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Abstract
Background In February 2020 the corona virus disease 2019 (COVID-19) infection started spreading throughout Italy, 
hitting the Lombardy region very hard. Despite the high diffusion, only a subset of patients developed severe COVID-19: 
around 25% of them developed acute kidney injury (AKI) and one-third of them died. Elderly patients and patients with high 
comorbidities were identified as being at higher risk of severe COVID-19.
Methods Our prospective observational cohort study includes 392 consecutive patients hospitalized for COVID-19 in Milan 
(median age 67 years, 75% male). We evaluated the relationship between blood pressure at presentation, presence of AKI at 
Emergency Department admission and during hospitalization, and total in-hospital mortality (24%).
Results Although 58% of our study patients reported a history of hypertension (HYP) (86% on treatment), 30% presented 
with low blood pressure levels. Only 5.5% were diagnosed with AKI on admission; 75% of hypertensive patients discon-
tinued therapy during hospitalization (only 20% were on treatment at discharge). Gender and hypertension were strongly 
associated with AKI at admission (odds ratio 11). Blood pressure was inversely correlated with increased risk of AKI upon 
admission, regardless of the severity of respiratory distress. Age over 65, history of hypertension, and severity of respiratory 
distress were the main predictors of AKI, which developed in 34.7% of cases during hospitalization. AKI was associated with 
increased in-hospital mortality. Hypertension and low blood pressure at presentation were the main predictors of in-hospital 
mortality, together with age over 65, baseline pulmonary involvement, and severity of illness.
Conclusions In patients hospitalized for COVID-19, hypertension and low blood pressure at presentation are important risk 
factors for AKI and mortality. Early reduction of antihypertensive therapy may improve outcomes in patients with SARS-
CoV-2 infection.
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Abbreviations
AKI  Acute kidney injury
CAD  Coronary artery disease
CKD  Chronic kidney disease
COPD  Chronic obstructive pulmonary disease
DBP  Diastolic blood pressure
ED-AKI  Presence of acute kidney failure at Emergency 

Department admission
ED-MBP  Mean arterial blood pressure levels at 

presentation
ED  Emergency department
FiO2  Fraction of inspired oxygen
H-AKI  In-hospital kidney failure development
HD  Hazard ratios
HR  Heart rate
HYP  History of hypertension
ICU  Intensive care unit
IHD  In-hospital death
IQR  Interquartile range
MBP  Mean arterial blood pressure
NPL  Malignancy
OR  Odds ratio
SatO2  Peripheral arterial oxygen saturation
SBP  Systolic blood pressure
SD  Standard deviations

Introduction

On February 20th, 2020 the first patient diagnosed with the 
novel Coronavirus disease 2019 (COVID-19) developed 
respiratory failure and was admitted to the Intensive Care 
Unit in Lombardy [1]. The COVID-19 infection then spread 
across the whole of Lombardy and Italy and became the 
most serious public health threat in the world. Evidence 
collected since the beginning of the COVID-19 outbreak 
has shown that only a subset of patients will develop severe 
disorders after COVID-19, while the majority of subjects 
exhibit weak respiratory symptoms or remain asymptomatic. 
Severe COVID-19 is characterized by a potent cytokine 
storm that can damage several organs, mainly the lungs 
but also the liver, central and peripheral nervous system, 
heart and kidneys [2–5], and causes high mortality [6]. This 
hyperinflammatory syndrome is accompanied by massive 
coagulation resulting in multiorgan failure. Early identifica-
tion of patients at high risk of developing severe COVID-19 
and initiation of timely treatment are mandatory to reduce 
mortality. Respiratory failure from acute respiratory distress 
syndrome (ARDS) is the leading cause of mortality; man-
agement is currently supportive, although recent improve-
ments in our treatment strategies have been made [7]. In 
addition to respiratory failure, COVID-19 patients may 

eventually die of multiple organ failure, shock, heart failure, 
arrhythmia, and acute kidney injury (AKI).

