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Acronyms

ACEi angiotensin converting enzyme inhibitors
APD automated peritoneal dialysis

ARB angiotensin receptor blocker

ARF acute renal failure

BMI body mass index

BP blood pressure

BSA body surface area

BUN blood urea nitrogen

CAPD continuous ambulatory peritoneal dialysis
CCB calcium channel blocker

CCPD continuous cycling peritoneal dialysis
Cereat creatinine clearance

CHD coronary heart disease

CKD chronic kidney disease

CMV cytomegalovirus

CVA cerebrovascular accident

CVD cerebrovascular disease

CXR chest X ray

DEXA dual energy X ray analysis

DM diabetes mellitus

DOQI Dialysis Outcome Quality Initiative
DPI dietary protein intake

EBV Epstein Barr virus

ECG electrocardiogram

EPO erythropoietin

ESRD end stage renal disease

FSGS focal segmental glomerulosclerosis
g gram

GDP glucose degradation product

GFR glomerular filtration rate

Hb hemoglobin

HBV hepatitis B virus

HCV hepatitis C virus

HD hemodialysis

HIV human immunodeficiency virus
HLA human leukocyte antigen

HUS hemolytic uremic syndrome

ICU intensive care unit



M intramuscular

1P intraperitoneal

IPD intermittent peritoneal dialysis

v intravenous

K/DOQI Kidney Disease Outcomes Quality Initiative
Kt/Vurea total urea clearance normalized for body size
Krt/Vurea residual renal urea clearance normalized for body size
Kpt/Vyrea peritoneal urea clearance normalized for body size
1 liter

LBM lean body mass

LVH left ventricular hypertrophy

mcg microgram

MDRD modification of diet in renal disease

mg milligram

MI myocardial infarction

ml milliliter

mmol millimole

MRI magnetic resonance imaging

MRSA methicillin-resistant Staphylococcus aurius
NIPD nocturnal intermittent peritoneal dialysis
nPCR normalized protein catabolic rate

NSAID non steroidal anti-inflammatory drugs

PCR protein catabolic rate

PD peritoneal dialysis

PET peritoneal equilibration test

PTH parathyroid hormone

PVD peripheral vascular disease

RRF residual renal function

RRT renal replacement therapy

SC subcutaneous

SEP sclerosing encapsulating peritonitis

SGA subjective global assessment

Sudan-PD Sudan peritoneal dialysis program

TBW total body water

TLC therapeutic lifestyle changes

u/S ultrasound

UF ultrafiltration

UKM urea kinetic modeling

URR urea reduction ratio
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Introduction

End stage renal disease (ESRD) is a medical and social problem that constitutes a
heavy burden on communities worldwide. The incidence of this notorious disease is
steadily increasing, partly due to a real increase in the incidence of different kidney
diseases that eventually lead to ESRD, and partly due to the improvement achieved
in treating other conditions, like diabetes mellitus and hypertension, that can lead
after long periods to ESRD.

The average global incidence of ESRD is estimated to be 100-200 new case per
million population per year, and the global annual cost of treating ESRD is about
1000,000,000 USS. Expectedly, most developing countries are overwhelmed by this
epidemic. However, countries with developing economics, like India and Mexico,
have given us live examples on how to handle this notorious disease efficiently and
in a cost effective way.

The incidence of ESRD in Sudan is expected to be 5000 new case per year. The
Sudan government has established the Sudan National Center for Kidney Disease and
Transplantation as a national center for managing kidney diseases. This center has in
turn established a large number of hemodialysis units all over the Sudan, functioning
alongside an active national kidney transplantation program. Nevertheless, ESRD
remains a problem for many citizens whose needs are not met by these limited
services.

Accordingly, peritoneal dialysis was strongly needed as another treatment modality for
ESRD in Sudan, to fulfill the needs of patients who are not suitable for hemodialysis.
Peritoneal dialysis would also provide the child and working adult with more space
for work, studying and travel; activities which are severely restricted by center based
hemodialysis.
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The Sudan Peritoneal Dialysis Program

The Sudan Peritoneal Dialysis Program (Sudan-PD) was established as a pioneer
project in June 2005. It was founded with great efforts from Professor Hasan
Abu-Aisha (president of the National Ribat University), Dr Mohammad Al-Mahdi
Mandour (director of the Central Medical Supplies Corporation), Dr Khalifa
Al-Awad (director of the National Center for Kidney Diseases and Transplantation)
and Dr Babiker Jabir Kaballo (director of Renal Services, Sudan Military Medical
Services).

The unique structure of Sudan-PD relies on an integrated system for patient
recruitment with a central database, along with unified management protocols
and fluid transfer arrangements. Regular meetings are carried out to discuss all
individual patient problems, update center reports and design protocols. Continuing
staff education programs are also regularly provided.

By year end 2007, seven maintenance PD units were sequentially established in
seven major hospitals in Sudan, including six units in the capital of Khartoum and
one unit in Jezeera state, serving about 200 patients. The most important criteria for
center inclusion are “an enthusiastic nephrologist interested in PD and willing to
work with PD in a team fashion” and a “willing hospital administration.”

Ribat university hospital has provided the program with generous logistic support
since its foundation, and Ribat PD center took the lead as the main training center
for PD providers from other cities. The Central Medical Supplies Corporation has
provided the medical supplies needed by participating patients since the program
foundation.

In 2006, the Sudan National Center for Kidney Disease and Transplantation has
officially recognized the active role of Sudan-PD in the integrated management of
chronic kidney diseases in Sudan. In October 2006, her Excellency the Minister of
Health, Dr Tabita Butros, evaluated and accepted the program as a national project
to be added to the National Kidney Foundation Program.

12



Chapter 1: Patient Selection for Peritoneal Dialysis

1.1. Goals and targets

To promote the timely initiation of renal replacement therapy (RRT).

To stress the importance of the integrated renal care strategy in handling chronic
kidney disease (CKD) patients.

To outline the criteria for selecting the suitable candidate for maintenance PD

1.2. Estimation of kidney function

The glomerular filtration rate (GFR), rather than serum creatinine or BUN is the
best measure of overall kidney function in health and disease.

GFR is difficult to measure directly, and is best estimated using prediction
equations, such as Cockroft-Gault formula, MDRD formula or Schwartz
formula.

24 hour urine collections for creatinine clearance may not be more accurate in
estimating the GFR than prediction equations except in certain situations (e.g.
amputation).

Cockroft-Gault formula

140 - ight (k;
GFR (ml/min) = 140~ age (ears) x weight (kg) 1ot by 0,85 for females)

72 x serum creatinine (mg/dl)

Abbreviated MDRD formula

GFR (ml/min/1.73m?) = 186.3 x [serum creatinine (mg/dl)]""-'** x [age (years)] 23
(multiply by 0.742 for females)
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Sc

hwartz formula (for children < 18 years)

0.55 x height
GFR (ml/min) = x height (cm)

serum creatinine (mg/dl)

Creatinine clearance

24 hr urine volume (liter) X urine creatinine concentration (mg/dl)

Cereat (ml/min) =
serum creatinine concentration (mg/dl) x 1.44

1.3. Chronic kidney disease

Chronic kidney disease (CKD) is defined by GFR less than 60 ml/mn/1.73
m? persisting for at least 3 months and/or evidence of kidney damage (e.g.
albuminuria, hematuria or renal scarring) persisting for the same duration (see
table 1).

Every patient in stage 4 or 5 CKD should be seen by a nephrologist. He/she should
be informed on the likelihood of developing kidney failure, counseled about the
available treatment options and offered hepatitis B vaccination. Construction of
a permanent vascular access (AV fistula) is indicated at this stage if the patient is
likely to require HD.

Patients in stage 5 CKD are said to have kidney failure. The term end stage renal
disease (ESRD) is reserved for kidney failure patients who are being maintained
on any form of renal replacement therapy (RRT).

Table 1: Stages of chronic kidney disease
Stage | Description GFR (ml/mn/1.73 m?)
1 Kidney damage with normal or raised GFR =90
2 Kidney damage with mildly reduced GFR 60 — 89
3 Moderately reduced GFR 3059
4 Severely reduced GFR 15-29
5 Kidney failure less than 15 (or dialysis)




1.4. Initiation of renal replacement therapy

RRT may be initiated for CKD patients when the GFR falls below 15 ml/min/1.73 m?,
after evaluating the expected benefits and risks.

Early initiation of RRT is not of proven benefit, and treatment is usually deferred
until there is a clinical indication to start dialysis.

Indications for dialysis include excessive fatigue, refractory fluid overload,
refractory hypertension, pericarditis, uremic encephalopathy or neuropathy,
bleeding diathesis, persistent nausea and evidence of malnutrition.

Dialysis should not be delayed until the patient is very ill. An ill patient may
deteriorate rapidly necessitating emergency initiation of dialysis, is more
susceptible to complications during dialysis initiation, and may not tolerate
further delay if the dialysis access does not function properly.

1.5. The integrated renal care strategy

RRT encompasses different treatment modalities, including maintenance PD,
maintenance HD and kidney transplantation.

A single patient may well utilize all modalities of RRT during the course of his/
her ESRD. Rather than thinking of one modality of treatment versus another, it is
best to use each treatment to its optimal benefit.

Ideally, selection of dialysis modality should be driven by patient choice, unless
there is a medical or social contraindication to a particular modality.

Kidney transplantation is the most cost effective mode of RRT and offers the
patient the best chance for long term survival and good quality of life. Suitable
patients should be encouraged to have a kidney transplant if feasible, preferably
before they become dialysis dependent.

PD is most efficient when patients have significant residual renal function (RRF),
i.e. when they first start RRT or when they transfer back to dialysis after trans-
plantation. It has several medical and social advantages over HD as the initial
dialysis modality (see table 2).

Most patients will eventually require HD if they continue on long term dialysis.
They would benefit from preserving the arm vessels for future vascular access
placement if they start their RRT with PD.

15



Table 2: Advantages and disadvantages of maintenance peritoneal dialysis compared to

hemodialysis

Advantages

Disadvantages

= Provides continuous and uninterrupted
dialysis treatment, unlike HD.

= Better preservation of RRF than HD, with
a potential survival advantage.

= Better blood pressure and volume control
with less dietary restriction.

= Safer for patients with poor cardiac
function, CHD or CVD.

» Suitable for patients with active diabetic
retinopathy, for whom heparin is contrain-
dicated.

= PD access is easy to establish and can
be used after 2 weeks of placement or
immediately if necessary.

« Even serious related infections usually
resolves after catheter removal and are
rarely fatal.

= Less severe blood loss and less EPO

requirement.

= No needles are required, and treatment is
associated with a lower risk of blood-borne
infections: HBV and HCV.

= Suitable for patient living far from HD
centers; transport to hospital is only needed
for clinic or emergency visits.

= More flexible treatment schedule that can
fit into patient’s lifestyle.

= Care of dependent family member can be
casier if dialysis is carried out at home.

= Requires less equipment and staff.

= PD often relies on significant RRF to
achieve adequate dialysis.

» Adequate dialysis may be difficult to
achieve in large anuric patients.

= Less predictable UF that often reduces
with time.

« Lower technique survival, with many
patients quitting PD after a few years.

= Requires a permanent catheter with the risk
of catheter related infection and problems
of body image changes.

» May result in weight gain and poorly
controlled hyperglycemia especially in
diabetic patients.

= Requires good housing conditions with
running water supply and adequate space
for storage.

= Requires arrangement to deliver dialysis
fluids to patients’ homes.

= Dependent on the patient or family member
physical and mental ability to learn and
comply with the technique.

« Dialysis is required every day and that
may lead to patient or helper exhaustion
and burnout.
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1.6. The suitable candidate for peritoneal dialysis

=« Maintenance PD will be most successful in a motivated compliant patient who
can maintain good personal hygiene and has good family support.

= Before accepting a patient for maintenance PD, he/she should undergo a com-
prehensive clinical evaluation accompanied by assessment of the home and work
environment and sources of financial and social support to identify any potential
contraindications to PD (see table 3).

Table 3: Contraindications for maintenance peritoneal dialysis

Absolute Relative Relative
(major) contraindications | (minor) contraindications

= Encapsulating = Colostomy/gastrostomy. « Hernia.

eritoneal sclerosis. . . .
p = Previous abdominal scar. | = Obesity.

» Peritoneal adhesions. = Psychosis/mental = Previous hard catheter IPD.

= Pleuro-peritoneal leak. retardation. « Polycystic kidneys.

= Poor personal hygiene. « Low back problems.

= Poor motivation.

« Poor housing conditions with
no running water or space for
storage.

» Physical handicap, such
as blindness or hemiplegia
(contraindication for self
treatment).

17



1.7. Patient counseling

18

After confirming that a particular patient is a suitable candidate for PD, he/she
should be counseled about the proposed treatment modality.

Patient counseling is of paramount importance and should be carried out by an
experienced member of the PD team in a quiet room, preferably in the presence
of family members.

Many times patients refuse PD because of preconceived ideas or misinformation
that can be allayed by appropriate explanation and, preferably, paying a visit to
the PD unit.

The principles of PD should be explained to the patient with the aid of pictures
and illustrations, including the need to place a permanent PD catheter and perform
multiple exchanges every day.

The patient should be informed about pros and cons of PD compared to HD,
relating this to his/her particular medical and social conditions (e.g. work, school,
home making).

Before accepting a potential candidate, the PD team should ensure that he/she is
capable and willing to work on the system independently. Otherwise, they should
check for the availability of a reliable helper.

After accepting a patient for maintenance PD, he/she should be informed about
the sequence of events involved in PD initiation, and arrangements should be
made for catheter insertion.



Chapter 2: Peritoneal Dialysis Catheter Insertion

2.1. Goals and targets

To standardize PD catheter insertion technique between all units of the Sudan-PD
program, with the aim of minimizing surgical complications and catheter
malfunction.

To ensure that the new patient enters the system in a smooth uncomplicated way
in order to promote his/her confidence and compliance.

2.2. Preparing the patient for catheter insertion

Ensure that the patient requires the catheter and obtain a written informed consent
after explaining the procedure.

Examine the abdomen for hernias or abdominal wall defects that may be corrected
at the time of catheter insertion; in such cases PD should be delayed for 4 weeks
to minimize leakage.

Take a nasal swab culture for Staph aureus; if positive, apply mupirocin nasal
ointment three times daily for 5 days.

After specifying a date for the procedure, ensure that the patient’s name is put on
the operation list. If catheter insertion will take place under general anesthesia,
request an ECG and CXR and confirm that the anesthetist has approved the
procedure.

Prescribe a laxative (e.g. lactulose, macrogols) for a couple of days preopera-
tively to ensure that the patient has 2-3 motions per day. Prescribe an enema if
necessary.

On the pre-operative day, instruct the patient to have nil orally for 6-8 hours
before the procedure. The patient should have a bath using antiseptic soap in the
morning of surgery

Give prophylactic antibiotic approximately 1 hour before the procedure; use a
first or second generation cephalosporin (e.g. cefazolin, cefuroxime).

The patient must empty his/her bladder immediately before catheter placement
to avoid accidental bladder perforation.

19



Figure 1: Different types of PD catheters

Two cuffed Tenckhoff Two cuffed Tenckhoff Swan neck catheter with
catheter with coiled tail catheter with straight tail straight and coiled tails

2.3. Catheter placement techniques

PD catheters are flexible tubes with multiple ports in the distal (intra-abdominal)
segment which is ideally positioned in the pelvis; the mid-portion is implanted
within the abdominal wall via one to two Dacron cuffs to minimize the risk of PD
related peritonitis. There are different types of PD catheters; however, there is no
conclusive evidence that any catheter type is superior to the standard two-cuff
Tenckhoff catheter (see figure 1).

Several techniques can be used for PD catheter placement in uncomplicated
patients, including blind percutaneous insertion, surgical insertion by dissection,
and modified surgical insertion with a guide wire.

The percutaneous technique utilizes the Tenckhoff trocar or the Seldinger
technique to insert the PD catheter blindly. Since lateral placement may be
associated with injury to the inferior or superficial epigastric arteries, the
catheter is often inserted through the linea alba, imposing a higher risks of hernia
formation. This blind technique is not suitable for extremely obese patients or
patients who have had previous abdominal surgery, since adhesions greatly
increase the risk of bowel perforation.

Surgical placement by dissection does not require sophisticated equipment and
can be done under local anesthesia in a clean room or minor theater. It is an
open technique with a very low incidence of bowel perforation or vessel injury.
However, deep pelvic location of the catheter cannot be visualized, and the
incision is relatively large requiring more healing time to avoid peritoneal leaks.

20



Modified surgical placement with a guide wire is associated with a lower risk of
fluid leak compared to surgical placement by dissection, and is preferred when
urgent dialysis is needed.

Laparoscopic placement requires special equipment and expertise, but entails a
relatively small incision and minimizes the risk of bowel perforation. In addition,
it permits the operator to deal with adhesions and perform omentectomy if
necessary, and allows visualization of deep pelvic location of the catheter. If
available, this technique is preferred for complex cases.

To achieve good short and long term results, all PD catheters must be placed by
a competent and experienced team. Regardless of technique, the procedure must
take place under aseptic conditions, using face masks, gowns and sterile gloves.

PD catheters planned for chronic use should always be inserted in a paramedian
location rather than in the midline. This allows the deep cuff to be placed within
or below the rectus muscle, providing better structural support for the catheter.
This also minimizes the risk of peritoneal leak and hernia formation.

To minimize the risk of catheter related infections, the inner cuff must be placed
deep to the rectus muscle, the subcutaneous tunnel must have a downward (or
if necessary lateral) direction, and the exit site must be created with a puncture
hole rather than a scalpel to produce a tight fit around the catheter and avoid the
use of sutures.

Chose a suitable location for the exit site with the patient in an upright (sitting or
standing) position and mark it with permanent ink.

The exit site should be preferably placed in the right or left iliac fossa in a location
that is easily accessible to the patient. It should not be placed on the belt line, on
a scar or under an abdominal hang in obese patients.

Considering individual variation of abdominal size, care is required to ensure
deep pelvic location of the catheter. Identify the suitable location for catheter
insertion by using stencil (template of catheter shape and measures), or by
putting the upper border of the coiled end of the catheter adjacent to the border
of symphysis pubis with the catheter lying in the para-median plane and marking
the site of catheter insertion at the level of the deep cuff (see figure 2).

21



Figure 2: Sellecting the suitable location Figure 3: The subcutaneous tunnel and
for catheter insertion location of the exit site

symphysis .
pupis »-

2.4. Procedure for surgical placement by dissection

1.

22

Let the patient lie flat on one pillow, and tell him/her what will happen at each
stage of the procedure. Give IV sedation slowly (e.g. fentanyl, morphine or
pethidine with metoclopramide).

Scrub up and lay out catheter insertion set trolley.

Anesthetize the catheter insertion site with lignocaine 2%, diluted 1:1 with
normal saline. Inject down towards the peritoneum making sure that you aspirate
before injecting.

At the site previously marked for catheter insertion, make a 5-6 cm horizontal
incision with its center being in the para-median plane.

Dissect deeply until you reach the outer rectus sheath; open the sheath longi-
tudinally to a length of 4-5 cm. Separate the rectus muscle fibers using blunt
retractors until you find the inner rectus sheath just deep to the muscle fibers.

