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RENAL RESCUE: PHARMACIST ESSENTIALS
FOR CONTINUOUS RENAL REPLACEMENT
THERAPY

Rita Gayed, PharmD, BCCCP, FCCM
Rita.gayed1@orlandohealth.com
Orlando Health Orlando Regional Medical Center

Objectives

Pharmacist objectives: Technician Objectives:

- Differentiate between modalities of continuous + Discuss the indications for CRRT in critically ill
renal replacement therapy (CRRT) patients.

« Discuss pharmacokinetics considerations of
medication use in patients receiving CRRT

« Compare different CRRT anticoagulation
strategies

+ Recognize important pharmacy operations for
uninterrupted CRRT runs
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Background

Acute kidney injury (AKI) is associated with high morbidity and mortality in
critically ill patients
”% « Large number of ICU patients require initiation of renal replacement therapy
(RRT)

« An international survey evaluated the use of each RRT for AKI patients in the
ICU
—80% of patients on CRRT
—17% of patients on iHD
— 3% of patients on peritoneal dialysis or slow continuous ultrafiltration

Ak acute kidney injury
ICU intensive care unit

CRRT:continuous renal replacement therapy
RRT. renal replacement therapy

iHD: intermittent hemodialysis

Semin Dial. 200922(2)114-22
N Engl 2 Med. 2012:367(26)2505-14

Disclosure

| do not have a vested interest in or affiliation with any corporate organization
offering financial support or grant monies for this continuing education activity, or
any affiliation with an organization whose philosophy could potentially bias my
presentation (within the last 12 months)
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KIIGO 2026 CLINICAL PRACTICE GUIDELINE FOR ACUTE KIDNEY
INJURY (AKIAND ACUTE KIDNEY DISEASE (AKD)

PUBLIC REVIEW DRAFT
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Definition of Acute Kidney Injury (AKI)
(AKIN vs RIFLE criteria)

AK staging RIFLE
Serum creatinine (common to both) Class Serum creatinine or GFR
Stage 1 Increase of more than or equal to 03 ma/dl  Less than 05 mi/kg/h for  Risk Increase in serum creatinine x 15 or GFR

(265 pmal) or increase to more than or equal ta  more than & hours decrease > 25%
150% to 200% (1.5~ to 2-fold) from baseline
Stage 2 Increased to more than 200% to 300%
(>2- 10 3-old) from baseline

Less than 0.5 mi/kg per hour Injury

Serum creatinine 2 or GFR decreased
for more than 12 hours -

cased 1o more than 300% (>3fokd)  Less than 03 mikg/h for  Faiure nine 3, or serum creatinine
. or mare than or cqual 10 40ma/dl 24 hours or anuria for . 354 umol) with an acute
(3354 ymol} with an acute increase of at least 12 hours sise > 0.5 mgidl (44 umol) or GFR

0.5 mg/dl (44 mol) or on RRT decreased >75%

Loss Persistent acute renal failure=complete
oss of kidney function >4 weeks

End-stage kidney  ESRD >3 months

disease

AKIN: Acute Kidney Injury Network

RIFLE: Risk, Injury, Failure, Loss, End-stage kidney disease Kidney Int Supp! 2012:2:1-138.
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Indications for renal replacement therapy initiation

Acidosis

Electrolyte imbalances (hyperkalemia)
Overload (volume, e.g. pulmonary edema)
Uremia

Intoxication

Oliguria/ anuria

Kidney Int Suppl 2012;2:1-138.
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Intermittent
hemodialysis (IHD)

* Peritoneal dialysis (PD) typically not initiated inpatient

Prolonged Continuous renal

intermittent renal
replacement therapy replacczgs;trt)herapy

(PIRRT)

Shainkhouni § et al. Surg Clin N Am 2022:102:181-198

Which patients?