The complex organ derangement occurring in patients 
with COVID-19 may worsen their original comorbidities 
which need to be accurately evaluated, especially in older 
patients who may have serious comorbid conditions. In a 
large cohort of patients of Caucasian origin followed-up at 
a single University hospital in the north of Italy, we recently 
showed that older age and hypertension (HYP), as well as 
biomarkers of systemic hyperinflammation, are predictors 
of early death [8]. Arterial hypertension is one of the most 
common comorbidities associated with COVID-19, espe-
cially in patients with severe clinical involvement and at risk 
of death [2, 9, 10]. The association between hypertension 
and early death may be sustained by the interaction of the 
SARS-CoV-2 virus with ACE2 which is the port of entry 
into host cells. ACE2 is expressed in endothelial lung and 
kidney cells [11]. It exerts a substantial anti-inflammatory 
activity and antagonizes the renin–angiotensin–aldosterone 
pathway [12]. The interaction with SARS-CoV-2 may alter 
the ACE2 vasodilating activity and the homeostasis of the 
renin–angiotensin–aldosterone system (RAAS). Greater 
expression of ACE2 predisposes to a higher incidence of 
COVID-19 but with lower severity (as observed in younger 
patients), whereas subjects with lower ACE2 develop more 
severe disease. Lower ACE2 levels and upregulation of pro-
inflammatory Angiotensin II predispose elderly patients with 
cardiovascular diseases to greater COVID-19 severity and 
mortality [13].

In COVID-19 patients with respiratory failure undergo-
ing mechanical ventilation [14], AKI is the most frequent 
and severe non-pulmonary complication. Around 25% of 
COVID-19 patients develop AKI and one-third of them die 
[15]. Histological examination of the kidneys of COVID-
19 patients showed both tubular and glomerular involve-
ment (ranging from tubular necrosis to glomerular collapse 
associated with fibrin thrombus deposition in glomerular 
and peritubular capillaries) despite normal kidney function. 
SARS-CoV-2 tropism for the kidney is still under debate 
[5, 16, 17]. In COVID-19 patients, AKI may result from 
microvascular and immunological injuries, non-viral toxic 
and hemodynamic factors induced by sepsis, and cytokine 
storm.

In the present study, we further highlight the relevance 
of hypertension and kidney function on clinical outcomes in 
our cohort of COVID-19 patients. The patients’ characteris-
tics upon admission to the emergency department (ED) and 
during hospitalization were analyzed separately to identify 
features associated with critical illness and worse prognosis.
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Materials and methods

Study design and participants

This is a retrospective and prospective cohort study included 
in an extensive single-center observational investigation, the 
COVID-BioB study, implemented at the (IRCCS) San Raf-
faele Scientific Institute in Milan, Italy. The study is retro-
spective concerning comorbidity and basal renal function but 
is prospective concerning mortality and AKI development.

All patients aged 18  years or older, admitted to the 
IRCCS San Raffaele Scientific Institute from 25th Feb-
ruary to April 25th, 2020, with confirmed SARS-CoV-2 
infection were consecutively enrolled in the COVID-BioB 
study. Confirmed infection was defined as positive real-
time reverse-transcriptase polymerase chain reaction (RT-
PCR) from a nasopharyngeal and/or throat swab. All adult 
patients with clinical and radiologic findings suggestive of 
COVID-19 pneumonia and with plasma creatinine measured 
at least once during SARS-CoV-2 infection, were included 
in the present study (n = 392, M/F 293/99). The in-hospital 
mortality was analyzed in the whole patient cohort. After 
the exclusion of patients undergoing chronic dialysis and 
patients with only one measurement of serum creatinine, 380 
subjects were analyzed for the AKI outcome.

The study was approved by the Hospital Ethics Commit-
tee (protocol no. 34/int/2020) and was registered on Clini-
calTrials.gov (NCT04318366).

Written informed consent was obtained before data col-
lection from patients able to provide signed informed con-
sent at the time of hospital admission. Otherwise, patients 
consented as soon as they were able to sign. This study is 
reported in compliance with the STROBE statement.

Full description of patient management as well as clinical 
protocols were previously published [18, 19].

Outcomes

The main outcomes were the presence of AKI at admission 
to the Emergency Department, AKI development during 
hospitalization, and in-hospital death. Follow-up time was 
right-censored on April 25th, 2020.

