in numerous glomerular capillaries

tion in renal transplant patients also
appears to have other functional e!ects,
as illustrated by numerous case reports
that have now been published [15, 16].

Morphological kidney changes
and pathophysiology of kidney
damage in COVID-19

Specific changes or pathognomonicmor-
phological lesions as in other viral dis-
eases, e.g., di!use interstitial edema and
interstitial erythrocyte extravasations in
the cortex-marrow junction area in han-
tavirusnephropathy, orcharacteristicnu-
clear virus inclusion bodies as in poly-
oma and cytomegalovirus infection, are
not present or have not been described
so far in SARS-CoV-2 infection [17]. In
the studies published to date as well as
our observations, acute tubule epithelial
damage of varying degrees with dilated
tubules, flattened or vacuolated epithe-
lial cells, and thickened material in the

tubule lumen are the dominant histolog-
ical features. Su et al. [18] examined
renal tissue from 26 COVID-19 patients,
9 of whom had clinical evidence of renal
damage. Acute damage of the proximal
tubules with increased vacuolization up
to necrosis and erythrocyte aggregates
in the glomerular and peritubular cap-
illaries were the main findings in light
microscopy, whereby a few cases also
showed pigmented cylinders. In the au-
topsy study by Menter et al. [19], the
kidneys of 18 deceased COVID-19 pa-
tients were analyzed and acute tubule
damage with dilated clearings, flattened
epithelium, and interstitial edema were
also described as the most frequent find-
ings. "ree patients also showed small
fibrin thrombi in the glomerular capil-
laries, consistent with disseminated in-
travascular coagulation (DIC), as alsode-
scribedinthecontextof lunginvolvement
in COVID-19. Bleeding, inflammatory
vascular changes, or interstitial nephritis

were not observed in either study, but
this does not exclude pathophysiological
involvement of inflammatory processes
such as increased cytokine or comple-
ment activation. However, these factors
are di#cult to demonstrate specifically
in tissue.

Recently, several papers have ap-
peared in international nephrological
journals dealing with autopsy and kid-
ney biopsy findings in SARS-CoV-2
positive patients [20–22]. Also in these
studies, acute tubule epithelial damage
was found, but characteristic virus par-
ticles were not seen in most studies,
suggesting an indirect cause of AKI. In
a recently published study, Werion and
colleagues [23] examined 49 hospitalized
patients and found a specific dysfunction
of the proximal tubules in a subgroup,
without any known previous disease.
Structurally, tubule damage was found
with loss of the brush border, acute
tubule necrosis, intratubular debris, and
reduced expression of the endocytosis
receptor megalin in the brush border.
Electron microscopy revealed virus-like
particles in vacuoles or cisterns of the
endoplasmic reticulum (ER).

Discussion on current paradigms of
the pathophysiology and treatment of
AKI in COVID-19 have been published
by Ronco and Reis [24]. In addition
to the direct viral attack of local kid-
ney cells via the ACE2 receptor, several
indirect factors play a role, which are
associated with secondary kidney dam-
age. For example, the very frequent lung
involvement in COVID-19 can lead to
a reduced oxygen saturation of the blood
and thus to ischemic damage, especially
of the very energy-dependent proximal
tubules. Besides, a virus-induced activa-
tion of the complement system can be
assumed, which systemically or locally
in the kidney leads to inflammation and
cell damage via the release of mediators
suchas cytokines [25]. Suchcomplement
activation could also increase damage to
other organs and promote hypercoagu-
lopathy, which can lead to arterial fib-
rin thrombi and disseminated intravas-
cular coagulation (DIC), resulting in re-
duced renal perfusion (. Fig. 1b). Arte-
rial thrombi in pulmonary vessels lead
to increased pulmonary resistance and

Der Pathologe

• SARS-Cov-2-Virusnachweis 
in glomerulären Zellen
(ACE-Rezeptor)

• Thrombotisches Material 
in glomerulären
Kapillaren. NPE eines 38-
jährigen mit AKI

• Amann; Pathologe 2020







in patients with COVID-19 and compared these frequencies
to those in the general population biopsied to !nd those in-
dividuals most at risk and identify diseases that were increased
among patients with COVID-19. COVAN, myoglobin cast
nephropathy, and proliferative glomerulonephritis with
monoclonal Ig deposits are increased in native kidney biopsies

in our COVID-19 cohort, and allograft rejection was over-
represented in transplant biopsies.

