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Acute kidney injury is a common complication in hospitalized patients with coronavirus disease 2019. Similar to acute kidney

injury associated with other conditions such as sepsis and cardiac surgery, morbidity andmortality are much higher in patients

with coronavirus disease 2019 who develop acute kidney injury, especially in the intensive care unit. Management of coronavi-

rus disease 2019–associated acute kidney injury with kidney replacement therapy should follow existing recommendations

regarding modality, dose, and timing of initiation. However, patients with coronavirus disease 2019 are very hypercoagulable,

and close vigilance to anticoagulation strategies is necessary to prevent circuit clotting. During situations of acute surge, where

demand for kidney replacement therapy outweighs supplies, conservative measures have to be implemented to safely delay

kidney replacement therapy. A collaborative effort and careful planning is needed to conserve dialysis supplies, to ensure

that treatment can be safely delivered to every patient who will benefit for kidney replacement therapy.
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Arus disease 2019 (COVID-19) and is associated with
high morbidity and mortality. In a large study of 5700
patients in a New York healthcare system, the incidence
ofAKI in hospitalized patientswas 22%, and 3.2% required
kidney replacement therapy (KRT).1 The risk for AKI and
need for KRT is significantly higher in critically ill patients
withCOVID-19,with a correlation between invasive venti-
lation and initiation of KRT.2 Data from other studies
demonstrated an AKI incidence of 61-76% in the intensive
care unit (ICU), with 26-45% of patients in the ICU with
COVID-19 needed KRT.3,4 In this article, we review the
management of COVID-19–associated AKI and address
the complexities associated with delivery of KRT during
a healthcare crisis that strained KRT and other resources
across health systems on a global scale.

NONDIALYTIC MANAGEMENT OF AKI
It is important to note that resources to perform KRT are
limited, and dialysis resources were stretched thin during
the pandemic. Safe and judicious nondialyticmanagement
of AKI is of utmost importance in delaying initiation of
KRT, if resources are restricted. In euvolemic patients
with AKI stage I or II, a furosemide stress test may help
identify those who more likely progress to advanced
AKI and need for KRT.5 However, higher or escalating
doses of loop diuretics should be reserved for patients
with volume overload, as use of loop diuretics in patients
with AKI in general is not associated with decreased need
for KRT.6 In addition, use of diuretics in euvolemic or hy-
povolemic patients with severe respiratory failure from
COVID-19 could lead to exacerbation of the kidney injury,
as it is difficult to ascertain their true volume status. If vol-
ume resuscitation is required, balanced solutions may be
preferred over normal saline in patients at risk for AKI,
as 2 recent trials have demonstrated decreased major
adverse kidney events and decreased need for KRT with
balanced solutions.7,8 These 2 single-center pragmatic
trials compared balanced crystalloids with normal saline
for volume resuscitation in the emergency room (SALT-
ED trial) and the ICU (SMART trial). In the SALT-ED trial
with 13,347 patients, the incidence of major adverse
hronic Kidney Dis. 2020;27(5):377-382
kidney events with balanced solution was 4.7% vs 5.6%
(adjusted odds ratio: 0.82, confidence interval [CI]:
0.70-0.95; P ¼ 0.01).7 In the SMART trial with 15,802 pa-
tients, the incidence of major adverse kidney events in
the group administered with balanced solutions was
14.3% vs 15.4% in the group that received normal saline
(marginal odds ratio: 0.91, 95% confidence interval:
0.84-0.99, P ¼ 0.04).8 This is in contrast to the Saline vs
Plasma-Lyte for Intensive Care Fluid Therapy trial that
did not demonstrate a reduction in the incidence of AKI
with buffered solutions.9 So, while balanced crystalloids
may not be necessary for everyone, it should be considered
in patients with hypotension, severe systemic inflamma-
tory response, and elevated serum creatinine on presenta-
tion.10 Regarding metabolic acidosis, the Sodium
Bicarbonate to Treat Severe Acidosis in the Critically Ill
study demonstrated that administration of intravenous bi-
carbonate solution in patients with critical illness reduced
the need for KRT, when compared with control arm (35%
vs 52%, 95% CI: 226$4 to 27$0; P ¼ 0$0009). The patients
receiving bicarbonate infusion also had delayed initiation
of KRT (19 days vs 8 days, CI: 3.9-15.6, P , 0.0001).11 At
baseline, the patients had severe metabolic acidosis, with
a pH of 7.15 and serum bicarbonate level of 13 mmol/L.
New potassium binders have become available in the
United States over the past few years. Sodium zirconium
cyclosilicate has a more rapid onset of action compared
with others and has shown to be effective in lowering
potassium in multiple setting, including the emergency
room.12 Patiromer is also approved for treatment of
hyperkalemia, but the onset of action is prolonged when
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compared with sodium zirconium cyclosilicate (7 hours vs
1 hour) and therefore may not be suitable for immediate
correction of hyperkalemia.13,14 Escalating dosages of
intravenous loop diuretics in patients with volume over-
load, intravenous sodium bicarbonate solution in patients
with severe metabolic acidosis, and use of rapid acting po-
tassium binders such as sodium zirconium cyclosilicate for
hyperkalemia can potentially delay KRT and conserve
valuable resources in the setting of a surge.5,11,12,15,16

