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Renal Replacement Therapy - Intermittent 
Hemodialysis and Slow Low Efficiency Dialysis  

(Adapted from the UHN and SMH Nephrology Manuals) 

 
Two main options:  
 

1. IHD: typically 4 hour sessions, 3 times per week (MWF / TTS). Some patients require additional sessions for ie. 
Ultrafiltration, and some receive short daily dialysis.  

a. Can be done “in centre” (in hospital setting or satellite unit), nocturnal, or in the home.  
2. SLED: for hemodynamically unstable patients. Used as an alternative to CRRT (see next section).  

a. Typically 6 sessions per week, 8 hours duration. Uses a conventional HD machine, however with slower 
flows: Qb 200 ml/min, Qd 300 ml/min.  

 
 

 
Hemodialysis Prescription 

 
o Treatment time and dates of dialysis 

o Time – standard is 4 hours, however may write less depending on their individual situation.  
§ Patients newly being started on HD:  

• 1st session: 2 hours, 2nd session: 2.5 hours, 3rd session: 3 hours, then continue with 4 hours 
each session (to minimize dialysis disequilibrium syndrome)  

o We often write orders for each session, particularly for more unstable patients. Once a patient is medically 
stable, reasonable to write orders and reassess weekly.  

o Ie. Tuesday / Thursday / Saturday (TTS), or Monday / Wednesday / Friday (MWF)  
 
o Dialyzer: At SMH, the standard was previously FX 120, so all prevalent patients already using this dialyzer can 

continue using it. For all incident dialysis patients at SMH, we now use Phylther dialyzer. If there is a concern about 
a hypersensitivity reaction to one dialyzer, an alternative dialyzer should be used.  

 
o Dialysate bath:  

o Sodium: the usual is [Na+] 138 mmol/L. If a patient is hyponatremic, you can lower the [Na+] to minimize 
the change, and thereby prevent thirst. The lowest value that can be achieved is 131mmol/L. However, if a 
patient is profoundly hyponatremic and using a Na bath of 131 is considered to portend too high a risk of 
ODS, there is a special protocol available to mitigate rapid rise in Na. Ask your staff, and/or the hemodialysis 
fellow. This should be considered when the patient’s serum Na is <115-120. 

o Potassium: this varies depending on the patients’ serum [K+]. Ie. If serum K is 3-4mmol/L, we use 3 mmol/L 
bath. If higher serum K+, we typically use 2 mmol/L bath. You can consider using  1mmol/L bath for the first 
hour, then remainder of session at 2 mmol/L for severely hyperkalemic patients.  

o Bicarbonate: standard is 35 mmol/L, but 30 mmol/L, and 40 mmol/L are also available if needed.  
o Calcium: the default concentration ranges between 1.25-1.5mmol/L. This refers to the ionized [Ca2+], 

corrected for albumin.  
§ Ex. Cai 1.5 à Corrected Ca2+ of ~ 3 mmol/L 

o If a patient’s serum phosphate is low, you can also added a bottle of fleet enema (Na-Phos), ie 100 ml to the 
dialysate bath.  

§ 75 mml FLEET à final phosphate concentration of ~ 0.62 mmol/L 
§ 100 ml FLEET à final phosphate concentration of ~ 0.83 mmol/L 
§ 120 ml FLEET à final phosphate concentration of 1 mmol/L  
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o Blood flow (Qb) rate; Dialysate (Qd) flow rate: 

o Blood and dialysate run countercurrent to each other to maintain a high diffusion gradient where the goal is 
to promote solute removal.  

o Blood flow (Qb) is limited by the type of access, and highest flows are achieved with AVFs.  
o Usual rates are ~ 400 ml/min (Qb), and 600ml/min (Qb).  

 
o Temperature: standard is set to ~ 36.5C. Can also set to 0.5C below the body temperature of the patient.  

 
o Goal weight (kg) OR Ultrafiltration: This will determine how much net fluid is removed at each session. For stable 

patients, you can use their target weight (ie. the weight at which they are euvolemic), particularly for short 
admissions. However, this may be challenging in patients who are admitted for prolonged periods due to change in 
diet and muscle mass, resulting in loss of ‘flesh’ weight, and consequent volume overload. Always assess their 
volume status, review ins / outs, and adjust UF orders (in L) as needed. For unstable patients, at each assessment it 
is crucial to review their most recent dialysis run-sheet for evidence of intra-dialytic hypotension. In the ICUs this 
requires comparing the dialysis run-sheet with the critical care nursing sheet to identify any sustained increase in 
vasopressor doses during the time on dialysis. Recurrent intra-dialytic hypotension may imply that there should be 
an adjustment of ultrafiltration target. 

 
o Anticoagulation: this choice will depend on the patients’ risk of bleeding, and on perceived safety of using heparin 

as the patient will be systemically anticoagulated. There are 3 main options:  
o No heparin  

§ Ie. If thrombocytopenic, bleeding, presence of a coagulopathy 
§ Presence of HITT (will require use of ie. Argatroban, with the aid of Hematology) 

o “Tight” heparin  
§ Heparin 500 u IV bolus at start of treatment, then 500 u/hr during hemodialysis treatment 

o “Regular” heparin 
§ Heparin 1000 u IV bolus at the start of treatment, then 1000 u/hr during hemodialysis treatment 

o If using AVF or AVG, discontinue heparin 30-60 minutes before the end of hemodialysis treatment to 
minimize bleeding upon needle removal.  

 
o Medications on dialysis days:  

o Epoietin alfa (Eprex) ___ u IV qHD at end of dialysis session  
o Aranesp __ mcg IV q ie. 1-2 weeks at the end of hemodialysis 
o IV iron ie. 100 mg IV at the end of dialysis  
o Antibiotics (as needed, ie. Vancomycin, tobramycin etc. which should be given at the end of dialysis, with 

appropriate monitoring of levels). 
o PRBC transfusions are often given while on dialysis to allow for removal of volume instilled.  

 
o For sodium profiling, please see “Top Issues in the Dialysis Unit – Intradialytic Hypotension”)  
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Vascular Access 
 
1. Arteriovenous Fistula (AVF) 

o This is a surgical anastomosis of an artery to a vein, and is ideally done in the non-dominant forearm, although 
may be done in the upper arm as well.  

o Upon creation of an AVF by vascular surgery, maturation takes approximately 8-12 weeks.  
o On examination, can palpate a thrill and hear a bruit. 
 

2. Arteriovenous Graft (AVG) 
o Employs synthetic material implanted by vascular surgery, which allows for connection of an artery to a vein.  
o Usually in the forearm, upper arm or in the thigh.  
o Upon creation of an AVG, it can be used within ~ 2-4 weeks. There are grafts which can be used sooner, but 

must first check with the vascular access coordinator.  
o On examination, can palpate a thrill and hear a bruit. 
o Not as good as an AVF as it is more prone to infections and thrombosis.  
o All patients should take 4 capsules of fish oil (EPA 400 mg and DHA 200 mg) per day to reduce thrombosis and 

intervention rate.  
 
3. Central venous catheter (CVC) 

o Two types: Temporary or tunneled  
 
Temporary 

o Preferred locations: right IJ > femoral (L or R) > left IJ (as per KDIGO guidelines).  
o Placed at the bedside, and patients cannot return home with a temporary CVC.  
o Used for days to weeks. A temporary femoral CVC should be changed after ~ 7-10 days.  
o Placed using Seldinger technique with ultrasound visualization 
o CXR confirmation must be done for IJ CVCs (not needed for femoral line insertion) 

o Tip of the IJ CVC should be at the junction of the superior vena cava and right atrium.  
 
Consent for temporary CVC information:  
Risks to discuss:  

o Immediate:  
o Bleeding, arterial puncture, arrhythmia, air embolism, thoracic duct injury (with left IJ)  
o Catheter malposition 
o Pneumo or hemothorax  

o Delayed  
o Infection  
o Venous thrombosis, pulmonary emboli 
o Venous stenosis  
o Catheter migration, catheter embolization  
o Myocardial perforation  
o Nerve injury 

 
o Documenting Consent: 

o Date and time  
o Who was present for discussion 
o Indications for catheter insertion  
o Major risks and common minor risks discussed 
o Patient’s questions were answered 
o Patient’s apparent understanding 
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Before inserting a CVC, check CBC and coagulation parameters.  
 
Materials needed for CVC insertion 

o Drapes and Protective Equipment: Sterile gloves, sterile gown, mask with eye shield, sterile cap, large drape 
(with hole in place). 

o Ultrasound related: Ultrasound machine, probe cover, sterile jelly, non sterile jelly (for initial landmarking) 
o Cleaning / Freezing: Chlorhexidine swabs, 1-2% Xylocaine, 10cc syringe, blunt tip needle, 25 gauge (~ 1”) needle. 
o Line Related: 

o Line length: Right IJ ~ 13-15 cm, ~ 20 cm for left IJ, and 20-24cm for femoral CVC. 
o Angiocath or Caldwell needle with 10 cc syringe 
o Guidewire 
o Scalpel  
o Dilator (will be included in the line kit)  
o Sutures (often comes with straight needle, but if preferred, can used curved needle with a needle driver 

if you prefer to instrument tie) 
o Tegaderm dressing  
o 4x4” gauzes  
o 3 sterile flushes (there are flushes available on the wards which are non sterile – do not use these) 
o 4% citrate – the volume to instill into each lumen is indicated on each port 
o If citrate unavailable, can use Heparin 10,000 u/ml into each catheter lumen  

 
Video resources 

o NEJM – Central venous catheter insertion video: http://www.nejm.org/doi/full/10.1056/NEJMvcm055053 
o NephroEd (which requires a username and password from U of T – organized via Dr McQuillan’s admin), has 

excellent video resources for line insertion. 
 
Tunneled  

o Sometimes called a “UC” or “Uldall Cook” line 
o Placed by interventional radiology  
o Order Polysporin triple topical antibiotic for all patients with tunneled catheters 

 
General Notes 

o Please advocate for your patients NOT to have IV or heparin locks inserted into the cephalic veins in the upper 
extremity to aim for preservation for eventual dialysis access. If bloodwork is required, ask that it be drawn from 
a vein on the dorsum of the hand.  

 
o For chronic hemodialysis patients with an AVF or AVG – they should NOT have IVs or blood pressure 

measurements in the arm with the dialysis access. 
 
Vascular access troubleshooting 
  
** Please see section entitled: Top Issues in the Hemodialysis Unit 
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Continuous Renal Replacement Therapy (CRRT) 
(Adapted from the UHN and SMH Nephrology Manuals) 

 
** See examples of St Mike’s, Mount Sinai and Sunnybrook order sets in the appendix 
 
Where is it used?  

o UHN – only at Mount Sinai. TGH uses SLEDD exclusively.  
o St Mike’s – MSICU, CVICU  
o Sunnybrook – MSICU, CVICU 

 
Principles of CRRT and Modality Options  

o CVVHD – continuous veno-venous hemodialysis 
o Dialysis is the only mode of clearance, and all solutes are removed by diffusion. 
o The Prismaflex machines do not allow for “pure” CVVHD, as the machines require 200ml/hr of 

hemofiltration for technical reasons.  
o CVVHF – continuous veno-venous hemofiltration  

o The mode of clearance is only hemofiltration, and all solute is removed by convection.  
o CVVHDF – continuous veno-venous hemofiltration (the standard) 

o This is the standard setting for CRRT, whereby patients receive both dialysis and hemofiltration. 
 
“Dose” of CRRT  

o The total effluent dose is 20-25 ml/kg/hr (the ‘ideal’ dose, assuming the patient is connected for a full 24 hours, 
with no “off” time for CTs, MRIs, etc.  

o Ie. 100 kg patient x 25 m/kg/hr à 2500 ml/hour.  
o This is then divided in several ways: (please see order set examples below)  

§ At SMH and MSH:  
• 1250 ml/hr will be used as dialysate flow, and 1250 ml/hr will be your replacement fluid. 

§ At Sunnybrook:  
• 2500 ml/hr will be used as dialysate flow, and you will not specify a replacement fluid. 

There is an obligate 200 ml/hr replacement that must be given for technical reasons.  
 
Dialysate Solution / Replacement Solution  

o Prism0cal – contains zero calcium, and is used when using citrate anticoagulation 
o Prismasol – contains calcium; used when using heparin anticoagulation.  
o Can also use normal saline 

 
Flow Rate 

o Blood flow (Qb): 100-150ml/min  
o UF rate: 0 to ie. 100 cc/hr (remember to consider all intake (including IV meds), excluding the replacement 

solution.  
o Dialysate flow rate: ml/hr 

o Standard will be ~ 20-25ml/kg/hr 
o Replacement flow rate:  

o This will depend on which site you are at. See above ‘dose’ section for an example of how this would be 
divided in a 100 kg individual.  

