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Abstract

Introduction: The reported incidence of AKI with COVID-19 varies from
0.5% to 22%. Several mechanisms were postulated as a cause of AKI in pa-
tients infected with COVID-19. The appropriate management of AKI in pa-
tients with COVID-19 remains unclear at this time. One point of absolute
importance, is the consideration of volume status. Given the paucity of know-
ledge with regards to the role of different strategies for fluid management
during an episode of AKI in patients with COVID-109, this retrospective study
aims to compare renal outcome and overall prognosis in patients who re-
ceived conservative versus liberal fluid management. Methods: This is a sin-
gle-center retrospective observational cohort study at a community hospital
in Westchester County, NY. All adult patients who tested positive for the
COVID-19 infection by PCR testing of a nasopharyngeal swab and were hos-
pitalized from March 22, 2020 to May 25, 2020 are eligible. Among those
identified with AKI, patients were divided into two groups: conservative fluid
administration versus liberal fluid administration. Results: Of the 136 pa-
tients, 84 (61.76%) were admitted to the ICU, with 60% of patients under the
conservative fluid strategy and 40% receiving liberal fluid management. On
the other hand, 52 (38.23%) patients were admitted on the medical floors,
with more patients (67.31%) receiving liberal fluid management. Discussion:
In our cohort of 136 patients with COVID-19 respiratory illness and AKI,
there was a significant difference in renal outcome, in terms of improvement
of renal function in patients receiving liberal fluid management (55.07%)
versus conservative fluid management (16.41%, p < 0.001), with more pa-
tients in the liberal group having lower peak creatinine before levels im-
proved. This, as well, was associated with improvement in oxygenation, cha-
racterized by improvement in respiratory status, facilitating weaning of oxy-
gen supplementation (p < 0.001). On the other hand, there was no significant
difference between the conservative and liberal groups in terms of under-
going renal replacement therapy. Twenty-one of the 136 patients with AKI
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required RRT and 19 (90%) of them were admitted to the ICU and mechani-
cally ventilated. On the other hand, there was no statistical difference in mor-
tality rate of patients who underwent renal replacement therapy, regardless of
whether they were in the conservative or liberal strategy group. Conclusion:
Our data report that liberal fluid management in COVID-19 patients with
AKI, had better outcomes, in terms of renal function, oxygenation and mor-
tality rate, as compared to patients in the conservative fluid management
group. Once patients are started on renal replacement therapy, however, renal
and lung outcomes and mortality rate become insignificant between the two
groups.

Keywords
Acute Kidney Injury, COVID-19, Fluid Management

1. Introduction

In December 2019, a series of unknown acute respiratory illnesses were reported
in Wuhan, China [1] [2]. Research has shown that the disease was caused by a
virus named “severe acute respiratory syndrome coronavirus 2” (SARS-CoV-2)
and later on the disease was officially renamed by the WHO as coronavirus dis-
ease 2019 (COVID-19). Since it was first recognized, COVID-19 has rapidly
spread throughout other countries and became a worldwide pandemic [3] [4]
[5]. In late January 2020, the United States reported its first case of COVID-19 in
Washington State. And shortly after, spread to other states, including New York
where it became the epicenter of the coronavirus outbreak in the U.S., reporting
the most number of cases with 386,490 and 30,511 reported deaths as of June 12,
2020. As had been observed in China and Italy, the disease resulted in a large
number of hospitalizations, respiratory failure and ICU admissions. Although
diffuse alveolar damage and acute respiratory failure were the main features of
COVID-19, multi organ involvement have been reported. The kidneys, in par-
ticular became noticeably affected, with an alarming number of patients devel-
oping AKI [6] [7].

The reported incidence of AKI with COVID-19 varies from 0.5% to 22% [6]
[7] [8]. This wide range is likely in part to the definition of AKI used and to the
population studied. U.S. data in a Seattle hospital reported up to 19% rate of
AKI, though this has been limited to critically ill patients in the ICU [9]. In a
study released by Northwell Health, it showed 36.6% of patients admitted with
COVID-19 developed AKI, with 89.7% of patients on mechanical ventilation
compared to 21.7% of non-ventilated patients. Ninety-six percent of patients
requiring RRT on ventilators. It was also noted in this study that AKI occurs
early and in temporal association with respiratory failure and is associated with a
poor prognosis [10] [11]. A single-center retrospective study by Zahid et al re-
vealed that 27.3% of patients hospitalized for COVID-19 developed AKI, with
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the incidence significantly higher in patients presenting with a low eGFR, and
carried higher mortality, especially in patients with AKI stage 3 [12].