KIDNEY REPLACEMENT THERAPY
KRT during acute surge in the hospitals has been
extremely challenging, as institutions attempted to bal-
ance the provision of appropriately recommended dose
of dialysis to individual patients, with conservation of re-
sources to ensure delivery of KRT to every patient. The 4
main considerations in the delivery of KRT during this
pandemic should be (1) appropriate and timely KRT for
every patient; (2) reduce exposure of personnel to severe
acute respiratory syndrome coronavirus 2; (3) conserve
personal protective equipment and dialysis consumables;
and (4) ensure patient safety. Timing of initiation of KRT
CLINICAL SUMMARY

� COVID-19 is associated with a high incidence of AKI.

� Timing,modality, and dose of KRT for patients with COVID-

19 associated AKI is similar to other critically ill patients

with AKI.

� Hypercoagulability poses a significant problem in patients

with COVID-19 and appropriate anticoagulation should be

considered for all patients undergoing KRT.

� Providing KRT in the midst of a pandemic poses significant

challenges and a coordinated effort is required to manage

resources, and to provide treatments in a timely manner

to all patients who are deemed appropriate candidates for

KRT.
in AKI from any etiology is
controversial, but multi-
center studies in patients
with sepsis and other causes
did not demonstrate a
benefit with early initiation
of KRT.17-19 There are no
data to support early
initiation of KRT in patients
with COVID-19–associated
AKI. Initiation of KRT
should not be based on
stage of AKI but should
be considered when life-
threatening complications
of AKI cannot be managed
with conservative measures.
Regarding modality of KRT,

we followed Kidney Disease Improving Global Outcomes
(KDIGO) committee guidelines on choice of initial modal-
ity, based on the patient’s hemodynamic status.20 Similarly,
the dose of KRTshould be based on KDIGO recommenda-
tions, with the caveat that a shortage of nursing resources
and KRT replacement fluid and dialysate solutions might
necessitate reduction in the delivered dose KRT.
MODALITIES OF KRT

Continuous KRT
Continuous KRT (CKRT) is the recommended modality
for management of AKI in patients with hemodynamic
instability.20 The KDIGO recommends an effluent flow
rate of 20-25 mL/kg/h. Depending on the mechanism of
clearance, CKRT can be delivered as continuous venove-
nous hemofiltration (convective clearance), continuous
venovenous hemodialysis (diffusive clearance), and
continuous venovenous hemodiafiltration (combination
of both). Convective clearance is not superior to diffusive
clearance and, in fact, maybe associated with higher rates
of filter clotting owing to higher filtration fraction.21

We recommend using the available modality at each
institution. In the setting of a demand vs resource imbal-
ance because of a surge in patient volumes, consideration
should be given to conservation of dialysate and replace-
ment fluids, by reducing flow rates to 15 mL/kg/h, once
metabolic control has been achieved.