§ Sunnybrook – the bulk of CRRT is CVVHD, with 200ml/hour are replacement fluid. 
§ St Mike’s and Sinai – half of the ‘dose’ will be given as replacement fluid.  

o Replacement fluid can be given PRE or POST filter.  
§ Pre filter – the upside will be that this decreases your likelihood of clotting the filter, however, it 

will also decrease the concentration gradient by which solutes diffuse through the filter.  
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§ Post filter – the upside will be that you maintain the concentration gradient to optimize solute 
removal via diffusion in the filter, however may increase your risk of clotting.  

 
Anticoagulation  

o Citrate  
o The preferred type of anticoagulation, as allows for “regional” anticoagulation of the circuit, not the 

patient.  
o Relatively contraindicated in patients with decompensated liver disease due to possible citrate 

accumulation with impaired hepatic metabolism. 
o How does citrate work?  

§ Citrate binds calcium, thus Ca2+ can’t be used as a cofactor in the coagulation cascade. 
§ At Cai <0.4mmol/L, the coagulation cascade is inactivated.  

o Calcium is returned after the circuit to ensure the patient is not hypocalcemic and to neutralize the 
anticoagulation effect.  

o To ensure that citrate remains effective, we use a calcium-free dialysate called Prism0cal.  
o To measure efficacy (how well the coagulation cascade is inhibited), check the post filter ionized calcium 

(PiCa) with a target of ~ 0.25-0.35mmol/L  
o To measure safety (to ensure a safe systemic Ca2+ level that the patient will be exposed to), check a 

systemic ionized calcium level (SiCa), with a target of ~ 1.11-1.2 mmol/L 
 

o Heparin  
o Systemic unfractionated heparin can also be used as anticoagulation while on CRRT. This means the 

patient will also be anticoagulated, it is not ‘regional’ anticoagulation similar to citrate.  
o aPTT target is 60-85 seconds (see the order sets), which is identical to the ‘high PTT’ normogram used.  
o If heparin is used, you must use Prismasol, as the patient will be rendered severely hypocalcemic if 

Prism0cal is used without a concurrent IV calcium infusion. At Sunnybrook, there is only Prism0cal 
available; at that site, in the event that heparin anticoagulation is used, Prism0cal is continued along 
with the IV calcium infusion and the nurses are trained to never stop the IV calcium infusion. 

 
Troubleshooting  
 

o Metabolic Alkalosis  
o If you are running into trouble with high serum HCO3 (ie. >30 mmol/L), you can change the replacement 

fluid to normal saline.  
o Ie. rather than giving 200 ml/hour of Prismocal as replacement fluid, you can replace this with normal 

saline at 200 ml/hour to start.  
o See appendix for further details re. NS replacement algorithm 

o Citrate accumulation  
o Can occur in individuals with decompensated liver disease, and resultant decreased metabolism of 

citrate into bicarbonate.  
o What to look for:  

§ Decreased levels of ionized calcium  
§ Increased total calcium (this is because of the calcium which is still chelated to citrate).  
§ Worsening anion gap metabolic acidosis  
§ Increasing calcium infusion requirements  
§ Ratio of total calcium / ionized calcium > 2.5.  

o We typically decrease or hold the citrate anticoagulation when the ratio is > 2.5.  
o Hypophosphatemia 

o Replace separately. Never add FLEET to the CVVHD dialysate bags as FLEET is not sterile.  
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Peritoneal dialysis 
(Adapted from the UHN and SMH Nephrology Manuals, Primer on RRT – Dr Asad Merchant (NephroEd), ISPD 2016 PD Peritonitis Guidelines) 

 

Peritoneal Dialysis Orders:  
o Goal weight (kg) – specify if “full” or “dry/drained” 
o Dialysate bags come pre-made as 1.5% dextrose, 2.5% or 4.25%. The higher the %, the higher the osmotic 

gradient, with resultant increased ability for ultrafiltration.  
o Icodextrin (Extraneal, 7.5%) – glucose polymer based solution, which gets metabolized to maltose.  

o Avoid if allergic to corn / cornstarch.  
o Blood glucose monitors MUST be compatible with Icodextrin (where maltose will not be read as 

glucose).  
o Note – solutions with more dextrose will also alter the patients’ serum glucose. Patients new to CCPD should 

check their BG ~ QID and adjust insulin as needed.  
 
CAPD (Continuous Ambulatory Peritoneal Dialysis)  

o Total number of exchanges/day: ____  
o Specify dwell time (ie. 4-6 hours during the day, and 8-10 hours 

overnight) 
o Specify solution (ie. 1.5%), and fill volume for each exchange 
o Example:  

o 1.5L FV, 1.5%, QID, with a target weight of 60kg (full) 
 
 
APD (Automated Peritoneal Dialysis) 
 

o Uses a cycler, with 3-5 exchanges overnight with a long day dwell 
(last fill).  

o E-CCPD – refers to CCPD with last fill + midday exchange for 
‘enhanced CCPD’.  

o Last fill remains in place for ~12-16 hours, and the following evening the patient is reconnected to the machine.  
o Fill volume – may be different for the last fill and overnight exchanges. Patients may tolerate larger fill volumes 

at night, ie. due to back pain, hernias, etc.  
o CCPD prescription:  

o Specify:  
o Total volume (L) (this includes last fill) 
o Therapy time (hours)  
o Fill volume (L)  
o Last fill (if needed): ie. Icodextrin (7.5%) (similar osmolality to 1.5% dextrose), specify fill volume (often 

less than the volume used overnight). 
 

Dianeal  Number of 5L bags 
1.5%  ___ 
2.5% ___ 
4.25% ___ 

  
o Some patients who need enhanced dialysis also receive a “midday exchange”, ie. At 14:00 or 16:00, with ie. 2L of 

1.5%.  
o Example:  

o CCPD: Total volume 9.5L, 4 exchanges, fill volume 2L overnight. Last fill Icodextrin, 1.5L. Therapy time 9 
hours. TW 70kg (specify full or drained). 
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o E-CCPD: Total volume 11L, 4 exchanges, fill volume 2L overnight. Last fill Icodextrin, 1.5L. Therapy time 9 
hours. TW 70kg (specify full or drained) + midday exchange at 16:00, 1.5L of 1.5%.   

 
 
NIPD (Nocturnal Intermittent Peritoneal Dialysis) 

o The same as CCPD BUT you are “day dry”, meaning NO last fill.  
o Target weight is usually “dry” 
o Example:  

o 9 hours therapy time, total volume 8L, 4 exchanges of 2L fill volume (1.5%). No last fill.  
 
 
IPD (Intermittent Peritoneal Dialysis  

o Used ie. post PD catheter implantation, in times of volume 
overload, post hernia repair.  

o Rapid exchanges delivered over 12-20 hours, 2-3x/week.  
o For a new PD catheter, use a low fill volume to prevent leak. Can 

gradually increase this over several weeks. Patient will be supine, 
reducing risk of leak.  

 
 
 
 
 

Medications / Additional Orders to consider:  
o Mupirocin (Bactroban) ointment to PD catheter exit site – to be applied once daily  
o Change PD catheter dressing daily  
o Intraperitoneal (IP) medications:  

o Heparin 500-1000 U/L prn  
§ Used when there is fibrin, hemoperitoneum, or for slow drainage. Give in each exchange for 24 

hours then reassess. 
§ Dose – 500 u/L (non peritonitis), 1000 u/L in peritonitis until the effluent clears.  

o Lidocaine 2% - 1ml/L prn for abdominal pain  
§ For abdominal cramps / pain once you prove that it is related to the dialysate solution (don’t 

give if source of pain is not known).  
o KCl – ie. 2-4mmol/L prn for K+ ≤3 mmol/L  

§ This will reduce removal of K+ by dialysate, but will NOT supplement K+.  
§ Oral supplementation preferred. 

o tPA (Alteplase) 
§ Fibrinolytic agent used for poor or no inflow/outflow, when you think that there is a thrombus 

stuck to the PD catheter.  
§ Instill 4.6ml, dwell x 2 hours.  

o Insulin in PD  
§ Insulin is typically given s.c (as for other patients), we generally avoid IP insulin.  
 

o Bowel regimen to ensure patients on peritoneal dialysis have regular bowel movements 
 
 

What do I do if there is a contamination?  
o Two types:  

o Wet contamination 
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§ You find an open or unclamped system with the potential for organisms to get into the 
peritoneum.   

§ Do you need antibiotics? Yes.  
• Patient’s weight <50kg, give Cefazolin 1g IP for 6 hr dwell x 1 dose.  
• Patient’s weight >50kg, give Cefazolin 1.5g IP for 6 hr dwell x 1 dose.  
• If Cefazolin allergy, give Vancomycin 1g IP for 6 hr dwell x 1 dose.  

o Dry contamination 
§ You have a clamped system with NO risk of organisms entering the peritoneum. For example, 

the clamp is closed on the transfer set, BUT you’ve touched the end of the transfer set.  
§ Remember to replace the minicap for ≥5 min prior to continuing with the procedure.  
§ Do you need antibiotics? No.  

 
 
 

Peritonitis 
o Diagnosis of peritonitis requires 2 of 3:  

o Clinical features consistent with peritonitis: abdominal pain / cloudy dialysate fluid  
o (+) dialysis effluent culture  
o Eflluent WBC >100  or >0.1 x 10^9 in a dwell time of ≥2 hours with >50% PMNs. 

o Differential diagnosis of peritonitis:  
o Constipation, pancreatitis, ischemic bowel, cholecystitis, C diff, etc. Always consider secondary causes.  

 
o Peritonitis workup:  

o Ask about contamination, accidental 
disconnection, endoscopic or gyne 
procedures, diarrhea, or constipation.  

o  Send dialysate effluent for gram stain, C&S, 
cell count with differential.  

o If the patient is “dry”, instill a dwell (1L) and 
allow it to dwell x 2 hours before sending your 
sample.  

o Bloodwork: CBC, lytes, Ca, phos, albumin, 
blood cultures.  

 
 
Management 

o ** Don’t wait until the next PD exchange, start right away (after you send your sample)! 
o ** Heparin is given in each exchange (1000 u/L) until the effluent is clear.  
o ** Allow antibiotics to dwell at least 6 HOURS. They are usually given in ie. The overnight exchange, to allow 

them to dwell for a longer period.  
 

o **** All patients with peritonitis should get NYSTATIN 100,000 u/ml (5 ml po QID swish and swallow) for 
duration of peritonitis treatment and for 1 week post treatment (prophylaxis against fungal peritonitis) 

o Icodextrin is compatible with Vancomycin, Cefazolin, Ceftazidime – ie. If being given in the last fill.  
 

o Peritoneal permeability to water, glucose, proteins typically increases during peritonitis. Reduction in UF often 
seen, and thus fluid overload is an issue. May need temporary use of hypertonic exchanges and short dwell 
times.  

 
Antibiotics 
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diarrhea. In addition, the patient should be questioned about 
past history of peritonitis and ESI.

On physical examination, abdominal tenderness is typi-
cally generalized and is occasionally associated with rebound. 
Localized pain or tenderness should raise the suspicion of an 
underlying surgical pathology. Physical examination should 
also include a careful inspection of the catheter tunnel and 
exit site. Any discharge from the exit site should be cultured. 
The degree of abdominal pain and tenderness are important 
factors in deciding whether a patient requires hospital admis-
sion. In general, patients with minimal pain could be treated 
on an outpatient basis with intraperitoneal (IP) antibiotic 
therapy if this can be arranged. Follow-up within 3 days is 
advisable to confirm resolution and appropriateness of the 
antibiotic choice.

When peritonitis is suspected, dialysis effluent should 
be drained, carefully inspected, and sent for cell count with 
differential, Gram stain, and culture (207). An effluent cell 
count with white blood cells (WBC) > 100/μL (after a dwell 
time of at least 2 hours), with > 50% PMN, is highly sugges-
tive of peritonitis (208). Abdominal X ray is generally not 
necessary. Peripheral blood culture is usually not necessary 
but should be obtained if the patient is clinically septic. To 
prevent delay in treatment, antibiotic therapy (see below) 
should be initiated once the appropriate dialysis effluent speci-
mens have been collected, without waiting for the results of  
laboratory testing. 

