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The Kidney
Lesson 1

Learning objectives

• To recognise the role of the components of the kidney in  
maintaining kidney functions

• To understand the blood pathways of the kidney and the  
roles of the nephron

• To be able to identify the functions of the kidney
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Notes

The Kidney

• The kidneys are two bean-shaped organs, located just below 
the inferior boundary of the rib cage.

• Each kidney can function independently of the other.
• Each adult kidney weighs approximately 110 – 170 g and is  

about the size of a human fist.
• The adult kidneys receive 1200 ml of blood (25 % of cardiac 

output) every minute. That is 72 litres per hour or 1728 litres  
per day.

• Normal kidney function is measured in terms of glomerular 
filtration rate (GFR). Normal GFR is typically 90 – 120 ml / min.  
An estimation of Glomerular Filtration Rate (eGFR) can be  
calculated based on age and serum creatinine.

The kidney mainly consists of a cortex (outer layer), a medulla (inner layer) and a renal pelvis for collecting 
urine; the working part of the kidney is called the nephron, there are approximately one million nephrons in 
each kidney and they continuously filter the blood.

Nephrons can be classified into two types; Cortical and Juxtamedullary Nephrons:

• Cortical nephrons have their glomerulus in the outer cortical layer and the remainder of the nephron 
rarely enters the medulla. The majority of nephrons are cortical, they make up about 70 – 80 % of 
the nephrons in a kidney. Cortical nephrons have a shorter loop of Henle than the juxtaglomerular 
nephrons.

• Juxtamedullary nephrons usually have their glomerulus close to the corticomedullary junction and 
the other parts of this nephron enter the medulla. These nephrons are rarer and make the remain-
ing 20 – 30 % of the nephrons in the kidney. The greater gradient into the medulla make this type of 
nephron do more work than the shallower cortical nephrons. It is these nephrons that are responsi-
ble for the development of the osmotic gradients in the renal medulla which are used to concentrate 
urine.

When the urine has been produced it passes through the renal pelvis, down the ureter and into the bladder 
where it is stored prior to elimination via the urethra.
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Notes

The Blood Pathways

Blood leaves the heart, enters the abdominal aorta 
and enters the kidney through the renal artery.

The renal artery divides into seven branches of  
arterioles until it becomes the afferent arteriole. The 
afferent arteriole carries blood to the glomerulus, 
where it is filtered. It then leaves the glomerulus 
through the efferent arteriole, and is returned to the 
venous system.

This system branches into many larger vessels until 
it becomes the renal vein. Blood leaves the kidney 
via the renal vein, and is returned to the heart via the 
inferior vena cava.

Nephron

Glomerulus

Blood from 
the heart

Blood back 
to the heart

Tubules
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Notes

The Nephron

The Nephron

The functional unit of the kidney is called a nephron. 
Each kidney has about one million nephrons. Each 
nephron contains a glomerulus, which functions as 
an individual filtering unit. It also contains tubules for  
secretion and absorption of substances.

The Glomerulus

The glomerulus consists of a group of cells with selective permea-
bility. This selective permeability means that certain substances will 
cross the membrane and others will not be allowed to cross. Through 
selective permeability, the kidneys regulate fluid and electrolyte  
balance. The kidneys produce approximately 180 litres of filtrate per 
day. Only 1.5 – 2 litres are excreted as urine. The remaining 178 litres 
remain in the body. This is simply recycled body water.

The Afferent and Efferent Arterioles

The afferent arteriole has a larger lumen than the efferent arteriole. 
Therefore, blood flows into the glomerulus faster than it flows out, 
which creates a pooling of blood in the Bowman’s capsule. 
Hydrostatic pressure and capillary plasma oncotic pressure on the 
blood will force fluid to cross the glomerular membrane and enter the 
tubules. This process is known as ultrafiltration.

Glomerulus
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The main physiological processes in the nephron are:

Glomerular filtration

Blood flows through the afferent arteriole, into the Glomerular  
Capsule (also known as Bowman’s Capsule). It is here that water and 
most solutes in plasma pass from the blood across the wall of the 
glomerular capillaries into the Bowman’s capsule. Blood leaves the 
capsule via the efferent arteriole.

Tubular reabsorption

This system returns most of the filtered water and many of the filtered 
solutes back to the blood. In fact, about 99 % of the approximate 180 
litres of filtrate is returned to the blood stream. Solutes that are 
reabsorbed, both actively and passively include: sodium, 
potassium, chloride, calcium, phosphate, urea, 
bicarbonate, amino acids and glucose.

Tubular Secretion

As fluid moves along the tubule and through the  
collecting duct, waste products, (such as excess 
ions and drugs) are added into the fluid.

As filtrate flows through the tubular network, special 
cells will respond to the need for reabsorption and 
secretion.
The end product of this filtrate is urine. The urine 
color is light to dark yellow depending on volume, 
and the color is provided by solutes. Substances 
including urea, creatinine, phosphorus, potassium, 
acids, etc. are cleaned and filtered to keep the blood 
values normal.

The kidneys also produce renin, vitamin D and erythropoietin. Renin 
promotes sodium retention and it also causes vasoconstriction.  
Vitamin D stimulates calcium and phosphate absorption. Erythropoietin 
promotes production of red blood cells in the bone marrow.
The goal of the kidney is to maintain a normal balance of fluids,  
electrolytes, minerals and acid-base. It works continuously to  
preserve equilibrium and homeostasis.
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Notes

Kidney Functions

The kidneys have several functions and Continuous Renal Replacement Therapy (CRRT) can only support 
some of these. The main functions of the kidneys are to maintain a normal balance of fluids, electrolytes, 
minerals and acid-base. It uses the following mechanisms continuously to preserve equilibrium and home-
ostasis.

Fluid balance - Through ultrafiltration and reabsorption of water.
Electrolyte balance - Through reabsorption and excretion of electrolytes.
Acid-base balance - Through reabsorption and excretion of buffering ions.
Excretion of drugs and by-products of metabolism - Nitrogen - Urea - Creatinine.

However, CRRT cannot replace other vital kidney functions:
Synthesis of erythropoietin - Stimulates the bone marrow to produce healthy 
red blood cells and help them mature.
Regulation of blood pressure - Secretes renin to help regulate blood pressure 
through the renin-angiotensin system. Renin promotes sodium retention and it 
also causes vasoconstriction.
Maintenance of calcium: phosphorus balance - A normal ratio is 2:1. The  
kidneys produce the active vitamin D and regulate calcium. The kidneys are also 
the major excretor of phosphorus.

In advanced Chronic Kidney Disease (CKD), the phosphate excretion is impaired 
and phosphate may bind with calcium and deposit in blood vessels and soft  
tissues.
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Acute Kidney Injury
Lesson 2

Learning objectives

• To be able to define Acute Kidney Injury (AKI)
• To be able to classify the common causes of AKI
• To have an appreciation of the phases of AKI
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Notes

Acute Kidney Injury

In the setting of critical care patients Acute Kidney Injury (AKI) can be defined simply as “an abrupt  
decline in glomerular filtration rate”.1 There is no universally accepted definition of AKI and definitions  
continue to evolve, aided by a series of tools which help identify an emerging AKI from RIFLE (2004)2, 
through AKIN (2007)3, to KDIGO (2012)4 .

AKI is a global problem and occurs in the community and in the hospital where it is common on medical, 
surgical, peadiatric, oncology wards, and in critical care units. Irrespective of its nature, AKI is a predictor 
of immediate and long-term adverse outcomes. AKI is common, harmful, and potentially treatable. Even a 
minor acute reduction in kidney function has an adverse prognosis. Early detection and treatment of AKI 
may improve outcomes.4

In a UK hospital-wide population the estimated mortality of those diagnosed with a Stage 3 AKI mortality 
sits at 36 %5. This translates into the estimated excess inpatient deaths associated with AKI in England that 
could be above 40,000. The estimated annual cost of AKI-related inpatient care in England is £ 1.02 billion, 
just over 1 % of the NHS Budget6.

Symptoms of an AKI

• Waste products that are usually excreted  
by the kidney accumulate in the blood.

• AKI may be accompanied by metabolic,  
acid-base and electrolyte disturbances and  
fluid overload.

