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The novel coronavirus disease 2019
(COVID-19)wasfirst identified inWuhan,
China in December 2019.1 Since then, the
New York metropolitan region has quickly
become the epicenter of the COVID-19
pandemic in the United States, with
.175,000 cases and .20,000 deaths to
date.2

The Columbia University Irving
Medical Center (CUIMC) is a 738 adult
inpatient bed tertiary care hospital in the
Washington Heights neighborhood of
New York City (NYC) and is one of 11
hospitals in the New York Presbyterian
Hospital (NYP) system. Nephrology
also staffs a second 196-bed hospital in
the Inwood neighborhood of Northern
Manhattan. The first patient with
COVID-19 at CUIMC was diagnosed
on March 1. Travel restrictions for clini-
cal staff were instituted on March 4. By
April 10, the nephrology service size had
increased by 50%, and patients with
COVID-19 accounted for 90% of the
census (Figure 1A).

Although early reports did not em-
phasize a high prevalence of AKI in crit-
ically ill patients with COVID-19,3 it was
clear that many patient populations with
underlying kidney diseases would be
highly vulnerable to COVID-19, such
as individuals with underlying diabetes
and cardiovascular comorbidities, kid-
ney transplant recipients, patients with
glomerular disease on immunosuppres-
sion, as well as individuals with ESKD
treated with in-center hemodialysis
who could not exercise social distancing.
In light of the dire predictions of a surge
of critically ill patients in NYC and spe-
cific concerns for COVID-19 in patients
with kidney disease, the Division of Ne-
phrology at CUIMC/NYP started to

reorganize in February 2020. Here, we
describe the principal elements of our
response, early lessons learned during
the pandemic in NYC and the major
reconfigurations of services (Tables 1
and 2).

ORGANIZATION OF THE CRISIS
TEAM AND DIVISION
COMMUNICATION

Response to the pandemic required a
team-based approach that combined
multiple competencies. The division
benefited from a strong preexisting ad-
ministrative and communication struc-
ture anchored by weekly administrative
meetings, during which physician leader-
ship and administrators discussed ongo-
ing clinical, research, and operational
issues. The group culture was one of open
discussion and shared decision-making,
leading to high trust between members.

The division’s response to COVID-19
started with a decision to update the
contact list for all personnel, order per-
sonal protective equipment, and assess
existing capacities of clinical services.
In addition, we had a series of calls
with Dr. Francesco Scolari, the Chief of
the Division of Nephrology at the Uni-
versity of Brescia (one of the hardest-hit
hospitals in Italy). Dr. Scolari and other
nephrology faculty members generously
shared their experience and protocols
with us, greatly informing and facilitat-
ing our early response.4

The existing organizational struc-
ture was then reformulated to develop
a crisis team gathering unit directors,
nursing leaders, and administrators

(Supplemental Figure 1). Guiding prin-
ciples for the crisis team included ex-
cellence in patient care, staff safety,
data-driven decisions, and an adaptive
structure with regular communication.
Since March 2020, this leadership
group has convened via video calls every
evening, following a structured agenda.
To make informed decisions based on
current needs, physicians rounding on
clinical services are invited to attend.
The leadership team disseminates infor-
mation to the division in a variety of
communication mechanisms including
frequent emails and periodic division-
wide video calls where questions are
also fielded.

To facilitate coordination of nephrol-
ogy plans with the institutional re-
sponse, members of the crisis group
were nominated to departmental and
hospital workgroups. As the dialysis
needs began to challenge resources,
the group recognized the need for a co-
ordinated response for RRT across all
NYP-affiliated hospitals. A workgroup
composed of lead nephrologists from
all campuses was formed and the work-
group gathered via video calls daily to
track needs and inventory, share dialytic
resources, and develop common proto-
cols and innovative solutions. Additional
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Figure 1. Nephrology consult service trends over time during the COVID-19 pandemic surge at Columbia University Irving Medical
Center. (A) Proportion of patients with COVID-19 on the nephrology service. (B) Trends for new nephrology consults and for prevalent
patients being followed by the nephrology service during the COVID-19 pandemic surge at CUIMC. (C) Comparison of the trends for
patients with COVID-19 (COVID) admitted to the ICU and the number of these patients requiring CRRT. iHD, inpatient hemodialysis; PD,
peritoneal dialysis; SARS-CoV2, severe acute respiratory syndrome coronavirus 2.
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communication channels were main-
tained with division directors at other
academic institutions as well as the
American Society of Nephrology.

