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IMPORTANT INSTRUCTIONS FOR ANSWERING:

Please identify clearly any document to which you refer or rely upon for your answer. If the document has an
Inquiry reference number, e.g. Ref: 049-001-001 which is ‘Chart No.1 Old Notes’, then please provide that
number. If the document does not have such a number then please provide a copy of the document.

I QUERIES ARISING OUT OF YOUR INITIAL WITNESS STATEMENT

With reference to your Witness Statement dated 22~ July 2005, please provide clarification and/or
further information in respect of the following:

(1) Response to position and institution: “Consultant Paediatric Nephrologist, Royal Belfast
Hospital for Sick Children and Senior Lecturer in Child Health, Queen’s University, Belfast”

- {a) Describe your work commitments to the Royal Belfast Hospital for Sick Children (RBHSC)
from the date of your appointment as a Consultant and particularly over the period 26t
November to 28t November 1995

The following answers are based on the notes and records of Adam Strain and my recollection in so
far as possible given the passage of time, almost 20 years from when I first treated Adam.

Over the period 26-28 November 1995 T was employed jointly at the Royal Belfast Hospital for Sick
Children by the NHS and by Queen’s University Belfast as a joint clinical appointee. This meant
that I had an equal commitment to the Medical School and to the Children’s Hospital, Prior to
October 1995, I was the only Paediatric Nephrologist in Northern Ireland and so my primary clinical
responsibility was to children with kidney disease. On the weekend, including Sunday 26
November, I was the Consultant Paediatric Nephrologist on call. On Monday 27 November I passed
care for my clinical patients to my consultant colleague in order to undertake work in the University
and because I had been on call over the weekend. On hearing of the unfortunate outcome of Adam
Strain’s transplant surgery, I returned immediately to the hospital, I remained involved in his care
until the time of his death.

(2) State what you considered to be your role in relation to and responsibilities towards Adam
from learning on 26t November 1995 of a potential donor kidney for him until 28t November
1995 when ventilatory support was withdrawn, and in particular:

= From Adam’s admission to RBHSC until his arrival in theatre
» While Adam was in theatre until his admission to PICU
» From admission to PICU until his death

When I was informed that a potential kidney was available for Adam Strain on 26 November 1995, I
identified that the facility to perform the transplant was available in terms of a surgical and
anaesthetic team, theatre time and a potential bed in the paediatric intensive care unit post surgery.
Then 1 informed his mother of the offer of the kidney and verified that she was willing to allow the
transplant operation, I arranged for Adam to be brought in to hospital, to provide a blood sample
for the tissue typing laboratory in order to catry out a tissue cross-match and establish if the kidney
was suitable, I also had to assess that Adam was clinically well enough to receive a kidney
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transplant and to carry out the requisite checks as laid down in the kidney transplant protocol, to
arrange for the appropriate investigations to be made and to communicate Adam’s medical history
and current clinical condition to the surgical and anaesthetic teams involved. Once the transplant
cross-match confirmation was received I discussed the management of Adam in relation to his oral
intake and fluid prescription with the consultant anaesthetist. I instructed my junior medical and
nursing colleagues on how the patient should be managed until such time as he left for theatre. I
obtained written consent for the surgery to proceed from Adam’s mother.

I communicated the details of Adam’s clinical history to the transplant surgeon and anaesthetist and
was involved in discussions as to the optimal time to commence surgery. Once Adam was in theatre,
1 checked with the consultant anaesthetist that there were no immediate problems and no issues
which he needed to further discuss with me in regards to Adam’s clinical care. Once the care of our
patient was passed to the theatre team, I made it clear that I was available should they need to
consult with me or my consultant nephrology colleague who was available whilst I left to undertake
University work,

It was only when Adam was admitted to PICU that I was informed that there was a major problem
post-operatively. I immediately returned to the PICU to work with the intensive care team and with
my other colleagues to ensure that all possible action and treatment was undertaken to achieve his
survival,

Sadly I had to communicate the grave situation to his mother who I continued to support up to and
after Adam’s death,

(3} Answer to Question 1 at p.2
“I was involved in the general medical cave of Adam Strain from early infancy”
{a) State the date on which you first become involved in the “medical care of Adam”

I first saw Adam Strain at my out-patient clinic at RBHSC on 3 September 1991, when he was aged
only one month, at the request of Dr Angela Bell, Consultant Paediatrician at the Ulster Hospital,
Dundonald.

(b)Describe your role in the care and treatment of Adam from when you first became involved in
the medical care of Adam up to his admission for renal transplant on 26 November 1995,
with particular reference to the following periods:

s 26% November 1991 to 17th April 1991
» 8th February 1993

v 23 August 1994 to 26t August 1994
» 18t October 1995

Adam had been born with bilateral dysplastic kidneys and my advice regarding management was
sought from a medical as opposed to a surgical viewpoint. It was surgical relief of obstructed
ureters that was initially required at the Ulster Hospital. Unfortunately, following this surgery to
relieve this obstruction, Adam developed acute renal failure and was transferred back to my care for
a period of peritoneal dialysis at the RBHSC, From that time, I became the nephrologist responsible
for Adam’s medical care throughout his childhood.

My role in the care of Adam Strain as his Consultant Nephrologist was to co-ordinate his medical
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care with the aim of:

a) preserving his renal function as long as possible

b) to provide treatment to mitigate the side effects of renal impairment in a very young child ¢) to
design with the co-operation of dieticians, and on occasions the hospital expert, on total parenteral
nutrition, a regimen that would ensure adequate calorie intake, optimal electrolyte balance,
nutrition and growth

d) to work with consultant colleagues, particularly Mr Victor Boston and Mr Stephen Brown, in
relation to Adam’s urological problems, associated with his abnormal kidneys and urinary fract

e) to work with surgical colleagues to ensure intravenous access and access for enteral nutrition via
a gastrostomy

f) to treat associated medical problems in relation to his illnesses, including urinary tract infections,
vomiting, gastro-oesophageal reflux, blood pressure, renal anaemia and bone disease

g) to help cope with his feeding difficulties, tendency to vomit and the development of a food
aversion which required enteral feeding to attain optimal nutrition.

A major part of his management also included repeated surgery on his urinary tract to try to
establish good drainage of his kidneys and preserve their function as best as possible, My role was
to address his medical problems, including, urinary tract infections, nutrition, fluid and electrolyte
balance, In early infancy, vomiting was a major problem and ultimately surgery (fundal plication)
was performed to address the recurrent vomiting which made his general management more
complex.

During this time I also coordinated dietetic and psychology support for Adam when he became food
adverse and achieving adequate fluid and nutritional intake by mouth proved difficult. As a result
of this he was initially tube fed and then had a gastrostomy placed so he could be fed through the
gastrostomy tube in order to ensure as far as possible that he would grow and thrive.

By March 1994 it became apparent that the only realistic chance for long-term survival for Adam was
through renal replacement therapy and this was discussed with his mother. It was agreed that he
would start on peritoneal dialysis and that we would seek a kidney for transplantation. My role
then extended to managing his peritoneal dialysis and ensuring that his mother was prepared,
trained and capable of performing home peritoneal dialysis. This preparation and training involved
a renal nurse specialist who undertook the training and assessed the home situation as being
suitable for dialysis and signed off Adam’s mother’s competency in the procedure.

Once renal replacement therapy was required, I established Adam’s blood group and tissue type and
arranged for him to be put on call for a cadaveric renal transplant. I was responsible for carrying out
the appropriate preparatory investigations and explained to his mother what this major surgery
involved and confirmed that she was prepared to consent to the procedure.

Between November 1991 and April 1992 I estimate that Adam had up to ten surgical or anaesthetic
procedures. During his period of acute renal failure following surgery in November 1991 he became
oliguric and as a result became “fluid overloaded”. However, this situation was resolved with a
period of peritoneal dialysis. Drainage of his kidneys was subsequently achieved via
nephrostomies and ultimately, ureterostomies. During this time Adam became extremely ill and
septic. On at least one occasion he was hypernatraemic with sodiums rising as high as 156mmol/L,
while during his period of acute renal failure he had sodiums as low as 119mmol/L. I was involved
in managing fluid and electrolyte problems relating to impaired renal function whereby if he
became relatively dehydrated he would have a high serum sodium, but if his fluid balance was too
positive he could become hyponatraemic. Vomiting of sodium supplements could also lead to a fall
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in serum sodium,

On 8 February 1993, Adam was admitted for a retrograde pyelogram by the paediatric surgical team.
This surgical procedure was carried out by Mr Stephen Brown and was not under my supervision.
The procedure was unsuccessful, but there were no medical difficulties on that occasion.

Between 23 and 26 August 1994 Adam was again admitted for a surgical procedure; the insertion of a
peritoneal dialysis cannula. This was performed by Mr Victor Boston. Immediately post-
operatively, there was an episode of hypotension which was corrected with a bolus infusion of
HPPF (Human Plasma Protein Fraction). Several cycles of peritoneal dialysis showed that there was
blood loss in the peritoneal cavity, possibly the reason for his hypotensive episode due to an
assoctated hypovolacmia. However, this blood cleared by the following day and 48 hours after
insertion of the cannula, it was felt that he was stable, comfortable and allowed home (Ref: 057-102-
180 to 182). He was readmitted a week Iater so that his mother could undergo training in the dialysis
technique (Ref: 057-102-183 to 185). I note that during this admission when his tube feeds were
discontinued because of the abdominal operation on 24 and 25 August 1994 that he received
intravenous fluids at Nfs (0.18%) saline in 4% dextrose. His sodium during that period was 131 but
on returning to his tube feeds his sodium was 140 on readmission on 3 September. He was at this
time polyuric,

Adam’s admission on 18 October 1995 was a day procedure for the change of a gastrostomy button.
He was fasted from 8.00am before going to theatre and recommenced his tube feeds in mid-
afternoon. He also had a left orchidopexy on that occasion. His electrolytes were checked on
admission and were satisfactory with a sodium of 142, There were no fluid or other problems
recorded during this short admission (Ref: 058-035-129 to 130).

(¢) Describe any lessons that were learned about Adam’s fluid management over those periods

Adam’s fluid management showed that achieving good fluid and electrolyte balance was repeatedly
complicated by intercurrent infections, particularly of the urinary tract, the development of polyuria
following drainage of the obstructed kidneys, a tendency to vomit, the development of a food
aversion and on occasions, diarrhoea.

Adam’s ability to alter his urine output and urinary electrolyte losses in response to changes in his
clinical condition were limited. The kidneys function in maintaining body homeostasis was
severely impaired.

Adam’s inability to take food by mouth and the absence of a normal thirst mechanism made
managing his fluid balance and nutrition difficult.

His inability to self regulate his body sodium balance and hydration necessitated careful dietary
and fluid manipulation,

Adam’s serum sodium could vary from 119 (055-054-159) to 152 (050-024-220). He was however
generally asymptomatic in relation to these sodium levels, most likely because they developed
gradually and were corrected gradually, most often by variations in his enteral feeds. This choice of
enteral feed was made in consultation with the renal dietician. Paediatric Nutrison, which we used
for his enteral feeds, balanced his sodium loss reasonably consistently, and it also provided high
calorie content.

I estimated actual fluid volume requirements based on urine output estimates with additional
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allowance for insensible loss, dialysis ultrafiltration and Adam’s tendency to vomit.

This approach ensured that he was a well noutished boy with good growth despite his renal
impairment.

(d)Over the period when you first became involved in Adam’s medical care up to 26t November
1995, describe the plans that were put in place for measuring Adam’s:

= fluid output

* urine sodium levels

* serum sodium levels

* urinary creatinine concentration

* plasma creatinine concentration

* urine output

= fractional excretion rates

= glomerular filtration rate

= weight

» volume, content, frequency and process of Adam’s peritoneal dialysis
» volume and content of Adam’s feeds through his gastrostomy tube
and your role in developing those plans

The measurement of urine output in small incontinent children is best achieved when there is a
urinary catheter in situ. Adam underwent many invasive procedures which were upsetting and on
occasion frightening. To reduce his distress frequent catheterisation was avoided. The alternative is
to measure urine output based on weighed nappies, ie, the difference between diy and wet weight
in each nappy would be the urine output. After having established a best estimate of Adam’s urine
output, subsequently a fluid intake volume was based on this and allowances for other fluid losses,
ie. vomiting, insensible loss and dialysis ultrafiltration.

Preliminary urinary sodium and electrolyte measurements were performed at regular intervals to
establish that there was no major variation in urinary sodium loss. Glomerular filtration rate was
caleulated using the Schwartz formula (height in cm x 40 divided by serum creatinine in mmol/L)
from serum creatinine when required, Serum urea, creatinine and electrolyte measures were carried
out on a regular basis during in-patient admissions and particularly when IV fluids were being
employed and at each out-patient follow-up visit.

The plan was therefore to have regular ongoing measurements of renal function and weight., Once it
was decided that Adam should start on peritoneal dialysis, this was introduced gradually on an in-
patient basis to determine the optimal peritoneal dialysis regimen, ie. the volume, content and
frequency, to design a prescription that would produce a stable situation when dialysis was
performed at home, Volume content and frequency of the dialysis fluid and cycles were recorded in
a dialysis diary, one page for each night’s dialysis, including volume of fluid removed or retained
and his weight before and after dialysis. Records were kept by Adam’s mother and checked by the
dialysis nurse specialist and/or myself both in hospital and during home visits. The volume and
content of Adam’s feed through his gastrostomy tube was based on estimates of his calorie and
electrolyte needs and his fluid requirements. The development of these plans was supervised by
myself, in consultation with a dietician and other members of the renal team, including nursing
staff,

(e) Over the period when you first became involved in Adam’s medical care up to 26! November
1995, describe the plans that were put in place for recording Adam’s:
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» {luid output

= urine sodium levels

= serum sodium levels

* urinary creatinine concentration

= plasma creatinine concentration

» urine output

» fractional excretion rates

» glomerular filfration rate

» weight

= volume, content, frequency and process of Adam’s peritoneal dialysis
» volume and content of Adam’s feeds through his gastrostomy tube
and your role in developing those plans

As stated in the answer to d) above, these measurements were recorded in Adam’s notes in either the
in-patient clinical notes, or in the parent-held dialysis record book.

(f) Over the period when you first became involved in Adam’s medical care up to 26 November
1995, describe the plans that were put in place for interpreting, assessing and managing
Adam’s:

» fluid output

* urine sodium levels

» gerum sodium levels

* urinary creatinine concentration

» plasma creatinine concentration

= urine oufput

= insensible losses

» excretion rafes

= glomerular filtration rate

= weight

» volume, content, frequency and process of Adam’s peritoneal dialysis
» volume and content of Adam’s feeds through his gastrostomy tube
and your role in developing those plans

As the only Paediatric Nephrologist (in Northern Ireland) I was involved in Adam’s care. [ was the
key person in developing plans for measuring, recording and interpreting all the measurements
listed. In relation fo fractional excretion rates, these were not included in any management plan and
I believe such measurements were not common practice at that time,

(g)Describe what you did in the light of your assessment of:

= fluid output

* urine sodium levels

* serum sodium levels

* urinary creatinine concentration
» plasma creatinine concentration
= urine output

» insensible losses

= fractional excretion rates

= glomerular filtration rate
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= weight
= volume, content, frequency and process of Adam’s peritoneal dialysis
= volume and content of Adam’s feeds through his gastrostomy tube

I evaluated whether the fluid, nutritional and medical measurements taken needed refinement and
determined if we were achieving optimal growth and development for Adam. Sodium supplements
(sodium bicarbonate and saline solution) were adjusted to manipulate serum sodium levels.
Volume feed intake was increased proportionately to fluid loss and body size as Adam got older.
The dialysis regimen was adjusted to achieve satisfactory serum electrolyte and urea levels and fluid
balance,

(h)identify the records maintained in relation to Adam’s:

» fluid output

» urine sodium levels

» serum sodium levels

= urinary creatinine concentration

= plasma creatinine concentration

» urine output

* fractional excretion rates

= insensible losses

» glomerular filtration rate

» weight

= volume, content, frequency and process of Adam’s peritoneal dialysis
» volume and content of Adam’s feeds through his gastrostomy tube

Records of electrolyte and urea measures are summarised on investigation summary sheets, for
example: 050-016-048, 050-018-051 to 055 and 052-022-043. All laboratory reports were filed in the
clinical notes, for example: 055-054-132 to 161. Fluid balance sheets are available under that title in
the various files of Adam’s case notes. Details of Adam’s peritoneal dialysis records are not
available as we have not got the parent-held records on file. Weight is recorded at each out-patient
and in-patient visit in the clinical notes. Volume and content of Adam’s gastrostomy feeds was held
by the renal dietician and agreed with me (057-068-128).

(4) Answer to Question1at p.2

“I coordinated Adam’s care, prescribed and monitored his dialysis treatment with support from a
dietician, psychologist, social worker, renal nursing team and of course his mother”

(a) Fxplain the reasons for what you have described in your Inquest Deposilion as Adam’s
“potential for a low sodium” (Ref: 011-015-110)

The reasons for the statement that Adam had a ‘potential for a low sodium’ were based on the fact
that on several occasions he had developed a relatively low serum sodium and was known to lose
sodium in his urine based on urinary electrolyte analysis and compensated for by sodium
supplements in his nutritional presctiption.

b)State whether the “potential for low sodium” that you identified was discussed with Adam’s
4 y
mother and if so describe what was discussed with her including what if any role she was to
play in maintaining his sodium concentration at an acceptable level
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Adam’s mother was meticulous in his care, including undertaking his gastrostomy tube feeds and
giving him his medication. In doing so, she would have been aware that he had sodium bicarbonate
supplements and on occasions had saline added to his Nutrison titbe feeds.

(¢) Over the period when you first became involved in Adam’s medical care up to 26t November
1995, identify the diet plans that were developed for Adam and explain:

» the reference in the letter dated 13% June 1995 from Janet Mercer Paediatric Dietician (Ref:
057-068-128) to Adam’s daily gastrostomy-fed regime 1200 ml of Nutrison and certain
supplements made up with water to 1700 mls

» the notes for the dialysis clinic on 9th November 1995 that state Adam’s daily fluids as “3 x
200 bolus 1500 mls overnight” (Ref: 059-006-021)

» the regime in place at the time of Adam’s transplant surgery

Adanmy’s dietary needs and the plan to address these was developed in consultation with the renal
dietician. We would have estimated as accurately as possible, his fluid requirement, his electrolyte
requirement and his calorie requirement and used this information in designing the volume and
nature of his feeds.

The letter dated 13 June 1995 (Ref: 057-068-128) is a record of the type and content of the nutritional
tube feeds which had been decided upon at that time. The dietician regularly reviewed Adam’s
nutritional requirements at out-patient visits and when he was an in-patient. Reference to
biochemistry results (057-103-220 and 057-103-218) indicate that his serum sodium was satisfactory at
that time on that regime, ’

A summary note on the day of the dialysis clinic on 9 November 1995 indicate that by that time
Adan’s total volume intake had been increased to 2100mls given as three day-fime boluses of
200mls down his gastrostomy tube and as a continuous drip feed infusion of 1500mls overnight (Ref:
058-035-143). This was the regime in place at the time of Adam’s transplant surgery. In the last entry
before his transplant admission it can be seen that his gastrostomy tube feeds are recorded as 3 x
200ml boluses and 1500mls overnight (058-035-143). These are the same volumes as have been
recorded on the balance charts in 5 July 1995 (057-048-088) when he was an in-patient and it is clear
at these times he was receiving a total of 2100mls daily.

(d)State Adam’s usual daily sodium intake before 27t November 1995
Adam’s usual daily sodium intake before 27 November 1995 was 67mmol. 28mmol came from
1200mls of Paediatric Nutrison, 15mmol came from 100mls of normal saline and added to the
Nutrison and 24mmol from his sodium bicarbonate supplement.

(e) State Adam’s usual daily sodium loss before 27t November 1995

Adam’s usual daily sodium loss before 27 November 1995 would be similar to his sodium intake,
estimated at between 40 and 50minol per litre of urine.

(f) Explain the cause(s) of the serum sodium Ievel of 127mmol/J, that was recorded for Adam on
15t February 1994 (Ref: 056-038-097) and the steps taken to address the situation

Due to the passage of time I cannot explain the serum sodium level of 127mmol on 15 February 1994,
There is no record in his clinical notes on that date that he was unwell on that occasion or of any
action taken. Blood tests taken at monthly intervals afterwards show a rise in his sodium to
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132mmol on 22 February 1994 (056-038-095) and subsequently to 135mmol on 24 March 1994 (056-038-
094). No note is made of specific treatment advised.

