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Keywords:
to the Intensive Care Unit (ICU) with COVID-19. In addition we aim to detail the range of Renal Replacement
Therapy (RRT) modalities offered to these patients (including peritoneal dialysis - PD - and intermittent
haemodialysis - IHD) in order to meet demand during pandemic conditions.COVID-19
Purpose: The aimof this study is to describe the incidence of Acute Kidney Injury (AKI) amongst patients admitted

Materials and methods: Single-centre retrospective case note review of adult patients with confirmed COVID-19
admitted to ICU.
Results: Amongst 136 patients without a prior history of End Stage Kidney Disease (ESKD), 108 (79%) developed
AKI and 63% of admitted patients received RRT. Due to resource limitations the range of RRT options were ex-
panded from solely Continuous Veno-Venous HaemoDiaFiltration (CVVHDF - our usual standard of care) to in-
clude PD (in 35 patients) and IHD (in 15 patients). During the study period the proportion of RRT provided
within ICU as CVVHDF fell from 100% to a nadir of 39%. There were no significant complications of either PD or
IHD.
Conclusions: During periods of resource limitations PD and IHD can safely be used to reduce dependence on
CVVHDF in select patients with AKI secondary to COVID-19.

Crown Copyright © 2021 Published by Elsevier Inc. All rights reserved.
Acute kidney injury
Renal replacement therapy

Peritoneal Dialysis
Haemodialysis
1. Introduction

Between March and June 2020 the COVID-19 global pandemic
caused by the novel coronavirus SARS-CoV-2 resulted in an unprece-
dented surge in admissions to intensive care units (ICU) across the
United Kingdom [1]. Acute kidney Injury (AKI) occurs in a substantial
proportion of patients who are critically ill with COVID-19. Early
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published literature from China reported AKI prevalence between 8%
and 29% amongst patients admitted to intensive care [2-4], and a review
of 13 studies reported a pooled incidence of AKI amongst critically ill pa-
tients of 24% but with considerable variation between studies (3% to
66%) [5]. During the early stages of the COVID-19 pandemic there was
focus on ventilator availability. However, a shortage of renal replace-
ment therapy (RRT) rapidly became a key limiting step in the ability
to provide timely organ support to critically ill COVID-19 patients inter-
nationally [6], requiring us to consider approaches previously unused in
our department including intermittent haemodialysis (IHD) and acute,
automated peritoneal dialysis (aAPD).

King's College Hospital (KCH) is a large university teaching hospital
situated in South London, the area of the UKwhich saw the largest num-
ber of ICU admissions during the initial phase of the COVID-19 pan-
demic [1]. Immediately prior to the onset of the pandemic the King's
Critical Care Centre comprised 4 ICUs with 65 beds. 51 of these beds
had the capacity to support patients requiring continuous renal replace-
ment therapy (CRRT). In the period between 10/03/2020 and 21/04/
2020 the critical care bed pool increased from 65 to a peak of 149.
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We conducted a retrospective service evaluation of the incidence of
AKI and provision of RRT to assess the efficacy of novel strategies and to
inform management in future surges of AKI cases.
2. Methods

Medical records of all patients admitted to ICUwith a positive SARS-
CoV-2 real time Reverse Transcriptase Polymerase Chain Reaction (RT-
PCR) result between 10/03/2020 and 10/05/2020 were reviewed.
Patient's hospital outcomes were assessed until discharge or 31/10/
2020 (which ever was earlier). Baseline demographic data and relevant
co-morbidities including hypertension, diabetes, coronary artery dis-
ease and chronic kidney disease (CKD) were recorded.

AKI was defined using the rise from baseline of serum creatinine.
When the patient did not have a previous serum creatinine result in
the 12 months prior to hospital admission an estimated baseline
serum creatininewas used based on age, gender and ethnicity as per in-
ternational guidelines [7]. AKI stage was based on the Kidney Disease:
Improving Global Outcomes (KDIGO) staging system [7].

Patients transferred from other ICUs were excluded from assess-
ment of incidence of AKI as selection for transfer was frequently due
to need for RRT.

Overall RRT requirements per day were calculated between 10/03/
2020 and 10/05/2020 from the total number of patients admitted to
ICU with COVID-19 (including those transferred from other hospitals),
and modality of RRT received on that day for each patient. For patients
who received PD and/or IHDwe recorded any complications of therapy
observed during the study period. For all patients who received either
PD and/or IHDwe recorded the number of days on which they received
Table 1
Baseline and clinical characteristics of patients admitted to critical care with COVID-19.