IHD vs CRRT in the ICU

IHD CRRT
Typically, hemodynamically stable + Hemodynamically unstable
+ Atrisk of increased intracranial pressure or
cerebral edema

Advantages + Rapid removal of toxins and low molecular weight + Continuous removal of toxins (“slow and
substances steady”)
« Treatment of choice for life-threatening * Less effects on hemodynamics
intoxications and hyperkalemia * More controlled volume removal
« Allows for down-time for procedures etc « Superior overall volume removal over course of
+ Reduced exposure to anticoagulation treatment
Disadvantages * Hemodynamic instability with rapid volume removal Labor intensive for ICU nurses

« Dialysis disequilibrium -> risk of cerebral edema + Need for anticoagulation

« Limited patient mobility

« Significant downtime with interruptions.
* Risk of hypothermia

Kidney Int Suppl 2012;2:1-138.
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Controlled volume
management

Acid-base disorder

management Solute clearance

Shainkhouni § et al. Surg Clin N Am 2022:102:181-198.
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Volume removal
« Termed “ultrafiltration” * Mechanisms:
+ Helps manage volume overload

+ Goal determined by ICU and nephrology

« Titrated by ICU nurse at bedside as tolerated

CRRT functions
Solute removal

— Diffusion
— Convection
+ Removes toxins
Inadvertently also removes medications and
micronutrients
« Dose determined by nephrology and adjusted
daily

Neyra J et al. Seminars in Dialysis 2021;34:432-30.
Teixeira JP et al. CJASN 2023;18:256-69.

Diffusion
— CRRT modality:

+ CVWHD

+ CVWHDF (+ convection)
MOA:
- Concentration gradient
Fluids:
—Only dialysate fluid

« Does not touch blood
— No replacement fluid
Clearance:
—Small molecules

CRRT solute removal mechanism: Diffusion

Disbysateinflow

Spent disate
ouflow

Tolwani A. N Engl J Med 2012:367:2505-14,
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CRRT solute removal mechanism: Convection

Convection (hemofiltration)
+ CRRT modality:

+ CVWH ataae F——
VoA CVVHDF (+ diffusion) e &Y f ______ S f’.o,g agfel ast,
. : bl atient
+ “Solute drag”
+ Pressure gradient
* Fluids:
+ Replacement fluid (pre or post filter i
or both)
« Comes in direct contact with
blood
+ No dialysate fluid
« Clearance:

+ Small and mid size molecules
Towani AN Engl J Med 2012:367:2505-14.

Mechanism:
Convection

Replacement
fluid only

CRRT modalities:
How are solutes cleared?

R Mechanism:
Mlgicf?:sr}frr:‘ ) Convection +
Diffusion

Replacement and

Dialysate fluid
dialysate fluids

Tolwani A. N EnglJ Med 2012;367:2505-14.
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CRRT modal
How are solutes cleared
Replacement
\— aly(s’:tle fluid L and dialysate
v fluids
cwho -

(="

PostRF: post ier replacement luid
Pro- RF: prfitr roplacement luid

Replacement
fluid only

P
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CRRT Machine PrismaFlex®

1.Green square: Dialysate scale
2.Purple octagon: Replacement scale
3.Scale carrying bar assembly
circle: Effluent scale
5.White triangle: Pre-blood pump
(PBP) scale

0. Accessed 3/1/2025.

ocal\PTC\Arbortext\Editor\ aptcache\aelyOtim/tflye

Print Preview - CAUsers\s9021\AppD:
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Example of CRRT mac

* 2 compartment 5L bags
— Electrolytes (Na, Cl, K, Mg, Phos,
dextrose, Ca)
— Fluids
— RN to break seal and mix before
immediate use

« Different types
— PrismaSol
« Does not contain phosphate
— PrismaSate
« Does not contain phosphate
— Phoxillum
+ Contains phosphate, no dextrose
« Important to know the
composition of the fluids on
formulary