• AKI may affect many other organ systems.
• AKI may require treatment7

1 Jefferson JA, Schrier RW. Pathophysiology and Etiology of Acute Renal Failure. In: Comprehensive Clinical Nephrology 3rd Edition. Philadelphia:Mosby 2007 755-770.
2 Bellomo R, Ronco C, Kellum JA, et al. Palevsky P and the ADQI workgroup. Acute renal failure— definition, outcome measures, animal models, fluid therapy and  
 information technology needs: the Second International Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care 2004;8:R20.
3 Mehta RL, Kellum JA, Shah SV, et al. Acute Kidney Injury Network: report of an initiative to improve outcomes in acute kidney injury. Crit Care 2007.
4 Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group (2012). KDIGO Clinical Practice Guideline for Acute Kidney Injury. Kidney  
 international., Suppl. 2012; 2: 1–138.
5 Selby NM et al Use of electronic results reporting to diagnose and monitor AKI in hospitalized patients. CJASN 2012; 7(4): 533-40
6 Kerr 2014 The economic impact of acute kidney injury in England. Nephrology Dialysis Transplantation. 2014 29(7):1362-8.
7 Clarkson MR, Friedewald JJ, Eustace JA, Rabb H. Acute Kidney Injury. In: The Kidney. 8th ed. Philadelphia, PA: Saunders Elsevier; 2008:943-986.
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Notes

Acute Kidney Injury Classification8

A. Pre-Renal

Pre-renal failure typically results from decreased blood flow to the 
kidneys. The reduction in glomerular filtration enables the solutes in 
the blood to accumulate but does not cause any structural damage 
to the kidney itself. Examples of situations leading to pre-renal failure 
may include:

• Dehydration
• Hemorrhage
• Congestive Heart Failure
• Sepsis
• Embolism / Thrombosis

B. Renal (Intra-Renal)

Intra-renal failure typically involves direct injury to the kidney itself.  
The most common cause is Acute Tubular Necrosis (ATN). 
Some causes are:

• Ischemia
• Hypertension
• Nephrotoxins
• Some systemic vascular diseases such as Lupus

C. Post-Renal

In post-renal failure, the underlying cause is typically a bilateral  
obstruction below the level of the renal pelvis and may be due to:

• Tumour development
• Thrombi
• Calculi
• Hypertrophic prostate

8 Clarkson MR, Friedewald JJ, Eustace JA, Rabb H. Acute Kidney Injury. In: The Kidney. 8th ed. Philadelphia, PA: Saunders Elsevier; 2008:943-986.
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Notes

Clinical Phases of Acute Kidney Injury

In most cases of Acute Kidney Injury, patients will progress through 
distinct phases as outlined below. However, in some cases, AKI may 
present without oliguria.

• Low urine output 
(less than 400 ml / h)

• Possibly protein in the 
urine

• Electrolyte imbalances
• Metabolic acidosis

• Begins when urine out-
put begins to rise

• Has variable time frames, 
sometimes occurring as 
little as 24 hours after the 
onset of renal failure

• Associated with potas-
sium and sodium loss in 
the urine

• Enhanced urine output 
may not reflect restored 
kidney function but rather 
may be the result of 
accumulating serum urea 
and creatinine, which 
have an osmotic diuretic 
effect

• May last several months 
following the onset of the 
Acute Kidney Injury

• During this period, kidney 
function gradually returns 
to normal and proper 
urine concentrations and 
volumes are achievedO
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Notes

How To Identify An AKI

A series of tools have been developed in order to help nurses and clinicians identify an emerging AKI as  
research suggests a potential decrease in mortality when an AKI is identified and treated early9. These 
tools began with RIFLE (2001), AKIN (2007) and KDIGO (2012), a summary of these tools is found below10.

Urine output
(common to all)

KDIGO stage
Serum creatinine

AKIN stage
Serum creatinine

RIFLE class
Serum creatinine or GFR

< 0.5 ml / kg / h 
for 6 h

Stage 1 Increase of 1.5 - 1.9 
times baseline or 
 27 μmol / l  

(  0.3mg / dl)  
increase

Stage 1 Increase to 
> 150 - 200 % 
(1.5 - 2-fold) from base-
line or  27 μmol / l  
(  0.3mg / dl) increase

Risk Increase in serum 
creatinine x 1.5 or GFR 
decrease > 25 %

< 0.5 ml / kg / h 
for 12 h

Stage 2 Increase of 2-2.9 
times baseline

Stage 2 Increase to 
> 200 - 300 % 
(> 2 - 3-fold from  
baseline

Injury Increase in serum  
creatinine x 2 or GFR 
decrease > 50 %

< 0.53ml / kg / h 
for 24 h or anuria 
for 12 h

Stage 3 Increase of > 3 
times baseline or 
increase in  
serum creatinine  
to  354 μmol / l  
(  0.4 mg / dl) or  
initiation of RRT

Stage 3 Increase to > 300 % 
(>3-fold) from baseline 
or  354 μmol / l  
(  0.4 mg / dl) with 
an acute increase 
of > 44 μmol / l 
(> 0.5 mg / dl) or 
initiation of RRT

Failure Increase in serum 
creatinine x 3 or serum 
creatinine  354 μmol / l  
(> 4 mg / dl) with an 
acute rise  44 μmol / l 
(> 0.5 mg / dl) or GFR 
decrease > 75 %

ESRD ESRD > 3 month

The AKIN and KDIGO tools both use 
a 3 stage process as seen in the table 
above. The RIFLE classification uses 5 
stages; Risk, Injury, Failure, Loss and 
End Stage Kidney Disease (ESKD).  
The full tool is seen here

9 Kellum J, Ronco C, Joannidis M (2012) An emerging consensus for AKI ICU Management 12 (1) 38-40
10 Adapted from Kristensen et al (2014) ESC/ESA Guidelines on non-cardiac surgery: cardiovascular assessment and management The Joint Task Force on non-cardiac 
 surgery: cardiovascular assessment and management of the European Society of Cardiology (ESC) and the European Society of Anaesthesiology (ESA). European Heart  
 Journal 35 (35) 2383–2431
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Notes

When To Treat?

The timing for initiation of CRRT remains controversial. It is clear that if 
the conventional symptoms of acid-base balance disturbances, hyper-
kalaemia, fluid overload are present, these will need correction.
However, there is a difficulty in estimating the likelihood of recovery 
from the AKI and this may complicate this decision.11 Biomarkers may  
also play an increasing role in assisting the decision of when to initiate 
CRRT, as more research becomes available.

Some observational studies have suggested that early CRRT in criti-
cally ill patients with AKI may have a beneficial impact on survival12, 13. 
Conclusions drawn from six known randomised control trials (RCTs) 
and > 20 observational studies have shown that there is, as yet, no  
accepted definition of ‘early’ and ‘late’ stages of AKI. Some conclu-
sions did discuss the link betweeen the earlier commencement of 
CRRT in critically ill patients with an AKI but this is based on studies 
of variable quality12. The debate has been made for early treatment 
having links to improved recovery but there are also emerging litera-
ture that unnecessary CRRT may be harmful for renal recovery14. 

“When to treat” is a challenge for clinicians but combined with the 
practical skill and training of each ICU team, treatment is based on the 
clinical information at the time. Some of the clinical factors taken into 
consideration include; fluid and metabolic homeostasis, prevention of 
fluid overload vs. line insertion, anticoagulation and loss of drugs and 
nutrients and immobilisation without any definitive answer on the im-
pact these will have on patient survival and renal recovery. The deci-
sion to start CRRT is individual to each clinical team.15

11 Katz N & Ronco C Acute kidney stress - a useful term based on evolution in the understanding of acute kidney injury. Critical Care (2016) 20:23.
12 Karvellas CJ, Farhat MR, Sajjad I, Mogensen SS, Leung AA, Wald R, Bagshaw SM: A comparison of early versus late initiation of renal  replacement therapy in critically  
 ill patients with acute kidney injury: a systematic review and meta-analysis. Crit Care 2011, 15:R72.
13 Seabra VF, Balk EM, Liangos O, Sosa MA, Cendoroglo M, Jaber BL: Timing of renal replacement therapy initiation in acute renal failure: a meta-analysis. Am J Kidney  
 Dis 2008, 52:272-284.
14 Clark E & Bagshaw SM Unnecessary renal replacement therapy for acute kidney injury is harmful for renal recovery (2015) .Seminars in Dialysis 28(1) 6-11.
15 Ostermann M, Dickie H, Barrett NA. Renal replacement therapy in critically ill patients with acute kidney injury--when to start. (2012) Nephrology Dialysis Transplant  
 27 (6) 2242-2248.
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Glomerular �ltration
Cystatin C
NGAL
RBP

Proximal tubule
Cystatin C
NAG
α-GST
γ-GT
NGAL
KIM-1
IL-18
RBP
L-FABP
α1/ß2 microglobulin

Distal tubule
α-GST
NAG
NGAL

Collecting duct
NGAL

I
II

III

IV

V

VI

VII

16 Srisawat, Nattachai, et al. Urinary biomarkers and renal recovery in critically ill patients with renal support. Clinical Journal of the American Society of Nephrology 6.8  
 (2011): 1815-1823.
17 Ostermann,M ,Philips,B.J &Forni L.G. Clinical review: biomarkers of acute kidney injury: where are we now. Critical Care 16.5 (2012): 233.