Demographics Total [n = 143] No AKI [n = 28,1

Age (years) [n = 143] [n = 28]
Mean (SD) 56.3 (11.9) 49.5 (12.2)
Median (IQR) 57 (50–63) 50.5 (42.5–60.5)

Sex, n (%) [n = 143] [n = 28]
Female 48 (33.6) 13 (46.4)
Male 95 (66.4) 15 (53.6)

Ethnicity, n (%) [n = 141] [n = 28]
White 43 (30.5) 9 (32.1)
Mixed 0 0
Asian 15 (10.6) 5 (17.9)
Black 74 (52.5) 11 (39.3)
Other 9 (6.4) 3 (10.7)

BMI (kg/m2), n (%) [n = 134] [n = 27]
<18.5 1 (0.7) 0
18.5–<25 38 (28.4) 9 (33.3)
25–<30 46 (34.3) 11 (40.7)
30–<40 39 (29.1) 6 (22.2)
40+ 10 (7.5) 1 (3.7)

Comorbidities, n (%) [n = 143] [n = 28]
Hypertension 78 (54.5) 8 (28.6)
Diabetes Mellitus 63 (44.1) 6 (21.4)
Coronary Artery Disease 11 (7.7) 0
Chronic Kidney Disease 23 (16.1) 1 (3.6)

Chronic Kidney Disease, n (%) [n = 143] [n = 28]
Stage 3a 5 (3.5) 1 (3.6)
Stage 3b 7 (4.9) 0
Stage 4 4 (2.8) 0
Stage 5 - PD/IHD 5 (3.5) 0
Stage 5 - Transplant 2 (1.4) 0

Organ support, n (%) [n = 143] [n = 28]
MV at any time 133 (93.0) 25 (89.3)
ECMO at any timea 10 (7.0) 1 (3.6)

Abbreviations: AKI, acute kidney injury; SD, standard deviation; IQR, interquartile range; BMI, b
tor blocker; MV, mechanical ventilation; ECMO, extracorporeal membrane oxygenation.

a Of the 10 patients treated with ECMO, this therapy was provided at our trust in 1 case and
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CRRT either in addition to or instead of PD/IHD, and the reasons for this.
For patients receiving PD we recorded biochemical data prior to com-
mencing PD and for the first 3 days afterwards.

This was within the scope of a departmental service evaluation
(KCC06052020AIA).
3. Results

3.1. Incidence of acute kidney injury and renal replacement therapy

177 patients with COVID-19 were admitted to King's Critical Care
during the time period. 143 patients were admitted from within King's
College Hospital and 34 were transferred in from other ICUs. Baseline
demographics for the 143 patients admitted from within King's are
shown in Table 1. Baseline serum creatinine concentrations were avail-
able for 64 patients (45%) and were estimated for the remaining pa-
tients. 23 patients had a diagnosis of chronic kidney disease, 2 with
functioning renal transplants and 5 who were dialysis dependent (4
on IHD and 1 on APD) prior to ICU admission.

Of the 136 patients without ESKD, 108 (79%) developed AKI stages
1–3 (Table 1) and 82 patients (60%) commenced RRT, including 12 pa-
tients with known CKD stage 3–4 and 70 patients with no prior history
of CKD. In addition RRT was provided to 2 patients whose renal trans-
plants failed in the context of severe COVID-19 infection and 5 patients
who were already established on RRT for ESKD. In patients who devel-
oped AKI, RRT was first initiated a median of 4.5 (IQR 2–7) days after
ICU admission. Clinical characteristics of patients prior to commencing
RRT are shown in Table 2. Urine output data for the 6 h prior to com-
mencing RRTwas available for 57 patients. 6 patients (11%)were anuric
9.6%] AKI stage 1–2 [n = 15, 10.5%,
stage1 = 8, 5.6%, stage 2 = 7, 4.9%)

AKI stage 3
[n = 93, 65.0%]