DEVELOPING A DATA-DRIVEN
APPROACH

Early reports from China suggested that
only 5%–10% of critically ill patients
would require RRT,3 but conversations
with nephrology colleagues at the

University of Brescia alerted us to a
higher incidence of AKI and surge of in-
fected patients with ESKD.4

We made an early decision to develop
a data-driven approach to guide our re-
sponse to the anticipated surge (Table 1,
Figure 1B). A baseline assessment of staff
capacity and dialysis resources was con-
ducted and our maximum capacity with
existing resources was modeled. We de-
veloped a daily patient census tracking
tool using a cloud-based automated
spreadsheet that informed rapid changes

in how clinicians were deployed
(Supplemental Figure 2). We developed
a tool to trackour continuousRRT (CRRT)
machines to confront the potential chal-
lenges of sharing machines across ten tra-
ditional and new intensive care unit (ICU)
locations (Supplemental Figure 2). We de-
veloped similar tracking tools to monitor
consumable usage and supplies across the
NYP campuses. Nomograms were created
to reduce dialysate waste (see below).

We modeled best-case and worse-case
scenarios using public data from China
and Italy to generate projections. We also
projected needs for personnel, RRT devices,
and supplies, based on the daily census
growth in our own nephrology, hospital,
and ICU services (Supplemental Figure 3).
Todate, the ICUcensus growthhasbeen the
best predictor of CRRT needs (Figure 1C).

REORGANIZATION OF CLINICAL
SERVICES

Faculty Redeployment
Our faculty includes 30 physicians,
and schedules are established 1 year in

C

Figure 1. Continued.

Table 1. Columbia University Division of Nephrology Clinical Services at baseline
and during the pandemic surge

Service Usual (April 2019) Surge (April 2020)

Number of ICU hospital beds 139 312
Number of nephrology clinical services 6 9
Total inpatient hemodialysis treatments 911 1114
Total inpatient hemodialysis unit
treatments

741 738

Total inpatient hemodialysis bedside
treatments

170 376

Hemodialysis bedside/total treatments
(%)

23 51

CRRT cases per day ,24 67 (peak)
Acute peritoneal dialysis cases per day 0 7
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advance and equitably distributed based
on clinical and research responsibilities.
Physicians cover 2-week blocks that do
not include contiguous weekends. With
the surge, the number of physicians
needed to cover inpatient services
greatly increased.We developed a system
of parallel teams of physicians who cov-
ered the inpatient services for 7-day
stretches including weekends. Each
team included a back-up physician in
the event the physician on service
needed to be quarantined or care for a
sick family member (at the time of writ-
ing, six physicians [20%] have developed
COVID-19 and required quarantine).
This system improved continuity of
care and limited the risk of exposure of
multiple providers to the same patients,
particularly early in the pandemic when
patient testing was limited and personal
protective equipment recommenda-
tions were evolving. The week off from
inpatient service allowed providers to
recover, but also to address urgent out-
patient telemedicine visits, outpatient
dialysis rounding, and academic or
administrative work.

Furthermore, services were changed
to a geolocalized model. Geolocalization
facilitated communication with floor
teams, improved efficiency, and reduced
movement within the hospital. The daily
census tracking tool allowed for the early
detection of changing clinical burden,
which in turn informed the develop-
ment of additional geolocalized teams
on a regular basis. Ultimately, nine clin-
ical services were deployed.

The reorganization of our inpatient
teams was developed with close consid-
eration to prioritizing faculty safety. To
protect fellows, only attending physicians
performed physical exams. A pediatric

renal fellow redeployed to the expanded
adult inpatient service. Faculty who were
considered at high risk for complications
of COVID-19 remained off inpatient ser-
vices and were assigned to a new remote
inpatient consultative service aiming to
decompress the inpatient services. Con-
sults for straightforward problems whose
assessment did not require a physical
exam were transferred to the remote-
medicine nephrologist who would con-
duct a chart review, communicate with
the primary team, leave recommenda-
tions, and conduct follow-up on a daily
basis. In addition, these faculty members
covered outpatient telemedicine visits and
administrative tasks such as communicat-
ing with nursing leadership and other
units of the hospital and working with
vendors to ensure an adequate supply of
dialysis consumables.