Within the literature, there was a predominance of
COVAN and ATI reported. The high number of COVAN cases
is consistent with our cohort, and we did not identify
an enrichment in ATI, thrombotic microangiopathy, or

Reported COVID-19 biopsies (n = 159) COVID-19 biopsies (n = 240) Control biopsy database (n = 63,575)

a b c

Figure 2 | Frequencies of diagnosis in coronavirus disease 2019 (COVID-19) kidney biopsies compared to the pre-pandemic biopsied
population. (a) Frequencies of diagnosis of COVID-19 kidney biopsies reported in the literature (n ! 159 patients). (b) Frequencies of diagnosis
of COVID-19 kidney biopsies in our multi-institutional cohort (n ! 240 patients). (c) Comparison of diagnostic frequencies in the 5-year pre-
pandemic biopsy cohort (n ! 63,575 patients). ATI, acute tubular injury; FSGS, focal segmental glomerular sclerosis; GN, glomerulonephritis;
TMA, thrombotic microangiopathy.

Table 5 | Diagnoses reported within the literature of COVID-19 kidney biopsies (n [ 158 native and 7 allograft biopsies)

Diagnosis Number of cases
Frequency of cases
in literature, % Published references

Native kidney biopsies (n [ 159)
Collapsing glomerulopathy 58 36.7 7–9,15,20,21,28–42

Acute tubular injury 46 29.1 7–24

FSGS, noncollapsing 8 5.1 9,19,20,28

Thrombotic microangiopathy 7 4.4 7,9,16,20,25,26

Crescentic GN, pauci-immune 7 4.4 20,50,51

IgA nephropathy 6 3.8 20,41,47–49

Minimal change disease 5 3.2 8,9,21

Membranous glomerulopathy 5 3.2 8,20,41

Diabetic glomerulopathy 4 2.5 9,11,14,16,26,41

Oxalate nephropathy 2 1.3 14,43

Anti-GBM antibody disease 2 1.3 45,46

Granulomatous tubulointerstitial nephritis 1 0.6 27

Acute interstitial nephritis 1 0.6 14

Lupus nephritis 1 0.6 8

MPGN, immune complex type (COVIC) 1 0.6 44

Infection-associated glomerulonephritis 1 0.6 9

Cortical infarct 1 0.6 8

Arteritis 1 0.6 20

Amyloidosis 1 0.6 11,20

Light chain cast nephropathy 1 0.6 20

Transplant kidney biopsies (n [ 7)
Antibody-mediated rejection 2 28.6 9

T cell–mediated rejection 1 14.3 8

Acute tubular injury 1 14.3 22

Calcineurin inhibitor nephrotoxicity 1 14.3 20

Collapsing glomerulopathy 1 14.3 42

Severe IF/TA 1 14.3 20

COVIC, COVID-19–associated immune complex disease; COVID-19, coronavirus disease 2019; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement mem-
brane; GN, glomerulonephritis; IF, interstitial !brosis; MPGN, membranoproliferative glomerulonephritis; TA, tubular atrophy.

c l i n i ca l i nves t iga t i on RM May et al.: COVID-19 kidney biopsies

1312 Kidney International (2021) 100, 1303–1315



Zwischen-Fazit

Autopsie und Biopsie: ATN viel häufiger im Vergleich zu non-Covid-19 Biopsien
Auffallend häufig: Collapsing Nephropathy – vermutlich US-spezifisch



Akutes Nierenversagen und chronische
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Covid-19 Infektion bei Zystennieren Patienten in unterschiedlichen 
Stadien der Niereninsuffizienz, Dialyse oder Transplantation
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Narrative Review

What was known before
Patients with chronic kidney disease are at higher risk of 
hospitalization and death after COVID-19. Depending on 
the stage of their disease, patients with autosomal dominant 
polycystic kidney disease can have kidney function ranging 
from normal to requiring dialysis or a transplant.

What this adds
This article provides an overview of common questions 
raised by patients with ADPKD and a summary of the 
best available data to answer them. It is believed that 
patients with ADPKD do not have COVID-19-associated 

risk greater than those with chronic kidney disease from 
other causes.
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The Impact of COVID-19 on Patients 
With ADPKD
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Abstract
Purpose of review: Patients with autosomal dominant polycystic kidney disease (ADPKD) have kidney cysts and kidney 
enlargement decades before progressing to advanced chronic kidney disease (CKD), meaning patients live most of their adult life 
with a chronic medical condition. The coronavirus disease 2019 (COVID-19) pandemic has created common questions among 
patients with ADPKD. In this review, we discuss COVID-19 concerns centered around a patient with a common clinical vignette.
Sources of information: We performed PubMed and Google scholar searches for English, peer-reviewed studies related 
to “COVID-19,” “ADPKD,” “CKD,” “tolvaptan,” “angiotensin-converting enzyme inhibitors” (ACEi), “angiotensin receptor 
blockers” (ARB), and “vaccination.” We also evaluated transplant data provided by the Ontario Trillium Gift of Life Network.
Methods: Following an assessment of available literature, this narrative review addresses common questions of patients 
with ADPKD in the context of the COVID-19 pandemic.
Key findings: Data regarding the risk of developing COVID-19 and the risk of adverse COVID-19 outcomes in patients 
with ADPKD remain limited, but patients with ADPKD with impaired estimated glomerular filtration rate (eGFR), kidney 
transplants, or on dialysis are likely at similar increased risk as those with generally defined CKD. We provide strategies 
to improve virtual care, which is likely to persist after the pandemic. Current evidence suggests ACEi, ARB, and tolvaptan 
treatment should be continued unless contraindicated due to severe illness. When available, and in the absence of a severe 
allergy, vaccination is recommended for all patients with ADPKD.
Limitations: This narrative review is limited by a paucity of high-quality data on COVID-19 outcomes in patients specifically 
with ADPKD.
Implications: Patients with ADPKD who have developed advanced CKD, require dialysis, or who have received a kidney 
transplant are at elevated risk of COVID-19 complications.
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autosomal dominant polycystic kidney disease (ADPKD), COVID-19, transplantation, vaccine
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medical imaging for kidney volume assessment), challenges 
of virtual counseling and education, and lack of physical 
examination.