[n = 15] [n = 93]
53.3 (14.6) 59.0 (10.8)
57 (41–65) 59 (52–65)
[n = 15] [n = 93]
5 (33.3) 27 (29.0)
10 (66.7) 66 (71.0)
[n = 14] [n = 92]
8 (57.1) 24 (26.1)
0 0
0 9 (9.8)
4 (28.6) 55 (59.8)
2 (14.3) 4 (4.3)
[n = 13] [n = 88]
0 1 (1.1)
2 (15.4) 26 (29.5)
4 (30.8) 28 (31.8)
5 (38.5) 27 (30.7)
2 (15.4) 6 (6.8)
[n = 15] [n = 93]
8 (53.3) 59 (63.4)
7 (46.7) 45 (48.4)
3 (20) 8 (8.6)
2 (13.3) 13 (14.0)
[n = 15] [n = 93]
1 (6.7) 3 (3.2)
1 (6.7) 6 (6.5)
0 4 (4.3)
0 0
0 0
[n = 15] [n = 93]
10 (66.7) 92 (98.9)
0 9 (9.7)

odymass index; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin II recep-

the patient was transferred to a regional Severe Respiratory Failure centre in 9 cases.



Table 2
Clinical characteristics of patients with AKI prior to commencing RRT for the first time.

Clinical characteristic Median (IQR)

SCr (micromol/L) [n = 77] 328 (226–506)
Urea (mmol/L) [n = 73] 20.1 (15.6–30.5)
Potassium (mmol/L) [n = 71] 5.1 (4.4–5.9)
Base Excess (mmol/L) [n = 68] −1.6 (−4.9 − +4.4)
p/F ratio (kPa) [n = 66] 17.9 (11.9–24.8)
Noradrenaline dose (mcg/kg/min) [n = 68] 0.09 (0.00–0.24)
Urine output (ml/kg/h) [n = 57] 0.14 (0.05–0.66)
Cumulative fluid balance (litres) [n = 61] 4.6 (2.0–8.5)

Abbreviations: SCr, serum creatinine; p/F ratio, ratio of arterial partial pressure of oxygen
to fraction of inspired oxygen.
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whilst 30 patients (53%) had oligo-anuria (urine output 0.01–0.29 ml/
kg/h). Of the 11 patients who developed stage 3 AKI but did not receive
RRT, 3 patients experienced renal recovery and were discharged alive,
whilst all other patients died in ICU in the context of multiple organ fail-
ure. All decisions to withhold RRT in patients who did not survive were
made on the grounds that they were not expected to survive irrespec-
tive of whether or not they received RRT. No patient did not receive
RRT due to actual or potential resource limitations.

Overall 111 patients (63%) required RRT during the assessment pe-
riod including those established on long-term RRT prior to ICU admis-
sion and 22 patients transferred from other ICUs. All patients received
Continuous Veno-Venous HaemoDiaFiltration (CVVHDF) at least once
during their admission with the exception of one patient established
on PD prior to admission, which was continued; 35 patients (31.5%) re-
ceived acute APD and 15 patients (13.5%) received IHD.

3.2. Outcomes of patients with AKI

At the time of writing, of the 143 patients admitted directly to KCH,
141 (99%) had a hospital outcome whilst 1 is still receiving care on ICU
and 1 has been discharged from ICU but remains within hospital. The
overall in-hospital mortality rate was 39.7%. In-hospital mortality was
significantly greater in patients who developed AKI (any stage) com-
pared to patients who never developed AKI (50.0% vs. 7.1%, p =
0.00002). In-hospital mortality rates for AKI stage 1, AKI stage 2, AKI
stage 3 and AKI requiring RRT were 25.0%, 28.6%, 53.8% and 51.3%
respectively.

All patients who received RRT for AKI who have not died in hospital
(41 patients, including the 2who remain as in-patients) have recovered
28/03: new ICU RRT guidelines published
- dialysate increased to 75% of total effluent dose
- replacement fluid ra�o adjusted such that 2 thirds given pre-filte
- minimum total effluent dose reduced to 20ml/kg/hr
- during cri�cal shortages of CRRT machines increase total effluen
dose to 44ml/kg/hr and rotate machine between mul�ple pa�ent
Guidance published on iden�fying pa�ents suitable for PD