I¢ Shine
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e and CRRT fluids

Tabie 1. Cormponiion of sl in serum, dahsat, and CRET soluons

Arsive Nl e Standand BD.
< Dyt

A Diverse Partfolioof Pre-Mikect CRRT Salutians L Vantive for Healthcare Professionals-— Kidney care and beyond. Accessed on
2202006 QAN 2o e 65
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Volume management on CRRT
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Volume management on CRRT

Clinical assessment
— Team to set volume goals for the day
— Terminology: “net even”, “net negative 50", “net positive 50"
— Nurse calculates hourly intake, calculates how much volume to pull off CRRT the following hour
Daily weights + signs of volume overload (physical exam, imaging etc)
Evaluate total Ins
— Infusions — any benefit to concentrate medications?
— Any nutrition adjustments?
« Enteral nutrition: volume of flushes
+ Parenteral nutrition: volume of total parenteral nutrition (TPN)

Interpret vasopressor requirements more accurately

21

Sequelae of volume overload and rapud removal

Organ i caused by
Tissue edema excess or overly rapid fluid removal
fmbririsliors Brain i
. o nfection rain injury:
] - Cognilve sequelae
Carebral congestion  Dotrum
‘Porsistontencophalopathy
Myocardial edema (n il
ettt S
. ances: (regional wall motion
abnomaitios)
Pulmonary songeston
Worsened kidney injury
aired kdney recovery
Hepati congston s
idney discase.
s
e — Intastinal ischemia:
o Risk of mosenteri ischaria
- Deled!sumlnl e ey Al of mosartars Jche
- g ulce
Gutede + Touin/ bacterial
3  Malopsoroton of g and nutients transiocation
* Toxin/ bacterialransiocation

ira P ot ol Blood Purif 20235285770,
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Solute removal via CRRT

Solute removal: Effluent rate
Prescribed CRRT dose

+ Consensual recommentded affuent
dose of 25

Clearance measured as removal of urea
from plasma into ultrafiltrate (effluent fluid)

« Typically expressed in mi/kg/hr ‘Treatment
Interruptions
* What dose? e
+ 20- 25mllkg/hr for patients with AKI « Procedures
requiring : o
* Prescribed vs delivered: Due to an Causes ofloss of CRRT filter  Unintended
expected ~ 20% downtime, a prescribed efficiency « Catheter problems
effluent rate of 25-30mi/kg/hr is asiesissnst PR
recommended - Lonmp-m\aabiwduuln
clogging,cting,adsorpton
What weight? rface) dose
* s + Consensual recommendation 280%
- .  Coetton psain i
«+ No consensus on admission vs. ideal vs of prescrbed GRRT dose

current weight especially in setting of
altered volume of distribution in critical
illness

Neyra J et al. Seminars in Dialysis 2021;34:432-39.
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Different CRRT Modalltles and Effluent Rate Calculation

solute removal

Dialysate fluid Dialysate fluid rate (mL/h) + hourly
fluid removal rate (mL/h)

[l LU IITERVEN LEVEL LITER Convection Replacement Prefilter replacement fluid rate (mL/h)
hemofiltration (CVVHF or fluids + postfilter replacement fluid rate
CVVH) (mL/h) + hourly fluid removal rate
(mL/h)

(oL VETTERVEY CREVEN LITER Diffusion and Dialysate + Prefilter replacement fluid rate (mL/h)
hemodiafiltration convection replacement fluids + postfilter replacement fluid rate
(CVVHDF) (mL/h) + dialysate fluid rate (mL/h) +
hourly fluid removal rate (mL/h)

Neyra J et al. Seminars in Dialysis 2021:34:432-39.
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Medication Dosing in CRRT

Physmchemlcal propertles key to CRRT removal

» Smaller size medications are easier to

Molecular weight (MW) remove

» Small Vd (<0.3L/kg) = hydrophilic medication
+ Hydrophilic medications are prone to CRRT
removal