Several mechanisms were postulated as a cause of AKI in patients infected
with COVID-19. It is believed to be an interplay of virus-mediated injury, a dy-
sregulated inflammatory response, angiotensin II pathway activation, hypercoa-
gulation, and microangiopathy [12]. The appropriate management of AKI in pa-
tients with COVID-19 remains unclear at this time. No specific evidence is avail-
able to suggest that COVID-19 AKI should be managed differently from other
causes of AKI [13]. No single approach has demonstrated clear benefit for pa-
tients who have AKI and develop respiratory failure. One point of absolute im-
portance is the consideration of volume status. It is known from existing know-
ledge about ARDS management, that a conservative approach to fluid resuscita-
tion and efforts to avoid hypervolemia would be appropriate. A post hoc analysis
of the FACTT trial supports the use of conservative strategy of fluid manage-
ment in patients with acute lung injury, as it demonstrated that a negative fluid
balance using a higher cumulative dose of diuretics is associated with improved
mortality in patients with AKI [14]. In this regard, diuresis may have been a key
component in the treatment of patients with Covid-19. Overdiuresis, however,
has the potential to exacerbate kidney injury, with several features of this disease
magnifying the risk including significant volume contraction from poor oral in-
take and insensible fluid losses, and prolonged ventilator dependence resulting
in prolonged diuresis [15]. As time passed, and more patients were hospitalized,
it was noted that severe AKI became more prominent, with increasing number
of patients requiring renal replacement therapy. Since then, attempts have been
made to prevent worsening AKI by providing liberal intravenous fluids where
fluids are indicated.

Given the paucity of knowledge with regards to the role of different strategies
for fluid management during episode of AKI in patients with COVID-19, this
retrospective study aims to compare renal outcome and overall prognosis in pa-
tients who received conservative versus liberal fluid management. In addition,
identify if there was a significant change in patients’ oxygenation with conserva-

tive or liberal fluid management.

2. Methods
2.1. Study Design

This is a single-center retrospective observational cohort study at a community
hospital in the Westchester county, the second most affected area after New
York City. Data for this study was obtained from Meditech, the inpatient elec-
tronic medical record of St. John’s Riverside Hospital. This study was approved
by the Institutional Review Board of St. John’s Riverside Hospital and did not

require patient consent because of its retrospective design.

2.2. Inclusion Criteria

All adult patients (=18 years old) who tested positive for the COVID-19 infec-
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tion by PCR testing of a nasopharyngeal swab and were hospitalized from March
22, 2020 to May 25, 2020 are eligible. COVID-19 infection was diagnosed based
on clinical presentation, radiographic lung abnormalities, and a positive result of
real time PCR. Eligible patients included those who developed Acute Kidney In-
jury, as defined by the KDIGO criteria, with previously normal or baseline crea-
tinine dating back to one year prior to hospitalization. AKI secondary to insens-
ible losses such as dehydration, GI disturbances, and mechanical ventilation were

included.

2.3. Exclusion Criteria

Patients with End Stage Kidney Disease on maintenance hemodialysis or perito-
neal dialysis were excluded from the study. Also excluded were patients who

died within 24 hours of admission and renal transplant recipients.

2.4. Study Procedure

We extracted electronic data from all patients who satisfy the inclusion criteria,
admitted both in the ICU and medical floors. Data collected include patient de-
mographics, prior medical history, including comorbidities and baseline renal
function. In-hospital laboratory data consisted of renal function, initial Na level,
ABGs. For patients in the ICU, pressor administration and mechanical ventila-
tion were identified. Total fluid volume (in liters) administered from the emer-
gency room, on admission, and during the hospital course were noted. Among
those identified with AKI, patients were divided into two groups: conservative
fluid administration verses liberal fluid administration.

Acute kidney injury is defined as an increase in serum creatinine 0.3 mg/dl
within 48 hours or a 50% increase in serum creatinine from baseline within 7
days according to the KDIGO criteria. The date of AKI onset is defined as the
earliest day of a serum creatinine change meeting KDIGO criteria. The stage of
AKI is determined using the peak serum creatinine level after AKI detection,
with increases of 1.5 to 1.9, 2.0 to 2.9, and 2= 3 times baseline being defined as
AKI stage 1, 2, and 3, respectively.

Primary outcome was the improvement/worsening of renal function with
conservative/liberal fluid management. Conservative fluid management being
defined as no maintenance fluids and administration of diuretics where it is in-
dicated and liberal fluid management being fluid boluses and maintenance fluids
of 2 cc/kg/hr.

