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• Indications of extracorporeal therapies

• Time to start extracorporeal therapies

• Modalities of extracorporeal therapies

• How to prescribe acute intermittent hemodialysis 





A  : Metabolic Acidosis

E  : Electrolyte imbalance
  
  

• Hyperkalemia  
• Hypercalcemia/hypocalcemia
• Hypernatremia/hyponatremia
• Hyperphosphatemia 
• Hypermagnesemia 



I   : Intoxication / Ingestion of toxic substances
  

• Molecular weight
• Protein binding 
• Volume of distribution
• Contribution of extracorporeal toxin removal relative

to endogenous clearance



 

CJASN 14: 1408–1415, 2019 



O : Fluid Overload 

CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 89 • NUMBER 10 OCTOBER 2022 



U  : Signs of Uremia 
  hypercatabolic state BUN 70-80 mg/dl
  nonhypercatabolic state BUN 100 mg/dl

Relative risk for death that was associated with initiation of dialysis at a 
higher BUN was 1.85 (95% confidence interval 1.16-2.96)

Kathleen D, et al. CJASN 2006 ; 1 : 915–919 

Initiate RRT emergently when life-threatening changes in  
fluid, electrolyte, and acid-base balance exist



§ Non-renal indications
§ Nutritional support 
§ Immunomodulation 
§ Respiratory acidosis 
§ Volume homeostasis in multi-organ failure
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Cochrane Database of Systematic Reviews 2022, Issue 11. 
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§ Length of stay 

§ Complication 
§ Hypotension 
§ Hypophosphatemia 
§ Cardiac arrhythmia 
§ Infection 

Cochrane Database of Systematic Reviews 2022, Issue 11. 

Early > standard initiation
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§ Suggest using CRRT, rather than standard intermittent RRT

§ Hemodynamically unstable patients
§ AKI patients with acute brain injury 
§ AKI patients with increased intracranial pressure 
§ AKI patients with generalized brain edema

KDIGO 2012 Clinical practice guideline for Acute kidney injury





Order for hemodialysis
Access
Dialyzer
Session length h
BFR ml/min
DFR ml/min
Net Ultrafiltration L
Dialysis solution  
Na mEq/l K mEq/l
HCO3 mEq/l Ca mEq/l
Dialysis solution 
temperature oC 
Anticoagulant
Medication
Nutrition

Machine

Dialysis solution 
composition

Medication

Patient



§ 2 types

§ Non-tunneled, non-cuffed catheter 

§ Tunneled cuffed catheter

 
  Initiate RRT in patients with AKI via an non-

tunneled, non-cuffed catheter, rather than a 
tunneled cuffed catheter



Length Diameter

§ 11-14 French 
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Site 

§ First choice : right jugular vein

§ Second choice : femoral vein

§ Third choice : left jugular vein

§ Last choice : subclavian vein with preference for the dominant 
side

KDIGO 2012 Clinical practice guideline for Acute kidney injury



§ Non-tunneled, non-cuffed catheter
§ Jugular vein : superior vena cava
§ Femoral vein : distal part of inferior vena cava 

§ Tunneled, cuffed catheter 
§ Junction between superior vena cava and right atrium



Tunneled cuffed catheter

non-tunneled, non-cuffed catheter
§ < 3 weeks : internal jugular vein, subclavian vein

§ < 5 days : femoral vein  

§ > 3 weeks 

NKF-K/DOQI vascular access update 2000



Early complication

§ Arterial injury 

§ Pneumothorax

§ Hemothorax

§ Cardiac tamponade

§ Cardiac arrhythmia

§ Air embolism

§ Retroperitoneal hemorrhage 

 Recommend using ultrasound guidance for insertion
Recommend obtaining a chest radiograph promptly after 
placement and before first use of an internal jugular or 
subclavian dialysis catheter