Biomarkers in AKI

Several blood and urinary biomarkers have been investigated in recent 
years with the purpose of guiding early diagnosis of AKI in the hope 
of improving patient and kidney outcome. Because these markers rep-
resent renal cell injury and function, their presence in blood and urine 
over time either alone or in combination could provide clinicians with a 
vital new diagnostic tool relating to renal recovery. These observations 
are made both before, during and after CRRT. Currently, there are no 
agreed biomarker/s that should be monitored as research around this 
topic is new and still emerging.
Some examples of the biomarkers currently researched include; 
urinary neutrophil gelatinase-associated lipocalin (uNGAL) of which 
that are 3 subtypes, urinary hepatocyte growth factor (uHGF), urinary  
cystatin C (uCystatin C), IL-18 and neutrophil gelatinase-associated 
lipocalin/matrix metalloproteinase-9.16 These biomarkers represent 
different areas of the affected kidney including glomerular function, 
tubular function, of inflammation and repair and tubular damage as can 
be seen in Figure 1.17

Biomarkers may provide a useful addition to proactive clinical judg-
ment in treating AKI.

Figure 1
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What is CRRT?
Lesson 3

Learning objectives

• To be able to define Continuous Renal Replacement Therapy 
(CRRT)

• To understand the principles of fluid and solute management  
in CRRT

• To understand the goals of AKI management
• To understand the rationale for using each CRRT modality:

• Slow Continuous Ultrafiltration (SCUF)
• Continuous Veno-Venous Hemofiltration (CVVH)
• Continuous Veno-Venous Hemodialysis (CVVHD)
• Continuous Veno-Venous Hemodiafiltration (CVVHDF)
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Notes

CRRT: Definition and Indications

Continuous Renal Replacement Therapy (CRRT) is indicated for con-
tinuous solute removal and / or fluid removal in the critically ill patient. 
It allows for slow and isotonic fluid removal that results in better  
hemodynamic tolerance even in unstable patients with shock and  
severe fluid overload.
CRRT can be modified at any time of the day and night to allow  
adaptation to the rapidly changing hemodynamic situation of critically 
ill patients. CRRT indications may be renal, non-renal, or a combination 
of both. It is the treatment of choice for the critically ill patient requiring 
renal support and / or fluid management .

Indications for CRRT18

An AKI combined with:

• Hemodynamic instability (cardiovascular)
• Severe fluid overload unresponsive to diuretics
• Hypercatabolic states / trauma - rhabdomyolysis
• High fluid requirements (nutrition, blood products)

Non-renal indications:

• Sepsis
• Lactic acidosis and acid-base disturbances
• Acute respiratory distress syndrome (ARDS)
• Multiple organ dysfunction score (MODS)
• Chronic congestive heart failure (CHF), or decompensated CHF 

Pre- and post-cardiovascular surgery / coronary artery bypass 
graft (CABG)

• During extracorporeal membrane oxygenation (ECMO) for fluid 
management.

18 Rona A, Fumagalli R. (2009) Indications for Renal Replacement Therapy in the Critically Ill Patient. In: Critical Care Nephrology. 2nd ed. Philadelphia, PA: Saunders  
 Elsevier; 1328-1332.
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Goals of CRRT

The main goals of CRRT are removal of waste products, restoration of 
acid - base balance, and correction of fluid and electrolyte abnormali-
ties, while maintaining hemodynamic stability. The goal of any contin-
uous renal replacement therapy is to replace the lost function of the 
native kidney. While CRRT provides a good option for a patient with 
AKI, nothing will replace the complete function of a healthy kidney. 
The illustration below demonstrates how the CRRT system attempts 
to mimic the function of the native kidney.

Renal artery = Access line

Kidney = Hemofilter

Renal vein = Return line

Ureter = Filtrate line

Bladder = Filtrate waste bag
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Notes

AKI Management and Therapy Goals

AKI Management Goals

• Fluid balance
• Correction of electrolyte abnormalities
• Restoration of acid-base balance
• Removal of waste products
• Hemodynamic stabilisation
• Nutritional support

CRRT Therapy Goals

All CRRT therapies have as their goal the removal of 
additional water and cleaning of the blood.
The AquariusTM System uses the transfer mech-
anisms of ultrafiltration, diffusion, convection  
described in the following section. Only plasma wa-
ter is removed by ultrafiltration, wastes are removed 
from the blood by diffusion and convection through 
the filter membrane.
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Treatments

CRRT includes several treatment modalities that use a veno-venous access. The choice will depend on the 
needs of the patient and on the preference of the physician.

Slow Continuous Ultrafiltration19 (SCUF)

Removal of ultrafiltrate at low rates without administration of a substitution solution. The purpose is to 
prevent or treat volume overload when waste product removal or pH correction isn’t necessary.

Continuous Veno-Venous Hemofiltration19 (CVVH)

Continuous convective removal of waste products (small, medium and large molecules) utilising a substi-
tution solution. pH is affected by the buffer contained in the substitution solution.

Continuous Veno-Venous Hemodialysis19 (CVVHD)

Continuous diffusive removal of waste products (small and medium molecules) utilising a dialysate
solution. pH is affected by the buffer contained in the dialysate.

Continuous Veno-Venous Hemodiafiltration19 (CVVHDF)

Continuous diffusive and convective removal of waste products (small, medium and large molecules)  
utilising both dialysate and substitution solution. pH is affected by the buffer contained in the dialysate and 
substitution solution.

19 AquariusTM System Instructions for Use.

CRRT / Blood Purification

Hemofiltration
Convection

Hemodialysis
Diffusion

SCUF

CVVH

CVVHDF

CVVHD
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Principles of CRRT / Solute Management: 
Ultrafiltration

• Ultrafiltration can be defined as: ‘the movement of fluid across a semi-permeable 
membrane with a hydrostatic pressure’.

• Positive pressure is generated on the blood side of the membrane and negative 
pressure is generated on the fluid side.

• This gradient, positive to negative, influences the movement of fluid from the 
blood side to the fluid side of the membrane; this can then be removed by the 
filtrate pump and placed in the waste bag.

• The rate of ultrafiltration depends on the pressure applied to the filter membrane, 
inside and outside the fibres.

• Minimal solute clearance occurs during ultrafiltration.

• Ultrafiltration is found in SCUF and CVVH.

The figure above demonstrates the physiologic principles.
(Not drawn to scale.)

Water molecules
Blood cells
Positive pressure
Negativ pressure
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Slow Continuous Ultrafiltration19 (SCUF)

Primary therapeutic goal:
• Management of fluid removal

Principle used:
• Ultrafiltration (water removal)
• Convection (clearance)

Primary indications:
• Fluid overload

Therapy characteristics:
• No dialysate or substitution  

solutions
• Fluid removal only

19 AquariusTM System Instructions for Use.
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Principles of CRRT / Solute Management: 
Convection

• Convection can be defined as; ‘the movement of fluid across a semi-permeable 
membrane creating a solute drag’.

• Pressure difference between the blood and ultrafiltrate causes plasma water to be 
filtered across. This causes solvent drag for small and large molecules across the 
membrane leading to their removal from the blood.

• The ultrafiltrate containing the solute should be replaced by substitution solutions. 
These substitution solutions must have near physiological levels of electrolytes 
and buffer, and be sterile.

