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Abstract

Rationale: Hemodialysis patients are at significant risk from COVID-19 due to their frequent interaction with the health care
system and medical comorbidities. We followed up the trajectory of the first COVID-|9—positive maintenance hemodialysis
patient at Sunnybrook Health Sciences Centre in Toronto. We present the lessons learned and changes in practices that
occurred to prevent an outbreak in our center.

Presenting concerns of the patient: The patient, a 66-year-old woman on in-center hemodialysis, initially presented with
a 2-day history of a productive cough. She subsequently developed a fever, was placed on contact and droplet isolation, and
admitted to hospital.

Diagnoses: On March 13, 2020, the patient tested positive for COVID-19. Within the next 48 hours, she developed
hypoxia and acute respiratory distress syndrome as a complication of her illness requiring an extended critical care stay. This
extended critical care stay resulted in critical illness—associated secondary sclerosing cholangitis.

Interventions: An interprofessional team was established, performing rapid Plan-Do-Study-Act quality improvement cycles
to improve screening practices and promote the safety of patients and staff in the hemodialysis unit.

Outcomes: We present here the lessons learned, the changes to our screening protocols, and the clinical course of our
first in-center hemodialysis patient with SARS-CoV-2.

Teaching points: Regular review of the infection screening processes is paramount in preventing outbreaks of COVID-19,
particularly in hemodialysis units. Hospital admission should be arranged if a patient exhibits any clinical signs of hemodynamic
compromise or hypoxia. Early education for health care practitioners caring for patients with COVID-19 and refresher
information regarding personal protective equipment helped promote the safety of staff and prevent health care—associated
outbreaks.
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Introduction global pandemic.! Maintenance hemodialysis (HD) patients

have multiple risk factors for serious COVID-19 infection,
In December 2019, an outbreak of the novel SARS-CoV-2 including advanced age, medical comorbidities (eg’ hyper-

virus (COVID-19) began in China, and by March 2020, the  tension, diabetes, cardiovascular disease), and an underlying
World Health Organization officially declared COVID-19a  immunocompromised state driven by the uremic milieu of
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end-stage renal disease.” In-center HD patients are within
close proximity to each other and health care workers and
may be exposed in transit, in waiting rooms, or on dialysis
multiple times per week. As a result, these patients are at
significant risk of acquiring or transmitting the infection and
the risk of outbreak and infection within a dialysis unit will
remain prevalent throughout this pandemic.

On January 23, 2020, a 2-step screening protocol for case
finding of COVID-19 was rolled out across all patient care
areas at Sunnybrook Health Sciences Centre. The initial
screening algorithm incorporated known clinical symptoms
of COVID-19 (cough, shortness of breath, or fever) along
with a recent travel history to China. This screening was per-
formed by administrative assistants upon patient registration.
On January 25, 2020, our institution identified the first
known case of COVID-19 in Canada.?

In this case report, we describe the lessons learned in car-
ing for a 66-year-old female patient on HD with COVID-19
infection at Sunnybrook Health Sciences Centre in Toronto,
Canada. She initially presented with a mild cough on March
11, 2020, but did not report this on screening. However, on
March 13,2020, she was found to be febrile during her dialy-
sis session and tested positive for COVID-19.

From the time of diagnosis and throughout her prolonged
admission, this novel viral infection created unanticipated
challenges in care and management plans. It required con-
certed efforts of the interprofessional team and implementa-
tion of rapid Plan-Do-Study-Act (PDSA) cycles to
continuously adapt our screening and infection control pro-
tocols as the COVID-19 pandemic progressed, implement-
ing knowledge of viral transmission patterns in each cycle to
maintain the safety of our staff and patients in the early
phases of this pandemic. Our early experiences may provide
insight into the importance of maintaining an interprofes-
sional approach in caring for HD patients with COVID-19.

Presenting Concerns

The first HD patient at our center with COVID-19 presented
to dialysis with a mild cough and sore throat on March 11,
2020. At that time, screening was being conducted by a per-
sonal administrative assistant. The patient had a history of
asthma and told the screener her cough was attributed to
symptoms of her chronic disease, so she did not receive fur-
ther investigation or isolation. On March 13, 2020, she

presented to HD with the same symptoms and was once
again not isolated. The dialysis nurse detected a fever of
38°C about 90 minutes into her session, and she was then
placed on droplet and isolation precautions. This was
reported to the dialysis physician, and a nasopharyngeal
(NP) swab for detection of COVID-19 was ordered. On fur-
ther history, she had no personal travel history, but had
attended an extended family gathering 5 days before the
onset of symptoms and 2 family members living in the same
household had traveled outside of Canada and had developed
respiratory symptoms. She was discharged in stable condi-
tion after her session and instructed to self-isolate at home
along with her family. That evening, her NP swab was posi-
tive for COVID-19. Because it was early on in the pandemic,
we had not yet established a COVID-19 dialysis protocol in
our institution; thus, arrangements were made to have the
patient admitted to hospital until isolation practices could be
put into place in the outpatient dialysis setting.