3. Objective

The primary objective of this study was to evaluate the role of fluid therapy on
renal outcome in patients infected with COVID-19 associated with AKI, to
compare renal outcome and overall prognosis in patients who received conserv-
ative versus liberal fluid management. The secondary objective of the study was
to evaluate the outcome of fluid therapy on oxygenation through ABG analysis.

In addition, to study baseline characteristics and laboratory data associated with
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the development of AKI in COVID-19 patients.

Statistical Analysis

Continuous variables were described as mean * standard deviation for normally
distributed data, or median and interquartile range (IQR) values for non-normal
distribution. Categorical variables were presented as frequency and percentage.
The mean of continuous variables was assessed by using independent t tests and
the Kruskal-Wallis test (across the stages of AKI). The differences in categorical
variables were compared by using the chi-square test. Fischer’s exact test was
used when there were only limited data available. Two-sided P values of 0.05 or

less were considered to indicate statistical significance.

4. Results
4.1. Sample Size and Baseline Characteristics

In this study, 144 adult confirmed cases of COVID-19 with abnormal renal func-
tion were initially reviewed. Of the 144 patients, 5 patients with end stage kidney
disease who were on maintenance dialysis and 2 patients who died within 24
hours of admission were excluded from the study. No renal transplant recipients
were encountered (Figure 1). One hundred thirty-six patients were used for the
analysis, with their baseline characteristics shown in Table 1. Of the 136 pa-
tients, 84 (61.76%) were admitted in the ICU, with 60% of patients under the
conservative fluid strategy and 40% receiving liberal fluid management. On the
other hand, 52 (38.23%) patients were admitted on the medical floors, with more

patients (67.31%) receiving liberal fluid management.

4.2. Baseline Characteristics

The two groups were similar with respect to demographic characteristics with

Patients aged > 18 years old diagonised with
COVID-19 and abnormal renal function
N=143

Exclusion criteria
5 - Had End Stage Kidney disease
2 - Died within 24 hours of admission

AKI as defined by the KDIGO criteria
N=136

l

| Is patient critically ill? |

Yes
! I} v }
Conservative fluid management Liberal fluid management Conservative fluid management Liberal fluid management
N=50 N =34 N=17 N=35
Improved Renal function Improved Renal function Improved Renal function Improved Renal function
N=4 N=12 N=7 -
Requir;fi Renal Replacement Required Renal Replacement Required Renal Replacement Required Renal Replacement
Therapy N =11 Therapy N =8 Therapy N = 1 Therapy N = 1
Death Death Death Death
N =49 N=25 N=5 N=7

Figure 1. Study flowchat showing the number of participants.
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Table 1. Baseline characteristics.

Conservative strategy =~ Liberal strategy

Characteristic (N = 67) (N = 69) P Value
Age, mean (yr) 72+11 69 + 14 0.29
Age, median (IQR) 73 (66 - 80) 70 (57 - 83) 0.29
Gender, n (%) 0.07
Male 41 (61.19) 38 (55.07)
Female 26 (38.81) 31 (44.93)
Race, n (%) 0.48
Hispanic 25 (37.31) 34 (49.28)
Caucasian 25 (37.31) 19 (27.54)
African American 15 (22.39) 15 (21.74)
Asian 2 (2.99) 1(1.45)
Preexisting comorbidities, n (%)
CHF 9 (13.43) 11 (15.94) 0.18
CAD 22 (32.84) 15 (21.74) 0.05
Diabetes 27 (40.30) 32 (46.37) 0.11
Hypertension 54 (80.60) 57 (82.61) 0.17
CKD 7 (10.45) 10 (14.49) 0.16
Immunocompromised 10 (14.93) 9 (13.04) 0.19
Medical ICU admission, n (%) 50 (74.63) 34 (49.28) 0.002
Vasopressor requirement 48 (71.64) 30 (43.48) <0.001
Mechanical ventilation 45 (67.16) 27 (39.13) 0.001
AKI, n (%) 0.001
Stage 1 10 (14.93) 28 (40.58)
Stage 2 17 (25.37) 18 (26.09)
Stage 3 40 (59.70) 23 (33.33)
Peak creatinine levels, mean + SD <0.001
Stage 1 1.73 £0.31 1.70 £ 0.50 0.84
Stage 2 3.08 £ 0.12 2.82 £ 0.53 0.12
Stage 3 7.31 £2.70 5.97 £2.53 0.05
Urinalysis, n (%)
Proteinuria 53 (79.10) 56 (81.16) 0.76
Hematuria 30 (44.78) 22 (31.88) 0.12

CHF, Congestive Heart Failure; CAD, Coronary Artery Disease; CKD, Chronic Kidney Disease; ICU, In-
tensive Care Unit; AKI, Acute Kidney Injury; n, mean average; SD, Standard Deviation.