(g)Explain the cause(s) of the serum sodium level of 124mmol/L that was recorded for Adam on
8t June 1995 (Ref: 058-041-197) and the steps taken to address the situation

There is no recorded cause explaining the sodium level of 124mmol on 8 June 1995 (Ref: 058-041-197)
nor of steps taken to address the situation. His next serum sodium measurement however on 14 July
was normal at 139mmol/L (058-041-195},

(h)Explain in relation to your reference to having “prescribed and monitored his [Adam’s] dialysis
treatient™

» Adam’s usual peritoneal dialysis ultrafiltration rate

» what was discussed with Adam’s mother about her maintaining a record of the volume of
fluid removed each night through Adam’s peritoneal dialysis and his weight before and
after the dialysis

= the records that were maintained and by whom in relation to the total volume of fluid
removed through Adam’s peritoneal dialysis and his weight and electrolytes on
commencing and completing dialysis

» Adam’s fractional excretion rates, including FEwater and FEsodium and where they are
recorded

Adam’s usual peritoneal dialysis ultrafiltration rate was approximately 400ml as indicated in a Ietter
dated 8 June 1995 (057-056-114, 115).

Adam’s mother was meticulous in maintaining such records in the parent-held dialysis book. The
keeping of a record of both the fluid volume removed each night through Adam’s peritoneal dialysis
and his weight, before and after the dialysis, was part of the standard training for all parents. Its
importance was emphasised as on home dialysis, electrolytes are not measured when commencing
and completing dialysis. Home peritoneal dialysis training was carried out by the renal dialysis
nurse and only when dialysis had been performed satisfactorily without help from nursing staff in
the ward unit was the competency of the parent signed off. Initial home dialysis was performed by
the parent in their home with a renal dialysis nurse present usually in another room who would be
available should any problem arise. There was also ongoing telephone liaison and home visits by
the dialysis nurse and checks on the dialysis record and ultrafiltration both by the nurse and at the
dialysis clinics in the hospital.

Fractional excretion rates were not measured or recorded.

(5) Answer to Question 2 at p.2
“On the 26 November 1995 we had an offer of a kidney from the UK Transplant Service”
(a) Following Adam’s registration for a kidney transplant on 24" November 1994, describe the
plans made for renal transplant in the event that a suitable donor kidney became available for

Adam, together with:

* the identity of anyone else involved in the formulation of the plans
= your role in their execution

i0
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» the information given to Adam’s mother about such plans

Following the registration for a kidney transplant on 24 November 1994, plans were made for a
transplant in the event that a suitable donor became available for Adam. This included Adam’s
name, date of birth and tissue type being entered on the list of local patients on call for transplant,
along with his tissue type measured in the Tissue Typing Laboratory BCH (Belfast City Hospital).

The names and age of children on call were thus made known to the transplant co-ordinator, and the
list circulated to all the nephrologists in Belfast and the transplant surgeons. I had a key role in
formulating these plans in conjunction with the multi-disciplinary team of renal nurses, dieticians,
psychologists and social workers. I as the Consultant Nephrologist along with the renal dialysis
nurse, had regular discussions with Adam’s parents (and possibly his grandparents) explaining the
system of being on call, the nature of the surgery, the need for a tissue cross-match once a kidney
was identified, the fact that the child would be called to the hospital at least six hours before the
procedure for a clinical work up, and that depending on the cross-match and the agreement of the
surgical team, it would then be decided if the transplant should proceed. All parents of sick
children going on call for a renal transplant are given an explanatory booklet, A copy of which has
previously been provided to the Inquiry.

{b)State when and who first received the offer of the kidney for Adam
See (5 ¢) below
(c) State when on 26" November 1995 you first knew about the offer of the kidney for Adam

I first received an offer of a kidney for Adam on the evening of 26 November 1995 by phone from
the UK Transplant Service, I do not recollect the exact time, but contacted Adam’s mother and he
was brought to the ward around 9.30pm. I presume this was the time I was told when the kidney
would have been arriving in Belfast.

(d)Followiﬁg receipt of the offer of the kidney for Adam, describe the process by which it was
brought to the RBHSC, including when it was collected and by whom

Following receipt of an offer of a kidney for Adam, I confirmed with UK Transplant that I felt the
match was acceptable for the patient and accepted it from the Transplant Service. The kidney would
then have been delivered to the renal unit in the Tower Block of the Belfast City Hospital so that
samples from the tissue could be cross-matched against Adam’s white cells on the BCH site where
the tissue typing laboratory is situated. Subsequently, when the decision to proceed with the
transplant was confirmed, the kidney was collected by the transplant surgeon and brought to the
Children’s Hospital.

(e) Describe when you first saw the ‘Kidney Donor Information Form’ (Ref: 058-009-025) and in
what circumstances

I cannot say precisely when I first saw the kidney donor information form, The information on this
form is usually checked by the transplant surgeon and the transplant co-ordinator, It is for them to
complete. I note this form is signed by the transplant co-ordinator Ms Eleanor Donaghy.

(f) Describe when you first saw the ‘Transplant form’ (Ref: 057-007-008) and in what
circumstances
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I have no recollection of when I saw the Transplant Form (Ref: 057-007-008), but most likely
following completion of the transplant in the intensive care unit.

(6) Answer to Question 2 at p.3:

“Adam’s mother had previously been given information about transplantation, In discussion she was
apprehensive in relation to such major surgery”

(a) Describe the information that had “previously been given ... about transplantation” to Adam’s
mother and when that happened

Information regarding renal transplantation was given to Adam’s mother prior to Adam being put
on call on the national database and before his tissue type was analysed. Patients would not be
registered on call for a kidney transplant without the express consent of parents. The nature of the
transplant process, the need for the tissue typing, for a cross-match if a kidney was offered and the
fact that this was major surgery, including the risks of such surgery and of anaesthetic, would have
been explained. Ms Strain was always understandably anxious when Adam required further
surgery, bearing in mind, the number of times he had been to theatre. I believe she was
apprehensive in relation to such major surgery because of previous experience and because she
recognised the potential risk to his life. I am satisfied that she weighed up these risks against the
potential of a successful transplant giving Adam a normal life. Whilst I cannot now specify the
exact dates when discussions took place, Adam’s mother had a close relationship with the renal team
and discussions about transplantation took place on many occasions, She would have been
provided with a Transplant information book, as was usual practice. A copy has previously been
provided to the Inquiry. ‘

{(b)Following the offer of the kidney for Adam, state when you first alerted Adam’s mother to
the offer of a kidney that had been received on 26t November 1995 and:

» what information you gave her about the surgery, its risks and the source of those risks
» when you provided her with that information
= her response

1 alerted Adam’s mother to the offer of a kidney when I had received this information from the UK
Transplant Service. I asked her to bring Adam to the ward as she was willing to proceed with the
transplant so that we could initiate the appropriate investigations, including a tissue cross-match. I
have not recorded the exact information which I gave to Ms Strain on 26 November 1995. To my
recollection I would have informed her that it was an adult kidney which the transplant surgeon
planned to use. It is likely I informed her that a paediatric surgeon would also be involved in the
surgery who had knowledge of Adam’s previous surgery who would therefore be available instantly
during the transplantation procedure, I would have explained that we needed to cross-match several
units of blood because of the risk of blood loss during surgery so that this could be replaced if
necessary. I would have explained the need for the change in his normal overnight feeds so that his
stomach was empty at the time he received his anaesthetic and also the plan to give him some
intravenous fluids once tube feeds ceased until such time as he got to theatre. I do not remember in
what detail I discussed the risk to Adam’s life. I believe we both understood there was such a risk
and hoped and expected he would come through the procedure successfully. Ms Strain
subsequently signed the consent form for us to proceed when we knew the tissue cross-match was
satisfactory but understandably was worried about her son undergoing major surgery.

{c) State what information regarding consent was given to Adam’s mother and when the form
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‘Consent by Parent or Guardian Form II Operations on Children’ (Ref: 058-039-185) was
signed by:

= Adam’s mother
* you

The consent form was signed on 27 November 1995. The exact time has not been noted. See (6 b)
above,

(7) Answer to Question 2 at p.2: See comment above

“Standard pre-transplant checks were performed including assessment of hydration, temperature,
blood pressure, chest examtination, blood crossmatch, biochemistry screen, a full blood picture,
coagulation screen and a virological check of his blood”

(a) Describe and explain the times at which you were in the RBHSC on 26t and 27th November
1995

I do not remember exactly the times at which I was present in RBHSC on 26 and 27 November 1995.
However, I went to the hospital to meet with Adam and his mother around 9,.00pm and I believe I
was in hospital until the result of the tissue cross-match was available in the early hours of the
morning, Again, I do not know the precise time, but expect that it was around 1.00-2.00am. After
discussions with the surgical and anaesthetic team, the decision was made to commence Adam’s
transplant first thing in the morning at 6.00-7.00am, I returned home for a few hours sleep before
returning around the time that Adam went to theatre, probably arcund 6.30am. I believe I was then
in the Children’s Hospital until my colleague Dr O’Connor relieved me around 9.00am. I remained
at the Royal Hospital site at my University office until I was contacted by Dr O’Connor on Adam’s
return from theatre when it was realised he was extremely ill. I immediately returned to the
Children’s Intensive Care Unit, and I remained there for the rest of the day.

(b)Explain the reference to “standard” in relation to those “pre-transplant checks”

The standard pre-transplant checks are those outlined in the transplant protocol which has
previously been provided to the Inquiry.

(c) State who requested those “pre-transplant checks” and who carried them out

These pre-transplant checks were requested by myself and carried out by Dr Cartmill, and Dr
(O’Neill, the SHO, who were on duty that evening and overnight.

(d)State the arrangements that existed at the RBHSC at that time for carrying out and receiving
the results of laboratory tests “after hours’

In relation to laboratory tests, blood samples would have been obtained by a doctor and taken to the
appropriate laboratory, along with the request forms, by a porter. Results of the tests would be
phoned to the ward and recorded by the doctor who received them in the patient’s notes.

(e} Explain the arrangements you made to have those “standard pre-transplant checks” carried
out, including the identity of the person responsible for carrying them out

I provided a copy of the renal transplantation in small children protocol for reference by the junior
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doctors involved, Dr Cartmill and Dr O’Neill, and requested that they carry out the appropriate
investigations. Subsequently I checked that these had been performed.

(f) State who carried out each of those pre-transplant checks including for Adam’s weight

The checks were carried out by myself and the named junior medical staff. Adam’s weight was
measured by nursing staff and recorded in clinical note (058-035-131).

(g)Explain the source of the weight that you recorded for Adam (21kg) in your note (Ref: 059-006-
011)

Adam’s weight is recorded on document 057-012-016 as 20.2kg in the weight chart prior to overnight
feeds but as 20.9kg in clinical notes on 9 November 1995. Calculation of surface area is based on
weight and height measures, The weight of 21kg is an approximate weight used simply to make a
calculation of surface area {m?) from a nomogram, This surface area calculation is then used to
determine drug dosage when appropriate.

{h)State when and by what means you received the results of those “standard pre-transplant
checks” including the serum sodium result

The results of Adam’s blood tests are recorded in his notes on 26 November 1995 at 11.00pm (058-
035-144), I would have received these investigations at that time or shortly afterwards. I have made
a note on the early hours of 27 November 1995 (058-035-133) at the time when the cross-match result
became available. On that note I have said his electrolytes were satisfactory but should be repeated
first thing in the morning. I would have been aware of the serum sodium result at that time.

(8) Answer to Question 2 at p.3:

“I contacted our operating theatre, the consultant anaesthetist on call and the trausplant surgeosn on
call to alert them to the possibility of a transplant operation and the nature of Adam’s condition”

(a) Describe the arrangements that you made in terms of securing an operating theatre for the
transplant and putting together the anaesthetic and surgical teams including;

» the identity of each of the persons that you contacted and when you contacted them
* when the teams were agteed of Dr. Robert Taylor and Dr. Terence Montague as
anaesthetists and Mr. Patrick Keane and Mr. Victor Brown as surgeons

The arrangements for securing an operating theatre for a transplant involved contacting the senior
nurse in theatre and alerting her to the fact that a possible renal transplant might occur in several
hours, and from whom the Consultant Anaesthetist would be identified. The Anaesthetist was
contacted to alert him again to the possibility of a renal transplant and confirm that he was willing
to undertake an anaesthetic for that surgery. On this occasion it was Dr Bob Taylor. From the
surgeon on call list for renal transplants held in the Renal Unit in the BCH, the transplant surgeon
was identified. On this occasion Mr Patrick Keane confirmed that he was available and willing to
carry out a paediatric transplant. Ideally, the presence of a senior paediatric surgeon who could be
present and assist with the transplant is required. On this occasion, Mr Stephen Brown agreed to
assist Mr Keane. I cannot say exactly what time these arrangements were finalised on the evening of
26 November 1995. I had no part in involving Dr Terence Montague.

(b)Describe the arrangements that existed in the RBHSC at the time for, out of hours, securing
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an operating theatre and putting together a team (including nurses) for paediatric renal
surgery

The arrangements are essentially as described in (8 a). The theatre sister or charge nurse is
informed. The anaesthetist on call is informed, the surgeon on call is informed and a surgical
assistant is identified. This team then take forward arrangements for the surgical aspects of the
transplant,

(9) Answer to Question 2 at p.3:

“After detailed telephone discussion of the complexity of Adam’s case the swrgical and anaesthetic
teamn decided that ... a planned transplant operation should commence at 7am, 16 hours after the
kiduey had been donated.

I was satisfied with his haemoglobin at 10.5g/dl and witl his electrolyte status with a sodium of 139
mmol/L. and a potassium of 3.6mmol/L. His dialysis was petformed as normal although the duration
of the dialysis was, of necessity, shorter than usual.”

a)} Explain what you meant by the “complexity of Adam’s case”
(a)Exp y y plexity

Adam was a child who had been ill from immediately after his birth. He had undergone 20 surgical
procedures, The anatomy of his urinary tract following these procedures was unusual, for example,
one ureter was cross connected to the contralateral ureter with both draining together through the
distal part of that ureter into his bladder. He had had several previous urological operations in
relation to his bladder and renal tract. He had had several previous intravenous lines inserted via
neck veins. He had a gastrostomy for feeding purposes in his abdominal wall, was on peritoneal
dialysis with a dialysis tube placed in his abdominal cavity, and was completely tube fed and drank
or ate virtually nothing. He had polyuric renal failure and a high urine output but poor urinary
concentrating ability and required special feeds to maintain fluid and electrolyte balance. He had
suffered recurrent urinary and other infections. His was therefore a complex case,

(b)Describe the matters that were discussed during your “detailed telephone discussion” and
state when and with whom in the surgical and anaesthetic teams that discussion took place

I do not have a definite memory of the exact time when I had telephone discussions with Dr Bob
Taylor, Consultant Anaesthetist, and Mr Patrick Keane, Consultant Surgeon on the late evening and
early morning of 26 and 27 December. Discussions with Dr Taylor would have been in relation to
Adam’s previous medical history and his diagnosis of obstructive uropathy and polyuric renal
failure. His previous urological history, his multiple previous anaesthetics and operations and the
fact that he was fed by gastrostomy with a high calorie Nutrison feed which was required to be
delivered in high volumes of 2.1 litres daily. I would have informed Dr Taylor of Adam’s current
medical condition, his size, level of nutrition and difficulties with venous access. This discussion
led to the development of a plan for his fluid management prior to the surgery, essentially changing
from a high density Nutrison feed to clear fluids that would empty from his stomach more rapidly,
and the need to discontinue all feeds two hours before surgery (see question 10 a}. I would have
informed Dr Taylor of his current electrolyte and urea status and agreed the need for a further blood
sample immediately before surgery if the transplant operation was delayed overnight.

My discussions with Mr Keane would have been to explain to him the nature of Adam’s previous
surgery, including the current anatomy of his utinary tract with two ureters draining by a single
lIower ureter into his bladder and the fact that he had had major urological surgery before. I would
have informed him of the situation with a polyuric renal failure, the nature of the tissue type match
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and any knowledge I had of the anatomy of the donor kidney from my conversations with the UK
Transplant Service. Discussions with Mr Keane also would have involved the choice of time for
taking Adam to theatre and arranging for Mr Keane to have a Consultant Paediatric Surgeon to
assist him during the operation who had a substantial knowledge of Adam’s background surgery
and complexity.

(¢) Describe what information was available to you on Adam’s haemoglobin and electrolyte
status at the time of that “defailed telephone discussion”

The results of Adam’s blood tests following admission, including his haemoglobin and electrolyte
status would have been available at the time of the detailed telephone discussion,

(d)Describe your involvement in any of the actions that were taken after Adam’s IV cannula
tissued at 2.00am on 27" November 1995, including;

= the increase in fluids through his gastrostomy from 180mls/hr to 200mls/hr
* the continuation of fluids through his gastrostomy until 5.00am on 27 November 1995

I was informed by phone that venous access was no longer available to provide intravenous fluids
after returning home at 2.00am on 27 November 1995, When repeated attempts failed, the
Anaesthetic Senior Registrar (Dr Terence Montague) was contacted for assistance, Adam was very
distressed and after consultation with Dr Taylor, the Consultant Anaesthetist, they agreed to make
no further attempts (093-037 Witness Statement). I advised an increase of the fluids through his
gastrostomy tube to compensate for this. I advised 200mls per hour was the maximum we should
deliver in order to avoid vomiting from over-filling Adam’s stomach. It had been agreed with the
anaesthetist that no fluid should be given through his gastrostomy for 2 hours before going to
theatre. I would have communicated this to the ward nursing staff.

(e) Explain when, by whom, and in what circumstances, it was agreed that Adam’s surgery
would take place at 7.00am as opposed to the 6.00am originally included by you in his records
(Ref: 059-006-011)

The decision to postpone Adam’s surgery from the time when we knew that his cross-match was
suitable to early morning on 27 November 1995 was agreed between the surgical and anaesthetic
team. I understand that the rationale for an early morning start was so that surgeons, anaesthetists
and nursing staff were fresh starting a day’s work rather than finishing a shift. The surgical and
anaesthetic consultants believed that this was a safer option for the patient. I do not know why
there was a change from 6.00am to 7.00am,

(f} Explain the basis upon which you, the surgical team and anaesthetic team calculated that
carrying out Adam’s surgery at 7.00am would constitute 16 hours after the kidney had been
“donated”

I now believe the statement that Adam’s surgery would be 16 hours after the kidney was donated is
incorrect following my review of his notes recently. It is now clear to me that the kidney was
removed at 01:42 on 26 November 1995 as recorded on the Kidney Donor Information Form (Ref:
058-009-027) on 26 November. This is a 24 hour clock recording. In my previous statement I have
suggested 16 hours. I had not remembered this detail and assumed the kidney had been donated at
1.42pm.

(g)Describe the changes that were made to his dialysis in the light of it being “of necessity,
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shorter than usual”

The change made in Adam’s dialysis regimen was that he had fewer cycles of the peritoneal dialysis

because it was discontinued and his abdomen drained prior to going to theatre. Since peritoneal

dialysis is carried out on a daily basis, it slowly alters blood biochemistry and it was not expected to
.make a major difference to his condition.

(h)State the time when Adam’s dialysis was completed

Adam’s dialysis was completed before going to theatre. There is no precise time available from his
notes,

(10) Answer to Question 2 at p.3:

“I discussed Adam’s underlying diagnosis, his past medical history and current management of his
condition in terins of dialysis and fluids with Dr. Taylor so that he was aware that Adam normally
received 2.1 litres of fluid each day, 1500 ml of which were usually given overnight and that I
estimated that his urine output each day was 1200-1500m1”

(a)Describe when you had that discussion with Dr. Taylor and what you fold him about
“Adam’s underlying diagnosis, his past medical history and current management of his
condition in terms of dialysis” including the concentration of Adam’s electrolytes following
dialysis

I had a long phone call discussion with Dr Taylor, the precise time of which I do not remember, but
was most likely late on the evening of 26 November 1995. I would have discussed his underlying
diagnosis of renal failure due to obstructive uropathy, his previous urological history and the fact
that he had had multiple previous anaesthetics and operations, both to his renal tract in relation to
his gastrostomy feeds, and for central venous access. I would have discussed his current dialysis
and fluid regime, including his need for a high fluid intake via gastrostomy each day because of his
polyuric state, I would also have discussed the difficulties on occasions with his fluid and sodium
balance, and also his history of recurrent urine infection. I would have informed Dr Taylor of his
current status in general medical terms and of his size and level of nutrition. Discussion regarding
his normal overnight fluids (1.5 litrtes Nutrison), led to an agreed plan for an alternative pre-
anaesthetic regimen,

As far as I remember, I had discussions with the anaesthetic team at the time of Adam’s transfer to
theatre to include, reviewing his evening electrolyte results, the fluids he had received overnight
and the fact that his venous line had tissued so that he had not received some of the intravenous
fluids as planned and that it had not been possible to obtain a blood sample so a pre-theatre
electrolyte measurement was still outstanding,.

