Principles of peritoneal dialysis:
In PD, solute and fluid exchange occur between peritoneal capillary blood and dialysis solution in the peritoneal cavity. The “membrane” lining this cavity consists of a vascular wall, interstitium, and adjacent fluid films. 

Small molecular weight solute transfer:
Occurs by diffusion, i.e. down concentration gradient.

Fluid movement

In PD this is determined by osmosis. Fluid will move across the peritoneal membrane from the compartment with the lower to that with the higher osmotic pressure.

Factors effecting efficiency of peritoneal dialysis:
Efficiency of PD. as with HD, depends on the total time on dialysis and the dwell time of each exchange, blood flow, surface area and permeability of the peritoneal membrane, dialysate flow, and UF rates.

Time on dialysis

Will depend on the type of PD.

Blood flow

Occurs through peritoneal capillaries and is therefore not as controllable as in HD.

Peritoneal surface area

This is similar to the surface area of the skin: 1.7-2.0 m2 in an adult. The thickness is highly variable. Effective surface for dialysis also depends on the blood supply. 

Membrane permeability:

Membrane permeability or effective pore size, depends on ultrastructural differences in the various components (particularly capillaries and mesotgelium) and changes over time.

Factors effecting efficiency of peritoneal dialysis 

Peritoneal lymphatics

Play an important part in membrane function. Lymphatic drainage from the peritoneal cavity is mainly by specialized end-lymphatic-openings (stomata) in the peritoneum lining the diaphragm. During expiration, fluid is absorbed into the lymphatics; in inspiration the stomata close.

Ultrafiltation

This is the difference between the volume of dialysate drained out of the peritoneum and the volume infused. The actual UF rate is governed mainly by the osmotic pressure fluid, and the membrane permeability. The membrane is partially permeable, so flow is also a function of the number of molecules of large, relative impermeable solutes. This factor is important for the development of new fluids to achieve UF, e.g. lcodextrin.

Transfer of fluid

Fluid transfer occurs from the peritoneum into the vascular compartment, as well as conventional UF (in the opposite direction). Reabsorption of dialysate from the peritoneum occurs through both peritoneal lymphatics and capillaries, according to Starling's forces. This phenomenon is clinically important. As discussed later, UF rate varies from individual to individual and can be negative (leading to dialysate being retained). Particularly during the long dwell [overnight in CAPD, or daytime in continuous cycling peritoneal dialysis (CCPD)].

Effect of dwell time on solute and fluid transfer

Differing amounts of solute and fluid are transferred with different dwell times of dialysate. For simplicity only two examples of membrane permeability (low and high permeability) are given, although four grades of permeability are defined by the peritoneal equilibration test (PET). It can be seen that for patients with high membrane permeability, PD is more efficient using rapid exchanges with short dwell times, and for patients with low membrane permeability, long dwell times.
	Dwell time
	Low permeability

Membrane
	High permeability

Membrane

	Short (1-2h)
	Solute+

Water+
	Solute++

Water+++

	Medium (4-6h)
	Solute++

Water+++
	Solute+++

Water+

	Long (10-12h)
	Solute+++

Water++
	Solute++++

Water+/-


Modes of peritoneal dialysis: CAPD and

intermittent peritoneal dialysis

intermittent peritoneal dialysis (IPD)

this was the original form of PD developed mainly for the treatment of ARF at a time when HD was not readily. Dialysis most commonly takes place for 24 h twice a week using rapid exchanges each of 1-2 h duration. The exchanges are usually done via an automatic cycling machine, but can be done manually.


A regimen commonly used is 25 litres of dialysate over 24 h with 2 litre exchanges of 2 h duration (10 min for running in, 90 min dwell time and 20 min for draining).

Continuous ambulatory peritoneal dialysis (CAPD)
This consists of three to five exchanges over 24h:

← Day time dwells →← Night time dwell → 
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CAPD was first introduced in the 1980s when it was shown theoretically that four 2-litre exchanges over 24 h, with 2-litre UF, would enable a patient to maintain a steady blood urea level of ~ 30 mmol/l. Although small MW solutes, such as urea, equilibrate rapidly between plasma and dialysate during the long dwell times of CAPD, larger MW substances, such as creatinine or middle molecules, are dialysed continuously, as the concentration gradient between blood and dialysate is maintained throughout the dwell time. PD removes large MW substances more efficiently than HD. 

Modes of peritoneal dialysis:

automated peritoneal dialysis techniques

Automated peritoneal dialysis

Used an automatic cycling device to perform rapid exchanges overnight. There are different modes of APD depending on whether fluid is left in the peritoneum or an extra manual exchange is performed during the day.

· Night-time IPD (NIPD) consists of rapid exchanges overnight with a 'dry' peritoneum during the day.
· CCPD consists of rapid exchanges overnight with one fluid exchange during the day (at various times):
Optimized continuous peritoneal dialysis

This is used when maximal solute transfer is needed, e.g. once the patient has become anuric. Optimized cycling PD (OCPD) consists of rapid exchanges overnight, a long day dwell, and an extra exchange that is usually done manually at a time of day convenient for the patient.

Tidal peritoneal dialysis

This is form of APD where only a percentage (usually 50-70%) of the total volume of dialysate run into the peritoneum is exchanged at each cycle. The patient is attached to the cycling machine for the usual time overnight, but there are more frequent, incompletely exchanging, cycles than with other forms of APD. Tidal PD is particularly useful for patients who complain of pain during inflow.

CAPD technique and systems

The historic systems

This system consisted of a bag of dialysate (1.5-3.0 litres for adults) connected to a line attached to the peritoneal catheter.

· Dialysate was run into the peritoneum. The plastic bag was rolled up and hidden under the patient's clothes.
· At the end of the dwell time the bag was unrolled and placed on the floor for the dialysate to drain out under gravity.
· The line was disconnected and a fresh bag of dialysate was attached.
The connection between the bag and line was therefore broken three to five times a day (depending on the number of exchanges performed). The usual connecting was a spike or Lure lock device. Although patients are trained to do each bag change using a no-touch sterile technique, there was still a high peritonitis rate of about one episode per nine patient-months.

CAPD technique and systems

disconnect systems

The Y-system or disconnect system

This has reduced peritonitis rates and also increased the acceptability of CAPD to patients, as they no longer have a plastic bag attached to themselves all day. The bag containing the dialysate comes already attached to a Y-shaped giving set and a sterilized empty bag attached to the arm of the 'Y':

· The patients connects the short arm of the Y-tubing to his/her catheter.

· A small amount of fluid from the new bag is directly drained into the empty bag – 'flush before fill'.

· In principle any bacteria at the end of the cathter are flushed away, and not into the patient.

· The patient drains out the old dialysate from the peritoneum into the empty bag.

· When completed (approx 20 min), the line to the drainage bag is clamped and the new fluid is run into the peritoneum.

· At the end of the exchange, the patient disconnects tubing and places a sterile cap at the end of catheter.

Different manufactures of PD equipment use slight variations of the disconnect system. The peritonitis rates are similar (1 in 24-30 patient-months), and are uniformly better than with the standard system (1 in 9-12 patient-months. 

Peritoneal dialysis catheter

Several types of catheter are available. Most are made of silastic rubber with two Dacron cuffs, which are placed at either end of a subcutaneous tunnel. The tunnel increases the distance that bacteria have to migrate from the skin into the peritoneum. The Dacron cuffs physically anchor the catheter so it can't be dislodged and block the migration of bacteria along the tunnel. Double-cuffed catheters have a lower infection rate than single cuffed catheters.


Exit site infection remains one of the major complications of catheters. Newer designs aim to reduce this, e.g. the Scott-Moncrieff catheter, which is buried subcutaneously for 6 weeks before the end is released and brought out on to the surface of the skin. New materials such as silver impregnated silastic may inhibit bacterial growth, but are not yet widely available. Recent RCTs have not confirmed the benefit of either of these developments.

Type of catheter

Straight Tenkhoff catheter

Coiled Tenkhoff catheter

Swan-necked catheter

'Oreopoulos' or Toronto-Western catheter

Insertion of peritoneal dialysis catheter:
PD catheter can be inserted percutaneously using a Seldinger technique (with or without a laparoscope or peritoneosope) or surgically.

Insertion technique

1. Percutaneous Seldinger technique.

2. Laparoscopic.

3. Surgical.

Preoperative preparation for peritoneal catheter insertion:
This is identical for all modes of catheter insertion:

· Obtain that patient requires the catheter and that he/she understands the principles of catheter care.

· Obtain consent for the procedure.

· Patient should bath using an antiseptic soap, e.g. Hibiscrub.

· Discus with patient where he/she would like the exit site placed (usually in iliac fossa below insertion site). Avoid belt-line of trousers. Should be easily accessible for the patient to care for the exit site. The exit site should not be under an abdominal overhung in obese patients.

· Mark exit site with indelible ink with patient sitting.

· Powerful aperient, e.g Picolax, should be taken the night before catheter insertion to decrease risk of bowel perforation and eases placing of catheter intraperitoneally.

· Give prophylactic antibiotics approx 1 h before catheter insertion. Traditionally, this has been intravenous vancomycin but this should now be avoided to lessen the risk of emergency of vancomycin-resistant bacteria. An alternative is 1.5 g cefuroxime intravenously.

· The patient must empty their bladder immediately before catheter insertion (to avoid accidental bladder perforation).