Hold the inner rectus sheath using a blunt artery forceps, and use size 0 or 1
absorbable suture to make a purse-string through both the inner rectus sheath and
the parietal peritoneum. Be careful to avoid puncturing the bowel or accidentally
including the omentum in the stitch.



7.

10.

11.

12.

13.

14.

15.

Make a small 1 cm long incision in the middle of the pre-formed purse-string.
Gently introduce a blunt dissection forceps through this opening; if it moves
freely in all directions then it is within the peritoneal cavity.

Flush the PD catheter with heparinized saline, and then introduce a rigid stylet
into it. To prevent twisting during insertion, check that the catheter is well aligned
by looking at the white line that runs alongside the catheter.

While holding the inner rectus sheath and the peritoneum by the blunt artery
forceps, introduce the stylet gently though the opening. Direct the stylet caudally
towards the pelvis. The stylet must be kept adherent to the inner surface of
parietal peritoneum while advancing the catheter in; this would prevent the
catheter being pushed between bowel loops which may result in mal-position or
perforation. Stop advancing the catheter once the inner cuff is just superficial to
the inner rectus sheath

Remove the stylet and check the patency of the catheter by infusing 10 ml of
heparinized saline. If the saline is not infused smoothly, withdraw and re-position
the catheter.

Close the purse-string knot and secure the deep cuff to the inner rectus sheath by
two stitches; avoid puncturing the catheter during stitching. Assess the catheter
inflow and outflow rate by infusing about 200 ml of normal saline.

Suture the anterior rectus sheath continuously, with the catheter extruding from
the most cranial edge of the incision. Feel for minor defects after closing the
sheath and repair them to prevent the development of incisional hernia and early
peri-catheter leak.

After anesthetizing the area, use the curved metal tunnel device to make a curved/
arcuate subcutaneous tunnel extending from the site of catheter insertion to the
pre-marked exit site. When you reach the exit site, puncture the skin with the tip
of the tunnel device. The exit site should be facing downward or laterally (see
figure 3).

Connect the tip of the catheter to the end of the tunnel device and secure it with a
knot to prevent dislodgement. Pull the tunnel device through the exit site carefully.
Insure that position of the superficial cuff is at least 2 cm deep the exit site to
prevent cuff expulsion. The puncture at the exit site should tightly enclose the
catheter to avoid the need for stitching.

Close the incision at the catheter insertion site and cover it with sterile dressing.

23



2.5. Procedure for modified surgical placement with a guide wire

1.

10.

11.
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The procedure is similar to the surgical technique described above until the inner
rectus sheath is identified (section 2.4: steps 1-5).

Once the inner rectus sheath is identified, hold it with small artery forceps and
insert a 16-18 gauge introducing needle. It is safest to attach a syringe to the
needle and inject normal saline while pushing the needle inside to minimize
the risk of bowel perforation. If the tip of the needle is in the peritoneum, the
plastic sheath should be advanced. If no sheath is found then use the needle in
the catheter kit, but caution is required.

Infuse 300 ml of normal saline through the plastic sheath or the introducing
needle while keeping its tip inside the peritoneum directed towards the pelvis. If
the saline is infused smoothly, advance the guide wire through the plastic sheath
or introducing needle.

The wire should feed in very easily. If there is resistance, the technique should be
abandoned. The most common cause for this is a loop of bowel loaded with feces
or the existence of adhesions. In this case, the surgical technique could be used.

Remove the plastic sheath or introducer needle over the wire. Use the rigid
dilators over the guide wire to make track for the catheter; start with the smaller
dilator.

Insert a larger dilator with a ‘peel-away’ sheath over the guide wire trying to
direct it down into the pelvis. Remove the guide wire and dilator together leaving
the large sheath. Insert the catheter through the sheath then peel it off.

Make the tunnel and the exit site and close the incision as described above
(section 2.4: steps 12-15).



2.6. Post operative care

After implantation, the exit site should be covered with several layers of sterile
gauze; avoid transparent and occlusive dressings because drainage tends to pool
at the exit site and in the wound therefore encouraging bacterial overgrowth.

Connect the plastic adaptor and the transfer set immediately postoperatively;
flush with small volumes of a 2 liter PD bag (4-5 quick cycles) until the effluent
is clear, then leave 200 ml with 500-1000 units of heparin inside the peritoneal
cavity and cap.

If the effluent does not clear of blood clots and fibrin: admit the patient to the
ward, continue two hourly flushing by 500 ml of dialysate with heparin (500-1000
unit/liter) until it clears.

Obtain an abdominal X ray (postero-anterior and lateral views) postoperatively
to ascertain pelvic catheter location. Observe the patient in the ward for at least 2
hours, discharge home if no complications occur.

Provide an analgesic prescription upon discharge (e.g. paracetamol, tramadol,
nefopam). Use NSAIDs only if the patient has no significant RRF, i.e. if the
patient is anuric (e.g. diclofenac, ibuprofen).

Instruct the patient to keep the catheter immobilized until the exit site and tunnel
are completely healed (this usually takes at least 4-6 weeks)

Instruct the patient to keep the dressing dry and clean. He/she should avoid
tub baths with a PD catheter in place and avoid showers until the exit site is
well-healed (usually 2-3 weeks post-operative). Sponge baths should be used
during this period.

The patient should avoid constipation and straining by eating a high fiber-diet.
He/she should avoid stair climbing or lifting heavy objects for 6 weeks post-
operative. Severe cough or bleeding should be reported immediately.

After one week of catheter placement, admit the patient for dressing change and
flushing with heparinized dialysate. Repeat once weekly until PD is begun.

Dressing may be done sooner than one week if obvious bleeding or signs of
infection occur, if sweating makes the exit site wet, if the patient feels itchy under
the taped skin or if the stickiness of the tape is lost.
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Dressing changes should be restricted to trained nurses under aseptic technique
with face masks and sterile gloves. It should be followed by application of
gentamicin ointment or drops.

Remove sutures after 2 weeks if the wound is well healed.

Unless otherwise indicated, it is advisable to postpone PD for 10-14 days after
catheter placement to allow for better healing and prevent fluid leak.

If dialysis is required immediately after catheter placement, use intermittent
PD with the patient in the supine or semi-recumbent position. Use small dwell
volumes (500-1500 ml) and a dwell time of 3-4 hours for 6-8 cycles.

The titanium adaptor should be connected when PD is initiated, after completing
training and ascertaining that the catheter is functional.



Table 4: Drugs mentioned in this chapter

Generic name | Formulation Dose for adult PD patients

Cefazolin Injection (IV) 1 g IV (prophylactic dose)

Cefuroxime Injection (IV) 750 mg IV (prophylactic dose)
Diclofenac Tabs, injection (IM) 25-50 mg PO, IM every 6 hours
Fentanyl Injection (IV) 50 mcg IV slowly, repeated as needed
Gentamicin Ointment Prn

Ibuprofen Tabs, suspension 200-600 mg PO every 6 hours

Lactulose Solution 15 ml PO every 12 hours starting dose
Macrogols Oral powder 1-2 sachets/d, in 200 ml water
Morphine Tabs, injection (SC, IV, IM) | 5 mg PO, SC, IM or 2.5 mg IV q 4 hours
Metoclopramide | Tabs, injection (IV, IM) 5 mg PO, 1V, IM tds

Mupirocin Nasal ointment tds for 5 days

Nefopam Tabs, injection (IV) 30-60 mg PO tds

Pethidine Injection (SC, IV, IM) 25-50 mg SC, IM or 12.5-25 mg IV q 4 hours
Paracetamol Tabs 0.5-1 gm PO every 6 hours

Tradamol Caps, injections (IV, IM) 50 mg PO, IV, IM every 4 hour
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Chapter 3: Patient Training

3.1. Goals and targets

To ensure that all important aspects of patient training are addressed adequately,
with an emphasis on the patient’s role as an active member of the PD team.

3.2. Pre-requisites to patient training

The exit site should be healed and the catheter should have been flushed within a
few days of the training period to ensure patency and functioning.

For training to be successful there should be a dedicated training areca away from
the busy ward area. Training should be conducted on one-to-one basis with the
same nurse.

The training period should be utilized to highlight the active role of the patient as
a member of the PD team,; this is the cornerstone for successful PD.

3.3. Important aspects of patient training
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The training period should be divided into 5 sessions of about 90 minutes
duration. The training period should be extended if necessary until the PD team
is satisfied that the patient can reliably perform PD on his own (see table 5).

The basic principles of PD should be explained to the patient with the aid of
pictures and illustrations, including the name and function of parts of the PD
catheter, transfer set, disconnect system, and dialysis solutions (see figure 4).

Emphasis should be placed on the vital importance of the aseptic technique and
personal hygiene, including clipping fingernails at all times. The patient should be
trained on the correct hand washing technique, exchange procedure and healthy
exit site care procedure according to the standard protocol. The importance of
strict adherence to the recommended procedure should be adequately explained
to the patient.

Training for patients who are going to use automated peritoneal dialysis (APD)
should include explanation of the machine parts, the sequence of events for each
cycle, how to clean and set the machine, how to connect and disconnect at the
end of dialysis, and how to respond to alarms.



Figure 4: Dialysis equipment

Y set
and double bag

= The patient should be trained to recognize and report the following problems:
contamination, cloudy effluent, unhealthy exit site, negative drain volume,
fluid overload, dehydration, inflow or outflow obstruction, fibrin in the drained
dialysate, leakage, and constipation.

» The patient should understand how to order and store supplies, how to record
information in the log book, when to come for follow up, and how to contact the
PD team in case of emergencies.

= The training period should also be utilized for addressing queries and worries,
providing dietary advice, estimating the dry weight, and revising regular
medications.

= The patient should be provided with printed educational material to take home
after completion of training.

= Patients should have community visits by nurses soon after initiating PD to assess
the home environment and evaluate the patient’s PD technique. Subsequent
visits should be arranged as the patient’s condition dictates and after episodes
of peritonitis.

= Regular clinic visits should be arranged every 1-3 months or more often
according to the patient’s condition, in order to perform clinical assessment and
check biochemical parameters.
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Table 5: Suggested training schedule (modify according to patient’s needs)

Demonstrate the correct hand washing procedure
Demonstrate the correct exchange procedure
Demonstrate the correct exit site care procedure

First day | Explain the principles of peritoneal dialysis and the names of catheter parts
Explain the importance of good hygiene and the correct way for bathing

Second day | Discuss with patient the effect of PD on his/her life style
Provide patient with dietary advice

Patient practices hand washing

Patient practices the exchange procedure

Patient practices exit site care

Third day | Explain how to record information in the log book
Explain how to measure weight

Explain how to inject EPO

Patient practices hand washing

Patient practices the exchange procedure

Patient practices exit site care

Fourth day | Explain how to handle potential problems, including peritonitis

Patient practices hand washing
Patient practices the exchange procedure
Patient practices exit site care

Review patient ability to measure weight, record information and inject EPO

Fifth day | Ensure patient can perform all procedures independently

Review regular medication

Explain how to order and store supplies

Explain how to contact PD team in case of emergencies
Explain when to come for follow up

Ensure patient knows how to handle potential problems, including peritonitis
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3.4. Aseptic technique

Aseptic technique is a set of specific practices and procedures performed under
carefully controlled conditions with the goal of minimizing contamination by
pathogens.

Aseptic technique should be practiced every time the catheter or exit site are
handled. This includes proper hand washing, proper preparation of the work
area, and proper handling of equipment and supplies

Proper hand washing refers to scrubbing the hand for at least 15 seconds with
the six steps method outlined below, using clean tap water and antibacterial soap.
If tap water is contaminated or is coming from a well, bottled or boiled water
should be used instead. If liquid soap is not available, a soap bar can be used. If
soap and water are not available, an alcohol based cleansing agent that contain at
least 60% isopropanol or ethanol should be used instead.

If a cleansing agent is used for hand washing, sufficient amounts should be used
to wet the hands all over, followed by scrubbing the hand with the six steps
method outlined below without using a towel to dry the hands. If hands are dry
in less than 15 seconds, the user has not applied enough amount of sanitizer.
Cleanser type may be individualized based upon allergies, but it should not be
transferred to another container because of the risk of contamination.

Exchanges and exit site care should be performed in a clean room, with the doors
and windows closed and the fans turned off. There should be no animals in the
room. Supplies should be collected on a clean table.

The tips of the transfer set and the Y shaped giving set should not touch
anything while performing the exchanges. If the end of the Y shaped giving set
is contaminated the double bag must be discarded and a new set used instead.
If the end of the transfer set is contaminated, the patient must not continue with
the exchange and he/she must present to the center for transfer set changing.
Prophylactic antibiotics should be prescribed for two days in case of transfer set
contamination.

If medications are to be infused into the medication port of the bag, povidone
iodine should be applied to the port until it dries, and the tip of the syringe should
not be allowed to touch anything.
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Figure 5: Correct hand washing technique (scrub for 15-20 seconds at least)

3.5. Proper hand washing technique (see figure 5)

Remove your rings and watch and wet hands and wrists with running water
Apply liquid soap or leather soap bar.

Scrub hands well palm to palm (step 1).

Scrub back of each hand with palm of other hand (step 2).

Scrub between and around fingers (step 3).

Scrub back of fingers with palm of other hand with fingers interlocked (step 4).
Scrub each thumb in opposite hand clasped (step 5)

Scrub fingertips of each hand clasped in palm of other hand (step 6).

W o N AW =

Rinse thoroughly under running water.
10. Pat hands dry with clean towel.

11. Turn off water using same towel.

12. Do not touch anything except supplies.

32



3.6. The double-bag system

= The transfer set is a short 10-15 cm tube attached to the titanium adapter at the end
of the catheter to make the external part of the catheter longer and easier for the
patient to handle. It should be changed every 6 months to avoid physical damage
from heavy use. It should also be changed following an episode of peritonitis and
if its tip is contaminated.

» The dialysis system comes in the form of a Y shaped giving set with two bags
attached to its long arms: a full bag containing the dialysate and a sterile empty
bag.

= During an exchange, the short arm of the Y shaped giving set (connector) should
be connected to the end of the transfer set without touching either end.

= The old dialysate is first allowed to drain from the peritoneum into the empty bag
through the transfer set and the Y shaped giving set.

» Following that, a small amount of fluid from the new bag is allowed to flow
directly into the drain bag through the giving set to flush away any bacteria at the
end of the catheter.

= After flushing, the new dialysate is allowed to flow from the new bag into the
peritoneal cavity through the Y shaped giving set and the transfer set.

= When this is completed, the giving set is disconnected and a sterile cover is
placed on the tip of the transfer set.

= The use of the Y shaped giving set allows the patient to disconnect from the bags
between the exchanges, hence it was called the disconnect system. Attaching
a new dialysate bag to one arm of the Y shaped giving set while a drain bag is
attached to its other arm is called the double-bag system. Both modifications of
the exchange technique have dramatically reduced the incidence of PD related
peritonitis.

« Different manufacturers of PD supplies use different mechanisms to control

the flow of fluid through the Y shaped giving set (e.g. Baxter twist valve and
Fresenius disk). The principles, however, are the same (see figure 6).
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Figure 6: The double-bag system
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3.7. The exchange procedure

1. Prepare: Make sure the environment is clean (closed doors and windows, fans
turned off, good light, no animals), collect supplies on a clean table, wash hands
with the six steps method, remove the dialysate bag from the protective packaging
and inspect it, remove transfer set form clothing and make sure the twist valve
is closed, clamp the tubing connected to the full dialysate bag, remove spike
protector from new bag and spike it.

2. Connect: Hold the connector in your right (dominant) hand and remove the cover
(pull ring or cap) from its tip with you left hand. Hold the transfer set in you left
hand and remove the protective cover (mini-cap) from its tip with you right hand
while still holding the connector. Firmly attach the connector to the transfer set
by twisting without allowing either tip to touch anything, then cover them with a
piece of gauze saturated with iodine. After that, hang the full dialysate bag from
an elevated location (e.g. a coat hook) and place the empty bag on the floor (see
figure 7).

3. Drain: Open the twist valve of the transfer set, and allow the effluent to drain
from the peritoneum into the empty bag. This should take approximately 15-20
minutes.

4. Flush: Close the twist valve, open the clamp on the upper tubing connected to the
new dialysate bag, and allow a small amount of dialysate to drain directly from
the upper new dialysate bag into the lower drain bag to clear the line from air and
other impurities (count 5 slowly).
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Figure 7: the correct method for connection

5. Fill: Clamp the drain line, open the twist valve, and allow the new dialysate
to flow from the upper bag into the peritoneum. This should take about 10-15
minutes.

6. Disconnect: Close the twist valve, disconnect the connector from the transfer
set, and place a new protective cover (mini-cap) on the tip of the transfer set
without touching it. Inspect the effluent, record its volume, drain it into a toilet,
and discard exhaust dialysis supplies.

3.8. Healthy exit site care

= The PD catheter and transfer set or extension should remain securely taped to
the abdomen at all times to minimize trauma. Some patients may use a belt or an
immobilizer.

=  When securing the PD catheter, ensure that the catheter follows its natural
direction and does not bend at its connection to the adapter, as the catheter can
crack over time and this puts the patient at risk for getting peritonitis.

= Tub baths should not be taken with a peritoneal catheter in place to avoid con-
tamination with water borne organisms. Showers may be taken once the exit site
is well healed, but the patient must avoid scrubbing the exit site. After showers,
the exit site should be dried first with a clean personal towel, then the rest of the
body.

35



Routine exit site care should be done daily by the patient and after each shower.
Exit site care should be done twice daily during an infection episode.

For cleaning the exit site care, it is preferred to use a piece of gauze saturated
with normal saline.

Alcohol based solutions can be used instead, but their prolonged use should be
avoided as it may cause catheter damage.

Routine use of hydrogen peroxide should also be avoided because it is drying.

Crusts should not be forcibly removed, and the exit site should never be handled
with sharp instruments.

If the exit site is well healed there is no need for covering with gauze in adults.
However, the use of sterile occlusive dressings is recommended for children and
has been shown to result in fewer exit site infections in this group of patients.

If the patient is admitted or unable to perform exit site care independently, it
should be done by a trained PD nurse and documented on the patients care
records.

Gloves are not required for clean dry exit sites, clean gloves (not sterile) may be
used if there is discharge at the exit site. Masks may be used if the person has a
cold.

3.9. Exit site care procedure

1.
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Make sure the environment is clean (closed doors and windows, fans turned off,
no animals).

Collect the following supplies on a clean table: normal saline, povidone iodine,
gentamicin cream or eye drops, a package of small gauze, clean towel (may use
gauze instead) and a tape for immobilization.

Wash hands with the six steps method using water and antibacterial soap or
cleansing agent.

Expose the exit site leaving the PD catheter and transfer set taped to the
abdomen.

Examine the exit site for signs of infection, e.g. redness, swelling, bleeding,
crusting or discharge.



Saturate a piece of gauze with normal saline and gently clean the skin in a circular
motion starting from the exit site and working outwards, and dry the exit site
with a clean towel.

Saturate a piece of gauze with iodine, paint a small circle around the exit site in
a circular motion working from the exit site outwards, and allow to air dry for
30-60 seconds.

Saturate a piece of gauze with gentamicin cream, paint a small circle around
the exit site in a circular motion working from the exit site outwards, or apply
gentamicin drops instead.