Finally, due to the creation of multiple
new ICUs, the department of medicine
requested redeployment of physicians to
help staff the ICUs. Nephrologists were
highly sought after for their expertise in
critical care. Ultimately, three nephrolo-
gists who volunteered were redeployed
to assist the department of medicine.
One nephrologist was also redeployed as
acting chair of the Allen Hospital.

Outpatient Clinics
Our projections indicated that the surge
of inpatients would adversely affect our
ability to staff outpatient clinics. Pro-
viders were encouraged to move to tele-
medicine, whichwas not previously used
in the division but was facilitated by a
recent transition to a new electronic
medical record with an embedded tele-
medicine tool. Several patient-level bar-
riers to adopting telemedicine were
identified, including unfamiliarity with

the smartphone-based application
needed to communicate with providers
and incorporating translators into teleme-
dicine visits for non-English–speaking
patients. Research coordinators were re-
deployed to call and assist patients with
participating in telemedicine encounters
before the actual visit. When “shelter-in-
place” orders were announced in New
York, all outpatient clinics were closed
and clinic staff were providedmobile tele-
phones and laptops to work remotely.

Kidney Transplant Program
All deceased and living donor kidney
transplants were stopped, with the last
transplant performed on March 17.
Our kidney transplant waitlist was inac-
tivated using the new United Network
for Organ Sharing functionality that fa-
cilitated this, with the exception of our
most highly sensitized patients who
might never receive a subsequent kidney
offer. Although offers for these patients
were considered, no actual transplants
were performed. The inpatient service,
shared by all solid organ transplant pro-
grams, was divided into two geographically
separated units: one for transplant recipi-
ents whowere positive for COVID-19, and
the other for those negative forCOVID-19.

In-person visits to the outpatient
transplant center were limited to the
most urgent cases who required face-
to-face assessments. All in-person recip-
ient and living donor evaluations were
cancelled and a small number were con-
verted to telemedicine visits given the
constraints of staff and physician rede-
ployment. This allowed redeployment of
staff: some to newly opened inpatient
areas, and others to join a team that
was established tomake daily phone calls
to monitor and advise homebound pa-
tients with COVID-19 or persons under
investigation. We established a registry
of all patients with either confirmed or
suspected COVID-19 and a standardized
questionnaire was used for patient mon-
itoring and appropriate triage. The out-
patient infusion center continued to serve
those who needed infusions of antirejec-
tion medications. With an increasing
number of recovering patients with
COVID-19 needing either in-person

Table 2. CUIMC dialysis capacity at baseline and during the pandemic surge

Service Baseline
Anticipated Surge

Needs
Actual Surge
Resources

Total hemodialysis machines 25 40 28
Total hemodialysis nurses 34 48 37
Hemodialysis unit nursing staffing
ratio

1:2 1:2 1:3

Bedside hemodialysis nursing
staffing ratio

1:1 1:1 1:1

CRRT machines 27 73 50 (peak)
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outpatient follow-up and/or infusions,
Fridays were reserved exclusively for out-
patients with COVID-19.

Outpatient bloodwork at the trans-
plant center was limited to only those
in which a rapid turnaround time was
essential, such as those with recent trans-
plants immediately preceding the surge
or those with an ongoing acute compli-
cation. Patients were otherwise directed
to outpatient laboratories near their
homes to minimize the need for travel.

RRT DURING THE SURGE

Inpatient Hemodialysis Unit
In the initial stages of the pandemic, all
patients with COVID-19 were dialyzed
at the bedside, preserving the inpatient
unit for negative cases. However, over
time, the majority of our patients on he-
modialysis were positive for severe
COVID-19, prompting the creation of
a COVID-19 shift at the end of the day
with terminal cleaning deployed at the
end of the shift. By the time of the peak
of the surge, we had transitioned to one
COVID-19–free shift in the morning,
with the subsequent two to three shifts
for patients who were positive for
COVID-19.