31/03: first pa�ent 
commences 
peritoneal dialysis

10/03: first pa�ent 
admi�ed to KCH CCU

13/03: non-urgent elec�ve 
surgery suspended

Fig. 1. Timeline of interventions introduced to maximise avail
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adequate renal function as tobe freeofRRT.Dialysis-independence rates
at 1 and 3months were 76% and 95% respectively. Median duration of
RRT for patientswho had renal recoverywas 21 days (IQR 13–30 days).
Serum creatinine prior to hospital discharge was at or below the
upper limit of our laboratory's reference range (120 micromol/L) in
26 patients (67%). Mean serum creatinine at discharge was 130
micromol/L (SD 113 micromol/L).
3.3. Changes to RRT provision during the COVID-19 pandemic

Initially, CVVHDF capacity was increased through obtaining more
haemofiltrationmachines and attempting to improve the life span of fil-
ters and circuits by adjustments to our treatment protocols. However,
within weeks the number of patients threatened to overwhelm ability
to provide RRT to all in need, due to lack of haemofiltration machines
and a national issue with the delivery of haemofiltration-related con-
sumables. Thus two new modalities were introduced; firstly acute
APD and later IHD. A nephrology consultant supported critical care
seven days a week for the duration of the pandemic surge and daily
meetings allowed the identification of patients suitable for non CRRT
modes of RRT. Methods of acute APD and IHD are described below.

Fig. 1 shows a timeline of these changes. Between 10 March and 30
March 2020, RRT for critically ill COVID-19 patients was provided exclu-
sively using CVVHDF (158 patient days). Between 31 March and 19
April, following the introduction of acute APD, the proportion of RRT
provided as CVVHDF fell to 83% (581 out of 701 patient days). Between
20April and 10May, following the introduction of IHD the proportion of
RRT provided as CVVHDF was 53% (389 out of 732 patient days). On 29
April only 39% of RRT provision was via CVVHDF. Fig. 2 shows the per-
centage of RRT provided as CVVHDF during the reported period and
Fig. 3 demonstrates the number of patients receiving each modality of
RRT on each day of the reported period. Between 31/03/2020 and 10/
05/2020 a total of 463 patient days of CVVHDF were replaced with ei-
ther acute APD or IHD.
3.4. Changes to CVVHDF provision

Our usual method of RRT for patients with AKI is CVVHDF, delivered
using a PrisMax machine (Baxter Healthcare, Deerfield, Illinois, United
States of America). Nine Prismaflex CRRT machines (Baxter Healthcare,
Deerfield, Illinois, United States of America) were acquired from ne-
phrology services and four Aquarius CRRT machines (Edwards
17/04: new ICU RRT guidelines published
- CRRT to only be commenced if one of the following 
is present: K+ >6.0mmol/L; metabolic acidaemia with 
BE <-10mmol/L; life-threatening diure�c resistant fluid 
overload; symptoma�c uraemia (or urea >45mmol/L)
Guidance on iden�fying pa�ents suitable for IHD

r

t 
s

18/04: reverse 
osmosis unit fi�ed

20/04: first pa�ent commences 
intermi�ent haemodialysis

11/05: end of 
study period

ability of RRT for patients with COVID-19 and severe AKI.



Fig. 2. Percentage of patients receiving RRT, receiving CRRT.
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Lifesciences AG, Irvine, CA, USA) from the paediatric intensive care unit
which increased device capacity from 33 to 46 (an increase of 39%).

Prior to the pandemic our typical CVVHDF prescription was
24–44 ml/kg/h effluent dose (by ideal body weight). Effluent dose was
divided on a 1:1 basis between dialysate and replacement fluid, with
one third of the replacement fluid given as pre-dilution prior to the
blood passing over the filter membrane, to minimise clotting. Anti-
coagulation was with either heparin or epoprostenol.

Early in the pandemic that filter longevity appeared to be reduced in
COVID-19 patients. An audit of filter usage found that between 10
March and 30 April 2020 we used an average of 0.23 filters/day/patient,
and the average filter life-span was 24.3 h, compared with 0.10 new fil-
ters/day/patient with an average filter life-span of 31.6 h in 2019. To in-
crease filter lifespan we adjusted ratio of dialysate to replacement fluid
from 1:1 to 3:1 to reduce the impact of the procoagulatory effect of fil-
tration [8,9]. In response to the high incidence of filter clotting and an-
ecdotal accounts of a pro-thrombotic state in COVID-19 patients,
Fig. 3. Number of patients admitted to critical care with
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systemic anti-coagulationwith heparin was commenced for all patients
receiving CVVHDF targeting an Activated Partial Thromboplastin Time
ratio of 2.0–2.5 unless contraindicated.