• Convection is an active transport mechanism, its solute clearance being predicta-
ble for a given amount of therapy. Simply put, the faster the substitution fluid flow 
rate, the better the solute clearance. Convection is found in CVVH and CVVHDF.

The figure above demonstrates the physiologic principles.
(Not drawn to scale.)

Bicarbonate
Potassium
Urea
TNF α
Blood cells
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Continuous Veno-Venous Hemofiltration19 (CVVH)

Primary therapeutic goal:
• Solute removal and management  

of fluid volume

Principle used:
• Convection

Primary indications:20

• Uremia, acid - base or electrolyte 
imbalance, fluid overload

Therapy characteristics:
• Requires substitution solution to 

drive convection
• No dialysate solution
• Used to achieve solute removal 

(small, medium and large sized  
molecules) and fluid balance
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19 AquariusTM System Instructions for Use.
20 Rona A, Fumagalli R. Indications for Renal Replacement Therapy in the Critically Ill Patient. In: Critical Care Nephrology. 2nd ed. Philadelphia, PA: Saunders Elsevier; 
 2009:1328-1332.
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Notes

Principles of CRRT / Solute Management: 
Diffusion

Diffusion is the movement of solutes through a semi-permeable membrane from an 
area of higher concentration to an area of lower concentration until equilibrium has been 
established.

• Solutes move from a higher concentration to a lower concentration
• Diffusion occurs when blood flows on one side of the membrane, and  

dialysate solution flows counter-current on the other side
• The dialysate does not mix with the blood, but some molecules from the  

dialysate such as bicarbonate do move from the dialysis side to the blood  
side of the membrane

• Efficient for removing small and medium molecules 
• Molecular size and membrane type can affect clearances
• Diffusion is a hemodialysis principle

The figure above demonstrates the physiologic principles.
(Not drawn to scale.)
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Notes

Continuous Veno-Venous Hemodialysis19 (CVVHD)

Primary therapeutic goal:
• Solute removal and management  

of fluid volume

Principle used:
• Diffusion

Primary indications:20

• Uremia, acid - base or electrolyte 
imbalance, fluid overload

Therapy characteristics:
• Requires dialysate solution with a 

buffer to drive diffusion
• No substitution solution
• Used to achieve solute removal 

(small and medium sized molecules) 
and fluid balance

HEPARIN 
PUMP

EFFLUENT

EFFLUENT
PUMP

BLOOD
PUMP

DIALYSATE PUMP
POST-DILUTION 

SUBSTITUTION PUMP

ACCESS 
PRESSURE

PRE-FILTER 
PRESSURE

FILTRATE 
PRESSURE

RETURN
PRESSURE

HEAT 
CONTROL

DEGASSING
UNIT

HEATER

DIALYSATE
SCALE

FILTRATION
SCALE

AIR
BUBBLE

TRAP

AIR
BUBBLE

DETECTOR

AUTOMATIC
CLAMP 

BLOOD LEAK
DETECTOR

DIALYSATE
SOLUTION

FILTER

(NOT RUNNING)

19 AquariusTM System Instructions for Use.
20 Rona A, Fumagalli R. Indications for Renal Replacement Therapy in the Critically Ill Patient. In: Critical Care Nephrology. 2nd ed. Philadelphia, PA: Saunders Elsevier; 
 2009:1328-1332.
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Notes

Principles of CRRT / Solute Management:  
Convection and Diffusion

During Continuous Veno-Venous Hemodiafiltration (CVVHDF), blood is driven through 
a hemofilter via an extracorporeal blood circuit.

• Sterile, physiological substitution solution is infused into the blood circuit after 
the filter.  
Filtrate is removed simultaneously at an equal or greater rate and dialysate  
solution flows through the dialysate side of the filter, counter-current to the 
blood flow. CVVHDF is used to achieve solute removal (small, medium and  
large sized molecules) and fluid balance.

• The principles of clearance are convection and diffusion.
• The substitution solution, dialysate solution and filtrate are controlled and  

balanced by the substitution pumps (the dialysate pump is the pre-dilution 
pump), the filtrate pump and the scales.

The figures above demonstrate the physiologic principles.
(Not drawn to scale.)

Convection Diffusion
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Notes

Continuous Veno-Venous Hemodiafiltration19 (CVVHDF)

Primary therapeutic goal:
• Solute removal and management  

of fluid volume

Principle used:
• Diffusion and convection

Primary indications:20

• Uremia, acid - base or electrolyte 
imbalance, fluid overload

Therapy characteristics:
• Requires dialysate solution and sub-

stitution solution, both with a buffer, 
to drive diffusion and convection

• Used to achieve solute removal 
(small, medium and large sized  
molecules) and fluid balance

HEPARIN 
PUMP

FILTRATE AND

EFFLUENT PUMP

EFFLUENT BAG

FILTRATION AND

BLOOD
PUMP

DIALYSATE PUMP
POST-DILUTION 

SUBSTITUTION PUMP

ACCESS 
PRESSURE

PRE-FILTER 
PRESSURE

FILTRATE 
PRESSURE

RETURN
PRESSURE

HEAT 
CONTROL

DEGASSING
UNIT

HEATER

DIALYSATE AND
SUBSTITUTION

SCALE
FILTRATION

SCALE

AIR
BUBBLE

TRAP

AIR
BUBBLE

DETECTOR

AUTOMATIC
CLAMP 

BLOOD LEAK
DETECTOR

DIALYSATE AND

SOLUTION
SUBSTITUTION

FILTER

19 AquariusTM System Instructions for Use.
20 Rona A, Fumagalli R. Indications for Renal Replacement Therapy in the Critically Ill Patient. In: Critical Care Nephrology. 2nd ed. Philadelphia, PA: Saunders Elsevier; 
 2009:1328-1332.
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Notes

Principles of CRRT / Solute Management: 
Adsorption

Adsorption is the adherence of solutes and biological matter to the surface 
of a membrane.

• High levels of adsorption can cause certain filters to clog and become ineffective
• Membrane type affects adsorptive tendencies / effectiveness
• Adsorption may also cause limited removal of some solutes (e. g. plasma  

cytokines) from the blood21

The figure above demonstrates the physiologic principles.
(Not drawn to scale.)

22 Hasse M. A pilot study of high adsorption hemofiltration in human septic shock. The International Journal of Artificial Organs 30(2) 108-117.

Certain plasma proteins
Blood cells
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Notes

CRRT and Recovery

Though several studies have shown similar outcomes between CRRT and Intermittent 
Hemodialysis (IHD), CRRT has physiological advantages in critically ill patients. It 
can provide hemodynamic stability, volume control and improved blood pressure  
support 22,23,24,25. 
When normal kidney function can be restored, freedom from the need for chronic  
dialysis can provide the patient with a better quality of life. The following illustration  
depicts kidney function from a healthy kidney, to failure, to treatment, to recovery.

22 Ronco C, Cruz D, Bellomo R. Continuous Renal Replacement in Critical Illiness. In: Contributions to Nephrology. Basel, Switzerland: Karger; 2007; 156:309-319.
23 Ghahramani N, Shadrou S, Hollenbeak C. A Systematic Review of Continuous Renal Replacement Therapy and Intermittent Haemodialysis in Management of Patients  
 With Acute Renal Failure. Neph. 2008;13:570-578.
24 Cruz D, Ricci Z, Silva S, Ronco C. Continuous Renal Replacement Therapies. In: Therapy in Nephrology & Hypertension. 3rd ed. Philadelphia, PA: Saunders Elsevier;  
 2008:73-80.
25 Himmelfarb J. Continuous Renal Replacement Therapy in the Treatment of Acute Renal Failure: Critical Assessment is Required. Clin J Am Soc Nephrol. 2007;  
 2(2):385-389.

Normal
Kidney function

AKI / Sepsis / Fluid overload

Restored 
Kidney function

CRRT / Blood puri�cationInjury / Disease



36 Module 1 I Lesson 3 I What is CRRT?

Notes

CRRT and Dose

Like many other treatments, CRRT treatment dose is weight 
related and therefore, adjusted to individual patient weight. 
The goal of the first research investigating dosing of CRRT 
was to measure improvements in survival rate and recovery 
of renal function after different doses of therapy. The con-
clusions made at that point indicated a relationship between 
higher dosing and patient survival.26

Further research has reported there is no difference in survival 
between a prescription of 25 and 40 ml / kg / h therapy dose27. 
Even in a subgroup of sepsis patients, higher therapy doses 
(40 ml / kg / h) had no impact on mortality. The outcome of the 
RENAL study; a large randomised control trial that showed 
no difference in mortality at 90 days between those who  
received 25 ml / kg / h or 40 ml / kg / h.