· If general anaesthetic is to be used, patient should be starved and an ECG and CXR performed.
Peritoneal dialysis catheter insertion technique
Percutaneous Seldinger insertion technique
Laparoscopic peritoneal dialysis 

catheter insertion

Many centres are now inserting all PD catheters laparoscopically. Results are much better that with standard surgical insertion at laparotomy; complications are less and catheter survival is longer.

Complications of peritoneal dialysis catheter insertion
	Complication
	Diagnosis
	How to avoid
	Management

	Bladder perforation
	Urine drains from catheter
	Ensure that bladder is empty prior to catheter insertion 
	Re-site PD catheter

Catheterize bladder for several days

	Bowel perforation
	Solid particles in PD effluent

Abdominal pain with multiple Gram –ve organisms in PD fluid
	Bowel evacuation prior to catheter insertion.

Run in 500-1000 ml fluid prior to catheter insertion if using ‘blind’ percutaneous technique if high risk of adhesions.
Do not persist with percutaneous technique if there is resistance to advancing guide wire.
	Laparotomy to identify and repair perforation. It is often possible to leave the PD catheter in situ.
Appropriate antibiotics.

	Intraperitoneal bleeding
	Blood in PD effluent

Change in patient’s haemodynamic status depending on amount of blood loss
	Same as above ‘Blind’ percutaneous technique should not be used in patients known to have bleeding disorder.
	Conservative management if haemodynamically stable.
Heparenize catheter to avoid its clotting.

If patient unstable, laparotomy required. 

	Fluid leak
	Fluid draining from exit site
	Make all incisions as small as possible.
Limit volume of PD exchanges if using catheter early
	Drain out PD until eit site healed

	Exit site infection
	Red exit site with or without pus.
	Prophylactic antibiotics
	Appropriate antibiotics.


Malfunctioning catheters:
A well-functioning PD catheter will enable the dialysis exchange (1.5-3.0 litres) to be run over 5-10 min and drained out over 15-20 min under the force of gravity alone. The disadvantages of a slower dialysate flow rate are:

· Inconvenience for patient – CAPD exchanges take too long or the APD machine will alarm (interrupting sleep).

· Decreased efficiency of PD as exchange dwell time will be decreased.
Poorly functioning catheters

Usually present with poor drainage (outflow failure), though there can be problems with inflow. If the patient continues to perform their exchanges without full drainage of fluid, abdominal distension, fluid leaks, and hernias secondary to increased intra-abdominal pressure can occur.

Early non-functioning

Occurs from the time of catheter insertion until the patient has completed their training and is established on PD. About 30-50% of new catheters will have some problem with drainage and about 10% will need replacing for complete non-function. Rarely, PD catheters may fail to function at all in an individual even after several attempts.

Late non-functioning

Can also occur in patients on maintenance PD, but this is much less common. The most common causes are shown in the table.

	Cause
	Mechanisms
	Early or late
	Inflow or drainage problems

	Constipation
	Stagnant loops of bowel loaded with faeces preventing free flow of fluid.

Catheter adheres to bowel wall. 
	Both
	Predominantly drainage, but on occasion poor inflow

	Intra-abdominal adhesions from previous surgery
	Located areas of intraperitoneal fluid.

Catheter tip trapped so only small volume of fluid can be infused.
	Early
	Both

	Intra-abdominal adhesions from previous surgery
	Loculated areas of intraperitoneal fluid.
Catheter tip trapped so only small volume of fluid can be infused.
	Late
	Both

	Catheter migration up to diaphragm
	Catheter tip no longer in pelvis where fluid pools (by gravity); can be caused or complicated by constipation.
	Both
	Drainage

	Catheter kinking
	More commonly in catheters stitched into the peritoneum
	Both
	Both (more commonly drainage)

	Blood in peritoneum
	Blood clot blocks catheter
	Early
	Both

	Fibrin formation
	Catheter blocked by fibrin
	Late
	Both

	Peritonitis
	Catheter blocked by pus
	Late
	Both

	Hernias (if large)
	Loculated fluid
	Late
	Drainage


Investigation and management of malfunctioning catheters

Depends on the likely cause:

· The first step to exclude blockage by blood, fibrin, or as a complication of peritonitis. The diagnosis is therefore usually fairly obvious.
· Abdominal X-ray will show the position of the catheter and whether there is any significant faecal loading for the large bowel.

· X-ray screening while infusion dialysate to which intravenous X-ray contrast material (e.g. Omnipaque) has been added will show whether the fluid becomes loculated or moves freely into the abdominal cavity.

· CT peritoneogram (or MRI) with contrast injection down the catheter can also show loculated fluid, catheters leaks, hernias, etc.
· Peritoneal scintigraphy using radiolabelled isotopes is sometimes used.
· Management is successful in 60-90% of malfunctioning catheters.
	Cause
	Diagnosis
	Management

	Constipation 
Intra-abdominal adhesions from previous surgery
	History; confirmed on X-ray.
History of previous surgery; only small amounts of fluid can be infused X-ray with contrast material.
	Aperients and regular laxatives Re-site catheter under direct vision into area free of adhesions. Consider stitching catheter if further attempts at PD fail or if adhesions thought to be widespread.

	Intra-abdominal adhesions from peritonitis.
	As above 
	Catheter removal – adhesions usually too widespread to re-site catheter.

	Catheter migration up to diaphragm.
	Occasionally history of epiode of abdominal pain when catheter moved. 
Confirmed on X-ray.
	Use aperients if any faecal loading on X-ray Encourage patient with walk around. If simple methods fail, either re-site catheter or exchange for Oreopoulos catheter.

	Blood in peritoneum.

	Usually occur after catheter insertion.
	Fill catheter with heparin or urokinase. Infuse urokinase solution though pump (5000-10000 units in 50 ml saline at 10ml/h).

	Fibrin formation
	Can occur at any time on PD.
	Add heparin to dialysate (1000 U/exchange) for few days.

	Peritonitis
	Blockage occurs if peritonitis severe
	Add heparin to dialysate (1000 U/exchange).

Consider catheter removal if peritonitis not improving.

	Hernias (if large)
	Clinically obvious X-ray needed to check for other causes of malfunctioning 
	Repair hernia if technically possible.


Constipation in peritoneal dialysis patients:
Management of constipation is key to preventing and managing malfunctioning catheters. Heavily loaded loops of bowel prevent the movement of fluid through the peritoneal cavity resulting in pools of loculated fluid and hence poor drainage. Catheter migration towards the diaphragm is more likely as the loaded loops of bowel push the catheter up out of the pelvis. The risk of migration at the start of PD is reduced by the use of aperients prior to catheter insertion, between insertion and regular use, and by patients taking regular laxatives while they are on PD. Patients should educated in the importance of avoiding constipation to improve compliance (usually poor for aperirnts). Constipation is more common in patients when starting PD, at the time when they are most at risk of catheter malfunction. Regular exercise also helps to avoid constipation and encourages the catheter to remain in the pelvis.  

Causes of constipation at the start of PD include:

· Reduced fibre in diet – patients are often anorectic or are placed on a diet with less fibre, particularly if potassium is restricted.
· Reduced exercise.

· Use of phosphate binders, most of which are constipating.

· Iron supplements can cause constipation.

Repositioning peritoneal dialysis catheters

Up to 15% of new catheters need to be repositioned, though this is less frequent when the catheter is sutured directly into the pelvis at insertion. There are various techniques of manipulating the catheter back into the pelvis.
· Surgical.

· Laparoscopic repositioning.

· Guidewire manipulation under X-ray control.
· Manipulation using a fogarty catheter.

Peritoneal dialysate: composition
PD depends on removal of waste products and excess fluid from blood by diffusion and UF across the peritoneal membrane. Both are two-way processes, with molecules being able to pass from blood to dialysate or vice versa. The type of dialysate used in PD controls all these various functions of dialysis – solute removal, equilibration of electrolytes and acid-base, and fluid removal. The composition of peritoneal dialysate can be varied, but is designed to maximized diffusive solute loss from blood, and allow some degree of control over UF. It is possible to add potentially beneficial substances to dialysate that may diffuse into the blood, e.g. amino acid to improve nutrition.

Electrolyte composition of standard commercially available dialysate.

	Electrolyte
	Concentration
	Function

	Sodium
	130-134 mmol/l
	Equilibrate with plasma sodium.

	Potassium
	1.5 mmol/l
	Lower plasma potassium level to normal range.

	Calcium (ionized)
	Old standard – 1.75 mmol/l

Reduced or current standard – 1.25 mmol/l

Low-1.0 mmol/l
	Maintain plasma calcium at upper level of normal range.
Maintain plasma calcium at lower range of normal allowing for use of calcium salts to lower plasma phosphate levels

Lowers high plasma calcium levels to normal range.

	Magnesium
	0.25-0.75 mmol/l
	Equilibrate with plasma magnesium

	Lactate
	35-40 mmol/l
	Didduses into blood and metabolized to pyruvate (generating bicarbonate) to normalize acid-base balance. Higher concentrations result in higher plasma bicarbonate levels.
Lower dialysate pH.

	pH
	5.2-5.5 in dextrose bags
	Low pH prevents glucose caramelization during heat sterilization and inhibits bacterial growth.