Data collection and definitions

Data were collected by reviewing the medical charts or 
directly from interviews with the patients and entered into a 
dedicated COVID-BioB study electronic case record form 
(eCRF). Baseline serum creatinine was defined as the most 
recent creatinine value measured in the previous six months 
in stable clinical conditions if available (21%), or the last 

available value prior to discharge. The lowest creatinine 
value measured during hospitalization was selected as the 
baseline renal function for patients who died during the 
study. We considered two different forms of AKI: the pres-
ence of AKI on the day of Emergency Department admis-
sion and the development of AKI during hospitalization. 
AKI was defined as a 50% increase in serum creatinine from 
baseline according to the KDIGO criteria [20]. For patients 
with AKI at presentation, we compared the basal value 
with the first available creatinine value following Emer-
gency Department admission; AKI during hospitalization 
was defined as the earliest serum creatinine change during 
hospitalization meeting KDIGO criteria.

SpO2/FiO2 was used as an indicator of the severity of 
respiratory distress; SpO2/FiO2 was divided into 4 classes as 
defined by SOFA score [21, 22]. See Supplementary materi-
als fordetails.

Statistical analysis

Continuous variables were expressed as means and standard 
deviations (SD) for normally distributed continuous meas-
ures, medians and interquartile ranges (IQR) for skewed 
continuous measures. Categorical variables were summa-
rized as counts and percentages;  X2 or Fisher’s exact test 
was performed for comparison, as appropriate.

For mortality analysis, we created Kaplan–Meier cumu-
lative incidence plots. We estimated hazard ratio (HR) for 
death using the Cox proportional hazards model; time-to-
event was expressed in days from the date of hospital admis-
sion to the date of in-hospital death.

To investigate the relationship between SARS-CoV-2 
infection, blood pressure dysregulation, kidney damage and 
mortality rate, a multivariable Cox regression model with 
eleven variables was performed.

To identify risk factors associated with the development 
of AKI (both AKI at presentation in the Emergency Depart-
ment and AKI during hospitalization), we performed a logis-
tic regression analysis using a stepwise procedure, with odds 
ratio (OR) estimation. All analyses were carried out using 
SPSS (version 24; IBM corporation). See supplementary 
materials for more details.

Results

Baseline characteristics

A total of 392 consecutive patients were included in our 
study. Table 1 shows the clinical and laboratory features of 
patients with SARS-CoV-2 infection.

The median age was 67 years (range 28–94 years, mean 
age 65.6 years), 52.8% were older than 65 years, and 74.7% 
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of patients were male; 30.4% of patients had eGFR < 60 ml/
min/1.73  m2 (equal to CKD stage 3 or greater). The main 
comorbidity of SARS-CoV-2 infection was hypertension 
(58.3%); 86.3% of hypertensive subjects were on antihy-
pertensive medication at Emergency Department admission 
(see Table 2 for details). Analyses of blood pressure values 
at presentation showed that systolic blood pressure (SBP) 
was slightly higher in hypertensive patients than in those 
without HYP, whereas diastolic blood pressure (DBP) and 
mean blood pressure (MBP) were similar in these patient 
groups. Other comorbidities included coronary artery 

disease [(CAD), 27%], diabetes [(DM), 17.8%] and chronic 
obstructive pulmonary disease [(COPD), 7.3%]. Fourteen 
point two% of patients presented with malignancy [neoplasm 
(NPL)]. Laboratory parameters and severity of respiratory 
distress at admission are listed in Table 1.

Surprisingly, considering the rate of HYP, only 
4.6% of patients presented uncontrolled BP (defined as 
MBP > 110  mmHg) at admission; on the other hand, 
more than 30% of subjects presented low BP levels 
(MBP < 86 mmHg). Frank hemodynamic shock (defined as 
MBP < 65 mmHg) was observed in only 1.9% of patients.