The WBC count in the effluent depends in part on the length 
of the dwell. For patients on APD with rapid cycle treatment, 
the clinician should use the percentage of PMN rather than the 
absolute WBC count to diagnose peritonitis, and a proportion 
above 50% PMN is strong evidence of peritonitis, even if the 
absolute WBC count is less than 100/μL (208). On the other 
hand, APD patients without a daytime exchange who present 
with abdominal pain during the daytime may have no effluent 
to drain. In this case, 1 L of dialysis solution should be infused, 
dwelled for 1 to 2 hours, and then drained for inspection and 
laboratory testing. 

Some PD patients live far away from medical facilities and 
cannot be seen expeditiously after the onset of symptoms. 
Since prompt initiation of therapy for peritonitis is critical, 
this necessitates reliance on immediate patient reporting of 
symptoms to the center, and then initiating IP antibiotics in 

the home setting. Such an approach requires that the patients 
be trained in this technique and that antibiotics be kept at 
home. Whenever possible, cultures should be obtained either 
at a local facility or by having blood culture bottles kept at 
home for use. However, it is important that no one accesses 
the PD catheter without the appropriate training or equipment, 
which is often the case in smaller emergency departments. In 
this case the patient can drain his/her abdomen and provide 
the cloudy effluent for culture. Alternatively, the patient may 
place the cloudy effluent bag in the refrigerator until they 
can bring the sample to their PD center. The benefit of self-
initiated treatment, however, should be carefully balanced 
against the potential problems of over-diagnosis and habitual 
misuse of antibiotics.

Identification of Causative Organism 

•		 We	recommend	that	the	blood-culture	bottle	be	the	pre-
ferred technique for bacterial culture of PD effluent (1C). 

•		 We	suggest	that	sampling	and	culture	methods		be	reviewed	
and improved if more than 15% of peritonitis episodes are 
culture-negative (2C). 

Gram stain of the PD effluent should be performed even 
though the result is often negative (209). The yield on the Gram 
stain is increased if it is performed on centrifuged specimens. 
An appropriate method of culturing PD effluent is the most 
important step in establishing the causative organism. In some 
specialized centers, one could achieve less than 10% rate of 
culture negative peritonitis. Identification of the organism and 
subsequent antibiotic sensitivities help to guide the choice 
of antibiotic, and the type of organism often indicates the 
possible source of infection. Bedside inoculation of 5 – 10 mL 
effluent in 2 (aerobic and anaerobic) blood-culture bottles 
has a reasonable sensitivity, and the culture-negative rate is 
typically around 10 – 20%. (210,211). The yield of peritoneal 
fluid culture is enhanced by inoculating the fluid directly into 
rapid blood-culture bottle kits (e.g. BACTEC, Kent, UK; Septi-
Chek, Roche Diagnostics, Basel, Switzerland; BacT/Alert, 
Biomerieux, Inc., Basingstoke, UK), centrifuging PD fluid 
and culturing the pellet, or the lysis centrifugation technique  
compared to inoculation into standard blood-culture bottles. 
Specifically, centrifugation of 50 mL PD effluent at 3,000 g 
for 15 minutes, followed by resuspension of the sediment in 
3 – 5 mL supernatant and inoculation on solid culture media 
or standard blood-culture media, increases the yield by 5 to 
10 times but is more cumbersome (212,213). The combination 
of water lysis, Tween-80 blood agar and Triton-X treatment of 
the PD effluent is also a sensitive culture method (214). The 
specimens should arrive at the laboratory within 6 hours. If 
immediate delivery to the laboratory is not possible, the inocu-
lated culture bottles should ideally be incubated at 37°C. The 
solid media should be incubated in aerobic, microaerophilic, 
and anaerobic environments.

The speed with which bacteriological diagnosis can be 
established is very important. Concentration methods do not 

TABLE 4 
Differential Diagnosis of Cloudy Effluent

•	 Culture-positive	infectious	peritonitis
•	 Infectious	peritonitis	with	sterile	cultures
•	 Chemical	peritonitis
•	 Calcium	channel	blockers
•	 Eosinophilia	of	the	effluent
•	 Hemoperitoneum
•	 Malignancy	(rare)
•	 Chylous	effluent	(rare)
•	 Specimen	taken	from	“dry”	abdomen
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o If your patient has <100ml/day of urine output:  
o Weight <50 kg à Cefazolin 1g IP in 1 exchange / day AND Tobramycin 40 mg IP in 1 exchange/day. 
o Weight >50kg à Cefazolin 1.5g IP in 1 exchange / day AND Tobramycin 60 mg IP in 1 exchange/day. 

o If your patient has >100ml/day of urine output:  
o Weight <50 kg à give Cefazolin 1g IP in 1 exchange / day AND Ceftazidime 1g IP in 1 exchange/day. 
o Weight >50kg à Cefazolin 1.5g IP in 1 exchange / day AND Ceftazidime 1.5g IP in 1 exchange/day. 

 
When do I use Vancomycin?  

1. If allergic to cefazolin, give vancomycin  
o Weight < 50 kg, Vancomycin 1 gram in 1 exch q 5 days if residual renal function, q7days if no residual renal 

function.  
o Weight > 50 kg, Vancomycin 2 grams in 1 exch q 5 days if residual renal function, q 7 days if no residual renal 

function.  
2. When there is an MRSA exit site infection, prior MRSA peritonitis, or if your patient is from an area where there 

is high incidence of MRSA.  
o Note – If your patient has >100 ml/day UO check Vancomycin levels 3-4 days into therapy. 

 
If allergic to ceftazidime, give Tobramycin as above.   
 
Monitoring etc.  

o Daily effluent cell count (until it is ≤100) 
o Can check q2 days if outpatient  

o C&S daily until the first “no growth”, then q4 days until 
there are 3 “no growths”. 

o Hold calcium and iron if the peritonitis is severe due to 
constipation. 

 
 
 
 
Do I need to remove the PD catheter?  
 
Indications for Catheter Removal:  

o Fungal or yeast peritonitis – remove ASAP! 
i. Start antifungal rx and switch to HD for ≥8 weeks.  

o Refractory peritonitis – failure of the PD effluent to clear up after 5 days of appropriate abx).  
o Catheter removal can be done earlier if the patient’s clinical status is deteriorating, in order to preserve 

the peritoneum for future use.  
o Relapsing peritonitis 
o Refractory exit site and tunnel infection  
o Catheter removal can also be considered for:  

o Repeat peritonitis  
o Mycobacterial peritonitis  
o Multiple enteric organisms  

o Pseudomonas – IF you also have an exit site or tunnel infection.  
o Staph aureus – IF you also have an exit site or tunnel infection, consider removal.  
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Relapsing coagulase-negative Staphylococcus peritonitis 
suggests colonization of the PD catheter with biofilm, and 
catheter removal should be considered. When the PD effluent 
becomes clear with antibiotic therapy, many of these patients 
could have simultaneous re-insertion of a new catheter as a 
single procedure under antibiotic coverage, and temporary 
hemodialysis could be avoided (204). In addition to conven-
tional antibiotics, a retrospective study found that IP urokinase 
and oral rifampicin resulted in catheter salvage in 64% of cases 
with persisting asymptomatic infection following coagulase-
negative Staphylococcus peritonitis (337), but the benefit of 
this approach needs to be confirmed by further studies.

Enterococcus Species 

•		 We	 suggest	 that	enterococcal	peritonitis	be	 treated	 for	
3 weeks with IP vancomycin (2C). 

•		 We	suggest	adding	IP	aminoglycoside	for	severe	enterococ-
cal peritonitis (2D).

•		 For	peritonitis	due	to	vancomycin-resistant	Enterococcus	
(VRE), we suggest treatment for 3 weeks with IP ampicillin 
if the organism is susceptible or with alternative antibiot-
ics (linezolid, quinupristin/dalfopristin, daptomycin or 
teicoplanin, based on antimicrobial susceptibilities) if the 
organism is ampicillin-resistant (2D).

Enterococci are normal flora of the gastrointestinal tract 
(356,357). Intra-abdominal source must be considered. Other 
pathogenic organisms are isolated in about half of the cases 
of enterococcal peritonitis, and the coexistence of other 
organisms was associated with high rates of catheter removal, 
permanent hemodialysis transfer, and death (356,357). 

Enterococcal species are always resistant to cephalosporins. 
Identification of the exact species is important because resis-
tance to penicillins and carbapenems is far more frequently 
observed in E. faecium than in E. faecalis (358). Although 
there may be clinical response to empirical therapy with first-
generation cephalosporins (359), peritonitis episodes should 

be treated with IP vancomycin if the organism is susceptible. 
For patients with severe signs or symptoms, an aminoglycoside 
may be added for synergy. However, aminoglycosides should not 
be added to the same bag with penicillins because of chemical 
incompatibility (see Antibiotic Delivery and Stability). Although 
ampicillin has little in vitro activity when added to common PD 
solutions (331), clinical experience suggests clinical efficiency 
(356). For vancomycin-resistant enterococcus (VRE) causing 
peritonitis, if the bacterial isolate is ampicillin-susceptible, 
ampicillin remains the drug of choice. Otherwise, linezolid, 
quinupristin/dalfopristin, or daptomycin are valid options 
(278,281,292,360–363). Given the clinical efficacy and pro-
file of adverse effects, daptomycin is probably the first-line 
antibiotic of choice for peritonitis episodes caused by VRE 
(278,363–365). Bone marrow suppression usually occurs after 
10 to 14 days of linezolid therapy, and prolonged therapy may 
also result in neurotoxicity. One previous study showed that 
removal of the PD catheter within 1 week of the onset of refrac-
tory enterococcal peritonitis was associated with a significant 
reduction in the risk of permanent hemodialysis transfer (356).

Streptococcal Species

•		 We	suggest	that	streptococcal	peritonitis		be	treated	with	
appropriate antibiotics, such as IP ampicillin, for 2 weeks 
(2C).

Streptococci frequently originate from the mouth (175), 
although S. bovis typically comes from the colon (366). 
Peritonitis episodes caused by streptococci usually respond 
well to antibiotic treatment (175,367), but viridans streptococ-
cal peritonitis are more likely to be refractory (368). Cefazolin 
and vancomycin are often effective. 

Staphylococcus Aureus 

•		 We	suggest	that	Staphylococcus aureus peritonitis be treated 
with effective antibiotics for 3 weeks (2C).

Peritonitis episodes caused by Staphylococcus aureus are 
often secondary to exit-site or tunnel infection, although 
touch contamination is also common. If the bacterial isolate is 
methicillin-sensitive, a first-generation cephalosporin is the 
drug of choice. Two retrospective studies found that the initial 
empiric antibiotic choice between vancomycin and cefazolin had 
similar clinical outcomes (369,370). If the isolate is methicillin-
resistant, IP vancomycin is the drug of choice, but teicoplanin 
and daptomycin can be used as alternatives (371). One study 
showed that the use of adjuvant rifampicin for 5 to 7 days may 
reduce the risk for relapsing or repeat S. aureus peritonitis (369). 
However, rifampicin is a potent liver enzyme inducer and interac-
tion with other concomitant medications may be problematic. 

Observational data suggest that treatment with effective 
antibiotics for 3 weeks is needed (369,370,372). Prolonged 
vancomycin therapy may predispose to the emergence 
of vancomycin-resistant S. aureus and should be avoided 

TABLE 7 
Terminology for Peritonitis 

•	 	Recurrent:	An	episode	that	occurs	within	4	weeks	of	completion	
of therapy of a prior episode but with a different organism 

•	 	Relapsing:	An	episode	that	occurs	within	4	weeks	of	completion	of	
therapy of a prior episode with the same organism or one sterile 
episode 

•	 	Repeat:	An	episode	that	occurs	more	than	4	weeks	after	completion	
of therapy of a prior episode with the same organism 

•	 	Refractory:	 Failure	 of	 the	 effluent	 to	 clear	 after	 5	 days	 of	
appropriate antibiotics 

•	 	Catheter-related	peritonitis:	Peritonitis	in	conjunction	with	an	exit-
site or tunnel infection with the same organism or one site sterile 

N.B.  Relapsing episodes should not be counted as another episode 
during the calculation of peritonitis rates; recurrent and repeat 
episodes should be counted.
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Table 1 – Organism-Specific Antibiotic Recommendations 
 

Culture Result  Continue or Add  Discontinue  Frequency and Duration of 
Therapy  

No growth in 2-3 days  Cefazolin 1.5g (1g if <50kg)   Tobramycin, 
Ceftazidime 

1 exchange/day. Continue for 2 
weeks.  

If NO improvement in 5 days, 
consider catheter removal, 

continue Cefazolin while on IHD 
once catheter out. Call lab to 
workup potential yeast/ TB.  