3.5. Acute automated peritoneal dialysis

Selection of patients for APD was undertaken by a specialist team
lead by a Senior Clinical Nurse Specialist, a Consultant Nephrologist
and a Consultant in Critical Care. Patients were considered suitable for
acute APD if they had a BMI <40 kg/m2, no mid-line laparotomy scar
and no known abdominal aortic aneurysm (AAA). In general, patients
who were deemed suitable for APD were those who demonstrated an
improving clinical trend and who had evidence of a reduction in the
level of cardiorespiratory support required (whilst there were no hard
criteria for acceptable levels of cardiorespiratory support, patients
were generally considered unsuitable if any of the following were pres-
ent: >1 vasoactive infusion; noradrenaline dose >0.15μg /kg/min ideal
COVID-19 over time (by modality of RRT received).



Table 3
Biochemical changes after initiation of PD.

Baseline (prior to commencing PD) Change from baseline on day 1 Change from baseline on day 2 Change from baseline on day 3

SCr (micromol/L); Mean (SD) [n = 31]; 378 (173) [n = 31]; +62 (71) [n = 28]; +111 (103) [n = 20]; +134 (149)
Urea (mmol/L); Mean (SD) [n = 28]; 24.4 (11.1) [n = 24]; +3.0 (4.1) [n = 23]; +4.9 (6.6) [n = 17]; +4.4 (6.6)
Potassium (mmol/L); Mean (SD) [n = 31]; 5.3 (0.7) [n = 29]; −0.1 (0.5) [n = 28]; −0.4 (0.6) [n = 21]; −0.4 (0.9)

Abbreviations: SCr, serum creatinine.
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body weight; fraction of inspired oxygen ≥0.6; positive end-expiratory
pressure ≥ 12 cmH2O; requiring prone positioning). Catheter insertion
technique and details of our dialysis prescriptions have been described
extensively elsewhere [10]. In brief a three phase PD prescription proto-
col was developed commencing with low volume rapid exchanges in
the first 24–48 h after catheter insertion to minimise the risk of leak at
the insertion site but maximise fluid loss if required. The choice of pre-
scription used there after depended upon clinical assessment by the
Renal Consultant in partnership with the ICU Consultant and included
assessment of fluid balance, ultrafiltration goal, electrolyte status and
degree of uraemia. Automated cyclers (Baxter Claria and Homechoice
machines) were used in all cases.

During the study period, PD catheter insertion was attempted in 41
patients andwas successful in 34 (83%). Unsuccessful catheter insertion
was attributed to failure to reach the peritoneumdue to obesity (using a
50 mm needle) in 5 patients, omental obstruction in one patient and
suspicion of bowel puncture in one patient (this patient was stable
post-procedure,with no evidence of intra-abdominal infection or bleed-
ing) [10]. Of the 34patientswho successfully had a PD catheter inserted,
15 (44%) were subsequently treated with PD alone, whilst 19 patients
(56%) received supplemental CVVHDF and 2 patients (6%) received at
least one session of intermittent haemodialysis. Of the 423 patient
days after PD catheter insertion, PD was the sole modality of RRT on
328 days (78%). Reasons cited in the medical record for supplementing
PDwith CVVHDF or IHDwere: clinical deterioration not attributed to PD
(n = 5); elevated urea felt to be impacting on the patient's condition
(n = 5, serum urea 44.1 ± 7,7 mmol/l), fluid overload or pulmonary
oedema (n = 4), hyperkalaemia (n = 3, serum potassium 7.0 ±
0.1 mmol/l), ileus (n = 1) and scrotal oedema (n = 1). There were no
reported adverse incidents relating to the use of PD having an impact
on ventilatory parameters. No patient underwent prone positioning
whilst receiving PD. There were no reported instances of peritonitis in
patients receiving PD. Biochemical changes for the first three days fol-
lowing initiation of PD are summarised in Table 4.Mean daily ultrafiltra-
tion (UF) for the first three days of PD was 1083 ml (±846 ml).
Table 4
Details of IHD sessions for patients who received IHD.

Patient
no.