mean age of 71 years old, and 79 (58.09%) of them were male. A majority of our
cohort were Hispanic (43.38%) and Caucasians (32.35%). The more common

comorbidities, as listed on Table 1, were hypertension (81.61%) and diabetes
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(43.38%). Of the 136 patients, 84 (61.76%) patients were in the ICU, with 59.5%
of patients belonging to the conservative fluid management group, and 40.4% in
the liberal fluid strategy. Among patients in the conservative strategy group ad-
mitted in the ICU, more patients required vasopressor support (71.64%) and are
mechanically ventilated (67.16%), as compared to those who received liberal

fluid management.

4.3. Renal Function

The conservative strategy group had higher creatinine values at their peak, with
more than half of the patients categorized at stage 3 AKI with 59.70%, as com-
pared to the liberal strategy group with only 33.33% of the patients having stage
3 AKI at their peak and 40.58% with only stage 1 AKI at their peak (p < 0.001),
as seen in Figure 2. Figure 3 compares the peak creatinine levels of all patients
included in the study. At the different stages of AKI, the peak creatinine level of
patients in the conservative group are greater than those in the liberal group, and

the difference widens as the stage increases.

7
6
4
B Conservative
. o Liberal
0 -
1 2 3

Acute Kidney Injury Stage

wv

w

Creatinine (mg/dL)

N

[

Figure 2. Average Peak Creatinine at different stages of Acute Kidney Injury.

Creatinine (mg/dL)

Conservative Liberal

Figure 3. Comparison of Peak Creatinine measurements of all study subjects.
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4.4. Major Outcomes

Main outcome variables are shown in Table 2. Results are reported according to
fluid management strategy. More patients in the liberal fluid group with 38 pa-
tients (55.07%) were found to have improvement in renal function, as evidenced
by improvement in creatinine levels and overall disposition of patients (dis-
charge), as compared to patients in the conservative fluid group with 11
(16.41%) patients, regardless of whether patients were admitted in the ICU or on
the medical floors (p = 0.002). With regards to the different stages of AKI, there
was statistical difference (p = 0.02) between the 2 groups, with more patients in
the liberal group experiencing improvement in their renal function, in all stages
of AKI, as compared to the conservative group. However, in patients who un-
derwent renal replacement therapy, 12 (17.91%) in the conservative group and 9
(13.04) in the liberal group, there was no difference in the proportion of patients
who underwent RRT in both groups (p = 0.43). As for the mortality rate, there
were more patients in the conservative group (n = 54, 80.60%) who died, noti-
ceably with greater proportion in patients admitted to the ICU (n = 49, 98%), as
compared to the liberal group who had 30 patients (43.48%) who died, with 24
patients (70.59%) admitted in the ICU (p < 0.001). To identify the effect of fluid

Table 2. Main outcome variables.

Outcome FZonservative Liberal fluid P Value
fluid management management
Improved Renal Function, n (%) 11 (16.41) 38 (55.07) <0.001
ICU 4 (8.00) 12 (35.29) 0.002
Non-ICU 7 (41.18) 26 (74.29) 0.002
Improved renal function, per stage 0.02
AKI stage 1 4 (36.36) 24 (63.16)
AKI stage 2 6 (54.55) 9 (23.68)
AKI stage 3 1(9.09) 5(13.16)
Required RRT, n (%) 12 (17.91) 9 (13.04) 0.43
ICU 11 (22.00) 8 (23.53) 0.87
Non-ICU 1 (5.88) 1 (2.86) 0.45
Death, n (%) 54 (80.60) 30 (43.48) <0.001
ICU 49 (98.00) 24 (70.59) <0.001
Non-ICU 5(29.41) 6 (17.14) 0.17
Death, per stage 0.28
AKI stage 1 7 (12.96) 3 (10.00)
AKI stage 2 7 (12.96) 8 (26.67)
AKI stage 3 40 (74.07) 30 (63.33)
Improved oxygenation, n (%) 2 (3.77) 13 (30.95) <0.001

ICU, Intensive Care Unit; AKI, Acute Kidney Injury; RRT, Renal Replacement Therapy; n, mean average.
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management on oxygenation, ABGs were analyzed, although this data was li-
mited as not all patients had ABGs done. Between the 2 different strategies of
fluid management, improved oxygenation, with 13 (30.95%) patients characte-
rized by improved respiratory function, facilitating oxygen weaning, was dem-
onstrated in the liberal fluid management group (p < 0.001). These patients were

also noted to belong to the group with improved renal function.