(b)State the source of the information that you relied upon in providing that information to Dr,
Taylor '

Adam’s notes was the source of information relied upon to provide information to Dr Taylor in
relation to Adam’s elecirolytes and fluid balance overnight, I was aware from my close involvement
with Adam, that he normally received 2.1 litres of fluid each day and this is annotated in his clinical
notes and in a summary made by Dr O'Connor on 9 November 1995 (058-035-143), His 11.00pm
blood results would have been available to me,
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(c) Describe the basis upon which you calculated that “Adam normally received 2.1 litres of fluid
each day”

See (10 b) above

(d)Describe the basis upon which you estimated that his “urine output each day was 1200 -
1500miIs”

The estimate of Adam’s urine output was based on the fact that he received 2.1 litres daily.
Insensible loss was based on the formula 300mls/m?day. The ultrafiltration loss from his dialysis
was around 400mls daily, Therefore, if he received 2.1 litres (2100mls) and lost 700mls by these
means, one would estimate that he passed perhaps 1400mls of urine, Also, as on occasions he might
vomit or not receive the full 2.1 litres, we estimated a range of urine output between 1200-1500mls.

(11} Answer to Question 2 at p.3:

“Tnt consultation with Dr. Taylor it was decided that he [Adam] should have clear fluids overnight by
gastrostomy tube rather than his normal Nutrison feeds ... to stop two hours before going into theatre

. I discussed Adam’s underlying diagnosis, his past medical history and the current management of
his condition in terins of dialysis and fluids with Dr. Taylor ... It was planned that Adam would
receive intravenous fluid (75ml/hr) and have his blood chemistry checked before theatre”

(a)State whether Adam’s normal gastrostomy feeds were Nutrison or Nutrizone - see for
example: “His night gastrostomy feeds are normally 1.51 of Nutrizon” (Ref: 011-015-109)

Adam’s normal gastrostomy feeds were with Paediatric Nutrison. ‘Nutrizon’ is a spelling error,
(b)State when that plan for Adam’s pre-operative fluids was decided with Dr, Taylor

The plan for the type of Adam’s pre-operative fluids was decided with Dr Taylor during our
telephone discussions on the evening prior to his transplant,

{¢) Describe in full the plan for Adam’s fluid management that you decided with Dr. Taylor and
the basis upon which it was formulated, including;

» the precise content of the “normal Nutrison feeds”

» the precise content of the “clear fluids” that were to be given in substitution for the
Nutrison and the total quantity that it was planned Adam would receive prior to the
commencement of his surgery

* the basis for the calculation that “Adam should receive intravenous fluid (75mi/hr)” after his
“tube feeds” were discontinued

= the precise content of the 75ml/hr intravenous fluids that he was to receive

= the purpose of administering both the “clear fluids” and the “intravenous fluids” in terms
of hydration and nourishment '

= the total amount of all fluid that Adam was to receive prior to his transplant surgery and
the matters taken into consideration in determining that total

The precise content of the Paediatric Nutrison feed is given in Appendix 1. The precise composition
of Dioralyte is also given in Appendix 1. It was planned to correlate with Adam’s overnight intake
volume of fluid to most of that which he would normally have received, ie. 1.5 litres. This was the
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basis for the calculation of the intravenous fluids at 75mls per hour after the tube feeds were
discontinued. Calculating retrospectively as follows: clear fluids by gastrostomy feed for
approximately 6 hours at 180mls/hr would give 1080mls. Intravenous fluids at 25mls per hour for 6
hours would give 150mls, When the tube feeds were finished 2 hours of intravenous fluids at 75mls
per hour would give another 150mls. Thus, over a 6 hour period Adam would have received 1380mis
total fluid.

The precise content of the 75mls per hour intravenous fluid was that it was an N/5 (0.18%) saline in
4% dextrose which was the standard replacement intravenous fluid in use at that time,

The purpose of administering both gastrostomy clear fluids and intravenous fluids was so that his
stomach was not over-filled to avoid the possibility of him vomiting some of the fluid and also to
ensure that the intravenous line stayed open and was still functional at the time of his transfer to
theatre.

(d)In formulating that plan with Dr. Taylor, state:
= what information you had about Adam’s clinical condition (including his urine output) and
biochemistry
s identify the source of that information
= explain how that information was factored into the plan

The information which was available regarding Adam’s clinical condition included the electrolyte
measure at 11.00pm and our previous knowledge and calculation of his daily urine output at 1200-
1500ml. The electrolyte result at 11.00pm on 26 November 1995 is recorded at 058-035-144. This was
factored in and described in 11 c) above.

(e) Explain the effect of Adam receiving 952ml of clear fluid after admission instead of his
normal 1.51 Nutrison feed including:

the effect on his hydration status and electrolyte balance

whether this meant he was 550ml in deficit

if so, how quickly such a deficit needed to be restored to keep him safe

the time difference between IV fluids and oral fluids affecting circulating blood volume or
hydration generally

The effect of receiving 952mls of clear fluid after admission rather than the usual 1.5 litre of
Nutrison feed and a small volume of intravenous fluids (58mls) meant that Adam was in relative
deficit of 500mls compared to previous days. He would therefore have been less well hydrated than
usual and it is possible that this may have resulted in some degree of haemoconcentration which
would have the possible effect of increasing his serum sodium concentration. In normal
circumstances this deficit would have been addressed by replacing the deficit by extending his tube
feed at 200mls per hour over 2-3 hours,

My understanding was that once Dr Taylor established IV access in theatre, a blood sample for
electrolytes and urea would be drawn and the fluid deficit corrected by IV infusion. Subsequently,
a maintenance infusion at 85mls/hr would be required to equate with the normal daily intake of
2.1L.

Clearly, from a surgical viewpoint addressing the deficit was important in order to have good
intravascular volume prior to removal of the vascular clamps when a kidney transplant is
performed. At that point a volume of blood is lost to the circulation into the transplanted kidney.
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This situation is monitored intra-operatively and related decisions taken between the anaesthetist
and surgeon. Other measurements taken into account would include the patient’s blood pressure
and central venous pressure (CVP). Addressing the deficit over 2 hours would seem to be
reasonable as it generally takes this length of time at least before vascular clamps are released to
initiate perfusion of the kidney. Rapid intravenous fluid corrects circulating blood volume almost
immediately, The same volume given orally would be much slower in producing this effect.

(f) Explain your role in ensuring that the agreed plan for Adam’s pre-operative fluid
management was executed and the extent to which you expected to be informed about any
difficulties with its execution

My role in ensuring that the agreed plan for Adam’s pre-operative fluid management was executed
was to ensure that the fluids were prescribed by junior staff. I always instruct junior staff that if
there is any difficulty whatsoever I should be informed immediately.

(g) Explain the reason for and significance of the plan to have Adam’s “blood chemistry checked
before theatre”, including your note in Adam’s records “electrolytes satisfactory - should be
repeated first thing in the am” (Ref: 058-035-133)

There was an instruction to repeat Adam’s blood chemistry before going to theatre. This was
because there was an alteration in his normal overnight fluid management and I wanted to be sure
this had not adversely affected his electrolyte status prior to surgery (Ref: 058-035-133).

(l)State at what time you made the note and on what basis

I have not recorded the time when I made this note but I believe it was after the formulation of the
fluid plan and alse after the time when we were aware that the cross-match was favourable and
therefore probably at 1.00 or 2,00am.

(i) State whether you were advised about any difficulty in implementing that plan and describe
what happened, including:

» who contacted you

» when you were contacted

» the nature of the difficulty

= what was to be done about it

I do not remember who contacted me to tell me that the intravenous fluid line had tissued or what
precise time that had happened, but I did instruct that the gastrostomy feed volume was increased to
compensate for the loss of the intravenous fluid line. I further informed Dr Taylor, the Consultant
Anaesthetist, of the difficulty with the intravenous fluids overnight when we met at the time of
Adam’s transfer to theatre. He had already discussed this situation with Dr Montague, his Senior
Registrar overnight (093-037-113).

The plan then agreed with the anaesthetic team was that a blood sample for electrolyte and urea
estimation be sent to the laboratory once IV access was established in theatre and the fluid deficit be
corrected intravenously.

1 was not made aware that a sample was not sent or of the serum sodium of 123mmol/L. on the gas
machine, which if accurate, indicated a significant fall,
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{j) Identify the medical Registrar on duty between 9pm on 26t November and 7am on 27t
November 1995

I am unable to do so.

(k)Explain the arrangements in which medical staff (clinicians and nurses}) were to inform
and/or contact a consultant during the after hours period of either concerns/changes relating
to the plan of care or management of a child

Medical staff with any concerns were told to speak to me directly were I still present in the ward, or
to telephone me at home so that I could issue instructions or if necessary return to the hospital.

() State at what time Adam’s preoperative fluids ceased

My understanding is that the venous line was lost at approximately 1.30am. Attempts were made to
re-erect the line but these were eventually abandoned due to the difficulty and the upset caused to
Adam, This decision was made after the Senior Registrar in Anaesthetics, who was contacted for
assistance, discussed the situation with Dr Taylor, the Consultant (093-037-113).

(12) Answer to Question 2 at p.3:

“The total volume he [Adam] received overnight was just under 1 litre”

(a) State the total fluids Adam received pre-operatively from his admission on 26t November
1995, including any fluids administered to provide his normal saline and sodium bicarbonate
supplements

Adam received 952mls of oral fluid and 58mls of intravenous fluid pre-operatively from his
admission on 26 November 1995. Dioralyte (60mmol/L) contains higher concentration of sodium
than Paediatric Nutrison (23mmol/L) to which saline was normally added. The broad calculation
was that the volume of clear fluid (Dioralyte) prescribed along with the intravenous N/5 (0.18%)
saline in 4% dextrose (30mmol/L) would supply approximately the same volume and amount of
sodium as he received usually overnight.

{13) Answer to Question 2 at p.3:

“I arranged to return to hospital early the following morning to be available for consultation if
required”

(a) Explain what was discussed, when and with whom about you returning to the hospital early
in the morning and being available for consultation

I have no recollection of who I told I would return to the hospital the following morning prior to

Adam’s transfer to theatre, but I would have informed nursing staff, junior medical staff and in
particular Dr Bob Taylor, the Consultant Anaesthetist.

{b)Describe what happened on your return the following morning, including:
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= the time of your return

» whether a consultation or discussions took place and if so with whom and to what end

= what information did you receive and from what source about Adam’s condition and the
execution of the plan that had been agreed the previous evening for his fluid management

= what role you had in the plan for Adam’s fluid management during the course of his
surgery

= whether you met with Adam’s mother and if so what you discussed with her about Adam’s
forthcoming surgery

When I did return the following morning, I had discussions with Dr Taylor regarding Adam’s fluid
management overnight and the deficit in his fluids compared to a normal 24 hours. I cannot say if 1
received this precise information from nursing or medical sources but confirmed the exact deficit
from reviewing his fluid balance charts. Dr Taylor and I had been informed that inserting a new 1V
line had been impossible,

I did not have a role in the plan for Adam’s fluid management during the course of the surgery,
other than to indicate that he was in fluid deficit at the start. Once his care was handed over to the
anaesthetic and surgical feam and they were aware of the situation as regards fluid balance and the
need for further electrolyte estimation, I was not directly involved in fluid management decisions. I
cannot be certain that I met with Adam’s mother prior to the surgery that morning or what I
discussed with her. It would have been my habit to talk to parents at this stage and inform them
that I would be in contact with the procedures in theatre and update them on how the surgery was
progressing over the next number of hours,

(14) Answer to Question 2 at p.3:

“On the morning of the 27 November I made myself available in theatre for consultation and
understood there were no early problems during the transplantation procedure. I reassured Ms. Strain
of this before undertaking some university duties and my colleague, Dr. Mary O’Connot, then made
herself available for consultation,”

(a)Explain what is meant by your reference to “made myself available in theatre” including
whether you were scrubbed, gowned and in the operating theatre

While it was not normal practice for a nephrologist to be present during a renal transplant, since we
are physicians rather than surgeons or anaesthetists, it was my habit to observe the procedure
intermittently and always be present close to the theatre for consultation should information be
required by the transplant team. I would have been changed into theatre scrubs but would not have
been gowned as an observer. Up until 9,00am at any time when I was in theatre, there were no
problems with Adam about which I was made aware or consulted. When I handed over to my
colleague Dr O'Connor and left theatre, I spoke to Ms Strain fo let her know the epidural was in
place and that things were proceeding slowly with no problems at that stage.

(b)Describe what happened whilst you were in theatre, including:

» when you arrived in theatre and when you left

» what consultation took place, which whom and to what end, including in respect of Adam’s
fluid management during the course of his surgery

» who was present in theatre
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I cannot say when exactly I arrived in theatre and when I left. I was not in theatre again after
9.00am., Any consultation in relation to Adam’s fluid management during the course of his surgery
was, most likely, between the anaesthetic staff, My involvement was prior to the surgery to alert the
anaesthetic team of the need for electrolyte estimation and the calculated deficit in his normal fluid
provision overnight. I cannot say who was in theatre other than my senior colleagues, ie. Mr Patrick
Keane, the Transplant Surgeon, Mr Stephen Brown, the Paediatric Surgeon, Dr Bob Taylor, the
Paediatric Consultant Anaesthetist, although I was aware there was another senior Registrar
Anaesthetist present as well as the nursing staff, whose names I do not know,

(c) State whether you were in the theatre at 9.32am when Adam’s serum sodium level was
recorded on a bloed gas machine at 123mmol, and if so describe what actien, if any, was taken
in consequence of that reading

I was not in theatte at 9.32am to the best of my knowledge and I was not made aware of a serum
sodium level on a blood gas machine of 123mmol.

(d)Describe the progress of the surgery at the time you left theatre and from which you
concluded that “there were no early problens”

To the best of my knowledge when I say there were no early problems when I left theatre at around
9.00am, this was on the basis of communication with the anaesthetic team and the surgeons present,

* (e) State when you spoke to Adam’s mother and describe what you told her as part of
reassuring her of the progress of Adam’s operation

1 spoke to Adam’s mother shortly after leaving theatre around 9.00am and reassured her that there
were no problems at that time which was the position then. It is worth stating that the first hour or
so in theatre is generally taken up with preparing the patient for surgery, including the positioning
of the epidural to provide anaesthesia, and establishment of appropriate arterial and venous lines.

(f) Describe the discussions you had with Dr. O’Connor about Adam’s condition and the
transplant before leaving to undertake some university dufies

My discussions with Dr O’Connor were to be sure that she was aware of the details of Adam'’s
condition, I was aware that she had summarised his past history a few weeks before for her own
information. I informed her of the fluid situation overnight and the fact that things seemed to be
progressing slowly but satisfactorily in theatre.

g2)Explain your opinion at the time as to why an x-ray of Adam’s chest showed signs of
y p y y &
pulmonary oedema postoperatively

My opinion at the time was that this indicated significant fluid overload. Signs of pulmonary
oedema following transplant surgery generally indicate that the patient is significantly fluid
overloaded. Of itself, this is a manageable problem, particularly in a patient who is being
ventilated, as the pulmonary oedema initially interferes with respiratory function and can be
compensated for mechanically and corrected with careful manipulation of post-operative fluids.

(15) Answer to Question 2 at p.4:

“Following the events surrounding Adam’s death Dr O’Connor and I revised the Renal Transplant
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Protocol to state that normal saline, plasma or blood should be used in theatre to raise central
venous pressure prior to releasing vascular clamps to perfuse the kidney”

(a)Explain the function of the Renal Transplant Protocol at the RBHSC

The function of the Renal Transplant Protocol at RBHSC is to provide guidance for all medical and
nursing staff involved with the care of children undergoing renal transplantation. The checklist on
admission provides an aid memoire for the information and investigations required prior to the
transplant. There is a section giving appropriate doses of immunosuppressive drugs and detailed
information relating to post-operative management, including the management of fluids, drug
treatment and rejection. A copy of the transplant guidelines are placed with the notes of every child
undergoing a transplant so that they are available to anyone involved in their care.

(b)Explain the particular ‘events surrounding Adam’s death’ that led to you and Dr. O’Connor
revising the Renal Transplant Protocol dated September 1990

The events around Adam Strain’s death, and particularly the finding that this was caused by
dilutional hyponatraemia, led us to review our Protocol to see if there was any guidance that we
could introduce to prevent this happening again. We expanded the Protocol with more detailed
guidance and included a nursing checklist for transplantation and a theatre checklist. Transplant
management and protocols evolve with experience, both within a Unit and as shared experience
nationally and internationally. In revising the protocol, we consulted protocols from other centres
in the UK. We wanted to ensure that our guidelines were up-to-date or improved to be consistent
with best current practice. We wanted to ensure that electrolytes were regularly monitored and that
there was some move towards the use of fluids with a higher sodium content perioperatively. The
aim of the revision was to improve patient safety,

(¢) Describe the differences between the Renal Transplant Protocol of September 1990 and the
revised Renal Transplant Protocol of September 1996 and explain the reasons for them

The differences between the 1990 and 1996 Protocols include, listing in the history which central
lines have previously been placed in the patient. In the investigation section, the BCH Tissue
Typing Laboratory’s phone number is included. A coagulation screen has been added to the list of
investigations. The detail of the virological screen to be performed is defined. Urine analysis for
electrolytes and urea has been added, as has an ECG if the patient is on anti-hypertensives,

In the pre-operative plan, at that stage Vancomycin was to be added to the peritoneal dialysis fluid
to reduce the risk of infection. Recommendations regarding the use of intravenous fluids during
pre-operative fasting are given, and there is a requirement that if the serum sodium is less than 133
the Consultant Nephrologist should be informed and also a requirement for a repeat serum
electrolyte and urea measurement at the time of going to theatre.

The theatre checklist sheet which was added also includes a space to record the pre-theatre
electrolyte and urea level, full blood picture and the results of the coagulation screen. In the theatre
section, recommendations include an assessment of hydration and a need for electrolytes and
arterial blood gasses to be performed 2-hourly during the procedure. There are recommendations
for the use of antibiotics and anticoagulants to reduce the risk of infection and thrombosis, the need
for a triple lumen central CVP line is defined, and also the need for an intra-arterial line. A dose of
Dopamine to improve renal blood flow is given, and the use of normal saline, plasma or blood in
order for the CVP to achieve a level of 8-10mmHg prior to the removal of vascular clamps is given.
In the post-operative management section, it is recommended that half normal saline with 2.5%
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dextrose is used as standard replacement therapy instead of the 0.18% saline with 4% dextrose (N/s
saline with dextrose) that had previously been recommended.

Also recommended is the use of normal saline or HPPF (which has a similar sodium content) or used
as bolus fluids to maintain or raise CVP and blood pressure.

In the observation section, recommendations for monitoring the CVP, blood pressure and urine
output are now described.

In the drug section, revised details of the immunosupypressive drugs dosage and administration are
given. Details of prophylactic drugs to maximise renal blood flow to prevent clotting and gastric
jrritation due to steroid treatment are given, The use of epidural anaesthesia as well as morphine is
suggested in the analgesia section.