Prolonged Intermittent KRT
Prolonged intermittent KRT (PIKRT) is a hybrid therapy
that provides KRT for an extended time but on an inter-
mittent basis.22 PIKRT can be used as a substitute for
CKRT or intermittent hemodialysis (IHD). When hemo-
dialysis machine is used for PIKRT, it is usually referred
to as sustained low-efficiency dialysis (SLED). SLED of-
fers the option to use hemodialysis machine to provide
KRT to patients who are hemodynamically unstable,
and in most institutions that perform SLED, one-on-
one hemodialysis nursing is not required. This alleviates
the pressure for dialysis nursing support in the times of
Adv Chronic K
an acute surge of patients.
SLED is often performed
for 8-12 hours, with lower
blood and dialysate flow
rates. In our, as well as
other institutions, CKRT
machines that have an
effluent drain line are used
for PIKRT, as the drain line
reduces nursing workload,
who otherwise will need to
change the effluent bag
every 1-2 hours. PIKRT al-
lows 1 CKRT machine to
be used for 2-3 patients, de-
pending on the duration of
treatment. Provision of
PIKRT in this manner al-
lows multiple patients to be treatment with 1 CKRT ma-
chine, thereby preventing delays in timely delivery of
KRT, which can occur during a surge of patients at indi-
vidual hospitals, if adequate number of CKRT machines
are not available. Another option for PIKRT is to alter-
nate 1 machine between 2 patients every 24 hours.23

Intermittent Hemodialysis
IHD is the traditionalmodality for providingKRT inpatients
who are hemodynamically stable. Based on the Acute Renal
Failure Trial Network (ATN) study, the KDIGO and Kidney
Disease Outcomes Quality Initiative (KDOQI) recommend
provision of IHD 3 times/wk, with a delivered single-pool
Kt/Vurea of 1.3 per session.20,24,25 Providing IHD to a patient
with COVID-19 may require one-on-one dialysis nursing
support, whether in the ICU or on the general hospital floor.
This increases exposure for the nursing staff, and creative
maneuvers have been implemented at hospitals to reduce
nursing time in the room. Strategies proposed to conserve re-
sources, and decreased exposure includes decreasing
idney Dis. 2020;27(5):377-382



Table 1. Practice Changes in Delivery of Kidney Replacement Therapy During COVID-19 Pandemic

Standard Practice

Potential Practice Change in Setting of

Surge

Potential Complications with Practice

Change

CKRT dosing: effluent flow rate of

20-25 mL/kg/h

In patients who have achieved metabolic

control, effluent dosing can be

decreased to 15 mL/kg/h to conserve

dialysate and replacement fluid

Worsening metabolic control with

acidosis and hyperkalemia.

Inadequate clearance of medications

CKRTmachine set-up: By the bedside in

the patient’s room

Extension tubing to keepmachine outside

the room to decrease exposure to

healthcare personnel and reduce use of

PPE

Hypothermia due to inadequate warming

of blood in the return line

Disconnections of tubings leading to

exsanguination

CKRT solutions: Sterile bicarbonate-

based dialysate

Substitute lactate solutions due to

shortage of bicarbonate solutions

Lactate solutions may worsen

hemodynamic instability.

Not suitable in patients with severe shock,

liver failure and existing lactic acidosis

CKRT solutions: Sterile bicarbonate-

based dialysate

Substitutionwith bicarbonate solutions in

hemodialysis facilities

Solutions do not meet FDA standards to

be used as an infusion

Can only be used as a dialysate for

CVVHD, SLED or for the dialysate

component in CVVHDF

PIKRT: used as a substitute for either

CKRT or IHD in some institutions

PIKRT was implemented in some

institutions to allow on CKRT machine

to be used for 2-3 patients

Inadequate clearance

Risk for errors with rapid implementation

of a new modality at the institution

IHD: Delivered 3 times weekly, with

spKt/Vurea of 1.3 per treatment

Decrease treatment time and frequency

(i.e. 2 times per week) to optimize

resources and decrease exposure

Suboptimal clearance and volume

removal, leading to uremic

manifestations and volume overload

Peritoneal Dialysis: not usually used in

the US in management of adult

patients with AKI

Acute PD can be used in case of KRT fluid,

machine and filter shortage

Personnel not familiar with placement of

PD catheter

PD is not suitable for patients who are

proned or with high mechanical

ventilator needs.