For in-person appointments, arranging and planning of 
transportation to the doctor’s is the first step for some patients 
and provides notice for patients to begin preparation for the 
visit (ie, ensuring blood pressure logs are updated). Those 
who choose to have caregivers and family members involved 
in their visit may also need notice to allow them to plan their 
schedule. To improve the effectiveness and efficiency of vir-
tual ADPKD care, patients should be provided with a check-
list shortly before their appointment to adequately prepare 
(Figure 3). Contents of a virtual visit checklist should include 
reminders to reflect on health status with a symptom log, 
serial blood pressure and weight measurements, tallying of 
glucose monitoring when required, collection of an updated 
medication list, and completion of pre-visit investigations. 
Ideally, patients should arrange for caregivers or supports to 
attend as well as a “second set of ears.” Finally, a technology 
check should be performed to ensure access to Wi-Fi and 
required video conferencing software where possible. In cir-
cumstances where some or all of this information is unavail-
able, the result is an ineffective virtual visit to the detriment 
of the patient.

While virtual visits may reduce transportation time and 
parking costs, and reduce likelihood of SARS-CoV-2 expo-
sure during a pandemic, one drawback of virtual visits is 
that they rely heavily on the capabilities of the patient to 
organize their data and provide accurate measurements.16,17 
Unfortunately, this limitation may specifically exacerbate 
health-related outcomes in people of disadvantaged socio-
economic groups. Home health monitors, including blood 

pressure measurement devices, have improved to mitigate 
these concerns and patients should be encouraged to pur-
chase monitors recommended by Hypertension Canada and 
educated on proper usage.18 Despite the potential for error, 
Hypertension Canada recommends home blood pressure 
monitoring as a useful predictive technique.19 Furthermore, 
patients may struggle to have bloodwork completed on 
time as many clinical laboratories are currently operating 
at reduced capacity in accordance with public health guide-
lines to maintain social distancing. Some lab programs 
have been developed to facilitate home visits for blood 
sample collection. Access to specific testing for ADPKD 
risk stratification, specifically genetic testing and magnetic 
resonance imaging, may have been regionally delayed due 
to pandemic precautions and viewed as a non-essential ser-
vice. From our experience, we note that perhaps the great-
est drawback of virtual visits is the loss of non-verbal 
communication and physical observation. Counseling and 
education of patients is greatly facilitated by non-verbal 
cues indicating confusion, comprehension, anxiety, and 
fear. Finally, while symptom logs and quantitative metrics 
such as bloodwork, weight, and blood pressure are vital for 
volume assessment, physical examination and observation 
for volume status and general well-being is necessarily 
inhibited in virtual visits.

Should There Be a Change in Blood Pressure 
Treatment?
The question of continuing ACEi or ARB treatment is 
particularly pertinent to patients with ADPKD, as they are 
the recommended first-line treatment for the hypertension 

Figure 2. Risk of infection and risk of mortality if hospitalized with COVID-19 in patients with CKD.
Note. Data taken from Williamson et!al and Gansevoort and Hilbrands. CKD ! chronic kidney disease; ADPKD ! autosomal dominant polycystic kidney 
disease.



Akutes Niereversagen in einer
Kohorte von 191Covid-19 
Patienten die 
intensivmedizinisch in Wuhan 
behandelt wurden

Die Hälfte der Verstorbenen
waren dialysepflichtig

Lancet 2020

Table 2
Treatments and outcomes

Data are median (IQR) or n (%). p values were calculated by Mann-Whitney U test, χ  test, or Fisher's exact test, as appropriate. ECMO=extracorporeal membrane oxygenation.
ARDS=acute respiratory distress syndrome. ICU=intensive care unit. COVID-19=coronavirus disease 2019.

Ordered by escalating scale of respiratory support.