In the post-operative investigation recommendations, the use of daily renal Doppler ultrasounds to
assess blood flow in the transplant kidney has been added. Daily urine U&E has been added as a
daily test. The Rejection Protocol has no major changes. The nursing and theatre checklists are
provided as appendices which list the need for a pre-operative serum U&E before going to theatre
and the need for a urine collection and urinary electrolytes. :

(d)Explain the process of and mechanism for the revision of such protocols at the RBHSC

These protocols are essentially guidelines since practice evolves with experience and the sharing of
best practice, for instance, when new drugs become available. When the consultant team believe
there has been a significant shift in practice or new information needs to be added, a revised
protocol is produced. This usually occurs every five years. In preparing revisions, practice in other
centres and published advice, for example: NICE Guidelines for Immunosupressive Therapy for
Renal Transplantation in Children and Adolescents (www.nice.org.uk/T'A099), are taken into
account. Generally, we would have access to recent protocols from other major centres for
comparison and indeed keep such protocols for cross reference,

(e)Identify the current Renal Transplant Protocol
The current Renal Transplant Protocol dated February 2011 on page 9 is provided in Appendix 2.

(f) Explain the basis upon which you revised the guidelines to include; “D/W Consultant if
Na<133. Repeat U/E at time of going to Theatre” (Ref: 00%/1. Page.5)

The revised guideline is in relation to alerting consultants to sodium levels less than 133 is to ensure
that this is not overlooked, but is analysed and investigated and the transplant team alerted. The
consultant would be concerned to identify whether there were any symptoms associated with this
level of sodium, whether it was a major variation in the serum sodium level and whether or not
there had been any rapid change. Repeat U&E recommendation at the time of theatre is to ensure
that the pre-operative fast and 1V fluids have not significantly altered fluid or electrolyte balance.

II QUERIES ARISING OUT OF YOUR DEPOSITION

With reference to your Deposition to the Coroner taken on 21st June 1996, please provide
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clarification and/or further information in respect of the following;

(16) State what is written in the handwritten amendment on the penultimate line of the first page
of your dep osition to the Coroner (Ref: 011-015-109), and the basis upon which that
amendment to your deposition was made

The amendment on the penultimate line of the first page is not in my handwriting. I do not
remember why this change was made. 1believe it says N5 saline dextrose’. This is the jntravenous
solution which Adam was receiving on that evening.

(17) “He [Adam] had a potential for a low sodiym which was being managed.”

(a) Describe and explain how Adam’s potential for g low sodiun” manifested itself throughout
the period between 26 November 1991 and 27 November 1995 when Adam was in your care

Adam’s potential fora low sodium on occasions during his life did not manifest with any significant
symptoms but was detected on routine blood tests. These are identified in his clinical notes on
several occasions in summaty flow sheets of his serum electrolytes. See answers undet 3 c), 4f) and

4g)

(b) Describe in what way the potential for g low sodium” was being managed during that
period

The potential fora Jow sodium managed by dietary means and supplements included saline
solution added to feeds, sodium bicarbonate supplements and was addressed with minor alterations
in his tube feeding regime and by attention to intercurrent illnesses such as urinary tract infection
and other causes of vomiting.

(18) “The majority of children with renal failure have similar problens concerning electrolyte levels.
Since Adan’s death these world be measured more frequently. 1 have discovered that it the UK
there have been 9 other deaths from an apparently similar cause though these have not beett

published ... The information about the 9 other deaths was told to e verbally later - it was not
published. #(Ref: 011-015-113)

(a) State when and in what circumstances you udiscovered that in the UK there have been 9 other
deaths from an apparently similar cause thougl these have not beent published ” and identify
the person(s) who verbally told you of them

The death of Adam Sirain was devastating to all of us in the renal team who had looked after him.
As aresult of this I discussed his case with many colleagues in the UK and indeed possibly further
afield at Nephrology meetings. Onone of these occasions, 2 colleague told me that they believed
there had been nine or ten other deaths from a similar cause. After these many years, 1 do not
remember who the individual was who informed me of this pelief. Subsequently, although there
have been publications related to death from hyponatraemia related to renal transplantation, and
most recently one from the Hospital for Gick Children in Great Ormond Street (Cansick et al,
Pediatric Nephrology (2009) 24:1231-34), 1 have been unable to find any publication that identifies
this number of deaths from dilutional hyponattaemia. Tt is possible this was a figure relating to
Furopean transplants as there were only 15-30 renal transplants per year in small children at that
time across the UK.
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(b) State in detail what you discovered in relation to the “9 other deaths from an apparently
similar canse” including the date of each death

This was an anecdotal comment quoted at the Inquest, I was unable to substantiate this and
consequently I am unable to give details such as you request.

(¢} Describe and explain any actions you took in relation to this “discovery”

As I have said, I endeavored to establish if indeed there were nine other similar deaths and was
unable to establish that this was the case and certainly not to my current knowledge in the UK.

(d) Document reference 060-018-036 states “... a mutimber of renal transplants complicated by
hyponatraemin leading to death in 10 (reported in May 1996)...”

= State whether you provided the information relating to “a number of renal transplants
complicated by hyponatraemia leading to death in 10 (reported in May 1996)”

= If 50, state to whom did you provide that information

= State when you provided that information

= State the reasons why you provided that information

*» Describe fully the circamstances and details of the “number of renal transplanis
complicated by hyponatraemia leading to death in 10 (reported in May 1996)” including the
date of each death

With reference to the document 060-018-036, I presume this refers to the handwritten addition to the
statement in my deposition to the Coroner mentioned under 18 b) above and I can only say that this
was anecdotal evidence, :

ITTI ADDITIONAL INFORMATION

(19) You stated in a letter dated 7™ June 1996 to Dr. G, Murnaghan “Information regarding the
Child’s Urinary Output Prior to Surgery...Urine output in incontinent children in nappies can
only be measured by inserting a urinary catheter” (Ref: 059-003-005)

(a) Specify the basis of that statement

Accurate measurement of urinary output in incontinent children can be best measured by inserting
a urinary catheter if this is deemed necessary. Measuring it by other means will be subject to error.
In recent years, we have made attempts to get a reasonably accurate measure of urine output in
these situations by measuring the weight of a dry nappy and then the same nappy when wet. With
accurate scales, a reasonable estimate of the urine passed into the nappy is possible. We also use
daily patient weights with accurate scales not to specifically measure urine output, but to detect
significant shifts in weight in relation to fluid therapy. Urine output might be estimated over a 24
hour period when weight remains static by calculating insensible loss based on a child’s surface
area and subtracting this and any other losses, such as that from ultrafiltration on dialysis from the
measured fluid volume input, I believe what I meant by this statement is that accurate urine
output without the insertion of a urinary catheter is difficult,

(20) Describe in detail the education and training that you received in fluid manageinent (in
particular hyponatraemia) and record keeping through the following, providing dates and
names of the institutions/bodies:
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(a) Undergraduate education

This is a virtually impossible question to answer. My undergraduate education was over 40 years
ago at Queen’s University Belfast and to describe in detail the training I would have received in
fluid management, and in particular hyponatraemia, dates etc is not feasible.

(b) Postgraduate education and training

My postgraduate education and training as a junior doctor took place in Northern Ireland between
1971 when I first qualified and 1976, during which time I was awarded the Diploma in Child Health
in 1973 and was successful in the examinations for Membership of the Royal College of Physicians
(London) in 1976. During that period and in studying for these higher professional examinations, I
would have received teaching and undertaken study in the management of fluid balance and
prescription, particularly for children, as all of my postgraduate training except for one year, was in
Medical Paediatrics. During that time I would also have received instruction and advice on record
keeping. Having become a member of the Royal College of Physicians, I continued my postgraduate
training at the Hospital for Sick Children at Great Ormond Street, where I was attached to the Renal
Unit. The following year, I moved to the Royal Manchester Children’s Hospital Renal Unit for
further experience and training in dialysis and transplantation. I was given a full accreditation as a
Specialist in Paediatrics in 1980 and in Paediatric Nephrology in 1981 by the Joint Committee on
Higher Medical Training. In 1989 I became a Fellow of the Royal College of Physicians of London
and in 1996, a Fellow of the Royal College of Paediatrics and Child Health. 1 was appointed
Consultant Paediatric Nephrologist and Senior Lecturer in Paediatrics in 1981,

() Hospital induction programmes

In the 1970s when I was undergoing postgraduate training in various hospitals in the UK, there were
generally no formal induction programmes.

(d) Continuous professional development

There were however regular weekly postgraduate training sessions and workplace education and
training when I gained knowledge and experience of managing fluid and electrolyte problems.
Since becoming a Consultant, I have regularly kept up my continuous professional development,
attending national meetings of the Royal College of Paediatrics, the British Association for
Paediatric Nephrology (of which I have been President), Paediatric Nephrology update courses at
the Institute for Child Health, University College London, and most years have attended scientific
meetings of the European Society for Paediatric Nephrology or the International Paediatric
Nephrology Association to ensure that my knowledge and understanding of my subject is current. I
regularly attend weekly clinical update meetings in the Royal Belfast Hospital for Sick Children. I
subscribe to and regularly read the British Medical Journal, The Archives of Disease in Childhood
and the international journal Pediatric Nephrology.

(21) Prior to 26t November 1995, describe in detail your experience of children:
(a) With hyponatraemia, including;
*» the estimated total number of such cases, together with the dates and where they took place

* the number of the children who were aged less than 6 years old
* the nature of your involvement
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= the outcome for the children

I cannot give any realistic estimate of the total number of cases of children with hyponatraemia in
whose treatment I was involved before November 1995. No records which would enable me to give
such information exist. Undoubtedly I did leok after children with hyponatraemia, possibly at
Great Ormond Street Children’s Hospital and at the Royal Hospital for Sick Children in
Manchester, and at the Royal Belfast Hospital for Sick Children. It is likely that I would have been
involved in management of such children in an advisory capacity, and to the best of my knowledge,
I do not know of any children whom I treated who did not recover.

(b)Undergoing renal transplants, including:

» the number of all such transplants, together with the date of each and where they took
place :

* the number of the children who were aged less than 6 years old

s the nature of your involvement

My experience with paediatric renal transplantation prior to November 1995 includes 22 children
who were transplanted at the Belfast City Hospital on the following dates: 12 November 1982,

15 July 1984, 20 May 1985, 21 September 1985, 4 December 1985, 6 April 1986, 24 June 1986,

14 August 1986, 27 October 1986, 10 December 1986, 29 April 1987, 6 February 1988, 30 August 1988,
7 December 1989, 12 December 1989, 25 December 1989, 20 April 1990, 19 September 1990, 27 April
1991, 8 July 1991, 3 February 1992 and 17 July 1993.

I was also involved in the management of renal transplantations in a further 9 children at RBHSC
on: 16 June 1990, 31 October 1920, 19 December 1990, 30 December 1991, 12 November 1992, 14 May
1993, 7 October 1993, 18 July 1994 and 9 April 1995.

This is a total of 31 transplants prior to November 1995, Only four of these children were aged
below 6 years. [ was the named Consultant in charge of the management of all these children.
When the transplants occurred in the Belfast City Hospital, surgery was carried out by adult
transplant surgeons. On some occasions, a Paediatric surgeon was also present. The day-to-day care
for the children pre and post transplant was my responsibility, although on occasions I did receive
cross cover from the adult Nephrologists while the children were in-patients in the adult renal
transplant unit. Only four of these children were under the age of 6 years as it would neither have
been appropriate nor feasible to transplant very small children in the adult unit and this was the
stimulus for commencing renal transplants at RBHSC.

(22) Identify any ‘Protocols’ and/or ‘Guidelines’ which governed Adam’s renal fransplant surgery
The Protocols and Guidelines which governed Adam’s renal transplant surgery have been provided
in Appendices 3, 4 & 5. The protocol in Appendix 3 is the RBHSC Protocol at that time. The

protacols in Appendices 4&5 were available for consultation.

(23) Identify and describe any standards or guidelines governing dialysis that were operating at
the time of Adam’s dialysis on 26t November 1995 and those currently in operation

I have been unable to locate dialysis guidelines from 1995. The standards and guidelines governing
dialysis are provided in Appendix 6.

(24) Identify precisely on Adam’s medical notes and records the entries that you made or which
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were made on your direction and state below:
(a)When each of the identified entries was made

As the single Consultant with overall responsibility for Adam Strain’s medical treatment and
management during the five years of his life, all the medical record entries made in his notes during
hospital admissions and at out-patient visits were made either by me or under my direction by one
of my junior colleagues. The exceptions to this will be entries made by members of the surgical
team, bearing in mind that he had 20 operations, and which are listed in a separate document
provided by the Belfast Trust. There are therefore many hundred entries spread across 10 sets of
clinical notes,

(b)The source of the information recorded in the entry
See (24 a) above

(25) Provide any further points and comments that you wish to make, together with any
documents, in relation to: ‘
{a) The care and treatment of Adam from his admission for the renal transplant surgery on 26t
November 1995 to his death on 28% November 1995

(b)Record keeping

(¢) Communications with Adam’s family about his care and treatment in respect of the renal
fransplant surgery

(d)Lessons learned from Adam’s death and how that has affected your practice
(e) Current ‘protocols” and procedufes
(f} Any other relevant matter

Adam had episodes of hyponatraemia prior to the events of 25-27 November 1995. These developed
and were resolved relatively slowly, usually by receiving oral tube feeds with added sodium
supplements, On such occasions he was asymptomatic and came to no harm.

Neurological complications of hyponatraemia generally occur when this develops acutely during
intravenous fluid treatment and when the serum sodium falls quickly and to an extremely low level
(Friedman and Ray, Pediatric Nephrology (2008) 23: 677-680).

The standard and accepted maintenance of intravenous fluid for children in 1990-1995 and for a long
time subsequently, was N/s (0.18%) saline in dextrose (Kannan et al, Pediatric Nephrology (2010) 25:
2303-2309).

The paper published by Arieff (British Medical Journal (1992), 304, 1218-1222) alerting the medical
profession to the possibility of hyponatraemia and death in healthy children receiving hypotonic
intravenous fluids perioperatively, eventually stimulated a reconsideration of IV fluid management
recommendations in children, which were developed 40 years before (Holliday and Segar (1957)
Pediatrics, 18, 823-832). None of the children in this paper had renal disease.
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Some children can only produce dilute urine because of renal disease including renal dysplasia;
most such children will maintain a normal plasma sodium on N/ (0.18%) saline in dextrose
(Coulthard, Archives of Disease in Childhood 2008: 93:335-340, pp 336). Adam was born with
dysplastic obstructive kidneys, and Jike many of today’s hospitalised patients, was complex.

Even with the developments since Adam’s case, these patients remain extremely difficult to manage
and fatalities still occur even in the best Centres (Cansick et al, Pediatric Nephrology (2009) 24:1231-
1234).

Debate and discussion around the best intravenous fluids for managing children, including clinical
trial studies (Kannan et al, Pediatric Nephrology (2010) 25:2303-2309) continues. The intense debate
resulted in the discontinuation of the use of hypotonic solutions such as N/5 (0.18%) saline in
dextrose in Northern Ireland, the UK and further afield (National Patient Safety Agency Alert, NHS
2007).

The renal team at the Royal Belfast Hospital for Sick Children uses only normal saline for
intravenous replacement of fluid deficit and N/zsaline in 2.5% dextrose for maintenance therapy.
We relate IV fluid choice to accurate fluid loss and urine electrolyte measurement. The choice,
volume and rate of fluid replacement is individually tailored using both scientific and clinical
judgment., We monitor the speed of change in serum sodium and electrolyte levels frequently, as we
have recognized this is as important a factor as the choice of fluid. Such frequent measures are
adopted both in the perioperative period and during transplant surgery.

Adam Strain’s death had a devastating effect on his mother Debra and her parents. When 1
explained to her that Adam would not survive, she asked even in the midst of her distress about the
possibility of organ donation. She had always been concerned that another child should not be lost
in similar circumstances,

Adam’s death had a profound effect on me and the team who had looked after him in the Children’s
Hospital in Belfast. The lessons gained from reviewing Adam’s care have now been incorporated
into our management of other children with renal failure.
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THIS STATEMENT IS TRUE TO THE BEST OF MY KNOWLEDGE AND BELIEF
A

Signed: N- n‘@' g)a,(/a\ﬁe Dated: (q‘(/“f"/”
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Note Reconetitte 1 aschet with 200 mL of water {rashly

boiled and ¢ocled far Infants); 5 zachets when roconsti- -

e} ord! bicarbonate’

Sodium bicarbonnte iz given bymuuxh for' chranic addcacmn: such as wracx
acidosis or renal ubular-acidosis, The dose for correction of metabolic acidosis

not

_. Tsmmaol/lire)

MWHO formulation

m
%.2
.§.
u\
5.
2
i
&

- chlorde 1.5 sodivm cltrate 2.8 g, anhydroua gh ) el 3} y or to
co3e 135, To be dissolved In sufficient water 3] h is not poasﬂ)le or desirable, to pse

(provi ol ) intravenous
ml lgluesfmmdlfndg:;‘txz Zg mmol, gucosc administration i not possihle, Buld (33. S‘Jd“’md’bnde 0.9% or glucose 5%) can
also be given sub by hyp

"M,Mmdwm WHO and g.., u.,;.,d Maitio v Incandndividyal patient the nature and severity of' tha elx:cnrolyte imbalance must

not commonly uset . .. he assessed from the hls’coryand r:hmcal and biochemica) exumination, Soditm,

Co ium, chloride, 2, dnd water deple

and i comlmmhor\ w1th \mthaut R m af acideh: ) for
fe to thquse "of 1 wry and hosphate séesechon 9.5,

Isotonlvsolutions may.be infuspd: safely into.a penphcml vdn. Solutions more

soncentrated than plasms, for example 15% giuucse, are best given through an
indwelling catheter positioned in a largevein:, | - . o
mchﬂdrmmusunﬂydme from the

st bo d. For severe

.o 'mhcrd.rugsornlly L

and the.
sodium bicailionate can be given inﬁ'xvenuu.;ly (scchcn 9. 2) ]
Sodium: sgp&lmnems may increase blood pressure or cause, ﬂuid retenhon J}»
pulmana?yoedunninﬂxqse atrisk b C
. Sodmpx bicarbonate may aﬂ‘ent the srabihty “or absorphon. .of other drugs
administered at the same Limo. prnm‘bie allow 1 huun: ‘before administerin,

boliz acidosi R - <

. using. o mndnrd so]u:mn of sodiom
... chloride and glugases Solutions; containing 20 mmol/Jitre of, petassium chlodde
¢ meet usual potassium requirements when given in-the suggested volumes;

. - ) ddm i assocatid wﬂi PRI . aq;usﬂnmmmaybemededﬂthemisaamabmywexmﬂmdsordchm
some renal m‘nular and gastro-d - itrmnyba . R rennl-less or h extra-venat Josses. The-exact requirements
) . el agh & o dcﬂ‘&méy should b &ependupcnthemmo[ﬂm calsrhmhmandtypwcﬂosesmnmd.m

' " mnnngedbymh‘avawus L’nempy, - Caution op, ditations] hyponatracrpia below:

Ml 50D1UM BICARBONATE

Cautions see'noia: abave; nvoﬂ.dinh’.sp:nnury -

*Sodlum Blcarbonate (Non-proprictary) . g . | 10-20kg-

Fiuid requirements

Hody-walght 24-hour Ruld e
“Under20kg - o' 100mbfkg

7 "100midke !ofMﬁrsnu‘kg
Ui

Capsules, sedhum blearbonate S00mg (Gpprox.
. Gmmol ench of Nu* and HCO,y), net. prise SB-oag
pack = £13.07

00mLKg ot the it 10 )q

Tablets, sodinm himhanuha &lﬂmg.mt prioe 'I ¥ ’ Over 20kg W . .
1bs = £2.48 : . L. P 4-50ml.fquor cach 1kzbnﬂy—welgmb:twoeu 10—20ks
mr"&"‘m”m"ixmkwﬂmwm o . * 20 mUJKg for each 1'kg body-welghtiover 20kg
apocial occarionally imparting o - i v Tmat 2btres Ivfomales, 2.59tes In malagy’~
d numpnn]u.senpﬂ{: nd the strength of zadhum ? .o - e - :
R RS s ousdontwprnapien YR, . cneniTeteeied (30 ogfunes o i o bl dhowe dumitho afoued i o

poolq pue uoppiny AN
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APPENDIX 2
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RBHSC RENAL TRANSPLANT GUIDELINES

UKT will phone the on-call Consultant Nephrologist with kidney offer (call will go to Barbour Ward - 028
90636621 or 028 90633398).

Consultant will ring parents (phone nos in dialysis room red box).
Recipient co-ordinators available office hrs - office 028 90263846, bleep 07623 652169 via BCH switch,
(Dolores Elliot, Sharon McCarron, Pamela Stronge).