Coagulase negative 
staphylococcus (CNST) 

Cefazolin 1.5g (1g if <50kg)   Tobramycin, 
Ceftazidime 

1 exchange/day. Continue 
for 2 weeks. 

Methicillin Resistant 
CNST  

Vancomycin 2g IP (1g if <50kg)  Tobramycin, 
Ceftazidime and 

Cefazolin  

1 exchange/week. If 
>100ml/day UO, give 

q5days, if less, give q7days.  
Follow levels. Duration of 

abx – 3 weeks. 
Staphylococcus Aureus  Cefazolin 1.5g (1g if <50kg)   AND consider 

Rifampin 300 mg po BID for the first week of 
therapy  

Tobramycin, 
Ceftazidime 

1 exchange/day. Continue 
for 3 weeks.  

MRSA  Vancomycin 2g IP (1g if <50kg) AND Rifampin 
300 mg po BID for the first 2 weeks of therapy 

Tobramycin, 
Ceftazidime, 

Cefazolin 

1 exchange/week. If 
>100ml/day UO, give 

q5days, if less, give q7days.  
Follow levels. Duration of 

abx – 3 weeks.  
Enterococci  Ampicillin 125mg/L q exchange (if ampicillin 

resistant, can chance to Vancomycin 2g once 
every 7 days (1g if <50kg). If there is residual 
renal function (RRF), give once every 5 days. 

 
Consider gentamicin 20mg/L IP in one 

exchange for synergy. 

Discontinue all 
cephalosporins 

Ampicillin in each exchange, 
tobramycin 1 exchange/day. 

Vancomycin 1 exchange 
q7days.  

If VRE – consult ID.  
Abx duration – 4 weeks.  

Streptococcus  Cefazolin 1.5g  IP OR Penicillin G 50,000 u/L 
loading dose then 25,000 u/L 

Tobramycin, 
Ceftazidime 

Cefazolin – 1 exchange/day, 
OR penicillin in each 

exchange. Continue x 2 
weeks.  

Klebsiella / E Coli / 
Proteus / Serratia 

Tobramycin 60mg (40mg if <50kg) if NO RRF. 
OR if there is RRF, give Ceftazidime 1.5g (1g if 

<50kg).  

Cefazolin Give in 1 exchange/day. 
Continue x 3 weeks.  

Polymicrobial  Tobramycin 60mg (40mg if <50kg) if NO RRF. 
OR if there is RRF, give Ceftazidime 1.5g (1g if 

<50kg) AND ampicillin 125 mg/L.  
 

AND give Metronidazole 500 mg iv/po q8h. 
Get a surgical consult.   

Cefazolin  Ampicllin – in each 
exchange. Tobramycin is in 1 

exchange per day.  
Continue abx x 4 weeks. 

Continue 1 week post 
catheter removal, min 
treatment is 4 weeks.  

If any organism is gram neg 
– consider bowel 

perforation.  
Pseudomonas / 

Stenotrophomonas 
Tobramycin 60mg (40mg if <50kg) if NO RRF. 
OR if there is RRF, give Ceftazidime 1.5g (1g if 

<50kg). 
 

Cefazolin 1 exchange per day. 
Continue x 4 weeks if 



 14 

See tables below – recommended to use 2 
abx – ie oral quinolone + 1 other  

catheter is in, or for 2 weeks 
post catheter removal.  

Remove catheter if exit site 
or tunnel infection.  

Fungal / Yeast While the catheter is still in: Fluconazole 200 
mg IP dwell x 8 hr q48h OR ampho B 0.5-

1mg/kg IV q24h. Consult ID.   
OR itraconazole 100 mg po q12h.  

Arrange for urgent PD catheter removal.  

Tobramycin, 
Ceftazidime, 

Cefazolin 

Once catheter out – 
Fluconazole 200 mg daily for 

2 additional weeks, OR 
itraconazole 100 mg po 

q12h x 2 weeks 
Mycobacteria  Rifampin 600 mg po daily, Isoniazid 300 mg po 

daily, Pyrazimide 1.5g po daily, Pyridoxine 100 
mg po daily, Ofloxacin. Monitor liver 

parameters. Don’t give ethambutol due to 
high rates of optic neuritis. Consult ID. 

Tobramycin, 
Ceftazidime, 

Cefazolin 

Rif + INH x 12 mo; 
Pyrazimaide x 3 months.  

 
Remove catheter.  

    
 
Table 2.  Antibiotics with Activity Against Pseudomonas 
 

Antibiotic   Dosage 
Ceftazidime  125 ml/L IP in each exchange 

Pip Tazo  3.375 g IV q12h 
Ciprofloxacin  500 mg po bid  

Cefepime  1 g IP in 1 exchange/day 
 
 
Table 3. Antibiotics with Activity Against Stenotrophomonas 
 

Antibiotic  Dosage 
TMP SMX  Loading dose: 320mg/1600mg 

(20ml) IP  
Maintenance: 40mg/200mg 

(2.5ml) IP in one exchange/day 
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removal. Temporary use of icodextrin solution may prevent 
fluid overload in PD patients with acute peritonitis (342). 
Because of rapid glucose absorption, glycemic control may 
worsen in diabetic patients. Blood glucose monitoring with 
appropriate adjustments of insulin dosage may be needed. 
Protein loss during peritonitis is also increased. Screening for 
malnutrition should be undertaken in patients with prolonged 
peritoneal inflammation.

SUBSEQUENT MANAGEMENT OF PERITONITIS 

•		 We	 recommend	 that	 antibiotic	 therapy	 	 be	 adjusted	 to	
narrow-spectrum agents, as appropriate, once culture 
results and sensitivities are known. (1C). 

The management algorithms for gram-positive cocci and 
gram-negative bacilli identified in dialysis effluent are sum-
marized in Figures 2 and 3, respectively. Within 48 hours of 
initiating therapy, most patients with PD-related peritonitis 
will show considerable clinical improvement. The effluent 
should be visually inspected regularly to determine whether 
clearing is occurring. If there is no improvement after 48 
hours, cell counts and repeat cultures should be performed. In 

addition, monitoring of WBC count in PD effluent may predict 
treatment response. A retrospective study showed that dialysis 
effluent	WBC	count	≥	1,090/mm3 on day 3 was an independent 
prognostic marker for treatment failure (343).

Refractory Peritonitis 

•		 We	recommend	that	the	PD	catheter		be	removed	promptly	in	
refractory peritonitis episodes, defined as failure of the PD 
effluent to clear up after 5 days of appropriate antibiotics 
(1C). 

After initiation of antibiotic treatment, there is usually clini-
cal improvement in 72 hours. Refractory peritonitis is defined 
as failure of the PD effluent to clear up after 5 days of appro-
priate antibiotics (Table 7). Catheter removal is indicated in 
case of refractory peritonitis, or earlier if the patient’s clinical 
condition is deteriorating, in order to preserve the peritoneum 
for future PD as well as preventing morbidity and mortality. 
Prolonged attempts to treat refractory peritonitis by antibi-
otics without catheter removal are associated with extended 
hospital stay, peritoneal membrane damage, increased risk of 
fungal peritonitis, and excessive mortality (344). 

Figure 2 — Management algorithm for gram-positive cocci identified in dialysis effluent.

Gram-positive cocci on culture

Assess clinical improvement, repeat dialysis effluent cell count and culture at days 3-5

Clinical improvement:
continue antibiotics;
re-evaluate for occult 

exit-site or tunnel infection

coagulase-
negative

staphylococci

treat for 14 days

Peritonitis resolves but persistent
exit-site or tunnel infection

consider simultaneous
catheter removal and re-insertion

screen for
S. aureus carrier;
treat for 21 days

S. aureus Enterococci

treat for 21 days treat for 14 days

other
streptococci

No clinical improvement:
re-culture and evaluate

No clinical improvement by 5 days on
appropriate antibiotics: remove catheter

Continue gram-positive coverage based on sensitivities.
If enterococci, adjust coverage to vancomycin or other appropriate agents.

If methicillin resistant, adjust coverage to vancomycin or other appropriate agents.
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Relapsing, Recurrent, and Repeat Peritonitis

•		 We	recommend	that	timely	catheter	removal		be	considered	
for relapsing, recurrent, or repeat peritonitis episodes (1C).

The definitions of relapsing, recurrent, and repeat perito-
nitis are summarized in Table 7. Retrospective studies showed 
that relapsing, recurrent, and repeat peritonitis episodes are 
caused by different species of bacteria and probably represent 
distinct clinical entities (166,345–347). When compared to 
non-relapsing episodes, relapsing ones are associated with a 
lower rate of cure, more ultrafiltration problems, and higher 
rate of technique failure (166,348). Recurrent peritonitis epi-
sodes had a worse prognosis than relapsing ones (166,345). 
A recent study suggested that bacterial DNA fragment levels 
in PD effluent are significantly higher 5 days before and on 
the date of completion of antibiotics amongst patients who 
subsequently develop relapsing or recurrent peritonitis (349). 
Another study suggests that effluent white cell count and leu-
kocyte strip test at the time of stopping antibiotics may also 
predict relapse (350). However, further studies are needed to 
validate these results and confirm their clinical utility. 

Coagulase-Negative Staphylococcus 

•		 We	suggest	that	coagulase-negative	staphylococci	generally	
be treated with IP cephalosporins or vancomycin, accord-
ing to antimicrobial susceptibility, for a period of 2 weeks. 
(2C). 

Coagulase-negative Staphylococcus peritonitis episodes, 
especially those caused by S. epidermidis, are mostly due 
to touch contamination. Many patients with S. epidermidis 
peritonitis have mild clinical symptoms and respond well to 
treatment as outpatients (351–353). In some centers, 
the prevalence of methicillin resistance is now very high 
(354,355), and vancomycin may have to be considered as 
empirical therapy. Even for methicillin-sensitive strains, 
it is important to avoid inadequate IP antibiotic levels, 
which may lead to relapsing peritonitis. For this reason, 
continuous dosing of IP first-generation cephalosporins is 
preferable to intermittent dosing. Effective antibiotic treat-
ment for 2 weeks is generally sufficient (351–354). The 
patient’s exchange technique should be reviewed to prevent  
another episode. 

Figure 3 — Management algorithm for gram-negative bacilli or mixed bacterial growth identified in dialysis effluent. 
* Trimethoprim/sulfamethoxazole is preferred for Stenotrophomonas species.

Gram-negative bacilli or mixed bacterial growth on culture

Continue gram-negative coverage based on sensitivities.
Consider switching to 3rd or 4th generation cephalosporine.

Assess clinical improvement, repeat dialysis effluent cell count and culture at days 3-5

Clinical improvement:
continue antibiotics

Pseudomonas or
Stenotrophomonas

species

give 2 effective antibiotics
based on sensitivity*;

re-evaluate exit site and tunnel

treat for 21-28 days

Peritonitis resolves but persistent
exit-site or tunnel infection

consider simultaneous
catheter removal and re-insertion

treat for 21 days treat for 21 days

other gram-
negative bacilli

No clinical improvement:
re-culture and evaluate

No clinical improvement by 5 days on
appropriate antibiotics: remove catheter

mixed gram-negative or gram-
negative + gram-positive organisms

consider surgical problem;
in addition to gram-negative

coverage, consider metronidazole
and ampicillin/vancomycin
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Antibiotic Prophylaxis / Procedure Preparation for PD 
Patients  

 
**  For ALL procedures – patients should be DRAINED (“Empty”) before the procedure.  
 
Coronary Angiogram:   

o Per UHN manual: N Acetylcysteine (Mucomyst®) 600 mg po bid on day before and day of procedure. Hydration 
is recommended 12 hr prior to, during, and 12 hr post procedure (0.45% saline 1mL/kg/h. Resume PD exchanges 
post procedure.  

 
Cholangiogram – drain prior to procedure.  
 
Colonoscopy:  

o Ampicillin 1g IP in long dwell prior to procedure OR Amoxicillin 2 g po 1 hr pre procedure. (If penicillin allergy: 
Clindamycin 600 mg po 1 hr pre procedure or 600 mg IV 30 min pre procedure)  

o AND: Tobramycin 120 mg IP in long dwell prior to procedure  
o AND: Metronidazole 500 mg po 1 hr pre procedure AND 500 mg po 12 hrs post procedure.  

 
Sigmoidoscopy / Proctoscopy: no antibiotic prophylaxis needed.  
 
CT abdomen:  

o If ruling out PD leak – instill 100 ml “Visipaque” IP to dialysate (regardless of volume instilled). Your goal is to 
raise the abdominal pressure, thus have the patient have ≥2L and walk around to make leak more visible. Drain 
post procedure.  