5. Discussion

Acute kidney injury is well-described in COVID-19 and is associated with high
morbidity and mortality, as evidenced by the different retrospective studies done
in China, Italy, and the US among others, with an incidence of AKI in hospita-
lized patients as high as 22%, and 3.2% requiring renal replacement therapy [16].
Multiple, often co-existing mechanisms have been postulated as a cause of AKI
in patients with COVID-19. The most common etiology based on autopsy and
biopsy reports is acute tubular injury and lymphocytic infiltration caused by a
viral cytopathic effect. In patients requiring mechanical ventilation and vaso-
pressor support, hemodynamic compromise may lead to AKI. Proximal tubular
dysfunction has also been demonstrated as well as microangiopathic injury and
cytokine-induced podocyte injury. The ARDS-AKI axis, a vicious cycle, where
conditions created by dysfunction of one system lead to worsening of the other
[17].

With several mechanisms postulated as a cause of AKI, and with a higher
percentage of patients developing in-hospital AKI, nondialytic management be-
comes important in delaying initiation of renal replacement therapy, as these are
limited and resources were once stretched thin during the pandemic. In our co-
hort of 136 patients with COVID-19 respiratory illness and AKI, there was a sig-
nificant difference in renal outcome, in terms of improvement of renal function
in patients receiving liberal fluid management (55.07%) versus conservative fluid
management (16.41%, p < 0.001), with more patients in the liberal group having
lower peak creatinine before levels improved. This, as well, was associated with
improvement in oxygenation, characterized by improvement in respiratory sta-
tus, facilitating weaning of oxygen supplementation (p < 0.001). As for the dif-
ferent stages of AKI, renal function improved more in patients at lower stages,
whether it be from conservative or liberal group (p = 0.02). This data suggests
that with more patients in the liberal group having lower creatinine levels and at
earlier stages of AKI, that the likelihood of them having a better renal outcome is
greater than in the conservative group.

On the other hand, there was no significant difference between the conserva-
tive and liberal groups in terms of undergoing renal replacement therapy.
Twenty-one of the 136 patients with AKI required RRT and 19 (90%) of them
were admitted to the ICU and mechanically ventilated. In our cohort of stage 3
AKI patients, all 21 (100%) patients who underwent RRT died, as compared to
stage 3 AKI patients who did not undergo RRT, 38 (90.48%) of the 42 patients
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died (p = 0.14). Thus, there was no statistical difference in mortality rate of pa-
tients who underwent renal replacement therapy, regardless of whether they
were in the conservative or liberal strategy group. We could thus infer that
management in patients with COVID AKI should be initiated early and that safe
and judicious nondialytic management should be of utmost importance, to delay
or even avoid renal replacement therapy, as this is associated with very high
mortality. This includes focusing on one important aspect of preventing AKI,
which is fluid management.

The FACTT trial compared a conservative and a liberal fluid management
protocol in Acute Respiratory Distress Syndrome (ARDS) patients, with the trial
demonstrating benefit to the conservative arm receiving more diuretic medica-
tions and less intravenous fluids in lung function, duration of mechanical venti-
lation and ICU stay. Our findings with COVID patients, however, have demon-
strated that keeping patients euvolomic with liberal amounts of fluids, had better
outcomes in renal function, oxygenation and mortality. The patients in the lib-
eral arm received fluid boluses and maintenance fluids to prevent worsening of
renal function, with conscious effort to avoid volume overload.

Our study has limitations. This study was done in a single-center, community
hospital, with more patients in the older population. This limits the general va-
lidity of the study. In addition to the population served, resources were limited,
which included unavailability of more advanced modalities including Conti-
nuous RRT and peritoneal dialysis. Intermittent HD was the only available re-
source for RRT, and was stretched thin as well during the pandemic. Neverthe-
less, efforts were done to increase capacity, including additional machines and
hiring more staff. Also, as a retrospective study, there was missing information
from the collected data. For one, a number of patients were new to the electronic
system, with no prior medical records and no baseline Creatinine levels. Also,
aside from the fluid therapy, there was no documentation of whether diuretics
were given to the patients, which could be an essential component especially in
the conservative management group. Urine output was not clearly documented
as well, which is part of the KDIGO criteria. Nevertheless, we believe this study
is the first of its kind, and thus, opens a lot of possibilities and improvement for
future research.

In conclusion, our data report that liberal fluid management in COVID-19
patients with AKI, had better outcomes, in terms of renal function, oxygenation
and mortality rate, as compared to patients in the conservative fluid manage-
ment group. Once patients are started on renal replacement therapy, however,
renal and lung outcomes and mortality rate become insignificant between the

two groups.
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