Ultrafiltarion
The passage of fluid between blood and dialysate compartments is usually controlled by the relative tonicity of the two solutions. Dialysate tonicity is varied by altering the dextrose concentration, which increases the osmotic gradient between plasma and dialysate, resulting in increased fluid removal. Dextrose can also diffuse from the dialysate into the blood compartment where is metabolized into glucose. Approx 100-200 g glucose is absorbed per day. This can make blood glucose control difficult in diabetics, and can cause obesity if too many hypertonic dextrose bags are used. Can also cause hyperinsulinaemia, hypertriglyceridaemia, appetite suppression, and contribute to peritoneal membrane sclerosis.
Peritoneal dialysate: 

Problems with lactate/dextrose

Where is metabolized into glucose. Approx 100-200 g glucose is absorbed per day. This can make blood glucose control difficult in diabetics, and can cause obesity if too many hypertonic dextrose bags are used. Can also cause hyperinsulinaemia, hypertriglyceridaemia appetite suppression, and contribute to peritoneal membrane sclerosis. 
Peritoneal dialysate: new developments

· Icodextrin (Extraneal).

· Amino acids.

· Double and triple chamber bags.

Prescribing CAPD:

Adequate dialysis can only be provided if dialysis adequacy is measured. Underprovision of PD is common, particularly as residual function declines. Adequacy should be measured within the first 2 weeks of starting CAPD, and regularly thereafter.


An initial regimen is, however, required and should be individualized for each patient. The variables to be considered are:

· Volume of exchange.
· Number of exchanges.

· Timing of exchanges.

· UF requirements and therefore dextrose concentration for each exchange.

· Residual renal function.

· Size of patient.

The initial CAPD prescription:

This should provide adequate dialysis and sufficient UF. Membrane permeability characteristics vary enormously between patients, and cannot be predicted prior to starting CAPD. Residual renal function also plays a crucial part at the onset of dialysis. Many patients will need PD (number or volume of exchanges) at the start of dialysis than later, once residual renal function declines.
A standard daily CAPD regimen is four 2-litre exchanges, three during the day and one overnight:

Individual patient requirements vary widely. Patients starting dialysis will often need only three exchanges. However, as they lose renal function they will inevitable need four or more exchanges, and it is usually easier (psychologically) to adapt a regimen if they commence on a standard four exchange regimen that can be altered as necessary.

Prescribing CAPD: 

Volumes and ultrafiltration requirements
Exchange volume

This is determined principally by the size of the patient. Small patients tolerate smaller volumes. Too large a volume can cause high intra-abdominal pressure, which increases the risk of developing hernias or fluid leaks. If a catheter has to be used within the first 2 weeks, a smaller volume of fluid (1-1.5 liters) should initially be used to minimize the risk of fluid leaks. It is often psychologically easier to start a patient on a larger volume of fluid than they might need (e.g. 2.5 liters). 
Ultrafilteration requirements

Also very from patient to patient and depend mainly on urine output and fluid intake. Most patients commencing PD will still be passing reasonable urine volumes, and so UF will not be as important during the first few months. Not all patients can restrict their fluid intake, and some with even a large urine output may require significant UF from dialysate.

Initial choice of dialysate dextrose concentration to achieve adequate UF is by trial and error, as the permeability of a patient’s membrane will not be known. Care is needed particularly after the long overnight exchange as some patients absorb fluid. This can result in fluid overload in patients who were euvolaemic prior to starting dialysis.


Dialysis adequacy should be measured soon after a patient is established on CAPD, ideally within the first 2-3 weeks. It may then be possible to reduce the number of exchanges to three per day.

	Recommendations for initial CAPD prescription

	Exchange volume
	Small size patient – 1.5L
Standard size patient – 2L
Large size patient – 2.5L
All should be reduced by 0.5 liters if catheter used within first 2 weeks.

	Number of exchanges
	Four (3 x 4- 5 h, 1 x 8- 10 h).

	Type of dialysate
	Dextrose containing.

	Dextrose concentration during day
	No UF requirements: all ‘week’ 
(1.36% dextrose)

UF needed: 1-2 ‘medium’

(2.27% dextrose)

	Dextrose concentration over night
	‘Week’ (1.36% dextrose).



Dialysis adequacy should be measured soon after patient is established on CAPD, ideally within the first 2-3 weeks. It may then be possible to reduce the number of exchanges three per day.
Adequacy of peritoneal dialysis
The aim of dialysis of any sort include maintenance of normal body fluid status, normal electrolyte and acid-base balance, and removal of nitrogenous and other waste products. Clinical observations and biochemical measurements can monitor the first two. The degree of adequacy of removing nitrogenous waste products is more difficult to determine. Subjectively the patient should feel well. However, as many factors other than dialysis adequacy determine patient well being objective measurements only reflect clearance of small MW substances, so it is important to include a measure of protein intake, such as PCR, so assess appetite and nutritional status, important end products of dialysis.

Body fluid status

· Subjectively: presence or absence of shortness of breath and oedema.

· Objectively: presence or absence of oedema, difference between actual and ‘dry’ weight, raising JVP and raised BP.

· Aim for normality, as chronic fluid overload causes hypertensive and LVH (independent risk factors for cardiovascular morbidity).

Electrolyte and acid-base balance

· Aim for sodium, potassium, and bicarbonate levels in normal range.
· Calcium and phosphate levels should also be in normal range, but their levels are determined by factors other than dialysis.
Adequacy of peritoneal dialysis:

Measurement

Nitrogenous waste products

· Measurements of dialysate Kt/V (urea clearance) and Ccrea is based on the volume of dialysate effluent, and urea and creatinine concentration, over 24h. there are two methods:
· Collection, dialysate effluent during 24 h in a large container, mix and take a sample.

· Measure volume of effluent and take a sample from each exchange (or overnight drainage bag if on APD).

The first method is cumbersome for the patient, but calculation is straight-forward. The second method is easier for the patient, but the calculation is more complex, particularly for APD.
· Residual renal function is particularly important in PD, which is less efficient at removing small molecules than HD. It is not practical to use repeated isotopic measurements of residual GFR. Methods based on 24-h urine collections are used. At low GFR, Ccrea overestimates GFR, and urea clearance underestimates GFR. A reasonable accurate estimate of GFR can be obtained by measuring both urea and Ccrea and using the average of the two results.
· Weekly Kt/V (dialysate + renal) is estimated from:
· Kt – sum of daily peritoneal and renal urea clearance.

· V– volume of distribution of urea (approx equal to body water).
· Weekly Ccrea (dialysate + renal) is estimated from:
· dialysate/plasma (D/P) creatinine ratio.
·  24-h dialysate volume.

· Add in residual renal function.

· Correct for BSA-divide result by patient’s BSA and multiply by 1.73m2
Weekly dialysis Ccreat = 
Dcreat x Dialysate vol. x 1.73 x 7






Pcreat x BSA

· PCR is an estimate of the daily protein intake, calculated from urea losses in dialysate and urine, assuming the patient is in nitrogen balance:
· Urea appearance, g/day = (VuXCu) + (VdxCd), where V and C represent volume and urea concentration in urine (u) and dialsate (d).
· PCR = 6.25x(Urea appearance+1.81+[0.031xlean body weight, kg]).

· Increasing dialysis dose results in a rise in PCR, although this could be due to the mathematical similarities in calculating Kt/V and PCR, independent measures of nutrition also improve.

· Kt/V, Ccrea, and PCR can be calculated using commercially available computer programs such as PD Adequesr TM (Baxter) using a 24 h urine collection. 24 h dialysate collection or sample from individual exchanges, and blood sampling. All calculations need mean dialysate concentration over 24h—this is calculated differently for CAPD and APD. 
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Mean dialysate

Solute concentration =                                                   

In CAPD 

Mean dialysate solute concentration in APD = (Overnight V×C) + (daytime dwell V×C) + (manual exchange V×C)/Overnight V + daytime dwell V+ manual exchange V

Where V=volume, C=concentration

  Kt/V and Ccrea may not correlate in patients on PD mostly because peritoneal clearance is predominantly by diffusion. Smaller molecules (urea) are cleared better, especially in low transporters have better Ccrea because of increased convective clearance with increased UF.
Peritoneal dialysis adequacy: goals

	CAPD: Ccrea > 60 l/week/ 1.73 m2, Kt/V > 1.9

APD: Ccrea > 63 l/week/ 1.73 m2, Kt/V > 2.1



In reality achieving these targets in patients without residual function is very difficult. Less than 20% of patients (in the US) in some studies can achieve adequate clearance with four 2-litre exchanges per day. It is also likely that UF and not solute clearance provide a better marker four survival (see above).

Adjusting for residual renal function

Residual function of 2 ml/min equates to approx 0.4 units Kt/V per week.

Residual renal function continues to decline after a patient starts on dialysis.

Thus Ccrea and Kt/V will fall. There is no hard evidence to determine at what level Ccrea and Kt/V should be maintained over time, but as renal function declines it is known that patients become clinically underdialysed developing uraemic symptoms. It is essential to increase the dialysis dose as residual function declines. Once a patient becomes anuric, it is difficult to achieve adequate dialysis with CAPD alone, and it is often necessary to change to APD, or even HD.

Comparison with HD

Urea clearance achieved on PD is much less than on HD (target Kt/V of 1.9-2.0 for PD compared with weekly Kt/V of 3.2 for thrice weekly HD), but both achieve similar clinical outcomes. Explanation not entirely clear but may related to clearance of other molecules (middle and large MW), which are better cleared in PD, or the relation between peak urea (high in HD) and uraemic symptoms. 

A practical to peritoneal dialysis adequacy

· Adequacy should be measured within a month of starting PD with repeated measurements at 6-month intervals, so that PD regimen can be adjusted for decline in residual renal function and changes in membrane function.

· More frequent measurement of adequacy are needed if:

· Changes are made to PD regimen.

· Significant rise in plasma creatinine occurs, suggesting declining residual renal function.