 
Cystoscopy:  

o Ampicillin 1g IP in long dwell prior to procedure OR Amoxicillin 2 g po 1 hr pre procedure. (If penicillin allergy: 
Clindamycin 600 mg po 1 hr pre procedure or 600 mg IV 30 min pre procedure)  

o AND Ciprofloxacin 500 mg po daily x 2 days OR Septra 1 SS tab po daily x 2 days.  
 
ERCP or Upper endoscopy: Amoxicillin 2 g po 1 hr pre procedure.  
 
Gyne procedures (ie. Uterine biopsy, D&C, not for routine pap test): Amoxicillin 2 g po 1 hr pre procedure, AND 
metronidazole 500 mg po 1 hr pre procedure and 500 mg po 12 hrs post procedure.  
 
Liver biopsy: Cefazolin 1 g IP or IV pre procedure. Leave dry for 24 hrs post procedure.  
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Kidney Transplantation 
(Adapted from the 2017 Nephrology Orientation Manual and SMH manual) 

 

Living Donor Transplant  
 

Types of living donation:  
o Biologically related (siblings, parents, etc)  
o Emotionally related (spouse, friend) 
o Non emotional directed donation  
o Living donor paired exchange 

 
Donor: they are admitted to Urology – we are not responsible for the donor. 
Recipients: 

o Recipients are admitted to Nephrology the day prior to surgery.  
o May require dialysis pre op (if hyperkalemic, volume overloaded). If on PD, will get usual dialysis overnight.  
o Note – any identifying information about the donor should NOT be recorded in the recipient chart to protect 

confidentiality. We do record whether it is an ECD or DCD donor. Also, if it is exceptional distribution, we 
record the concern, such as "increased infectious risk," or "increased malignancy risk," without recording the 
exact behaviours. 

 
 

Deceased Donor Transplant  
 
Two main types:  

o NDD (Donation after neurological death)  
o DCD (Donation after cardiac death) 

 
Both criteria are then sub-classified by quality of the kidney:  

o Standard criteria (SCD): Age <60 years and healthy, or age <50 years.  
o Extended criteria (ECD): Age ≥60 years, or age 50-59 years with 2/3 of: hypertension, stroke as cause of death, 

terminal creatinine >132umol/L. 
 
Exceptional distribution kidneys:  

o A donor who is deemed “higher” risk for transmissible diseases (ie. Infections, malignancy, etc), and require 
additional consent.  

o Attending staff determine donor suitability.  
o The actual risks are very low, and all donors are screened for infectious diseases by NAAT testing, serology:  

o Ie. NAAT for HIV, Hep B, Hep C, etc.  
 
 
 

Assessing / Admitting a Potential Transplant Recipient  
 
o Accepting a kidney: TGLN will generally call the attending directly to offer them a kidney. A PDF file of the donor 

information is sent. This PDF contains the donor TGLN number. The staff then decides whether they will accept the 
kidney. TGLN will notify the attending who the intended recipient is.  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o Calling in a recipient: Either the staff/resident (SMH) or a coordinator (UHN) will call the patient in. During this call, 
it is useful to know when the last dialysis session was, so you can plan ahead in case they need a run before the OR. 
Ask them to remain NPO, hold any anticoagulants. Ensure they are not “on hold” on the transplant list. In the case of 
exceptional distribution kidneys, you may also have to discuss (without divulging donor information) the risks 
involved.   

 
o STAT crossmatch: Usually reserved for patients with cPRA >80%, or >0% with <6 sera available, or any recent 

transfusions. Other patients will require a non-STAT crossmatch. There is a special requisition to fill that requires the 
TGLN number for each the donor and recipient. Donor TGLN number is found in the PDF sent to you. Recipient 
TGLN number is found in a transplant waiting list binder that each of the sites keeps. The staff will decide whether a 
STAT crossmatch is required.   

o A STAT cross match must be NEGATIVE before going for surgery. 
o Stat cross match takes approximately 5-6 hours 

 
o Calling in backup: Should there be any concern as to whether the intended recipient can receive the kidney (e.g. 

STAT crossmatch required). Not always necessary, as positive crossmatches are exceedingly rare.   
 
o Inform Urology or Transplant Surgery: They may already be aware, but this courtesy is always appreciated.   
 
o Assess the patient:  

o Important things to determine are whether there have been any recent sensitizing events (transfusions, 
pregnancies) that may require a stat cross match, any active issues (cardiac or infectious), and whether 
dialysis is necessary prior to OR.  

o It is also useful to document the patient’s native urine output (helpful post-operatively).  
o Finally, review the file to determine whether the workup was complete (infectious – 

HBV/HCV/HIV/EBV/CMV +/-TB; cardiac – EKG, echocardiography, stress test; malignancy – age appropriate 
testing; anatomic – abdominal dopplers/CT)   

o Send off laboratory investigations:  
§ CBC, extended electrolytes, INR / PTT 
§ ECG  
§ CXR  

 
o Pre-op orders: There are order sets on both EPR and Soarian. Whether a high-risk (e.g. Thymoglobulin) or low-risk 

(e.g. basiliximab) induction protocol is used is determined by your attending.   
o Surgical antimicrobial prophylaxis – Cefazolin (weight based – see order sets), or Vancomycin (if allergic to 

Cefazolin)  
 

o Post-op management:  
 
o Post op orders: Should also available on the computer.  

§ Medications included in post op orders:  
• Induction:  

o Basiliximab  
o Anti thymocyte globulin  

• Antiproliferative agent:  
o Mycophenolate sodium (Myfortic) 

§ 720 mg po bid starting post op day 0 
o Mycophenolate mofetil (Cellcept) 
o Azathioprine (Imuran) 

• Calcineurin inhibitors 
o Tacrolimus extended release (Advagraf) 
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§ 0.1mg/kg po daily on post op day 0-2 (may delay in patients with delayed 
graft function) 

§ Follow trough levels starting on post op day 1 
o Tacrolimus immediate release (Prograf) 

§ Use if patient cannot swallow (has NG tube)  
§ 0.05 mg/kg po bid  

o Cyclosporine (Neoral)  
§ Given if intolerance to Tacrolimus or consider using if high-risk for post-

transplant diabetes mellitus (impaired glucose tolerance on OGTT) 
§ Cyclosporine 3 mg/kg po bid starting post op day 0 
§ Follow C2 levels starting post op day 1 (level 2 hrs after the dose is given)  

• Corticosteroids (Methylprednisolone, Prednisone) 
o Methylprednisolone – 2mg/kg IV on call to the OR. Then, 1 mg/kg IV q12h x 48 

hours.  
o Then:  

§ Post op day 3-7: 1mg/kg po daily  
§ Post op day 8-14: 0.5mg/kg po daily  
§ Post op day 15 on wards: 20 mg po daily until seen in the transplant clinic 

o Steroid dosing regimens differ between SMH and UHN; use the regimen on that 
hospital's order set 

• Prophylaxis:  
o PJP prophylaxis:  

§ TMP SMX (Septra): either 1 SS tab po daily, or 1 DS po MWF  
§ Dapsone 100 mg po daily (Use if sulfa allergic. Don’t forget to check G6PD) 

o Valganciclovir – see below for when to give  
o Nystatin 100,000 u swish and swallow QID  
o Proton pump inhibitor – Pantoprazole 40 mg po daily or Ranitidine 150 mg po bid 

(preferred)  
o Bowel regimen  
o Iron supplementation – Ferrous fumarate 300 mg po daily  
o DVT prophylaxis  

 
Who gets Basiliximab?  

o This is site specific – and will be determined by your attending prior to transplant.  
o Typically - Low immunologic risk patients, no donor specific antibodies (DSA), no prior allograft loss due to 

rejection  
 
Who gets Anti thymocyte globulin (ATG)?  

o This is site specific – and will be determined by your attending prior to transplant.  
o Possibility of a DSA (whether untested, or missed) 
o Previous allograft loss due to acute rejection  
o Dosing:  

o 1.5mg/kg IV post op 
o Either via central line or peripheral line 
o Pre medication given to prevent hypersensitivity reaction:  

§ Diphenhydramine / acetaminophen  
o Monitor cell counts daily. Target absolute lymphocyte count <0.2. Monitor WBC and platelet counts – if 

they drop sharply, consider holding the ATG dose.  
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1st 24 hour management:  
 

o Monitor urine output. Absence of bloody urine indicates urine is coming from native graft and not allograft. 
The presence of bloody urine does not guarantee graft function, as there can be bleeding from area of 
anastomosis, which can mix in with urine from the native kidneys (if there is residual renal function)  

o Minimal urine output could indicate a complication (thrombosis, hematoma, surgical issue) or delayed graft 
function (common in deceased donor, rare in living donor) and requires urgent ultrasound.   

o No urine output could mean the foley catheter is obstructed, ureter is obstructed, there is ureteric leak, no 
blood flow to the transplant kidney, or hyperacute rejection. Flush the foley with saline to dislodge any clots 
– if anuric despite this, obtain an URGENT renal ultrasound with Doppler, and call urology (at SMH) or 
transplant surgery (UHN). 

o Volume management post op 
§ The goal in the first 24-48 hours is to keep the patient mildly hypervolemic. Start by giving normal 

saline with 1:1 urine output replacement, and any additional boluses needed to maintain adequate 
blood pressure.  

§ If the patient is polyuric, then match the tonicity of the urine with your IVF (tonicity = Urine [Na] + 
Urine [K]) (this is specific to SMH).  

o Post operative imaging unless there are any urgent indications, a renal ultrasound is routinely done on post 
op day 3.  

Who gets CMV prophylaxis?  
 

Recipient CMV status Donor CMV status Low immunologic risk 
(Basiliximab induction) 

High immunologic risk 
(ATG induction) 

+ + No  Yes – give Valganciclovir  
+ - No  Yes – give Valganciclovir  
- + Yes – give Valganciclovir Yes – give Valganciclovir  
- - No  No  

 
*Discuss with pharmacy re. Valganciclovir dosing based on renal function  
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Intoxications 
(Adapted from the 2017 UHN Nephrology Manual, UKidney, and UpToDate) 

 
Call Poison Control – Tel 1-416-813-5900 
 
Which substances / toxins should you dialyze?  

o Those where you can remove them faster by dialysis than your body would otherwise be able to clear them by 
endogenous  metabolism and elimination 

o Substances with low molecular weight 
o Substances with a low level of protein binding  
o Water soluble drugs (low volumes of distribution)  

 
Methanol 
 

  
Introduction / 

Pathophysiology 
o Found in windshield washing fluids, paints, solvents, wood alcohol.  
o Metabolized by alcohol dehydrogenase to form toxic metabolite formic 

acid.  
Clinical Findings  / Lab 

Findings 
o Early CNS depression, then a latent period which can last 6-24 hours 

before you get a metabolic acidosis and visual symptoms.  
o Visual symptoms include blurry vision, decreased visual acuity, 

decreased pupillary light reflex, photophobia, visual field defects, or 
blindness.  

o Elevated AGMA will be seen  
o If early and parent alcohol has not yet been metabolized, will see an 

elevated osmolal gap.  
Initial Management  o ABCs, treat hypotension with IV crystalloids as needed. 

o Sodium bicarbonate 1-2meq/kg bolus followed by infusion of isotonic 
NaHCO3 at 200-250 ml/hr if pH <7.3.  

o Folic acid 50 mg IV q6h or folinic acid 50 mg iv in D5W over 30-60 min 
Q4H should be given to increase formic acid metabolism  

 
When to give Fomepizole:  

o Methanol level >3.2mmol/L OR  
o Recent (within hours) ingestion of methanol, and an osmolal 

gap >10mmol/kg OR  
o History or a suspicion of ingestion and ≥2 of:  

§ pH <7.3 
§ Serum HCO3 <20 mmol/L 
§ Osmolal gap >10mmol/kg  
§ Visual signs or symptoms  

 
Antidote: Fomepizole – used instead of EtOH to inhibit alcohol dehydrogenase.  
Dosing 

o Loading: 15mg/kg IV  
o Maintenance: 10 mg/kg IV q12 h until dialysis started. 
o During dialysis:  

o If <6 hrs since last dose: hold fomepizole. 
o If ≥6 hrs since last dose: give 10 mg/kg IV 
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o Note: Fomepizole is removed by dialysis and thus dosing frequency 
should be increased to q4h during dialysis.  

EtOH is an alternative to fomepizole, however is not commonly available. 
 