Volume regulation is not feasible with PD

CKRT, continuous kidney replacement therapy; CVVHD, continuous venovenous hemodialysis; CVVHDF, continuous venovenous hemodia-
filtration; IHD, intermittent hemodialysis; PD, peritoneal dialysis; PIKRT, prolonged intermittent kidney replacement therapy; PPE, personal
protective equipment; SLED, sustained low-efficiency dialysis; spKt/Vurea, single-pool Kt/Vurea.
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duration of treatments, decreasing frequency of dialysis to
twice a week, and telemonitoring (eg use of baby monitors
or tablets to visualize patients from outside the room)
(Table 1). Consideration for patient safety should be para-
mount when implementing any resource conservation and
exposure reduction measures. Reducing time and/or fre-
quency of hemodialysis treatments for an extended period
can result in uremia and metabolic disturbances, and pa-
tients should be carefully monitored for manifestations of
inadequate dialysis.

Peritoneal Dialysis
Experiences from resource-limited countries have shown
adequatemetabolic and fluid controlwith acute peritoneal
dialysis (PD) in AKI.26,27 Under usual circumstances, acute
PD is not used in United States and other developed coun-
tries for adult patients with AKI because regulation of ul-
trafiltration and metabolic control is superior with CKRT
in patients who are hemodynamically unstable. However,
owing to acute surge during the pandemic in New York,
acute PD was implemented in few hospitals because of
shortages in extracorporeal KRT consumables, fluids,
and nursing.28

A bedside catheter placement of a cuffed PD catheter is
preferred for patients who are critically ill.29 Automated
Adv Chronic Kidney Dis. 2020;27(5):377-382
cycler use and extension tubing to keep themachine outside
the patient’s room can limit exposure to healthcareworkers.
An average-sized adult can usually tolerate 2-L exchanges;
however, reduced volume should be considered for the
initial few exchanges to decrease risk of pericatheter leaks.
To maximize efficiency of acute PD, an exchange time of
1-2 hours should be used.Assuming a 2-L exchange volume
with 60-minute exchange time, ultrafiltration (UF) of about
1.2-3.6 L/d can be achievedwith 1.5%, 2.4-7.2 L/dwith 2.5%,
and 7.2-9.6 L/dwith 4.25%.As such, for patientswith severe
pulmonary edema, initial rapid in-out exchanges using
4.25% can be considered.29 Theoretically, high-volume PD
may impair diaphragmatic movement, increase intra-
abdominal pressure, and worsen respiratory mechanics.
However, 1 single-center study showed no effect of high-
volume PD on pulmonary compliance, although the study
excludedpatientswithFiO2. 70%andpositive end-expira-
tory pressure (PEEP) . 10 cm H2O.30 In patients requiring
prone positioning, PD may not be feasible, but successful
delivery has been described in small studies.31

VASCULAR ACCESS FOR KRT
Adequate central venous access is imperative to provide
sufficient blood flows during KRT. Hemodialysis catheter
length (15-16 cm for right internal jugular [IJ], 19-20 cm for



Figure 1. Anticoagulation strategies for kidney replacement therapy in Patients with COVID-19. Abbreviations: aPTT:
activated partial thromboplastin time; CKRT, continuous kidney replacement therapy; COVID-19, coronavirus disease 2019;
HIT, heparin-induced thrombocytopenia; PIKRT, prolonged intermittent kidney replacement therapy. Ensure appropriate
catheter length to reduce risk of clotting. Maintain filtration fraction of , 20. *Use citrate anticoagulation only if an existing
protocol is available at the institution. Implementation of citrate anticoagulation protocol requires careful advanced planning,
and education of physicians and nurses to prevent adverse events. We do not recommend initiation of a new regional citrate
anticoagulation during acute surge.
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left IJ, 24 cm for femoral) and location must be carefully
selected, as inappropriate catheter length can lead to inad-
equate blood flows that leads to increased filter clotting.32

The right IJ is the preferred access for KRT as this offers a
direct path for the catheter tip to be placed at preferred
location – the junction of the superior vena cava and right
atrium. There is some controversy whether the second
choice should be the left IJ or the femoral vein. The femoral
vein site may be associated with higher risk for infections
and bloodflowsmay be affected in patientswho need to be
proned for ventilation. The left IJ can provide inadequate
blood flow, especially when shorter catheters are inadver-
tently placed.33 In the setting of a surge, physicians not
familiar with hemodialysis catheters may be responsible
for placing catheters in patients with COVID-19. A cheat
sheet with appropriate information related to hemodialy-
sis catheters is a useful tool to distribute in the COVID
ICUs. In patients with ESKD, a single-center study has
described the use of arteriovenous fistula and arteriove-
nous graft for CKRT, but this practice is largely limited
owing to intricacies with patient monitoring, dialysis
and ICU nursing coordination, and risk of extravasation.34

