THE 29TH INTERNATIONAL CONFERENCE ON iy Provdedy
ADVANCES IN CRITICAL CARE NEPHROLOGY

CRRT, INC.
MARCH 12-15, 2024

MANCHESTER GRAND HYATT SAN DIEGO, CALIFORNIA
Morning Symposium A

Plasma Exchange in Critically Ill Patients:
Who, When and How?

Dana Fuhrman, DO, MS
Associate Professor of Pediatric Critical Care Medicine
Associate Professor of Pediatric Nephrology
Director, CRRT Program
UPMC Children’s Hospital of Pittsburgh

\
i
e



Disclosures

* Funding:
« K23DK116973 (PI) TODAY'S GOAL
* K23DK6973-0351 (PI) | KEEPTHE
» RO1DK116986 (Co-I) TINY

HUMANS ALIVE

3

ﬁe;g g,,ggye @ Bittsbargh CRITICAL CARE MEDICINE UPMC CRISM AR




Objectives

Understand the technical considerations
for providing therapeutic plasma exchange

Be familiar with the basic principles of
prescribing therapeutic plasma exchange

Understand considerations for the use of
therapeutic plasma exchange in children




Quick Poll of the Room

‘ Raise your hand if you....
| * Prescribe plasma exchange

* If you prescribe plasma exchange, you prescribe it
more than once a month

* You take care of adults and children in your
practice

* You primarily take care of adults in your practice
* You primarily take care of children in your practice

AKI«CRRT
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Why you should feel great that you woke gz
up before 7 am to come to this talk!
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* The World Apheresis
Association apheresis
registry contains data
from > 140,000 pheresis
procedures conductedin
12 different countries

e Aim: give an update on
indications, type, and
number of procedures
and adverse events
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What is Therapeutic Plasma Exchange?

( . ) ( )
An extracorporeal treatment

that removes patient plasma
with replacement with
allogenicor autologous

Large with a molecular
weight of >15,000 Daltons

_ plasma ) . y
(" ) (" )
Properties of the target
molgcgle increasingthe Long half-life
efficiency of plasma
exchange
\ W, \ W,
( )

Distributionin the
intravascular space




Technical Considerations
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The Prescription
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Priming:
* If the priming volume exceeds 10% of
the blood volume, RBC priming

should be considered
BW < 10 kg

 The main indication for
plasmaexchange: TTP
 The preferred

anticoagulant: acid citrate
dextrose

 Adverseevents occurred
in 2.7% of cases

Anticoagulation:

Citrateis preferrable and most the commonly

cited:
e (Circuitlevelionized calcium<0.35

mmol/L
e Systemicionized calcium 1.0-1.2 mmol/L




The Prescription

Generally, exchange with 1-1.5 plasma volumein a single treatment
Estimated total blood volume in adults (L) = weight (kg) x 0.065

Estimated total blood volume in children (L)= weight (kg) x 0.08

Total plasma volume (L) = Total blood volume x (1-hematocrit)

A single volume exchange will lower plasma macromolecule levels by ~65-70%

An exchange equal to 1.4 times the plasma volume will lower plasma levels by 75%




Methods to Provide CRRT + Plasma exchange

* |Interrupt CRRT, perform plasma exchange through
the same access and restart CRRT after plasma
exchange is over

 Use 2 areas of vascular access, 2 machines
simultaneously

* Tandem




Tandem CRRT + Plasma Exchange
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Tandem CRRT + Plasma Exchange
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Considerations for Plasma Exchange in Children

The American Society for Apheresis Indications for plasma exchange are
developed for adult patients

Clinical conditions where the benefit of plasma exchange has been published in
children:

e Thrombocytopenia-associated multi-organ failure (TAMOF) and sepsis
Liver failure

e Neurologicconditions
e Hemolytic uremic syndrome

e Postsolid-organ rejection

Surviving sepsis campaign in Children 2020:

e “We cannot suggest foror against the use of PLEX in children with septic shock or other s
associated organ dysfunction with TAMOF”



Considerations for Plasma Exchange in Children

Use of Therapeutic Plasma Exchange in Children
With Thrombocytopenia-Associated Multiple
Organ Failure in the Turkish Thrombocytopenia-
Associated Multiple Organ Failure Network

Esra Sevketoglu, MD'; Dincer Yildizdas, MD?%* Ozden Ozgur Horoz, MD?
Hasan Serdar Kihtir, MD!; Tanil Kendirli, MD? Suleyman Bayraktar, MD*
Joseph A. Carcillo, MD?