Bedside Dialysis
Demand for bedside dialysis treatments
increased rapidly given the increased
census in step-down units and ICUs.
Moreover, about 20% of our nursing
staff were quarantined due to COVID-
19 exposure. This required the hiring of
additional traveling dialysis nurses and
technicians to support a two- to three-
fold increase in bedside dialysis capacity
including scheduled bedside sessions on
Sundays (Tables 1 and 2). We designated
specific bays in the emergency depart-
ment for emergent dialysis for patients
with COVID-19 who often had severe
hyperkalemia. Finally, six research coor-
dinators and noncredentialed physicians
were redeployed to the inpatient dialysis
unit to help monitor patients and pre-
pare the dialysis machines, enabling
increased patient/nurse ratios. This fur-
ther increased nursing capacity for

bedside dialysis cases. Before we were
able to hire additional traveling nurses
and technicians, our needs exceeded
our capacity and we had to reduce all
treatment times to 210 minutes or less
and reduce treatment frequency to two
times a week for those patients who did
not have an urgent indication for
dialysis.

Continuous RRT
In the provision of RRT, there were sev-
eral unexpected challenges that required
us to innovate quickly. The volume of
patients with AKI needing CRRT in-
creased 370% by April 14 (Figure 1C),
requiring a daily midmorning virtual
huddle to coordinate resources across
the multiple geolocalized services.
Ahead of the teleconference, an email
from each service with their CRRT re-
quests was submitted. When needed,
we shared machines every 24 hours
rather than every 12 hours to limit the
rate of cartridge utilization and reduce
nursing burden associated with transi-
tions on or off CRRT. Initially, CRRT di-
alysate rates weremaintained at 25ml/kg
per hour. However, during our peak
surge, while working to secure a guaran-
teed supply of dialysate to meet our
needs, for those patients who could met-
abolically tolerate lower dialysate flow
rates, we used a rate of 15–20 ml/kg per
hour. After direct coordination with
multiple vendors, we were able to in-
crease our dialysate supplies and return
flows to our clinical norm.

A senior nephrology fellow coordi-
nated the CRRT service needs across
services, liaising with biomedical engi-
neering. Two research coordinators
were redeployed to physically locate
CRRTmachines throughout the hospital
and communicate the information to
the coordinating fellow. A spreadsheet
was created and stored on a shared drive
that tracked machine usage and ensured
an accurate tally of machines and pa-
tients in real time (Supplemental
Figure 4). At the conclusion of the tele-
conference, decisions were communi-
cated to the individual ICU charge
nurses by the nephrology fellow and re-
deployed staff helped track and move

machines to their designated locations.
This team approach for coordination al-
lowed clinicians to focus on patient care.
In newly opened ICU locations, staffed
by nurses who were not familiar with
CRRT devices, cardiac surgery perfu-
sionists were trained to perform CRRT
under the supervision of ICU nursing
staff.

Given concerns for a potential short-
fall of dialysate, nomograms were cre-
ated (Supplemental Figure 5) to ensure
that there was no dialysate waste, either
because of incomplete usage of a dialy-
sate bag or because too many bags were
inadvertently spiked at the initiation of
CRRT. Concerns about limited consum-
able supplies led to an effort to expand
bedside intermittent hemodialysis to pa-
tients on low-dose vasopressor agents
and the use of ultrafiltration-only treat-
ment for volume management in pa-
tients without metabolic derangements.
We also initiated a low-volume, rapid-
start acute peritoneal dialysis program
for patients who were nonobese with
positive end expiratory pressure of
10 cm water or less. Strategies to use lac-
tated Ringer solution or to generate di-
alysate on-site for the high ongoing
CRRT needs have been established. The
hypercoagulability that resulted in the
frequent loss of CRRT circuits was also
a challenge that required rapid escalation
of our anticoagulation protocol, includ-
ing the institution of anti-Xamonitoring
for these patients in partnership with
hematology.