Order for hemodialysis
Access
Dialyzer
Session length h
BFR ml/min
DFR ml/min
Net Ultrafiltration L
Dialysis solution  
Na mEq/l K mEq/l
HCO3 mEq/l Ca mEq/l
Dialysis solution 
temperature oC 
Anticoagulant
Medication
Nutrition

Machine

Dialysis solution 
composition

Medication

Patient



Hollow fiber dialyzers



Membrane Type

1. Cellulose
2. Substituted cellulose 
3. Noncellulose, synthetic 

 suggest to use dialyzers with a  
 biocompatible membrane for IHD 
 and CRRT in patients with AKI

Handbook of dialysis, 5th ed. 2015

Biocompatible
Infectious complication

Renal recovery



§ Membrane 
§ Efficiency : KoA urea

§ Ability to clear solutes 
§Flux : KUF

§ Ability to remove water 

§Permeability : B2-
microglobulin clearance
§ Ability to clear B2-

microglobulin
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KoA

§ Maximum theoretical 
clearance of dialyzer for a 
given solute at infinite blood 
and dialysis solution flow 
rate
§ Membrane porosity and 

thickness
§ Solute size
§ Flow rate of blood and 

dialysis solution

Handbook of dialysis, 5th ed. 2015



Ultrafiltration coefficient (KUF)
§ Volume of fluid (ml/h) that is transferred across the membrane 

per mmHg of pressure gradient 

Handbook of dialysis, 5th ed. 2015

Ultrafiltration (ml) = KuF (ml/mmHg/h) x TMP (mmHg) x dialysate time (h)



Blood volume capacity 
§ Blood volume required to fill dialyzers 60-120 ml

§ Lower volume : minimize the risk of hemodynamic compromise

Surface area 

§ Small surface 





Order for hemodialysis
Access
Dialyzer
Session length h
BFR ml/min
DFR ml/min
Net Ultrafiltration L
Dialysis solution  
Na mEq/l K mEq/l
HCO3 mEq/l Ca mEq/l
Dialysis solution 
temperature oC 
Anticoagulant
Medication
Nutrition

Machine

Dialysis solution 
composition

Medication

Patient



§ 1st session : 2 h

§ 2nd session : 3 h

§ 3rd session : 4 h

Handbook of dialysis, 5th ed. 2015



Blood flow rate

§ 150-200 ml/min

Dialysis solution flow rate

§ 300-500 ml/min

Handbook of dialysis, 5th ed. 2015



§Target intravascular volume
§ Non-invasive monitoring : bio-impedance analysis, 

echocardiography
§ Invasive monitoring 

§ Volume status
§ Volume overload : UF 10 ml/kg/hour
§ 1st session : UF < 2 l

Handbook of dialysis, 5th ed. 2015



Order for hemodialysis
Access
Dialyzer
Session length h
BFR ml/min
DFR ml/min
Net Ultrafiltration L
Dialysis solution  
Na mEq/l K mEq/l
HCO3 mEq/l Ca mEq/l
Dialysis solution 
temperature oC 
Anticoagulant
Medication
Nutrition

Machine

Dialysis solution 
composition

Medication

Patient



Mild hyponatremia

§ Serum Na > 130 mEq/l

§ Goal serum Na 140 mEq/l 

§ Dialysis solution Na 140-145 
mEq/l 

§ Brain edema or hypotension : 
< 10 mEq/l

Moderate to severe hyponatremia

§ Serum Na < 130 mEq/l

§ Dialysis solution Na as low as 
possible 

§ Slow blood flow rate (50-100 
ml/min)

§ Duration < 1 hour alternating with 
isolated UF  

§ Check serum Na after each 
dialysis 30-60 minutes of dialysis

Handbook of dialysis, 5th ed. 2015

Change in Na (mEq/L) = BFR x session time (minutes) x (dialysate Na-plama Na)
       total body water  