Apply sterile occlusive dressings (recommended only for pediatric patients) and
securely tape the PD catheter and transfer set to the abdomen
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Table 6: Drugs mentioned in this chapter

Generic name

Formulation

Dose for adult PD patients

Gentamicin

Drops (0.3%) or ointment (0.1%)

prn

Povidone Iodine

Solution

prn
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Chapter 4: Dialysis Prescription and Monitoring

4.1. Goals and targets

To promote individualization of dialysis prescription in order to achieve the best
possible patient outcomes.

To promote timely transfer to HD if the optimal PD dialysis prescription is no
longer adequate for an individual patient’s needs.

To stress the importance of preserving residual renal function for as long as
possible.

4.2. Principles of peritoneal dialysis

Solute transfer in PD occurs by diffusion through the peritoneal membrane down
a concentration gradient, usually form blood to dialysate, until equilibration is
achieved.

Fluid movement in PD is determined by osmosis; more fluid removal (UF)
is achieved by increasing the osmotic pressure within dialysate, usually by
increasing the dialysate dextrose concentration. Fluid movement in turn induces
a movement of solutes by convection or solvent drag. Some dialysate is absorbed
through peritoneal lymphatics into the systemic circulation.

Accordingly, efficiency of PD depends on the total time on dialysis and the dwell
time of each exchange, number of exchanges, peritoneal membrane characteris-
tics (surface area, blood flow and permeability) and UF rates.

Urea clearance achieved on PD is much less than clearance achieved on HD, but
both dialysis modalities achieve similar clinical outcomes. The explanation may
relate to clearance of middle sized and large molecules which is better in PD,
or to the relation between peak urea level, which is higher in HD, and uremic
symptoms.

Available dextrose concentrations include 1.36%, 2.27% and 3.86% of dextrose
anhydrous, which is the preferred method of stating dextrose concentration in
Europe. These concentrations are identical to 1.5%, 2.5% and 4.25% respectively
of dextrose monohydrate, which is the preferred method of stating dextrose con-
centration in the United States.
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4.3. Different peritoneal dialysis modalities
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Continuous ambulatory peritoneal dialysis (CAPD) is a continuous modality of
PD that is performed manually; it involves multiple exchanges during the day
(usually three) followed by an overnight dwell (a fourth exchange).

Daytime ambulatory peritoneal dialysis (DAPD) is an intermittent modality of
PD that is performed manually; it involves multiple exchanges during the day
with a dry abdomen during the night.

Automated peritoneal dialysis (APD) is a modality of PD that is performed with
the assistance of an electronic device. It has different variations, including NIPD,
TPD, CCPD and OCPD.

Nightly intermittent peritoneal dialysis (NIPD) is an intermittent APD technique
in which the patient is attached to a cycling machine for a number of hours
(usually nine) at night during which time the cycler delivers a number of
exchanges, leaving the abdomen dry during the day.

Tidal peritoneal dialysis (TPD) is an intermittent APD technique in which the
patient remains attached to the cycling machine for the usual time overnight, but
more frequent cycles are performed with only 50-75% of the dwell volume being
exchanged at each cycle. This expensive modality is usually utilized for patients
with inflow/outflow pain and for patients with slow peritoneal drainage.

Continuous cycler peritoneal dialysis (CCPD) is a continuous APD technique in
which a cycler delivers 3 to 6 exchanges during the patient’s sleep, leaving some
dialysate in the peritoneal cavity to dwell during the day.

Optimized cycler peritoneal dialysis (OCPD) is a continuous APD technique in
which a cycler delivers 3 to 6 exchanges during the patient’s sleep, followed by
a long daytime dwell, and an extra exchange that is usually performed manually
during the day.

Classic intermittent peritoneal dialysis (IPD) is a form of dialysis in which
multiple short exchanges are performed on an intermittent basis, either manually
or utilizing an automatic cycler. A regimen commonly used entails 1-2 sessions
per week each of 48-72 hours duration, utilizing 24 liters of dialysate per 24
hours, in the form of 2 liter exchanges each of 2 hours duration. This regimen is
rarely sufficient for long-term management. IPD is mostly used as a temporary
form of dialysis in ARF or for the management of frail elderly patients who are
not suitable for HD but are also unable to manage their own PD.



= Continuous flow peritoneal dialysis (CFPD) is an experimental modality whereby
two peritoneal catheters or one catheter with two ports are used to provide a
continuous inflow and outflow of dialysate; achieving clearances similar to those
obtained with daily hemodialysis.

4.4. The optimal PD modality

= The peritoneal membrane transport characteristics (see section 4.11) can help
guide the optimal PD modality choice.

» Rapid transporters remove solutes effectively even during short dwell times.
However, they quickly absorb dialysate glucose thereby removing the osmotic
stimulus to UF. Consequently, they may have low or negative UF during long
dwells unless concentrated dextrose is used.

= On the other hand, slow transporters need long dwell times to adequately remove
small solutes from the blood, but UF is not a problem in this setting since glucose
is also absorbed slowly and maintains the osmotic stimulus to UF for long
durations.

« For rapid transporters, dialysis modalities with multiple short dwells (e.g. NIPD)
are more suitable than modalities with long dwell times (e.g. CAPD).

= For slow transporters, dialysis modalities with long dwell times (e.g. CAPD) are
more suitable since they are unlikely to achieve adequacy targets on modalities
with short dwell times (e.g. NIPD).

» Patients new to PD usually have some RRF that can provide additional UF and
augment the solute clearance achieved by dialysis. In this setting, it may not be
necessary to match dwell time with transporter type. However, as RRF declines
over time it becomes increasingly important to match dwell time to transport
type in order to achieve adequate dialysis.

= Continuous rather than intermittent PD modalities should be utilized in a patient
with minimal RRF in order to maximize middle-sized molecule clearance.

= CAPD and CCPD usually achieve similar weekly clearances. If both forms are

available, the patient may choose the modality which is more suitable to his/her
lifestyle.
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4.5. Initial Dialysis Prescription

It is possible to initiate PD in small doses depending on the patient’s RRF and
gradually increase the dose as RRF declines. For example, a male who weighs
67 kg and has a urea clearance of 5-6 ml/min (weekly K t/Vyreq ~ 1.4) may need
a single 2 liter overnight exchange per day (weekly Kpt/Vyrea ~ 0.3) to achieve
the required total small solute clearance (weekly Kt/Vyeq ~ 1.7).

If this incremental approach is adopted, residual GFR should be calculated as
the average of urea and creatinine clearances, and not estimated from prediction
equations. The aim is to account for the overestimation of GFR induced by
creatinine secretion.

Another approach is to initiate PD empirically according to the patient’s body
surface area (BSA) and estimated GFR, to approximately provide a weekly
Kpt/Vurea of around 2. The PD dose can be modified later according to adequacy
measures (see tables 7 and 8).

The BSA can be estimated using Mosteller formula.

Mosteller formula

BSA (m?) = \

height (cm) x weight (kg)

3600

Table 7: Empirical PD prescription at initiation of CAPD

GFR >2 ml/min GFR = 2 ml/min
BSA<1.7m? 4 x 2.0 L exchange/day 4 x 2.5 L exchange/day
BSA 1.7-2.0 m*> |4 x 2.5 L exchange/day 4 x 3.0 L exchange/day
BSA >2.0 m? 4 x 3.0 L exchange/day 4 x 3.0 L exchange/day

Table 8: Empirical PD prescription at initiation of CCPD

GFR >2 ml/min GFR <2 ml/min
BSA<1.7m? 4 x2.0 L (9 hr/night) + 2.0 L/day |4 x 2.5 L (9 hr/night) + 2.0 L/day
BSA 1.7-2.0 m*> |4 x 2.5 L (9 hr/night) + 2.0 L/day |4 x 3.0 L (9 hr/night) + 2.5 L/day
BSA>2.0m?> |4 x3.0L (9 hr/night) +3.0 L/day |4 x 3.0 L (10 hr/night) + 2x2.5 L/day
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4.6. Monitoring of PD adequacy

An important measure of PD adequacy is the total small solute clearance
expressed as the dimensionless parameter (Kt/Vyeq), Which is defined as either
the total daily or weekly fractional clearance of body water from urea.

The total solute clearance (Kt/Vyyey) is equal to the sum of the peritoneal solute
clearance (Kpt/Vyrea) and the residual kidney solute clearance (Kyt/Vyrea)-

In accordance with the KDOQI 2006 guidelines, the minimal “actually delivered”
dose of small solute clearance for all patients should be a weekly Kt/Vyyeq of
1.7.

The most common method to monitor delivered Kt/V e, is by the PD adequacy
test, which should be performed within one month of dialysis initiation and
every 6 months thereafter in order to ensure that targets are achieved and modify
dialysis prescription if necessary. The test should also be done after any change
in dialysis prescription and after any peritonitis episode.

Monitoring Cgreqat 1S not essential for CAPD patients, but the KDOQI guidelines
recommend a weekly Cgreat Of at least 45 L/week/1.73 m2 for APD patients.
Ccreat can be measured during the PD adequacy tests.

Attention should also be paid to urine and UF volume, with a fluid removal
target of at least 1 liter per day (combined urine and UF). UF volume is inversely
related to survival, particularly in anuric patients.

Clinical indicators of dialysis adequacy include uremic symptoms, nutritional
status, energy level, hemoglobin concentration, response to erythropoietin (EPO)
therapy, electrolytes and acid base balance, calcium and phosphate homeostasis,
blood pressure control and fluid balance.

If a patient is not thriving for no apparent cause other than uremia, an attempt
to increase the dialysis dose should be made, even if Kt/V ¢4 is well above the
minimal target.

However, poor patient compliance and a hypercatabolic state should not be
overlooked as possible causes for apparently inadequate dialysis.

If solute clearance and/or UF volume are deteriorating despite optimal PD
prescription, an AV fistula should be created so that the patient can be electively
transferred to HD in a timely manner.
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4.7. PD adequacy test

= PD adequacy test is utilized to measure delivered Kt/Veq and weekly Cereat. It
should be performed within one month of dialysis initiation and every 6 months
thereafter. It should also be performed after episodes of peritonitis, after changing
dialysis prescription, and whenever the patient’s clinical conditions deteriorates.

= PD adequacy test should only be performed when the patient is clinically stable
and at least 1 month after resolution of a peritonitis episode.

« [fthe patients has negligible RRF, indicated by a 24 hour urine volume less than
100 ml, then the 24 hour urine collection can be ignored and the Kt/V yeq should
be considered equal to Kpt/Vyrea.

4.8. Procedure for the PD adequacy test

1. Ask the patient to collect 24 hr urine and bring it to hospital. Send this collection
to the lab for urea and creatinine after recording its volume.

2. Ask the patient to collect 24 hr dialysate sample by either of two ways:

= Take 10 ml from previous day’s lunch, evening, night and overnight drain
bags after mixing each bag by inverting it 2-3 times and recording the drain
volume. Calculate the total 24 hr dialysate volume by summing the volume
of individual drain volumes and record it as 24 hr dialysate volume. Mix the
4 samples together to make a 24 hr dialysate sample and send it to the lab for
urea and creatinine.

= Or, ask the patient to bring the whole lunch, evening, night, and overnight
bags to hospital, mix together in a large jar and record the total volume as
24 hr dialysate volume. Draw a 10 ml sample from the mixture, label as
24 hr dialysate, and send to the lab for urea and creatinine.

3. Withdraw a blood sample and send it to the lab for urea and creatinine.

4. Calculate the patient’s volume of distribution as 60% of the weight for males and
55% of the weight for females, and use the following formulae:

24 hr dialysate volume (liter) x dialysate urea (mg/dl) x 7
Weekly Kpt/Vyrea =

plasma urea (mg/dl) x volume of distribution (liter)
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24 hr urine volume (liter) x urine urea (mg/dl) x 7

Weekly K t/V, =
1 Turea plasma urea (mg/dl) x volume of distribution (liter)

Weekly Kt/Vyrea = Weekly Kpt/Vyrea + Weekly Kit/Vyrea

Weekly Cereat _ 24 hr dialysate volume (liter) x dialysate creatinine (mg/dl) x 1.73 x 7
(liter/week/1.73m?) plasma creatinine (mg/dl) x BSA (m?)

5. A more simple approach would be to ask the patient to bring the whole lunch,
evening, night, and overnight bags to hospital, mix together in a large jar and add
to it the 24 hour urine volume. The resultant mixture would be the total 24 hour
drain volume. Record this 24 hour drain volume, and send a 10 ml sample from
it to the lab for urea and creatinine. Send a blood sample for urea and creatinine.
Calculate the patient’s volume of distribution as above, and use the following
formulae to calculate the total weekly Kt/Vyjreq and weekly Cereat:

24 hr drain volume (liter) x drain urea (mg/dl) x 7

Weekly Kt/Vyrea =

plasma urea (mg/dl) x volume of distribution (liter)
Weekly Cereat _ 24 hr drain volume (liter) x drain creatinine (mg/dl) x 1.73 x 7
(liter/week/1.73n2’) plasma creatinine (mg/dl) x BSA (m?)

45



6. When performing the PD adequacy test, the obtained 24 hour urine and dialysate
collections should be utilized in the estimation of dietary protein intake (DPI)
by measuring protein equivalent of total nitrogen appearance (PNA) using the
following formulae (see chapter 10):

PNA (g/day) = 6.25 x {urea appearance (g/day) + 1.81 +[0.031 x lean body mass (kg)]}

Urea appearance (mg/day) = [24 hr dialysate volume (dl) x dialysate urea (mg/dl)]
+[24 hr urine volume (dl) x urine urea (mg/dl)]

7. In stable patients for whom the membrane transfer characteristics has been
previously established (see section 4.11), the delivered Kpt/Vyrea, Cereat and
PNA can be calculated using commercially available computer programs such as
PD Adequest™ (Baxter). All these calculations will require the mean dialysate
concentration over 24 hours, which is obtained using the following formulae.

Mean dialysate sum of solute concentration of all exchanges (mg/dl)

solute concentration =

in CAPD (mg/dl) number of exchanges

Mean dialysate sum of [solute concentration (mg/dl) x drain volume (liter)] of all exchanges
solute concentration = . -

in APD (mg/dl) sum of drain volume (liter) of all exchanges
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4.9. Peritoneal equilibration test (PET)

The peritoneal equilibration test (PET) utilizes a standardized 4 hr exchange
to quantify the rate of glucose absorption and the transport rates of different
solutes across the peritoneal membrane as well as the UF volume in a particular
patient.

PET results are used to classify patients according to their peritoneal membrane
transport characteristics into 4 groups: low transporters, high transporters, low
average transporters, and high average transporters (see section 4.11).

PET results are also used to confirm UF failure and identify its cause, providing
an aid to further management (see section 4.12).

PET results combined with the patient’s BSA allow calculation of predicted
Kpt/Vurea with a given PD regimen using UKM programs such as Adequest™.
If the predicted Kpt/Vyrea is markedly different from the actually delivered
Kpt/Vyrea this may indicate patient incompliance.

The PET test should be performed approximately one month after initiation
of PD to use as a baseline value and then repeated annually. The test is also
performed when there is an unexpected change in UF volume or evidence of
inadequate solute clearance, to help diagnose the cause of the problem and guide
its management.

4.10. Procedure for the PET

1.

An overnight 8 to 12 hour exchange is performed using 2.27/2.5% solution. With
the patient in an upright position, the overnight exchange is drained in the ward
over no more than 25 minutes.

Two liters of 2.27/2.5% dialysis solution are infused over 10 minutes with the
patient in the supine position; the patient is rolled from side to side after every
400 ml infusion.

At 0 time (just after the completion of infusion), drain 200 ml of dialysate, take a
10 ml sample and re-infuse the remaining 190 ml back into the peritoneal cavity.
Label this as D and send to the lab for creatinine and glucose. Take a blood
sample, label as Py and send to the lab for creatinine and glucose. Allow the
patient to ambulate freely during the 4 hours of the test.
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Figure 8: Interpreting PET results
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After 2 hours, drain 200 ml of dialysate, take a 10 ml sample and re-infuse the
remaining 190 ml back into the peritoneal cavity. Label this as Dy and send to
the lab for creatinine and glucose. Take a blood sample, label as P> and send to
the lab for creatinine and glucose.

After 4 hours, drain the dialysate in the upright position over no more than 20
minutes, measure the drain volume then take a 10 ml sample, label this as D4 and
send to the lab for creatinine and glucose. Take a blood sample, label as P4 and
send to the lab for creatinine and glucose.

The dialysate (D) to plasma (P) ratio for creatinine concentrations are calculated
for different time points (Dg/P(, D2/P2, D4/Py), as well as the ratio of dialysate
glucose concentration at different time points to base line dialysate glucose con-
centration (D7/Dg, D4/Dy).

The results are plotted on the creatinine and glucose curves to determine the
membrane type (see figure § and table 9).

Table 9: Interpreting PET results according to D4 and P4 results

Transport type |D4/P4 urea D4/P4 creatinine | D4/Dg glucose | Drain volume
High 0.98 - 1.09 0.82 -1.03 0.12-0.25 1580 — 2084
High average 0.91-0.97 0.65—-0.81 0.26 —0.38 2085 — 2368
Low average 0.84-0.90 0.50 - 0.64 0.39-0.49 2369 — 2650
Low 0.75-0.83 0.34-0.49 0.50-0.61 2651 — 3326
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4.11. Peritoneal membrane transport characteristics according to PET

Low transporters: solute equilibration occurs late; as a result, the solute clearance
and the UF volume increase almost linearly throughout long-dwell exchanges.
Long dwell exchanges are suitable for this group of patients.

High transporter: solute equilibration occurs early and dialysate glucose is
absorbed early, thereby removing the osmotic stimulus to UF. As a result, the
solute clearance and UF volume begin to diminish after three to four hours of the
exchange. Short dwell exchanges are suitable for this group of patients.

Average transporter: the peak clearances are maintained for approximately 8-10
hours. These patients can be effectively treated with either short or long dwell
exchange techniques. Approximately two thirds of patients are expected to have
average transport rates on baseline PET.

4.12. Causes of UF failure according to PET

If a patient who has been maintained on PD for some time requires three or
more 3.86/4.25% dextrose solution exchanges to maintain dry weight, he/she is
considered to have inadequate UF capacity.

The PET test with 3.86/4.25% dextrose can be used to confirm UF failure (defined
as an UF volume of less than 400 ml after a four hour dwell with two liters of
3.86/4.25% dextrose) and to diagnose its cause.

If the drain volume is low and the solute clearance has increased compared
to base line (higher D/P creatinine ratio) in the absence of acute peritoneal
inflammation, the patient is said to have type I membrane failure which is often
related to long duration on PD or frequent prior peritonitis episodes. This may be
managed by increasing the number of exchanges and reducing the dwell time in
APD. Another approach would be to temporarily discontinue PD for four weeks,
with the instillation of 100 to 200 ml of 1.36/1.5% dialysate containing 3500
units of heparin twice per week (allowed to dwell). This technique may allow the
peritoneal function to return to earlier levels in 69% of cases.

If the drain volume is low and the solute clearance has decreased compared to base
line (lower D/P creatinine ratio) the patient is said to have type II membrane failure
(e.g. peritoneal fibrosis, adhesions or sclerosing encapsulating peritonitis), which
is often irreversible.
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» If the drain volume is low and the solute clearance has not changed compared to
base line (static D/P creatinine ratio), this indicates rapid lymphatic absorption,
impaired free water transport, catheter malfunction or leakage of dialysate.

» If the patient is overloaded but the PET reveals a good drain volume and stable
membrane transport characteristics, this indicates loss of RRF, excessive fluid
intake, or noncompliance with the dialysis prescription.