* Thrombocytopeniaand new-onset organ failure of > 3 organs

e Retrospective cohort analysis of patients with TAMOF at 3 PICUs in
Turkey comparing those that received TPE and those that did not

* Inclusion: platelet count <100 x 103/u/L, Organ Failure Index Score > 3

* n=42

T P AL CRRT
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Use of Therapeutic Plasma Exchange in Children
With Thrombocytopenia-Associated Multiple
Organ Failure in the Turkish Thrombocytopenia-
Associated Multiple Organ Failure Network

Esra Sevketoglu, MD'; Dincer Yildizdas, MD%* Ozden Ozgur Horoz, MD?
Hasan Serdar Kihtir, MD'; Tanil Kendirli, MD? Suleyman Bayraktar, MD?*;
Joseph A. Carcillo, MD?

TABLE 3. Multivariate Analysis of Survivors Versus Nonsurvivors

95% ClI
Descriptions
Not receiving plasma exchange 0.048 1.81 0.20 16.29
Pediatric logistic organ dysfunction day 1 0.684 0.97 0.86 1.11
Pediatric Risk of Mortality 24 0.013 1.74 1.13 2.69
Total OFI score 0.168 0.30 0.06 1.66

OFI Neurologic involvement? 0.599 0.03 0.001 1.12




Therapeutic Plasma Exchange in Children With
Thrombocytopenia-Associated Multiple Organ
Failure: The Thrombocytopenia-Associated Multiple
Organ Failure Network Prospective Experience

James D. Fortenberry, MD, MCCM'; Trung Nguyen, MD?; Jocelyn R. Grunwell, MD, PhD';

Rajesh K. Aneja, MD?; Derek Wheeler, MD* Mark Hall, MD?; Geoffrey Fleming, MD¢;

Rod Tarrago, MD’; Sandra Buttram, MD?; Heidi Dalton, MD?; Yong Han, MD'% Kirk A. Easley, MS'%;
Andrea Knezevic, MS'!; Tian Dai, PhD"; Matthew Paden, MD!; Joseph A. Carcillo, MD?;

for the Thrombocytopenia-Associated Multiple Organ Failure (TAMOF) Network Study Group

* Observational longitudinal cohort study including 81
children with sepsis-induced thrombocytopenia —
associated multiple organ failure

 Compare outcomes in those that received therapeutic
plasma exchange (TPE) to those that did not

AKI«CRRT
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TPE was associated with a decrease in organ
dysfunction and lower 28 day all cause

TABLE 3. Risk Factors for 28-Day All-Cause Mortality for 81 Children With
10 ® TPE Thrombocytopenia-Associated Multiple Organ Failure
o
é ® No TPE Regression Adjusted
g 5 Risk Factors Coefficient Relative Risk 95% ClI % Reliability?
©
‘E’ Standard multivariable analysis using modified Poisson regression
o 0 IRE -0.7954 0.3506 IO.45 0.23-0.90 0.02 I 61
g Baseline PELOD® 0.0519 0.0119 1.30 1.16-1.46  <0.001 99
g -5 Extracorporeal membrane oxygenation 0.2407 0.3229 1.27 0.68-2.40 0.46 17
ﬁ Continuous renal replacement therapy 0.4663 0.3891 1.69 0.74-3.42 0.23 30
o
(o] -10 Methicillin-resistant Staphylococcus 0.3044 02916 1.36 0.77-2.40 0.30 38
d aureus infection
- 15 Propensity score adjusted with propensity score specified as a continuous covariate
TPE -0.7740 0.3808 0.46 0.22-0.97 0.04 -
P-value A 0.145 0220 0.006 <.001 <001 0.026 I I
' ‘ ' ‘ ' ! Baseline PELOD® 0.0487 0.0130 1.28 1.12-1.45  <0.001 -
1 2 3 4 5 6 7 Propensity score adjusted with inverse probability of treatment weighting
Day on study TPE 07776 03256 0.46 024-087 002 -
NoTPE,N: 21 14 14 14 13 13 13 Baseline PELOD® 00509 00142 1.29 1.12-1.48 <0001 -
TPE, N: 60 52 48 46 45 39 37