In patients on extracorporeal membrane oxygenation, un-
less restricted by high extracorporeal membrane oxygena-
tion flow, CKRT can be performed via the circuit after
default CKRT access alarms are reset to accommodate
the higher pressures via the extracorporeal membrane
oxygenation circuit.35

HYPERCOAGULABILITY AND KRT
There is growing evidence of endothelial activation
causing a hypercoagulable state, leading to higher
incidence of thrombotic complications in patients with
COVID-19.36 In addition to deep vein thrombosis and
pulmonary embolism, clotting of extracorporeal circuits
is a major concern, as this leads to significant blood
loss and excessive loss of KRT filters. Unless there is a
contraindication to anticoagulation, we recommend that
every patient with COVID-19 starting CKRT or PIKRT
receive anticoagulation as per the institution protocol
(Fig 1). If initial anticoagulation strategy is not effective,
then an alternative plan will need to be implemented.
At our center, systemic unfractionated heparin is
administered to all patients with COVID-19on CKRT
(target-activated partial thromboplastin time of 60-90 sec-
onds). If patients develop bleeding or other complica-
tions from unfractionated heparin, we use regional
citrate anticoagulation (RCA), based on our existing pol-
icy. In some centers, RCA is the first-line option for anti-
coagulation for CKRT.37,38 RCA is a complicated and
nursing intensive technique, and we do not recommend
hasty implementation of an RCA protocol in the setting
of a surge, as this can lead to significant adverse events.37

Other centers have used other anticoagulation methods
such as low-molecular-weight heparin and direct
thrombin inhibitors for CKRT. Involvement of pharma-
cists to establish appropriate anticoagulation protocol is
important to ensure adequate dosing and prevent errors.

OTHER EXTRACORPOREAL THERAPIES
Hemoperfusion involves nonspecific removal of cytokines
by an extracorporeal membrane and has been proposed as
a complementary therapeutic option in patients with
COVID-19 and multiorgan dysfunction. In the current
Adv Chronic Kidney Dis. 2020;27(5):377-382
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crisis, the Food and Drug Administration has granted
emergency use authorization to 3 different apheresis and
cartridge systems. Hemoadsorption devices have been
shown to remove cytokines such as interleukin-6, but
this may not translate to improved patient outcomes.39

The most robust evidence available for use of hemoperfu-
sion in septic shock showed no change in mortality or any
other parameter when compared with a sham hemoperfu-
sion group.40 At this time, we do not recommend use of
these devices in the treatment of critically ill patients
with COVID-19. However, clinical trials evaluating the
effect of these devices and filters on patient outcomes
should be considered.

PROVIDING KRT DURING SURGE
The pandemic and associated surge of patients posed a sig-
nificant strain on dialysis resources and hospital personnel
across the globe.38 Similar to a patient who requires me-
chanical ventilation for respiratory failure to sustain life,
a patient with AKI or ESKD requires KRT. However, unlike
ventilators, there is no national stockpile of KRTmachines
and filters in the United States. Dialysate and replacement
fluids are perishable and cannot be stockpiled. Hospitals
had to institute changes to conserve resources and
protect personnel (Table 1). Some institutions have resorted
to local production of bicarbonate solutions in their
hemodialysis facility to overcome shortage of solutions
(Johns Hopkins https://docs.google.com/document/d/
17oXLTEqvOtymh_aiR8cU39uylud2w_QRQCjW2-NXmrA/
edit and Cleveland Clinic: https://consultqd.clevelandclinic.
org/an-in-house-solution-to-address-a-national-shortage-
of-dialysate-video/). Hospitals cross-trained other nurses,
physicians, andperfusionists to help dialysis and ICUnurses
provide KRT in a safe and timely manner. During the surge,
institutions implemented various measures such as using
extension tubing for CKRT equipment to allow the machine
to be kept outside the room. This may have reduced the
number of times a nurse had to enter the patient room to
troubleshoot machine alarms or to change fluid and effluent
bags. However, it should be noted that these extension tub-
ings are not approved by the manufacturers and may in-
crease risk for hypothermia or tubing disconnections
resulting in exsanguination. Each institution, along with
their nephrology physician and nursing leadership, should
establish a plan to provide safe and adequate delivery of
KRT in the setting of a surge.