Indications for Dialysis 
and Subsequent 

Monitoring  

Indication for dialysis:  
o Metabolic acidosis (pH<7.25-7.3) regardless of drug level 
o Visual changes 
o Deteriorating vital signs  
o AKI  
o Electrolyte abnormalities unresponsive to medical management  
o Methanol level ≥15.6mmol/L,  

 
Monitoring:  

o Continue dialysis until the methanol level is >6.3mmol/L, this may 
require prolonged dialysis (ie. 15-20 hours)  

o Visual abnormalities may persist permanently and should not be a 
reason to continue dialysis  

o Monitor serum osmolality and acid base status in the first 24-36 hours 
after you stop dialysis, because methanol may rebound.  

 
 
 

Ethylene Glycol  
 

  
Introduction / 

Pathophysiology 
o Found in antifreeze solutions, de-icing solutions, hydraulic brake fluid, 

foam stabilizers, and chemical solvents.  
o Metabolized by alcohol dehydrogenase to form the toxic metabolite 

glycolic acid. Glycolate is further metabolized to form oxalate, which 
can cause AKI. 

Clinical Findings  / Lab 
Findings  

o First phase causes CNS depression, can result in coma, seizures  
o Second phase is due to glycolic acid, ~ 12 hours after ingestion. Cardiac 

and respiratory failure can occur, with severe metabolic acidosis.  
o After 24-48 hours, AKI occurs due to oxalate precipitation: flank pain, 

hypocalcemia, and ATN (with oxalate crystals)  
o Will see an elevated AGMA  
o Elevated osmolal gap (early on if the parent alcohol has not yet been 

metabolized) 
Initial Management  o ABCs, treat hypotension with IV crystalloids as needed. 

o Sodium bicarbonate 1-2meq/kg bolus followed by infusion of isotonic 
NaHCO3 at 200-250 ml/hr if pH <7.3.  

o Thiamine 100 mg IV QID, Pyridoxine 50 mg IV QID to increase 
metabolism of glyoxylate.  

o Correct hypocalcemia if present (it is uncertain if this will worsen 
calcium oxalate precipitation)  

 
When to give Fomepizole: (see dosing above)  

o Ethylene glycol level >3.2mmol/L OR  
o Recent (within hours) ingestion of ethylene glycol, and an 

osmolal gap >10mmol/kg OR  
o History or a suspicion of ingestion and ≥2 of:  
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§ pH <7.3 
§ Serum HCO3 <20 mmol/L 
§ Osmolal gap >10mmol/kg  
§ Urine oxalate crystals (although this is not sensitive)  

 
Indications for Dialysis 

and Subsequent 
Monitoring  

Indication for dialysis:  
o Ethylene glycol level >8.1mmol/L in absence of renal dysfunction or 

metabolic acidosis  
o Metabolic acidosis – pH <7.25-7.3 
o AKI  
o Visual symptoms or signs  
o Deteriorating vital signs despite supportive care  
o ** If patients with ethylene glycol >8.1mmol/L are instead treated with 

fomepizole only, one should watch for development of metabolic 
acidosis, and start dialysis ASAP if this develops.  

 
Monitoring:  

o Dialyze until ethylene glycol level is <3.2mmol/L 
o Ethylene glycol may rebound within 12 hours of stopping dialysis, so 

monitor serum osmolality, electrolytes, and acid base status closely 
within 24 hours after dialysis.  

 
 

Lithium  
 

  
Introduction / 

Pathophysiology 
o Mechanism of action of lithium is not understood. Molecular weight 74 

Da, and has no protein binding, with low volume of distribution.  
o Half life is approximately 18 hours in adults, and 36 hours in elderly.  
o Excretion is almost entirely renal, it is filtered freely and 60% is 

reabsorbed by the proximal tubules. Volume depletion increases 
lithium reabsorption.  

o Symptoms and signs of toxicity differ based on total amount of lithium 
and on chronicity of ingestion.  

o Always ask about any cormobid conditions predisposing to volume 
depletion or AKI.  

Clinical Findings  / Lab 
Findings  

o Nausea, vomiting, diarrhea (can all predispose to intravascular volume 
depletion)  

o Arrhythmias are rare, although can get long QTc, bradycardia.  
o Neuro symptoms often occur later, but can include ataxia, sluggishness, 

confusion, myoclonic jerks, agitation, tremors and fasciculations.  
o When severe, can get seizures, encephalopathy, non convulsive status 

epilepticus. 
o Chronic lithium use – can result in polyuria and polydipsia due to Lasix 

like effect in the thick ascending loop of henle.  
o Lab:  

o Recommended therapeutic concentration for lithium is 0.8-
1.2meq/L 

o Repeat lithium levels every 2-4 hours as sustained release 
formulations of lithium can take hours to reach peak level.  
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o Once downtrending, can repeat every 6-12 hours until 
symptoms resolve.  

o Lithium levels often do not correlate with clinical toxicity.  
o Measure serum sodium levels to rule out hypernatremia, TSH, 

and Calcium.  
Initial Management  o ABCs, IV fluids to maintain GFR and replace urine losses 

o Benzodiazepines if seizures present.  
o IV fluids – isotonic saline to maintain volume status  
o Activated charcoal has NO role in absorption of lithium.  
o Whole bowel irrigation with PEG can be given 2-4 hours after acute 

ingestion, but has no role in chronic ingestion.   
Indications for Dialysis 

and Subsequent 
Monitoring  

Indication for dialysis:  
o Lithium level >5mmol/L 
o Lithium level >4mmol/L if creatinine >150 umol/L 
o Decreased LOC, seizure, life threatening complications regardless of 

lithium level.  
o Lithium level >2.5mmol/L with signs of toxicity (seizures, altered LOC), 

with CKD / AKI and other conditions that would limit lithium 
elimination, or ie. CHF which precludes administration of significant IV 
fluids.  

 
Monitoring:  

o Lithium can rebound after hemodialysis is stopped, which may also be 
due to ongoing GI absorption.  

o Check lithium level 6 hours after hemodialysis to ensure it is decreasing.  
o Some recommend repeating dialysis as needed until levels of lithium 

remain <1mmol/L for 6-8 hours post dialysis.  
o The patients may be discharged once they are asymptomatic with levels 

<1.5mmol/L. 
o Note – neurologic symptoms can persist despite successful removal of 

the drug.  
 
 

Salicylates   
 

  
Introduction / 

Pathophysiology 
o Molecular weight 180 Da. ASA acts by inhibiting cox enzyme, thus 

leading to lower synthesis of prostaglandins, prostacyclin, and 
thromboxanes. They affect cellular metabolism, and can lead to 
metabolic acidosis.  

o ASA is eliminated primarily by the kidneys 
Clinical Findings  / Lab 

Findings  
o Vital signs: high respiratory rate, may have hyperthermia, may have 

tachycardia due to hypovolemia, agitation.  
o Altered LOC, confusion, agitation, tinnitus, hearing loss, nausea and 

vomiting due to gastric mucosal irritation.  
o Pulmonary edema, especially in older patients  
o Acid base changes: respiratory alkalosis followed by AGMA due to 

accumulation of organic acids 
Initial Management  o ABCs – avoid intubation unless there is evidence of hypoventilation.  

o Activated charcoal – 1g/kg up to 50 g should be given to all patients 
o Dextrose (even if normal serum glucose) due to neuroglycopenia.  
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o Urine alkalinisation (goal is to increase the fraction of uncharged 
molecules) by giving 1-2 mmol/kg NaHCO3 IV bolus then isotonic HCO3 
titrated to urine pH of 7.5-8.  

o Treat hypokalemia as needed, particularly if giving HCO3.  
o Note – alkalemia from respiratory alkalosis is NOT a contraindication to 

NaHCO3.  
o Do NOT give acetazolamide to alkalinize the urine as it will lower 

arterial pH and worsen toxicity.  
o If hepatotoxicity occurs, treat coagulopathy.  

Indications for Dialysis 
and Subsequent 

Monitoring  

Indication for dialysis:  
o When serum level ≥6.5mmol/L if impaired renal function, or >7.2 

mmol/L if normal renal function.  
o Marked acidemia with pH <7.2 
o Neurologic involvement (altered LOC, hyperthermia, seizures) 
o Non cardiogenic pulmonary edema preventing administration of HCO3.  
o AKI with a creatinine >176 umol/L, or >132 in the elderly or low muscle 

mass.  
o eGFR <45ml/min/1.73m2 
o Clinical deterioration despite aggressive supportive care 

 
Monitoring:  

o Monitor ABGs, serum electrolytes (in particular K+), renal function 
every 1-2 hours  

o Urine pH to establish effectiveness of urine alkalinisation  
o Serum ASA levels  

 

Metformin 
 

  
Introduction / 

Pathophysiology 
o Molecular weight 129 Da  
o A part of the biguanide class of antihyperglycemic agent. Major toxicity 

is due to lactic acidosis.  
o Metformin works by decreasing insulin resistance, increasing peripheral 

glucose uptake along with lowering hepatic glucose output.  
o Metformin has a serum half life of 1.5-5 hours, and has a relatively large 

volume of distribution, with minimal protein binding.  
o Elimination is largely unchanged via the kidneys (90%) 
o Can cause metformin associated lactic acidosis (MALA).  
o MALA refers to a serum lactate >5 mmol/L, with serum HCO3 

<22mmol/L. 
Clinical Findings  / Lab 

Findings  
o Vitals: tachycardia, hypotension, tachypnea 
o Nausea, abdominal pain, diarrhea 
o Altered LOC, shortness of breath, hypotension, check for hypoglycemia 
o Lab:  

o Check blood glucose, serum lactate, ABG, renal function, 
electrolytes.  

o Metformin concentration is often not helpful and may not be 
available.  

Initial Management  o ABCs. Rarely requires intubation, and if needed, alter ventilator settings 
to allow for hyperventilation.  

o IV crystalloids for hypotension as needed.  
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o Activated charcoal  
o Dextrose if hypoglycemia is present (note – metformin alone should 

NOT cause hypoglycemia)  
o Limit the use of NaHCO3 to those with pH <7.1-7.15, with the aim of 

maintaining the pH >7.15.  
Indications for Dialysis 

and Subsequent 
Monitoring  

Indication for dialysis:  
o Lactate >20 mmol/L (absolute indication), suggested if level 15-

20mmol/L 
o Severe metabolic acidosis pH ≤7.0, also suggested if pH 7.0-7.1. 
o Failure to improve with medical management in 2-4 hours (defined as 

improving pH, lactate, or clinical status)  
o Suggested if:  

o Shock or persistent hemodynamic instability requiring pressors 
despite IV crystalloids  

o AKI (creatinine > 176 in adults, >132umol/L in elderly), or CKD 
3b or worse, oliguria, or anuria 

o Liver failure with INR >1.5, or any encephalopathy  
o Decreased LOC  

 
Monitoring:  

o Use a high HCO3 concentration in your dialysate bath as benefits of 
dialysis are due to correction of the acid base abnormality primarily.  

o Can stop hemodialysis when lactate <3 mmol/L, and pH >7.35.  
o Monitor levels as may need to repeat hemodialysis.  
o CVVHDF can be used if extremely ill, although not preferred.  

  

 
** Excellent Reference – please see the UKidney website section on Intoxications by Agent 
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Severe Symptomatic Hyponatremia  
(Adapted from the 2017 UHN Nephrology Manual, Dr Kamel’s Electrolyte Handbook, Pocket Medicine, and UpToDate) 

 
*** Please see Dr Kamel’s Electrolyte Handbook – Chapter 10 (Hyponatremia) for a comprehensive approach with 
explanation of the underlying physiology. This section is meant to serve as a brief guideline when in a pinch.  
 
Approach to Hyponatremia 
 

1) Is the hyponatremia real?  (ie. Hypoosmolar hyponatremia)  
a. Hyponatremia definition: Serum Na <135 mmol/L, corrected for serum glucose. 
b. Things to rule out:  

i. Hyperosmolar hyponatremia: due to hyperglycemia, mannitol.  
1. To correct for hyperglycemia, for every 10 mmol/L increase in serum glucose, increase 

your serum sodium by ~ 3 mmol/L. 
ii. Pseudohyponatremia: due to paraproteinemias, hypertriglyceridemia.  

iii. Isoosmolar hyponatremia: seen more in TURP procedures due to solution for flushes.   
 

2) Is this an emergency?  
a. Is there an urgent need to increase the serum sodium? Ie. Is the patient symptomatic with seizures, 

altered mental status, etc. 
 