Finally, the rapid escalation of RRT
needs also forced us to become signifi-
cantly more cognizant of our consum-
able supply chain, something that is
not usually a consideration at other
times. The data-driven approach en-
abled the divisional and departmental
leadership to alert hospital leadership,
dialysis providers, and vendors of the ex-
panding need for additional machines
and supplies. Daily teleconferences
were held between the six campuses of
the NYP system. Data on CRRTmachine
supply, CRRT fluids, hemodialysis
machine inventory, and availability of
personnel were charted daily. The at-
tendees included nursing directors and
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physicians from each campus. These
meetings facilitated the acquisition and
equitable distribution of additional
CRRT machines and supplies as well as
nursing man power for both CRRT and
hemodialysis. Based on projections, we
also requested and received additional
nursing personnel and technicians to
help run dialysis treatments at hospitals
that were critically affected. Hospital
leadership was in contact with state and
regulatory agencies to communicate our
needs and help navigate challenges with
the supply chain. Departmental and di-
vision leadership personally worked
with multiple vendors to ensure ade-
quate supplies to meet the increased
demand.

Outpatient Dialysis
Early on, we recognized the need to
communicate with dialysis providers to
coordinate outpatient dialysis services
given the large number of patients with
ESKD being admitted to our hospital.5

We collaborated with outpatient dialysis
vendors to open a COVID-19–dedicated
dialysis unit. This unit allowed transfer
of outpatient ESKD patients with
COVID-19 to avoid hospitalization and
also facilitated discharge of hospitalized
ESKD patients with COVID-19 when
stable. The unit opened on April 4,
2020 and serves 43 patients as of the
date of writing.

MAINTAINING OUR ACADEMIC
MISSION

With the rapidly evolving pandemic,
several divisional conferences were re-
placed with divisional information ses-
sions. However, resuming these weekly
conferences was considered vital to con-
tinuing our academic mission as well as
maintaining morale within the division.
All conferences were converted to a re-
mote videoconferencing system with an
increased reliance on internal speakers.
Laboratory directors maintained labora-
tory meeting schedules via video calls.
As laboratories were required to ramp
down, research assignments were

refocused on remote activities such as
data curation and analysis. All clinical
research visits were either paused or
transitioned to tele-visits, except for pa-
tients in clinical trials requiring medica-
tion administration. To assure retention
in clinical studies, we developed a plan
to contact research participants and pro-
vided them with updates regard-
ing COVID-19 and its impact on
research.

Given the relative paucity of data rel-
ative to kidney injury in COVID-19 at
the time of the surge in New York, the
public health value of reporting our ex-
perience and early findings was ac-
knowledged within the division. We
developed a division-wide institu-
tional review board protocol to track
nephrology-specific data and out-
comes for our patients. Standardized
data capture and survey instruments
were developed in collaboration with
institution-wide efforts which included
a biobank for patients with evidence
of severe acute respiratory syndrome co-
ronavirus 2. Research projects were co-
ordinated within the division using a
team-based approach for data collection
and manuscript writing depending on
areas of interest and expertise. Several
research laboratories were reoriented to
COVID-19 research in an effort to char-
acterize the molecular, genetic, and
immunologic basis of disease and its re-
lation to kidney injury. These activities
have already led to several early analyses
that are in various stages of peer review
or publication.5–8

MAINTAINING MORALE

The effects of social distancing and the
resultant isolation, the stress of caring
for a surge of critically ill patients, and
the anxiety of providers concerned for
themselves and their families made atten-
tiveness to provider wellness and division
morale critical. Division leadership stayed
in close daily communication with any
faculty member, trainee, or staff under
quarantine. Faculty meetings continued
and the frequency increased via videocon-
ferencing to provide continued updates

as well as ensuring that good news such
as faculty promotions and research pub-
lications continued to be shared. Daily
check-ins were done with all physicians
on service in a nightly videoconference
call to ensure no one was feeling over-
whelmed. The fellowship program di-
rector provided a daily update on fellow
morale and contributed to the service
redesign process, including the forma-
tion of a fellow night float system. This
system allowed for fellows working in a
surge environment to get uninterrupted
rest at night and was overwhelmingly
well received. Online social events were
created for individual groups including
research personnel and fellows to mini-
mize feelings of social isolation. The
hospital offered various counseling op-
tions and wellness areas, the details of
which were made available on the hos-
pital website. During the initial weeks of
the pandemic, there was—understand-
ably—considerable anxiety among the
nursing staff. The medical director and
dialysis nursing leadership had daily and
open communication with nursing,
and their concerns were brought to the
daily divisional meeting and addressed
in real time. Additional support from
the research coordinators and the re-
cruitment of additional staff to help dur-
ing the surge contributed to a significant
reduction of anxiety and improved team
morale.