· Patient becomes symptomatically uraemic.

· PET should be measured within 6 months of starting PD:

· Ideally measurement should be repeated annually.

· Patients transferring to APD should have a PET it one has not been done within the repeated in anuric patients if declining Ccrea or UF.

· All patients should have a minimum fluid removal target of 1 l/day (combination of urine output and UF).

· Careful attention should be given to patients with Ccrea < 60 l/week/ 1.73 m2.

· If patient clinically well and fluid removal > 1 l/day, no change to dialysis regimen in needed to be changed.

· If dialysis adequacy and/or UF is deteriorating on repeat measurements, and there is little room for manouvre with PD regimen, then an AVF should be created so that patient can be electively transferred to HD. 

Peritoneal equilibration test and modelling

The PET is a semiquantitative test of peritoneal membrane permeability. Membrane permeability of an individual patient can be classified as high (H), high average (HA), low average (LA), or low (L). This is important to:

· Determine the optimal mode of PD:

· Long dwells (i.e. CAPD) are needed for optimal diffusion in low or low average transporters, particularly those with a large BSA.

· Clearance can be increased in high average or high with transporters by increasing the number of exchanges overnight with APD, as adequate diffusion will occur in shorter periods of time. 

· Determine the cause of poor UF and its possible correction:

· High transporters will have poor UF on CAPD, particularly with long overnight exchange, because of reabsorption of glucose and water on APD with short dwells overnight, UF will be better.

· Poor UF in low or low average transporters suggests drainage problems. 

· Allow calculation of predicted clearance with a given PD regimen (the only other factor needed is the patient’s BSA): 

· Can be useful to check on patient compliance.

· Calculating the potential clearance with different PD regimen, also known as modeling, can be used to predict the optimal regimen for a patient, particularly when measured clearance appears to be inadequate- this can be done with the aid of a computer program, such as PD Adequest TM. 

Technique for performing the peritoneal 
equilibration test

· To standardize the results, the PET test is always performed in the morning after a 2-litre overnight exchange using 2.27% dextrose dialysate. The patient must not drain out the overnight exchange prior to the test.
· After draining out the overnight exchange, 2 litre 2.27% dextrose dialysate are infused into the patient while supine; the patient should be rolled from side to side after every 400 ml infusion.
· At time 0, after all the dialysate has been run in, and at 120 min, 200 ml of dialysate is drained out; 190 ml is run back into the peritoneal cavity, and a 10 ml sample is collected for measurement of glucose, urea, and creatinine concentrations.

· A blood sample is taken at 120 min for measurement of glucose, urea, and creatinine concentrations.

· The patient is allowed to walk around during the 4 h test.

· The fluid is drained out at 240 min over 20 min; the volume is measured and a 10 ml sample is collected for analysis.

· The lab needs to be warned about the high glucose concentration in the dialysate samples, as this may interfere with creatinine measurements.

Calculation of permeability from PET
· Dialysate/plasma (D/P) ratios for urea and creatinine concentrations are determined for the three time points.
· Dialysate in/dialysate out (D/DO) ratios for glucose concentrations are determined for the time points.

· The calculation can be done manually or by various computer programs.

· The D/P creatinine at 4 h is used for membrane classification.
Peritoneal equilibration test results
Results of PET tests can be shown graphically or simply as the 4 h D/P creatinine.


	Transport classification
	D/P urea
	D/P creatinine
	D/DO glucose
	Drain volume

	High (H)
	0.98-1.09
	0.82-1.03
	0.12-0.25
	1580-1084

	High average (HA) 
	0.91-0.97
	0.65-0.81
	0.26-0.38
	2085-1268

	Low average (LA)
	0.84-0.90
	0.50-0.64
	0.39-0.49
	2369-2650

	Low (L)
	0.75-0.83
	0.34-0.49
	0.50-0.61
	2651-3326


Source: twardowski et al (1987). Peritoneal Equilibration Test. Peritoneal Dialysis Bulletin 7(3), 138-47.
Example of PET test result:

	Time (min)
	D/P urea
	D/P creatinine
	D/DO glucose
	Drain volume (ml)

	0
	0.09 LA
	0.15
	1.00
	

	120
	0.82 HA
	0.72 H
	0.44 H
	

	240
	0.99 H
	0.95 H
	0.22 H
	2200.0 HA


Increasing dialysis delivered by CAPD

To increase amount of dialysis delivered or 

ultrafiltration rate

In PD, unlike HD, blood flow, membrane permeability, and surface urea are fixed. In CAPD, hours are also fixed as the process is continuous throughout 24 h. the only factors that can be increased are dialysate flow rates and the amount of UF.
Exchange volume and number determine

dialysis flow rates

 Increasing the exchange volume by > 0.5 litre at a time is not usually acceptable to the patient because of abdominal discomfort and/or distension. The increase in intra-abdominal pressure, particularly when ambulant, increases the risk of fluid leak and hernias. It is also difficult to increase the number of exchanges. By starting a patient on four exchanges a day and reducing to three after a couple of weeks (if possible), it is usually acceptable to patients to increase again from three to four exchanges per day. Most patients will not or cannot increase to five exchanges day because of the time commitment. There is therefore a practical limit to the amount of dialysis that can be delivered by CAPD.

Increased ultra filtration
 This indicated if the patient becomes fluid overloaded while complying with their fluid restriction. Initially the number of medium (2.27%) or strong (3.86%) dextrose exchanges should be increased. In some patients reabsorption of fluid occurs from the overnight bag, thereby decreasing the net amount of fluid removed during the day. In the case, a medium dextrose bag should be used overnight. Icodextrin should be used for the long overnight exchange are needed 9e.g. regimens using two strong or three medium exchanges), or if patients are becoming fat from the glucose caloric load because of the increased use of hypertonic dextrose to control fluid status.
Peritoneal dialysis in anuric patients

One of the major hurdles for PD is to provide adequate dialysis in the patient with little or no residual renal function. In many patients it is not possible to achieve a Ccrea of > 60 L/week or Kt/V > 2.0 using CAPD, because of the difficulty in increasing the number and/or volume of exchanges. Theoretically APD can overcome this difficulty. Guidelines for prescribing APD in anuric patients have recently been produced by a group of European nephrologists and are based on the current K/DOQI guidelines for APD, namely Ccrea > 63 L/week/ 1.73 m2 and Kt/V > 2.1. UF is also (if not more) important and should be > 1 litre daily. These guidelines emphasize the importance of individualizing prescriptions to the patient’s BSA and membrane permeability (D/P) to achieve these targets patients will often need a daytime exchange as well as a long day dwell (will fluid left in the peritoneum after disconnection from the machine).

· Patients with higher D/P ratio require increased number of exchanges at night.
· Patients with higher BSA require higher fill volume per exchange.

· Lcodextrin (Extraneal) should be considered for the long daytime dwell as it can improve UF and clearance.

Individualizing APD treatment:

· Assess membrane permeability by performing a PET test before starting APD.

· Assess patient’s lifestyle to determine how long they can stay on the machine at night.

· Most anuric patients will require an extra daytime exchange-this can be performed manually or automatically through the machine (depending on the type of machine). All anuric patients should begin with an extra exchange that can be dropped if overachieving on clearance and UF targets.

· UF- a minimum of 1000 ml daily is recommended. This can be achieved by using lcodextrin (Extraneal) for the long daytime exchange and/or by altering dwell times overnight. Higher glucose concentrations can also be used to increase UF.

Survival

EAPOS has shown that anuric patients can be successfully maintained on APD with the same survival as with other modes of dialysis. This is important, not just for patients already on PD, but also for HD patients who have further vascular access.
Peritoneal dialysis in anuric patients: 
Monitoring treatment
· Measure clearance at least every 6 months; more frequently if the patient is symptomatic of underdialysis or changes have been made to the dialysis regimen.
· If clearance is not reaching target, alterations can be made to number of hours on the machine overright, total volume of dialysate, volume and number of exchanges overnight, volume of daytime exchanges.

· UF can be increased by increasing the number of overnight exchanges (i.e. decreasing cycle length) in high transporters (who tend to absorb peritoneal fluid), by increasing the dextrose concentration of night and day exchanges, or by using lcodextrin as the long day dwell.

· Sometimes it is helpful to repeat the PET and ‘remodel’ the patient (see previous section).

Peritoneal dialysis in acute renal failure

In recent year PD has fallen of favour as a means of dialyzing patients with ARF with the increased availability of HD and the use of CRRT techniques in intensive care units. There are, however, many advantages to the use of PD, especially in haemodynamically compromised patients:

	Advantages

	Disadvantages

	· Widely available and easy to perform
· Gentle, slow dialysis minizing risk of disequikibrium syndrome.

· Can be done manually (although risk of infection increased compared with use of cycling machine)

· Fluid removal gradual so minimal cardiovascular stress.

· PD can be carried out more safely than HD in patients with poor cardiac function.

· Can be done in patients with poor cardiac vascular access.

· PD catheters easy to place (semi-rigid or single cuff Tenkhoff).

· No anticoagulation required.

· Glucose in dialysate provides extra calories.
· Particularly useful in children.
	· PD catheters cannot be inserted in patients who are at risk of having multiple intra-abdominal adhesions.
· Contraindicated after aortic aneurysm surgery because of risk of infection graft.

· Cannot be done for first few days after laparotomy because of likelihood of fluid leak.

· Impairs movement of diaphragm so relative contraindication in patients on ventilators or with respiratory problems.

· Provides relatively small ‘quantity’ of dialysis in catabolic patients with ARF.
· Cannot correct severe hyperkalaemia rapidly.