Detectable until death.

Total (n=191) Non-survivor (n=54) Survivor (n=137) p value

Treatments

Antibiotics 181 (95%) 53 (98%) 128 (93%) 0·15

Antiviral treatment 41 (21%) 12 (22%) 29 (21%) 0·87

Corticosteroids 57 (30%) 26 (48%) 31 (23%) 0·0005

Intravenous immunoglobin 46 (24%) 36 (67%) 10 (7%) <0·0001

High-flow nasal cannula oxygen therapy 41 (21%) 33 (61%) 8 (6%) <0·0001

Non-invasive mechanical ventilation 26 (14%) 24 (44%) 2 (1%) <0·0001

Invasive mechanical ventilation 32 (17%) 31 (57%) 1 (1%) <0·0001

ECMO 3 (2%) 3 (6%) 0 0·0054

Renal replacement therapy 10 (5%) 10 (19%) 0 <0·0001

Outcomes

Sepsis 112 (59%) 54 (100%) 58 (42%) <0·0001

Respiratory failure 103 (54%) 53 (98%) 50 (36%) <0·0001

ARDS 59 (31%) 50 (93%) 9 (7%) <0·0001

Heart failure 44 (23%) 28 (52%) 16 (12%) <0·0001

Septic shock 38 (20%) 38 (70%) 0 <0·0001

Coagulopathy 37 (19%) 27 (50%) 10 (7%) <0·0001

Acute cardiac injury 33 (17%) 32 (59%) 1 (1%) <0·0001

Acute kidney injury 28 (15%) 27 (50%) 1 (1%) <0·0001

Secondary infection 28 (15%) 27 (50%) 1 (1%) <0·0001

Hypoproteinaemia 22 (12%) 20 (37%) 2 (1%) <0·0001

Acidosis 17 (9%) 16 (30%) 1 (1%) <0·0001

*

2

*

†



Retrospektive Analyse, n=313 (222 „Survivors“ Patienten, 16% der „AKI-Survivors“ 
hatten CKD incl. Dialysepflicht (N=8); In 81% wieder normale Nierenfunktion nach 90 
Tagen p.i. ; Ann Int Care 2021 Page 8 of 11Lumlertgul!et!al. Ann. Intensive Care          (2021) 11:123 

directly related to the pandemic, i.e. changes to ICU 
organisation, sta!ng and resource utilisation, and vari-
ations in clinical practice that are not captured here.

Renal recovery after AKI is important for patients, 
families, and all stakeholders involved. Our study shows 
a 82% recovery rate at hospital discharge based on SCr 
results and at 90"days with < 5% of patients being dialysis 
dependent. Other investigations reported renal recov-
ery rates between 17 and 84% and dialysis dependence 
rates between 8 and 56.5% [11, 18, 41–46]. Our low 
dialysis dependence rates perhaps may be due to a rela-
tively low proportion of patients with pre-existing CKD. 
However, loss of muscle mass during critical illness 
results in a decline in creatinine generation which may 
lead to an overestimation of renal function as illustrated 
by our data [47, 48]. Patients with COVID-19 who did 
not have AKI or had recovered renal function after AKI 
had a lower SCr at discharge compared to baseline. Our 
analysis also highlights the significant risk of CKD after 

COVID-associated AKI: 16% of all AKI survivors had 
CKD at 3"months. Among those without renal recovery, 
the incidence was increased to 44%. #is is in line with 
a recent studies showing a fast rate of GFR decline post-
AKI [49–51]. If confirmed in future studies, this might 
pose a significant post-pandemic healthcare and KRT 
burden which warrants further evaluation [52].

Our study has several strengths. First, two experienced 
doctors performed detailed chart reviews to collect 
granular information rather than reliance on adminis-
trative data. Second, to our best knowledge, this is the 
first report where AKI in COVID-19 was defined strictly 
according to the KDIGO definition using both SCr and 
urine output criteria. #ird, our analysis includes data on 
AKI prevalence and trajectories, including risk of pro-
gression to severe AKI. Fourth, with consent, data were 
collected from all critically ill patients who were admitted 
consecutively, reducing selection bias. Fifth, we empha-
sised on the impact of COVID-specific therapies on AKI 

Fig. 2 Mean (95% CI) serum creatinine at di!erent time points from baseline to 90 days after hospitalisation in patients who survived, were not 
dialysis-dependent at hospital discharge, and had serum creatinine measurement available at 90 days (n = 182)

Page 7 of 11Lumlertgul!et!al. Ann. Intensive Care          (2021) 11:123  

institutions and national UK data [11, 15], and our 
association between AKI stage and mortality was also 
in keeping with other studies [12, 36].