Table 1  Clinical and laboratory features of 392 patients with SARS-CoV-2 infection

HYP history of hypertension, CAD coronary artery disease, COPD chronic obstructive pulmonary disease, CKD chronic kidney disease with 
eGFR < 60 mL/min/1.73  m2, NPL malignancy, SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean arterial blood pressure, 
HR heart rate, SatO2 peripheral arterial oxygen saturation, FiO2 fraction of inspired oxygen, PaO2 partial pressure of arterial oxygen, BT body 
temperature, LDH lactate dehydrogenase, WBC white blood cells
a Median and interquartile range

Anthropometric measurements N Mean ± SD

Gender (M/F) 392 293 (74.7%)/99 (25.3%)
Age (years) 392 65.65 ± 13.10

67 [65–76]a

BMI (Kg/m2) 392 27.04 ± 4.17

Clinical history N %

HYP (Y/N) 384 58.3/41.7
Hypertensive subjects under treatment (Y/N) 86.3/13.7
CAD (Y/N) 381 27.0/73.0
Diabetes (type I or II) (Y/N) 381 17.8/82.2
COPD (Y/N) 386 7.3/92.7
CKD stage III or greater (Y/N) 392 30.4/69.6
NPL (Y/N) 381 14.2/85.8

Admission values N Mean ± SD Median [IQ range]

SBP (mmHg) 379 124.66 ± 24.01 126.00 [115–140]
DBP (mmHg) 379 72.13 ± 14.50 74.00 [66–80]
MBP (mmHg) 379 91.08 ± 11.93 91.67 [83.33–100]
HR (bpm) 379 85.24 ± 25.97 88.00 [80–100]
SatO2 (%) 340 92.25 ± 6.78 94 [91–96]
FiO2 (%) 340 27.81 ± 21.03 21.00 [21–21]
PaO2 (mmHg) 304 68.14 ± 23.92 64.95 [56.12–73.60]
BT (°C) 317 37.92 ± 0.98 38.00 [37.3–38.6]
Creatinine (mg/dL) 392 1.23 ± 0.83 1.01 [0.82–1.24]
Hb (g/dL) 340 13.32 ± 2.05 13.60 [12.2–14.8]
Glucose (mg/dL) 333 127.06 ± 70.41 107 [97–131]
Bilirubin (mg/dL) 199 0.67 ± 0.58 0.55 [0.38–0.79]
LDH (U/L) 220 390.81 ± 168.84 358.00 [277.25–461.00]
WBC count (×  103 cells × µL) 274 7.60 ± 4.81 6.55 [4.90–8.90]
Lymphocytes (×  103 cells × µL) 235 ± 0.50 0.9 [0.60–1.20]
Neutrophils (×  103 cells × µL) 235 5.77 ± 3.77 4.70 [3.30–6.90]
Platelets  (103 cells × µL) 274 213.49 ± 90.72 199.00 [156.75–256.50]
C-reactive protein (mg/L) 270 97.04 ± 80.08 79.75 [31.67–139.27]
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The median in-hospital stay was 10 days (interquartile 
range, 6–15 days). The main outcomes (Table 2) we evalu-
ated were total in-hospital mortality rate (24.2%; median 
time to death was 8 days [range (or interquartile range) 
4–13 days]) and development of AKI (35.3%).

Presence of acute kidney injury at Emergency 
Department admission

AKI was already present in 5.5% of patients at Emergency 
Department admission. HYP and gender were associated 
with AKI at presentation in the Emergency Department in 
a stepwise conditional logistic regression analysis (Supple-
mentary table 1a and 1b). Indeed, the incidence of cases 
with AKI at presentation in the Emergency Department was 
7.5% in patients with HYP vs 0.6% in non-HYP subjects 
(Fisher test p = 0.002), thus showing a 10-fold increased 
risk (OR 10.72; 95% CI 1.19–97.73, logistic regression 
p-value = 0.03) after adjustment for independent covariates, 
including respiratory distress (RD).

It was also observed that MBP levels at presentation 
(ED-MBP) were inversely related to an increased risk of 
the presence of AKI at Emergency Department admis-
sion (logistic regression p-value = 0.014). A stand-alone 
level of MBP < 83 mmHg (1° quartile of ED-MBP dis-
tribution) or MBP < 65 mmHg (hemodynamic shock) at 
presentation were associated with a threefold (OR 3.18; 
95%CI 1.21–8.38, p = 0.014) or tenfold (OR 10.62; 95%CI 
1.81–62.37; p = 0.001) increased risk of the simultaneous 
presence of AKI, respectively. Nevertheless, no relationship 

between blood pressure and the severity of illness was 
observed (Pearson Correlation r = 0.039; p = 0.48).