Kidney will arrive to Ward 11T (Transplant) Belfast City Hospital (028 90263652). Transport organised via
UKT and BCH Transplant Ward (Consultant may need to liaise).

CHECK LIST ON ADMISSION
A) HISTORY
BSA (see nomogram) =
Pre transplant urine output mls / 24houts
Pre transplant fluid allowance mls / 24hours

Underlying diagnosis

Urological problems

Bladder Function

Recent contact with infectious diseases
When last dialysed

Vaccination history

CMYV status donor/recipient

Cytotoxic antibody status

Tube feeds - what and how much
What central line sites used previously
List drugs (consultant will probably stop anti-hypertensives and non essentlal drugs such as Alfacalcidol and
phosphate binders)

B) EXAMINATION

~ Clinical examination to establish fit for surgery
State of nutrition

State of hydration

BP

Catheter exit site appearance
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C) INVESTIGATIONS (insert peripheral cannula at same time)

Clotted sample - Sml by Hospital transport 7111-6402 (come to dialysis room at back of Barbour Ward) to
Ward 11T (Transplant), BCH for tissue typing X-match (tissue type lab 028 90263846 or via BCH
switchboard 028 90329241).

FBP, DWCC, coagulation screen

U/E, creatinine, Ca, albumin

Group and X-match 4 units CMV -ve blood

Virology for up to date CMV and EBV (IgG). Check notes for other virology

Skin swabs -nasal, perineum or groin, exit sites e.g. gastrostomy or dialysis line (for LRD should already be
performed-check result. May need decolonisation)

PD fluid and urine for culture

Urine for U and E

CXR

ECG if on anti-hypertensives

PLAN:-

Fast and consent
Shower
Dialysis if k+>5 mmol/L
Fluid management to be determined by Consultant Nepmologlst
If prolonged fast - maintenance IV fluids (give insensible losses (= 300 ml/m*day) and output usually
as 2.5% dextrose 0.45% sodium chloride solution
D/W consultant if Na < 133, Repeat U/E at time of going to Theatre
CHECK CMYV Ig G STATUS and order Valganciclovir if indicated (for post-op use).

Il

;-

DONOR | RECIPIENT ACTION
posifive | negative valganciclovir
positive | positive valganciclovir
negative | positive valganciclovir
negative | negative No treatment

Valganciclovir should be taken with food. The dose is calculated as below  (Vaudry et al, 2009). The
dose should be administered orally once daily and therapy should begin within 10 days of
transplantation and continue until day 100 post-transplantation.

Formulation: 250 mg in 5 mls, 450 mg tablets.

Dose (mg) =7 x BSA x GFR (Schwartz formula) - Maximum dose 900mg daily.

GFR = Height (cms) x40 / creatinine.
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IMMUNOSUPPRESSION PRE OP

1. TACROLIMUS

0.15 mg/kg as a single oral dose 1-4 hrs pre-operatively.
For LRD dose 20.00 hrs night before and 08.00 on day of transplant.

2. MYCOPHENOLATE MOFETIL (MMF)

day 1-14 600 mg/m” twice daily orally or iv
(max adult dose 1000 mg twice daily)
" after day 15 300 mg/m” twice daily orally

Single oral dose 1-4 hrs pre-operatively. For LRD dose 20.00 hrs and 08.00.

3. BASILIXIMAB

2" TRANSPLANTS, THOSE AT HIGH RISK OF REJECTION OR BARDET-BIEDL
SYNDROME PATIENTS MAY RECIEVE ON CONSULTANT DECISION BASILIXIMAB

Basiliximab (Simulect)

Dose: patients will be given two infusions of Basiliximab.
< 35kg: 10mg infused on Day 0 within 2 hours prior to surgery and on Day 4 after transplantation
> 35kg: 20mg infused on Day 0 within 2 hours prior to surgery and on Day 4 after transplantation

Reconstitution & Administration

Simulect is provided as a vial containing 20mg Basiliximab powder + ampoule of water for injections.

Add 5ml water for injection to the vial containing 20mg Basiliximab powder.

Shake the vial gently to dissolve the powder. After reconstitution the solution should be used immediately
(at least within 24hours if stored in a refrigerator).

The reconstituted solution is isotonic and must be further diluted:

10mg dose must be diluted to at least 25 mls (20mg to at least 50 mls) with sodium chloride 0.9% or glucose
5%, infuse over 20-30minutes.
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IN THEATRE

Assess hydration, check electrolytes and ABG x 2 hourly
IV Co-Amoxiclav 30 mg/kg on induction
S/C Heparin with Surgeons consent after induction

e Tinzaparin (Innohep®) 50 LU. sfc per kg post vascular anastamosis, and 24hrly.
e  Multidose vial 10,000 LU. per ml -2 people to check dose.

Triple lumen CVP catheter

IA line in small children

Start Dopamine 2 - 3 pg/kg/min

Use N saline, 4.5% albumin or blood (as appropriate) to raise CVP to 8-12 mmHg prior to removal of

vascular clamps.
Blood Transfusion can result in sensitisation, therefore transfuse only if actively bleeding or Hb <8 g/dL

‘Use CMV negative blood.
10 - 15 MINS PRIOR TO RELEASE OF CLAMPS

- 0.5 g/kg (2.5 ml/kg) 20% Mannitol
(alternative 4 mg/kg Frusemide)

- 10 mg/kg Methylprednisolone (max 500 mg)

POST-OPERATIVE

1. FLUIDS

Replace urine output and insensible losses (300 ml/m?*/day) EACH HOUR as 0.45% saline 2.5%
dextrose (subtract volume of infusions).

Anticipate hypovolaemia (low peripheral temp., low CVP, tachycardia, low BP).
Boluses of N saline or 4.5 % albumin (5 - 10 ml/kg) over 20 mins to maintain CVP and BP.
2. OBSERVATIONS
a. CVP between 8 - 10 mmHg
b. BP decided on individual basis
¢.  Optimal urine output to be decided on an individual basis
In polyuric patients this will be around 4 ml/kg/hr initially falling to 2 ml/kg/br when stable. In

previously anuric patients far lower outputs may be acceptable if ATN has occuired. Check
transplant troubleshooter for management guidelines on output and BP.
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DRUGS POST OP

TACROLIMUS (Prograf® )

0.3 mg/kg divided into 2 doses (0.15 mg/Kg each) to be given orally and started within 24 hours of
transplant.

I/V tacrolimus dose is 1/5 of total oral dose i.e. 0.06mg/kg/day given as continuous infusion over 24
hours in N saline or 5% Dextrose via non PVC giving set or syringe and tubing and change daily.
Infusion concentration in range 0.004 - 0.1 mg/ml

Capsules sizes available 0.5mg 1 mg Smg
Suspension available as non-licensed special of 5.0mg in Smls

METHYIPREDNISOLONE

60mg/m*/day as bd dose for first 5 days and then reduce (see separate sheet).

MYCOPHENOLATE MOFETIL (MMF or Cellcept).

day 1-14 600 mg/m? twice daily orally o iv
(max adult dose 1000 mg twice daily)
after day 15 300 mg/m’ twice daily orally

Side effects (mostly diarrhoea) could be lessened by dividing the same daily
dose into 3 or 4 doses.

Give same iv/oral dose.

Dose reductions will be needed if low WBC, PLT or haemoglobin.
Available in liquid 1000 mg/5mls, 250 mg capsules or 500mg tablets

DOPAMINE - 2 -3 pg/kg/min

RANITIDINE 1 mg/kg/bd IV oral 2 mg/kg bd (until minimum steroid dose achieved) 150 mg tablets
or syrup 75mg in 5 mls).

CO-TRIMOXAZOLE as pneumocystis prophylaxis.120-480 mg (450mg/ mZorally) Mon, Wed, Fri
bd for 3 - 6 months

TINZAPARIN (Innohep®) 50 LU per kg given sub cut following vascular anastamosis, and
then 24hrly for 1 week or until fully ambulant.

Multidose vial contains 10,000 LU. per ml -2 people to check dose.

In children < 20 kg consider following this with Aspirin 37.5 mg once daily for 6 months.

VALGANCICLOVIR if CMV +ve donor or recipient (see above).

ANALGESIA

Epidural OR Morphine 10 - 20 pg/kg/hr infusion (half BW (kg) in mg in 50 mf at 1 - 2ml/hr)
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‘3.- DRUGS POST OP

a, TACROLIMUS (Prograf®)

0.3 mg/kg divided into 2 doses (0.15 mg/Kg each) to be given orally and started within 24 hours of
transplant. '

I/V tacrolimus dose is 1/5 of total oral dose i.e. 0.06mg/kg/day given as continuous infusion over 24
hours in N saline or 5% Dextrose via non PVC giving set or syringe and tubing and change daily.
Infusion concentration in range 0.004 - 0.1 mg/ml : v

- Capsules sizes available 0.5 mg 1 mg Smg
Suspension available as non-licensed special of 5.0mg in Smls

b. METHYLPREDNISOLONE

60mg/m*/day as bd dose for first 5 days and then reduce (see scparate sheet).

¢. MYCOPHENOLATE MOFETIL, (MMF or Cellcept).

day I - 14 600 mg/mitwice daily orally or iv
(max adult dose 1000 mg twice daily)
after day 15 300 mg/m’ twice daily orally

Side effects (mostly diarrhoea) could be lessened by dividing the same daily
dose in to 3 or 4 doses.

Give same iv/oral dose. .

Dose reductions will be needed if low WBC, PLT or haemoglobin.
Available in liquid 1000 mg/Smls, 250 mg capsules or 500mg tablets

d. DOPAMINE -2 -3 pg/kg/min

e. RANITIDINE 1 mg/kg/bd IV oral 2 mgrkg bd (until minimum steroid dose achieved) 150 mg tablets
or syrup 75mg in 5 mis).

" §f.  CO-TRIMOXAZOLE as pneumocystis prophylaxis.120-480 mg (450mg/ mZorally) Mon, Wed, Fri
bd for 3 - 6 months '

g, TINZAPARIN (Innohep®) 50 LU per kg given sub cut following vascular anastamosis, and
then 24hely for 1 week or until fully ambulant. .
Multidose vial contains 10,000 L.U. per ml -2 people to check dose.
In children < 20 kg consider following this with Aspirin 37.5 mg once daily for 6 months.

h. VALGANCICLOVIR if CMV +ve donor or recipient (see above),

i. - ANALGESIA

Epidural OR Morphine 10 - 20 pg/kg/hr infusion (half BW (kg) in mg in 50 m! at 1 - 2ml/hr)
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TRANSPLANT TROUBLESHOOTER

The following is a guide to what measures need to be taken when vital signs fall outside the pr
values.

TEMP GAP CVP BP
1 T ¥ ¥ Consider Volume
2 TN TN T Consider Vasodilator
3 TN TIN ¥ Consider Dobutamine
YVolume:

5.10 mls/kg/stat N saline or 5% albumin (max bolus of 500 mls) & reassess.
» Txtreme caution where patient is 0, dependent - may indicate evolving Pulmonary oedema

Vasodilators:
Hydralazine: 0.2 to 1.0 mg/kg/I'V stat then hourly infusion at same dose. Nicardipine: 0.5-20g/kg/h

more potent vasodilator than hydralazine,

Dobutaming:
10-20 ug/kg/min for hypotension/low cardiac output

INVESTIGATIONS

1. UJ/E, creatinine, glucose, Ca x 6 hourly for 48 hours

x 12 hourly next 48 hours

x daily, thereafter if situation is stable
2. Doppler renal USS post-op and repeat daily -
3. FBP, DWCC, (and CD3 count if on ATG) daily.
4. Chest X-ray initially for CVP line position and daily for 2 -3 days.
5.  Urine - culture, U/E and creatinine daily.

6. Twice daily weight.

7. Tacrolimus levels analysed daily Mon-Fri (BCH). When on oral drugs send daily for 10 days and
thereafter Tue and Fri.

8. CMV AND EBV PCR (EDTA purple top to virology) Mondays from Day 14.
9. Tissue type bloods at 2,4,6,8 weeks -8mls (red top clotted to BCH tissue type lab).

10. DMSA scan at | month.
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IMMUNOSUPPRESSION POST TRANSPLANT

1. STEROIDS

Day 1-5 Methylprednisolone 60 mg/m*/day as bd dosage x 5 days (may be changed to same dose oral
Prednisolone as soon as tolerated)

Day 6 Prednisolone 30 mg/m*/day as 2 divided doses
Day 14  Prednisolone 20 mg/m?*/day as 2 divided doses
Day21  Prednisolone 10 mg/m*/day as 2 divided doses
Week 4-8§ Prednisolone 10 mg/m?® DAILY as one dose
Week 8-12 Prednisolone 5 mg /m? DAILY

Week 12+ Prednisolone 10 mg/m? alternate days

2. MYCOPHENOLATE MOFETIL: (MMF)

day 1-14 600 mg/m” twice daily oraily or iv
(max adult dose 1000 mg twice daily)
after day 15 300 mg/m” twice daily oraily

3. TACROLIMUS

0.3 mg/kg divided into 2 doses (each of 0.15mg/Kg) to be given orally and started ~ within 24 hours of
transplant. Observe precautions of using non PVC giving sets and syringes and flushing N/G and G
tubes with water after administration:

Levels Initial target range 10 - 15 ng/ml. After six months range 5-10 ng/ml

FOLLOW UP

After discharge - alternate days x 1 week
Until week 6 - twice weekly

Week 6 - 10 - weekly

Week 10 - 12 - fortnightly

> 3 months - monthly

> 1 year - 6 - 8 weekly

NB See within 4 days of any DOSE CHANGES
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REJECTION

ASSESSMENT OF REJECTION

> 10% rise in serum creatinine is a significant change. It could be due to:-

Infection (especially UTL)
Obstruction - exclude with renal USS/MAG 3 renogram.

1. Laboratory error.

2. Rejection

3. Tacrolimus toxicity
4, Other drug toxicity
5.

6.

All such rises in creatinine should be reported to the consultant and repeated immediately. Ifa 10% rise is
confirmed and rejection suspected then initial treatment would be:

Methylprednisolone 15 mg/kg/IV for 3 days (maximum 500 mg)
This should only be prescribed after discussion with Consultant.

Other causes of a rise in creatinine should be excluded and diagnosis confirmed whenever possible with a
renal biopsy (need coagulation screen and Group and Hold, inform Path technician x 32534).

For patients who have received renal transplant > 1 month previously, oral Prednisolone 3 mg/kg/day is
given for 3 days (maximum 150 mg).

ANTI-THYMOCYTE GLOBULIN (MERIEUX-RABBIT)

Given for steroid resistant rejection or as prophylaxis when recipient > 75% cytotoxic antibodies or second
transplant when first graft lost early with rejection

Test dose: 0.1 mi (0.5 mg) in 10 ml N. Saline over 1 hour via central line

Therapeutic dose ATG

<30 kg - 2.5 mgrkg/day
>30 kg - 1.25 - 2.5 mg/kg/day
Diluted in 100 ml saline central line over 8 hours. Chills, fevers and arthralgia common.

ANAPBYLAXIS treated with:

Hydrocortisone 100 mg IV
" Chlorpheniramine 5 - 10 mg IV

Adrenaline (0.01 mi/kg of 1 in 1000, ! m)

Prior to therapeutic dose give Chlorpheniramine IV and Hydrocortisone IV
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ATEG Monitoring

Aim absolute lymphocyte count 200 - 400 (omit if <200).

CD3 count daily

(send 0.5 ml EDTA blood to RVH immunology, arrange with X 32689, ask for Iymphocyte markers profile
1 which includes CD3)

Aim level 100 - 300 (omit if < 100).

Updated February 2011 Drs McKeever and O’Connor and Professor Savage
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Nomogram

Height : 8SA Weight
. For children of T ib k
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Figure 3-1. West Nomogram (for Estimation of BSA}. The BSA [s Indicated where a shaight line

connecting the helght and welght infersects the BSA column or, if the patient is roughly of normal

propotiion, from the welight alone [enclosed areq). (Nomaogram modified from dota of E. Bayd by

C. D. West: from Vaughan, V. C., gnd R. J. McKay, eds., Nelson Texibook of Pedlatrics, 12th ed., Phila-
delphka: Saunders, 1983.)
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NURSING PRE-TRANSPLANT CHECK 1IST

NAME:

Height

Weight

BP

MSU and urine U/E sent

Skin swabs and Shower

PD sample for microscopy , DWCC and
culture

Drain PD fluid

Drug Given Time

Tacrolimus

Mycophenolate Mofetil

Basiliximab

Does Valganciclovir need ordered according to CMYV status?

Have immunosuppressive drugs and Innohep® heparin been labelled for transfer to ICU?

INQ-AS WS-002/2 Page 48



THEATRE CHECK LIST FOR TRANSPLANT PATIENT

NAME:

Height

Weight

SA

Donor

Recipient

CMYV status

LBV status

Blood Group

Pre theatre bloods - record time most recent serum electrolytes taken =

Na Hb PT Urine Na

K | WCC PTTK

Urea Plats

Creat Is blood available in | Usual 24 hr urine output
theatre ? —

Ca

Albumin

Drugs in ward pre-transplant Dose Given Time

Tacrolimus

Mycophenolate Mofetil

Basiliximab

Prescribe drugs for use in theatre

Co-amoxiclav (on induction) (30mg/kg, max 1.2g)

Methylprednisolone (10mg/kg, max 500mg)

Mannitol 20% (0.5 g/kg = 2.5ml/kg)

Heparin Tinzaparin (Innohep®) 50 LU./kg,

INQ-AS
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Renal Transplaniation;in:small children, g

ADMISSION “PROTOCAOL

History on Admission.

- Note residual renal function + urine output .

type of ‘dialysis

hypertensives
check transpiant/on -call list ..

Examination on Adm;$§icn-

Note state. of mutrition and-hydration . .

blood pressure .
height and.welght,

" ‘catheter exitqosite condition

lavestigations on Admigsion .

. recent inﬁectipngv"u$1;peritgqitis.gxc,”‘
G regént éontactfwirhﬁimie@tiousqiiseasgﬁpfa;5¢@ IR

v drug therapy - inform anaesthetist of anti-

10 mls clotted blood to BCH Typing Lab.

Group and cross match 4 units blocd

FBP WCC platelet count
MsyU

CXR )

caPD fluld culture

U + E and total protein

(1 vals ..\\\-N‘ Virel &_‘iﬂ

Obtain wriktten consent from parents -

Arrange haemodialysis if indicated

Assess degree of Fluid restriction’ caused by pre-op fasting

Ensure parents have transplant booklet

Ccontact Transplant Surgeon, Paediatric Surgeon, Anaesthetist,

Theatre, ICU

INTRA-OPERATIVE FLUIDS

CAPD patients may be relatively hypovolaemic and hypo-
albuminaemic. Blood, PPF or N/2 Saline may be' required before
upclamping +he artery to ensure a good intravascular volume.
This is determined by reference to Bp and CVP levels.
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T enal Transplantation in SmalliChildren. .- i,
IMMUNOSUPPRESSION- -= .. " : ‘ f

-

Infra—gperatiVe

"T.Hydrbcortisope 5 mg/kg i/v Stat. . oo
“Azothioprinme: - 5oma/kg i/v-Stati if.wog >4000%. .. .

L

Post-operative

STEROID

i First 24 hours hydrocortisene. 5 mg/kg i/v QDS. .

2. Daily subsequently  foxr 5 days

T Prednisolgggﬁ%pmg[kgzgra%lyﬁgggequivalent_doseq-‘

hydrécortiSDﬁe‘Gé“m@/kg?ﬁﬁ#vﬁ&%.Zudivided dosesg:.~

r

3. Then, Prednisolone 0.5 mg/kg/day-in a single morning dose

“eepe . for 1/12 _ :

INQ-AS

»

4, .. Then 1 mg/kg alternate days tapering.