4.13. Optimizing solute clearance

= Solute clearance can be optimized by increasing the dialysis time, the dwell
volume (most effective approach) or the number of daily exchanges.

» UKM programs such as Adequest™ can be used to predict the Kpt/Vyrea
obtainable with different PD regimens for a particular patient. These programs
will require baseline membrane transport characteristics obtained from previous
PET results and the patient’s BSA.

« After identifying the PD prescription that is expected to achieve the required
solute clearance for a particular patient, the PD dose is modified accordingly.
Adequacy tests should be performed later to confirm adequate dose delivery.

= In CAPD, dialysis hours are fixed, and the dialysis dose can only be optimized
by increasing the exchange volume as much as tolerated by the patient and by
increasing the number of daily exchanges. There is, therefore, a practical limit to
the amount of dialysis that can be delivered by CAPD.

= APD offers more flexibility in prescribing than CAPD; supine patients can
tolerate larger dialysate volumes, and the number of exchanges can be increased
more easily as they are done by the machine and not by the patient.

= The limiting factors for increasing APD dose are the number of hours the patient
is prepared to remain attached to a machine and the cost of the dialysate.

= Adding one or two manual day time dwells is more cost effective than increasing
the number of night exchanges in APD. Large volume bags are also preferred
because they are more economical and require fewer connections.
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4.14. Management of fluid overload

Body weight monitoring is a simple way to monitor fluid status in the short
term. However, if the patient is losing flesh weight, he/she can become fluid
overloaded with little change in total body weight.

Clinical features of fluid overload include high blood pressure, ankle edema,
pulmonary edema and pleural effusions.

Patients with coexisting cardiac disease will be at increased risk of developing
pulmonary edema with fluid overload. High BP indicates that fluid overload rather
than heart failure is the main cause of pulmonary edema in a particular patient.

Fluid balance is usually better on APD than on CAPD because less dextrose and
fluid is absorbed from the peritoneum during the short duration cycles.

In patients who are hypertensive or who show evidence of volume overload, the
first step should always be dietary sodium and fluid restriction.

In patients with significant RRF, loop diuretics can be utilized to increase the
urine output (e.g. furosemide).

If diuresis fails to achieve the target dry weight, most patients will respond to an
increase of dextrose concentration in the dialysate. This is usually achieved by
using concentrated dextrose during the overnight dwell in CAPD or during the
long day dwell in APD.

Increasing dextrose concentration in the dialysate may result in obesity and
peritoneal damage due to excessive exposure to glucose degradation products
(GDPs). To preserve the peritoneal membrane, the lowest possible dialysate
dextrose concentration should be used for as long as possible.

If the patient is not responding adequately to concentrated dextrose, PET should
be performed to define the cause and guide further management (see section 4.12);
optimizing the dwell time and exchange volume may effectively solve the issue.

If available, the isotonic 7.5% icodextrin solution can be used in place of
concentrated dextrose solutions in the management of overloaded patients.

Icodextrin is a glucose polymer that penetrates the peritoneal membrane less
effectively than dextrose, thereby maintaining the osmotic stimulus to UF for
longer periods and achieving equivalent UF to hypertonic dextrose. It is usually
used during the overnight dwell in CAPD or the long daytime dwell in APD.
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During an acute peritonitis episode, patients may have a transient increase in
peritoneal membrane permeability resulting in reduced drain volumes. They
may benefit from temporally shortening the dwell time. Refrain from using
concentrated fluids during episodes of peritonitis.

4.15. Assessing and preserving residual renal function
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RRF represents the residual function of the native kidneys or the in situ kidney
allograft. Residual GFR is best estimated by the numerical average of the 24 hr
creatinine clearance and urea clearance.

There is a strong association between the presence of RRF and reduction of
mortality in patients on PD therapy. In addition, even minimal RRF usually
contributes significantly to the overall solute clearance and fluid balance. Hence,
it is important to preserve RRF for as long as possible.

In PD patients with RRF who need antihypertensive medication, preference
should be given to the use of ACEi or ARBs. In normotensive patient with RRF,
consideration should be given to the use of ACEi or ARBs with the aim of kidney
protection.

Insults to GFR in patients with CKD should also be considered insults to RRF
in PD patients and should be avoided when possible. This includes the use of
antibiotics with nephrotoxic potential (e.g. aminoglycosides), NSAIDs (including
COX-2 inhibitors), intravenous contrast material, urinary obstruction, volume
depletion and hypercalcemia.

In addition, reducing the incidence of peritonitis may help conserve RRF since
peritonitis is associated with a faster decline in RRF.

It is noteworthy that severe hypertension can cesult in acute kidney injury
“malignant hypertension” as well as chronic kidney injury “hypertensive ar-
teriosclerosis”. Adequate control of blood pressure with PD may lead to some
improvement in kidney function, resulting in dialysis independency.

Many patients who start PD therapy after a “failed” kidney transplant have
significant RRF in the transplanted kidney. It is thought that the benefit of
continued immunosuppressant (particularly with agents other than calcineurin
inhibitors) on reserving RRF outweigh the risk when Cgpeat is greater than
approximately 1.5 ml/min.



Table 10: Drugs mentioned in this chapter

Generic name

Formulation

Dose in adult PD patients

Furosemide

Tabs, Injection (IV, IM)

40-1500 mg PO, IM or IV slowly in 1-2 doses
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Chapter 5: Management of Exit Site Infections

5.1. Goals and targets

« To promote effective and standardized management of exit site and tunnel
infections in all units of the Sudan PD program.

5.2. Prevention of exit site and tunnel infections

» Strict adherence to catheter insertion technique, aseptic technique, exchange
technique, and healthy exit site care as outlined above is mandatory.

5.3. Diagnosis of exit site and tunnel infections

» Exit site infection is defined by the presence of purulent drainage with or
without erythema at the catheter-epidermal interface. A scoring system was
developed for monitoring the exit site. Infection should be assumed with an exit
site score of 4 or greater. Purulent drainage even if isolated is enough to indicate
infection (see table 11).

= Isolated peri-catheter erythema is often a simple skin reaction to trauma, but may
also be an early sign of infection. Ask the patient about accidental catheter trauma
in the past few days. Advice the patient to perform exit site care twice daily using
povidone iodine followed by dilute hydrogen peroxide, and to avoid occlusive
dressing. Any worsening should be reported immediately, and reassessment by
the PD team should be arranged within one week.

« Positive culture in the absence of abnormal appearance at the exit site is indicative
of colonization rather than infection. More intensive exit site care is sufficient.

= Tunnel infection is characterized by erythema, edema or tenderness over the
subcutaneous pathway, but can be clinically occult. Tunnel infection usually occurs
in the presence of an exit site infection and rarely occurs alone. During examination
of the catheter exit site, the catheter tract should be milked to see if any drainage is
present and observed for evidence of erythema overlying the tunnel.

= Staphylococcus aureus and Pseudomonas aeruginosa exit site infection are very
often associated with concomitant tunnel infection, and these are the organisms
that most often result in catheter infection related peritonitis; aggressive
management is always indicated for these organisms.
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Table 11: Exit site scoring system

0 point 1 point 2 points
Swelling No < 0.5 cm (exit only) |> 0.5 cm (or tunnel)
Crust No <0.5 cm > 0.5 cm
Redness No <0.5cm >0.5 cm
Pain No Slight Severe
Drainage No Serous Purulent*

* purulent drainage is diagnostic of exit site infection, even if isolated.

5.4. Treatment of exit site and tunnel infection

Exit site infections can be managed initially by PD nurses using appropriate
protocols.

If a clinical diagnosis of exit site and/or tunnel infection is made, take a swab
from drainage for Gram stain and culture.

Oral therapy is as effective as intraperitoneal (IP) therapy, with the exception of
Methicillin resistant Staphylococcal aurius (MRSA). Start empiric oral therapy
with amoxicillin, cephalexin, or clarithromycin unless Gram negative infection
is suspected, in which case oral ciprofloxacin should be used. Avoid ciprofloxa-
cin in children less than 12 years old and use IP ceftazidime instead.

If exit site infection is particularly severe, apply hypertonic saline dressings
twice daily in addition to antibiotic therapy. The procedure involves adding 1
table spoon of salt to 500 ml of sterile water, applying this solution gauze and
wrapping it around the exit site for 15 minutes.

Modify treatment according to culture results. Treatment with two antibiotics,
including ciprofloxacin, is indicated for Pseudomonas aeruginosa infection, with
the addition of IP ceftazidime if the infection resolves slowly or recurs.

Removal of the catheter is indicated if fungal infection is confirmed to prevent
progression to fungal peritonitis.

Continue treatment for at least 7 days after complete clinical resolution with
minimum treatment duration of two weeks.

If the infection persists after two weeks of antibiotic therapy, ascertain that the
patient is complying with the therapeutic regimen and re-examine the catheter
for evidence of tunnel infection.
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An ultrasound scan should be performed to exclude a small abscess formation
along the tunnel tract.

An exposed external cuff should be completely shaved off under local anesthetic
with debridement of the surrounding tissue to help clear the infection.

Another two weeks of antibiotic therapy may be attempted provided the infection
has not progressed, no abscess is present, and any exposed cuff has been
trimmed.

The catheter should be removed if the infection has progressed despite two weeks
of antibiotic therapy, an abscess is present, fungal infection has been confirmed,
or peritonitis has developed.

Catheter removal should be via surgical dissection rather than traction to avoid
retention of the cuffs. Antibiotics should be continued for one to two weeks after
catheter removal.

If the patient does not have peritonitis, a new catheter can be placed simultane-
ously in the opposite lower quadrant. PD may be resumed immediately, initially
in the supine position.



Table 12: Drugs mentioned in this chapter

Generic name Formulation Dose for adult PD patients
Amoxicillin Caps, suspension, injection (IV, IM) |250-500 mg PO, IV, IM bd
Cephalexin Caps, tabs, suspension 500 mg PO bd
Clarithromycin Tabs, suspension, injection (IV) 250 mg PO, IV bd
Ciprofloxacin Tabs, injection (IV) 500 mg PO bd

Ceftazidime Injection (IV, IM) 0.5-1 g1V, IM od
Hydrogen peroxide | Solution (3-6%) prn

Povidone iodine Aqueous solution, ointment (10%) | prn
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Algorithm 1
Diagnosis and Management of Exit Site Infection

0 hours

Abnormal appearance of the exit site

Take a swab for Gram stain and culture

Initiate empiric oral therapy
with amoxicillin, cephalexin, or clarithromycin*

dressings twice daily

Perform exit site care twice daily
For severe infections use hypertonic saline

[

Modify treatment according to culture results
Minimal duration of therapy 2 weeks

Erril;?\?irg%eesiec:?/:‘r Purulent discharge Pea??ghaert]e;;;y;nzma Minimal pericatheter
from exit site erythema
subcutaneous tunnel score 24
v v v v
Tunnel infection Exit site infection Exit site infection | | . Minimize trauma
T T T to exit site
v

« Topical iodine
followed by dilute
hydrogen peroxide
twice daily

» Monitor daily by
patient

* Assess by PD
team after one
week

|
h 4

2 weeks

Resistant catheter infection

v

v

removed

removal

« If catheter infection has
progressed, fungal
infection is confirmed, or
peritonitis has occurred
the catheter must be

» Continue antibiotics for
2 weeks after catheter

« If catheter infection has
not progressed, prescribe
another 2 weeks of
therapy

« If the cuff is exposed, it
should be shaved totally

* Continue treatment for at
least 7 days after clinical
resolution of infection

* Use oral ciprofloxacin if Gram negative infection is suspected,
except in children < 12 years, who should be treated with IP ceftazidime instead.

Clinical
improvement

[
\ 4

Healthy exit site care
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Chapter 6: Management of PD Related Peritonitis

6.1. Goals and targets

To promote effective and standardized management of PD related peritonitis in
all units of the Sudan PD program, in order to achieve a peritonitis rate of no more
than 1 episode per 18 months at risk with minimal morbidity and mortality.

6.2. Prevention of PD related peritonitis

Strict adherence to catheter insertion technique, aseptic technique, exchange
technique, healthy exit site care and management of exit site infections as
outlined above is mandatory.

Adequate patient training reinforced by home visits is an effective tool in reducing
PD related infections.

The abdomen should be dry and prophylactic antibiotics should be given
before invasive procedure involving the abdomen or pelvis (e.g. PD catheter
fluoroscopy, colonoscopy, renal transplant or endometrial biopsy) or extensive
dental procedures.

Patients should be instructed on the importance of regular bowel habits and
avoidance of constipation; a high fiber diet may be helpful but laxatives (e.g.
lactulose, macrogols) are often required.

To reduce the incidence of fungal peritonitis, patients should receive prophylactic
fluconazole with every antibiotic course of two weeks duration or more. Nystatin
is a second line alternative to fluconazole.

6.3. Diagnosis of PD related peritonitis

Cloudy effluent may be due to infectious or chemical peritonitis, effluent
eosinophilia, hemoperitoneum, malignancy, chylous effluent, or the specimen
being taken from a dry abdomen.

However, assume peritonitis in all patients presenting with cloudy effluent, and
attempt to confirm it by obtaining effluent cell count, differential, and culture.

Consider the possibility of peritonitis in any PD patient presenting with abdominal
pain, fever, nausea or general ill health even if the effluent is clear.
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To prevent delay in treatment, peritonitis can be managed initially by PD nurses
using appropriate protocols. Start antibiotic therapy as soon as cloudy effluent is
seen and a sample of the effluent has been taken, without waiting for confirmation
by the cell count from the laboratory.

In a suspected case of peritonitis, carefully inspect the exit site and the tunnel of
the catheter for evidence of catheter infection; culture any drainage from the exit
site along with the effluent.

Effluent white blood cells of more than 100/uL, with at least 50% polymorpho-
nuclear neutrophil cells, confirms the diagnosis of peritonitis.

Patients who reside in remote locations should report symptoms suggestive of
peritonitis immediately to the center, keep the cloudy effluent bag until they are
able to bring in the sample for analysis, and possibly initiate IP antibiotics at
home.

6.4. Sample Processing
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Send the whole bag to the microbiology department (preferably the first bag
noticed to contain a cloudy effluent); request effluent cell count and differential,
gram stain, and culture.

To attain the highest possible culture yield, centrifuge 50 ml of peritoneal effluent
at 3000g for 15 minutes, mix the sediment in 3—5 ml of sterile saline and inoculate
this material both on solid culture media (incubated in acrobic, micro-aerophilic,
and anaerobic environments) and into a standard blood culture medium.

If equipment for centrifuging large amounts of fluid is not available; inject 5-10
ml of effluent directly into blood culture bottles.

If blood culture bottles and large centrifugation machine are not available; shake the
bag manually, take 5 ml of effluent and inoculate in solid culture media. Store the
whole bag in an incubator to encourage growth and test the effluent daily if feasible.

A positive culture in the absence of a significant WBCs count represents
contaminants and should not be considered as peritonitis.

Gram stain is important in that it may indicate the presence of fungi, thus allowing
for prompt initiation of antifungal therapy and permitting timely arrangement of
catheter removal. With this exception, empiric therapy should not be based on
the Gram stain, but should follow the protocol as outlined below.

Rate of culture negative peritonitis should not exceed 20%; otherwise, culture
methodology should be reviewed and improvements instituted as required.



6.5. Treatment principles and steps

= Relieve pain using paracetamol and opioid analgesics for patients with significant
RRF (e.g. tramadol, morphine, pethidine). Use NSAIDs for patients without
significant RRF (e.g. Ibuprofen, diclofenac).

» Start empirical IP treatment with a first and third generation cephalosporin (e.g.
cefazolin plus ceftazidime). Aminoglycosides can be used as alternatives to third
generation cephalosporins for gram negative coverage if third generation cepha-
losporin are not available.

» Aminoglycoside use carries the risk of irreversible cochlear and vestibular ototoxicity
especially with large doses, prolonged or frequent administration and increasing
age. To reduce this risk, use intermittent IP dosing.

= The above regimen is recommended for pediatric patients unless the child has
fever, severe abdominal pain, or a risk factor for severe infection (e.g. history of
MRSA infection, recent or current evidence of PD catheter infection, exit site
or nasal colonization with Staphylococcus aureus, or age less than 2 years). In
such cases use vancomycin or teicoplanin in combination with a third generation
cephalosporin as initial therapy

= Patients with extremely cloudy effluent may benefit from heparinization of the
dialysate (500 units of heparin per liter) to prevent occlusion of the catheter by
fibrin. Refrain from using concentrated fluids during episodes of peritonitis.

= Within 48 hours of initiating therapy, most patients will show considerable
clinical improvement and the effluent will be visibly clearing. By this time
the initial culture results should have come allowing treatment to be modified
accordingly.

» Ifthere is no improvement after 48 hours, consider placing the patient on IPD for
24 hours in an attempt to clear the effluent. Then, keep the abdomen dry for 2-3
days apart from a single daily exchange with antibiotics. There is some evidence
that white cells in peritoneum function better in the absence of any dialysate.

= After 72 hours of initiating therapy, repeat peritoneal effluent WBC count and
differential. If the infection is resolving, continue treatment for two weeks and
change the transfer set after completion of therapy.
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If the effluent WBC count reveals that the infection is not resolving and the
first culture result remains negative at 72 hours, send another effluent sample
for culture and consider the possibility of fungal or mycobacterial peritonitis.
Continue with the initial antibiotic regimen for another two days.

Assess the patient at day five, if he/she has improved, leave the catheter in place.
Modify the antibiotics according to culture results or continue with the initial
regimen if the second culture is also negative. Continue treatment for at least two
weeks and change the transfer set after completion of therapy.

If the patient has not improved by day five and the second culture is positive,
modify the antibiotics according to the second culture results. Assess the patient
after another five days and remove the catheter if there is still no clinical
improvement.

If the patient has not improved by day five and the second culture is also negative,
remove the catheter and change the antibiotic regimen to vancomycin plus
gentamicin. Continue treatment for at least two weeks.

Total duration of therapy should be at least two weeks. Peritonitis due to Staphy-
lococcus aureus, Gram negative organisms, or enterococci should be treated for a
minimum duration of 3 weeks whether the catheter was removed or not.

Peritonitis due to Pseudomonas aeruginosa should always be treated with a
combination of two antibiotics.

Peritonitis due to fungal organisms (diagnosed by microscopy or culture)
mandates immediate catheter removal preceded by peritoneal lavage until the
effluent is clear to avoid the formation of adhesion and lower the fungal burden.

Fluconazole for four weeks (initially IP), is the drug of choice for fungal
peritonitis. For patients with severe infections and those who have had significant
prior exposure to azole antifungals, add amphotericin B (test dose required) until
the culture results are available with susceptibilities.

Mycobacterial peritonitis should be suspected in any patient with prolonged
failure to thrive, prolonged symptoms despite antibiotic therapy, or relapsing
peritonitis with negative bacterial cultures.



6.6. Indications for catheter removal

When indicated, early catheter removal is crucial to reduce the mortality and
morbidity. The primary goal should always be the optimal patient treatment and
protection of the peritoneum, and not saving the catheter. Prolonged attempts to
treat refractory peritonitis are associated with extended hospital stay, peritoneal
membrane damage, and, in some cases, death. Death related to peritonitis, defined
as death of a patient with active peritonitis, or admitted with peritonitis, or within
2 weeks of a peritonitis episode, should be a very infrequent event.