In‑hospital acute kidney injury development

During hospitalization AKI occurred in 34.7% of patients; 
the median time to in-hospital AKI development was 7 days 
(IQR 3–12 days). High incidence of both proteinuria (57.5%) 
and hematuria (45.5%) were also observed although no sig-
nificant relationship was found with the development of AKI 
(Table 2).

The incidence of in-hospital AKI was significantly higher 
in elderly patients (age > 65 years 44.7% vs 24.0%;  X2 17.80; 
p < 0.001) and among patients with HYP (43.7% vs 20.8%; 
 X2 21.33; p < 0.001). Logistic regression analysis showed 
that age over 65 yrs, HYP and RD were the main risk factors 
for in-hospital AKI development (Supplementary table 2a 
and 2b). Chronic therapy with diuretics (49.8% of patients) 
or anti-hypertensive drugs (and in particular RAAS inhibi-
tors) was not associated with an increase in AKI develop-
ment during hospitalization, however, pharmacological treat-
ment was discontinued in 75.4% of hypertensive patients. 
Indeed, only 20.8% of hypertensive patients were still being 
treated at discharge (Supplementary table 4; Fig. 1).

In‑hospital death

The presence of AKI, be it already present at admission 
to the Emergency Department or developing during hos-
pitalization, increased the risk of death (HR 2.25; 95%CI 

Table 2  Outcomes of 392 patients with SARS-CoV-2 infection

ED-AKI presence of acute kidney injury at Emergency Department admission, H-AKI in-hospital kidney failure development, ICU intensive care 
unit, IHD in-hospital death
a Median and interquartile range

Outcomes N Mean ± SD

In-hospital stay (days) 392 11.21 ± 7.88
10 [6–15]a

H-AKI timing (days) 380 7 [3–12]a

N %

Intensive care unit (ICU) 392
No ICU admission 66.3
ICU admission 4.1
Still ongoing 29.6
ED-AKI (Y/N) 380 5.5/94.5
H-AKI (Y/N) 380 34.7/65.3
Patients with proteinuria (Y/N) 133 57.5/42.5
Patients with hematuria (Y/N) 133 45.9/54.1
IHD (Y/N) 392 24.2/75.8
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1.20–4.25 and OR 2.11; 95%CI 1.34–3.34, respectively), as 
shown in Fig. 2.

As expected in a viral respiratory disease, the severity 
of respiratory distress and COPD are relevant determinants 
of mortality. Interestingly, other factors, such as baseline 
kidney function and MBP at admission, were associated 
with an increased mortality rate in univariate analysis (see 
Supplementary table 3). In detail, a significantly higher 
mortality rate was observed in subjects with HYP, and in 

particular in elderly patients (44.4% in elderly patients with 
HYP compared to 14.1% in younger patients with HYP;  X2 
38.82; p < 0.001) and in patients with CKD stage 3 or greater 
(47.9% in CKD compared to 13.9% in non-CKD;  X2 52.11; 
p < 0.001).

Finally, we observed a negative relationship between 
MBP levels at admission and mortality (logistic regression 
p = 0.021). Through the calculation of Youden Index [23], 
MBP 86 mmHg (i.e., 120/70 mmHg) was identified as the 

Fig. 1  Number of anti-hyper-
tensive drugs being taken at the 
time of Emergency Department 
admission or at the time of hos-
pital discharge (% of patients)

Fig. 2  Total in-hospital mortality rate by ED-AKI (a) and H-AKI (b)
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best cut-off for optimal in-hospital death risk assessment 
(OR 2.08; 95%CI 1.25–3.45). However, as shown in Table 3, 
taken together, only age (> 65 years), COPD, HYP, MBP at 
presentation < 86 mmHg and severity of illness were inde-
pendently associated with total in-hospital mortality.