AZOTHIOPRINE

1. Déily 1.5 mg/kxg/day until GFR 1/3rd normal for age then
increase to 3 mg/kg/day if woe >4000.

CYCLOSPORIN A

To be introduced once graft function is stable.
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- Renal Transpldiitatien: in ‘Small Childres " -

4 e A gep st el e

. .
POST-OPERATIVE MANAGEMENT . "

After transplantation: patient will return initially to Iy -

Lines required (i) arterial‘line for BP . T

: (ii) Multiple lumeh central venous llne
- for CVP and i/v fluids. oo NG
=(iii) wurinaryicatheter- x:-ﬁJ:f-ifﬂx“

.. '.--) 2t
NS A

£

.. ANALGESIA . . -Morphineé infusion.10:20 micrograms/kg/hy: - oW oE SmE

Fluids

,~Arter1a1 line -.0.9% saline -with- -1 unit/ml heparln oo sifuuy e
tY 2 . runnlng at 1 ml/hr .. _. .

= {(a} 0.18% saline 4% dextroga: {n/5 sallner
with 1 unit/ml héparin: ) )
{(b) morphine infusion- ~
PRN ©: 025, mg/kg/hr - 1n N/5~sa11ne-atﬁ&£%$$
1 ml/hr volume -
{c) n/2 or N/5 saline to replace .
insensible loss + output.

.o

Rate of'fluid input is set to maintain

(1) CVP at 4-8 cm H.0O
(ii) BP appropriate %or size of child
(iii} urine output 2~4 mls/kg/hour
{iv) N/2 saline is usually required
to maintain plasma Na - .

cve- 1 BP Rx

N orl &or ﬁ Volume expansion

N $' Dopamine infusion

“ $ Reduce i/v fluids ? hyérallaZLne or
o frusemide

URINE OQUTPUT

If urlne output is poor after correcting vitq; signs ? try one
dose of Frusemide 2 mg/kg i/v stat. '

If urine output falls in association with haematuria consider
renal vein thrombosis.

Hypertension

Common in the immediate post-operative period and best managed
i/v hydrallazine or labetalol.
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Renal Transplantation in Small Cp}lgrqﬁ .

post-operative Inqest%gatiqpssliwzy .

(1)’ 46 hourdy initially..imioi.eie’ oeie
blood gasés
v+ E, ca’l
glucose
B

Urine output voluwue +-dipstic&,ggshiug.for
blood and urine . L

{11) paily

U + E Creatinine

24 Rxr urine collection of protein and_creatlnine

clearance

Albumen + total protein
FB? DWCC Platelets

? coagulatibn

CXR

Fluid input/output

(11i) Twice weekly

MsSu

24 hr urine for proteih and creatinine clearance

DTPA tlDoppler UsSs of renal tfansplant vessels.

SMAC .

M. Savage
Septempber 1990
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‘Renal Transplantation Protocol Belfast City Hosdpital R

INQ-AS

Do NeT LEMOUE:
%M (WOARD

ZAdmission process for the potential renal transplant patient.
:.. Lahoratory Investigations -
1. FBP with differential
2. Group and cross match % units packed celis
3. Coagulation screen
4. Biochemistry screen U&E, Creatinine, Bone profile, LFTs )
5.Tissue typing samples (whetlier recent sample for cross
matching is necessary is at the discretion of the consultant on call),
6. MSSU
b. ECG
¢. Chest X-ray
d. Patient's weight

e. Intravenous line to be inserted in peripheral vein. Central Hne to be
Placed at the ime of surgery by the anaesthetist.

f. The patient's CMV. status to be recorded.
g. The donor's CMV status to be recorded.

I Iﬁmmnosuppressioh Induction:

a. Standard Patient;
Preoperatively

1. Insert venflon and commence slow infusion of saline. LS@OW>
The giving set should have a hiuret on-line. "

2 H‘ydrocortlsone 200 mg IV in 50ml of saline administered over a g}-’m&’/c'
period of 5 minutes. v Sl oy’
e ' ' 8 Fifria

3. Azathioprine Smg/Kg IV in 50 ml of sahne admlm;stered over a “f,@WE'E
period of 5 minufes. Nt
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4. Hydrocortisone 200mg IV to be administered 6 hours, 12 hours
and 18 hours after the initial dose.

¢
b. Highly Sensitized Patient:
Preoperatively

1. Follow standard protocol as above, steps 1 - 3.

2. Commence vasodilator Nifedipine. Retard 20mg BD or equivalent
calcium antagonist. :

3. Allow at least one hour to elapse beforé commencing intravenous
Cyclosporin. Total dose 3mg/Kg in two divided doses in the first 24
Hours. Each infusion should be of 6 hours duration. At the digcretion of
the consultant supervising the case, oral cyclosporine may be
administered, in a dose of 8mg/Kg per day in divided doses, starting

Y
&
S
h? ¥

L

X

&

e
&;Mﬂdi:ﬁu

Lol

-

preoperatively. Nifedipine should be administered prior to the first SO?*: K

dose.

Iy

II. Maintenance Immunosuppression
a. Post operatively
1. Standard Patient:

The routine immunosuppression for a standard patient is:

a Prednisolone 20mg/day

Azathioprine 1.5mg/Kg if Creatinine clearance < 30ml/min
‘Increasing to: :
Azathioprine 3.0mg/Kg if creatinine clearance > 30ml/min -
If the WCC falls below 4.0 Azathioprine is withdrawn. It is .
reintroduced at reduced dosage when the WCC is greater
than 4X 103again - :

¢.  Cyclosporin is not introduced until the transplanted kidneyis
functioning, Function is recognised by a rising urinary output and
Improving renal function tests. The standard introductory dose is
8mg/Kg in two divided oral doses. ( The initial dose of Cya may be
reduced at the discretion of the consultant in charge of the case.) The

‘Cya level is adjusted to remain in the therapeutic range of 100 -

250ng/1.

N.B. It is the policy of the unit that Cya should not be started until the
patient has commenced on a Calcium channel antagonist e.g.

e
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Nifedipiné Retard 20mg BD or equivalent. The calcium channel
blocker should be administered roughly 12 hours prior to
commencement of Cya.

2. Highly Sensitized Patient:

a As described above the highly sensitized patient is commenced
on Cya at the time of surgery, _ .

b.  Prednisolone and Azathjoprine are administered as for the

standard patient.

c. Cya is continued in low dosage - 5mg/Kg in two divided doses
until graft function is established at which time the dose is increased

" to achieve therapeutic levels. '

INQ-AS

Intravenous Cyclosporin:

In general patients are given oral Cya. If the patient has an ileus or has
malabsorption the drug may be administered intravenously. The
bioavailability of the drug given intravenously is roughly three times
that -of orally administered drug. The intravenous dose of the drug is
therefore one third that of oral dose. -

II. Anti-rejection Therapy:

Clinically acute rejection is manifest by:

Deteriorating renal function
Swollen, painful graft
Pyrexia i

Before initiating anti-rejection therapy it is essential that other
conditions which may have similar signs and symptoms are excluded.

Theéy when acute rejection is believed to be present the standard
treatment protocol is:

Prednisolone 200mg/day in divided doses for 3 days.

The dose is reduced by 50 mg per day at 3 day intervals.

Whilst the standard protocol is as described above, the dosage
schediile may be altered for example if the patient is of small stature
or if there is evidence of osteoporosis, the dosage of prednisolone may
be decreased at a faster rate e.g. in 2 day steps.

To definitively diagnose rejection it is necessary to perform a renal
biopsy. The first course of anti-rejection therapy is frequently
administered on the basis of a clnical diagnosis of rejection. The
consultant in charge of the case may however elect to perform a biopsy
prior to commencement of anti-rejection therapy. If there is a poor
response to anti-rejection therapy or if a second course of anti-

2o A
RS SNEA
R '37 .
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rejection .therapy is contemplated, a percutaneous biopsy would
normally be performed. ) .

An alternative anti-rejection regime involving intravenous the daily
administration of intraverious Methyl prednisolone may be used at the
discretion of the consultant in charge of the case.

Patients responding to steroid therapy usually do so rapidly indicated

by improved renal function, decreased graft swelling and decreased
temperature. If the patient fails to respond promptly to steroid or if

there is evidence. of recuitence of rejection soon after the

discontinuation of antirejection therapy, if a biopsy has not previously

been performed, it will be done at that time.

Tf steroid- resistant rejection is confirmed then in the absence of a
contraindication, Anti-thymocyte Globulin (ATG), will be introduced.
ATG acts by selectively binding to T-lymphocytes, it is therefore
intensely immunosuppressant and is not used if there is any suspician
of infection. ‘

ATG is administered by slow intravenous infusion (over a period of 12
hours). It is very irritant and should only be infused via a central vein., -
The drug dose is 1.5 - 2.5mg/Kg/day. Side effects associated with the
administration of ATG include rigors and flushing. .An antihistamine - .-
e.g. Piriton should be given prior to administration. The drug
frequently induces severe leucopaenia. Azathioprine is withdrawn .
while ATG is being administered. It is not normally given if the WCC is ".
less than 4X103. Infusions of ATG are administered on a daily basis for:
a total of 10 days. If the patient becomes leucopaenic, the dose is-
adjusted down appropriately to avoid leucopaenia. : :

4. Fluid Balance:
Early Post—opefative Management

In the immediate postoperative period it is essential that monitoring
of fluid balance begun in the operating room Is continued. There is
: evidence that hypotension and hypovolaemia occurring in an
ischaemic kidney may lead to more prolonged acute tubular necrosis
1 on a vascular basis. It has therefore been our policy to monitor central
: venous pressure, blood pressure and urinary output intensively in the
: postoperative period to ensure optimum hydration and blood
pressure. a

A central venous catheter is inserted at the time of surgery and the
CVP is maintained between 5 and 12 cm HoO, Urinary output is
measured hourly and fluid administered according to the CVP and the
previous hour's urinary output. The standard regime is to administer
the previous hour's output + 30ml if the CVP lies within the normal
range. If the CVP is below 5cm HO the prévious hour's output +
50ml {or sufficient to raise the CVP to within the normal cange) is
administered. If the CVP is greater than 12 cm H20 then .the
previous hour's output is administered with no supplement. If the
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patient has evidence of pulmonary oedema then fluid intake is

decreased and if there is evidence of renal function a loop diuretic.is -

administered. ‘ ‘

The fluids administered are usually normal, 0.9% saline and 5% -

dextrose in roughly equal proportions, although if the patient has
diabetes or Sévere acidosis this regime may be altered accordingly.

Hourly measurement of the urinary output and appropriate
replacement with intravenous fluids is continued for 24 hours post
operatively. At that time, if the patient has normal bowel sounds oral
fluids may be administered. Urinary output is measured on a 12
hourly basis and fluids prescribed appropriately. Central venous

_pressure is monitored for a 24 hour period at that time, unless there

is concern about the patient's haemodynamic status, the céntral line

‘is withdrawn.

5. CMV Prophylaxis:

In many units it is policy not to transplant organs from CMV positive
donors into CMV negative recipients because of the risk of
overwhelming CMV infection parfticularly CMV pnéumonitis. It has
been our policy to accept CMV positive grafts for CMV negative
recipients however we administer Acyclovir prophylactically to sero-
negative recipients receiving sero-positive grafts for a period of one

‘month post transplantation. The standard dosage is 800mg daily in a

divided dose.

NB | CrUSTRIUS OF Do Omtugon |
— T Sladd ke jremtbslr R +ipe
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TRANSPLANT PROTOCOL FROM BRISTOL 1995

GUIDELINRS FO% HANAGENENT OF CHILDREN (1E ALL PATIENTS FROM JOUR HILTON/
VICTUR HEALE) UHOERGOIRG RENAL TRANSPLANTATION

UK Travsplant or the tranaplant co-ordinater will phone vith the offer oi a

¥idney. Often the Consultant Paediatrician & consulred direcrly. I the

¢al) comes to a Junlor medical member of staff them it ls fmportant o talk

to Dt ¥cGraw, Dr Chasbers, Or Tizard or the Ssmior Registrar jmsediately as
uysuaily enly half an hour 15 avallable to accept the kidney.

GHCE R1DHEY J& ACCEPTED

infotm Lransplant co-ordinator LE he/she has not already been infeimud.

other individuals to be {aformed are as follovs, The transplant
co-ordinator may do this although 1t ig impertant fer the member of the
juntor medical staff to egtablish exactly vho is to make vhich phane calls,

i Phone UR Transplant and arrange for kidney tu be sent te Brisisd
{f harvested from elsovheve,

il Fhone the patient and arrangs for thed to arrlye as seon as
possible.

i1f Check with tissue typing {f 4 recent serum is
avatlable for cross-matching. If there is a very tecent spucimen
and the patient has net been transfused since, this specinen may
be used for the direct cross-mateh whick may then comtence as

goon as the kidoey arrives. If a fresh sample is needed frow the
patient {t {s wital to take this fmmediately he/she arrives as
the cross-match txkes eight houre and delay postpones the
aperation,

iy Inform alsoy
a Vard and nursing staff
b Transplant surgeon
c Theatre and make peovisional booking
d Flrst on-call anxesthetssi and ask him/hor to rontact

Senfar Keglstrar and/or Consultant on-call anaesthetist

ONCE FATIENT ARRIVES

1 Take blood sasples before anything elge. It is ispertant that the 3

uis of cintted bleod Tor tissue typing (and any other specimenr tho Lissus ?ﬁlfﬂf&
typing laboratory reqilre) are sept immediately on artival of the patlent. ¢ polaf

tn addition bloods nogd to be taken for full blaed count, coagnlation
scrgen, ranal SHAC (with USE, creatinine, &3ltdum and atbunin te he
available at the time of trangplantaticn. Other results may be available
later), sevum for virology (baseline CHY titres} and cross-wmatch &4 wnits of
biood (2 packed cells 2 vhale blood).
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N

z Complete pavdistric chack 1ist pre-transplant, ALl aspects fast e
fiiled in. HNote tu particular the need to resord target vefght, blood
pressure and mormal urime output and body surface area. This check 1ist
ausl po vith patient 1o cheatre,

3 Set up intravenous infusion at maintenange fluids asppropriate for size
of pationt and rveplacing any deflcit on aszossing deifference hotvess
current and target weight.

4 Institute other investigations including chest X-ray, ¥OG, FB oouitinn,
urine culture.

5 1f history of hyperkalaenia or potassiua of greater than & eanl/l
& Fast cycle if on FD

%  Give calefuz vesoniunm ! go/kg PR OIE on haemodialysis  and
discuss with consultant Lf haesodialysis necded in viev of
cheadstry

[ Talk to parents and obtaln consent.

7 Vrite wp immunosuppression te be given In the theatre. for o1l
patieuts this vill be Hethylprednisolone 10 wifbg 1.y, 510 mimites
hefore vascular clamps are released.

8 Vrite up instructiens for intra-oporative bleod transfuzion  on
chocklist cnce hacmoglobhn iz knewn. This will be the nusber of nls of
packed cells required to bring the pavlents baemsoglobin up Lo 10 LTaLI

9 Yeite up appropriate Mannitel dose on chocklist {6.5 g/kg 208
Kannitol fe 2.% mi/Xg).

10, Veite up nductlon dose of antibiotics Lv augmentin 30 mpskg (Rax
1L.2g).

1 THEATRE
1. Insert C¥P and arterial line,

2, Use normal saline, plasma or blood, {as appropriszte) te raise CV? to
+ §-19 cn H20 {6-B mm Hg) before the vascular clamps arve vemoved fres the
donor idney. Afn to keep CVF at this level for the remalnder of the
oporation, Please alvays take inte account actual and rarget weights and
overall hydration state.

1. Give intra-operative bload transfusion as por chechlist fmutiuntions.
&, Glve fntra-operacive {emonesuppression as por checklist 10 minutns

sr!or te the vascular anastimesis together with Hannitel see checklist fes
asE).

5. &Gtart dopanine 2-3 ugfkg/min via central line
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Tovcavinan

INERULATE POST-GEEHATIVE CARK

i Allov nurses to make patfent comfovtable and conneut wj The seuitaeving
equipsent and lines, vhich wiil be as follows:

i Yoigh bLed
$1 | Rectal and toe temporatuve probes

11} Hevlett-Packard ECG, BP and CVP moniter or equivalent copspciad
te TVP and arterksl lines

iv  Peripheral {ntravenous infustoi{s)

v Urethral catheter

vl  Ureteric catheter (in some cases only)

vil PO cathever spigetted and empty (3f appropriave}
2 Vrite up the folloving drugs:

a Horphine 0.01-0.072 mg/kgshour (half the patients velght in kg -
wg in %0 mls av 2 als/hour) or

Papavorele= 0.02 ta 0,04 ng/kgshour or fentanyl sz per selection
protocol

b Hothylprednisolone 10 Bglmetrezfdny as  b.d. desage.  Fiver
dose o ba glven 12 hours post-operatively

[ Cyclosporin & mg/kg/24 hours written up as centinuvous Infusioen
3 mgskg/1E hourly. This uill be converted to Cyclasperin 4 my/
kg/day orally given as b.d. desage vhen the patfent {5 relerating
aral flulds

d Ronitidine Z ve 4 mg/kg/day orally (as hd dose)
@ Dopamine 2 alcrograns/kg/rimte - sge drug ialusion protocnl

4 Anti-thymocyte globulin ({Fresenius) for those on high risk
protocel oply (ie previous graft or high cyloxic antibodies)
& ug/rgiday Ly, leed to give test dose intravenously first.

4 Othor deugs such as Hydralazine or Frusemide may ba written up
vhan required

h Further antibiotic therapy is discretiomary and vould he used
only if theve vas 2 bistory of vesent infectin in elther the
patient or the doner, or the recipient is ¥nown to have
vesicouretaric reflux Into their native kidneys. This should
be discussed vith the consultant.
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Acyclovis Post Renal Tiansplont

Check CHY status dengr and reciplent, If donor and recdyp
negative, ne Aeyelovir glven. 1f donor positive course givon
for 12 verks regardless of teciplent status. 10 douor nogelive
and reeipient positive, course given ior six weeks.

Rosage 900 wg po 24 hours pro op
s 800 mg po 24 holis post op
Thoreafter according to GFRi
> 25 nl/z 6 hourly « gOD gz po
10-25 ul/m 8 hourly ¢ 800 mg po
¢ 10 mi/m  daily + BOD mRo po
dialysis dependent 12 hourly 1 800 mg 3o
« half dose in wider 2 yesrs old

OBSERVATIONS
Pulse, bloed pressure, core and paripheral tesperature, UVF and urlie
output should be measured hourly. One should aim to maintain:
i CVP botween & and 12 cs H20 {6-9 mm Hg)
11 ‘Temperature gap less. than or equal to 2 degrees contigrade
§14 Blood pressure ta ho decided on an Individual basls vithin that
patients normal target blood pressure guidellnes
iv  The patieny should be weighed daily. It Is fmpertant to note
that volgh bod velghts may differ wackedly {vem pre-apetative
weights and thar vhilst changes in veigh bed veights ave
inportant no significanco can be attacked to the difkarence
botveen velghts made on different gcales
v Optimal urine output to be decided on an individual basie. in
polyuric patfents this wikl be avound 4 ri/Kg/heur wpltdally
failing to 2 el/Kg/hour vhen stables In previeusly anuric
patients far lower uriné cutputs may bo gecoplable £ AVTR. los
occurred Check tramsplant troubleshootze  forT  mandjexent
guidalines on response to falling urine outputs, Othatvise aiw
for at least Ial/Kgshour
P03

Artorial line 0.9% Heparinised saline at 3 mls/hour with a pressurined bay
or 1-3 mlg/liour heparinised G.45% saline vith a syringe pump. Tako care
wot to confuse the 3 mi/hr Flush device used vith a pressurised bag vith
the 30 nisky device used vith a syringe pusp.

Central line half nommal saling/2.5% dextrose plus or minus ECL at rate o
replace all losses (nodlun and potsseium content Lo be adjusted according
to utine cloetrolytes)

Peripheral line at insensibis loss and containing drug Infusiens

INQ-AS
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Sasrecaen

SUVESTICATIONS

3

¥ & E (urine and plasma, glucese and calcium) {6 hourly for 14 haurs,
hoorly for next 24 hours and thereafter 24 hourly)

Full blead count, remal SHAC dally and chost X-vay dably for fless tws <o
thres days

Urine cytology daily

Cyclosporin levels, uring culture, magnesiuvm, 24 hour uring, creatinies and
proteln glearance twice weekly. Urine and saliva for CHV onee wvenkly

A doppler ultragonnd ronal gean should be performed early 1f theve are
doubts about inttlal Functisn and thereafter {f thore are toncerax about
daterioration in renal function. The decision for a scan should be made hy
the Pacdiatric Consultant and timing dizcussed vith Dr Howarth.