The catheter should be removed in the following conditions: fungal peritonitis,
refractory peritonitis, relapsing peritonitis, catheter related peritonitis, peritonitis
related to an intra-abdominal pathology, and refractory exit site or tunnel infection
(see table 13).

If the catheter is removed because of relapsing peritonitis and the effluent has
rapidly cleared, simultaneous catheter placement can be attempted. In case of
refractory or fungal peritonitis, a minimum period of 4 weeks is recommended
between the time of catheter removal and placement of a new catheter.

It is preferred to re-insert PD catheters surgically or laparoscopically following
an episode of peritonitis because of the risk of adhesions. The catheter should
also be sutured into the pelvis at the first attempt of reinsertion.

Table 13: Terminology of 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

therapy

Catheter related | Peritonitis in conjunction with an exit-site or tunnel infection with the

same organism or one site sterile
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6.7. Preventing recurrence of peritonitis

Every episode of peritonitis should be perceived as a potentially preventable
event and thoroughly investigated by the PD team.

Enquire from the patient carefully and in a non-threatening manner about the
possible mechanism of the episode (e.g. poor aseptic technique, lack of clean
area to carry out exchanges, poor eyesight, recent exit-site infection, constipation
or diarrhea) and advice accordingly.

Re-train patients and arrange for a home visit after each episode of peritonitis,
home visits are invaluable in detecting errors in the technique.

Following each episode of peritonitis, fill out the Sudan-PD unified peritonitis
questionnaire.

6.8. Drug delivery
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With strict adherence to aseptic technique, IP administration of antibiotics and
antifungal agents is preferred to IV administration. IP antibiotics can be given
in each exchange (continuous dosing) or once daily (intermittent dosing).
Continuous dosing is preferred for inpatient treatment, while intermittent dosing
is preferred for outpatient treatment (see tables 14 and 15).

In intermittent dosing, the antibiotic-containing dialysis solution must be allowed
to dwell for at least 6 hours (utilizing the night exchange) to allow adequate
absorption of the antibiotic into the systemic circulation.

Vancomycin, aminoglycosides and cephalosporins can be mixed in the same
dialysis solution bag without loss of bioactivity. However, aminoglycosides
should not be added to the same exchange with penicillins because of chemical
incompatibility.

For any antibiotics that are to be mixed, separate syringes must be used for
adding the antibiotics. Some antibiotics are incompatible if combined in the
same syringe but compatible when mixed in dialysis solutions, e.g. vancomycin
and ceftazidime (1 liter or higher).



Table 14: Recommendations for IP antibiotic dosing for anuric adult CAPD patients
(increase dose by 25% for patients producing more than 100 ml of urine daily)

Generic name Intermittent Continuous

(one exchange per day) (all exchanges, mg per liter)
Amikacin 2 mg/kg LD 25, MD 12
Amoxicillin ND LD 250-500, MD 50
Amphotericin ND MD 1.5
Ampicillin ND MD 125
Ampicillin/sulbactam |2 g every 12 hours LD 1000, MD 100
Aztreonam ND LD 1000, MD 250
Azlocillin ND LD 500, MD 250
Cefazolin 15 mg/kg LD 500, MD 125
Ceftazidime 1-15¢g LD 500, MD 125
Ceftizoxime lg LD 250, MD 125
Cephalothin 15 mg/kg LD 500, MD 125
Cephradine 15 mg/kg LD 500, MD 125
Cifepime lg LD 500, MD 125
Ciprofloxacin ND LD 50, MD 25
Clindamycin ND LD 300, MD 125
Fluconazole 200 mg NA
Gentamicin 0.6 mg/kg* LD 8, MD 4
Imipenem/cilastatin 1 gbd LD 500, MD 200
Nafcillin ND MD 125
Netilmicin 0.6 mg/kg LD §,MD 4
Oxacillin ND MD 125
Penicillin G ND LD 50000, MD 25000 units
Teicoplanin 15 mg/kg LD 400, MD 40 **
Tobramycin 0.6 mg/kg LD §,MD 4
Vancomycin 30 mg/kg every 5-7 days *** | LD 1000, MD 25

* Check blood level every 3-4 days (target 2-4 mg/l), if level <2 mg/l increase dose by 0.2 mg/kg, if level
>4 mg/l decrease dose by 0.2 mg/kg, if level > 7 mg/l miss a day and reduce dose by 0.2 mg/kg.

** In each bag for 7 days, then in 2 bags/day for 7 days, then in 1 bag/day for 7 days.

*#% Check blood level on day 4 (target > 10 mg/l), if level = 12 mg/l give dose every 5 days, if level 13-14
mg/l give dose every 6 days, if level = 15 mg/l give dose every 7 days (usual dose for anuric patients).

LD: loading dose in mg, MD: maintenance dose, ND: no data, NA: not applicable
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Table 15: Recommendations for IP antibiotic dosing for adult APD patients

Generic name

Intermittent dosing for APD patients (long dwell)

Cefazolin 20 mg/kg once daily

Cifepime 1 g once daily

Fluconazole 200 mg once daily every 24-48 hours

Tobramycin 1.5 mg/kg loading dose then 0.5 mg/kg once daily

Vancomycin 30 mg/kg loading dose then 15 mg/kg once daily every 3-5 days
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Table16: Recommendations for systemic antibiotic dosing for adult PD patients

Generic name

Formulation

Dose in kidney failure

Amikacin Injection (IV, IM) |5 mg/kg OD (target blood level > 10 mg/l)
Amoxicillin Caps, injection (IV) 250 - 500 mg bd

Amphotericin Injection (IV) 0.25 mg/kg od

Ampicilln Caps, injection (IV) | 500 mg bd

Aztreonam Injection (IV, IM) |2 g as loading dose, then 1 g od
Cefazolin Injection (IV, IM) |1 g as loading dose, then 0.5 g od
Ceftazidime Injection (IV) 0.5-1 god

Cefuroxime Injection (IV) 750 mg od

Cephalexin Tabs 500 mg PO bd

Ciprofloxacin Tabs, Injection (IV) [250-500 mg PO bd or 200 mg IV bd
Clarithromycin Tabs 250-500 mg PD bd

Clindamycin Tabs, injection (IV) | 150-300 mg q6hr

Co-amoxiclav

Tabs, injection

375 mg PObdor 1.2 gIV then 0.6 g IV od

Dicloxacillin Tabs 250-500 PO bd

Ethambutol Tabs 15-25 mg/kg PO q48h

Fluconozaloe Caps, injection (IV) [200 mg IV or PO od

Flucloxacillin Caps, injection 500 mg bd, injected IM or slowly IV
Flucytocine Caps 2 g PO then 1 g PO od

Gentamicin Injection (IV, IM) | 1-2 mg/kg OD (target blood level 2-4 mg/1)
Imipenem/cilastatin | Injection (IV) 250-500 mg IV bd

Isoniazid Tabs 300 mg PO od

Itraconazole Tabs 100 mg PO bd

Meropenem Injection (IV) 250 mg IV od

Metronidazole Tabs, injection (IV) | 500 mg bd

Ofloxacin Tabs 400 then 200 mg PO od

Piperacillin Injection (IV) 4 gIVbd

Pyrazinamide Tabs 35 mg/kg PO od

Rifampicin Tabs 450-600 mg PO od

Septrin Tabs 480 PO od

Teicoplanin Injection (IV, IM) 400 mg q12 hr for 3 doses, then 400 mg q72hr
Tobramycin Injection (IV) 1-1.5 mg/kg OD (target blood level > 2 mg/l)
Vancomycin Injection (IV) 1 gevery 7-10 days, dilute to 5 mg/ml, infuse at

10 mg/min (target blood level > 10 mg/1)
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Tablel7: Other drugs mentioned in this chapter

Generic name | Formulation Dose for adult PD patients

Diclofenac Tabs, injection (IM) 25-50 mg PO, IM every 6 hours

Fluconazole Caps, suspension 50 mg PO daily (for prophylaxis)

Ibuprofen Tabs, suspension 200-600 mg PO every 6 hours

Lactulose Solution 15 ml PO every 12 hours then adjusted
Macrogols Oral powder 1-2 sachets daily, dissolved in 200 ml water
Morphine Tabs, injection (SC, IV, IM) | 5 mg PO, SC, IM or 2.5 mg IV every 4 hours
Nefopam Tabs, injection (IV) 30-60 mg PO every 8 hours

Nystatin Tabs, suspension 500 000 unit PO g6 hours (for prophylaxis)
Pethidine Injection (SC, IV, IM) 25-50 mg SC, IM or 12.5-25 mg IV q4 hours
Paracetamol Tabs, suspension, sup. 0.5-1 gm PO, PR every 6 hours

Tradamol Caps, injections (IV, IM) |50 mg PO, IV, IM every 4-6 hours
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Algorithm 2

Management of PD Related Peritonitis

Cloudy effluent
0 hour OR
Abdominal pain +/- other clinical evidence of peritonitis
I
Take a sample for peritoneal effluent cell count
and differential, Gram stain, and culture
I
Evaluate exit-site and tunnel tract *
I
Initiate empiric IP therapy
with a first and third generation cephalosporin **
I
If effluent is extremely cloudy, add heparin 500
unit/liter of dialysate to prevent fibrin occlusion
T
A 4
Peritoneal fluid cell > 100/uL WBCs
(=2 50% polymorphonuclear neutrophils)
¢
24-48 hour Review culture and sensitivity result
]
[ | | 1
Gram-positive | | Gram-negative Fungal Culture
organism organism negative
Modify Modify Remove If clinical If no clinical
treatment treatment catheter improvement at || improvement at
Remove Remove and follow 72 hours 72 hours
catheter if catheter if specific + ¥
no clinical no clinical coverage | | Continue therapy | |* Repeat effluent
improvement improvement for two weeks cell count and
after another after another differential
5 days 5 days
* Look for an
alternative
explanation
* See algorithm 3
* Culture any drainage from exit site along with effluent.

** Gentamicin is only used if a third generation cephalosporin is not available.
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Algorithm 3

Management of PD Related Culture Negative Peritonitis

24-48 hour

PD related peritonitis

culture is negative at 24 - 48 hours

Continue initial therapy

I
\ 4

72 hours

If culture remains negative at 72 hours, repeat
peritoneal effluent cell count and differential

Infection resolving and
patient improving

Infection not
resolving

v

v

used initially

* Continue initial therapy for 14 days
* Discontinue aminoglycoside if

legionella)

* Repeat peritoneal effluent culture

+ Consider special culture technique for
unusual causes (e.g. mycobacteria,

5 days

T
1

Culture positive

’—( Culture negative

y

No clinical improvement
after 5 days of therapy

Clinical improvement

v

v

* Remove catheter

» Change to vancomycin
plus aminoglycoside

* Continue therapy for
at least 14 days

« Continue therapy for at
least 14 days

« Adjust therapy
according to sensitivity

* Remove catheter if
no clinical improvement
after another 5 days

* Duration of therapy
depends on organism
but should be no less
than 14 days
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Algorithm 4

Management of Fungal Peritonitis

Yeast or other fungus on Gram stain microscopy
or culture from peritoneal effluent

A

Remove catheter immediately *

A

Fluconanzole 200 mg IP daily
Followed by fluconazole 200 mg IV or PO daily
after catheter removal **

A

Duration of therapy is 4 weeks; continue treatment
at least for 10 days after catheter removal

* Wait for at least 4-7 week period prior to placement of a new PD catheter.

** Therapy can be initiated with oral fluconazole if no preparation is available for IP
usage, the patient should be maintained on hemodialysis during treatment with
systemic antifungal agents.
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Chapter 7: Noninfectious Complications of PD

7.1. Goals and targets

To standardize the management of noninfectious PD complications between all
units of the Sudan PD program.

7.2. Hernia

Large hernias and abdominal wall defects should be corrected before PD
treatment, otherwise the increased intra-abdominal pressure will cause the hernia
sac to enlarge resulting in inadequate drainage of the dialysate

Incisional hernias through the catheter insertion site are more likely to develop
if the catheter was inserted in the midline instead of the paramedian approach
through the rectus muscle.

Large hernias should primarily be repaired surgically. Post operatively, 3 to 4
weeks of HD are advised to minimize their risk of recurrence. If PD is inevitable,
intermittent PD with small volumes in the supine position may be attempted.

7.3. Fluid leak
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This complication may be related to catheter implantation technique or to
anatomical abnormalities. Early fluid leak occurs within 30 days of catheter
placement and is more common when PD is commenced soon after implantation.
Late leak occurs more than 30 days after catheter placement.

Early leak usually takes the form of external fluid leakage through the wound
or the exit site. However, early leak can also occur subcutaneously at the site of
catheter entry into the peritoneal cavity, resulting in lower abdominal wall edema
or genital swelling.

Late leak often takes the subcutaneous root and can be occult and difficult to
diagnose. It may present as diminished drainage volume which can be mistaken
for UF failure.

Besides the possibility of peritoneal membrane defects and subcutaneous leak,
genital swelling after PD initiation can be due to a patent processus vaginalis
(small inguinal hernia) which often requires surgical repair.



The exact site of the leak can be determined by CT peritoneography performed
after adding contrast material to dialysate, or abdominal scintigraphy performed
after adding technetium99m to the dialysate.

External and subcutaneous leaks due to peritoneal membrane defects often
respond to conservative management by decreasing dialysate volume, using
supine PD and avoiding strenuous exercise. Temporary hemodialysis may be
required. Leaks that do not respond to conservative management can be treated
surgically. It is rarely necessary to remove the catheter.

If the leakage is apparent at the exit site or through the wound, the risk of a tunnel
infection or peritonitis is increased; prophylactic antibiotic therapy needs to be
considered.

7.4. Pleural effusion due to pleuro-peritoneal leak

Pleural effusion without other signs of heart failure or fluid overload may be
due to pleuro-peritoneal communication, particularly if the effusion is only
right-sided.

Most cases respond to drainage of the peritoneal cavity and avoidance of overnight
(supine) dwells. Pleurodesis may be offered to patients with recurrent pleural
effusion who needs and/or desires to continue with PD. Surgical correction of an
identified diaphragmatic defect is possible but will require thoracotomy.

7.5. Catheter malfunction

A well functioning PD catheter will enable up to 3 liters of the dialysate to run
in over 5-10 minutes and drain out over 15-20 minutes under the force of gravity
alone. Slower flow rate are inconvenient, they will cause the exchange to take
too long and will result in decreased dwell time.

Catheter malfunction is more common within 2 weeks after catheter implantation,
but can occur later, e.g. during a peritonitis episode.

Intraluminal factors leading to catheter malfunction include catheter blockage
with blood clot or fibrin. Extraluminal factors include catheter kinking, catheter
malposition (tip migration out of the pelvis), and occlusion of the catheter holes
(e.g. momental wrapping, adhesions or constipation leading to fecal loaded
bowel loops).
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Combined outflow and inflow obstruction is characterized by poor flow of the
dialysate into the peritoneal cavity combined with poor drainage. It is often due
to catheter blockage or kinking.

Isolated outflow obstruction is more common, characterized by poor drainage
despite easy flow of the dialysate into the peritoneal cavity. It is often due to
occlusion of the catheter holes or catheter malposition, but can also result from
catheter blockage or kinking. It can lead to complications related to raised intra-
abdominal pressure, e.g. fluid leaks and hernias.

Isolated inflow obstruction is uncommon. It is characterized by poor flow of the
dialysate into the peritoneal cavity despite easy drainage. It can be due to catheter
blockage or kinking.

To guide management, the cause of obstruction must be established by plain
abdominal X ray and, if necessary, catheter fluoroscopy. Fluoroscopy is performed
by injecting 2 ml of contrast material into the catheter before obtaining multiplane
X ray films. This must be preceded by prophylactic IP antibiotics.

Patent catheters without kinking or malposition usually respond to treatment of
constipation with laxatives and enemas, this reverses nearly 50% of all cases of
outflow failure.

Intraluminal obstruction by clots can be dissolved by instillation of fibrinolytic
agents (e.g. streptokinase 10 000 units in 2 ml left in the catheter for 2 hours), if
successful, lysis may be followed by the instillation of heparin in the dialysate
for several exchanges. Another approach is cleaning the lumen out with a Fogarty
catheter or the use of an intraluminal brush.

Malpositioned catheters may respond to laxative use and encouraging the
patient to move around. They may also respond to stiff wire manipulation under
fluoroscopy guidance.

Kinking usually requires catheter replacement. However, since kinking may be
due to the placement of the two catheter cuffs too near each other, removal of the
superficial cuff may occasionally suffice.

If conservative management fails, surgical or peritoneoscopic exploration may
permit the operator, if necessary, to perform the following: catheter redirection,
omentectomy, release of adhesions, or catheter replacement.



7.6. Pain on dialysate infusion

Many patients experience pain during dialysate infusion which diminishes in
the dwell period. This may be due to the acidic pH of the conventional lactate
dialysate, catheter malposition (catheter tip abutting against the visceral or
somatic peritoneum), or the high glucose concentration of hypertonic solutions.

This discomfort frequently resolves shortly after PD initiation. Management
options include adding sodium bicarbonate or a local anesthetic to the dialysate
bag, slowing the infusion rate, incomplete drainage of dialysate, catheter
replacement, or discontinuation of PD.

7.7. Catheter cuff extrusion

Erosion of the catheter cuff through the skin may result from exit-site infection
or excessive superficial cuff placement.

If there is no evidence of infection, conservative measures may be attempted.
Otherwise, the extruding cuff should be trimmed under local anesthesia and aseptic
conditions. If signs of inflammation persist, the catheter must be removed.

7.8. Bladder perforation

Bladder perforation is diagnosed when urine drains from the PD catheter, or the
patient experiences a desire to micturate following infusion of the dialysate.

Treatment is by replacing the catheter and catheterizing the bladder for several days.

7.9. Intestinal perforation

Intestinal perforation can result from direct injury at the time of catheter
implantation, or following bowel erosions that occur after weeks or months. This
rare complication can be life-threatening and requires urgent attention.

Diagnosis requires a high index of suspicion. Clues include feculent drainage,
diarrhea with high glucose content occurring after dialysate instillation, and
gram-negative peritonitis with multiple organisms.

Therapy consists of dialysis cessation, intravenous antibiotics, and laparotomy to
identify and repair the perforated viscus.
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7.10. Hemoperitoneum

= Bleeding soon after catheter placement is most often due to trauma of small
blood vessels located in the abdominal wall. A very small amount of blood (< 1
ml) can make two liters of peritoneal dialysate appear blood-tinged. Conservative
management with observation is safe and effective if the effluent hematocrit is
less than 2%. Rapid flushes and heparinization of the dialysate to prevent catheter
clotting are usually done.

= Hemoperitoneum occurs in over one half of menstruating women due to
ovulation, retrograde menstruation, or endometriosis. Such episodes are likely
to resolve spontaneously and the woman should be reassured. Rapid flushes and
heparinization of the dialysate to prevent catheter clotting are usually done.

= Other causes of hemoperitoneum include renal cyst rupture, renal tumors, encap-
sulating sclerosing peritonitis and other pathologies not related to PD.

7.11. Gastroesophageal reflux disease

= Persistent upper gastrointestinal symptoms in an adequately dialyzed patent may
be due to gastroesophageal reflux disease (GERD) or gastroparesis. This can have
significant adverse effects on the patient’s well-being and nutritional status.