SUMMARY
Management of patients with COVID-19–associated AKI
is generally similar to patients with AKI associated with
other etiologies such as sepsis. Conservative management
of volume overload, metabolic acidosis, and hyperkalemia
can be attempted before considering initiation of KRT. In
patients with COVID-19, KRT, especially CKRT and
PIKRT, is associated with high rate of circuit clotting,
and anticoagulation should be initiated at the start of
KRT. Delivery of KRTduring a pandemic with acute influx
of hospitalized patients poses significant challenges, and
Adv Chronic Kidney Dis. 2020;27(5):377-382
careful planning is required to provide safe and effective
KRT to every patient who needs it.
REFERENCES
1. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting character-

istics, comorbidities, and outcomes among 5700 patients hospital-
ized with COVID-19 in the New York city area. JAMA.
2020;323(20):2052-2059.

2. Hirsch JS, Ng JH, Ross DW, et al. Acute kidney injury in patients
hospitalized with COVID-19. Kidney Int. 2020;98(1):209-218.

3. Chan L, Chaudhary K, Saha A, et al. Acute kidney injury in hospi-
talized patients with COVID-19. medRxiv. 2020. https://doi.org/10.
1101/2020.05.04.20090944.

4. Mohamed M, Lukitsch I, Torres-Ortiz AE, et al. Acute kidney injury
associated with coronavirus disease 2019 in urban New Orleans.
Kidney360. 2020;1(7):614-622.

5. Chawla LS, Davison DL, Brasha-Mitchell E, et al. Development and
standardization of a furosemide stress test to predict the severity of
acute kidney injury. Crit Care. 2013;17(5):R207.

6. Krzych LJ, Czempik PF. Impact of furosemide on mortality and the
requirement for renal replacement therapy in acute kidney injury: a
systematic review and meta-analysis of randomised trials. Ann
Intensive Care. 2019;9(1):85.

7. Self WH, Semler MW, Wanderer JP, et al. Balanced crystalloids
versus saline in noncritically ill adults. N Engl J Med.
2018;378(9):819-828.

8. Semler MW, Self WH, Wanderer JP, et al. Balanced crystalloids
versus saline in critically ill adults. N Engl J Med. 2018;378(9):829-
839.

9. Young P, Bailey M, Beasley R, et al. Effect of a buffered crystalloid
solution vs saline on acute kidney injury among patients in the
intensive care unit: the SPLIT randomized clinical trial. JAMA.
2015;314(16):1701-1710.

10. Palevsky PM. Intravenous fluids: finding the right balance. Clin J Am
Soc Nephrol. 2018;13(12):1912-1914.

11. Jaber S, Paugam C, Futier E, et al. Sodium bicarbonate therapy for
patients with severe metabolic acidaemia in the intensive care unit
(BICAR-ICU): a multicentre, open-label, randomised controlled,
phase 3 trial. Lancet. 2018;392(10141):31-40.

12. Peacock WF, Rafique Z, Vishnevskiy K, et al. Emergency potassium
normalization treatment including sodium zirconium cyclosilicate: a
phase II, randomized, double-blind, placebo-controlled study
(ENERGIZE). Acad Emerg Med. 2020;27(6):475-486.

13. Rosano GMC, Spoletini I, Agewall S. Pharmacology of new treat-
ments for hyperkalaemia: patiromer and sodium zirconium cyclosi-
licate. Eur Heart J Suppl. 2019;21(Suppl A):A28-A33.

14. Chaitman M, Dixit D, Bridgeman MB. Potassium-binding agents for
the clinical management of hyperkalemia. P T. 2016;41(1):43-50.