Conclusions drawn from a large multi-centre observational study are that it is not the 
prescription dose that is the key to effective treatment. They identified a difference  
between the prescribed dose and the delivered dose, that being what the patient actually 
receives. Typically, therapy dose would be prescribed at 35 ml / kg / h, in practice the de-
livered therapy dose was on average 8 ml / kg / h less.28

It is now accepted that the prescription dose should exceed that calculated to be  
adequate because of this known gap. Delivered dose of therapy should be assessed to 
ensure the adequacy of the prescription. Prescribed dose of therapy should be assessed 
daily to account for any measured shortfalls in delivered dose.

This research is supported by the recommendation for patients with AKI and / or multiple 
organ failure treated by CRRT to receive a minimum, delivered therapy dose equivalent 
to ≥ 25 ml / kg / h3.

3 Mehta RL, Kellum JA, Shah SV, et al. Acute Kidney Injury Network: report of an initiative to improve outcomes in acute kidney injury. Crit Care 2007.
26 Ronco C, Bellomo R, Homel P, Brendolan A, Dan M, Piccinni P, La Greca G. (2000) Effects of different doses in continuous veno-venous haemofiltration 
 on outcomes of acute renal failure: a prospective randomised trial. Lancet; 356 (9223):26-30.
27 Palevsky PM et al Intensity of renal support in critically ill patients with acute kidney injury. New England Journal of Medicine 2008 Jul 3;359(1):7-20.
28 Vesconi S, et al Delivered dose of renal replacement therapy and mortality in critically ill patients with acute kidney injury. (2009) Critical Care. 13(2).
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The Use of CRRT for Sepsis

Sepsis is characterised by a systemic inflammatory reaction which 
involves complex interactions between endothelial cells, platelets,  
leukocytes, coagulation system and multi inflammatory mediators29.
The Surviving Sepsis Campaign define sepsis as:

• the presence (probable or documented) of infection.
• Severe sepsis is defined as sepsis plus sepsis-induced organ 

dysfunction and tissue perfusion.30

Severe sepsis and septic shock are leading causes of multiple or-
gan dysfunction syndrome (MODS), and death, in the intensive care 
unit (ICU). The associated mortality remains very high, ranging from 
30 - 50 %. This is despite advances in the management of patients 
with severe sepsis and septic shock including early recognition, 
source control, timely and appropriate administration of antimicrobi-
al agents, and hemodynamic, ventilatory, and metabolic support29.
The Surviving Sepsis Campaign suggest the use of CRRT or IHD in 
patients with severe sepsis and acute renal failure however the use of CRRT is preferred 
in hemodynamically unstable patients with sepsis.

It has been widely accepted that the release of pro- and anti-inflammatory mediators 
that occur in severe sepsis contribute to the development of multiple organ dysfunction 
syndrome (MODS), which includes acute renal failure (ARF)31. The use of CRRT in this 
patient group with the aim of removing inflammatory mediators and assisting in treating 
the MODS is controversial, as this would involve exposing patients to CRRT and its  
associated risks before they require support for their kidney function32.

Theoretically, high-dose CRRT could remove mediators by convection and / or adsorption 
and reduce mortality, even in the absence of ARF26, but this has not been conclusively 
shown to provide a defined improvement in patient outcome. However, most current 
clinical practice guidelines suggest that in ARF, with or without sepsis, a dose of at least 
35 ml / kg / h should be prescribed32.

29 Borthwick et al (2013) High-volume haemofiltration for sepsis The Cochrane Database for Systematic Reviews 31:1 accessed January 26th 2016 
 http://www.ncbi.nlm.nih.gov/pubmed/23440825.
30 Surviving Sepsis Campaign International Guidelines for Management of Severe Sepsis and Septic Shock: 2012, condensed from Dellinger RP, Levy MM, Rhodes A,  
 et al: Surviving Sepsis Campaign: International guidelines for management of severe sepsis and septic shock. Intensive Care Medicine 2013; 39(2): 165-228 and Critical  
 Care Med 2013; 41(2): 580-637.
31 Cole L. et al (2001), High-volume haemofiltration in human septic shock Intensive Care Medicine, vol. 27, no. 6, pp. 978–986 9 – Horner C et al (2007) Hemofiltration and 
 immune response in severe sepsis. Journal of Surgical Research 142(1):59-65.
32 Garcia-Miguel F.J. (2012) Chapter 18 Continuous Renal Replacement Therapies in Patients with Severe Sepsis and Septic Shock in Sepsis- An Ongoing and Significant  
 Challenge. Edited by Luciano Azevedo InTech.
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The Delivery of CRRT
Lesson 4

Learning objectives

• To recognise all the components required to perform  
a successful CRRT treatment

• To understand the importance of vascular access and  
anticoagulation in successful CRRT usage

• To understand the rationale for using substitution and  
dialysate fluids in CRRT

• To understand the basics of Patient Fluid Removal  
during treatment
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Notes

The CRRT System

Delivering CRRT requires an integrated system 
consisting of:

• Machine
• Hemofilter
• Line sets
• Substitution / Dialysate Fluids
• Accessories

CRRT Machine

The AquariusTM System is an example of an instru-
ment designed to deliver CRRT. It consists of blood 
and fluid pumps, user-friendly interface, scales and 
integrated safeguards (see section “Getting started 
with the AquariusTM System” in the Instructions for 
Use).

The AquariusTM System with RCA 
seen right has additional pumps and 

scales required to deliver regional 
citrate anticoagulation (RCA).
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Notes

Components of a CRRT Program

• Vascular access
• Anticoagulation
• CRRT system (machine, hemofilters, line sets, accessories)
• Fluid management
• Team

Vascular Access

Vascular access is a basic prerequisite to perform any type of extracorporeal therapy. 
Access is particularly important in CRRT where catheter performance is tested 24 hours 
a day. In renal replacement therapies, central venous catheters provide rapid and easy 
access permitting immediate use in critically ill patients. In general the large-bore double 
lumen catheter is the preferred choice of vascular access. The primary sites for insertion 
include the femoral vein, internal jugular vein, and, less commonly, the subclavian vein33. 
A practical understanding of vascular access contributes to optimal delivery of CRRT 
therapies.

33 Daugirdas J.T, Blake P.G Ing T.S Handbook of Dialysis 5th Edition (2015) Wolters Kluwer: Philadelphia pg 121-124.

NOTE:
In this training guide, all references are to veno-venous vascular access. When 
inserting vascular access for CRRT, please follow the manufacturer’s instructions 
and your hospital’s protocols for insertion of central lines.
To have an effective CRRT treatment, it is absolutely crucial to have properly 
functioning access. Failure to have good access will result in a less than 
optimal treatment.
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Factors affecting the function of CRRT Access33, 34

Type and size of catheter

• Composition (i. e. Polyurethane or Silicone)
• French Gauge (diameter)
• Length
• Site of Insertion

Length and placement site of catheter

To ensure proper flow, it is important that the appropriate catheter is 
placed in the appropriate vessel. The following are suggestions for use 
in adult patients.