Mild hypernatremia 

§ Close to serum Na

§ Lower than the serum value 
3-5 mEq/l
§ Hypotension
§ Muscle cramps
§ Cerebral edema and 

disequilibrium syndrome

Severe hypernatremia

§ Prefer CRRT 

Handbook of dialysis, 5th ed. 2015



1. Decreasing Na profile
§ Linear : late dialytic hypotension  
§ Stepwise : early dialytic and postdialytic hypotension
§ Exponential 

2. Increasing Na profile : late muscle cramp 
3. Alternating high-low Na profile 

Textbook of hemodialysis & renal replacement therapy : 2013



Serum K Dialysate K
< 4.5 mEq/L ≥ 4 mEq/L 

4.5 - < 5.5 mEq/L 3 mEq/L 

5.5 – 7 mEq/L 2 mEq/L 
2.5-3.5 mEq/L 
• patients have arrhymia risk
• patients on digitalis

> 7 mEq/L < 2 mEq/L 
+ monitor ECG 
+ monitor K every 30-60 minutes

Handbook of dialysis, 5th ed. 2015

K rebound within 1-2 hours after dialysis 
No treat a postdialysis hypokalemia



Glucose 100 mg/dl 

§ Severe hyperkalemia 

Glucose 200 mg/dl 

§ Mild to moderate 
hyperkalemia 

Glucose free dialysis solution : risk of hypoglycemia
• Diabetes 
• Sepsis 
• Beta-blocker 



§ Hypocalcemia or normocalcemia 
§ Ca 3-3.5 mEq/l

§ Hypercalcemia
§ Ca 2.5-3.5 mEq/l

§ Dialysis solution Ca < 3 mEq/L : intradialytic hypotension  

Handbook of dialysis, 5th ed. 2015



§ serum Ca < 8 mg/dL
§ Ca 3-3.5 mEq/L 

§ serum Ca 8-12 mg/dL
§ Ca 2.5 mEq/L 

§ serum Ca > 12 mg/dL
§ Ca 2-2.5 mEq/L 



§ Evaluate acid-base status of patient

§ Avoid alkalosis 
§ Additional bicarbornate 4-8 mEq/l : citrate-based and acetate 

based

Goal : normalize pH, not serum HCO3

Handbook of dialysis, 5th ed. 2015



Mild to moderate acidosis

§ 30-35 mEq/L 

Severe acidosis

§ 35-40 mEq/L 



HCO3 > 28 mEq/L 

§ 25-30 mEq/L

§ plus NaCl 



Nicholas M, et al. NDT (2006) 21 : 1883–1898



§ Cool temperature
§ Hypothermia 
§ Myocardial function 
§ End-organ perfusion
§ Blood clotting
§ Possibly renal recovery 



Order for hemodialysis
Access
Dialyzer
Session length h
BFR ml/min
DFR ml/min
Net Ultrafiltration L
Dialysis solution  
Na mEq/l K mEq/l
HCO3 mEq/l Ca mEq/l
Dialysis solution 
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Anticoagulant
Medication
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§ Use anticoagulation for RRT on assessment of the patient’s 
potential risks and benefits from anticoagulation

§ For anticoagulation in intermittent RRT, recommend using 
either unfractionated or low-molecular-weight heparin, rather 
than other anticoagulants