15. Ellison DH. Clinical pharmacology in diuretic use. Clin J Am Soc
Nephrol. 2019;14(8):1248-1257.

16. Burgner A, Ikizler TA, Dwyer JP. COVID-19 and the inpatient dial-
ysis unit: managing resources during contingency planning pre-
crisis. Clin J Am Soc Nephrol. 2020;15(5):720-722.

17. Gaudry S, Hajage D, Benichou N, et al. Delayed versus early initia-
tion of renal replacement therapy for severe acute kidney injury: a
systematic review and individual patient data meta-analysis of
randomised clinical trials. Lancet. 2020;395(10235):1506-1515.

18. Barbar SD, Clere-Jehl R, Bourredjem A, et al. Timing of renal-
replacement therapy in patients with acute kidney injury and sepsis.
N Engl J Med. 2018;379(15):1431-1442.

19. Gaudry S, Hajage D, Schortgen F, et al. Initiation strategies for renal-
replacement therapy in the intensive care unit. N Engl J Med.
2016;375(2):122-133.

https://docs.google.com/document/d/17oXLTEqvOtymh_aiR8cU39uylud2w_QRQCjW2-NXmrA/edit
https://docs.google.com/document/d/17oXLTEqvOtymh_aiR8cU39uylud2w_QRQCjW2-NXmrA/edit
https://docs.google.com/document/d/17oXLTEqvOtymh_aiR8cU39uylud2w_QRQCjW2-NXmrA/edit
https://consultqd.clevelandclinic.org/an-in-house-solution-to-address-a-national-shortage-of-dialysate-video/
https://consultqd.clevelandclinic.org/an-in-house-solution-to-address-a-national-shortage-of-dialysate-video/
https://consultqd.clevelandclinic.org/an-in-house-solution-to-address-a-national-shortage-of-dialysate-video/
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref1
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref1
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref1
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref1
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref2
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref2
https://doi.org/10.1101/2020.05.04.20090944
https://doi.org/10.1101/2020.05.04.20090944
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref4
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref4
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref4
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref5
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref5
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref5
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref6
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref6
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref6
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref6
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref7
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref7
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref7
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref8
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref8
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref8
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref9
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref9
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref9
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref9
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref10
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref10
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref11
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref11
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref11
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref11
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref12
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref12
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref12
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref12
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref13
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref13
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref13
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref14
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref14
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref15
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref15
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref16
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref16
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref16
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref17
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref17
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref17
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref17
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref18
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref18
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref18
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref19
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref19
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref19


Shaikh et al382
20. Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kid-
ney Injury Work Group. KDIGO clinical practice guideline for acute
kidney injury. Kidney International Supplements. 2012;2(1):124-138.

21. Hatamizadeh P, Tolwani A, Palevsky P. Revisiting filtration fraction
as an index of the risk of hemofilter clotting in continuous venove-
nous hemofiltration. Clin J Am Soc Nephrol. 2020. https://doi.org/10.
2215/CJN.02410220.

22. Edrees F, Li T, Vijayan A. Prolonged intermittent renal replacement
therapy. Adv Chronic Kidney Dis. 2016;23(3):195-202.

23. Division of Nephrology, Columbia University Vagelos College of
Physicians. Disaster response to the COVID-19 pandemic for pa-
tients with kidney disease in New York city. J Am Soc Nephrol.
2020;31(7):1371-1379.

24. VA/NIH Acute Renal Failure Trial Network, Palevsky PM,
Zhang JH, et al. Intensity of renal support in critically ill patients
with acute kidney injury. N Engl J Med. 2008;359(1):7-20.

25. Palevsky PM, Liu KD, Brophy PD, et al. KDOQI US commentary on
the 2012 KDIGO clinical practice guideline for acute kidney injury.
Am J Kidney Dis. 2013;61(5):649-672.

26. Ponce D, Balbi A, Cullis B. Acute PD: evidence, guidelines, and con-
troversies. Semin Nephrol. 2017;37(1):103-112.

27. Ponce D, Berbel MN, de Goes CR, Almeida CT, Balbi AL. High-vol-
ume peritoneal dialysis in acute kidney injury: indications and lim-
itations. Clin J Am Soc Nephrol. 2012;7(6):887-894.