SUMMARY AND PLANNING FOR
THE POST-COVID-19 PERIOD

As of this writing, we are still in the mid-
dle of the pandemic, but there are early
signs that hospital admissions in NYC
are declining. Models suggest that there
will be a lag phase in ICU admissions,
with prolonged hospital stays expected
for the patients who are themost critically
ill. We are thus expecting a continuation
of active participation of nephrologists in
the care of many of these patients. None-
theless, we are cautiously planning for a
ramp-up of outpatient clinical services, in
coordination with the state-wide relaxa-
tion of sheltering recommendations. We
anticipate that the ramp-up will place a
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Table 3. Major challenges and responses to the severe acute respiratory syndrome coronavirus 2 pandemic

Challenge Response Comments

Organization Development of a multidisciplinary crisis
team with broad representation of
physician, nursing, and administrative
staff

At peak, ICU beds increased from 139 to
312. OR and cardiac catheterization
suites were converted to ICUs. CRRT
performed in OR (perfusionists) and
regular ICUs (nursing staff)Reorganization of attending and fellow

inpatient rotations
Flexible clinical service structure based

on volume data
Communication Daily crisis team video call Supplemental Figure 1

Liaison with institutional workgroups and
leadership. Daily intercampus
conference call

Communication with industry
Communication with regulatory agencies
Advice from medical centers with special

expertise
Tracking information Tracking daily census on inpatient

services
Supplemental Figures 2–5

New tools for tracking inpatient volume,
dialysis machines, and supplies

Predictive models for patient volume and
resources

Inpatient services Transition to weekly schedule and
adjustment of clinical service based on
patient volume

Inpatient services increased from six
(hemodialysis, transplant, consults,
CRRT, nephro-cardiac, and Allen
[Community Hospital]) to nine
geolocalized services and one virtual
consult service. Number of CRRT
patients increased from an average of
20 presurge to a peak of 65. A pediatric
renal fellow redeployed to the adult
inpatient service

Rapid redeployment of attendings,
fellows, and research staff

Geolocalization of services
Inpatient telemedicine service

Inpatient RRT Multi-institutional workgroup to track
dialysis resources

40 new and five rental CRRT machines
acquired for six hospitals

Interhospital sharing of RRT resources Ten nurses and four technicians were
provided by a CRRT vendor

Daily CRRT huddle to prioritize RRT
needs

Identification of “hot spots” based on
daily crosscampus teleconference and
immediate redeployment of CRRT
machines or personnel

New protocols for in-house dialysate
production

Redeployment of research coordinators
to assist in the dialysis unit, tracking
CRRT machines, and preparation of
CRRT dialysate

Outpatient CKD and ESKD care Complete conversion to telemedicine
Maintain essential infusions and kidney

biopsies
Dedicated COVID-191 outpatient

dialysis unit
Redeployment of research coordinator as

telemedicine navigators
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greater emphasis on remote coordination
of care and telemedicine, but—ultimately
—in-person patient encounters will be
necessary, particularly for patients who
postponed urgent nephrology care during
the crisis.

In summary, response to a pandemic
requires a coordinated approach be-
tween nephrologists and other clinical
teams, hospital administrators, industry,
and regulatory agencies. We described
our divisional-wide, data-driven response
to the COVID-19 pandemic that allowed
us to reorganize our clinical services to
provide care for a surge of patients
while ensuring provider safety, sup-
porting our academic mission, and
supporting our public health obligation
of sharing our experiences as widely as
possible to inform the community and

enable better disaster preparedness
(Table 3).