3) If YES à your goal is to increase the serum sodium by approximately 5 mmol/L (in order to reduce intracranial 
pressure by approximately 50%) 

a. To do so, give 3% saline within 60 minutes, with ~ 50% of this volume being given in the first 30 minutes.  
b. To calculate the dose of hypertonic (3%) saline:  

i. Desired rise in plasma Na (mmol/L) x total body water (L) x 2  
c. If the hyponatremia is acute (<48 hours), and symptoms do not resolve after raising serum sodium by 5 

mmol/L, you can raise the serum sodium by another 5 mmol/L. 
d. If the hyponatremia is acute (<48 hours), you can continue with hypertonic saline until you reach a 

serum sodium of ~ 130 mmol/L over a few hours. 
e. If hyponatremia is >48 hours or you do not know the chronicity, then you should only raise the serum 

sodium by 5 mmol/L and then stop.  
 

4) If this is NOT an emergency, you have some time to think (brief differential diagnosis)  
a. What is the patients’ volume status?  

i. Hypovolemic hyponatremia 
1. “Appropriate ADH” – due to decreased effective arterial circulating volume and low 

distal delivery  
a. GI losses (vomiting, diarrhea) 
b. Diuretics (can be hypovolemic or euvolemic)  

ii. Euvolemic hyponatremia 
1. With HIGH levels of ADH:  

a. Glucocorticoid deficiency  
b. Severe hypothyroidism  
c. siADH:  

i. Lung related: TB, pneumonia 
ii. CNS related: brain tumors, SAH, SDH, encephalitis, stroke.  

iii. Malignancy: SCLC, oropharyngeal carcinomas 
iv. Drugs: TCAs, SSRI, carbamazepine,  
v. Pain, nausea, vomiting.  

2. With LOW levels of ADH:  
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a. Drinking too much water: MDMA, marathon runners, beer potomania, primary 
polydipsia.  

b. Low solute intake “tea and toast” 
c. D5W infusion  
d. Hypotonic lavage fluids 

 
iii. Hypervolemic hyponatremia (low effective arterial blood volume but expanded ECF volume)   

1. Acute decompensated heart failure  
2. Cirrhosis  
3. Decreased eGFR  

 
 
Monitoring 

- Note - The severity of hyponatremia will determine how frequently you decide to check the serum and urine 
electrolytes / osmolality.  

- An example of “suggest orders”:  
o Serum electrolytes, creatinine, urine electrolytes (UNa, UK) and urine osmolality every 4 hours.  
o Check serum osmolality x 1 (to ensure this is hypoosmolar hyponatremia)  
o Keep the patient NPO  
o Check TSH, AM cortisol  
o Saline lock IV (this depends on your choice of IV fluids, and if you are giving hypertonic saline)  
o Follow urine output q1 hour, particularly if severe hyponatremia.  
o Call nephrology if urine output > 100 ml / hour.  

 
- *** You will need to adjust your therapy based on these numbers and on urine output. Remember, the 

calculations are only a rough estimate, hence the need for close monitoring.  
 
What if I overcorrect? 

- If there is evidence of overcorrection, you can consider giving DDAVP to “lock the patient”. 
o DDAVP can be given as ie. 4 mcg IV x 1 dose. It will last approximately 8 hours.  
o If you are concerned the patient will diurese OR you feel that urine output cannot be tracked accurately, 

another approach is to give this q8h as scheduled dosing.  
o Remember – if you are giving DDAVP, the patient MUST be kept NPO, as ingestion of free water can lead 

to worsening of hyponatremia. 
 

- Then, you will need to give D5W to bring down the serum sodium as the DDAVP will not decrease the sodium, it 
will only prevent the patient from excreting free water.  

o When should you re-lower the sodium?  
§ When your 24 hour rise in sodium has been > 10 mmol/L or if you are high risk for osmotic 

demyelination syndrome (see below), then lower the sodium if you exceed 6 mmol/L/day. 
o How?  

§ (Nainfusate – Naserum) / (TBW +1) 
§ Your Nainfusate will be 0 mmol/L (as you are giving D5W).  
§ You will need to monitor this closely. 

 
Who is most at risk of osmotic demyelination syndrome?  

- Serum sodium <105 mmol/L on presentation  
- Hypokalemic  
- Malnourished 
- Chronic alcohol use disorder  
- Advanced cirrhosis  
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What is the tonicity of the various IV fluids available?  
 

IV fluid   Tonicity 
D5W    0 mmol/L 

½ NS (0.45% NaCl)  77mmol/L 
Ringer’s lactate  130 mmol/L 
Normal saline  154 mmol/L 

3% hypertonic saline  513 mmol/L 
½ NS with 40 meq KCl/L 77 + 40 = 117 mmol/L 
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Top Issues in the Dialysis Unit 
(Adapted from the UHN and SMH Nephrology Manuals, Dialysis Handbook, UpToDate) 

 

1. Central Venous Catheter Troubleshooting  
 

o Temporary catheter  
o Try rotating the catheter, or try pulling back a small amount (<1cm usually), with resuturing. NEVER push 

it back in.  
o If no improvement, do guidewire exchange.  
o Can also check CXR for placement, or try tPA (though less likely to be the issue in a temporary catheter).  

o Tunneled catheter 
o Check placement on CXR – if well placed, try tPA as needed.  

o How to give tPA:  
o The amount to be given to each lumen is: volume of lumen + 0.2 ml overfill.  
o Leave tPA for ≥ 1 hour. If still clotted, leave for a second hour. If still not working, can leave for 

interdialytic period.  
o If tPA works, ensure you aspirate approx. 5 ml of blood to get rid of clots, and then flush with NS, then 

add citrate.  
 

2. AV Fistula Thrombosis  
o Will require de-clotting, should be done within 24-72 hours for best chance of success.  
o The best way to prevent this from happening is ensuring no intra or interdialytic hypotension occurs.  
 

3. AV Graft Thrombosis 
o Thrombosis is more common than in AV fistulas.  
o Patients should go for a de-clotting within 24-72 hours, and may even be effective up to 5 days later.  

 

4. AV Graft Infection 
o Infections occur in approximately 5-20% of AV grafts, and are often due to skin flora (ie. Staphylococcus). 
o Treat with broad spectrum antibiotics which will cover staph. Species, enterococcus, and gram negatives.  
o Contact vascular surgery urgently for consideration of resection of the infected part of the graft. On occasion, if 

the infection is extensive, the entire graft may need to be removed.  

 
5. Fever in a Dialysis Patient – Approach to Line Sepsis 

o Always consider line sepsis, although always look for other potential sources of infection.  
o Physical exam  

o Examine for erythema / discharge at the exit site. Feel for tenderness, fullness, fluctuance, or purulence 
from the tunnel site.  

o Investigations 
o Exit site + blood cultures (one from the catheter, one from the circuit)  

o Empiric antibiotic therapy 
o Cefazolin 2 g iv post each HD + Tobramycin 2mg/kg IV loading dose, then 1mg/kg post dialysis  
o If allergic to Cefazolin, give Vancomycin  
o Reassess once cultures and sensitivities return for antibiotic tailoring 
o For home nocturnal patients:  

§ Cefazolin 2g iv loading dose, then 1g IV daily, and tobramycin 1mg/kg q 2nd HD 
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Algorithm for Central Venous Catheter Related Infections 
 
Initial steps:  

o ABCs, stabilize as needed 
o Send blood cultures x 2 before starting antibiotics (1 from catheter, 1 from circuit if peripheral vein not 

available)  
o Check INR  
o Inform IR if line removal needed  

 
Figure 1. Approach to Suspected Line Sepsis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Adapted from UHN Nephrology Manual, July 2017)  
 
 
 
Table 1. Definitions of Catheter-Related Infections (Adapted from Preventing Infections Associated with Indwelling 
Intravascular Access Devices Health Canada, 1997)  
 

Definition  Definite Diagnosis Probable Diagnosis 
Exit Site Infection  Purulent discharge at exit site 

 
OR  

 

Erythema, tenderness, induration (need 
2 of 3) at exit site without a positive 

culture of serous drainage 
 

OR  
 

Stop 
antibiotics  

Coag neg 
staphylococcus 

Gram neg 
bacilli  

Staphylococcus 
species 

Candida 
species  

Call IR for removal / 
guidewire exchange  

Antibiotics x 14 d, 
guidewire CVC 

exchange (NOT if 
purulence at exit site or 

tunnel) 

Remove CVC, antibiotics x 4 
weeks, consider guidewire 

exchange (NOT if purulence 
at exit site or tunnel), 

consider TEE 

Anti fungals x 
14d; 

guidewire 
CVC exchange 

ideally 

Antibiotics x 4-6 
weeks. Look for 

metastatic infections 
(thrombosis, 
endocarditis 

Suspected line sepsis 
(blood cultures drawn, 

empiric antibiotics started 

Negative 
blood cultures  

Resolution of bacteremia 
/ fungemia / fever in 2-3 

days 

Persistent bacteremia / fungemia 
and fever – need to look for 

cause (ie. Fibrin sheath) 
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Erythema, tenderness, induration (need 
2 of 3) at exit site with a positive culture 

of serous drainage 

Above without discharge but lack of 
alternate explanation  

 
Tunnel Infection  Purulent discharge or aspirate from a 

tunnel or pocket site not contiguous with 
the exit site  

 
OR  

 
Erythema, tenderness, induration (need 

2 of 3) at a tunnel or pocket site not 
contiguous with the exit site with a 

positive culture of serous discharge or 
aspirate from that site  

 

Erythema, tenderness, induration (need 
2 of 3) at a tunnel or pocket site not 

contiguous with the exit site and serous 
discharge without a positive culture  

 
OR  

 
Above without discharge but lack of 

alternate explanation 
 
 

  
Catheter Related Bacteremia Confirmation of septic thrombophlebitis 

with a single positive blood culture  
 

OR  
 

Single positive blood culture and positive 
culture of catheter segment with 

identical organism  
 

OR  
 

≥10 fold colony count difference in blood 
cultures from device and peripheral 

blood  
 

OR  
 

Single positive blood culture and positive 
culture from discharge or aspirate from 

the exit site, tunnel or pocket with 
identical organism  

≥2 positive blood cultures with no 
evidence for a source other than the 

device  
 

OR  
 

Single positive blood culture for Candida 
with no evidence for source other than 

the device  
 

OR  
 

Single positive blood culture for 
coagulase negative  

staphylococci, Bacillus, Corynebacterium 
jeikeium, Enterococcus, Trichophyton or 
Malassezia in immunocompromised or 
neutropenic host or in patient receiving 

total parenteral nutrition with no 
evidence for source other than a 

centrally placed device  
 

   
   

Table 2. Exit Site Infections  
 
 

Organism  Treatment based on sensitivities - 
examples 

Duration  

Coagulase negative staph   Septra 1 ds po daily  7 days  
 

Gram negative organisms   Ciprofloxacin 500 mg po daily 
 

7 days 

Staph aureus  Cloxacillin 500 mg po QID or cefazolin 2 g 
IV post HD  

7 days  
 

Fungus  Fluconazole 200 mg po daily  7 days  
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Table 3. Culture and Sensitivity Follow Up   
 
 

Organism  Continue or Add (Based on 
sensitivity)  

Discontinue  

Coagulase negative staph   Cefazolin 2g IV qHD x 2 weeks.  
If resistance to Cefazolin, use 

Vancomycin.  
Home nocturnal patients – Cefazolin 1-2g 

IV qHD x 2 weeks.  

Tobramycin  
 

Gram negative organisms   Tobramycin 2mg/kg IV loading, then 
1mg/kg IV post HD x 2 weeks.  

Home nocturnal – 1 mg/kg q 2nd HD x 2 
weeks. 

Cefazolin  

Staph aureus  Cefazolin 2g IV qHD x 4 weeks.  
Home nocturnal patients – Cefazolin 1-2g 

IV qHD x 4 weeks. 
If endocarditis – treat for 6 weeks.  

If allergic, use Vancomycin. 

Tobramycin  
 

MRSA  Vancomycin – see dosing below.  Cefazolin, Tobramycin  
Enterococcus  Vancomycin OR ampicillin 2 g q12h x 2 

weeks + Tobramycin 2mg/kg loading 
then 1mg/kg post HD x 2 weeks 

Cefazolin  

Fungus  Fluconazole 400 mg po loading dose then 
200 mg po daily (to be given post HD on 

dialysis days).  
If azole resistant – will need 

echinocandins, suggest consulting 
Infectious Diseases.  

Cefazolin, Tobramycin  

 
Note – must monitor trough (pre dialysis) levels for vancomycin and tobramycin and discuss with pharmacy re. optimal 
dose ranges.  
 