28. El Shamy O, Sharma S, Winston J, Uribarri J. Peritoneal dialysis dur-
ing the coronavirus 2019 (COVID-19) pandemic: acute inpatient and
maintenance outpatient experiences. Kidney Med. 2020;2(4):377-380.

29. Srivatana V, Aggarwal V, Finkelstein FO, Naljayan M, Crabtree JH,
Perl J. Peritoneal dialysis for acute kidney injury treatment in the
United States: brought to you by the COVID-19 pandemic. Kid-
ney360. 2020;1(5):410-415.

30. Almeida CP, Ponce D, de Marchi AC, Balbi AL. Effect of peritoneal
dialysis on respiratory mechanics in acute kidney injury patients.
Perit Dial Int. 2014;34(5):544-549.
31. Klisnick A, Souweine B, Filaire M, et al. Peritoneal dialysis in a pa-
tient receiving mechanical ventilation in prone position. Perit Dial
Int. 1998;18(5):536-538.

32. Vijayan A. Vascular access for continuous renal replacement ther-
apy. Semin Dial. 2009;22(2):133-136.

33. Morgan D, Ho K, Murray C, Davies H, Louw J. A randomized trial
of catheters of different lengths to achieve right atrium versus supe-
rior vena cava placement for continuous renal replacement therapy.
Am J Kidney Dis. 2012;60(2):272-279.

34. Al Rifai A, Sukul N, Wonnacott R, Heung M. Safety of arteriovenous
fistulae and grafts for continuous renal replacement therapy: the
Michigan experience. Hemodial Int. 2018;22(1):50-55.

35. Askenazi DJ, Selewski DT, Paden ML, et al. Renal replacement ther-
apy in critically ill patients receiving extracorporeal membrane
oxygenation. Clin J Am Soc Nephrol. 2012;7(8):1328-1336.

36. Helms J, Tacquard C, Severac F, et al. High risk of thrombosis in pa-
tients with severe SARS-CoV-2 infection: a multicenter prospective
cohort study. Intensive Care Med. 2020;46(6):1089-1098.

37. Morabito S, Pistolesi V, Tritapepe L, Fiaccadori E. Regional citrate
anticoagulation for RRTs in critically ill patients with AKI. Clin J
Am Soc Nephrol. 2014;9(12):2173-2188.

38. Chua HR, Laren GM, Choong LH, et al. Ensuring sustainability of
continuous kidney replacement therapy in the face of extraordinary
demand: lessons from the COVID-19 pandemic. Am J Kidney Dis.
2020;76(3):392-400.

39. Schadler D, Pausch C, Heise D, et al. The effect of a novel extracor-
poreal cytokine hemoadsorption device on IL-6 elimination in septic
patients: a randomized controlled trial. PLoS One. 2017;12(10):
e0187015.

40. Dellinger RP, Bagshaw SM, Antonelli M, et al. Effect of targeted
Polymyxin B Hemoperfusion on 28-day mortality in patients
with septic shock and elevated Endotoxin level: the EU-
PHRATES randomized clinical trial. JAMA. 2018;320(14):
1455-1463.
Adv Chronic Kidney Dis. 2020;27(5):377-382

http://refhub.elsevier.com/S1548-5595(20)30118-X/sref20
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref20
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref20
https://doi.org/10.2215/CJN.02410220
https://doi.org/10.2215/CJN.02410220
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref22
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref22
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref23
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref23
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref23
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref23
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref24
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref24
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref24
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref25
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref25
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref25
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref26
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref26
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref27
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref27
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref27
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref28
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref28
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref28
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref29
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref29
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref29
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref29
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref30
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref30
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref30
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref31
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref31
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref31
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref32
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref32
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref33
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref33
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref33
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref33
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref34
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref34
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref34
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref35
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref35
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref35
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref36
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref36
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref36
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref37
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref37
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref37
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref38
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref38
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref38
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref38
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref39
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref39
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref39
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref39
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref40
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref40
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref40
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref40
http://refhub.elsevier.com/S1548-5595(20)30118-X/sref40