DATA SHARING STATEMENT

The tracking tools have been deposited
to our university data repository
(https://academiccommons.columbia.
edu), where they are publicly available
for download (https://doi.org/10.7916/
d8-kja6-k736 and https://doi.org/10.
7916/d8-8619-gn42).
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Table 3. Continued

Challenge Response Comments

Transplantation Suspension of transplantation program
COVID-19–free and COVID-19–positive

designated wards and separate
outpatient facilities

Redeployment of nurses and
coordinators to telemedicine calls for
outpatients

Establishment of a registry of patients
with COVID-19 and PUI

Daily calls to all outpatients with COVID-
19 and PUI for monitoring/
management

Academic mission Maintain academic conferences
Convert research efforts to remote

activities
Outreach to participants in observational

studies
Covid-19 IRB protocol for observational

studies
Coordinated COVID-19 research plans
Share early experience with COVID-19

with community
Morale and safety Assignment of at-risk staff to

telemedicine activities
Participation of all members of the

division in clinical or research activities
Frequent communication with division

members with communication of good
news

Maintenance of administrative activities,
promotions, and hiring

Planning for post-COVID-19 ramp-up

OR, operating room; PUI, persons under investigation; IRB, institutional review board.
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SUPPLEMENTAL MATERIAL
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plemental material online at http://jasn.
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Supplemental Figure 1. Composition of

the crisis team (large oval).

Supplemental Figure 2. Divisional Renal

Replacement Therapy Resource Utilization

Dashboard (screenshot, DOI pending).

Supplemental Figure 3. Projected growth

vs. Actual census growth.

Supplemental Figure 4. CRRT Sharing

Protocol Tool.

Supplemental Figure 5. Dialysate Con-

servation Protocol.
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Supplemental Figure 1. Composition of the crisis team (large oval). The team communicated 
with members of the divisions, the department of medicine leadership and workgroups, 
hospital leadership, and external vendors and agencies. 
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Supplemental Figure 2: 
Divisional Renal Replacement Therapy Resource Utilization Dashboard 
Real-time census growth is tracked based on daily logging of individual census counts by service.  The 
dashboard breaks down counts and growth from the prior day by service, campus, COVID status, and 
modality of RRT (CRRT and HD).  Percent of census that is COVID+ is represented in a yellow bar graph 
for each service, campus, and modality type to assist with divisional planning of resource allocation.  
Cells automatically turn green if there is a decrease in census from the prior day, turn light red if within 
the forecasted growth, and dark red if the growth is exceeding the projected growth rate. 
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Supplemental Figure 3 
Projected growth vs. Actual census growth 
We projected census growth based on the daily growth rate of nephrology services between 
March 24-29 at Milstein hospital., which conformed to a ~ 10% daily growth rate. We projected 
the census for the nephrology service (dashed blue line), CCRT census (dashed orange line) and 
hemodialysis service (dashed green line) at Milstein hospital. The solid lines show the actual 
observed numbers on our services at Milstein hospital.  The Y-axis shows the number of 
patients. The X-axis shows the date. 
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Supplemental Figure 4 
CRRT Sharing Protocol Tool 
Tracking patients requiring CRRT by location (left panel) and identifying whether their clinical status 
permits sharing CRRT with an every other day model allows for pairing of patients based on proximity to 
other patients in the hospital on alternating “A” or “B” days to facilitate movement of CRRT machines 
between patients.  The CRRT Sharing Dashboard (right panel) summarizes all of the patients currently 
sharing in order inform our coordinator to direct the movement of machines. 
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Supplemental Figure 5: 
Dialysate Conservation Protocol 
In order to reduce waste of partially used dialysate bags, we developed a dosing nomogram in order to 
round to a bag of dialysate rather than a set weight.  While this is important for all patients, it is 
imperative to use this approach when using the sharing CRRT machine protocol as many bags would still 
be partially full at the end of their 22-hour CRRT session.  Using the patient’s weight by rows and a given 
default dosing strategy by columns (based on the projected number of days of dialysate supply we have 
remaining), the nephrologist is able to determine how many bags of dialysate per patient per day should 
be used, and eliminates the waste from partially full bags at the end of a PIRRT session. 
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