KDIGO 2012 Clinical practice guideline for Acute kidney injury



Impaired coagulation Proceed without anticoagulant

Underlying condition require systemic 
anticoagulant

Use anticoagulant adapt to this 
condition

Choosing RRT mode

Yes

Yes

No

Intermittent HD CRRT

KDIGO 2012 Clinical practice guideline for Acute kidney injury

No



Intermittent HD

Increase bleeding risk

unfractionated or low 
molecular weight 

heparin 

No anticoagulant

No Yes

KDIGO 2012 Clinical practice guideline for Acute kidney injury



BRENNER & RECTOR’S THE KIDNEY 11th ed



Unfractionated heparin
• Constant-infusion method : 2000–5000 U or 50 U/kg bolus 

followed by a 1000–1500 U/h until 15 to 60 minutes before the end 
of dialysis

§ Repeated-bolus method : 4000 U bolus followed by 1000-2000 U 
after 2 h

§ Low dose regimen : 500–1000 U bolus followed by 500–750 U/h

BRENNER & RECTOR’S THE KIDNEY 11th Ed



Low molecular weight heparin

§ Enoxaparin 0.7-1 mg/kg single bolus

BRENNER & RECTOR’S THE KIDNEY 11th Ed



Test Baseline 
value

Routine heparin
Desired range

Tight heparin
Desired range

During 
dialysis

At end of 
dialysis

During 
dialysis

At end of 
dialysis

Activated partial 
thromboplastin 

time

1 2-2.5 1.5-2.0 1.5-2.0 1.5-2.0

Whole-blood 
partial 

thromboplastin 
time

60-85 sec 120-140 85-105 85-105 85-105

Activated clotting 
time

120-150 sec 200-250 170-190 170-190 170-190

Lee-white clotting 
time

4-8 min 20-30 9-16 9-16 9-16

Handbook of dialysis, 5th ed. 2015



Anticoagulation Advantage Disadvantage 

Unfractionated heparin § Wide availability 
§ Large experience
§ Short half life
§ Antagonist available
§ monitoring with 

routine test
§ Low costs

§ Narrow therapeutic 
index-risk of bleeding

§ Unpredictable kinetics-
monitoring required

§ HIT
§ Heparin resistance

Low molecular weight 
heparin 

§ More predictable 
kinetics

§ No monitoring 
required

§ Single predialysis dose
§ Reduced risk of HIT

§ Risk of accumulation 
in kidney failure

§ Monitoring require 
non-routine test

§ Incomplete 
irreversible by 
protamine

§ More expensive



§ Anticoagulation-free dialysis
§ Rinse the circuit before dialysis with heparinized saline
§ Use a less thrombogenic dialyzer
§ Flush the circuit with 100 to 200 mL of 0.9% NaCl q 15-30 min
§ Avoid blood or platelet transfusions through the circuit
§ Maintain a high blood flow rate 
§ Limit ultrafiltration as feasible because hemoconcentration

BRENNER & RECTOR’S THE KIDNEY 11th Ed



Dialysis of drugs 2013



§ Intradialytic hypotension 

§ Muscle cramps

§ Nausea and vomiting

§ Headache 

§ Chest pain and back pain 

§ Disequilibrium syndrome

§ Dialyzer reaction 

§ Hemolysis

§ Air embolism 

§ Arrhythmia 

Handbook of dialysis, 5th ed. 
2015



§ Intradialysis hypotension 
§ increasing frequency and duration
§ Soidum and UF profiling
§ Cool temperature dialysate
§ higher dialysate Ca
§ vasopressor
§ Bolus NSS or albumin



§ CRBSI
§ Universal precaution 
§ Site of vascular access 
§ Duration 
§ Antibiotics : topical and lock  



§ Weight loss

§ Postdialysis blood values
§ 20-30 sec to 2 minutes after dialysis 

§ BUN
§ Na
§ Ca

§ 1-2 hour after dialysis 
§ K

Handbook of dialysis, 5th ed. 
2015



§ Urea reduction < 40%



Dosage

§ Kt/V ≥ 1.3/session

§ Weekly Kt/V 3.9

Frequency

§ 3 times/week

KDIGO 2012 Clinical practice guideline for Acute kidney injury



§ Indication of extracorporeal therapies

§ If Urine output > 30 ml/hour 
§ CrCl < 12 ml/min  : continuation of RRT 
§ CrCl 12-20 mL/min : clinician’s judgment
§ CrCl > 20 ml/min : discontinuation of RRT

Palevsky PM, et al. NEJM, 2008 ; 359 : 7-20



The End