On March 14, the patient was admitted to the nephrology
inpatient service, as our dedicated COVID-19 ward had not
yet been established. This admission required collaboration
with nursing, hospital management, and infection prevention
and control (IP & C) about how to safely arrange transport.
Ultimately, the patient was asked to arrive at an adjacent hos-
pital parking lot (Supplemental Figure 1) where a medical
team in full personal protective equipment (PPE) met and
escorted her to a private room. The family member dropping
the patient off was instructed beforehand to wear a mask and
not exit the vehicle on drop off.

Clinical Findings

On admission, the patient remained on droplet and contact
isolation precautions with all health care staff wearing a sur-
gical mask and face shield while providing care to the patient.
Initially, she denied dyspnea but reported an ongoing pro-
ductive cough. Blood pressure was 113/65 mm Hg with an
oxygen saturation of 91% on room air, with a low-grade
fever of 38°C, and bibasilar crackles on lung auscultation.

Diagnostic Focus and Assessment

Chest X-ray at the time of admission showed diffuse patchy
infiltrates bilaterally. The laboratory investigations from
throughout the patient’s hospital stay are summarized in
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Figure |. Timeline of events for hemodialysis patient with COVID-19 infection.

Table I. Laboratory Parameters.

Baseline/hospital ICU admission ICU discharge Hospital discharge  Readmission
Lab test admission (day 0) (day 2) (day 21) (day 25) (day 37) Normal range
Hemoglobin 95 101 75 8l 85 115-165 g/L
White blood cell 6.5 8 10 10 21.7 4.0-11 X 10°/L
Neutrophil count 5.2 6.5 6.3 6.7 18.7 2-7.5 X 10°/L
Lymphocyte count 22 0.6 1.3 1.5 1.5 1.0-4 X 10°/L
Platelets 157 217 246 231 319 150-400 X 10%/L
Ferritin 39 275 298 20-400 pg/L
Lactate 0.7 <1.7 mmol/L
C-reactive protein 72 0-5 mg/L
Aspartate aminotransferase 93 35
Alanine aminotransferase 63 99 46 255 <31 U/L
Alkaline phosphatase 100 380 987 754 1381 40-120 pmol/L
Bilirubin 7 14 10 46 <20 pmol/L

Note. ICU = intensive care unit.

Table 1. Notable laboratory investigations include an initial
lymphopenia, progressive anemia, and a normal lactate. Tests
of hypercoagulability and prognostic markers for severe
COVID-19 included a ferritin of 275 pg/L (range: 20-400
png/L) and a mildly elevated partial thromboplastin time of
39.4seconds. AD-dimer wasnotperformed. Echocardiography
demonstrated normal biventricular function.

Therapeutic Focus and Assessment

On March 15, further hypoxia was noted with an oxygen
saturation of 86% on room air, which improved with oxygen
2 L/min by nasal cannula. The patient was dyspneic with dif-
ficulty completing full sentences. The following day, there
was respiratory deterioration requiring 50% FiO, then subse-
quently a nonrebreather mask to maintain the oxygen satura-
tion >90%. The intensive care team was consulted, and they
made a decision to pursue early invasive ventilation. She was
intubated in a protected fashion with only essential personnel
in the room, and all personnel wearing fit-tested N95 masks
and face shields, as well as surgical gowns and nonsterile

gloves. The patient was transferred to the intensive care unit
(ICU) for ongoing management.

Over the next 24 hours, the patient developed septic shock
and was treated with ceftriaxone and ciprofloxacin for super-
imposed pseudomonas pneumonia. She was started on
hydroxychloroquine 400 mg once then 200 mg daily for 6
days based on a theoretical benefit of this agent in patients
with COVID-19. The patient’s NP swab was negative for
influenza, and therefore, she was not treated with oseltami-
vir. She was not a candidate for the COVID-19 clinical trial
run out of our center (Canadian Treatments for COVID-19
trial) because of her baseline use of salmeterol for asthma.