• For jugular placement, typically 15 cm on the right side  
and 20 cm on the left side (check each manufacturer’s  
recommendations)

• For subclavian placement, typically 20 cm (check each  
manufacturer’s recommendations)

• The femoral vein usually requires a longer catheter 20 cm,  
up to 24 cm for tall patients (check each manufacturer’s  
recommendations)

• Right side is anatomically easier to cannulate for jugular  
and subclavian

• As a rule, the left side favours the longer catheter

Consider the patient’s disease processes and fluid status

• Caution should also be taken in cases where patients may be 
coagulopathic

• If the patient is hypercoagulable and / or is dehydrated, it will  
be more difficult to maintain patency and proper flow

33 Daugirdas J.T, Blake P.G Ing T.S Handbook of Dialysis 5th Edition (2015) Wolters Kluwer: Philadelphia pg 121-124.
34 Canaud B, Martin K, Nguessan K, et al. Vascular Access for Extracorporeal Renal Replacement Therapies in the Intensive Care Units in Clinical Practice. In: Ronco C,  
 Bellomo R, LaGreca G, eds. Blood Purification in Intensive Care. Basel, Karger: Contrib Nephrol; 2001:266-282.
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Components of a CRRT Program

Anticoagulation

Anticoagulants are used to prevent the blood from clotting within 
the extracorporeal circuit during the CRRT procedure. Every type of 
anticoagulation has risks. The risk of the hemofilter clotting must be  
balanced against the risks to the patient. For many critically ill patients 
undergoing CRRT, anticoagulation is typically achieved through the 
use of either low dose heparin administered into the blood, before the 
hemofilter; low molecular weight heparin administered in the same 
way; prostaglandin or regional citrate anticoagulation (RCA). Some  
patients may have underlying conditions, which put them at high risk 
of bleeding, and therefore heparin anticoagulation is not appropriate. 
It may be possible to anticoagulate these patients using prostaglandin 
or RCA. 

The formation of clots in the blood is primarily the result of coagulation 
platelet factors and interaction and activation of the coagulation cas-
cade. Therefore the majority of anticoagulation therapies are designed 
to interfere with the coagulation pathway. Both the patient and the 
circuit should be monitored to determine the effect of anticoagula-
tion delivered, keeping in mind that preventing patient bleeding takes  
priority over preventing filter clotting.

Heparin

Heparin can be used during the priming of the hemofilters 
to try and prolong filter lifespan. During therapy it is infused 
into the CRRT circuit after the blood pump and before the 
filter. The effects of heparin are systemic and both the  
patient and the CRRT circuit are anticoagulated. All types 
of heparin carry the risk of Heparin Induced Thrombocyto- 
penia (HIT) and platelet counts must be monitored. If HIT is 
suspected, the use of heparin must be reviewed immediately. Regional 
Citrate Anticoagulation with the AquariusTM System is a common  
alternative clinician prescription with this patient presentation. The use 
of both anticoagulants may include a lower dose of Heparin intended 
for Deep Venous Prophylaxis (systemic anticoagulant) and a balanced 
Citrate dose intended for improved Aquaset lifespan (regional anti- 
coagulant).
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Components of a CRRT Program

Heparin delivery

Typical pre-filter heparin

• Approximately 5 – 10 units / kg / h35

• Delivered into the CRRT circuit post blood pump, pre-filter
• Mildly elevates the activated partial thromboplastin time (aPTT)

Therapeutic systemic heparin

• Adjusted to achieve required aPTT as prescribed by physician for 
a clinical indication

• Administered via a volumetric infusion pump
• Most commonly used for patients with systemic anticoagulation 

requirements, other than CRRT needs
• Rarely used to prolong filter life
• If possible, infuse heparin pre-filter – however, remember to 

continue the infusion if CRRT is stopped since its main indication 
is another clinical need – i. e. deep vein thrombosis (DVT), atrial 
fibrillation or in use with cardiac assist devices etc.

Low-molecular weight heparin

• Variable dose based on preparation
• Less likely to cause HIT
• Contra-indicated for patients who have developed HIT
• Difficult to monitor and difficult to reverse
• More expensive

35 Mathew R, Mehta R. Anticoagulation Strategies for Continuous Renal Replacement Therapies. In: Critical Care Nephrology. 2nd ed. Philadelphia, PA: Saunders Elsevier;  
 2009:1342-1349.

Precaution should be taken to monitor 
patient closely for excessive or  
inadequate anticoagulation.
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Citrate or Regional Citrate Anticoagulation (RCA)

The 2012 KDIGO guidelines suggest using regional citrate anticoagu-
lation rather than heparin for patients without an increased bleeding 
risk, impaired coagulation, not already receiving effective systemic  
anticoagulation and have no contraindications for citrate4. 
Citrate is added to the extracorporeal circuit pre-filter.

• Citrate chelates (or combines) with ionised Calcium (free Calcium) 
in the filter by forming Ca-Citrate complexes, thus removing 
Calcium that is needed in the coagulation cascade, and the  
anticoagulant effect.

• Calcium gets infused post-filter to restore Calcium levels.
• Calcium-Citrate complexes are metabolised in the liver, muscle 

& kidneys.

(For further information on RCA with the AquariusTM System please 
refer to the appropriate module).

Other anticoagulants35, 36, 37

Other, less frequently used anticoagulants, include:

• Nafamostat mesilate
• Prostacyclin
• Hirudin
• Danaparoid

No anticoagulation

In some circumstances, risk to the patient complicates the use of any 
anticoagulant. These circumstances may include, but are not limited to:

• Active bleeding
• Increased aPTT or ACT
• Increased international normalized ratio (INR)
• Liver failure
• Low platelet count (in this case, the prescribing clinician may 

consider the use of an increased volume of pre-dilution)

4 Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group (2012). KDIGO Clinical Practice Guideline for Acute Kidney Injury. Kidney  
 international., Suppl. 2012; 2: 1–138. 
35 Mathew R, Mehta R. Anticoagulation Strategies for Continuous Renal Replacement Therapies. In: Critical Care Nephrology. 2nd ed. Philadelphia, PA: Saunders Elsevier;  
 2009:1342-1349.
36 Davenport A. Anticoagulation Options for Patients with Heparin-Induced Thrombocytopenia Requiring Renal Support in the Intensive Care Unit. Contrib Nephrol 2007;  
 156:259-266.
37 Uchino et al. Continuous renal replacement therapy: a worldwide practice survey. The beginning and ending supportive therapy for the kidney (B.E.S.T. kidney)  
 investigators. Intensive Care Med. 2007 Sep;33(9):1563-70.

The AquariusTM System with RCA 
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Hemofilter

The hemofilter (often referred to as an artificial  
kidney or ‘the kidney’) is a requirement of any CRRT 
system. The hemofilter contains a semi-permeable 
membrane in a hollow fibre design.

• Blood travels inside the hollow fibres in all 
therapies.

• In CVVH, blood and pre-dilution fluid (if used) 
travel through the inside of the fibres.

• In CVVHD and CVVHDF, dialysate flows on 
the outside of the fibres.

• Solute and fluid removal will be determined by 
the type of membrane and the surface area

• Hemofilters with synthetic membranes are 
recommended38

38 Brochard et al. An official ATS/ERS/ESICM/SCCM/SRLF statement: Prevention and management of Acute Renal Failure in the ICU patient. Am J Crit Care Med. 2010;  
 181:1128-1155.

Hollow fibre

Semi-permeable membrane



47Module 1 I Lesson 4 I The Delivery of CRRT

Notes

Line sets

The line set is used to transport blood and fluids 
through the hemofilter and the CRRT circuit.

Accessories

Other accessory products may be used in the CRRT 
settings. They include:

• Filtrate waste bags
• Three-way or four-way adaptor (manifold)
• Syringes
• Anticoagulant
• Priming solution
• Vascular catheters
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Fluid Management

The goals of fluid management in CRRT are typically to achieve two 
important functions:

• Solute removal
• Fluid removal

Substitution and dialysate solutions are used to facilitate the removal 
of solutes from the patient’s blood using the principles of convection 
and / or diffusion. Fluids for this purpose are simultaneously removed 
by the CRRT machine as delivered, and do not affect the patient’s  
circulating volume. Substitution solutions can be infused before the  
filter (pre-dilution) and after the filter (post-dilution). Substitution  
fluid can also be infused as a mixed dilution using both pre-dilution 
and post-dilution to replace the volume of fluid removed in convective  
therapies.