 
 
Table 4. Vancomycin Dosing in Hemodialysis  
 

Weight (kg)   Loading Dose  Maintenance Dose  
<70 kg  1 g IV  500 mg IV q HD  

 
70-100kg  1.25 g IV  

 
750 mg IV HD  

>100kg  1.5 g IV  1 g IV q HD  
 

 

6. Intradialytic Hypotension (IDH)  
 

o Various definitions exist, but they include a sBP <90 mmHg, a fall in sBP of 20-30 mmHg.  
o Causes of IDH:  

o Volume mediated: large weight gain resulting in high UF rate, short weekly diaysis time, and dry weight 
being too low.  

o Inadequate vasoconstriction: high dialysis temperature, autonomic neuropathy, BP meds, eating during 
dialysis, anemia.  

o Cardiac: diastolic dysfunction  
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o Uncommon causes: sepsis, hemorrhage, cardiac causes (MI, pericardial tamponade), dialyzer reaction, 
hemolysis, air embolism.  

 
The main goals are prevention of IDH, with a few strategies below:  
 
Strategies to Prevent Intradialytic Hypotension:  

o Avoid large interdialytic weight gains – emphasize salt restriction rather than fluid restriction.  
o Increase dialysis treatment time to allow for slower UF rate (don’t go below 3 hrs per session)  
o Maintain and try to increase urine volume via diuretics if there is residual urine output to allow for lower UF per 

hemodialysis session.  
o Reassess target weight at regular intervals, particularly if you think the patient is gaining ‘flesh weight’.  
o Use a lower dialysis sodium temperature to minimize vasodilation, ie. 0.5C below patient’s body temperature.  
o Avoid eating before or during dialysis in patients prone to hypotension.  
o Maintain a  hemoglobin concentration ideally between 100-110g/L 
o Medication examples:  

o Hold BP meds prior to dialysis (can be given after dialysis instead)  
o Midodrine – oral alpha adrenergic agonist – reduces IDH. Ie. 2.5-5 mg 30 min before dialysis can be 

used.  
§ Supine hypertension may be a limiting factor in its use, and other side effects include 

piloerection, urinary retention, paresthesias, pruritus.  
§ Active coronary ischemia is a contraindication to using midodrine  
§ Do not use alpha blockers at the same time 
§ Studies show that it is not beneficial when you combine this with cooling the dialysate 

temperature.  
 

o Reassess dialysis sodium level:  
o Na ramping- ie. 145 to 135.  
o This allows water to stay in the intravascular compartment particularly at the onset of dialysis, and will  

limit the reduction in blood volume.  
o BUT – you also will get increased interdialytic weight gains, hypertension, and post dialysis thirst.  
o Sodium ramping has uncertain overall benefit.  

o A low dialysate [K+] of 1 meq/L has been associated with IDH. Can consider using a higher concentration if 
potassium levels allow.  

 
 
Management of Intradialytic Hypotension:  

o Place the patient supine, or in trendelenburg (if already lying down).  
o Give a bolus ie. 100-200 ml of NS, or more as needed.  
o Reduce UF rate to 0 ml/hr 
o Can slowly increase the UF rate after the patient has stabilized.  
o Reducing blood pump speed – likely to have no benefit (unless there is access stenosis)  
o Ensure there is no alternative explanation for hypotension on dialysis (e.g. sepsis, arrhythmia, MI, tamponade, 

hemorrhage - or very rarely air embolism, TRALI, anaphylactic dialyzer reaction, acute hemolysis. 
 
 

7. Chest Pain in Dialysis 
 
Differential diagnosis  

o Angina / Myocardial ischemia (particularly if hypotensive)  
o Dialysis disequilibrium  
o Hemolysis  
o Air embolism (rarely)  
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o Arrhythmias – most common being atrial fibrillation  
o Pulmonary embolism (rare) after manipulating thrombus near the dialysis access 

 
Workup  

o ECG  
o CXR  
o CBC, CK, TnT  

 
Management  

o ABCs  
o Nasal oxygen may be of benefit  
o If hypotensive, give IV NS as needed, and place the patient in Trendelenburg 
o Sublingual nitroglycerin can be considered if the patient is hemodynamically stable.  
o Consider reducing the blood flow rate and reducing UF.  

 

8. Hypersensitivity Reactions  
 

o There are two main varieties:  
o Anaphylactic – type A  
o Non-specific – type B  

 
Anaphylactic – Type A  

o When severe, this looks similar to anaphylaxis – symptoms include shortness of breath, feeling of impending 
doom, generalized warmth.  

o GI symptoms are common – including abdominal cramping, diarrhea.  
o Milder cases may have itching, urticarial, cough, sneeze, watery eyes or nose.  
o More common in patients with a history of eosinophilia or atopy.  
o Symptoms usually start in the first few minutes of dialysis, but can be delayed for up to 30 min or more at times.  
o Management  

o Often, identifying the cause is not possible.  
o Stop dialysis ASAP, clamp the blood lines 
o Do NOT return the blood to the patient.  
o Treat with epinephrine 0.3-0.5mg 1:1000 IM, diphenhydramine 50 mg IV, and steroids as needed. 

 
Non specific – Type B  

o This is a diagnosis of exclusion, with main symptoms starting 20-40 minutes after start of hemodialysis, and 
include chest pain +/- back pain. 

o Etiology is not known, but it is thought to be due to complement activation.  
o Management 

o Supportive – supplemental O2 as needed. 
o Dialysis can be continued, as symptoms will resolve after the first hour.  

 
 

9. Dialysis Disequilibrium  
 
Etiology 

o Thought to be due to a rapid decrease in plasma solute level, causing water shift into brain cells.  
o Also thought to be potentially related to pH changes in the CSF.  

 
Symptoms  

o Range from mild to severe, and include nausea, vomiting, restlessness, headache.  
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o Severe symptoms include seizures, altered mental status, coma.  
 
Management  

o Mild disequilibrium:  
o Treatment is symptomatic (nausea, vomiting, restlessness, headache) 
o Reduce the blood flow rate if the patient is uremic, and consider stopping the dialysis session early.  
o Consider 3% saline as needed.  

o Severe: if there are seizures, altered LOC, coma, STOP dialysis.  
o ABCs 
o Work through the differential diagnosis of disequilibrium (see below)  
o Treat seizures as needed  
o IV mannitol or 3% saline may be beneficial.  

 
Prevention  

o When dialysing an acutely uremic patient, start gently in the first few dialysis sessions:  
o Example:  

§ Session 1: Qb 200ml/min, Qd 300 ml/min, 2 hour duration.  
§ Session 2: Qb 200ml/min, Qd 300 ml/min, 3 hour duration  
§ Session 3: Qb 200ml/min, Qd 300 ml/min, 4 hour duration 

o Using a low dialysate sodium can worsen symptoms of cerebral edema.  
o If a uremic patient is also hypernatremic, do not try to correct both at once. Start by dialyzing with a 

dialysate sodium close to their plasma sodium, and then correct the hypernatremia post dialysis slowly 
with D5W.  

o Prevention in a chronic dialysis patient 
o Can minimize symptoms by using a dialysate sodium concentration of ie. 140 mM, or sodium ramping.  
o The downside of doing this are increased interdialytic weight gain, and hypertension.  

 
Dialysis disequilibrium mimickers 

o Brain related – intracranial bleed, subdural bleed, subarachnoid bleed, cerebral infarct 
o Metabolic – hyperosmolar state, hypercalcemia, hypoglycemia, hyponatremia 
o Hypotension – due to excessive UF, arrhythmia related, cardiac ischemia  
o Anaphylaxis 

 

 
10. Air Embolism  
 

o Etiology  
o Most common sites of air entering the system are the arterial needle, the arterial tubing segment which 

is pre-pump, and an accidentally open end of a central venous catheter.  
o Symptoms and Signs  

o This depends on how the patient is positioned:  
§ Seated patient:  

• Air will go to the CNS without going to the heart, which causes obstruction of venous 
return to the brain.  

• Symptoms include loss of consciousness, seizures, death.  
§ Supine patient: 

• Air goes to the heart, will foam in the right ventricle, and go into the lungs.  
• Symptoms will include shortness of breath, cough, chest pain, arrhthymias.  
• If the air gets across the pulmonary capillary bed and into the left ventricle, you can also 

get embolization to the brain with neurologic symptoms.  
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o Signs: foam can be seen in the venous blood line. If there is air in the heart, you will hear a ‘churning’ 
sound when auscultating.  

o Management 
o Clamp the venous line ASAP and stop the blood pump  
o Place the patient in recumbent position on the LEFT side with the chest and head tilted downward.  
o Give 100% O2.  
o You may need to aspirate air from the atrium or ventricle if severe.  

 
11. Hemolysis  
 

o Two main causes:  
o Obstruction / narrowing in the blood line / catheter, or needle 
o Issue with the dialysis solution 

o Obstruction or narrowing  
o Due to kinks in the blood line.  
o May occur when Qb is high and small needle size is used (though hemolysis is usually subclinical)  

o Issue with the dialysis solution  
o Overheated dialysate  
o Hypotonic dialysis solution  
o Contamination with formaldehyde, bleach, chloramine, copper, nitrates, fluoride, hydrogen peroxide, 

etc.  
o Symptoms/signs:  

o Back pain, chest tightness, shortness of breath.  
o Skin pigmentation darkening can occur. 

 
o Can see darkening of the blood in venous line, pinkish tinge to plasma in centrifuged blood samples, fall in 

hematocrit.  
o Significant hemolysis can lead to hyperkalemia (with associated ECG changes), cardiac arrest.  
o Management  

o Stop the blood pump ASAP, and clamp the blood lines. Do not return blood to the patient.  
o Check serum lytes, LDH, CBC, reticulocyte count, haptoglobin, methemoglobin.  
o Treat hyperkalemia as  needed, and possibly transfuse if there is a significant drop in hematocrit.  
o Be prepared to start dialysis (using another machine) to treat hyperkalemia.  
o Assess dialysis solution water supply for contaminants.  
o If the dialyzer is reused, assess the method of sterilization as well.  

 
12. Muscle Cramps  

 
o While the pathogenesis of muscle cramps is not known, there are 4 main factors which put patients at higher 

risk (mainly because of associated vasoconstriction and decreased blood flow to the muscles)  
o Hypotension, hypovolemia, high UF rate, low sodium in the dialysate.  

o Cramping is more common in the first month of starting dialysis, and in those with low cardiac output.  
o Hypomagnesemia, hypocalcemia, and hypokalemia can also precipitate cramping.  

 
o Prevention of cramping: 

o Preventing hypotension is a mainstay of preventing muscle cramps  
o Stretching exercises 
o Consider increasing the dialysate sodium level, though this may cause hypertension and increased 

interdialytic weight gain.  
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o Consider increasing dialysate Mg to 0.5 mM (rather than 0.375mM. Do not routinely use Magnseium 
supplementation.  

o Consider vitamin E 400 IU qhs 
o Do NOT use Quinine due to QT prolongation, hypersensitivity reactions, and thrombocytopenia.  

 
o Treatment of cramping:  

o If also hypotensive, give NS as needed.  
o Nifedipine can be used (ie. 10 mg), although must be used in those who are hemodynamically stable.  
o Stretching of the affected muscle.  

 
13. Antibiotic Prophylaxis in Hemodialysis Patients – Does your patient need 

any?  
 

o Any hemodialysis patient with a CVC or graft must have antibiotic prophylaxis prior to invasive procedures or 
dental procedures.  

 
Table 4. Antibiotic Prophylaxis Pre Procedure for HD Patients   
 

Procedure   Antibiotic of Choice / Dosing  
Cystoscopy / Gastrointestinal   Amoxicillin 2 g po 1 hr pre procedure,  

OR  
Ampicillin 2 g IM / IV 30 min pre procedure 

If allergic to penicillin, give Clindamycin 600 mg po 1 hr pre procedure or  
600 mg IV 30 min pre procedure 

Dental Procedures (includes 
cleaning)   

Amoxicillin 2 g po 1 hr pre procedure,  
OR  

Ampicillin 2 g IM / IV 30 min pre procedure 
OR  

If allergic to penicillin, give Clindamycin 600 mg po 1 hr pre procedure or  
600 mg IV 30 min pre procedure 

OR  
Cephalexin / Cefadroxil 2 g po 1 hr pre procedure 

OR  
Azithromycin or clarithromycin 500 mg (consider changing dose if on CCB) po 1 hr pre 

procedure  
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Appendix – CRRT Order Set Examples  
(Includes St Mike’s, Mount Sinai and Sunnybrook CRRT order sets) 

 
 

St Mike’s CRRT Orders – Regional Citrate Anticoagulation 
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St Mike’s CRRT Orders – Heparin or No Anticoagulation 
 
 

 
 
 
 
 



 44 

 
 



 45 

 
 



 46 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 47 

Mount Sinai CRRT Orders 
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Sunnybrook CRRT Orders 
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