Due to hemodynamic instability, dialysis was switched to
continuous renal replacement therapy (CRRT) with regional
citrate anticoagulation on the second day in the ICU. Our
hospital offers CRRT and sustained low-efficiency dialysis;
however, CRRT was chosen due to the need for multiple
vasopressors to maintain perfusion pressure. Our center runs
CRRT with replacement fluid primarily in the prefilter posi-
tion, with only 200 mL in the postfilter position. She did not
develop any challenges with bleeding or thrombosis while
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on CRRT with a standard citrate nomogram, and there was
no indication for systemic anticoagulation. The critical care
nursing staff members were offered additional training on
donning and doffing of PPE. A care bundle approach was
used so multiple tasks would be performed by 1 health care
staff to limit the in-and-out traffic for the room. Finally,
CRRT dosing was reduced to limit the manual bag changes
for nursing staff while still providing adequate clearance
(total effluent dose was 15 mL/kg/h).

Continuous renal replacement therapy was required for 13
days until the patient’s hemodynamic status improved and
she could be transitioned to intermittent hemodialysis (IHD).
Early and ongoing education regarding PPE donning and
doffing was offered to all dialysis nurses, and a safety leader
was implemented to coach staff to ensure proper PPE proto-
cols were followed. A collaborative review of best practices
for critical care dialysis by ICU and nephrology leads was
undertaken to establish practice standards moving forward in
the pandemic. After 19 days of mechanical ventilation, the
patient was successfully extubated and was discharged home
4 days later after 25 days in hospital (Figure 1).

Follow-up and Outcomes

After hospital discharge, the patient returned to in-center dial-
ysis in an isolation room and remained on droplet and contact
precautions. She was met by a nurse in full droplet and con-
tact PPE at a designated hospital entrance and transported to
her room to minimize exposure to other patients and staff.
Surveillance COVID-19 NP swabs were sent once a week.
Although the patient remained clinically well with no return
of respiratory symptoms, there was persistently detectable
COVID-19 polymerase chain reaction (PCR) on 5 NP swabs
taken over a span of 42 days, which included both her 25-day
hospitalization (3 swabs) and 2 subsequent swabs done in the
outpatient HD unit. She finally had 2 negative COVID-19 NP
swabs and was cleared by IP & C on April 20, 2020.

The patient’s laboratory results were followed up on each
session, including transaminase levels and synthetic liver
function tests which had been elevated at the time of hospital
discharge. Two weeks after hospital discharge and 6 weeks
after the initial presentation, the patient was readmitted for
persistent laboratory abnormalities (see Table 1). The patient
was clinically well and afebrile with no abdominal symp-
toms; however, she was in sinus tachycardia and found to
have biliary obstruction on imaging and biochemistry. After
3 readmissions and multiple endoscopic retrograde cholan-
giopancreatographies, the patient was diagnosed with critical
illness—associated secondary sclerosing cholangitis with
multiple infected liver abscesses requiring a 6-week course
of antimicrobial therapy (fluconazole and moxifloxacin).

On March 14, our program conducted extensive contact
tracing to identify staff and HD patients who were exposed to
this patient in the week prior to her admission. In total, 4 HD
nurses, 1 technician, and 1 environmental specialist were

exposed and underwent 14-day self-isolation. Three chronic
HD patients were exposed and placed into isolation on sub-
sequent HD and also informed to maintain 14-day self-isola-
tion at home. Fortunately, none of those exposed experienced
any symptoms, and surveillance NP swabs were negative.
All were cleared to return to work at the end of their self-
isolation. Since April 2020, universal PPE precautions with a
mask and visor have been put in place hospital wide, and
asymptomatic staff members are no longer required to self-
isolate after a potential exposure to COVID-19.

Discussion

This case of COVID-19 infection in an HD patient was the
first in our institution and, at every step, required novel
approaches to management that were only possible with
interprofessional and interdisciplinary cooperation. There
were multiple lessons learned from this experience, includ-
ing complications of COVID-19 critical illness, strategies for
discharge planning, and infection control for a novel infec-
tious agent in the outpatient HD setting. This experience also
highlights the importance of implementing quality improve-
ment methodology to continuously modify best practices and
identify potential gaps in care.

Patients on IHD have schedules which place them at risk of
acquiring or transmitting infection due to their regular trans-
fers between the acute care environment and home or institu-
tional residential setting.* The consequences of this were seen
early on in the COVID-19 pandemic; the first 2 deaths from
COVID-19 in the United States were patients receiving
chronic HD.> Because this patient presented early on in the
pandemic, we erred on the side of caution to admit her for
observation and coordination of dialysis, despite the fact that
she was relatively asymptomatic. In hindsight, this admission
was fortunate as it allowed for a rapid resuscitation when her
clinical status deteriorated. However, we have subsequently
seen that not all dialysis patients with COVID-19 require
admission. If patients can reliably self-isolate and they are
asymptomatic, then consideration should be given to follow
up them in the outpatient setting to avoid nosocomial spread.