!is study included critically ill individuals admitted 
to critical care during the UK’s first wave of the pan-
demic. E"ective management strategies were unknown 
during this time. In the following months, randomised 
controlled trials identified systemic steroid use as 
an e"ective COVID-19 therapy [37, 38]. Our results 
showed for the first time that steroid use was associ-
ated with a reduced risk of AKI progression. However, 
indications for treatment initiation and dosage were 
not protocolised and left to the clinicians’ discretion 
at the time. Consequently, indication bias and residual 
confounding e"ects cannot be excluded. Also, the exact 
protective mechanism is not clear from our analysis. 
We note that renal outcomes were not reported in the 
RECOVERY trial [38]. At this stage, our results of ster-
oid therapy being protective on renal outcomes should 
be viewed as hypothesis-generating to guide future 
adequately powered studies [29].

Proning was associated with higher mortality, which 
may reflect the severity of COVID-19 rather than the 
e"ects of proning on mortality itself [39]. !e overall 
mortality rate was relatively low compared with pre-
vious studies comprising patients with similar sever-
ity and receiving mechanical ventilation [7, 8, 23, 40]. 
Possible explanations are younger age and relatively 
low CCI and CFS. Other reasons may include factors 

Table 4 Key outcomes by final acute kidney injury status

AKI, acute kidney injury; ICU, intensive care unit
a  P-value calculated from Fisher’s exact test
b  88 patients died in ICU, 4 patients died outside of ICU (3 in hospital, 1 after hospital discharge)
c  P-value calculated from a Cox proportional hazards model using time-updated AKI diagnosis as covariate
d  Recovery at discharge is de"ned as having serum creatinine of < 1.5 times of baseline or being dialysis independent at discharge (within the population of survivors 
only)
e  Recovery at 90!days is de"ned as having serum creatinine of < 1.5 times of baseline or being dialysis independent at discharge (within the population of survivors 
only). Note there are 27 missing observations

Overall Non-AKI AKI P value

Outcome (n = 313) (n = 73) (n = 240)

Kidney replacement therapy use in ICU 100 (32%) 1 (1%) 99 (41%)  < 0.001a

90-day  mortalityb 92 (29%) 10 (14%) 82 (34%)  < 0.001c

Dialysis dependence at hospital discharge (in survivors)

No 214 (96%) 64 (100%) 150 (95%)

Yes 8 (4%) 0 (0%) 8 (5%) 0.109a

Dialysis dependence at 90 days (in survivors)

No 188 (95%) 50 (94%) 138 (96%)

Yes 9 (5%) 3 (6%) 6 (4%) 0.704a

(Missing) 24 10 14

Renal recovery at  discharged N/A N/A 129/158 (81.6%) -

Renal recovery at 90  dayse N/A N/A 130/143 (90.9%) -

Fig. 1 Kaplan–Meier survival curves by maximal acute kidney injury 
(AKI) stage showing time from intensive care unit admission (in 
non-AKI patients) or from reaching maximal AKI stage (in AKI patients) 
to death or censoring at 90 days



Excess decline in eGFR in postacute COVID-19 by AKI status during the acute phase of the 
illness. 

Benjamin Bowe et al. JASN 2021;32:2851-2862
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CKD nach AKI: Vergleich Covid-19 und Influenza KI2021

Acute Kidney Injury Incidence, Recovery,
and Long-term Kidney Outcomes Among
Hospitalized Patients With COVID-19
and In!uenza
Ian A. Strohbehn1, Sophia Zhao1, Harish Seethapathy1, Meghan Lee1,
Nifasha Rusibamayila1, Andrew S. Allegretti1, Xavier Vela Parada1 and Meghan E. Sise1
1Department of Medicine, Division of Nephrology, Massachusetts General Hospital, Boston, Massachusetts, USA

Introduction: Acute kidney injury (AKI) is a common complication in patients with severe COVID-19. We
sought to compare the AKI incidence and outcomes among patients hospitalized with COVID-19 and with
in!uenza.

Methods: This was a retrospective cohort study of patients with COVID-19 hospitalized between March
and May 2020 and historical controls hospitalized with in!uenza A or B between January 2017 and
December 2019 within a large health care system. Cox proportional hazards models were used to compare
the risk of AKI during hospitalization. Secondary outcomes included AKI recovery, mortality, new-onset
chronic kidney disease (CKD), and $25% estimated glomerular "ltration rate (eGFR) decline.

Results: A total of 2425 patients were included; 1091 (45%) had COVID-19, and 1334 (55%) had in!uenza.
The overall AKI rate was 23% and 13% in patients with COVID-19 and in!uenza, respectively. Compared
with in!uenza, hospitalized patients with COVID-19 had an increased risk of developing AKI (adjusted
hazard ratio [aHR] ! 1.58; 95% con"dence interval [CI], 1.29–1.94). Patients with AKI were more likely to die
in the hospital when infected with COVID-19 versus in!uenza (aHR ! 3.55; 95% CI, 2.11–5.97). Among
patients surviving to hospital discharge, the rate of AKI recovery was lower in patients with COVID-19
(aHR ! 0.47; 95% CI, 0.36–0.62); however, among patients followed for $90 days, new-onset CKD
(aHR ! 1.24; 95% CI, 0.86–1.78) and $25% eGFR decline at the last follow-up (aHR ! 1.36, 95% CI, 0.97–
1.90) were not signi"cantly different between the cohorts.