Comments/corrections in writlang to
By NE HcGrav - Consuluant Paediatrician and Nephrologist
or

DR D E Holland + Consultant Anaestherist/Invensive Caro

Updated January 1993 rofs Aepbines
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Appendix 6

BAPN PD guidelines as available at

<< http:/ /www.bapn.org/ clinical_standards.html>>

Peritoneal dialysis clinical practice guidelines for children and adolescents
. Note that the current version is DRAFT number 1, 7/2/07.
This document has been adapted for paediatric patients from the Renal Association
Standards for Peritoneal Dialysis in Adults (www.renal.org/guidelines/index.html)
which was written by Prof Simon Davies. Although the large majority of standards for
adults also apply to children, there are some areas that differ significantly. There are
also some important areas not covered in the adult standards, such as the specific
requirements of the growing child and the need for a structured process for transfer
of
adolescents to adult services. For this reason, the renal association adult guidelines
have been adapted where necessary. Al standards that are taken directly from the
aduit ‘
guidelines are shown in regular font and paediatric guidelines are in red italics.
The lead author of this paediatric guideline was Dr Lesley Rees, along with Dr Sally
Feather and Dr Rukshana Shroff. Please send feedback to L.Rees@ich.ucl.ac.uk
CONTENTS
Summary of clinical practice guidelines for PD
. Equipment and Resources (Guidelines 1.1-1.8)
. Preparation for Peritoneal Dialysis (Guidelines 2.1-2.4)
. Solute Clearance (Guidelines 3.1-3.2)
. Uttrafiltration and fluid management (Guidelines 4.1-4.5)
. Infectious complications (Guidelines 5.1-5.2)
. Metabolic Factors (Guidelines 6.1-6.3)
. Laboratory and clinical indices (7.1-
. Access and withdrawal (8.1-8.5)
. Summary of the most important paediatric guidelines (9. 1-9.8)
Summary of audit measures for peritoneal dialysis (Audit measures 1-)
Rationale for clinical practice guidelines for peritoneal dialysis
. Equipment and Resources (Guidelines 1.1-1.8)
. Preparation for Peritoneal Dialysis (Guidelines 2.1-2.4)
. Solute Clearance (Guidelines 3.1-3.2)
. Ultrafiltration and fluid management (Guidelines 4.1-4.5)
. Infectious complications (Guidelines 5.1-5.2)
. Metabolic Factors (Guidelines 6.1-6.3)
. Laboratory and clinical indices (Guidelines 7.1-
. Access and withdrawal (8.1-8.5)
APPENDIX: assessment of membrane function

Summary of Clinical Practice Guidelines for

Peritoneal Dialysis

1. Equipment and Resources

1.1 The dialysis unit should have sufficient specialist support staff to fulfil the criteria
listed by the Renal Workforce Planning Group 2002.

Paediatric standard 1

GO~ WN -

o~ OWN -~
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PD for children should take place in specialised paediatric centres able to
provide

multidisciplinary support

1.2 Access fo other paediatric sub-speciality services should be easily available.

1.3 Adolescents need to be prepared for transfer to adult services. It is important that
the process is begun in good time, and that there is an appropriate transfer policy
that is agreed by both the referring and receiving centres.

Paediatric standard 2

A transfer process for adolescents must be in place and agreed by referring
and

receiving units

1.4 Peritoneal dialysis should be delivered in the context of a comprehensive and
integrated service for renal replacement therapies, including haemodialysis
(including

temporary backup facilities), transplantation and conservative care. Both continuous
ambulatory peritoneal dialysis (CAPD) and automated peritoneal dialysis (APD), in
all

its forms should be available. Dedicated PD nursing staff (1 W.T.E. per 20 patients)
should be part of the multidisciplinary team

1.5 All equipment used in the delivery and monitoring of therapies should comply
with

the relevant standards for medical electrical equipment [BS-EN 60601-2-39:1999,
BS5724-2-39:1998, IEC 60601-2-39:1998, Particular requirements for the safety .
specification for peritoneal dialysis equipment]. Tubing sets and catheters should
carry

the .CE. mark to indicate that the item conforms to the essential requirements of the
Medical Devices Directive {(93/42/EEC) and that its conformity has been assessed in
accordance with the directive.

1.6 Fluids for peritoneal dialysis are required to satisfy the current European quality
standards as indicated in the European good manufacturing practice and the
European

Pharmacopoeia Monograph .Solutions for Peritoneal Dialysis.. Manufacturing
facilities are required to meet the relevant standards (1ISO 9001/2 and EN 46001/2).
Product registration files must be submitted fo and product approval given by the
Medicines Control Agency.

1.7 The use of disconnect systems should be standard unless clinically
contraindicated.

1.8 Biocompatible PD solutions (normal pH, low concentrations of glucose
degradation products) should be used in patients experiencing infusion pai
they

should be considered in patients who are likely to remain on PD for a significant
period of time, {e.g. those who do not have a suitable living related donor and poor
matchability scores, thus anticipating a longer than usual wait for a deceased donor
kiciney).

2. Preparation for Peritoneal Dialysis

2.1 All patients should, where possible, be adequately prepared for renal
replacement

therapy and this should include receiving information and education about PD
treatment, delivered by experienced members of the MDT who have paediatric renal
training. Patients commencing RRF in an unplanned fashion for whatever reason

n. Also,
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Appendix 6

should receive this information once appropriate.

2.2 Where possible, timing of PD catheter insertion should be planned to
accommodate

patient convenience, commencement of fraining between 10 days and 6 weeks and
before RRT is essential to enable correction of early catheter-related problems
without

the need for temporary haemodialysis.

2.3 Dialysis centres should have a dedicated team approach to catheter insertion.
This

is more important than the type of catheter or the implantation technique used. /n
children, the most important thing is that the surgeon undertaking the progedure is
appropriately trained and skilled.

Paediatric standard 3

Peritoneal dialysis catheter insertion should be undertaken by appropriately
trained

and skilled staff.

2.4 Peri-operative catheter care and catheter complications (leaks, hernias,
obstruction) should be managed according to the International Society of Peritoneal
Dialysis guidelines

3. Solute Clearance

3.1 Both residual urine and peritoneal dialysis components of small solute clearance
should be measured at least six monthly or more frequently if clinically indicated.
Both

urea and/or creatinine clearances can be used fo monitor dialysis adequacy and
should

be interpreted within the limits of the methods.

3.2 A combined urinary and peritoneal KtVurea of 1.7/week or a creatinine
clearance

of 50L/week/1.73m2 should be considered as minimal treatment doses. The dose
should be increased in patients experiencing uraemic symptoms.

Paediatric standard 4

A Kt/Vurea of 1.7/week and creatinine clearance 50L/week/1.73m2 should be the
minimum for children.

4. Ultrafiltration and fluid management

4.1 Peritoneal membrane function should be monitored regularly (6 weeks after
commencing treatment and at least annually or when clinically indicated) using a
peritoneal equilibration test (PET) or equivalent. Daily urine and peritoneal
ultrafiltration volumes, with appropriate correction for overfill, should be monitored at
least six-monthly.

4.2 Dialysis regimens resulting in fluid re-absorption should be avoided. Patients with
high or high average solute transport, at greatest risk of this problem, should be
considered for APD and icodextrin use.

4.3 Dialysis regimens resulting in routine utilisation of hypertonic (3.86%) glucose
exchanges should be avoided. Where appropiate this should be achieved by using
icodextrin or diuretics,

4 4 Treatment strategies that favour preservation of renal function should be adopted
where possible. These include avoidance of episodes of dehydration, and the use of
diuretics, ACEi and ARBs.

4.5 Anuric patients who consistently achieve a daily ultrafiltration of iess than 750
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mlf1.73mzshould be closely monitored and the benefits of modality switch
considered.

5. Infectious complications

1. Prevention Strategies

5.1.1 PD units should undertake regular audit of their peritonitis and exit-site
infection

rates, including causative organism, treatment and outcomes. They should enter into
active dialogue with their microbiology department and infection control team to
develop optimal local treatment and prevention protocols.

Paediatric standard §

All units should collect and audit data on the incidence of exit site infection.
Paediatric standard 6

All units should collect and audit data on the incidence of peritonitis.

5 1.2 Flush-before-fill dialysis delivery systems should be used.

5.1.3 Patients should undergo regular revision of their technique and receive
intensified :

training if this is below standard.

5.1.4 Initial catheter insertion shouid be accompanied by antibiotic prophylaxis.
5.1.5 Invasive procedures should be accompanied by antibiotic prophylaxis and
emptying the abdomen of dialysis fluid for a period commensurate with the
procedure.

5.1.6 Topical antibiotic administration should be used to reduce the frequency of
Staph. aureus and Gram negative exit-site infection and peritonitis. '

2. Treatment

5.2.1 Exit site infection is suggested by pain, swelling, crusting, erythema and serous
discharge; purulent discharge always indicates infection. Swabs should be taken for
culture and initial empiric therapy should be with oral antibiotics that will cover S.
aureus and P. aeruginosa. If there is pain and redness that is tracking along the
tunnel, particularly if associated with an exit site infection, a tunnel infection should
be suspected. An exit site swab should be taken and the PD fluid sent for
microscopy

and culture. An ultrasound of the tunnel may show evidence of inflammation. A
tunnel

infection that fails to respond to antibiotics is an indication for removal of the PD
catheter.

5.2 2 Methicillin resistant organisms (MRSA) will require systemic treatment (e.g
vancomycin) and will need to comply with local infection control policies.

5.2 3 Initial treatment regimens for peritonitis should include cover for bacterial Gram
positive and Gram negative organisms until result of culture and antibiotic
sensitivities

are obtained.

6. Metabolic Factors

6.1 Standard strategies o optimise diabetic control should be used; these should be
complemented by dialysis prescription regimens that minimise glucose, including
glucose free solutions (icodextrin and amino-acids), where possible.

8.2 Central obesity can worsen or develop in some PD patients. The risk of this
problem, and associated metabolic complications, notably increased atherogenicity
of

lipid profiles and insulin resistance, can be reduced by avoiding excessive glucose
prescription and using icodextrin.
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6.3 Awareness of the effects of lcodextrin on assays for estimation of amylase and
glucose (using glucose dehydrogenase) should be disseminated to patients,
relatives,

Jaboratory and clinical staff.

7. Laboratory and clinical indices

7.1 Monitoring of biochemical and haematological parameters should be performed
monthly or at each clinic visit if less often than monthly

7.2 Serum bicarbonate concentrations should be between 20 and 26mmol/l.

7.3 Serum potassium should be between 3.5 and 6.5mmol/l.

7.4 Serum phosphate should be within, and preferably nearer fo the 50m centile, for
the age appropriate normal range (appendix, page 37).

7.5 Serum calcium, adjusted for serum albumin, should be within the age approptiate
normal range. _

7.6 Serum albumin corrected calcium x phosphate product should be less than <4.5
mmolz/Lz (KIDOQI guidelines) or <5 mmol/Lz (European PD working group advice).
7.7 The optimum range for serum PTH levels is controversial. There is emerging
evidence that levels should be maintained at less than twice the upper limif of normal
for the intact PTH assay used.

7.8 Although aluminium is not a recommended phosphate binding agent in children,
the serum aluminium concentration should be measured every three months in all
patients receiving oral aluminium hydroxide. No patient whose ferritin level is <100
g/l should have a serum aluminium concentration >60 ug/t (2.2 pmolf).

7.9 Pre-dialysis haemoglobin concentration should be greater than the lower fimit of
the age appropriate normal range.

7.10 Ferritin levels should be betwsen 100 and 800meg/L. However, given the
increased risk of thrombotic events with higher ferritin levels that have been shown in
recent trials, the revised K/DOQI guidelines for the management of anaemia
recommend that the serum ferritin levels should be maintained between 100 .
500meg/L in adults. in the absence of paediatric studies, in patients at risk of
thrombosis (e.g. those with heavy protelnuria, arteriovenous fistulae or synthetic
grafts), serum ferritin jevels above 500meg/L. should be avoided.

7.11 Height and head circumference (in those under 2 years of age} should be
measured monthly, and the rate of growth checked against normal cenfiles. Dry
welght should be estimated regularly, af least monthly or every 2 weeks in infants.
Pubertal stage should be assessed every 3 months in those over 10 years of age, or
sooner if clinically indicated.

Paediatric standard 7

Growth and development should be measured regularly as part of the
assessment of

dialysis adequacy

Paediatric standard 8

Dry weight needs regular reassessment in the growing child

7.12 An assessment of school progress, both in the hospital and locally, should be
made annually.

7.13 Blood pressure should be maintained within the age appropriate normal range.
8. Access to and withdrawal from dialysis

8.1 All children with chronic kidney disease should be considered for renal
replacement therapy by stage 4

CKD should be suspected in children with: bilateral renal anomalies on antenatal
scans (many children with CKD are now diagnosed antenatally); a creatinine above
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the normal age appropriate range; bilateral renal defects on scans e.g. for UTI: a
family history of CKD; persistent proteinuria; or after an episode of acute renal
failure. All such children should be referred to a paediatric nephrologist. Early
referral provides the opportunity for delaying the progression of CKD by treating
hypertension and proteinuria, for optimising growth and preventing renal bone
disease. Importantly, it also allows for timely forward planning for renal replacement
therapy.

8.2 If there is no medical contraindication the choice of initial dialysis modality
should be based on patient choice. However, although patient choice is paramount,
guidance from unit staff is necessary: venous access cari be difficult to achieve and
maintain in those less than 5 years of age, and needling of a fistula can be
particularly difficult in an uncooperative patient. Also, PD is likely to preseirve
residual renal function for longer. For these reasons, as well as social ones, PD is
recommended in young children.

8.3 After full education and counselling a small proportion of families may opt for
active non-dialytic management of advanced chronic kidney disease, including
nutritional, medical and psychological support, rather than plan to initiate dialysis.
This

decision may need to be discussed with an independent ethics advisor if a
consensus

on further management is not reached amongst members of the medical and nursing
teams or amongst the parents and medical teams. The numbers of patients not
taken

on to dialysis and the reasons for this decision should be subject to audit.

8.4 Renal replacement therapy should commence when a patient with an eGFR <
15mlimin/1.73mz has symptoms or signs of uraemia, fluid overload, malnutrition
and/or growth failure in spite of medical therapy or before an asymptomatic patient
has an eGFR < 6ml/min/1.73mz.

8.5 Any decision to discontinue dialysis should be made jointly by the patient (when
age appropriate) and their carers and the responsible consultant nephrologist and
renal

team and the family practitioner. The decision, and the reasons for i, must be
recorded in the patient.s notes. Renal units should develop guidelines for palliative
care

of such patients, including liaison with community services.

9. Summary of the most important paediatric clinical practice guidelines
Paediatric standard 1

PD for children should take place in specialised paediatric centres able fo provide
mutltidisciplinary support (good practice)

Paediatric standard 2

A transfer process for adolescents must be in place and agreed by referring and
recelving units {good practice)

Paediatric standard 3

Peritoneat dialysis catheter insertion should be undertaken by appropriately trained
and skilled staff (good practice}

Paediatric standard 4

A Kt/ urea of 1.7/week and creatinine clearance 50L/week/1.73mz should be the
minimum for children (good practice)

Paediatric standard 5

All units should collect and audit data on the incidence of exit site infection {good
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pracfice)

Paediatric standard 6

All units should collect and audit data on the incidence of peritonitis (good practice)
Paediatric standard 7

Growth and development should be measured regularly as part of the assessment of
dialysis adequacy (good practice)

Paediatric standard 8

Dry weight needs regular reassessment in the growing child (good practice). A
paediatric renal dietician should regularly review patients and provide guidelines on
the nutritional requirement in each case.

Summary of Audit Measures for Peritoneal Dialysis

1. Adequacy of staffing levels (medical, surgical, radiological, anaesthetic,
nursing, dietetic, play therapists, psychosocial, pharmacy, and schooling)

2. Presence of a transfer process for adolescents that is agreed by referring and
receiving units

3. Availability of modality choice

4. Monitoring of modality switching

5. Systems in place to check medical equipment

6. Systems in place to ensure purchase of dialysis fluid fulfil legal requirements
7. Use of non-standard systems with documentation of clinical indication

8. Use of biocompatible solutions and indication for use

9. Audit of care pathway for dialysis preparation to include informaticn given,
when and who delivers it.

10. Audit of care pathway for catheter insertion to include timeliness and need for
temporary haemodialysis

11. Catheter complications and their resolution

12. Frequency of solute clearance (residual and peritoneal) estimation

13. Cumulative frequency curves for the total solute clearance

14. Frequency of measurement of membrane function, residual urine and
peritoneal ultrafiltration volume

15. Identify patients with fluid reabsorption in long dwell

16. Routine annual audit of infection prevention strategies

17. Routine annual audit of infection outcomes (exit site and peritonitis rates)
18. Cumulative frequency curves of plasma bicarbonate

19. Processes in place to increase awareness of interference of assays by icodextrin
metabolites

20. Cumulative frequency curves of pre-dialysis serum calcium, phosphate
calcium x phosphate product and PTH concentration

21. Cumulative frequency curves of pre-dialysis haemoglobin concentration

22, Height, weight, head circumference and pubertal progression

23. School attendance

24. Cumulative frequency curves of BP predialysis

25. An audit of cases where PD was refused or withdrawn and the indications for
this.

Rationale for clinical practice guidelines for
paediatric patients on peritoneal dialysis

Introduction
In the UK peritoneal dialysis is usually the first choice dialysis modality because it
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interferes less with the child.s day-to-day life, particularly in those who may live a
long way from their paediatric renal unit. The ratio of children on peritoneal dialysis
compared to haemodialysis is approximately 2:1; of the 173 children who received
dialysis in the UK in 2003, 62% were on peritoneal dialysis (Report of the Pasdiatric
Renal Registry, Seventh Annual Report of the UK Renal Registry, December 2004).
The National Service Framework Part 1: Dialysis and Transplantation is a document
that is applicable to both adult and paediattic services (1). It stresses the importance
of a family-centred approach to the care of children. it also stresses the importance
of the team heeded to provide such services i.e. medical, surgical, anaesthesiology,
radiotogy, nursing, dietetic, play therapy, psychological, social work and
pharmacists, all of whom need the special skills necessary to treat such children.
However, this document was not designed to set standards for clinical care.

Owing to the small numbers of children with CKD stage 5, and, in particular, the very
small numbers on dialysis, there are very few analyses to help in the management of
paediatric patients, and paediatric nephrologists have to rely on extrapolation of data
from adult studies. Clinical practice guidefines for aduits on peritoneal dialysis have
been developed in Australasia, Canada, Europe and the USA as well as the UK (2-
11). Guidelines for children on peritoneal dialysis have also been published (12-17).
These quidelines serve to identify and promote best practice in the delivery of
haemodialysis and have set clinical standards to allow comparative audit of the key
aspects of the haemodialysis prescription, laboratory data and patient outcomes.
The

reports of the UK Renal Registry, Scottish Renal Registry and NHS Quality
improvement Scotland have demonstrated the henefits of performing regufar audit to
improve clinical standards in haemodialysis (2-4).