To manage the patient’s circulating volume, it is often necessary to  
remove fluid from the patient. This is Patient Fluid Removal. When  
calculating Patient Fluid Removal, it is necessary to consider the 
non-CRRT intakes and outputs of the patient. Fluids removed from the 
patient are collected, as filtrate, in the filtrate waste bag.
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Solution

Substitution (Replacement) Solution

• Removal of solutes via convection (small, medium, large)
• Aids in volume and electrolyte management
• Must be physiological from an electrolyte standpoint and sterile
• They must be labelled for IV use
• Can be commercially available or pharmacy-prepared
• Infused into the patient’s blood pre-dilution, post-dilution or both
• Formulation, volume, and infusion method (pre- or post-dilution) 

are prescribed by a physician
• The volume of substitution solutions infused is automatically 

removed by the machine based on prescription
• Formulation can contain calcium when used with post-dilution 

therapy and citrate anticoagulation

Dialysate Solution

• Removal of solutes via diffusion (small and medium)
• Must be physiological from an elecrolyte standpoint and should 

be sterile
• Commercially available
• Prescribed by a physician
• Solution enters the external dialysate port of the hemofilter 

counter-current to the blood flow
• Buffers include lactate or bicarbonate
• Formulation is usually calcium-free when used with citrate anti-

coagulation
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Fluid Removal

Patient Fluid Removal

• Non-CRRT intakes and outputs must be calculated and  
considered

• Hourly rate of removal is prescribed by the physician
• Fluid removal occurs by ultrafiltration
• Fluid removed contains components of plasma

Filtrate

• To manage the patients circulating volume, it is often necessary 
to remove fluid from the patient. This is Patient Fluid Removal.

• Fluid removed directly from the patient’s intravascular compart-
ment

• When calculating Patient Fluid Removal, it is necessary to con-
sider the non-CRRT intakes and outputs of the patient.

• Filtrate is a combination of the substitution fluid, dialysate fluid 
and fluid removed from the patient.

• Hourly rate of removal is prescribed by the physician
• Fluid removal occurs by ultrafiltration
• Fluid removed contains components of plasma
• Filtrate is a biological waste substance, hospital protocols should 

be followed for safe disposal

Team

The addition of CRRT to the critically 
ill patient’s care requires the exper-
tise, cooperation and focus of a cross- 
functional team, which may include:

• Intensivist
• Nephrologist
• Critical care nurse
• Nephrology nurse
• Pharmacist
• Dietician
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CRRT Considerations
Lesson 5

Learning objectives

• To identify the advantages, limitations and nursing 
considerations when performing CRRT
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Notes

Why CRRT?

Advantages of CRRT

• Compared to standard hemodialysis applied for a short period  
of time, CRRT provides improved hemodynamic stability  
(slow, gentle and continuous)

• Provides continuous fluid and electrolyte management  
(avoidance of rapid fluid and electrolyte shifts)

• May facilitate removal of cytokines and mediators39

• Adapted to the needs of the critically ill

Limitations of CRRT

• Requires a large-bore central vascular access
• Typically requires continuous anticoagulation
• Requires immobilisation of the patient for prolonged periods

39 Bellomo R, Baldwin I, Ronco C. Extracorporeal Blood Purification Therapy for Sepsis and Systemic Inflammation: Its Biological Rationale. In: Ronco C, Bellomo R, LaGreca G, 
 eds. Blood Purification in Intensive Care. Basel, Karger: Contrib Nephrol: 2001:367-374.
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Considerations for Patients

CRRT is used to treat critically ill patients, typically suffering from 
Acute Kidney Injury accompanied by hemodynamic instability. While 
CRRT offers some advantages, certain parameters require special 
monitoring.

Drug management

Drug removal in CRRT techniques is dependent upon the molecular 
weight of the drug, the sieving coefficient and the degree of protein 
binding.

• Drugs with significant protein binding are removed minimally.
• Some drugs may be removed by adsorption to the membrane.
• Most of the commonly used drugs require adjustments in dose 

to reflect the continuous removal during CRRT40.

Acid - Base and Electrolyte balances

During CRRT, acid - base and electrolyte balances are continually  
modified, and should be monitored closely.

Bleeding

• Patients receiving continuous anticoagulation may be at risk of 
bleeding.

• The patient should be monitored for bleeding.
• Patient’s clotting parameters, access site and hemoglobin 

should be closely monitored.

40 Sowinski, KM, Mueller BA. Drug Dosing in Patients With Acute Kidney Injury and in Patients Undergoing Renal Replacement Therapy. In: Critical Care Nephrology. 
 2nd ed. Philadelphia, PA: Saunders Elsevier; 2009:1727-1730.
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Notes

Hypothermia41, 42

CRRT patients are prone to hypothermia due to the 
significant volume of blood that is circulated outside 
of the body, and the significant volumes of substitution 
and dialysate fluid used. During CRRT thermal energy 
is lost. There is little published on thermal energy 
exchange during CRRT, but some potential effects 
of cooling could be:

• May improve cardiovascular stability
• May affect nutritional requirements
• May affect immune function
• May increase risk of circuit clotting

Warming both dialysate and substitution fluids to 
37 ºC still leads to some thermal energy loss, and 
these losses are increased when larger volumes of 
substitution fluid and dialysate are used.

41 Rickard C, Couchman B, Hughes M, et al. Preventing Hypothermia During Continuous Veno-venous Haemodiafiltration: A Randomized Controlled Trial. J Adv Nurs  
 47(4):393-400.
42 Tetta C, Payen de La Garanderie, D. Hemodynamic and Biological Response to Continuous Renal Replacement In: Critical Care Nephrology. 2nd ed. Philadelphia,  
 PA: Saunders Elsevier; 2009:1385-1391.
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Notes

Nursing Considerations

Caring for a patient receiving CRRT is an added responsibility for the 
nurse and team members involved. In some centers there is a dedicated 
nurse to look after the CRRT machines for all the patients’ receiving 
treatment and in some paediatric centers there is one nurse caring 
for the patient and one nurse maintaining the machine. Regardless 
of local policy, due to the knowledge and skill involved in CRRT most 
users of the CRRT system will have undertaken additional training 
from a Clinical Specialist or user with high levels of experience and 
knowledge.

In recent years it has become more commonplace to find clinical  
information systems (CIS) in ICUs. These record patient observa-
tions electronically and allow patient information and progress to be  
documented electronically. These systems aim to reduce the risks of 
illegibility in patient documentation while making access to patient 
records easier during out of hours or in emergencies. These electronic 
systems may also help release some time to care within the ICU for 
nurses43.

43 Lapinsky S.L Clinical information systems in the intensive care unit: primum non nocere (2009) Critical Care 13 (1) 107.
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Q
ui
z Please circle the most appropriate answers:

1. What percentage of cardiac output goes  
 to the kidney?

A. 15 %
B. 25 %
C. 20 %
D. 10 %

2. Which of the following are NOT structural  
 components of the kidney?

A. Cortex and medulla
B. Nephrons and glomerulus
C. Renal pelvis and tubules
D. Bladder and urethra

3. Which of the following can be described  
 as the functional unit of the kidney?

A. Renal artery
B. Efferent arteriole
C. Nephron
D. Glomerulus

4. Approximately, how much filtrate is  
 produced by the kidney each day?

A. 100 litres
B. 180 litres
C. 200 litres
D. 50 litres

5. Which kidney structure can best be  
 defined as a semi-permeable membrane?

A. Nephron
B. Medulla
C. Afferent and efferent arterioles
D. Glomerulus

Module 1: Continuous Renal Replacement Therapy Overview 
Lesson 1: The Kidney

Name Instructor

Date Location

6. Which of the following pressures forces  
 fluid to cross the glomerular membrane?

A. Capillary plasma oncotic pressure
B. Hydrostatic pressure
C. Osmotic pressure
D. A and B

7. Which blood vessel carries blood INTO  
 the glomerulus?

A. Afferent arteriole
B. Efferent arteriole
C. Renal vein
D. Renal artery

8. Normal kidney function is measured in 
 terms of glomerular filtration rate (GFR).  
 What is the normal GFR?

A. 120-150 ml / min
B. 90-120 ml / min
C. 60-90 ml / min
D. 30-60 ml / min

9. List seven functions of the kidney

1. ...................................................................

2. ...................................................................

3. ...................................................................

4. ...................................................................

5. ...................................................................

6. ...................................................................

7. ...................................................................