Conclusion: AKI and mortality rates are signi"cantly higher in patients with COVID-19 than in!uenza;
however, kidney recovery among long-term survivors appears to be similar.

Kidney Int Rep (2021) 6, 2565–2574; https://doi.org/10.1016/j.ekir.2021.07.008
KEYWORDS: acute kidney injury; COVID-19; in!uenza; mortality
ª 2021 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).

T here have been nearly 150 million cases of COVID-
19 worldwide as of the end of April 2021.1 COVID-

19 is a respiratory illness that ranges in severity from
mild upper respiratory symptoms to respiratory failure
and death. Severe COVID-19 can cause multiorgan
injury,2,3 and AKI has emerged as a common complica-
tion of COVID-19 among hospitalized patients, affecting
between 17% and 37%.4–9 AKI is associated with a 9-
fold increased risk of death during a hospital stay.10

In the earliest autopsy series evaluating kidney histo-
pathology in 26 patients who died of COVID-19 in China,

the most common !nding was prominent acute tubular
necrosis, with a considerable number of patients also
displaying endothelial injury and obstruction of peri-
tubular and glomerular capillary lumens with erythro-
cytes.3 Various studies have also demonstrated elevated
rates of dipstick-positive proteinuria and hematuria, and
several glomerular diseases have been reported, including
collapsing focal segmental glomerulosclerosis in patients
with high-risk APOL1 risk alleles.4,11–16 Signi!cant sub-
clinical kidney damage may occur even in those who do
not have AKI; kidney damage was discovered in au-
topsies of patients who did not have elevated creatinine at
death.3 Thus, it has been theorized that patients infected
with COVID-19 might be at risk of developing CKD.

There has been debate over whether AKI rates are
higher in COVID-19 compared with other forms of
sepsis, including in"uenza and community-acquired
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(95% CI, 1.29–1.94), 2.09 (95% CI, 1.50–2.91), and 2.67
(95% CI, 1.56–4.58), respectively (Figure 3, Table 3,
Supplementary Tables S7A and S7B). Consistent !ndings
were observed from sensitivity analyses using pro-
pensity score approaches (Supplementary Tables S8A
and S8B).

Mortality During Hospital Stay
The overall mortality rate during the hospital stay was
145 (13%) patients with COVID-19 and 31 (2%)

patients with in"uenza (P < 0.01); the aHR for death
was 7.17 (95% CI, 4.78!10.76) (Figure 3,
Supplementary Table S7C).

In-hospital outcomes among patients with AKI are
shown in Figure 4. Compared with AKI patients with
in"uenza, those in the COVID-19 cohort had a higher
rate of in-hospital mortality (81/251 [32%] vs. 19/179
[11%], P < 0.01). After adjusting for confounders at
baseline, the aHR for in-hospital mortality was 3.55
(95% CI, 2.11–5.97) for patients with COVID-
19!associated AKI versus in"uenza-associated AKI
(Figure 3, Supplementary Table S7D).

Kidney Recovery and Long-term Kidney
Outcomes Among Survivors
AKI recovery rates were lower in patients with COVID-
19. Among the 251 patients with COVID-19!associated
AKI, 140 (56%) recovered to within 20% of baseline
creatinine, whereas among the 179 patients with
in"uenza-associated AKI, 126 (70%) recovered to
within 20% of baseline creatinine (P < 0.01). In the
multivariable model, the aHR for AKI recovery before
hospital discharge was 0.47 (95% CI, 0.36–0.62) for
patients with COVID-19 versus in"uenza (Figure 3,
Supplementary Table S7E).

Figure 2. The percent of hospitalized patients with acute kidney
injury (AKI). AKI stages are inclusive of higher stages (e.g., AKI stage
1 includes AKI stage 1, stage 2, and stage 3 patients).