= In addition to general measures, treatment may include minimizing the supine
intraperitoneal fluid volume.

7.12. Back pain

» Increased mechanical stress on the lumbar spine is common among PD patients.
Besides general therapeutic measures, treatment includes decreasing the dialysate
fill volume.

7.13. Electrolyte abnormalities

= Up to one third of PD patients develop hypokalemia, probably due to cellular
uptake of potassium prompted by the dialysate glucose load.

« Formild cases, liberalization of dietary potassium restriction often suffices. Oral or [V
potassium replacement (e.g. slow K, potassium chloride) can be used if necessary.

= Hypermagnesemia is also a common finding in PD patients due to the relatively
high dialysate magnesium concentration.
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7.14. Sclerosing encapsulating peritonitis

Sclerosing encapsulating peritonitis (SEP) is a devastating complication of
long-term PD, whereby a thick-walled membranous cocoon wraps itself round
loops of bowel causing intestinal obstruction and subsequent malnutrition. It
may be related to recurrent peritonitis.

SEP may initially present with high membrane transport status and poor UF, but
can also present with fever, intermittent small bowel obstruction, ascites and
malnutrition. Symptoms may occur even after patient has been transferred to HD
for several months. Diagnosis of SEP can be confirmed by peritoneal calcifica-
tion on plain abdominal X ray or CT scan and thickened bowel wall on CT scan
or barium studies.

Treatmentincludes immunosuppressant (prednisolone, cyclosporine or sirolimus),
tamoxifen, and surgery to release loops of bowel from fibrous cocoon.

7.15. Abdominal surgery in a PD patient

Laparoscopy is not contraindicated with a PD catheter in place. [famajor abdominal
surgery is planned, the incision should not be placed near the catheter insertion
site and the possible need for extensive adhesiolysis should be anticipated.

During the surgery, the catheter should be identified to ensure that it is not
displaced during the procedure. Care should also be taken in closing the abdomen
to avoid trapping the catheter in sutures.

Hemodialysis is preferred in the immediate post-operative period to avoid
leaks. If absolutely necessary, PD may be attempted with supine low volume
exchanges.
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Table 18: Drugs mentioned in this chapter

Generic name Formulation Dose for adult PD patient

Potassium chloride | Injection (IP) 2-4 mmol/liter IP (20 mmol in 10 ml vial)
Slow K Tabs (600 mg) 1-6 tabs PO in divided doses (8 mmol per tab)
Sodium bicarbonate | Injection 8.4% (IP) | 4 mmol/liter (25 mmol in 25 ml vial)
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Chapter 8: Management of Anemia

8.1. Goals and targets

To promote achievement of target hemoglobin (Hb) level in the majority of PD
patients through proper utilization of iron supplements and erythropoietin (EPO)
therapy.

8.2. Target hemoglobin level

Anemia should be quantified using Hb rather than hematocrit. The target Hb
should be within the range 11-12 g/dl to improve survival, improve quality of
life, reduce hospitalization and reduce transfusion needs.

Hb targets greater than 13 g/dl may increase the risk of life threatening cardio-
vascular events.

Blood transfusion decisions should not be based on Hb targets alone. Reducing
blood transfusions is important particularly for patients planning to receive a
kidney transplant.

At baseline, the following investigations should be undertaken: complete blood
count with blood cell indices, reticulocyte count, and serum iron, total iron
binding capacity, transferrin saturation (serum iron divided by total iron binding
capacity and multiplied by 100), serum ferritin, and stool for occult blood.

EPO and iron supplements are often indicated to achieve and maintain target
Hb. However, it may not be necessary to start EPO therapy during the first three
months after beginning PD because Hb often rises during this period.

Patients who have achieved target Hb and are on stable EPO doses should have
their Hb measured at monthly intervals.

Hb should be measured every two weeks after initiating, increasing or decreasing
EPO dose.
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8.3. Iron supplementation
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Sufficient iron should be administered to maintain transferrin saturation at 20%
and serum ferritin level at 100 ng/ml. Additional iron should not be given when
the serum ferritin concentration is above 800 ng/ml and/or transferrin saturation
is above 50%.

Ferritin and transferrin saturation should be measured every three months in
stable patients on maintenance iron therapy. Repeat testing every one to two
months if iron parameters are not within the required range or if the patient has
just started or increased the EPO dose.

Oral iron supplements may suffice in PD patients, since anemia and blood loss
are less severe than HD and parenteral therapy is inconvenient. The simplest
and least expensive formulation is ferrous sulfate. Ferrous gluconate can also be
used.

Parenteral iron should substitute oral iron if the latter is not enough to maintain
target Hb with modest doses of EPO (i.e. less than 100-150 unit/kg/week).
Parenteral iron dextran, iron sucrose, or ferric gluconate are options in PD
patients and can be given in weekly IV doses titrated according to response.

Iron dextran may be given in large doses of 500-1000 mg every 1-3 months,
diluted in 250 ml of normal saline and infused over one hour. To minimize the risk
of hypersensitivity reaction, every IV dose of iron dextran should be preceded by
a test dose of 25 mg given slowly IV (10 mg in children weighing less than10 kg
and 15 mg in children weighing 10-20 kg). Observe the patient for 1 hour after
the first test dose and for 15 minutes after subsequent test doses with adrenaline
available at hand. Arthralgia and myalgia commonly occur as delayed reactions
and should prompt a decrease in the dose.

Iron sucrose and ferric gluconate have not been established to be safe and effective
in pediatric patients, and are not recommended in large bolus doses. Parenteral
therapy with ferric gluconate should be preceded by a single test dose of 25 mg
diluted in 50 ml of normal saline and administered over 60 minutes.

Accurate measurements of iron parameters does not require interruption
of parenteral iron therapy if the weekly dose is 100-125 mg or less. After IV
infusions of 200-1000 mg of iron, an interval of 7-14 days should lapse before
accurate results can be obtained.



8.4. Erythropoietin therapy

EPO therapy should only be initiated after ensuring that iron stores are replete.
SC administration is preferred to IV administration in PD patients because it is
convenient and cost effective. However, Eprex® should only be administered IV
since SC administration has been associated with pure red cell aplasia.

For patients in whom SC or IV administration is not feasible (e.g. some children),
administer EPO IP into a dry abdomen. This usually requires higher doses.

The initial SC dose of EPO should be 80-120 units/kg/wk divided into 2-3 doses
per week (according to available vial dosage). Children less than 5 years old
often require higher doses (300 units/kg/wk).

If Hb rises by less than 1 g/dl over 2-4 weeks the EPO dose should be increased
by 50%. If Hb rises by more than 2.5 g/dl over 4 weeks or exceeds targets the
EPO dose should be reduced by 25-50%.

Encourage patients to self-administer EPO when possible, using the smallest
possible gauge needle and rotating injection sites between upper arm, thigh
and abdominal wall areas. Small doses can be administered in a single weekly
injection, while larger doses are divided.

A prior history of seizures, recent surgery, an intercurrent illness or a recent
blood transfusion are not contraindication for EPO use. EPO treatment does
not require more intensive potassium monitoring in dialysis patients

Inadequate response EPO should prompt a search for the following conditions:
infection, inflammation, chronic blood loss, hemolysis, hyperparathyroidism,
inadequate dialysis, aluminum toxicity, bone marrow fibrosis, occult malignancy,
hemoglobinopathies, folate deficiency, vitamin B12 deficiency, or the use of
ACE inhibitors.

Blood pressure should be monitored particularly during initiation of EPO therapy.
Initiating or increasing antihypertensive therapy may be required with or without
reducing EPO dose.
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Table 19: Drugs mentioned in this chapter

Generic name Formulation Dose adult PD patient

Ferrous sulphate | Tabs (200 mg) 200 mg PO tds

Ferrous gluconate | Tabs (300 mg) 300 mg, two tabs PO tds

Iron dextran Injection (IM, IV) | 2 ml (100 mg) IV or IM per dose

Iron sucrose Injection (IV) 5-10 ml (100-200 mg) IV per dose, infused over 5
minute or diluted in 100 ml NS and infused over 15 mn

Ferric gluconate | Injection (IV) 10 ml (125 mg) IV per dose, diluted in 100 ml NS

and infused over 60 minutes
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Chapter 9: Management of Bone Disease

9.1. Goals and targets

To promote achievement of target calcium, phosphorus and parathyroid hormone
level in the majority of PD patients through proper utilization of phosphate
binders and vitamin D supplements.

9.2. Target calcium, phosphorus and parathyroid hormone levels

For patients on maintenance PD, the target serum levels of phosphorus should
be 3.5-5.5 mg/dl, the target serum levels of corrected total calcium should be
8.5-9.5 mg/dl, the target serum calcium-phosphorus product should be less than
55 mg%dl* and the target iPTH level should be 150-300 pg/ml.

Serum levels of calcium and phosphorus should be measured every month and
levels of iPTH should be measured every three months, more frequent monitoring
is warranted if levels are not within the target range.

When measuring serum calcium level, the following formula should be used to
correct for any associated hypoalbuminemia:

Corrected calcium (mg/dl) = total calcium (mg/dl) + {0.8 x [4 - serum albumin (mg/dl)]}

9.3. Treatment of hyperphosphatemia

Hyperphosphatemia is associated with increased morbidity and mortality in
CKD patients. It may lead to secondary hyperparathyroidism by lowering the
levels of ionized calcium, interfering with the production of active vitamin D,
and directly affecting PTH secretion. In addition, prolonged hyperphosphatemia
causes soft-tissue and vascular calcification and contributes to cardiovascular
disease.
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Hyperphosphatemia can be exacerbated by excessive dietary phosphate intake,
noncompliance with phosphate binders or dialysis treatment, excessive resorption
of bone due to severe hyperparathyroidism or use of vitamin D agents.

The first step in treatment is dietary phosphorus restriction to 800-1000 mg/day
by restriction of food rich in phosphorus (e.g. dairy products, cola drinks, liver,
meat and beans).

If this is not adequate, oral phosphate binders are indicated. Calcium based
phosphate binders (e.g. calcium carbonate, calcium citrate), sevelamer or
lanthanum may be used as first line therapy, and their combinations may be used
as a second line therapy.

Calcium based phosphate binders should be given with meals. The total dose
of elemental calcium provided by them should not exceed 1500 mg/day.
They should not be used when iPTH levels are less than 150 pg/ml. They are
better avoided in patients with severe vascular or soft tissue calcifications (use
sevelamer instead).

In patients with serum phosphorus levels above 7.0 mg/dl, aluminum based
phosphate binders may be used as a short term therapy for 4 weeks only.

A last resort would be to increase dialysis dose, with emphasis on the long dwell,
in order to optimize phosphate clearance.

9.4. Vitamin D supplements
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In kidney failure patients, the administration of small doses of the active vitamin
D reduces the serum levels of iPTH, improves bone histology, and leads to
increased bone mineral density.

Therapy with active vitamin D sterols like alfacalcidol (1-Hydroxycholecalcifer-
ol) or calcitriol (1,25-Dihydroxycholecalciferol) is indicated when plasma levels
of intact PTH are above 300 pg/ml, with the aim of reducing it to the target range
of 150 to 300 pg/ml.

The intermittent IV administration of active vitamin D is more effective than
daily oral administration in lowering serum iPTH levels.

To avoid the development of hypercalcemia, the total elemental calcium intake,
including dietary calcium intake and calcium based phosphate binders, should
not exceed 2000 mg/day.



Treatment with an active vitamin D should be withheld if the serum levels of
corrected total calcium are above 10.2 mg/dl, serum levels of phosphorus are
above 6.0 mg/dl or serum levels of iPTH are less than 100 pg/ml.

9.5. Treatment of hypocalcemia

Chronic low levels of corrected total calcium cause secondary hyperparathyroid-
ism, have adverse effects on bone mineralization, and may be associated with
increased mortality.

Treatment is also warranted for symptomatic hypocalcemia, such as paresthesia,
Chvostek’s and Trousseau’s signs, bronchospasm, laryngospasm, tetany, and/or
seizures.

Therapy for hypocalcemia should include the administration of calcium salts
such as calcium carbonate (on an empty stomach) and/or oral vitamin D sterols.

9.6. Assessment of bone disease

Different types of bone disease can occur in CKD patients, including dynamic
bone disease (osteitis fibrosa cystica), adynamic bone disease and osteomalcia.

Irrespective of type, bone disease in CKD can lead to bone pain and an increased
incidence of fractures.

The most accurate diagnostic test for determining the type of bone disease
associated with CKD is iliac crest bone biopsy. It is not necessary to perform
bone biopsy for most situations in clinical practice.

However, a bone biopsy should be considered in patients with kidney failure
who have fractures with minimal or no trauma, inconclusive laboratory results or
suspected aluminum bone disease.

Bone radiographs are not indicated for the assessment of bone disease of CKD,
but they are useful in detecting severe peripheral vascular calcification and bone
disease due to B2 microglobulin amyloidosis.

Bone mineral density should be measured by dual energy X-ray absorptiom-
etry (DEXA) in patients with fractures and in those with known risk factors for
osteoporosis.
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9.7. Treatment of bone disease

Patients who have elevated plasma levels of iPTH (dynamic or high turnover
bone disease with or without mineralization defect) should be prescribed
vitamin D sterols (e.g. calcitriol or alfacalcidol) to reverse bone features of
iPTH overactivity and treat defective mineralization. Interventions to reduce the
phosphorus level are also indicated.

Adynamic bone disease diagnosed by bone biopsy or by iPTH levels less than
100 pg/ml should be treated by allowing plasma levels of iPTH to rise and
increase bone turnover. This can be accomplished by decreasing or eliminating
calcium based phosphate binders and vitamin D sterols.

Osteomalacia due to aluminum toxicity could be prevented by avoiding the use
of aluminum containing compounds (including sucralfate) and should be treated
with desferrioxamine.

Osteomalacia due to vitamin D deficiency or phosphate depletion, though
uncommon, should be treated with vitamin D supplementation or phosphate ad-
ministration, respectively.

9.8. Indications for parathyroidectomy
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Parathyroidectomy is indicated for the treatment of :

1. Tertiary hyperparathyroidism: spontaneous hypercalcemia in the absence
of vitamin D or calcium supplements and accompanied by elevated PTH
level.

2. Secondary hyperparathyroidism that cannot be suppressed by active
vitamin D supplements without producing hypercalcemia.

3. Calciphylaxis occurring despite optimal medical therapy.



Table 20: Drugs mentioned in this chapter

Generic name Formulation Dose for adult PD patient
Alfacalcidol Caps 0.25-1 mcg PO od
Aluminium hydroxide |Caps (475 mg) 4-20 caps PO daily in divided doses
Calcitriol Caps 0.25-1 mcg PO od
Injection (IV) 0.5-8 meg IV 3 times per week
Calcium carbonate Tabs (500 mg) 1-7 tabs PO daily in divided doses
(200 mg calcium per tab)
Calcium acetate Tabs (1 g) 1-6 tabs PO daily in divided doses
(250 mg calcium per tab)
Desferrioxamine Tabs, 10-30 mg/kg PO od
Injection (SC) 20-50 mg/kg SC infusion over 8-12 hours

3-7 times weekly

Lanthanum (Fosrenol®)

Tabs (500 mg)

3-6 tabs PO daily in divided doses

Sevelamer (Renagel®)

Tabs (800 mg)

3-15 tabs PO daily in divided doses
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Algorithm 5

Management of Bone Disease
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v v v
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restriction medication phospate binders
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Chapter 10: Management of Malnutrition

10.1. Goals and targets

To encourage effective monitoring of the nutritional status of PD patients and
promote effective management of malnutrition.

10.2. Evaluation and monitoring of nutritional status

Malnutrition is common in PD patients, and is associated with increased mortality
and morbidity. However, no single measurement can be used to determine the
presence of malnutrition and a panel of measurements is recommended.

Anthropometric measurements are simple and reproducible indicators of
nutritional status. Body fat is estimated from the skin fold thickness at the triceps
or sub scapular area, while mid upper arm circumference estimates muscle
mass. Measurements above 95% of normal represent adequate nutrition, values
between 70- 95% identify an increased risk for malnutrition, and values below
70% reflect significant malnutrition.

Serum albumin levels are good indicator of nutritional status and should be
measured every month. Hypoalbuminemia is strongly correlated to mortality even
at mildly decreased levels but is a late manifestation of malnutrition because of
albumin’s long half life. Hypoalbuminemia can also occur secondary to volume
expansion or acute phase response.

Serum cholesterol levels are also indicators of nutritional status. In this setting,
there is an inverse relationship between mortality and cholesterol concentration.

BUN and creatinine concentration are other indicators of nutritional status. Low
BUN and creatinine concentration are associated with increased mortality, and
the gradual reduction of these values is an indication of malnutrition.

Lean body mass (LBM) is another useful indicator of nutritional status. LBM
can be estimated from 24 hour dialysate and urine creatinine because creatinine
is produced from all body muscles.
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LBM (kg) =[ 0.029 x creatinine production (mg/day)] + 7.38

Creatinine production (mg/day) = creatinine excretion (mg/day)
+ metabolic degradation (mg/day)

Metabolic degradation (mg/day) = 0.38 x serum creatinine (mg/dl) x body weight (kg)

Creatinine excretion (mg/day) = [24 hr dialysate volume (dl) x dialysate creatinine (mg/dl)]
+ [24 hr urine volume (dl) x urine creatinine (mg/dl)]

= Another important predictor of nutritional status is dietary protein intake (DPI)
which is estimated as the protein equivalent of nitrogen appearance (PNA),
previously referred to as the protein catabolic rate (PCR). The calculations used
to estimate PNA assume that one gram of nitrogen is found in 6.25 grams of
protein, and that the daily nitrogen losses are equal to the daily nitrogen intake
when the patient is in nitrogen balance.

PNA (g/day) = 6.25 x {urea appearance (g/day) + 1.81 + [0.031 x lean body mass (kg)]}
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Urea appearance (mg/day) = [24 hr dialysate volume (dl) x dialysate urea (mg/dl)]
+[24 hr urine volume (dl) x urine urea (mg/dl)]

When PNA is normalized to body weight it is called nPNA. A baseline nPNA
should be followed by repeated measurement every 6 months during the peritoneal
adequacy tests. The recommended nPNA for PD patients is 1.2 to 1.3 g/kg/d, but
change over time is more important than the absolute value.

The nPNA would allow us to distinguish between a patient that has low BUN
because of adequate nutrition and adequate dialysis, and another patient that has
low BUN because of malnutrition (often accompanied by inadequate dialysis).

For the small percentage of patients who have a «high» nPNA, the appropriate
response should be to increase the dialysis prescription rather than to restrict
dietary protein.

10.3. Treatment of malnutrition

Patients who were previously on low protein diets must be instructed to increase
their protein intake in order to counteract protein loss in the dialysate and prevent
malnutrition.

If surrogate markers suggest that the patient’s nutritional state is declining, one
should consider evaluation for new comorbidity, additional dietary evaluation
and dietary supplements.

If no specific cause for malnutrition is identified, it is advisable to increase in
dialysis dose, although it has not been proven that increasing the dialysis dose
would improve the nutritional status.
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Chapter 11: Management of Hypertension

11.1. Goals and targets

« To promote proper management of hypertension in PD patients in order to
improve their cardiovascular risk profile and preserve their RRF.