Discussion

Coronavirus disease 2019 is a highly contagious viral dis-
ease causing severe acute respiratory distress syndrome. In 
this study, we investigated the relationship between blood 
pressure, kidney function and in-hospital mortality in 392 
Italian COVID-19 patients.

In our cohort, mortality was higher than in similar 
COVID-19 cohorts due to the characteristics of our hospital 
and the policy of hospital admission during the pandemic 
(including the transfer of the most critically ill patients from 
other hospitals) [23].

As has recently emerged in other studies, COVID-19 
is not only a viral respiratory disease, but it often involves 
different organs with a variable presentation of the disease 
[2, 3]. In particular, our work has shown evidence of an 
important role of both the hemodynamic response to SARS-
Cov-2 infection and the patient’s medical history on AKI 
development and patient mortality. The main results suggest 
that history of hypertension, CKD and presentation to the 
ED with low blood pressure are important risk factors for 
AKI. Furthermore, they play an important role in mortality 
in patients with COVID-19. Indeed, gender and HYP were 
the main predictors of the presence of AKI at Emergency 

Department admission; moreover, a stand-alone level of 
MBP < 83 mmHg at Emergency Department admission 
(i.e., < 120/70 mmHg) is independently associated with an 
increased risk of the simultaneous presence of AKI. Simi-
larly, these factors impact in-hospital mortality. In a model 
of univariate Cox regression, HYP, CKD, MBP < 86 mmHg 
at Emergency Department admission, and severity of illness 
were independently associated with a two-fold increase in 
overall mortality.

Surprisingly, hospital-acquired AKI did not prove to be 
a significant predictor of mortality in the multivariable Cox 
model. The absence of relationship is likely due to the simul-
taneous presence of clinical conditions at baseline, related to 
age, comorbidities (older age, arterial hypertension, cardio-
vascular diseases) and severity of COVID-19 disease (i.e., 
respiratory distress) that lead to the increased risk of AKI 
and death at the same time. Another explanation could be the 
possible lack of statistical power due to the limited number 
of deaths in this specific subset of cases (95 patients).

We analyzed AKI development both at Emergency 
Department admission and during hospitalization. We can 
speculate that the main difference in terms of pathophysiol-
ogy between patients with AKI at Emergency Department 
presentation and those with in-hospital AKI development is 
that in the former case AKI is presumably a hemodynamic 
consequence of SARS-CoV-2 infection, whereas hospital-
acquired AKI could be a multifactorial disorder with multi-
ple mechanisms of development, including pharmacological 
treatments. Respiratory distress is a major determinant of 
in-hospital AKI most likely because of the more aggressive 
therapy critically ill patients undergo; on the other hand, low 
MBP at presentation directly affects kidney function thus 
leading to the development of AKI at Emergency Depart-
ment admission. The association between BP and AKI does 
not appear to be the result of the severity of the clinical pic-
ture but suggests dysregulation of BP control and possibly 
of vascular tone in patients with COVID-19.

Unlike what occurs in systemic bacterial infections, the 
hemodynamic effect of SARS-CoV-2 infection seems to 
be independent of the severity of the disease. Indeed, we 
observed no relationship between the severity of respiratory 
distress, grade of hypoxia and low MBP in the Emergency 
Department. We may assume that the negative hemody-
namic effect of SARS-CoV-2 infection was not mediated by 
the classical septic shock pathways alone, but that it was also 
a consequence of neurovegetative alterations. The effect on 
vascular resistance control mediated by its interaction with 
ACE2, which is a SARS-Cov-2 receptor, may be a poten-
tial mechanism of the hemodynamic effect of SARS-Cov-2 
infection, even though no data have been collected to support 
this hypothesis.