Figure 3. The association between COVID-19 versus in!uenza and kidney outcomes. All models were adjusted for the following covariates: age,
sex, baseline creatinine, race/ethnicity (White/Hispanic/Black/other), and COVID-19 versus in!uenza. Models are shown in Supplementary
Table S7A–G and Supplementary Table 8A and B. AKI, acute kidney injury; CI, confidence interval; CKD, chronic kidney disease; HR, hazard
ratio. 217 " 119 mm (300 " 300 dots per inch).
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We then examined long-term renal outcomes in pa-
tients who survived to discharge and were followed for
at least 90 days. Ten months had elapsed since the
diagnosis of COVID-19 in all of the included patients,
so we censored follow-up at 10 months after baseline in
all participants. Among patients with COVID-19, 525
(48%) survived to hospital discharge and were fol-
lowed for $90 days. Among these patients, 60 (11%)
had an eGFR decline $25% from baseline. Among
patients with in!uenza, 947 (71%) survived to hospital
discharge and were followed for $90 days. Among
these patients, 103 (11%) had an eGFR decline $25%

from baseline (P ! 0.81). Patients with COVID-19 had
an insigni"cant trend toward a higher risk of a long-
term eGFR decline of $25% (aHR ! 1.36; 95% CI,
0.97–1.90) compared with those with in!uenza
(Figure 3, Supplementary Table S7F).

We also determined the risk of new-onset CKD
(de"ned as an eGFR <60 ml/min per 1.73 m2 separated
by more than 90 days) in patients who did not have
CKD at baseline (Table 3). Among survivors, there were
51 (14%) cases of new-onset CKD among 374 in the
COVID-19 cohort and 95 (17%) cases among 575 in the
in!uenza cohort (P ! 0.27). In the multivariable model,

Table 3. Acute kidney injury stage 1 or higher among hospitalized patients (univariable and multivariable Cox proportional hazards model)
Variable Unadjusted HR 95% CI P value Multivariable aHR 95% CI P value

Age 1.00 1.00–1.01 0.99 0.99 0.99–1.00 0.06

Sex, male 1.12 0.93–1.35 0.25 1.07 0.88–1.31 0.49

Baseline creatinine 1.14 0.92–1.41 0.22 0.88 0.69–1.12 0.30

Race

White 0.72 0.55--0.93 0.01 0.83 0.63–1.09 0.18

Hispanic 0.74 0.52–1.03 0.08 0.67 0.47--0.95 0.02

Black — — — — — —

Other 0.68 0.44–1.05 0.08 0.72 0.47–1.12 0.15

COVID-19 vs. in!uenza 1.46 1.20--1.77 <0.01 1.58 1.29--1.94 <0.01
Comorbidities

Hypertension 2.11 1.54--2.89 <0.01 1.77 1.22--2.55 <0.01
Diabetes mellitus 1.57 1.29--1.90 <0.01 1.29 1.05--1.58 0.01

COPD 1.05 0.85–1.29 0.68 — — —

CHF 1.20 0.94–1.53 0.16 — — —

Cirrhosis 1.72 1.23--2.41 <0.01 1.47 1.03--2.09 0.03

HIV 0.80 0.40–1.60 0.53 — — —

CAD 1.10 0.91–1.33 0.32 — — —

Medications

ACEi/ARBs 1.71 1.41--2.06 <0.01 1.42 1.15--1.75 <0.01
Loop diuretics 1.43 1.18--1.74 <0.01 1.26 1.01--1.57 0.04

Thiazide diuretics 1.43 1.13--1.81 <0.01 1.08 0.84–1.39 0.55

K-sparing diuretics 1.90 1.42--2.54 <0.01 1.47 1.07--2.01 0.02

PPIs 1.14 0.94–1.38 0.18 — — —

NSAIDs 0.90 0.73–1.10 0.29 — — —

Immunosuppressants 1.18 0.96–1.45 0.11 — — —

ACEi, angiotensin-converting enzyme inhibitor; aHR, adjusted hazard ratio; ARB, angiotensin II receptor blocker; CAD, coronary artery disease; CHF, congestive heart failure; CI,
con!dence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; NSAID, nonsteroidal anti-in"ammatory drug; PPI, proton pump inhibitor.
Variables with P < 0.05 in the univariable model are included in the multivariable model; all statistically significant values are bolded.

Figure 4. Hospital outcomes among patients with acute kidney injury (AKI).
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Kidney Recovery and Death in Critically Ill Patients with Covid-19-associated 
Kidney Injury treated with dialysis: The STOP-Covid Cohort Study

• 4221 adults with Covid-19 not receiving kidney replacement therapy (KRT). In the clinical
course 876 developed AKI receiving KRT.

• Conclusion: Lower baseline eGFR and reduced urine output at the time of KRT initiation are
strongly and independently associated with kidney nonrecovery among critically ill patients
with Covid-19

AJKD Nov. 2021 (Journal Pre Proof)





„Outcome“ der ICU-Kohorte



Nierenfunktion der „Survivors



Morbidität bei mildem
Covid-19 Verlauf

5Dennis!A, et!al. BMJ Open 2021;11:e048391. doi:10.1136/bmjopen-2020-048391

Open access

logistic regression models, adjusting for age, sex and body 
mass index (BMI).