· Peritonitis in a sick patient with ARF can be fatal.



Complications are similar to those of CAPD, but particularly include bowel perforation during catheter insertion, intra-abdominal haemorrhage, leakage, inadequate drainage, peritonitis, pleural effusion, aspiration, hypovolaemia, and hyperglycaemia. Peritonitis is very common (up to 80% of patients with rigid catheters).


Acute PD can be temperamental and difficult to establish. Experienced nursing is required to avoid infection, ensure good catheter function and use of cycling machines. Where expertise is present, PD is a useful modality in the treatment of ART particularly for patients with poor cardiac function in whom HD could potentially be dangerous. It can be a useful backup if HD facilities become restricted or unavailable.
Prescribing peritoneal dialysis in acute renal failure

Exchange volume and dwell time need to be with new PD catheters to avoid fluid leakage. For these reasons, IPD is usually used for patients with ARF, for two or three 24h periods a week. Some units perform 48h of PD with a 24-48 h break before recommencing.

	Variables to consider when prescribing IPD

	Duration of dialysis
	Usually for 24h each session.

Session can be extended if needed to optimize biochemical or fluid control.

Session can be interrupted, e.g. for X-ray, and missed time ‘made up’ when patient reconnected.

	Volume of dialysate
	Usually 25 litres over 24h.

	Exchange volume
	1 litre for first week of new catheter.
1.5 litres for second week.

Can be increased to 2 or 2.5 litres thereafter, depending on size of patient.

	Exchange frequency (or dwell-time)
	Dwell-time determines time available for diffusion and UF.

Depends on exchange volume, so shorter dwell-time used with smaller volume exchanges. 

Small volumes and shorter cycles are needed to minimized intra-abdominal pressure and reduce risk of fluid leakage (for new catheters).

30-60 min dwell time usually satisfactory.

	UF requirements
	UF is determined by osmotic gradient between plasma and dialysate induced by dialysate dextrose.

If no fluid removal required use only 1.36% dextrose.

Ratio of hypertonic (2.27% or 3.86%) dextrose to isotonic (1.36%) dextrose depends on UF requirement.

Amount of UF achieved varies hugely, so start gradually (e.g. 5 litters dextrose concentration as needed.

Weight patient (when peritoneum empty to assess net fluid loss. 

	Other factors
	Insulin can be added to the PD solutions in diabetic patients.

Usually about 4 units for a 1.36% solution, and up to 10 units for a hypertonic solution.


Monitoring of efficacy of acute PD

An accurate record needs to be kept of the UF volume during manual or automated acute PD. UF volumes can occasionally be large (up to 8-10 liters per-day).

· There are no guidelines for assessing adequacy of acute PD.

· Clinical observations are used to monitor the patient.

· The older PD cycling machines do not measure UF, so fluid status of the patient must be determined clinically and daily weights (preferably when the peritoneum is empty).

· Dialysis adequacy can be assessed by improvements in biochemical parameters such as plasma urea, creatinine, bicarbonate, sodium, and potassium.

· Increasing urine output and reduction in predialysis plasma creatinine from one session to the next suggest renal function may be improving. Dialysis can then be discontinued, and when clinically indicated, the PD catheter removed.
Exit site infections

Presentation

Infection round the PD catheter exit site can occur at any time from insertion of catheter. Can be graded:

· Grade 1: 
area of redness around exit site.
· Grade 2: 
redness plus small amount of exudate on dressing, or crusting around exit site. 

· Grade 3:
frank pus exuding from exit site.

· Grade 4:
abscess at exit site.

· Grade 5:
tunnel infection – redness and tenderness on palpation over subcutaneous tunnel, the diagnosis of tunnel infection can be confirmed by U/S in necessary, which will show areas of loculated fluid along tunnel.

Cause

Commonest organisms are Staph aureus and Pseudomonas spp. Incidence approximately one episode per 27 patient months. Increased risk in nasal Staphylococcus carriers (2-3 fold).    

Exit site infections: treatment
Treatment protocol

Redness alone
No treatment required if redness persists, or is associated with itching, considerer allergy to the cleaning fluid or dressing and change to saline alone.

Exudate or pus 
It is essential to take a swab for culture before cleaning the exit site. The protocol on the facing page should then be followed.
Note
· Other organisms can also be found-follow culture results.

· If no improvement in infection consider catheter removal.

· If tunnel infection present, catheter is more likely to need removal, particularly if peritonitis also present.

· If infection recurs, consider removal of cathter, particularly if poor response to another course of antibiotics.

· If sever subcutaneous infection, patient inserted until infection eradicated.
· If catheter being removed for recurrent infection, removal should be done after course of antibiotics-another PD catheter can then be inserted at same time (using a different exit site), thereby avoiding the need for HD. Some units have tried re-siting the extraperitoneal only, with some success.

· Exit site infection can progress to infection of the subcutaneous cuff. This can sometimes be successfully treated by deroofing over the cuff site, shaving of the cuff from the catheter (avoiding puncture of the tube itself), or complete catheter changes. Cuff shaving usually ineffective for Gram-negative infections.

Prevention of exit site infections

· Prophylactic antibiotics given at the time of catheter insertion reduce the risk of early infections. Vancomycin should be not used for this propose because of the emergence of vancomycin resistance. Good prophylaxis can be achieved with cephalosorpins, e.g. Cefuroxime 1.5 g.

· Good catheter exit site care will minimize exit site infectuions.

· The incidence of exit site infections due to S. aureus is higher in carriers of this organism. Staphlococcus carriers should be detected by nasal swab at time of catheter insertion and treated.

· If S. aureus is grown, use nasal Mupirocin ointment for 5days.

·  Patient should then use nasal Mupirocin for the first 5days of each month.
· If MRSA is grown, patient should be placed on full local MRSA eradication protocol and should be isolated from other PD patients.

· Any patient with S.aureus peritonitis be considered to be a carrier (nasal swab will be negative while patient is on antibiotics) and treated accordingly. 

· There is increasing evidence that routine use of Mupirocin when exit site dressing is changed greatly reduces the risk of S.aureus infections (though there is some concern about emergence of Mupirocin resistance).

Peritonitis
Peritonitis is one of the major risks of PD causing significant morbidity and in some instances mortality. It is one of the principal causes of dropout to HD. Peritonitis rates have fallen over the last 15 years from about one episode per 9 patient months (single bag system) to one episode per 24 pateint months (disconnect systems). A suggestion that lower rates of peritonitis can be achieved using APD probably reflects patient selection rather than a true benefit.
Aetiology

Two major routes of infection in the peritoneum:

· Skin contaminants:
· From within the peritoneum via the bowel.
Skin contaminants
These are introduced at the time of connections or via an infected exit site. S. aureus, MRSA (methicillin resistant S. aures) and S. epidetrmidis (coagulase-nagative staphylococcus) are the most common. Staphylococci adhere to the catheter, which can make eradication difficult. This is often the underlying cause of recurrent infections. S. aureus usually causes a more severer peritonitis than S. ebidermidis. Frequency of S. epidermidis has decreased with increased use of disconnect systems, and S. aureus increased. 

Pseudomonas infection can also occur via skin contamination, and are often associated with exit-site infections.

Gram-negative infections
There are due to bowel organism introduced into the peritoneum either by poor hygiene or directly from the bowel. Any pathological process increasing bowl permeability can cause peritonitis, most commonly episodes of diarrhea or diverticulities. Often mixed organisms are found. Bowel perforation (e.g. appendicitis) should also be considered with mixed Gram-nagative peritonitis, especially if bacterial counts are high.
Other types of infection
· Fungal infections can occur following recent prolonged courses of antibiotics.

· TB in immunosuppressed individuals.
· Water-borne atypical mycobacteria very rarely.
Risk factors and prevention 

Of peritonitis

Risk factors for development of peritonitis
· Number of connections and disconnections made each day between catheter or its attached line.

· Poor hand washing.

· Patient ability to carry out connections using sterile non-touch technique.

· Exit site infections, particularly tunnel infections.

· In hospital, exchanges being carried out by poorly trained personnel.

· Lack of clean area in home or at work to carry out exchanges.

· Poor eyesight unless special connection devices are used.
· Patients disconnecting themselves from APD machine at night (toilet care for children, etc).

· Dirrhoea, particularly if associated with poor hand washing.

· Diverticular disease, particularly if complicated by diverticulitis.

· Frequent use of intraperitoneal antibiotics predisposes to fungal peritonitis.
· Peritonitis rates are not increased in diabetics or the elderly.

Prevention of peritonitis
Units should consider all the above factors. Prevention is also achieved by:

· Careful selection of patients.
· Patient education and training.

· Avoiding constipation – many patients are elderly and will therefore have dverticular disease, and diverticulitis is more common when constipated.
· Adequate nurse training with special emphasis on hand washing between patients.

· Isolating patients who are carriers of antibiotic – resistant bacteria, such as MRSA or VRE (VRE).

· Ensuring that exchanges are only done by trained personnel when patients are admitted for intercurrent illness or surgery.
Clinical features of peritonitis

· Abdominal pain (80% of patients).
· Cloudy fluid on drainage.
· Fever (50%).

· Nausea (30%) and diarrhea (7-10%).

· Poor drainage.

· Loss of UF.

The severity of an episode of peritonitis depends on the causative organism. The need for hospitalization depends on the severity, and on the ability of the patient to carry out the treatment regimen. No organisms are grown from about 20% episodes (usually mild). S. epidermidis peritonitism often clinically mild. Episodes due to S. aureus or Gram-negative infections are much more severe and have a worse prognosis.