Score



61Module 1 I Quiz I CRRT Overview

Q
uiz

Please circle the most appropriate answers:

1. Select the statement(s) that represent Acute Kidney Injury:

A. May be accompanied by metabolic disturbances
B. May require immediate treatment
C. Is defined as an abrupt decline in glomerular filtration rate
D. All of the above

2. Select the answer that best describes “pre-renal” failure:

A. Direct injury to the kidney
B. Decreased blood flow to the kidney
C. Increased blood flow to the kidney
D. An obstruction below the kidney

3. Some examples of “post-renal” failure may include:

A. Venous thrombi
B. Urinary tract obstruction
C. Tumors
D. B & C correct

4. Select the answer that BEST describes the clinical phase(s) of Acute Kidney Injury:

A. Polyuric phase
B. Recovery phase
C. Oliguric phase
D. All of the above

5. Which of the following statements is NOT true when referring to the oliguric phase of 
 Acute Kidney Injury?

A. Only lasts 5 days
B. Protein may be present in the urine
C. Urine output less than 400 ml / 24 h
D. There may be electrolytes and acid-base imbalances

Module 1: Continuous Renal Replacement Therapy Overview 
Lesson 2: Acute Kidney Injury
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Q
ui
z Please circle the most appropriate answers:

1. Select the answer that BEST defines Continuous Renal Replacement Therapy (CRRT):

A. A fluid removal therapy
B. A kind of dialysis
C. A therapy indicated for continuous solute and / or fluid removal in critically ill patients
D. A therapy indicated for intermittent solute and / or fluid removal in critically ill patients

2. Which of the conditions listed below might be used as a non-renal indication to start therapy?

A. Severe fluid overload unresponsive to diuretics
B. Rhabdomyolysis
C. Sepsis
D. All of the above

3. Diffusion is the movement of solutes through a semi-permeable membrane from an area of higher  
 concentration to an area of lower concentration. Select the answer that is NOT true of diffusion in CRRT:

A. Blood flows on one side of the membrane and dialysate flows counter-current on the other side
B. Dialysate does not mix with blood
C. Occurs during hemofiltration
D. Efficient for removing small and medium molecules

4. Convection is the one-way movement of solutes through a semi-permeable membrane with 
 a water flow. Select the answer that is true of convection in CRRT:

A. Substitution fluids should be clean
B. Molecular size of solutes does not affect clearance
C. Occurs during hemofiltration
D. Only efficient for removing large molecules

5. Ultrafiltration is the movement of fluid through a semi-permeable membrane along a pressure gradient.
 Select the answer(s) below that also represent ultrafiltration in CRRT:

A. Positive and negative pressures affect ultrafiltration
B. Positive pressure is generated on the blood side of the membrane
C. Minimal convective solute clearance occurs
D. All of the above

Module 1: Continuous Renal Replacement Therapy Overview 
Lesson 3: What is CRRT?

Name Instructor

Date Location
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6. Adsorption is the adherence of solutes and biological matter to the surface of a membrane.
 Select the answer below that is true of adsorption in CRRT:

A. High levels of adsorption may cause hemofilters to clog and become less efficient
B. The type of membrane does not affect adsorption
C. Adsorption happens only in convective therapies
D. Adsorption has no impact on treatment

7. Select the correct answer(s). In Slow Continuous Ultrafiltration (SCUF):

A. The principle used is ultrafiltration
B. Substitution and dialysate fluids are not used
C. Primary indication is fluid overload
D. All of the above

8. Select the correct answer(s) regarding Continuous Veno-Venous Hemofiltration (CVVH):

A. Requires use of a substitution fluid
B. Used to achieve solute removal (small, medium and large sized molecules) and fluid balance
C. The principle used is convection
D. All of the above

9. Select the statement that is NOT true regarding Continuous Veno-Venous Hemodialysis (CVVHD):

A. The principle used is diffusion
B. Uses a combination of substitution and dialysate fluids
C. Used to achieve solute removal (small and medium sized molecules) and fluid balance
D. Primary therapeutic goals are solute and fluid management

10. Select the statement that BEST describes Continuous Veno-Venous Hemodiafiltration (CVVHDF):

A. The principle used is convection
B. The principle used is diffusion
C. Requires only a dialysate fluid
D. Uses the principles of diffusion and convection

Score
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Q
ui
z Please circle the most appropriate answers:

1. Select the statement(s) that correctly identifies the importance of vascular access in CRRT:

A. Central venous catheters provide rapid and easy access permitting immediate use in 
 critically ill patients
B. Vascular access is a basic prerequisite to any form of extracorporeal therapy
C. To have a good CRRT treatment it is essential to have a good vascular access
D. All of the above

2. Under certain conditions administering continuous anticoagulants may pose a risk to patients. 
 Select the answer(s) that include some of these conditions:

A. Active bleeding
B. Increased aPTT and INR
C. Liver failure and low platelet count
D. All of the above

3. List five components of a CRRT system required to deliver a CRRT treatment:

1. ..............................................................................

2. ..............................................................................

3. ..............................................................................

4. ..............................................................................

5. ..............................................................................

4. Hemofilters are often referred to as artificial kidneys. In reference to a hollow fibre hemofilter,
 which one of these statements is correct?

A. Dialysate flows on the inside of the hollow fibres
B. Membranes are semi-permeable and usually cellulose based
C. Blood flows on the inside of the hollow fibres
D. The type of membrane will not affect solute clearance

5. The goals of fluid management in CRRT are typically to achieve two important functions. 
 What are these functions?

1. ..............................................................................

2. ..............................................................................

Module 1: Continuous Renal Replacement Therapy Overview 
Lesson 4: Delivery of CRRT
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6. When calculating patient fluid removal during CRRT, which parameter is NOT controlled 
 by the CRRT system?

A. Substitution and dialysate fluids
B. Non-CRRT intake such as IV antibiotics
C. Programmed patient net fluid loss
D. All of the above

7. What is the primary function of substitution fluid?

A. Volume replacement
B. Convective clearance
C. Electrolyte replacement
D. All of the above

8. What is the primary function of dialysate fluid?

A. Diffusive clearance
B. Volume replacement
C. Convective clearance
D. Electrolyte replacement

9. Filtrate is a combination of substitution fluid, dialysate fluid and fluid removed from the patient. 
 Which of the following components would you expect the filtrate to contain?

A. Water and electrolytes
B. Drugs, water soluble vitamins and amino acids
C. Waste products and immune mediators
D. All of the above

Score
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Q
ui
z Please circle the most appropriate answers:

1. Select the answer(s) that may be considered advantages of CRRT:

A. Slow, gentle, continuous delivery provides improved hemodynamic stability
B. Avoids rapid fluid and electrolyte shifts
C. Can be adapted to the needs of the critically ill patient
D. All of the above

2. Select the answer(s) that may be considered limitations of CRRT:

A. Requires a large-bore central venous access
B. Typically requires anticoagulation
C. Limits mobility of the patient
D. All of the above

3. Patients receiving CRRT may be at risk of bleeding. Select the answer that describes how 
 you would monitor the patient for signs of bleeding:

A. Monitor access site closely
B. Check patient’s clotting parameters
C. Check patient’s hemoglobin value
D. All of the above

4. Drug removal in CRRT is dependent on many factors. Select the answer that is LEAST
 likely to impact the removal of drugs in CRRT:

A. Molecular weight of the drug
B. Type of anticoagulation used
C. Sieving coefficient and degree of protein binding
D. Adsorption to the membrane

5.  In CRRT patients prone to hypothermia, which of the following statements is NOT correct?

A. Has no impact on circuit clotting
B. May affect nutritional requirements
C. May affect immune function
D. May improve cardiovascular stability

Module 1: Continuous Renal Replacement Therapy Overview 
Lesson 5: CRRT Considerations
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Module 1 / Lesson 1

1-B, 2-D, 3-C, 4-B, 5-D, 6-D, 7-A, 8-B, 

9-fluid balance, electrolyte balance, 

acid-base balance, excretion of drugs 

and by-products of metabolism, 

synthesis of erythropoietin, regulation 

of blood pressure, maintenance of 

calcium-phosphate balance

Module 1 / Lesson 2

1-D, 2-B, 3-D, 4-D, 5-A

Module 1 / Lesson 3

1-C, 2-C, 3-C, 4-C, 5-D, 6-A, 

7-D, 8-D, 9-B, 10-D

Module 1 / Lesson 4

1-D, 2-D, 3-CRRT device, monitor,

hemofilter, line sets, solutions, 

accessories, 4-C, 

5-solute removal, fluid removal, 

6-B, 7-C, 8-A, 9-D

Module 1 / Lesson 5

1-D, 2-D, 3-D, 4-B, 5-A
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