Patient and public involvement and engagement
Patients and the public have directly and indirectly 
informed our research, from design to dissemination, 
with regular updates and webinars, including question 
and answer sessions with patients. Several clinician coau-
thors were indirectly informed by their patients in the 
COVERSCAN study (RB, AB) or PCS clinics (DW, MH, 
MC), who are members of organisations such as Long 
Covid SOS (eg, LH) and UKDoctors#Longcovid (eg, EA). 
LH and EA have been involved in the research, inter-
pretation of results, understanding implications of our 
results and providing critical feedback to the manuscript.

Statistical analysis
We performed all analyses using R V.3.6.1, using descrip-
tive statistics to summarise baseline characteristics and 
considering a p value less than 0.05 as statistically signif-
icant. Mean and SD were used for normally distributed 
continuous variables, median with IQR for non- normally 
distributed variables, and frequency and percentage for 
categorical variables. For group- wise comparison for abso-
lute values between cases and healthy controls, we used 
Kruskal- Wallis test.

RESULTS
Overall study population
Baseline characteristics
The study included 201 individuals (full details regarding 
hospitalisation: n=199; full questionnaire data to assign 
PCS severity: n=193). The mean age was 44.0 (range 
21–71) years and the median BMI was 25.7 (IQR 23–28). 

Of the individuals, 71% were female, 88% were white, 
32% were healthcare workers and 19% had been hospi-
talised with COVID-19. Assessments (symptoms, blood 
and MRI) had a median of 141 (IQR 110–162) days after 
initial symptoms. Medical history included smoking 
(3%), asthma (19%), obesity (20%), hypertension (7%), 
diabetes (2%) and prior heart disease (5%). The healthy 
control group had a mean age of 39 years (range 20–70), 
40% were female, with a median BMI of 23 (IQR: 21–25) 
(table 1).

Regardless of hospitalisation, the most frequently 
reported symptoms were fatigue (98%), shortness of 
breath (88%), muscle ache (87%) and headache (83%) 
(table 1). Of the individuals, 99% had four or more and 
42% had ten or more symptoms. Of individuals 70% 
reported !13 weeks off paid employment. Of the inci-
dental structural findings observed on MRI (n=56), three 
were cardiac (atrial septal defect, bicuspid aortic valve 
and right atrial mass), one renal (hydronephrosis) and 
the rest were benign cysts.

Haematological investigations, including mean corpus-
cular haemoglobin concentration (24%), and renal, 
liver and lipid biochemistry, including potassium (38%), 
alanine transferase (14%), lactate dehydrogenase (17%), 
triglycerides (11%) and cholesterol (42%), were abnor-
mally high in !10% of individuals. Bicarbonate (10%), 
phosphate (11%), uric acid (11%) and transferrin satu-
ration (19%) were abnormally low in !10% of individuals 
(online supplemental table 1).

Single-organ and multiorgan impairment in PCS compared 
with healthy controls
Organ impairment was more common in PCS than 
healthy controls (figure 2 and online supplemental figure 

Figure 2 Percentage of patients (black) and controls (grey) with individual organ measures outside of the prede!ned normal 
range. Lines represent signi!cant difference in the proportions between the two groups, with *p<0.05, **p<0.01, ***p<0.001. LV, 
left ventricular.
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• Patienten mit mildem 
Verlauf haben dennoch in 70% 
eine Beeinträchtigung von 
einem oder mehr Organe, vier 
Monate nach den initialen 
Covid-19 Symptomen.

• Fallzahl: 201

• Aber: Kaum renale 
Morbidität

• BMJ Open 2021



Zwischen-Fazit

Die Schwere des AKI gibt einen Hinweis auf Schwere und Progression der 
nachfolgenden CKD. Milde Verläufe verursachen eher keinen Langzeitschaden



Covid-19 Impfungen und 
Impfantwort



• Neutralisierende Antikörper im Verlauf über 12 Wochen nach 2. 
SARS-CoV-2 BNT Impfung bei Peritoneal- und Hämodialyse-Patienten 



Antikörper nach verschiedenen SARS-CoV-2 Impfschemata bei
Nierentransplantierten und gesunden Kontrollen (homolog + heterolog)
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Zusammenfassung

SARS-Cov-2 infiziert renale Strukturen

• Typisch für viele Virusinfektionen 

Im Vordergrund steht das akute Nierenversagen 
bei schweren Verläufen
• Spezielle Aufmerksamkeit für Patienten die post-AKI eine 

eingeschränkte Nierenfunktion aufweisen. 
• Systematische Beurteilung von dialysepflichtig 

gebliebenen Patienten im Hinblick auf chronische 
Lungenschäden

Milde Verläufe verursachen möglicherweise 
keinen chronischen Nierenschaden
• Keine endgültigen Aussagen, interessant wie sich Omikron 

auf die Nieren- und Nierenfunktion auswirkt