11.2. Blood pressure monitoring

= The CVD risk of dialysis patients is 10-100 folds higher than the general
population, with younger patients having a higher relative risk than older patients
compared to their peers in the general population. Reversible factors contributing
to this high CVD risk should be addressed.

= The BP should be measured at each health encounter. The target BP for diabetic
or no diabetic patients should be < 130/80 mm Hg, except for patients with
orthostatic hypotension, autonomic dysfunction, and severe peripheral vascular
disease who may require higher BP targets.

« Patients with a systolic BP = 130 and/or diastolic BP = 80 mmHg on at least
two occasions are candidates for BP lowering interventions. Two agents may be
considered as initial therapy for systolic BP >150 mm Hg. Immediate therapy is
indicated when the BP is > 180 mm Hg.

« Patients with stable blood pressure may be monitored every 4-12 weeks. Follow
up should be arranged within 4 weeks after initiating or increasing the dose of
antihypertensive medication to monitor efficacy and adverse effects. Follow
up should be arranged within 2 weeks if the systolic BP > 160 mm Hg, serum
potassium > 4.5 mmol/l in patients taking agents that can cause hyperkalemia,
or serum potassium < 4.5 mmol/l in patients taking agents than can cause
hypokalemia.

11.3. Blood pressure measurement

= Accurate BP measurement is essential. The standard BP technique is to use the
auscultation method with a mercury manometer in the clinic setting. In each visit,
at least two readings separated by 2 minutes should be taken and the average
recorded. If the first two readings differ by more than 5 mm Hg additional
readings should be obtained and averaged.
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= Patients should be seated quietly for at least 5 minutes with their backs
supported and their arms bared and supported at heart level. Patients should
refrain from smoking or ingesting caffeine during the 30 minutes preceding the
measurement.

= The right arm is preferred for consistency and comparison with the standard
tables. Choose a cuff with a bladder width that is approximately 40% of the arm
circumference midway between the olecranon and the acromion. The bladder
within the cuff should encircle at least 80% of the arm. Small bladders can lead
to falsely elevated readings while large bladders may lead to falsely low readings
in the range of 10 to 30 mm Hg.

= The bell of the stethoscope should be lightly placed over the brachial artery
pulse, proximal and medial to the cubital fossa, and below the bottom edge of
the cuff which is placed about 2 cm above the cubital fossa. The cuff should be
inflated to 30 mm Hg above palpated systolic BP and deflated at a rate of 2 to 3
mm Hg per second.

» The first appearance of sound (phase 1) is used to define systolic BP, the disap-
pearance of sound (phase 5) is used to define diastolic BP. Systolic BP and pulse
pressure are both a better predictor of end-organ damage than is diastolic BP
alone.

» If autonomic dysfunction is suspected, measure blood pressure in the supine,
sitting, and standing positions (standing quietly for 2 to 5 minutes). A decrease in
standing systolic BP >10 mm Hg associated with dizziness or fainting indicates
postural hypotension.

11.4. Management of hypertension

= Theinitial evaluation of a hypertensive patient should focus on evidence of cerbro-
vascular disease (CVD), including heart failure, prior myocardial infarction (MI),
angina, arrhythmias, left ventricular hypertrophy (LVH), stroke and peripheral
vascular disease (PVD). Other CVD risk factors should also be identified and
managed, including obesity, smoking, diabetes mellitus, and dyslipidemia.

= Non pharmacological treatment for hypertension include reducing dietary sodium
intake to less than 2.4 g/d, moderate exercise for 30 minutes on most days of the
week, weight reduction for overweight patients, smoke cessation and limiting
alcohol consumption.
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The choice of antihypertensive medication should take into account other
potential benefits besides reduction of blood pressure and possible side effects
(see table 21, 22).

ACEIi or ARBs alone or in combination with each other are preferred first line
agents in most patients because they also preserve RRF, reduce protienuria and
reverse LVH. They should be withdrawn if the serum potassium exceeds 5.5
mmol/l or if the GFR declines by more than 30% within 4 months of starting
therapy without other explanation. The patient should be advised to reduce dietary
potassium intake if serum potassium level is 4.6-5.5 mmol/l, and additional
measures to lower serum potassium (e.g. calcium resonium, loop diuretics) may
be taken if serum potassium is 5.1-5.5 mmol/l.

A loop diuretic should be added, provided the patient is not anuric, in the
presence of fluid overload or if the patient needs more than one antihypertensive
drug. Diuretics potentiate the effects of ACEi and ARBs, but may lead to volume
depletion.

Unlike other thiazide diuretics, metolazone retains effectiveness at GFR below
30 ml/min/1.73 m?. Once metolazone has effected a diuresis, it can typically
be dosed as infrequently as two to three times a week because of its very long
half-life.

Most kidney failure patients require 3-4 drugs to achieve targets. In the absence
of side effects, the dose of an antihypertensive agent should be increased before
adding another agent. Dosage should not be escalated more frequently than every
four weeks.

Resistant (refractory) hypertension is diagnosed if BP goal cannot be achieved
in patients who are adhering to adequate and appropriate three drug regimens
including a diuretic, with all three drugs prescribed in near maximal doses.

Resistant hypertension may be due to the use of medications with BP raising
effect (e.g. NSAIDs, antihistamines). However, a more common cause is
nonadherence to salt and water restriction, to dialysis prescription and to antihy-
pertensive medication

Nonadherence may be due to lack of understanding of the goals of treatment,
lack of resources for care, cognitive impairment, drug intolerance, cultural issues
related to dependence on medication, inadequate support system or lack of
motivation. To facilitate adherence, use long acting once daily medication, fixed
dose combinations and low cost drugs with minimal side effects.



11.5. Evaluation for renal artery disease

Renal artery stenosis is often atherosclerotic in origin. It is defined anatomically
by more than 50% stenosis of the lumen of the renal artery and is considered to
be hemodynamically significant if the stenosis exceeds 75% percent.

Hemodynamically significant renal artery disease may result in renovascular
hypertension or ischemic nephropathy and is characterized clinically by the
onset of rapidly progressive heart failure and flash pulmonary edema. Bilateral
renal artery stenosis or renal artery stenosis in a single functioning kidney is
often suggested by an acute more than 30% decline in GFR soon after initiation
of ACEi or ARBs.

Preferred screening tests include duplex ultrasonography which provides
anatomical and functional assessment of renal arteries without using potentially
nephrotoxic contrast material. Other options include computed tomography
angiography (CTA). The gold standard diagnostic test is renal angiography,
which is an invasive procedure but offers the chance for immediate therapeutic
intervention.

The administration of gadolinium during magnetic resonance imaging (MRI)
in patients with renal impairment has been strongly linked to an often severe
disease called nephrogenic systemic fibrosis. As a result, it is recommended that
gadolinium-based imaging be avoided, if possible, in such patients.

Gadolinium s cleared very slowly with CAPD; if MRI using gadolinium is deemed
necessary, it is recommended to perform hemodialysis after the procedure. If
hemodialysis cannot be performed, more frequent PD cycles for at least 48 hours
after exposure, with no periods of dry abdomen may be considered.

The first line of treatment relies on pharmacological control of hypertension,
which is most effectively achieved with ACEi or ARBs (contraindicated in
bilateral renal artery stenosis or renal artery stenosis in a single kidney), with the
subsequent addition of diuretics and other antihypertensives as required.

If hypertension proves to be refractory to medical treatment, other therapeutic
options include percutaneous transluminal renal arterioplasty (PTRA) with or
without stenting and surgical revascularization.
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Table 21: Indication for antihypertensive medication other than blood pressure lowering

effect
Class Other indications Possible side effects Contraindications
ACEi Slow decline of RRF Cough (sp. ACEi) « Pregnancy
and ARBs Proteinuria Angioeodema (rare) = History of
Heart failure Hyperkalemia angioedema
LVH Leukopenia
Prevent CVD events Rash (ACEi)
Loss of taste (ACEi)
Loop Fluid overload Volume depletion
diuretics Heart failure Electrolyte
Hyperkalemia disturbance
Thiazide Fluid overload Volume depletion = Not effective in stage
diuretics Heart failure Electrolyte 4-5 CKD, except for
Prevent CVD events disturbance metolazone
Hyperkalemia Increase in blood = Gout
Hypercalciuria glucose, uric acid and
cholesterol
Photosensitivity
Erectile dysfunction
Beta Angina Bradycardia = Bradycardia
blockers Prevent CVD events Bronchospasm, = 2 or 3 degree heart
Prevent arrhythmia impaired peripheral block
Heart failure circulation (non = Severe heart failure
(carvedilol, bisoprolol, selective) = Liver disease
and metoprolol) Impotence, fatigue (labetalol)
Migraine headache and insomnia (lipid | = Depression (lipid
Glaucoma soluble) soluble)
Hyperthyroidism Mask hypoglycemia | = Asthma, COPD and
Essential tremor Hyperkalemia severe PVD (non
selective)
Dihydrope- Angina Ankle Edema
dine CCBs Diastolic dysfunction Flushing

Raynaud’s phenomena
Migraine headaches
Esophageal spasm

Headache
Gingival hypertrophy
Dose dumping
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Non = Proteinuria Heart block = conduction defects
dihydrope- |= Angina Worsening of LVD « Severe heart failure
dine = Prevent arrhythmia Nausea
CC Bs » Diastolic dysfunction Headache (diltiazem)
= Migraine headaches Constipation
« Esophageal spasm (verapamil)
Gingival hyperplasia
Alpha = Benign prostatic May increase risk of | = Depression or peptic
blockers hypertrophy adverse outcome in ulcer (reserpine)
CVD
Postural hypotension
Diarrhea
Nasal congestion,
sedation (reserpine)
Incontinence
Priapism
Centrally Sedation = Depression
acting alpha Dry mouth « Liver disease
blockers Bradycardia (methyldopa)
Withdrawal
hypertension
Hepatitis
(methyldopa)
Direct = Raynaud’s Headaches = Lupus (hydralazine)
vasodilators phenomenon Fluid retention
Tachycardia
Lupus (hydralazine)
Hirsutism and
pericardial effusion
(minoxidil)
Aldosterone « Avoid in kidney
antagonists failure
Potassium « Avoid in kidney
sparing failure
diuretics
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Table 22: Commonly used antihypertensive medications

Generic name

| Formulation

Usual dose in adult PD patients

Angiotensin converting enzyme inhibitors

Captopril Tabs (12.5,25,50 mg) 25-150 mg PO in 2-3 doses
Enalapril Tabs (2.5,5,10,20 mg) 10-40 mg PO in 1-2 doses
Lisinopril Tabs (2.5,5,10,20 mg) 10-40 mg PO od

Ramipril Tabs (1.25,2.5,5,10 mg) 2.5-20 mg PO od
Perindopril Tabs (4 mg) 4-8 mg PO in 1-2 doses

Angiotensin II receptor blocker

Candesartan Tabs (2,4,8,16,32 mg) 16-32 mg PO od

Losartan Tabs (25,50,100 mg) 50-100 mg PO od

Telmisartan Tabs (20,40,80 mg) 40-80 mg PO od

Valsartan Tabs (80,160,320 mg) 80-320 mg PO od

Beta blockers

Atenolol Tabs (25,50 mg) 25-100 mg PO in 1-2 divided doses
Bisoprolol Tabs (5,10 mg) 2.5-10 mg PO od

Carvedilol Tabs (12.5,25,50 mg) 2.5-25 mg PO bd

Metoprolol Tabs (100 mg) 50-300 mg PO in 1-2 divided doses
Propranolol Tabs (10,40,80,160 mg) 40-480 mg PO od

Calcium channel blockers

Amlodipine Tabs (5,10 mg) 2.5-10 mg PO od

Diltiazem Tabs (60 mg) 120-360 mg PO in 1-2 divided doses

Felodipine Tabs (2.5,5,10 mg) 2.5-10 mg PO od

Nifedipine R Tabs (10,20 mg) 10-40 mg PO bd

Verapamil Tabs (40,80,120,160) 120-480 mg PO in 1-2 divided doses

Alpha blockers

Doxazocin Tabs (1,2,4 mg) 1-16 mg PO od

Terazocin Tabs (2,5,10 mg) 1-20 mg PO od

Others

Furosemide Tabs (40 mg) 40-240 mg PO in 1-2 doses

Hydralazine Tabs (25 mg), Injection (IV,IM) |25-150 mg PO bd or 5-10 mg IV or
IM repeated in 20-30 minutes

Metolazone Tabs (5 mg) 2.5-20 mg PO od

Methyldopa Tabs (250 mg) 250-1500 mg PO bd
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Table 23: Other drugs mentioned in this chapter

Generic name

Formulation

Dose for adult PD patient

Calcium resonium

Powder

15 g PO three to four times per day
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Chapter 12: Management of Diabetes Mellitus

12.1. Goals and targets

To promote proper management of DM in PD patients in order to improve their
CVD risk profile and slow the progression of non-renal diabetic complications.

12.2. Monitoring of blood sugar and diabetic complications

Target HbA 1c¢ should be < 7.0%, target pre-prandial capillary glucose should be
90-130 mg/dl, target postprandial capillary glucose should be < 180 mg/dl, and
target BMI should be within the normal range (18.5-24.9 kg/m?).

HbA 1c level should be checked every 6 months after glycemic goals are achieved
and every 3 months when goals are not yet achieved.

Self-monitoring of blood glucose is recommended 3 or more times daily for
patients receiving multiple insulin injections. Less frequent monitoring is
accepted for patients receiving less frequent insulin injections, oral agents, or
dietary control alone.

Screening for retinopathy, foot pulses, and peripheral neuropathy should be
performed annually. Patients should be educated to visually inspect their feet for
ulcers on daily basis.

12.3. Managing diabetic patients on dialysis

Many of the non-renal complications of diabetes will continue to progress
after initiation of dialysis, including: CHD, CVD, PVD, retinopathy, cataracts,
neuropathy and autonomic dysfunction. Survival of diabetic patients on dialysis
is much worse than non-diabetic patients, and the major cause of death is CVD.

PD is frequently the preferred dialysis option for diabetic patients who are more
susceptible to hypotension because of cardiovascular instability. In addition, it is
often difficult to create a permanent vascular access in diabetic patients.

Diabetic patients on PD face the challenge of increased glucose loads and weight
gain. Visual disturbance may also impair the ability to perform PD exchanges.
However, peritonitis rate is not higher than in non-diabetic patients.
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Insulin requirements in diabetic dialysis patients is variable. Patients on insulin
should check their blood sugars 1 h after each bag during the initiation of dialysis
to identify their insulin requirements.

A common regimen in CAPD patients is one or two daily injections of long
acting insulin plus an injection of short acting insulin prior to each exchange.
Total daily insulin dose should be divided equally between the exchanges, with
extra units added depending on the dextrose concentration of the bag (usually
an extra 2 units for 1.36/1.5%, 4 units for 2.27/2.5%, and 6 units for 3.86/4.25%

bag).

Soluble insulin can be given via the IP rout. However, the required dose would
increase 2-3 times and the risk of peritonitis may be increased by multiple
injections into the bags.

Most sulphonylureas are contraindicated in kidney failure because these agents
mainly rely on the kidney to eliminate both the parent drug and active metabolites
and are associated with increased risk of hypoglycemia. However, gliclazide
and glipizide can be used because they don’t have active metabolites and don’t
increase the risk of hypoglycemia.

Metformin does not cause hypoglycemia but should not be used because it is
cleared by the kidney and may build up with even modest impairment of kidney
function, putting patients at risk of lactic acidosis.

Repaglinide, rosiglitazone and pioglitazone do not cause hypoglycemia and may
be used in patients with kidney failure. However, rosiglitazone and pioglitazone
have the potential to worsen fluid retention and should be avoided in pregnancy
or liver disease.
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Table 24: Drugs mentioned in this chapter

Generic name Formulation Dose for adult PD patient
Roziglitazone (Avandia®) | Tabs (4,8 mg) 4-8 mg PO in 1-2 doses

Pioglitazone (Actos®) Tabs (15 mg) 15-45 mg PO od

Repaglinide (Prandin®) Tabs (0.5,1,2 mg) |0.5-16 mg PO in 2-3 doses

Gliclazide (Diamicron®) | Tabs (80 mg) 40-320 mg PO, divide doses > 160 mg/d
Glipizide (Minodiab®) Tabs (5 mg) 2.5-20 mg PO, divide doses > 15 mg/d
Glibencliamide (Daonil®) | Tabs Avoid

Metformin (Glucophage®) | Tabs Avoid

Glimepiride (Amaryl®) Tabs Avoid

Acarbose (Glucobay®) Tabs Avoid

Tolbutamide Tabs Avoid

Chlorpropamide Tabs Avoid
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Chapter 13: Management of Dyslipidemia

13.1. Goals and targets

To promote proper management of dyslipidemia in PD patients in order to
improve their cardiovascular risk profile.

13.2. Monitoring of lipid profile

All patients should be evaluated for dyslipidemia at presentation and at least
annually thereafter.

Evaluation should include a complete fasting lipid profile with total cholesterol,
LDL, HDL, and triglycerides. Lipid profile should also be obtained within three
months of starting or adjusting the dose of lipid lowering agents.

Interventions are indicated in adults who have TG level = 500 mg/dl, LDL level
= 100 mg/dl, TG levels = 200 mg/dl with non-HDL levels = 130 mg/dl, or HDL
level <40 mg/dl.

Interventions are indicated in adolescents who have TG level = 500 mg/dl, LDL
level = 130 mg/dl, TG levels = 200 mg/dl with non-HDL levels = 160 mg/dl, or
HDL level < 40 mg/dl.

13.3. Treatment for dyslipidemia

Identify and treat secondary causes of hyperlipidemia, such as the nephrotic
syndrome, hypothyroidism, uncontrolled diabetes, excessive alcohol ingestion,
chronic liver disease and medications.

For patients with TG = 500 mg/dl, TG reduction is the principal focus of
treatment in order to prevent pancreatitis. Otherwise, LDL levels are the focus
of treatment.

Therapeutic lifestyle changes (TLC) are the first line of treatment of all types of
dyslipidemia.

TLC include diet, weight reduction, increased physical activity, abstinence from
alcohol, and treatment of hyperglycemia.
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TLC should be tried for at least 3 months (6 months in adolescents) before phar-
macological treatment is prescribed.

Diet should be used judiciously, if at all, in individuals who are malnourished,
and should be under the supervision of a dietitian experienced in the care of
patients with CKD.

For patients with TG > 500 mg/dl not controlled with TLC add gemfibrozil
(a fibrate) or nicotinic acid. Other fibrates (e.g. benzafibrate, clofibrate,
fenofibrate) are better avoided in kidney failure.

For patients with LDL = 100 mg/dl not controlled with TLC add a statin (e.g.
simvastatin, atorvastatin, pravastatin). If LDL targets are still not achieved add
a bile acid sequestrant (e.g. cholestyramine) or, if a bile acid sequestrant cannot
be used, add nicotinic acid. If statin is not tolerated use a bile acid sequestrant or
nicotinic acid.

For patients with TG = 200 mg/dl and non-HDL = 130 mg/dl not controlled
with TLC add a statin. If targets are not achieved or the statin is not tolerated
substitute it with a fibrate or nicotinic acid.

For patients with HDL < 40 mg/dl and no other lipid abnormality who are not
responding to TLC, pharmacological treatment is not recommended.

To minimize adverse effects, start statins at a low dose and titrate upwards until
the lowest effective dose is identified. Statins should not be used if there is
evidence of liver disease.

