Intensive Care Med
DOI 10.1007/s00134-017-4751-y

WHAT’S NEW IN INTENSIVE CARE

The AKIl glossary
Antoine Schneider' and Marlies Ostermann? ®

© 2017 Springer-Verlag Berlin Heidelberg and ESICM

Introduction

Critical Care Nephrology has emerged as an important
area of Intensive Care Medicine. This has coincided with
the introduction of new terminology, changing definitions
and new tests and technologies that may be confusing for
those who are less familiar with the field of acute kidney
injury (AKI). In this paper, we present a short glossary of
terms that commonly appear in the literature. Our goal is
not to provide a comprehensive review of AKI but rather
a short guide for the beginner and the perplexed.

Acute kidney injury
The term “acute kidney injury (AKI)” was introduced in
2004 to replace commonly used but not well defined terms
like “acute renal failure, “acute kidney dysfunction” or
“acute renal impairment” [1]. The definition evolved from
the Risk- Injury -Failure-Loss-End stage (RIFLE) criteria
in 2004 to the AKI Network classification in 2007 to the
most recent Kidney Disease Improving Global Outcomes
consensus classification in 2012 [1-3]. According
o the KDIGO criteria, AKI is diagnosed if serum creati-
nine increases b or rises t
resumed
There are three stages
based on the changes in serum creatinine or urine output:
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AKIstage 3 Rise in serum creatinine_from base-
= line or to umol/l, or initiation of

renal repl therapy irrespec-
tive of serum creatinine, or

thﬁon rate (eGFR) tc-

Acute kidney disease
is defined as occurring

ney di

“acute kidney
ment of renal function
There is
after AKT or . To date, recovery encompasses any
improvement in renal function to complete return to
baseline function.

3, 4].

Diagnosis
Serum creatinine and urine output
The diagnosis of AKI is based on a rise in serum creati-

in skeletal
It is excreted unchanged into urine and has an inverse
exponential relationship with the glomerular filtration
rate (GFR) but can be affected by mass, sta-

AKI c‘asm!ca ions

as serum creatinine in existing
, 5]. It is expressed in ml/kg/h but
s to whether to use-or
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entirely

Creatinine-

GFR can be determined by measuring creatinine clear-
ance using a simple formula (Ucreatinine X volume)/

(tlllle X lcreatml 6 .

It requires the of for 2, 6, 12 or
e cal-

and measurement of creatinine concer!ration in
blood and urine. tends to
of renal function, canno
culated in anuric patients and on serum
concentrations being [6].

Several equations have been proposed to estimate GFR
based on serum creatinine concentrations [7]. They can

be useful to determine stable premorbid kidney function
but are in_-patients. The main rea-

son is that creatinine based equations are ir!.lenced by
both of which

overload and creatinine
during illness [7].

testing for blood, protein, leucocytes,
atients

is recommended for all
I. It may indicate the presence of a

!d— or urinary tract * but results
should always be interpreted alongside the clinical pic-

ture [8].

Measuring urinary electrolytes and --

(FE) of urea, uric acid or sodium

(FENa = Upatrium X Pereatinine)

Ucreatinine X Pratrium

may provide information about the underlying aetiology
of AKI but has to have a clear
with clinical and histopathological findings [9].

-biomarkers

New markers of renal function or tubular damage have
been evaluated, with variable success, as tools to diag-

nose AKI earlier than traditional tests and
outcomes [10, 11].

prognosticate

) and markers O

) are commercially avail-

Treatment

therapy
Different RRT modalities are provided in the ICU, includ-
ing traditional intermittent hemodialysis (IHD), hybrid

therapies such as
‘, “extended daily dialysis
intermittent renal replacement thera

tinuous renal replacement therapy and perito-
neal dialysis (PD) (Table 1). IHD, hybrid therapy or CRRT
require vascular access via a double lumen catheter. The
nomenclature related to access, circuit and membrane
characteristics has recently been redefined [12, 13]. To
provide PD, insertion of a peritoneal dialysis catheter is
necessary.

and “prolonge
” (PIRRT), con-

Hemodialysis

is based on whereby blood flows

which are immersed in a
with flow in the

direction. Bi-
occur across the membrane
concentration

and exc ange- To

is added.

depending on

Hemofiltration

is based on
is generated across the membrane an
are removed along f- through the

of the membrane. To compensate for unwanted losses
of fluid and electrolytes, a sterile solution

is administered either

i i o
emofiltration can be provided intermittently or con-
tinuously, alone or in combination [i.e. continuous veno-
venous hemodialysis (CVVHD), continuous veno-venous

hemofiltration (CVVH), continuous veno-venous hemo-
diafiltration .