Volume of distribution

« Highly protein bound medications (> 90%)

Protein binding (PB) are not likely to be removed by CRRT

Seminars in Dialysis 2021:34:480-88,
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Sieving Coefficient (SC) & Saturation Coefficient (SA)

Term describing the ability of medication to pass through a CRRT filter membrane
« Estimated as 1 minus protein binding
* Actual SC/SA = [Drug..u..] / [Drug,....]
Ranges from 0 to 1
— 0: does not cross membrane
—1: easily crosses membrane
Saturation coefficient — term used for continuous veno-venous hemodialysis (concentration
gradient)
Sieving co-efficient — term used for continuous veno-venous hemofiltration (pressure
gradient)
Can use either coefficient when calculating clearance for CVVHDF

Serminars in Dialysis 2021:34:480-88.
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Renally cleared # Dialyzable # Nephrotoxw
Medication Renally Cleared Dialyzable Nephrotoxic
Digoxin v Large Vd
[ Midazolam ' Large Vd
[ Beta-lactams 7 I
(small Vd & MW + low PB)
Levetiracetam 7 v
(small Vd & MW + low PB)
'
v
[ Vancomycin 4 4 4
(small Vd & MW + low PB)
Va: volume of distibution Semin Dial 2021 Nov;34(G48048
MW: molecular weight: PB: protein binding Kichey Int Rep. 2021 May 13:6(8):2033-2048.

Considerations for Antimicrobials in CRRT

Medication vd Molecular Weight |Protein binding Observed SC/SA | Potential Impact
[in AKl on CRRT) |(g/mol) (%)
L/kg)
Cefepime 0.48 480.6 ~20 0.86 Easily removed
Meropenem 0.2 3835 2 0.8 Easily removed
Tazobactam 05 300.3 ~30 0.76 Easily removed
Piperacillin 0.4 516.5 30 0.5 Potential for
accumulation
Vancomycin 14 1449.2 50 0.7 Varying degrees of
removal
L 023 1620.7 90-96 0.13 Minimally removed

SG: sieving coeficent; SA: saturaton coeffcent Semin Dial. 2021 Nov:34(6):480-488

Orlando Health Antimicrobial CRRT Dosing Example

I [OP— [—— |
. 6 TABE
= Indications & towrate Average rate Hgh ate
s Commants | Siauh
ey s encaphalis, W5V | 30 Mg Tomergaizn | 1omans o
oot ¢ | 214 tomghg
intections
For b < 9 kgf, Mucoutaneous SV, | 5 mi atd Smengaian Smahgasn
e acta weght cther non £ S e 2tn
Foc B £ 30 /o, Intections
et [ WS¥iuppresionor | 200 ngaih Eomgaiih 0 mgaith
4. scno sty meghn] | PIOPHS WhER NP
g i othermdcaton | 2gaih Toaeh

Tiectons dor 1o
carbapenem-resistact
acioetobocter s !
Alother indications | 32ah Teaen 3geen

P Toathoweran Toatnom @ | Ggadnowrin
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Non-Antibiotic Medication Dosing Considerations
igh Protein arge emoved by itrafed to
inding CRRT effect
Phenytoin v
Phenobarbital v v
Valproic acid v v v
Levetiracetam v +/-
Benzodiazepines v v
Propofol v N
Fentanyl v v
Warfarin o +
Digoxin v v v
Lidocaine v W
Vd: volume o distibution; TOM: therapeutic arug monitoring Kichey Int Rep. 2021 May 13;6(8):2033-2045.
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Circuit Patency in CRRT
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Dialyzer/hemofilter clotting is
considered CRRT “downtime”
Activation of platelets and the
coagulation cascade -> fibrin
deposition and clotting of the
circuit

CRRT “downtime” consequences:
+ Anemia due to circuit blood loss
+ Interruption in therapy

Contact of blood with
the extracorporeal
circuit > activation of
platelets and the
coagulation cascade