Abdominal pain is a key symptom but very variable, and in some patients is not a feature until the gabs have been cloudy for some days. Patients should be trained to repot a cloudy bag as soon as they see one regardless of whether they have any other symptoms. Abdominal pain can be severe and require opiate analgesia. Fever occurs in more severe cases. If there is delay in diagnosis, or failure to respond to treatment, the fluid becomes increasingly turbid and eventually looks like ‘pea soup’. Drainage can then become poor as the catheter becomes blocked. Even in milder cases, fibrin can from and block the catheter. Loss of UF is also a feature of peritonitis, and may persist even after the episode has cleared.
Complications
Most cases are mild and respond quickly to antibiotics. Complications occur when the diagnosis is delayed, or there is a poor response to treatment. They include:

· Failure to respond, necessitating catheter removal and transfer to HD.
· Loss of UF.

· Loss of appetite and increased catabolism resulting in malnutrition.
· Fungal peritonitis after repeated courses of intraperitoneal antibiotics. Persistent intra-abdominal sepsis requiring laparotomy and drainage.

· Formation of adhesions and later catheter malfunction. 

· Ileus (in severe infections).

· Death (rare). 
Diagnosis of peritonitis

· Key investigations is microscopy and culture of drained peritoneal dialysate.
· Dialogue with microbiology laboratory is important to maximize culture positively rates.

· Whole PD bags should be sent to the bacteriology laboratory. Fluid is either centrifuged or filtered to increase positive culture rates.
· Fluid sample can obtained by aspirating with a syringe from a freshly drained bag, but may have a lower chance of positive culture.

· Fluid should not be obtained directly from the catheter as any break in the system carries the risk of introducing infection.

· The diagnosis of peritonitis is based on the number of white blood cells (wbc) found on microscopy alone; either > 50 or > 100 wbc/mm3.

·  A Gram stain should be done if any organisms are seen on microscopy.
· Bacteria are present in low concentrations in PD fluid, so culture can be negative (approx 20% cases).

· Yield of positive cultures increased by inoculating fluid into blood culture bottles, or concentrating bacteria from whole PD bags.

· Positive cultures, in the absence of white blood cells on microscopy, usually represent contaminants and should therefore not be treated. Causes of sterile culture: antibiotics, poor culture technique, early sampling (bacterial count too low for isolation).
Treatment of peritonitis:

principles (1)

The recommendations made here are based on current guidelines from the international Society of Peritoneal Dialysis.  

Treatment with antibiotics should be commenced at once in all patients with a cloudy bag and in those with positive microscopy – culture results should not be awaited. Most units treat peritonitis with intraperitoneal antibiotics. The advantages are:
· High antibiotic concentration in peritoneum.
· No intravenous access needed.

· Patients can administer antibiotics themselves, minimizing need for hospitalization.
Intraperitoneal antibiotics are systemically absorbed and blood levels of potentially toxic antibiotic such as vancomycin and aminoglycosides need to be monitored.

Numerous different antibiotic regimens have been developed in different hospitals. There is no evidence that one is and better than another as long as the following rules are followed:

· Initial antibiotics with broad Gram-positive and Gram-negative cover.
· Peritoneal concentration of antibiotic high enough to eradicate infection (particularly important with oral antibiotics).

· Follow-up of culture results and appropriate adjustments made to antibiotics.

· Allowance for renal excretion of antibiotics if there is residual renal function.

· Measurement of vancomycin and aminoglycoside blood levels (as appropriate) to avoid underdosing if patients have residual renal function, and overdosing with the potential side-effects of nephr
otoxicity and ototoxicity.

· Sufficient duration of treatment to avoid recurrence of infection.

· Ease of administration, especially by patients, to avoid need for admission to hospital.

Patient-friendly regimens are based on once daily addition of antibiotics to dialysate. Nursing staff can add the antibiotics, and as the antibiotics concerned are stable for 48 h in solution, patients can collect three bags at a time for use at home. This regimen can also be used for patients on APD by adding antibiotics to a bag that is given when the patient comes off the machine and then allowed to dwell for 6 h.

Treatment of peritonitis: principles (2)
Vancomycin and aminoglycosides
Traditionally, many regimens have been bases on vancomycin and an aminoglycoside, e.g. gentamicin. Both are renally excreted and therefore need only intermittent administration-weekly with vancomycin (depending on residual renal function) and daily with gentamicin. Because of the emergence of VRE and the risk of development of vancomycin-resistant staphlycocus, the international Society of Peritoneal Dialysis (ISPD) recommended in both their 1996 and 2000 guidelines that the use of vancomycin should be restricted in the treatment of peritonitis to those cases failing to respond to other standard treatment. These guidelines depended on the use of cefazolin or cephalothin (1st generation cephalosporins).
The original ISPD guidelines were:
· 1996-initial treatment based on cefazolin, added to each exchange, with gentamicin added to one exchange each day.
· 2000-recommendation changed to avoid aminoglycoside use in patients with residual renal function; cefazolin and vceftazidime were the initial antibiotics in patients with residual renal function, and cefazolin and gentamicin if no residual renal function. However, there is little evidence to support this view, and recent evidence in larger groups of patients suggest that the use of gentamicin for treatment of peritonitis does not affect residual renal function if blood levels are monitored and dose adjusted as needed.

Treatment of peritonitis: 

intial treatment

Initial treatment on diagnosis or suspicion of peritonitis:

	Day 1
	Send PD fluid for micro and culture. Swab exit site if inflamed

	
	Treatment: Cefazolin 1.5 G IP

Gentamicin 1.5 mg/kg IP (if urine output ≥ 500 ml/24 hr).

0.6 mg/kg IP (if urine output < 500 ml/24 hr).

Allow exchange with antibiotics to dwell for 6 hours

	
	Patient to take home two bags of CAPD fluid 1.36% containing. Gentamicin 0.6 mg/kg + Cefazolin 1.5 G.

	
	One to be self-administered each day for next two days as part of normal CAPD regimen and allowed to dwell for a minimum of 6 hours.

	
	If patients on APD, antibiotics should be added to 1.5 or 2 lit bag which is drained in after completing overnight APD, fluid should be left in all day until next APD session or for a minimum of 6 hours if patient normally does a day-time exchange.

 Arrange for patient to return on day 4.

	Day 4
	Patient return to PD unit – change treatment according to PD fluid culture result and response to treatment.


Treatment of peritonitis: treatment based on microbiology
Treatment changes based on microbiological diagnosis:

	Organism
	Treatment
	Duration

	· Staphlycoccus epidermidis
	Stop gentamicin

Continue cefazolin 1.5 G IP once daily for 1 week

Administer one bag on ward and make up 3 further bags for patient to take home

Prescribe one week course of cephalexin 500 mg qds for week 2 if fluid clear by then.

Change to vancomycin 300 mg PO bd.
	14 days

	· Staplycoccus aureus
	Stop gentamicin and add rifampicin 300 mg PO pd.

Continue cefazolin 1.5 g IP once daily.

Administer one bag on ward, and make up 3 further bags for patient to take home.

Patient to return on day 8 for review and further PD bags.

Change to vancomycin IP if fluid not clearing by 48-72 hours.
	21 days

	· Enterococcus spp
	Stop cefazolin.

Continue gentamicin 0.6 mg/kg IP daily (according to levels).

Add amoxicillin 12.5 mg/litre to each exchange.
Patient needs to inject these themselves just before use.

If patient unable to inject own bags, further treatment should be vancomycin alone.
	14 days

	· Culture negative
	1. If improving:

Stop gentamicin
Continue cefazolin 1.5 grams IP for 14 days total.

2. If no clinical improvement after 4 days:
Change to vancomycin and gentamicin.
	14 days

	· Grame negative rod
	If cephalosporin-sensitive cefazolin 1.5 G IP 
Stop gentamicin

If cephalosporin-resistant, adjust treatment according to sensitivities.
	14 days

	· Pseudomonas spp
	ADMIT TO HOSPITAL
Stop cefazolin

Continue gentamicin (according to levels) AND add another antibiotic according to sensitivities, (e.g., ceftazidime, ciprofloxacin).

Consider catheter removal
	21 days

	· Fungal
	Flucytosine loading dose 50 mg/kg orally in 4 divided doses and then 500 mg bd (monitor blood levels) AND fluconazole, 200 mg orally or IP daily 
If no improvement by day 3, remove catheter

If improving continue antifungal treatment (with low threshold for catheter removal)
	4-6 weeks
or 

7days after 

catheter

removal

	Monitoring and response to treatment 

If patient ill,  admit to hospital – monitor temperature, WBC, CRP, appearance of dialysate

Day 2 – if poor clinical response, reculture

Day 3 – if poor clinical response, check cultures and change antibiotics if appropriate

Day 4 – if still poor response (persistent cloudy fluid, high CRP and WBC),

              REMOVE CATHETER
 


Treatment of peritonitis: clinical 

Monitoring 
Patients and their treatment need close monitoring during an episode of peritonitis.

· If patient ill: admit to hospital immediately, monitor temperature, WBC, CRP, appearance of dialysate.

· Day 2: if poor clinical response, re-culture PD fluid and blood.

· Day 3: if poor clinical response, check cultures and change antibiotics if appropriate.

· Day 4: if still poor response (persistent cloudy PD fluid, high CRP and WBC), REMOVE CATHETER. Do not delay further.