Since 75.4% of hypertensive patients have to discon-
tinue pharmacological treatment due to low BP levels, 

Table 3  Cox regression analysis for in-hospital death

BMI body mass index, COPD chronic respiratory pulmonary disease, 
NPL active neoplasia, DM diabetes, HYP history of hypertension, RD 
respiratory distress at Emergency Department admission (expressed 
as  SatO2/FiO2), H-AKI in-hospital acute kidney injury, MBP mean 
blood pressure at Emergency Department admission

B S.E Sig Exp(B) 95% CI for 
EXP(B)

Gender (M/F) − 0.19 0.30 0.53 0.83 0.47–1.49
BMI − 0.05 0.04 0.14 0.95 0.89–1.02
AGE (> 65 years) 0.92 0.37 0.01 2.52 1.22–5.18
COPD 0.92 0.32 0.004 2.52 1.33–4.75
NPL 0.13 0.35 0.71 1.14 0.57–2.26
DM 0.31 0.30 0.30 1.37 0.75–2.47
HYP 0.77 0.36 0.04 2.15 1.05–4.39
CKD (> stage III) 0.49 0.28 0.08 1.64 0.95–2.82
RD 0.50 0.14 < 0.001 1.65 1.24–2.18
H-AKI (Y/N) − 0.22 0.29 0.44 0.80 0.46–1.41
MBP 

(< 86 mmHg)
0.63 0.26 0.017 1.87 1.12–3.13
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these findings suggest that early intervention is required 
at COVID-19 onset so as to prevent the negative hemody-
namic impact. In this subset of patients, early discontinua-
tion of any anti-hypertensive treatment could lead to better 
presentation at the Emergency Department resulting in an 
improvement in the clinical course of the disease. As our 
results suggest, this evidence is independent of the respira-
tory impact of COVID-19 and so this medical approach 
should be applied to any patients with or without severe 
respiratory distress.

In conclusion, on the basis of these data we would rec-
ommend including an evaluation of blood pressure values 
and kidney function at presentation of all patients with 
SARS-Cov-2, in association with the anamnestic history of 
hypertension and CKD (Fig. 3). Early reduction of antihy-
pertensive therapy if blood pressure is lower than 120/70 
may decrease AKI development and mortality in COVID-19.

This study has several limitations. First, our study 
was carried out in a single large hospital in Milan, thus 
potentially limiting generalizability to hospital settings 
elsewhere in Italy. Second, our analyses incorporated out-
come data collected until April 25th, 2020. Vital status 
and hospital-acquired AKI are not yet known for patients 
who remained hospitalized after this date. Third, patients 
presented to the hospital at varying time points of their 
disease course, and time from symptom onset to hospi-
tal presentation was not available. Indeed, our analysis 
included the severity of illness at Emergency Department 
admission. Fourth, we did not analyze biomarkers because 
they are only available for a small group of patients and 
because we focused our analysis on blood pressure and 
kidney function. Fifth, complete urinalysis was available 
for only 24% of patients because, considering the pres-
ence of severe respiratory disease, it was not of primary 

Fig. 3  Effect of anamnestic data and Emergency Department parameters on AKI development and total in-hospital deaths in SARS-Cov2 infec-
tion
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importance and urinary sediment could not be examined. 
Moreover, information regarding the presence of urinary 
catheter was not available thereby affecting the reliability 
of the hematuria data.

This study also has many strengths. First, our study rep-
resents one of the largest nephrological focuses on patients 
with COVID-19 in Lombardy, the hardest hit region in 
Italy. Second, we prospectively identified patients and col-
lected data from the beginning of the pandemic. Third, 
we collected data using a case record form completed 
with laboratory data which were available for at least a 
subgroup of patients. Fourth, our data was personally and 
carefully reviewed by two authors. Fifth, our study pro-
vides concrete recommendations on how to approach the 
patient at the onset of the SARS-CoV-2 infection. In a 
critical moment, such as a pandemic, it is crucial to have 
clear indications on the management of the patient at home 
[25].

Our results confirm the role of gender, age and medical 
history of hypertension in kidney outcome and survival in 
COVID-19. Moreover, we suggest including blood pressure 
measurement in initial, at-home screening for SARS-Cov2 
infection. The aim of this strategy would be to maintain BP 
values > 120/70 mmHg in patients on chronic anti-hyper-
tensive therapy through the timely reduction of these drugs.

Follow-up of patients to assess the need for antihyperten-
sive therapy reintroduction, therefore, becomes imperative, 
also taking into account the effect of weight changes dur-
ing illness. Considering the high frequency of proteinuria 
at presentation, we propose that it should be re-evaluated 
during follow-up.
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