Chest 201915509 626.636

Regiol

Systemic - Systemic heparin infusion or direct thrombin
Y %
anticoagulation inhibitor infusion

Regional
icoagulation

anticoagulation

Antlcoagulatlon for Circuit Patency

1 F: K311 ¢-{ O * Preferred option per KDIGO guidelines

* Regional heparin

No « Prefilter dilution

Kidney Int Suppl 2012:2:1-138.
‘Sominars in Dialysis. 2021:34:416-422.
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Regional Citrate Antlcoagulatlon (RCA)

« How does it work?
— Calcium in the blood can cause clotting inside the CRRT circuit (cofactor in coagulation
cascade)
— Citrate binds calcium and therefore removes it from the circuit + inhibits platelet aggregation and
activation, hence decreasing clotting and interruptions
— Most citrate- calcium complex is removed in the effluent
— Therefore, calcium must be replaced systemically for the patient to prevent patient
hypocalcemia
* Relative contraindications to RCA
— Liver failure, hypercapnia, hyperlactatemia
« Adverse effects of RCA
— Calcium level and metabolic
« Patient still needs DVT prophylaxis

Seminars in Dialysis. 202134:416-422.

«+ Citrate solution is hung on the white scale of the CRRT machine (pre-blood pump) and rates adjusted on CRRT

machine

« Calcium chloride/gluconate infusion is given to patient via Alaris pump via a central venous catheter

Minial Gt Ca

35
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Citrate Therapy Monltorlng

Citrate infusion running into the CRRT machine titrated to post-filter ionized calcium

— Post filter ionized calcium drawn from the CRRT circuit

— Goal levels 0.35-0.45 (goal: keep calcium content low in the circuit)

Calcium infusion administered to the patient titrated to “peripheral” ionized calcium

— “Peripheral” ionized calcium drawn from the patient

—Goal levels 1.1-1.3 (goal: restore patient's calcium stores to prevent life-threatening hypocalcemia)
Safety reminders for citrate protocol

— CRRT cannot start until IV calcium chloride/ gluconate infusion is started

— If CRRT is stopped, the IV calcium chloride/ gluconate infusion must be stopped

— Calcium infusion requires central access

Seminars in Dialysis. 2021,34:416-422.

Citrate-free Solutions Citrate-containing Selutions

PrismaSol  PrismaSATE

BOK B22GK BOK.B21GK. Phodlum  PusflowB  Duosol 4% Sodum Prismocitrate Prismocitrate Citra-HF
Components ___or BK K orBzK__BKor B22K_RFP 400456 45514556 Citrate __ACO-A _Regiocit 10/2 1870 Pre
Nar, mEg/L 130 40 140 130 0r 140 140 0 136408 225 140 136 1369
K mEg/L 42000 4200 4 43200 4200 — - - - )
Ga, mEgiL 0250035 0250085 0025 02543 Oor3 = = = = —
Mg", mEg/L 112015 112015 15 Toris ioris  — - - - - os
HGOy, mEq/L 820122 820022 920022  35or2s 85,0200 — - - — - —

2
Lactate, mEq/L 3 3er0 - - - - - - - - -
Cr, mEg/L 1081205 1081205  11450r122 10851205 1075117 — - 88 108 o 104
Dextrose, mgidl 100 o¢ 0 1000 — 100 100060 — 2230 — — — o0
Tisodum chrste.  — - - - - 136 %5 18 10 [ 133
Gl st ol — — — — — — LR 2 — —
Noon i
(CKRT crout e preier posson, wheveas Fogoct o HF - e seegnes KR skiors. b the Unted Staen 4%,
ACDA ar genarc Framasal, framaSATE. Frasiu, (Overied 1,
Madcal Lasranca, A, ) P
A 4 8 vl may b Unad 42 e repcemant i oGy, PramaSATE, Pefiow B, an Ducac ar
s Rogec s oy FOA e e e EUA Pt o ot (e 173 b P e Mook, s o s s i b o Uk St w.u.uam
e PramO and A CHRT, cortruous.
Am.J Kidney Dis. 2025 85(6)-767-786.
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Systemic Antlcoagulatlon