Treatment of peritonitis: Vancomycin and gentamicin 

Prescribing vancomycin
· Dose: 30 mg/kg ip (round to nearest 250 mg: max dose 2 g).

· Frequency: every 5-7 days depending on blood levels.

· Patients with residual renal function or on APD will need more frequent dosing.

· Repeat doses: aim to maintain blood level > 10 mg /1.

· Check blood levels when patient retunes at 4 days:

· If ≤ 12 /1, bring patient back next day (day 5) for repeat dose;

· If 13-15 mg/1, repeat dose 2 days later (day 6);

· If 15 mg/1, take blood level and give repeat dose 3 days later (day 7);
· If repeat dose given at day 5, bring back for repeat blood level on day 9 and give further dose according to above schedule;

· If repeat dose given at day 6, bring back for repeat blood level on day 11 and give further dose according to above schedule.
Prescribing gentamicin  

· Dose: 0.6 mg/kg ip.

· Frequency: daily, but dose may need to be changes according to blood levels.

· Repeat doses: aim to maintain blood level 2-4 mg/l.
· Check blood levels every 3-4 days when patient returns to collect pre-injected dialysate bags:

· If 2-4 mg/l, give new supply of bags increased by 0.2 mg/kg (patient must start on fresh supply of bags with new dose within 24h).

· If 4-5 mg/l, reduce dose by 0.2 mg/kg with supply of bags given at next visit.

· If 5-6 mg/l, give new supply of bags with dose deceased by 0.2 mg/kg (patient must start on fresh supply of bags with new dose within 24h).

· If ≥ 7 mg/l, miss a day and reduce dose.

· Blood levels MUST be checked at every visit. 
TB peritonitis
· Should be suspected if patient comes from endemic area with culture negative peritonitis and mostly lymphocytes in PD effluent. Also occurs in immigrants from developing countries.

· Can also be associated with refractory bacterial peritonitis.

· Can be caused by atypical Mycobacteria.

· Most patients respond to triple antituberculous therapy, though catheter removal may be needed, particularly if atypical Mycobacteria.

· TB peritonitis is not necessarily associated with long-term morbidity, and many patients will be able to continue with PD or return to PD after treatment.

Treatment of resistant peritonitis

Peritonitis failing to respond to treatment

Patient should symptomatically feel better, and fluid should be clear within 2-3 days of starting treatment. If not:

· Check antibiotic sensitivities and re-culture fluid.

· Place patient on IPD for 34 h until fluid has cleared, then keep abdomen dry for 2-3 days apart from daily exchange with antibiotics. Some evidence that white cells in peritoneum function better in absence of any dialysate.

· Consider removal of PD catheter if:

· Patient remains symptomatically unwell, i.e. remains febrile or no improvement in abdominal pain.

· Evidence of increasing sepsis, i.e. hypotension, fever, etc. 

· Fluid fails to clear despite appropriate treatment for 4 days.

· Fluid becomes increasingly turbid.

· Catheter becomes blocked by thick fluid.

· Exit site infection or tunnel infection due to same organism as peritonitis.

· Peritonitis has become recurrent, i.e. repeat infection due to same organism within 4 weeks of original infection.

Treatment of resistant peritonitis:

Removal of catheter
Removal of PD catheter
· This should not be delayed beyond 4 days from onset of non-responsive peritonitis as delay results in increased morbidity after catheter removal.
Reinsertion of PD catheter
Many patients want to restart PD even after a severe episode of peritonitis requiring catheter removal. Patients may have poor vascular access necessitating a further attempt at PD.
· Allow at least 4 weeks before reinserting catheter.
· The catheter should be inserted surgically or laparoscopically because of the risk of adhesions, except after relatively mild peritonitis (catheter removal only because of persistently turbid fluid, or because of recurrent peritonitis with the last episode being treatable).

· The catheter should be sutured into the pelvis at the first attempt of reinsertion, so that it is placed appropriately if there are any adhesions.
· Consider forming an AVF for HD at same time the patient is having a general anaesthetic, as there is an increased risk of catheter malfunction.

· Retrain patient when recommencing PD to ensure there are no technique problems.

Complications of peritonitis
Peritonitis remains a major cause of dropout from PD to HD.

20% patients with peritonitis do not respond to antibiotic treatment. Even if the episode has been fully treated without catheter removal. Long-term morbidity can result:

· Poor nutrition due to the catabolic state associated with peritonitis.

· Loss of UF during and after an episode.

· Repeated episodes of peritonitis can cause long-term UF failure necessitating transfer to HD.
· Use of broad-spectrum antibiotics can cause diarrhea from Clostridium difficil infection.
· Fungal peritonitis may develop after repeated courses of intraperitoneal antibiotics.

· Intra-abdominal adhesions making further PD difficult.

· Ileus, fluid collections, and/or abscess formation, especially if catheter removal is delayed.

· Ascites – this can be massive and can persist for months after catheter removal, frequent drainage may be required with associated loss protein resulting in worsening nutritional state.

· Sclerosing peritonitis.

· Death – there is a mortality rate of 2-5% with peritonitis, particularly in patients with multiple comorbidities.
Sclerosing encapsulating peritonitis

Sclerosing encapsulating peritonitis (SEP) is a devastating complication of long-term PD. Prevalence is ~2% in patients on PD for 2 years and 20% in patients on PD for more than 8 years. Peritoneal biopsy studies suggest that peritoneal fibrosis and sclerosis occurs with increased time on dialysis; a small proportion will then progress on to SEP. When a thick-walled membranous cocoon warps itself round loops of bowel causing intestinal obstruction and subsequent malnutrition.
Clinical course

· Presentation very variable with a spectrum from peritoneal sclerosis (high membrane transport and poor UF) to full blown SEP.
· First symptoms may occur even after patient has been on HD for several months.
· There is often an initial inflammatory stage that may mimic an episode of sterile peritonitis or be provoked by an episode of peritonitis.
· Other causes have been postulated, including recurrent peritonitis, endtoxins, acetate-containing dialysate (no longer used).
· Clinical features are fever, abdominal pain, high CRP, and ascites, which can be haemorrhagic.
· Symptoms of full-blown SEP are:
· Vomiting.
· Abdominal pain.
· Intermittent small bowel obstruction.
· Ascites-often massive and can be hemorrhagic.
· If untreated, patients will die from malnutrition.
Diagnosis 

Ideally the diagnosis should be made early during the inflammatory stage or before the patient becomes severely malnourished from recurrent bowel obstruction 

· A high index of clinical suspicion is needed to make diagnosis at early stages:
· Unexplained haemorrhagic ascites.

· Unexplained high CRP with abdominal pain. 
· Diagnosis of SEP can be confirmed by: 
· Peritoneal calcification on plain abdominal X-ray or CT scan.

· Thickened bowel wall on CT scan or barium studies.
Treatment

As SEP is rare, treatment is based on anecdotal evidence.

· Drug treatment:

· Surgery to release loops of bowel from fibrous cocoon has high morbidity and mortality because of risk of perforating bowel.
Hernias, leaks, and other complications

Although peritonitis is always considered to be the main complication of PD, there are many others.

	Cause of complication
	Complication

	Presence of intra-abdominal fluid


	Hernias

Fluid leaks

Rectal prolapse

Vaginal prolapse

Lumbar back pain

Pain on inflow of fluid

into peritoneum
Decrease in appetite 

	Infection
	Exit-site infection

Tunnel infection

Peritonitis

	Catheter migration
	Poor drainage    

	Protein losses into dialysate
	Hypoalbuminaemia
Poor nutrition

	Membrane changes  
	Loss of UF 

	Social factors
	Social isolation

PD ‘burn-out’


Hernias
Occur in up to 15-20% of patients. The most common are incisional (related to catheter insertion or to previous abdominal operations), inguinal, and umbilical. Hernias can occur at many other orifices and all have been reported in patients on PD. They are usually reducible, but can strangulate if the orifice is small. They are caused by increased intra-abdominal pressure and are more common with higher volume exchanges, and when dialysate volume is increased to improve adequacy. In men a patent processes vaginalis can allow fluid to track into the scrotum mimicking a hernia.

Any hernia detected before the onset of PD should be repaired prior to (or at same time as) PD catheter insertion.

Management

· Surgical repair of hernia.
· Reduction in exchange volume, conversion to APD overnight, or IPD if there is any delay in surgery (lower intra-abdominal pressure when patient is supine).
· HD (or IPD if HD not possible) for 2-3 weeks after surgery-hernia is more likely to recur if CAPD or daytime exchanges of APD started too early.

· Delay in using full exchange volume for first 2 weeks of CAPD or APD, to reduce risk of recurrence.


if hernia recurs after surgical repair:

· Consider repeat surgery with longer period on HD after repair depends on size location of hernia;

· If there is residual renal function, change from CAPD to APD at night only (i.e. no daytime exchange)- dialysis adequacy will need to be carefully monitored;
· Consider use of elasticated support girdle with abdominal hernia or truss with inguinal hernia;
· Patient may have to be converted to HD.
Fluid leaks
Can be early or late

 Early
Immediately after catheter insertion, fluid leaks through the exit site if it is not yet fully healed. This carries a risk of exit- site infection.
Management
Discontinue dialysis until exit site is fully headled. Lower volume exchanges should then be used to ensure that no fluid leakage occurs before the patient is established on a standard regimen.