Dose of RRT
In IHD and CRRT, the

or cloggin durallon ol !own—time, degree
of re-circulation and_ Antico-
agulation is usually required to prevent premature filter

clotting.

whereby a

Aki interactions

The term cardiorenal syndrome defines disorders of the
heart and kidneys whereby acute or chronic dysfunction
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Table 1 - RRT modalities for AKI and relevant technical terms

Intermittent therapies

Intermittent haemodialysis (IHD)

Slow low efficiency dialysis (SLED)
Prolonged intermittent RRT (PIRRT)
Extended daily dialysis (EDD)

Continuous renal replacement therapy (CRRT)

Continous veno-venous Hemodialysis (CVVHD)
Continous veno-venous Hemofiltration (CVVH)

Continous veno-venous Hemodiafiltration
(CVVHDF)

Slow continuous Ultrafiltration (SCUF)

Peritoneal Dialysis (PD)

Blood purification techniques which are provided intermittently for 4-16 h per day or alternate
days

IHD is typically provided for 3-5 h on a daily or alternate day basis. The advantages of IHD are
high efficiency, rapid clearance of small molecules (potassium, creatinine) and lower costs
than CRRT. Disadvantages include metabolic fluctuations, fluid shifts and risk of haemody-
namic instability in case of rapid fluid removal

Hybrid therapies that provide RRT for longer than standard IHD, i.e. usually for 8-12 h. IHD and
hybrid therapies have a role in situations where mobilization and rehabilitation are priority,
provided metabolic fluctuations and fluid shifts can be tolerated

CRRT is intended to be provided for 24 h per day. The advantages include less fluid shifts, better
haemodynamic tolerance in case of fluid removal and less metabolic fluctuations compared
to IHD

CRRT technique in which the dominant method of solute removal is diffusion
CRRT technique in which the dominant method of solute removal is convection

CRRT technique where dialysis and hemofiltration are combined. Both, a dialysate and pre- or
post dilution replacement solutions are used

Continuous technique aimed to remove fluid only. The necessary filters and catheters are
smaller and blood flow is slower compared to standard CRRT

PD is a blood purification technique where a sterile glucose-containing solution is infused into
the peritoneal cavity through a permanent peritoneal dialysis catheter, and the peritoneum
serves as the membrane across which solutes and water are exchanged from the blood.
Clearance and degree of fluid removal depend on the osmolarity of the solution, dwell time
and thickness of the peritoneum. Acute PD is the preferred technique in infants. It is also com-
monly used for AKI in developing countries

Vascular access

(cuffed or non-cuffed)

Fluids

[Replacement solution

Dialysate

Vrbrane e eton EGREER (L, o0

Surface area

Anticoagulation

The cut-off of a filter represents the

Access to systemic blood flow is established through double lumen catheters inserted into a
central vein (jugular, femoral or subclavian vein)

Double lumen catheters are specifically designed lines which are inserted in central veins. Their
diameter is usuall isithrough one lumen (often called
lumen”) and via the other lumen (often called lumen”)

Standard dual lumen catheters for temporary RRT do not have a cuff. In contrast, dual lumen
catheters for_ have a to seal the entry point and reduce the infection risk.
They can be used for longer period

Sterile solution which is infused or to compensate for fluid and electrolytes lost
during hemofiltration. The of replacement fluids can-according to protocols

and manufacturers

Sterile solution which flows through the filter (outside the fibres) and against which the plasma
equilibrates through the membrane

membrane. As membrane pores are
molecular weight of a solute with a

Membranes with a cut-off value Such membranes
have demonstrated sub-

stances
KUF represents the_ of the nd-
Ahwembrane is usually defined as [13]

Filter surface area is proportional to the number of fibres, their length, mean internal radius and
the number of p ir mean internal radius. Typical adult filter surface area for CRRT
ranges between 13]

Blood purification techniques involve an extra-corporeal circuit (except for PD). Anticoagulation
is usually required to prevent activation of the coagulation cascade and premature clot-
i or

ting. The options include anticoagulants (i.e.
ﬁtechniques

iven cut-off value corresponds to the
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Table 1 continued

RRT dose defines the

nd is expressed in ml/kg/h. Current guidelines recommend to
ithe dose on a-basis [3].In IHD,

dose is based on urea clearance using the Kt/V formula

Kt/V Kt/V is used to describe dialysis dose in IHD. K refers to urea clearance across the filter (i.e. filter
performance), tis the time when the dialytic treatment is applied and V is the patient’s distri-
bution volume of urea. The latter is usually difficult to evaluate in critically ill patients which
limits the value of this parameter in the ICU

Downtime Time during which CRRT is not applied. The reasons for downtime range from elective discon-
tinuation for diagnostic or therapeutic purposes to premature clotting

(“access”or

low cardiac output state or a

pressure.-ow

Common causes are
pressure may indicate that

catheter which may be due to intravascular
clamped

Pressure measured in the blood circuit-the

ressure is caused b of the
including a

pressure that
by

blood from the systemic circulation and thereb

Liquid collected from the outer part of the hemofilter consisting o_ano-

Itis discarded as
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=
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Clogging is the process by which cells progressively-on the
membrane which results i and efficacy. It is associated with an
|n-and coefficient
Clotting of the RRT circuit can occur in filter, venous chamber, catheter
etc.) and translates into (i.e. it is associated With-
* pressure)

Filraton faction 1 F i e B erveer BERERGATEH e tre GRS
at the end of the filter and the . Ideally, it should be kept

ICU intensive care unit, RRT renal replacement therapy

in one organ may induce acute or chronic dysfunction of = Compliance with ethical standards

the other [14]. Conflicts of interest
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acterized by functional impairment of the kidneys due
in the setting of
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