Both statin and fibrate can cause myositis, and CKD increases this risk. Avoid
combining statins and fibrates in kidney failure patients.

Patients who develop muscle pain or tenderness should discontinue statin therapy
immediately and have their creatine kinase level checked. Creatine kinase levels
greater than 10 times the upper limit of normal are indicative of myositis.

Bile acid sequestrants should not be used if TG = 400 mg/dl since they may
increase TG level. The phosphate binding agent, sevelamer, can lower lipid
levels by mechanisms similar to those of bile acid sequestrants.
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Table 25: Drugs mentioned in this chapter

Generic name | Formulation | Dose in adult PD patients
Statins

Simvastatin Tabs (10,20,40 mg) 10-40 mg PO od

Atorvastatin Tabs (10,20,40,80 mg) | 10-80 mg PO od

Pravastatin Tabs (10,20,40 mg) 10-40 mg PO od

Fibrates

Gemfibrozil Tabs (600 mg) 600 mg PO bd

Bezafibrate Tabs Avoid

Clofibrate Tabs Avoid

Fenofibrate Tabs Avoid

Others

Cholestyramine | Powder (4 g per sachet) |4-36 g PO in 1-4 divided doses
Nicotinic acid Tabs (0.5,0.75,1 g) 0.25-2 g PO od (increase by 250 mg/week)
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Chapter 14: Rehabilitation

14.1. Goals and targets

To highlight the role of the PD team in patients rehabilitation, in order to enable
ESRD patients on PD to live as normal a lifestyle as possible.

14.2. The disability of dialysis

Quality of life is usually diminished in dialysis patients. They often feel hopeless,
depressed and anxious. They worry about finances, family burden, loss of sexual
function, and loss of independence. This can result in poor compliance on therapy,
inattentiveness, and poor clinical outcomes.

The limitations and disabilities that face dialysis patients result from the
disease itself as well as from comorbid conditions, the treatment regimen, and
psychosocial problems.

In addition, attitudes to chronic illness are very variable. Some patients are
determined to have normal lives as much as possible while others are satisfied to
take on the sick role.

The ultimate aim of dialysis is to give the patient as normal a lifestyle as possible.
Patients should not simply live for dialysis, otherwise they will continue to
have poor quality of life and will continue to depend heavily on social support
programs.

14.3. Employment and rehabilitation

The process of rehabilitation involves assessing the patient’s goals and desires,
understanding his physical and mental capacities, appraising the resources
available to provide support, and optimizing medical care.

Most patients in full time employment chose PD; all attempts should be made to
enable dialysis patients to remain on or return to work or school.

Attempts should be made to select dialysis schedules that fit with the patient’s
work. If necessary, exchanges may be done at work, e.g. in a medical area or
separate room.
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Some employers are prejudiced, particularly if the patient has missed a lot of
work before starting dialysis. Explanation from the PD team can change this
attitude.

Family support is important; family members should be encouraged to play an
active role in patient management.

The PD team should draw the patient’s attention to available sources of social
support and encourage him/her to benefit from them, e.g. national insurance
scheme.
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Capter 15: Peritoneal dialysis in children

15.1. Goals and targets

To highlight important aspects in the managements of children maintained on
regular PD.

15.2. Initiation of dialysis therapy

Dialysis initiation in CKD children should be considered when GFR is 9-14 ml/
min/1.73 m? and should be recommended when GFR < 8 ml/min/1.73 m?

The GFR can be estimated from serum creatinine using Schwartz formula or
by averaging creatinine and urea clearances as measured from a 24 hr urine
collection.

Clinical indications for dialysis initiation include malnutrition, refractory fluid
overload or hypertension, persistent hyperkalemia, hyperphosphatemia or
acidosis, growth retardation, or uremic neuropathy:.

15.3. Choice of dialysis modality

The choice of PD as a dialysis modality for chldren should take into account the
patient and family choice, patient size, medical comorbidities, and the availability
of family support.

Absolute contraindications to PD in children include the presence of omphalocele,
gastroschisis, bladder extrophy, diaphragmatic hernia and obliterated peritoneal
cavity. Relative contraindications include inadequate home environment, lack of
reliable caregiver, recent or impending major abdominal surgery and imminent
kidney transplantation (within 6 months).

APD is the preferred PD modality in children, mainly because this modality
provides freedom from procedures during the daytime hours. If available, NIPD
should be attempted first for children with significant RRF.

Small children usualy require pediatric single cuff catheters. As the child grows,
a two cuff catheter may have one or both cuffs pulled out of the tissue causing
tissue damage. The preferred location for the single cuff is within or below the
rectus muscle to anchor and support the catheter.
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15.4. PD prescription and monitoring

Accurate estimation of total body water (TBW) and body surface area (BSA) are
of critical importance in children, and specific nomograms should be used.

The initial prescribed dwell volume should be 600 to 800 ml/m? BSA, increased
in a stepwise manner as tolerated by the patient to 1000-1200 ml/m?> BSA. The
maximum dwell volume should be 1400 ml/m? BSA.

When assessing dialysis adequacy, the minimal “delivered” dose of total
small-solute clearance in children should be a Kt/Vyeq of 1.8/wk.

Growth and school performance are clinical indicators of adequate dialysis that
should be monitored in addition to those recommended for adult patients.

15.5. Hypertension management

BP should be measured using equipment of appropriate size, and values should
be interpreted according to age, gender, and height adjusted percentiles. Target
BP in children should be lower than the adjusted 90" percentile or 130/80 mm
Hg, whichever is lower
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Chapter 16: Preparation for Kidney Transplantation

16.1. Goals and targets

« To promote kidney transplantation as the most cost effective modality of RRT
for suitable patients.

« To promote proper preparation and effective post operative care of PD patients
undergoing kidney transplantation.

16.2. Patient eligibility for kidney transplantation

= All ESRD patients should be assessed for eligibility for kidney transplantation,
and encouraged to have a kidney transplant if feasible.

= Obtain a full clinical history and perform a detailed physical examination for
all patients to identify potential contraindications to kidney transplantation,
assessment may be repeated if transplantation is delayed (see table 26).

= Investigations for all patients should include blood grouping, liver function
tests, prothrombin time, partial thromboplastin time, screening for HIV, HBV
and HCV, ECG, CXR, echocardiography, abdominal ultrasound scan, prostate
specific antigen in males over the age of 50, and HLA tissue typing.

= Stress ECG with or without angiography is indicated for patients over the age of
40, diabetics, smokers, and patients with history of THD.

= Doppler study with or without angiography is indicated for patients with absent
foot pulses, arterial bruit or intermittent claudication.

= Voiding cystourethrogram with or without cystoscopy is indicated for all
pediatric patients, patients with recurrent urinary tract infections, bladder outflow

obstruction or vesico ureteric reflux.

= Liver biopsy is indicated for patients with HCV or HBV infection even if liver
function tests are normal.
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Table 26: Contraindications to kidney transplantation

Absolute contraindications Relative contraindications

Malignancy, excluding basal or cutaneous | = Extensive peripheral vascular disease or
squamous cell carcinomas. coronary heart disease.

Active infection. Advanced age (biological age more

important than chronological age).
Severe cardiac or respiratory failure.

= Renal diseases with high risk of

Positive HLA cross-match with potential | ..\ -rence (e.g. oxalosis, HUS, FSGS).

donor.

Urological abnormalities.

Active systemic illness (e.g. vasculitis).

Active liver disease (HBV or HCV).

= HIV infection.

Coagulopathy.

Morbid obesity.
= Psychosis or dementia.

= Non-compliance.

16.3. Prospective live kidney donor evaluation

Outcomes of transplantation from living donors are better than from cadaveric
donors and should be encouraged if feasible. Payment for organ donation is illegal.

A formal psychological assessment should be performed for all potential kidney
donors by an experienced psychologist.

Obtain a full clinical history and perform a detailed physical examination for all
potential kidney donors to identify potential contraindications to kidney donation
(see table 27).
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= Investigations should include blood grouping, urinalysis, 24 hr urine protein,
BUN, serum creatinine, serum sodium, serum potassium, serum calcium, serum
phosphorus, serum uric acid, serum cholesterol, complete blood count, fasting
blood sugar, liver function tests, prothrombin time, partial thromboplastin time,
screening for HIV, HBV and HCV, ECG, CXR, abdominal ultrasound scan, HLA
tissue typing, and spiral CT or MR angiography of the renal vessels.

Table 27: Contraindications to kidney donation

Absolute contraindications Relative contraindications

= ABO blood group incompatibility (Rhesus |« Age greater than 65 or less than 18 years.

compatibility is unnecessary).
=« Simple wurological abnormalities (e.g.

« Chronic diseases (e.g. hypertension, | multiple renal vessels).

diabetes, rheumatic heart disease)
» Obesity, defined as body mass index

= Evidence of kidney damage (e.g. low GFR, |  greater than 30 kg/m>.
proteinuria, hematuria, nephrocalcinosis,

kidney stones). = Active peptic ulcer disease.

« Markedurologicabnormalities (e.g. bilateral | * Family history of hypertension or diabetes

pelviureteric junction obstruction). mellitus.

= Active infection (including HIV, HBV and
HCV).

= Malignancy, excluding basal or cutaneous
squamous cell carcinomas.

= Family history of renal cell cancer.

= Psychosis, mental retardation or substance
abuse.

= Pregnancy.
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16.4. Preparing the patient for kidney transplantation

=« CKD patient should be encouraged to have a pre-emptive kidney transplant
if possible, before starting dialysis. This is particularly advisable for diabetic
patients.

= Suitable patients who have already started dialysis therapy should be encouraged
to have a kidney transplant as soon as possible. Success rates of kidney trans-
plantation are higher if the transplant is carried out within six months of starting
dialysis.

» Patients should be informed on the potential risks and complications of kidney
transplantation including possible drug side effects.

= Counseling should focus on the necessity of lifelong immunosuppressant and the
importance of compliance on treatment.

= Blood transfusions should be avoided as much as possible in potential kidney
transplant recipients to minimize the risk of sensitization to HLA antigens.

= If blood transfusion is necessary, it is preferable to transfuse blood from
unrelated donors in patients who are likely to receive live related kidney
transplant. Leukocyte depleted blood or packed red blood cells are preferred if
available.

= Femoral catheterization should be avoided in potential kidney transplant
recipient to minimize trauma to the femoral and external iliac veins. If absolutely
necessary, the left femoral vein should be canulated rather than the right
femoral vein.

= Renal stones and gall bladder stones are a nidus for infection, and are better
removed prior to kidney transplantation.

= Both the donor and recipients are screened for CMV and EBV infection just prior
to the transplant, along with HLA cytotoxicity testing.
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16.5. Peri-operative care of the PD patient

= Dialysate should be drained prior to surgery to prevent respiratory compromise
by high intra-abdominal pressure.

« Transplant surgery is usually extraperitoneal so there is little risk of fluid leakage
post-transplantation. PD may continue if dialysis is required post transplantation
unless the peritoneum has been breached.

= This has the advantage of avoiding the use of heparin and reducing the risk of
hypotension. However, most transplant nurses are better acquainted with HD
than PD and fluid removal is also more predictable with HD than with PD.

= Unless there is evidence of catheter infection, PD catheter should be left in place
with regular weekly dressings until transplant function is established (4-12 weeks
post transplant).

» If peritoneal cultures are indicated, they should be obtained by infusing saline
into the peritoneal cavity and culturing the effluent; in this setting cell counts are
not meaningful.
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Chapter 17: Peritoneal Dialysis in Acute Renal Failure

17.1. Goals and targets

To promote safe and effective utilization of PD in the management of ARF when

this is clinically indicated.

17.2. The utility of peritoneal dialysis in acute renal failure

HD is generally preferred to PD in the management of ARF. Nevertheless, PD
can be a useful backup if HD facilities become restricted or unavailable.

PD is particularly effective in small children, who have a peritoneal surface area
per unit weight larger than the peritoneal surface area of adults. PD has many
advantages to HD in children, as well as adults with poor cardiac function (see

table 28).

Non-renal indications for acute PD include peritoneal lavage in acute pancreatitis,
severe hypothermia (utilizing warm dialysate) and fulminant hepatic failure.

Table 28: Advantages and disadvantages of PD in ARF

Advantages

Disadvantages

« Widely available and easy to perform at
the bed side.

= Does not require expensive or complex
equipment.

= Gradual fluid removal minimizing the risk
of cardiovascular stress.

= Gentle dialysis minimizing the risk of dis-
equilibrium syndrome.

= Glucose in dialysate may provide extra
calories for malnourished patients.

= Does not require a vascular access.

= Does not require systemic anticoagula-
tion.

« Strongly contraindicated in case of recent
abdominal surgery with drains, peritonitis,
abdominalhernia,intrabdominaladhesions,
pleuroperitoneal fistula (following cardiac
surgery), or pregnancy.

Relatively contraindicated in case of recent
aortic graft, abdominal wall cellulites,
adynamic ilius, or severe respiratory
distress.

= Solute clearance may not be adequate in
hypercatabolic patients.

= Peritonitis in can be fatal in sick patients.

= Slow correction of hyperkalemia.
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17.3. Acute PD access

Acute PD access can be achieved by placing a single cuff Tenckhoff catheter or
by inserting a semirigid catheter (figures 9 and 10).

The hard catheter is associated with a very high incidence of peritonitis and
should not be left in place for longer than 72 hours. If prolonged dialysis is
anticipated it is preferred to use the single cuff Tenckhoff catheter.

The flexibility of the single cuff Tenckhoff catheter renders it more comfortable
for the patient, the operative insertion entails a lower risk of intestinal perforation,
and the presence of the cuff reduces the incidence of PD related peritonitis
compared to the semirigid catheter.

The single cuff Tenckhoff catheter is usually inserted in a paramedian location
utilizing the same techniques outlined above (chapter 2) for chronic PD catheter
insertion. The single cuff is placed within or below the rectus muscle to anchor and
support the catheter.

17.4. Technique for semirigid PD catheter insertion

The semirigid PD catheter is often inserted in the midline approximately one
inch below the umbilicus, but in very small children it can be inserted at two
thirds of the distance from the umbilicus to the left lower rib (just lateral to the
border of rectus muscle).

Placement must take place in aseptic conditions, after emptying the bladder,
cleaning the area with povidone iodine, draping the patient, and infiltrating the
area with lignocaine with or without IV sedation.

To prevent trauma to underlying organs, especially in small children, a small canula
may be used to inflate the abdominal cavity with 10-15 ml/kg of dialysate.

A small skin incision, slightly smaller than the diameter of the catheter, is made
using a sharp pointed blade without cutting the muscle layer.

After checking the integrity of catheter, introduce the catheter and stylet perpen-
dicular to the abdominal wall until the peritoneum is pierced. The stylet is then
withdrawn and the catheter gently pushed in towards either iliac fossa.

Skin sutures are unnecessary if a retaining knob is present. Bleeding can be
stopped by a purse string suture. Dress with dry gauze or gauze impregnated
with povidone iodine.
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Figure 9: Single cuff Tenckhoff catheter Figure 10: Semi-rigid acute PD catheter

17.5. Peritoneal dialysis prescription in acute renal failure

= IPD is the modality often used in ARF. The exchanges can be performed
manually, but it is preferable to use a cycling machine if available to reduce the
risk of peritonitis.

= Usually, two dialysis sessions are given per week, each session of about 48 hours
duration. A commonly used regimen utilizes short 2 liter exchange each of 2
hours duration.

= Session time can be interrupted to perform clinical procedures and can be
extended to optimize biochemical and fluid control.

= The exchange volume and dwell time can be modified according to patient size
to minimize leaks and discomfort. In children, a dwell volume of 20-50 ml/kg is
typical. A dwell time of less than 30 minutes is usually not adequate.

= 1.36/1.5% dextrose is usually used, and will often achieve adequate UF.
Concentrated dextrose can be used if necessary.

= In patients with pulmonary edema, 2-3 consecutive 2 liter exchanges of
3.86/4.25% dextrose without dwell time may remove approximately 1 liter over
one hour.

« Dialysis adequacy should be assessed on daily basis using clinical and biochemical
parameters. The dialysis prescription should be modified as necessary.
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Heparin (1000 unit/2 liter) can be added to the dialysate to prevent catheter
obstruction by fibrin clots secondary to slight bleeding from the newly inserted
catheter.

Patients with diabetes may require additional intraperitoneal doses of regular
insulin to compensate for the additional dextrose load: 3—4 units/liter for 1.36/1.5%
dextrose, 5-6 units/liter for 2.27/2.5%, and 7—10 units/liter for 3.86/4.25%.

Hypokalemia is very common, and 2-4 mmol/l of potassium chloride may be
added to the dialysate if the patient is hypokalemic.

Peritonitis is also very common, affecting up to 80% of patients using rigid
catheters. Patients have to be evaluated daily for evidence of peritonitis to allow
prompt initiation of therapy.

Increasing urine output and dropping predialysis creatinine levels from one
session to the next suggest that renal function is improving. Dialysis can then be
discontinued, and when clinically indicated, the PD catheter removed.



Chapter 18: Continuous Quality Improvement

18.1. Goals and targets

= To promote improved outcomes for PD patients through the implementation of a
continuous quality improvement process.

18.2. The continuous quality improvement process

= The continuous quality improvement (CQI) process involves continuous
monitoring of clinical outcomes and the implementation of interventions that
aim to improve patient care.

= All disciplines involved in the care of the PD patient should participate in quality
improvement programs, including physicians, doctors, nurses, social workers,
dietitians, and administrators.

18.3. Key performance indicators in PD

= In addition to the standard therapeutic targets outlined in this guidebook, there
are key performance indicators in PD that the CQI process should focus on,
including:
Peritonitis rate, with a target of less than one episode per 18 patient months.
Culture negative peritonitis rate, with a target of less than 20%.
Exit site infection rate.

0
0

0

o Patient survival, with a target of 70% at 2 years.

o Technique survival, with a target of 75% at 2 years.

o Catheter survival, with a target of 80% at one year.

o Hospitalization rate (admission/year, hospitalized days/year).
0

Patient satisfaction (quality of life: QOL).

= Regular meetings should be held to review the current status of the PD unit
regarding these indicators compared to previous years or months.

= Attempts should be made to identify the reason for any deviation from the desired
targets in each domain of interest. Accordingly, a practical working plan should
be constructed with the aim of improving clinical outcomes.
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18.4. The central Sudan-PD data base

120

Accurate collection and analysis of data plays a fundamental role in the CQI
process. The integrated nature of the Sudan-PD program mandates a unified
method of data management.

It is the responsibility of the PD team in any particular unit to fill the required
data collection forms in the following situations:

o Form (1): for every patient as he/she is enrolled into the program.
o Form (2): for every patient as he/she quits the program.
o Form (3): for every episode of peritonitis.
Completed forms should be delivered without delay to the central Sudan-PD data

base manager. Data pertaining to all PD units will be analyzed centrally, and an
annual report will be prepared and disseminated to all units.
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Peritoneal dialysis guide book = 4 élaall 33La01 Jut> \Hasan Abu Aisha Hamid
Elwaleed Ali Mohamed Elhasan, Sarra Elamin Elhaj- Khartoum: ;2008.

242 P. :illus. ; 24 cm.

ISBN : 978-99942-897-1-4
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1.Dialysis ,Patients - Guide Books, Handbooks, Manuals ... etc.

2.Acute Renal failure - Guide Books, Handbooks, Manuals... etc.
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