Late

Once the exit site has healed, fluid can still leak from the peritoneum, but as there is no passage through the skin, the fluid will pool in subcutaneous tissues. Patients present with, often massive, abdominal wall and leg oedema. In men, fluid can track into the scrotum causing hydrocoeles. Patients often notice poor fluid drainage. Although the defect in the peritoneum is often at the site of catheter insertion, fluid can also leak into the scrotum if there is a defect in the inguinal canal. These leaks are most frequent within the first month of a new catheter, but can occur at any time, particularly if the exchange volume is increased.
Management 

· Discontinue PD for 2-3 weeks – no other dialysis may be needed if there is adequate residual renal function, otherwise HD or IPD (lower intra-abdominal pressure when supine).
· Lower volume daytime exchanges for first 2 weeks of recommencing PD.

· If leak recurs, patient should be changed to night-time APD (if adequate residual renal function) or HD. If patient changed to APD at night, dialysis adequacy needs to be carefully monitored. It is usually possible to add daytime exchanges some weeks or months later without recurrence of the leak.
Pleuroperitoneal leak

Occurs in 1-10% of patients, presents with pleural effusion (with high glucose content), and can be confirmed by contrast peritoneography or radiolabelled albumin or sulphur colloid instilled into the peritoneum. Treatment (drainage, pleuradhesis) usually unsuccessful. Resolve spontaneously in 40% cases.
Prolapses and pain
Prolapses
Rectal and vaginal prolapse are not common but are related to increased intra-abdominal pressure. Management is similar to that of hernia, i.e. surgical repair if possible, followed by a period of HD and then reduced exchange volumes to minimize risk of recurrence.
Back pain

Lumbar back pain is usually caused by developed of a lumbar lordosis from the weight and volume of fluid in the abdomen. The pain is usually mild, but can be servere enough to discontinue PD and change to HD.
Inflow pain
Pain on inflow of fluid is not uncommon in the first 2 weeks of PD and usually resolves spontaneously. Check line position, constipation and dialysate temperature. Pain is often reduced if a clamp is put on the line to reduce the rate of dialysate inflow. Persistent pain is usually caused by irritation of the peritoneum by the acidic dialysate fluid. Adding sterile sodium bicarbonate (4 mmol/l) to the dialysate can provide relief, but with an increased risk of peritonitis (due to regular injections into the dialysate). Bicarbonate dialysis fluid has been shown to reduce abdominal pain on inflow, and is now widely available. Lignocaine (2ml 2% to each exchange) can be tried, but for a few days only.

Other complications of peritoneal dialysis

Malnutrition

Poor nutrition is a feature of both HD and PD. The contributing factors on PD include:

· Decreased appetite in some patients because of a feeling of abdominal fullness – sometimes patients because of a feeling of abdominal fullness – sometimes patients can eat more if they drain out before a meal.
· Protein losses in dialysate, particularly during peritonitis.

· Loss in loss in dialysis adequacy as residual renal function declines.

Membrane changes

Occur with time on PD. Often the permeability increases with resultant loss of UF. This can be managed by changing to APD and/or using lcodextrin. UF failure is an important cause of dropout to HD.
Idiopathic ascites

May develop in patients who convert from PD to HD; the ascites can be massive causing marked distress. Usually occurs within 1 month of converting from PD to HD. The fluid is an exudates (albumin concentration higher than that of plasma). All other causes of ascities should be excluded by appropriate investigations, i.e. U/S and/or CT scan, ascetic tap to measure protein content, cytology, microscopy, and culture. Can cause malnutrition because of loss of protein into ascetic fluid. Natural history is for spontaneous resolution, but may take some months.
Haemoperitoneum

Occurs in 6-50% of patients and is usually transient. Can occur in menstruating women. May require additional catheter flushes to prevent blockage, and occasionally heparin instillation into catheter. Also caused by pancreatitic, ruptured ovarian or hepatic cysts, sclerosing peritonitis, and other intra-abdominal pathology.

Eosinophilic peritiontis

Rare, usually sterile, and often caused by reaction to the PD catheter itself. Rare causes are fungal peritonitis, allergic reactions to vancomycin or lcodextrin.

Social complications of PD

Should not be underestimated. If a patient feels isolated or devopls burnout, therir technique will be less good with the risk of developing peritonitis. Anorexia and poor nutrition will also occur if the patient becomes isolated or depresserd. Social factors contribute significantly to dropout from PD to HD.

Preoperative assessment for 
peritoneal dialysis patients 
PD is a continuous treatment not requiring anticoagulation or vascular access, and so the timing of surgery and preoperative care is much simpler than for patients on HD.

Preoperative assessment and management 

· Full blood count, plasma potassium, ECG, and CXR.

· Insulin infusion should be commenced in diabetics.

· PD should be adjusted to ensure that patient is euvolaemic at time of surgery.
· If blood transfusion is required, ensure that volume overload does not occur by using higher strength dextrose dialysate, or by transferring patient to IPD for the transfusion (to increase UF).
· Dialysate should be drained so that abdomen is empty prior to surgery:
· Essential for any abdominal surgery;

· Prevents limitation to movement of diaphragm and respiratory compromise by high intra-abdominal pressure.

· Intravenous cannulae should not be placed in either forearm- the patient may need a fistula in the future so all potential veins should be preserved.
· If it is anticipated that HD with be needed postoperatively (see later), an internal jugular CVC should be inserted while the patient is anaesthetized.
Postoperative management for 
peritoneal dialysis patients

· Plasma potassium should be checked as soon as possible after surgery (potassium increased by tissue trauma, blood transfusions, heamatomas, potassium containing infusions.)
· PD can be restarted immediately after non-abdominal surgery (smaller volumes if respiratory problems).

· Avoid PD completely for a few days after abdominal surgery because of the risk of fluid leakage.

· Recommence PD completely for a few days after abdominal surgery (assuming any drains have been removed), preferable using IPD or daytime dwells of APD, to avoid prolonged periods raised intra-abdominal pressure that may occur with CAPD.

· Patients with little or no residual renal function will need HD in the early postoperative period after abdominal surgery.

· Patients with significant residual renal function (GFR > 5 ml/min) may need no dialysis until it is safe to recommence PD. The patient must be closely monitored during this time, especially volume status and potassium.

· CAPD or the daytime exchanges of APD can be restarted once abdominal wounds are completely healed (usually about 2 weeks). Restart with small volume exchanges, e.g. 1.5 litres for the first week.

· After extensive bowel surgery it may not be possible to return the patient to PD due to the formation of adhesions causing poor drainage. PD must be discontinued if a colostomy or ileostomy is formed.  

· Avoid nephrotoxins (NSAIDs, gentamicin, contrast) as residual renal function of crucial importance in overall adequacy of PD.

Peritoneal dialysis and transplantation

PD has no influence on graft survival. Some units continue patients on PD if dialysis is required post-transplantation, while others transfer patients to HD. Transplant surgery is usually extraperitoneal so there is little risk of fluid leakage post-transplantation. If peritoneum has been breached PD should be withheld for 1-2 weeks. Even when HD is used post-transplantation, the PD catheter can/should be left in situ. Provided the exit site is regularly dressed, the risk of developing exit site infection is minimal. The catheter can then be removed once transplant function is established. If the transplant fails and the patient has to return to dialysis. PD can be re-established with minimal trauma (physical and psychological).
Advantages and disadvantages of PD and HD post-transplantation in PD patients.

	
	PD
	HD

	Advantages
	Avoid insertion of neck vein catheter
	Most transplant nurses trained in HD

	
	Continuous dialysis with minimal fluid shifts and reduced risk of hypotension.
	Dialysis adequacy and fluid removal more easily controlled

	
	Avoids use of heparin, so reduced risk of bleeding postoperatively or after transplant biopsy.
	

	Disadvantages
	Transplant nursing staff need to be trained in PD 
	Risks of central venous catheterization

	
	Risk of peritonitis in immunosuppressed patient.
	Risk of septicaemia from temporary neck line.

	
	Dialysis adequacy in PD depends on residual renal function, which may fall post-transplant if patient becomes hypotensive or septicaemic. 
	Risk to transplant of episodic hypotensive.


Peritoneal dialysis for poisoning

PD is not as efficient as HD for the removal of poisons. It is rarely used:

· Dialysis is only effective for water-soluble, non-protein-bound, low MW substances.

· Toxin levels fall rapidly after HD, but frequently rebound after treatment as molecules diffuse from the interstitial fluid into the blood, and repeated sessions are often needed.
· PD removes toxins slowly from blood, so equilibration between blood and interstitial compartments occurs continuously.

· PD can be used for the management of poisoning if HD is not available, but only when the aim of treatment is to remove a total load of toxin rather than acutely lower the blood level.

· IPD is the optimal mode of PD, usually for at least 24h and on some occasions for up to 72h.

· Blood levels of the toxin should be regularly checked and the dialysis only stopped when levels are safe.
Sum of solute concentration for each exchange


Number of exchanges





Culture exit site and commence flucloxacillin





Gram-positive organisms 





Gram-negative organisms 





Flucloxacillin


250 mg qds po 





Ciprofloxacin


500 mg qds po 





Cultures and sensitivities 


available  





Staphylococcus aureus (sensitive) 





MRSA 





Staphylococcus epidermidis 





Pseudomonas Spp 





Flucloxacillin 250 mg qds


 and 


Rifampicin 


600 mg po 


daily 


for 2 weeks 





Vacomycin 


30 mg/kg IP


once a weak for 


2-4 weeks. Follow levels. Use local MRSA eradication 


protocol 





Ciprofloxacin 500 mg bd po and/or gentamicin 


0.6 mg/kg IP daily for 3 weeks (follow levels)











Flucloxacillin 


250 mg bd po 


for


10-14 days
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