57% of patients on CRRT R4 @1 44)

Fortenberry et al. PCCM 2018




ORIGINAL CLINICAL REPORT

Therapeutic Plasma Exchange Is Associated With Improved
Major Adverse Kidney Events in Children and Young Adults With
Thrombocytopenia at the Time of Continuous Kidney

Replacement Therapy Initiation

Fuhrman, Dana Y. DO, MS'=3; Thadani, Sameer MD* Hanson, Claire MD"; Carcillo, Joseph A. MD"3; Kellum, John A. MD3; Park, Hyun
Jung PhD?; Lu, Liling MS®; Kim-Campbell, Nahmah MD, MS"; Horvat, Christopher M. MD, MHA"7; Arikan, Ayse Akcan MD*8

Author Information®©

Critical Care Explorations 5(4):p e0891, April 2023. | DOI: 10:1097/CCE.0000000000000891 (&)

421 Patients Received CRRT at CHP and TCH

TPE Received During CRRT
Course

n=154

413 Patients

Diagnosis of TTP or aHUS (n=6)
Thombocytopenia Due to a Chronic lllness (n=2)

No TPE Received During CRRT
Course
n=259

Thrombocytopenia at the Time of CRRT Initiation
n=284

TPE Received During CRRT No TPE Received During CRRT
Course Course
n=118 n=166

No Thrombocytopenia at the Time of CRRT Initiation
n=129

Characteristic (n=284)

Baseline Serum
Creatinine

Chronic Kidney Disease
PELOD-2 Score at CKRT

Initiation

Therapeutic Plasma
Exchange During CRRT
Course

MRSA During ICU
Admission

Adjusted OR (95% ClI);
P-Value

1.30 (0.79-2.13); 0.31

7.51 (0.94-59.73); 0.06
1.10 (1.02-1.19); 0.02

0.35 (0.20-0.60); <0.001

1.87 (0.71-4.91); 0.21




Plasma Exchange in Pediatric Liver
-ailure

* Clear protein-bound toxins, pro-inflammatory molecules and
prothrombotic mediators

 American Society of Apheresis:
e Use in liver failure: Category lll Recommendation

* Fulminantliverfailure with hemolysisin Wilson’s Disease: Category |
Recommendation

* We use TPE to improve the coagulation profile

* Exchange 1.5 times the patient’s calculated blood volume on day 1
followed by a single volume exchange on subsequent days

* Thereis no clear evidence in children regarding high volume vs

standard volume plasma exchange AKI<CRRT
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Combined Therapeutic Plasma Exchange and
Continuous Renal Replacement Therapy in
Children With Dengue-Associated Acute Liver
Failure and Shock Syndrome: Single-Center

Cohort From Vietnam*

Luan Thanh Vo, MD'
Viet Chau Do, MD'

Tung Huu Trinh, MD'
Thien Vu, PhD?3

Thanh Tat Nguyen, MD'#

* N=35 children with dengue-
associated acute liver failure and
shock

* Combined plasma exchange and
CRRT was associated with
improvements in encephalopathy,
liver transaminases, coagulation
profiles and blood lactate and
ammonia levels

PCCM 2023
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Conclusions

The use of plasma exchange is growing both in pediatric and adult
populations

Plasma exchange may be necessary in critically ill patients, some of
whom may also require CRRT

The use of tandem techniques for plasma exchange and CRRT can
increase the ease of therapy

There may be utility in pediatric MODS/Sepsis




Thank you!
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