In this case, we highlight features of this patient’s critical
illness including the need for CRRT along with the delayed
complication of secondary sclerosing cholangitis, a rare but
serious complication of prolonged critical illness that occurs
due to inflammation and subsequent stricture formation in
the biliary tract.® Despite case series demonstrating hyperco-
agulability in critically ill patients with COVID-19,” this
patient did not have any challenges with thrombosis or bleed-
ing, despite using a normal target regional citrate nomogram.
Although COVID-19 has been shown to directly infect hepa-
tocytes, and is associated with cholangitic injury, no cases of
COVID-19-associated sclerosing cholangitis have been
published.®” After the patient’s initial recovery from critical
illness, her hospital discharge involved a coordinated effort
from infectious diseases, gastroenterology, and nephrology
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Figure 2. Rapid PDSA cycles of COVID-19 screening evolution at Sunnybrook Health Sciences Centre.

Note. PDSA = Plan-Do-Study-Act.

along with 7 days of advanced planning to ensure she could
be safely dialyzed and followed up as an outpatient.

This patient had detectable viral PCR on her NP swab for
aperiod of 42 days. This is consistent with the upper range of
what has been seen in the general population®? and in the in-
center HD patient population.'” Hypertension, diabetes, and
older age have been shown to be associated with a longer
duration of detectable virus on PCR, though it is unknown
whether this translates to ongoing viral transmission after the
first 14 days of illness.®

As the COVID-19 outbreak progressed, our institution’s
screening algorithm was continuously modified using PDSA
cycles to reflect evolving knowledge related to viral transmis-
sion patterns (Figure 2). For example, from March 6 to 16,
2020, the screening protocol included symptoms of respira-
tory tract infection and travel outside of Canada or contact
with someone who had traveled outside of Canada. However,
as evidence of community spread within Canada emerged,
the protocol was updated to remove the requirement for

travel. Additional changes to this protocol included manda-
tory droplet and contact PPE for the nurse in the screener role,
physically distant areas marked on the floor for patients to
stand while awaiting screening, and universal masking for
patients (implemented on April 23, 2020). Communication to
all HD staff and patients was provided after each cycle of
changes. Essential visitors accompanying patients to the dial-
ysis unit were also screened and required to wear a mask.
Finally, dialysis patients were informed of each change in the
screening protocol with a printed letter provided in the HD
unit, along with updated signs posted at the entrance of the
dialysis unit.

Adapting screening protocols to identify infection from a
novel pathogen has required local, national, and international
collaboration, along with a flexible, rapid-cycle approach to
identify and improve gaps in clinical practice. On a local
level, we relied on infectious disease specialists and infection
control practitioners to incorporate local disease transmission
patterns into our screening algorithm. Our response to
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COVID-19 included the creation of a dedicated team
(COVID-19 Nephrology task force) to meet daily to review
any possible cases. This task force includes the HD director,
the nephrology division director, administrative support per-
sonnel, nursing team leads, and dialysis-specialized nurse
practitioners. The task force would also liaise regularly with
IP & C to ensure that divisional practices remained aligned
with hospital-wide policy.

On a national level, we relied on information from the
Canadian Society of Nephrology COVID-19 Rapid Response
Team which incorporated up-to-date information and shared
best practices from across the country to publish the inaugu-
ral recommendations for the management of outpatient HD
during the COVID-19 epidemic.!" Finally, on an interna-
tional level, we have learned from the experiences of other
clinicians. For example, Wang et al identified that HD
patients with COVID-19 often present with nonrespiratory
complaints such as abdominal pain and diarrhea and may not
be identified with screening protocols that target respiratory
symptoms.'? Using the model for improvement framework
with rapid PDSA cycles, evolving information about disease
symptoms and spread will improve future screening proto-
cols as more is learned about this virus.

At each stage of the pandemic, lessons learned were
quickly adopted into the dialysis unit, reducing the impact of
further cases on the staff and other patients. As this virus con-
tinues to spread in the community and within institutions, we
must continue to screen for cases in our vulnerable popula-
tions—including patients on in-center HD. Application of
quality improvement methodology with rapid PDSA cycles
will ensure that screening protocols are continuously evolv-
ing with new knowledge and best practices such as to limit
the risks of a potential outbreak in a dialysis unit. Finally, in
our patients who develop symptoms of COVID-19, we must
be fastidious at monitoring for acute and delayed complica-
tions of the virus.
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