* Heparin Direct thrombin inhibitor
— Alternative in patients with a contraindication to citrate or — Argatroban or bivalirudin are recommended in
with indication for anticoagulation patients with heparin induced thrombocytopenia
— 12-18 units/kg/hr continuous infusion administered IV to — Dialysate/replacement fluid must contain Ca=
patient — Monitor aPTT per institutional protocol
« If used for CRRT anticoagulation only, order non-bolus heparin
infusion
— Dialysate/replacement fluid must contain Ca?*
— Monitor AntiXa (goal: 0.3-0.6 U/mL) or aPTT (qoal: 57-88 s)

w Heparin

{8

‘Seminars in Dialysis. 2021:34:416-422

Regional Heparin

+ 1000-1500 units/hr of heparin is infused pre-filter with or without post-filter protamine at 10-12 mg/hr
« Anticoagulation of circuit only

« DVT prophylaxis

Heparin

[ e
Patent T ~| Cnstarrs

108 Heparin = 1 mg Protamine

®

—
Asterial ine.

priwemive o
e wamoe (:
— ==
Vancus e |_

Semin Dial. 2021:34(6)416-422
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Prefilter Dilution

Alternative strategy considered in high bleed risk
patients or during drug shortages

A
Mechanism: Post-filtration
— Reduction of blood viscosity and reduced

hemoconcentration through fluid dilution Blood
1 3
.

+ Agents:

— Pre-blood pump NaCl infusion: 100-200 mi/hr >

— Pre-filter replacement fluid: 1000-4000 ml/hr Pre-filtration I& “‘ i
+ DVT prophylaxis Atconguans RPRETETt g e Dibate

Kidney Intemational Supplements 2012; 2(1)

40
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egional citrate +Calcium chloride,
anficoagulation machlne —) tltrate cltrate gtt  gluconate infusion
_g 'p ers a from patient
titrate Ca gtt +Patient needs DVT
prophylaxis
Prefilter sodium Ca containing fluids NA +Patient needs DVT
chloride prophylaxis

Full al agulation  Depends on whether pt is also on citrate or not (may not need citrate)
(e.g. he arin or
argatroban)

41
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Role of Pharmacists in CRRT
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Carlng for the ICU patlent while on CRRT

- Is the effluent dose changing? Why?

- Think: original indication for CRRT initiation
(e.g. + lactate, + ammonia, metabolic
Effluent dose acidosis)

- Medication dosing

- Electrolyte management (repletion needed?)

. Patient’s desired vs actual volume status (chmcal correlates: eg.
pulmonary, cardiac, hepatic congestion)
. Manage your intake volume
Volume removal - Example: concentrating infusions
- Hemodynamics
dose - Understand vasopressor trends

___(oliia

Carmg for the ICU patient across the kidney continuum

AKI (no RRT) AKI (CRRT) CRRT cessation

What is patient's renal function at CRRT cessation?
Any plans for intermittent hemodialysis?

+ Medication dosing

+ VTE prophylaxis or management

+ Nutrition management

. (and related

+ Volume (RRT vs pl Vs none)

Clin J Am Soc Nephrol. 2023;18(8):1080-1088.

« Familiarize oneself with CRRT practice at home institution (what machine, what modality)
« Partner with nephrology for protocols and EMR builds

« Partner with nursing for education
« Work with infectious disease colleagues on CRRT anti-microbial dosing guideline
+ Discuss therapeutic drug monitoring algorithms with ICU pharmacists

Pharmacist as an integral part of a successful CRRT program

~ Review anticoagulation practices
~ Review dialysate and replacement fluid “formulary”

45
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