Number of
sessions

mean Session duration
(hours) (SD)

mean Blood flow
(ml/min) (SD)

mean Litres
(litres) (SD)

1 11 3.4 (0.4) 265 (44) 42.0 (12.8)
2 6 3.0 (0.6) 217 (26) 37.5 (13.4)
3 3 2.5 (0.5) 233 (29) 37.2 (11.6)
4 7 3.0 (0.5) 231 (24) 41.9 (12.2)
5 4 2.6 (0.5) 213 (25) 36.3 (10.3)
6 7 3.1 (0.6) 240 (34) 43.9 (11.9)
7 1 2.4 200 28.8
8 3 2.2 (1.0) 200 (0) 29.7 (6.4)
9 1 3.3 280 50.7
10 4 3.5 (0.8) 273 (22) 52.6 (19.0)
11 9 3.5 (0.7) 276 (35) 57.0 (16.5)
12 11 3.2 (0.8) 248 (37) 46.8 (13.1)
13 7 3.3 (1.0) 236 (24) 43.9 (12.7)
14 6 2.6 (1.3) 220 (24) 31.6 (14.8)
15 2 2.5 (0.7) 290 (14) 43.9 (6.9)
Total 82 3.1 (0.8) 244 (37) 43.1 (14.2)

Abbreviation: UF, ultrafiltration.
a Includes one session where IHD was terminated due to marked hypotension.
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3.6. Intermittent haemodialysis

To further reducedemand for CVVHDFwe also introduced the ability
to perform intermittent haemodialysis (IHD). Prolonged intermittent
RRT (PIRRT) modalities such as sustained low-efficiency dialysis
(SLED) were considered but not employed as the longer dialysis ses-
sions would have meant the therapy could have been offered to fewer
patients, given the available manpower and equipment.

A reverse osmosis (RO) plantwas installed in one of the ICUs on 18th
April 2020 and this allowed for the provision of IHD for up to four pa-
tients at once. The IHD area was staffed by two intensive care nurses
with dialysis provided by dedicated haemodialysis nurses.

All patients receiving RRT were reviewed daily by a consultant ne-
phrologistandconsultant intensivist toassesssuitability for IHD.Recom-
mendedcriteria for suitability for IHDwerea stableor improving clinical
trajectory, modest ventilatory requirements (FiO2< 0.5), andminimal
cardiovascular support (norepinephrine dose < 0.15μg/kg/min). Pa-
tients received daily IHD for the first three days followed by three times
weekly sessions once established.

A total of 82 haemodialysis sessions were delivered to 15 patients as
shown in Table 4. There were no major complications of IHD therapy.
Transient hypotension that did not interrupt therapywas reported dur-
ing 11 sessions (13.4%). On one occasion, there was marked hypoten-
sion that led to the session being terminated after 30 min. Circuit
thrombosis interrupting therapy occurred on seven occasions (8.5%).

Unfortunately, the use of IHD was curtailed from early May, as an
outbreak of carbapenem resistant enterobaceriae (CRE) restricted the
ability to transfer patients in and out of the unit where the RO facility
was installed.

4. Discussion

During the COVID-19 pandemic our institution successfully reduced
the proportion of RRT provided as CVVHDF from 100% to a nadir of 39%
by introducing two techniques that are not commonly used in critically
processed mean UF
(litres) (SD)

Sessions where filter
clotted (n) (%)

Sessions where hypotension
was documented (n) (%)

1.34 (0.52) 0 1 (9.1)
1.10 (0.76) 0 2 (33.3)
1.43 (0.40) 0 1 (33.3)
1.60 (0.47) 0 2 (28.6)
0.90 (0.14) 0 0
1.32 (0.93) 2 (28.6) 1 (14.3)
2.00 0 0
1.00 (0.87) 0 2 (66.7)
1.50 0 0
1.46 (0.71) 2 (50.0) 1 (25.0)
1.97 (0.64) 0 0
1.20 (0.62) 2 (18.2) 0
1.21 (0.76) 1 (14.3) 0
0.87 (0.55) 0 2 (33.3)a

1.10 (0.14) 0 0
1.33 (0.66) 7 (8.5) 12 (14.6)
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ill patients in the UK. These interventions were introduced rapidly but
effectively with no significant adverse events.

Initial studies fromWuhan, China, reportedwildly varied incidence of
AKI in patients hospitalised with COVID-19, ranging from 0.5%to 15%
[11,12]. More recently Richardson et al. have reported on 5700
hospitalised patients in New York (United States of America - USA)
where incidence of AKIwas 24% [13]. Cummings et al. reported that 31%
of 257 patients admitted to ICU in NewYork (USA) required RRT [14]. In
the UK the Intensive Care National Audit and Research Centre (ICNARC)
have reported that 25.6% of 8533 patients admitted to ICU in the UK re-
quiredRRT [1].At63%, the incidenceofRRT requirement at our institution
isgreaterthanthatreportednationally.Whilst thisstudywasnotdesigned
to investigate thereasons for this, it ispossible thatourcohorthadahigher
incidence of organ failure, as 93.0% of our patients received invasiveme-
chanical ventilation comparedwith 72.4% of the national cohort.

PD and IHD are far from novel modalities of RRT in AKI, having been
first performed in humans in 1918 and 1924 respectively [15,16]. How-
ever, in theUK, it is not common for thesemodalities to be performed in
critically ill patients admitted to Intensive Care. In a 2007 survey of ICUs
in the UK only 10% reported ever using IHD (usually only infrequently)
and none reported using PD. [17]

King's CollegeHospital has oneof the largest automatedperitoneal di-
alysis (APD) services in theUKand there is considerable local expertise in
usingPDasfirst lineRRT forAKI.However, atourcentre, acutePD is rarely,
if ever, used incritically ill patientswithAKI.During thepandemic, PDwas
performed in around one third of patients who received RRT. Our initial
concerns prior to commencing PD for the first time included the impact
on ventilation in patients receivingmechanical ventilation for ARDS, the
risk of PDfluid leaks (especiallywhennursing patients in the prone posi-
tion) and the risk of PD peritonitis (especially given patientsmight be re-
ceiving immunosuppression as part of their treatment regime). These
anticipated complications did not materialise. No patient received PD
whilst nursed in the prone position, therefore we cannot comment on
the impact of PD on ventilation in the prone position nor the impact of
prone positioning on the efficacy of PD.

However, therewere several issues that aroseworthy of discussion.
Firstly PD did not result in the rapid fall in serum creatinine and urea
seenwith CRRT (Table 3). Themajority of patientswho received PD for
AKI had previously been treatedwith CRRT (88%), therefore it was com-
monforpatients' serumcreatinineandureaconcentrationto initially rise
whenfirst commencingPD. Five patients had supplemental CRRTor IHD
due to concerns that elevated urea may be contributing to depressed
level of consciousness. Secondly ultrafiltration (UF) was calculated
daily, so fluid balance charts did not reflect fluid shifts on an hourly
basis as theywouldwith CRRT. Four patients had supplemental CRRT as
thetreatingteamwishedtorapidly increasefluidremoval(inthecontext
of pulmonary oedema or global fluid overload) and felt this could be
achievedmore reliablywith CRRT than by adjusting the PDprescription
to favour greaterUF. Thirdly these patientswere critically ill, somedete-
riorated after commencing PD (never attributed to PD), and inminority
ofpatients intensivists felt itwasappropriate todiscontinuePDandcom-
mence CRRT for this reason.

IHDwasperformedinapproximatelyoneineightpatientswhoreceived
RRT. Our principal concern prior to initiating IHDwas that itmight induce
haemodynamic instability due to more rapid fluid shifts than are seen
with CRRT; however, whilst transientmild hypotensionwas often docu-
mented, only one IHD sessionwas terminated early due to hypotension.

The substantial changes to the provision of RRT described were only
possible due to a highly effective cross specialty and multi-disciplinary
approach. A critical care “tactical team” consisting of a consultant in in-
tensive care medicine and critical care matron worked alongside two
renal teams, dedicated to PD and IHD, to identify patients and initiate
andmaintain them on these therapies. The anaesthetic department cre-
ated a dedicated transfer team to transfer patients to the IHD suite
within ICU. Critical Care pharmacists rapidly evolved existing guidelines
to advise on drug dosing in the context of different RRT modalities.
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5. Conclusions

We have demonstrated how a large tertiary critical care centre was
able tomake changes to theway inwhich a complex therapy can be de-
livered under challenging conditions. Acute APD and IHD can be suc-
cessfully provided to critically ill patients with COVID-19 in the
context of a pressured and resource constrained setting. It is hoped
that the techniques and findings described here will be of use to other
institutions facing a surge of admissions of critically ill patients with se-
vere AKI requiring RRT during this and future pandemics.
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