1. The National Service Framework for Renal Services Part 1: Dialysis and Transplantation,
Department of Health, London, UK, January 2004. (www.doh.gov.uk/nsfirenal/index.htm)

2. Clinical Standards for Adult Renal Services, NHS Quality Improvement Scotland, March

2003. (www.clinicalstandards.org)

3. Renal Association Standards & Audit Subcommittee "Treatment of adults & children with

renai failure - Standards and audit measures". 3rd Edition, London: Royal College of

Physicians 2002. (www.renal.org/Standards/standards.html)

4. Report of NHS Quality improvement Scotland (www.nhsheaithquality.org}

5. National Kidney Foundation-K/DOQI Clinical Practice Guidelines for chronic Kidney

disease: Evaluation, classification and stratification. Am J Kidney Dis 2002; 39: 2

Supplement 1 1-5266, {(www.kidney.org/professionals/kdogi/guidelines.cfm)

6. Canadian Society of Nephrology Clinical Practice Guidelines. JASN 1999; 10: Supplement

13 (http:ifcsnsen.ca)

7. CARI (Caring for Australians with Renal lmpairment} Guidelines Part 1 - Dialysis

Guidelines. Eds: Knight J and Vimalachandra D, Excerpta Medica Communications, 2000
(www.kidney.org.au/cari/)

8. National Kidney Foundation-K/DOQI Clinical Practice Guidelines for bone metabolism and
disease in chronic kidney disease. Am J Kidney Dis 2002;39:2 Supplement
(www.kidney.org/professionals/kdogi/guidelines.cfm)

9. National Kidney Foundation-K/DOQI Clinical Practice Guidelines for managing

dyslipidaemias in chronic kidney disease. Am J Kidney Dis 2003; 41: 4 Supplement 3 §1-

$92. (www.kidney.org/professionals/kdogifguidelines.cfm)

10. National Kidney Foundation-K/DOQ! Clinical Practice Guidelines for nutrition of chronic

renal failure. Am J Kidney Dis 2001; 37: 1 Supplement 2 S65-870.
(www.kidney.org/professionals/kdogi/guidelines.cfm)

11, National Kidney Foundation-K/DOQI Clinical Practice Guidelines for anaemia of chronic

kidney disease. Am J Kidney Dis 2001; 37: 1 Supplement 1 $182-52386.
(www.kidney.org/professionals/kdoqifguidelines.cfm}

12. K/DOGI Clinical practice guidelines for bone metabolism and disease in chronic kidney

disease. Epub: www.kidney.org/professionals/kdogi/guidelines Jindex.htm. K/DOQ! 2004
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13. Clinical practice guidelines for pediatric peritoneal dialysis. White CT, Gowrishankar M,
Feber J, Yiu V' Canadian Association of Pediatric Nephrologists (CAPN) and Perifoneal
Dialysis Working Group. Pediatr Nephrol. 2006;21:1059-66.

14, Schroder CH; Eurcpean Pediatric Peritoneal Dialysis Working Group. The management of
anemia in pediatric perifoneal dialysis patients. Guidelines by an ad hoc European
commiitee. Pediatr Nephrol. 2003;18:805-9

15, Watson AR, Gartland C; European Paediatiic Peritoneal Dialysis Working Group.
Guidelines by an Ad Hoc European Committee for Elective Chronic Peritoneal Dialysis in
Pediatric Patients. Petit Dial Inf. 2001,21:240-4

16. White CT, Gowrishankar M, Feber J, Yiu V; Canadian Association of Pediatric
Nephrologists (CAPN); Peritoneal Dialysis Working Group. Clinical practice guidelines for
pediatric peritoneal dialysis. Pediatr Nephrol. 2006 Aug;21(8):1059-66

17, Schroder CH: European Pasediatric Peritoneal Dialysis Working Group. The choice of
dialysis solutions in pediatric chronic peritoneal dialysis: guidelines by an ad hoc Europearn
commiltes. Perit Dial Int. 2001 Nov-Dec;21(6):668-74

18. Fischbach M, Stefanidis CJ, Watson AR for the European paediatiic Peritoneal Dialysis
working group. Guidelines by an ad hoc European committee on adequacy of the paediatric
peritoneal diglysis prescription. Nephrol DialysisTiransplant 2002;17.:380-385

19. Klaus G, Watson A, Edsfonti A, Fischbach M, Ronnholm K, Schasfer F, Simkova E,
Stefanidis CJ, Strazdins V, Vande WJ, Schroder C, Zurowska A, Ekim M: Prevention and
treatment of renal osteodystrophy in children on chronic renal failure: European guidelines.
Pediair Nephrol 21:151-189, 2008

20. K/DOQI Clinical practice guidelines for bone metabolism and disease in chrenic kidney
disease. Epub: www. kidney.org/professionals/kdogifguidelines_bone/index.htm. K/DOQ!
2004 '

1. Equipment and Resources

1.1 Peritoneal Dialysis should be delivered in the context of a comprehensive
and

integrated service for renal replacement therapies, including haemodialysis
{including temporary backup facilities), transplantation and conservative care.
Both continuous ambulatory peritoneal dialysis (CAPD) and automated
peritoneal dialysis (APD), in all its forms should be available. Dedicated PD
hursing staff (1 W.T.E. per 20 patients) should be part of the multidisciplinary
team (Good Practice)

Evidence from observational studies or registry data, with all its limitations, indicates
that peritoneal dialysis (PD) used in the context of an integrated dialysis programme
is

associated with good clinical outcomes, certainly comparable to haemodialysis in the
medium term (HD) (1-5). The only randomised study (NECOSAD), comparing HD to
PD as a first treatment showed no differences in 2 year quality adjusted life years or
5

year mortality, but the number randomised was insufficient to generalize this
observation: notably, most patients in this national study had sufficient life-style
preferences related to one modality to decline randomisation (6). PD has a
significant

technique failure rate however, so patients need to be able to switch treatment
modality (to either temporary or permanent HD) in a timely manner, which has
implications for HD capacity.

PD modalities (CAPD v. APD) have a different impact on life-style; one randomised
study found that APD creates more time for the patient to spend with family or
continue employment but is associated with reduced quality of sleep (7). APD is the
preferred modality for children. There are medical indications for APD (see sections
2!

3 and 4), but generally modality choice is a lifestyle issue.
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The success of a PD programme is dependent upon specialized nurses with
appropriate _ _

skills in assessing and training patients for PD, monitoring of treatment and with
sufficient resources to provide continued care in the community. A recent
randomised

trial of more intensive training has shown that this reduces peritonitis risk (8) (see
section 5). Several studies have documented the benefits of home visits in
identifying

new problems, reducing peritonitis and non-compliance (9-11). lt is usually possible
for a WTE PD nurse to deliver this quality of care with a case load of 20 PD patients
(see recommendations of the National Renal Workforce Planning Group, 2002).
Audit measure 1 - Adequacy of staffing levels (medical, surgical, radiological,
anaesthetic, nursing, dietetic, play therapists, psychosocial, pharmacy, and
schooliing)

Audit measure 2 - Presence of a transfer process for adolescents that is
agreed by

referring and receiving units

Audit measure 3 - Availability of modality choice

Audit measure 4 - Monitoring of modality switching

1. Fenton SSA, Schaubel DE, Desmeules M, et al. Hemodialysis versus peritoneal dialysis: a
comparisen of adjusted mortality rates. American Journal of Kidney Diseases 1997;30(3):334-42.
2. Vonesh EF, Snyder JJ, Foley RN, Collins AJ. The differential impact of risk factors on mortality in
hemodialysis and peritoneal dialysis. Kidney int. 2004:66(6):2389-401.

3. Heaf JG, Lokkegaard H, Madsen M. Initial survival advantage of peritoneal dialysis relative to
haemodialysis. Nephrol Dial Transplant 2002;17(1):112-7.

4. Termorshuizen F, Korevaar JC, Dekker FW, Van Manen JG, Boeschoten EW, Krediet RT.
Hemodialysis and peritoneal dialysis: comparison of adjusted mortafity rates according to the duration
of dialysis: analysis of the Netherlands cooperative study on the adequacy of dialysis 2. J Am Soc
Nephrol 2003;14(11).2851-60.

5. Collins AJ, Hao W, Xia H, et al. Mortality risks of peritoneal dialysis and hemodialysis. Am J
Kidney Dis 1999;34(6):1065-74.

6. Korevaar JC, Feith GW, Dekker FW, et al. Effect of starting with hemodialysis compared with
peritoneal dialysis in patients new on dialysis treatment. a randomized controlled trial. Kidney Int
2003;64(6).2222-8.

7. Bro S, Bjorner JB, Tofte-Jensen P, et al. A prospective, randomized muiticenter study comparing
APD and CAPD treatment. Perit Dial Int 1999;19(6).526-33.

8. Hall G, Bogan A, Dreis S, et al. New directions in peritoneal dialysis patient training. Nephrol
Nurs J. 2004;31(2):149-54, 59-63.

9. Lewis NM, Pickering KR. Establishment of a formalized CAPD retraining program. Perit Dial Int
1995;15:858.

10. Bernardini J, Piraino B. Compliance in CAPD and CCPD patients as measured by supply
inventories during home visits. Am J Kidney Dis 1998,31(1):101-7.

11. Ponferrada L., Prowant BF, Schmidt LM, Burrows LM, Satalowich RJ, Bartelt C. Home visit
effectiveness for peritoneal dialysis patients. Anna J 1993;20(3):333-6.

1.2 All equipment used in the delivery and monitoring of therapies should
comply with the relevant standards for medical electrical equipment [BS-EN
60601-2-39:1999, BS5724-2-39:1998, IEC 60601-2-39:1998, Particular
requirements for the safety . specification for peritoneal dialysis equipment].
Tubing sets and catheters should carry the .CE. mark to indicate that the item
conforms to the essential requirements of the Medical Devices Directive
(93/42/EEC) and that its conformity has been assessed in accordance with the
directive.

Audit Measure 5 - Systems in place to check medical equipment

This is a legal requirement
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1.3 Fluids for peritoneal dialysis are required to satisfy the current

European quality standards as indicated in the European good manufacturing
practice and the European Pharmacopoeia Monograph .Solutions for
Peritoneal

Dialysis.. Manufacturing facilities are required to meet the relevant standards
(ISO 9001/2 and EN 46001/2). Product registration files must be submitted to
and product approval given by the Medicines Control Agency.

Audit Measure 6 - Systems in place to ensure purchase of dialysis fluid fulfil
legal

requirements.

1.4 The use of disconnect systems should be standard unless clinically
contraindicated (evidence).

Audit Measure 7 - Use of non-standard systems with documentation of clinical
indication

Disconnect systems have been shown through randomised trials to be associated
with a

lower peritonitis risk, especially in infections due to touch contamination (1)

1. MacLeod A, Grant A, Donaldson C, et al. Effectiveness and efficiency of methods of dialysis
therapy for end-stage renal disease: systematic reviews. Health Technol Assess 1998;2(5).1-166,

1.5 Biocompatible PD solutions (normal pH, low concentrations of glucose
degradation products) should be used in patients experiencing infusion pain
(evidence).

Also, they should be considered in patients who are likely to remain on PD for a
significant period of time (those who do not have a suitable living related donor and
poor matchability scores, thus anticipating a longer than usual wait for a deceased
donor kidney).

Audit Measure 8 - Use of biocompatible solutions and indication for use

A minority of patients commencing PD will experience infusicn pain, often severe
enough to consider discontinuing the therapy. A double blind randomised study
demonstrated that pain could be prevented by using a normal pH, bicarbonate-
jactate

puffered dialysis fluid (Physioneal) (1). Subsequent clinical experience has found
that

the benefit of this more biocompatible solution on infusion pain-results in immediate
and sustained benefit, and is probably applicable to other biocompatible solutions.
The evidence of clinical benefit from the routine use of biocompatible solutions is
more

controversial. Standard solutions are clearly bio-incompatible, with low pH (~5.2),
lactate rather than bicarbonate buffer, high osmolality and high concentrations of
glucose which also result in high concentrations of glucose degradation products
(GDPs). Many in vitro and ex vivo studies have demonstrated the relative toxicity of
these solutions, with all of the biocompatible features playing their part (2-7). There
is

also strong observational evidence that (a) detrimental functional changes to the
membrane occur with time on treatment, which are more exaggerated in patients
using :

solutions with high glucose concentration early in their time on therapy (8, 9) and (b}
morphological changes occur that are related to time on treatment which include
membrane thickening and vascular scarring (10). Time on treatment is also the
greatest
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risk factor for encapsuiating peritoneal sclerosis (EPS) (11, 12).

These observations have led all the main dialysis companies to deveiop and market
biocompatible. solutions, with normalization of pH, reduction of GDPs and a variable
approach to buffering. In randomised clinical trials these solutions have been shown
to

improve the dialysate concentrations of biomarkers considered to be indicators of
mesothelial cell and possibly membrane health (13-16). Systemic benefits possibly
include reduced circulating advanced glycation end-products (16) and better
glycaemic

control in diabetics (17). However, the long-term effects of metabolic atkalosis on the
developing skeleton are not known, and an alkaline pH can predispose to soft tissue
calcification. Data is currently lacking on hard clinical endpoints such as technique
failure, functional membrane change or patient survival. One non-randomised study
has

found an improved patient but not technique survivatl; patients in this study using
bhiocompatible solutions were younger, suggesting a selection bias that may not be
fully

adjusted for, so caution should be exercised in the interpretation of this study (18).
Currently there is insufficient evidence to recommend that all patients should be
treated

with biocompatible solutions, especially as this may have a significant cost
implication.

A selective approach to their use should be considered. Working on the assumption
that the primary benefit of biocompatible solutions is membrane protection then there
is evidence indicating that function membrane changes become more significant at 4
years of treatment, even in patients commencing PD with good residual renal
function

and low use of hypertonic exchanges (9). Likewise the incidence of EPS is rare
before

this period of time on treatment. This issue remains controversial at this stage and
further studies are required.

An area of difference between paediatric and adult PD is that fill volumes vary with
size. Surface area is preferable to body weight, which may underestimate the
optimal ‘

fill volume in younger children, and should be between 1200 and 1400mi
dialysate/m:z

body surface area (19).

1. Mactier RA, Sprosen TS, Gokal R, et al. Bicarbonate and bicarbonate/lactate peritoneal dialysis
solutions for the treatment of infusion pain. Kidney Int 1998;53(4):1061-7.

2. Liberek T, Topley N, Jorres A, et al. Peritoneal dialysis fiuid inhibition of polymorphonuclear
leukocyte respiratory burst activation is refated to the lowering of intracellular pH. Nephron
1993,65(2).26C-5.

3. Jorres A, Bender TO, Finn A, et al. Biccompatibility and buffers; effect of bicarbonate-buffered
peritoneal dialysis fluids on peritoneal cell function. Kidney Int 1998;54(6):2184-93.

4. Jorres A, Topley N, Steenweg L, Miller C, Koéttgen E, Gahl GM. Inhibition of cytokine synthesis
by peritoneal dialysate persists throughout the CAPD cycle. Am J Nephrol 1992;12(1-2):80-5.

5. McGregor SJ, Brock JH, Briggs JD, Junor BJ. Longitudinal study of peritoneal defence
mechanisms in patients on continuous ambulatory peritoneal dialysis {CAPD). Perit Dial Int
Peritoneal Dialysis International 1989,9:115-9,

8. Topley N. Membrane longevity in peritoneal dialysis: impact of infection and bio- incompatible
solutions. Adv Ren Replaco Ther 1998;5(3):179-84.

7. Topley N, Alobaidi HM, Davies M, Coles GA, Williams JD, Lloyd D. The effect of dialysate on
peritoneal phagocyte oxidative metabolism. Kidney Int 1088;34(3):404-11.
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8. Davies SJ, Phillips L, Naish PF, Russell Gl. Peritoneal glucose exposure and changes in
membrane

solute transport with time on Peritoneal Dialysis. J Am Soc Nephrol 2001;12(5):1046-51,

9. Davies SJ. Longitudinal relationship between solute transport and ultrafiltration capacity in
peritoneal dialysis patients. Kidney Int 2004,66:2437-45.

10. Williams JD, Craig KJ, Topley N, et al. Morphologic changes in the peritoneal membrane of
patients with renal disease. J Am Soc Nephrol 2002;13(2):470-8.

11. Rigby RJ, Hawley CM. Sclerosing peritonitis: the experience in Australia. Nephrol Dial
Transplant. 1998;13(1):154-9.

12. Lee HY, Kim BS, Choi HY, et al. Sclerosing encapsulating peritonitis as a complication of
fongterm

continuous ambulatory peritoneal dialysis in Korea. Nephirology (Carlfon). 2003;8(Suppl}:§33-9.

13. Rippe B, Wieslander A, Musi B. Long-term results with low glucose degradation product content
in peritoneal dialysis fluids. Conirib Nephrol 2003(140):47-55.

14. Jones S, Holmes CJ, Krediet RT, et al. Bicarbonate/lactate-based peritoneal dialysis solution
increases cancer antigen 125 and decreases hyaluronic acid levels. Kidney Int 2001;59({4):1529-38.
15, Jones 8, Holmes CJ, Mackenzie RK, et al. Continuous dialysis with hicarbonate/lactate-buffered
peritoneal dialysis fluids results in a long-term improvement in ex vivo peritoneal macrophage
function. J Am Soc Nephro! 2002;13(Suppl 1):597-103.

16. Williams JD, Topley N, Craig KJ, et al. The Euro-Balance Trial: the effect of a new biocompatible
peritoneal dialysis fluid (balance) on the peritoneal membrane. Kidney Inf 2004,66(1):408-18.

17. Marshall J, Jennings P, Scott A, Fluck RJ, Mcintyre CW. Glycemic control in diabetic CAPD
patients assessed by continuous glucose monitoring system (CGMS). Kidney int 2003;64(4):1480-6.
18. Lee HY, Park HC, Seo BJ, et al. Superior patient survival for continuous ambulatory perifoneal
dialysis patients treated with a peritoneal dialysis fiuid with neutral pH and low glucose degradation
product concentration (Balance). Perit Dial Int. 2005:25(3):248-56.

19, White CT, Gowrishankar M, Feber J, Yiu V; Canadian Association of Pediatric Nephrofogists
(CAPN}; Peritoneal Dialysis Working Group. Clinical practice guidelines for pediatric perifoneal
dialysis. Pediatr Nephrol, 2006 Aug,21(8):1059-66

2. Preparation for Peritoneal Dialysis

2.1 All patients should, where possible, be adequately prepared for renal
replacement therapy and this should include receiving information and
education about PD treatment, delivered by an experienced member of the
NMDT. Patients commencing RRF in an unplanned fashion for whatever reason
should receive this information once appropriate. (Good practice)

Audit Measure 9: Audit of care pathway for dialysis preparation to include
information given, when and who delivers it.

The arguments and rationale for this guideline relate to the National Service
Framework for Renal Services, Part 1. The reader is referred to standard 2,
Preparation and Choice pp. 21-23.

2.2 Where possible, timing of PD catheter insertion should be planned to
accommodate patient convenience, commencement of training between 10
days

and 6 weeks, (unless using the Moncrief catheter) and before RRT is essential
to

enable correction of early catheter-related problems without the need for
temporary haemodialysis. (Good practice)

Audit Measure 10: Audit of care pathway for catheter insertion to include
timeliness and need for temporary haemodialysis

The arguments and rationale for this guideline relate to the National Service
Framework for Renal Setvices, Part 1. The reader is referred to standard 3, Elective
Dialysis Access Surgery, pp. 24-26. The Moncrief catheter is buried subcutaneously
and is designed to be left in this position, where it can remain for many months, until
required (1). f the catheter needs fo be used within 7 days of insertion, fill volumes
should start at 500mi/mz body surface area in order fo reduce the chances of
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dialysate leak, with its associated risk of tunnel and peritoneal infection.

1. Gokal R, Alexander S, Ash S, et al. Peritoneal catheters and exit-site practices toward optimum
peritoneal access: 1998 update. (Official report from the International Society for Peritoneal Dialysis).
Perit Dial Int 1998;18(1):11-33.

2. White CT, Gowrishankar M, Feber J, Yiu V; Canadian Association of Pediafric Nephrologists
(CAPN); Peritoneal Dialysis Working Group. Clinical practice guidelines for pediatric

peritoneal dialysis. Padiatr Nephrol. 2006 Aug;21(8):1059-66

2.3 Dialysis centres should have a dedicated team approach to catheter
insertion. This is more important than the type of catheter or the implantation
technique used. (Good practice) ‘

An experienced team approach to catheter insertion is recommended by all available
guidelines; in the case of the European guidelines this is given a level A evidence
although no randomised trial has been published comparing ad hoc arrangements
with

those of a dedicated experienced team (1). This approach should be combined with
regular audit of outcomes. Several randomised trials have been performed
comparing

different catheter designs and insertion techniques. These are fully reviewed
elsewhere

(1-4). Whilst there are theoretical advantages in choosing different catheters, e.g.
double v. single cuff to reduce leakage, coiled v. straight to reduce catheter
migration,

when put to the test in randomised trials no significant benefit of one over another
has

been demonstrated. Equally, there may be clear logistic benefits of one approach to
catheter insertion over another, e.g. laparoscopic v. open surgical v. Seldinger that
reflect local expertise and facilities but no studies have demonstrated a clear benefit.
Evidence would suggest that a downwards-directed exit site is associated with less
infection and a caudally directed angle of the catheter in the deep tunnel, especially
if

this is made through the rectus muscle, is associated with reduced likelihood of
catheter migration (5).

Similarly for children, there is no evidence showing any difference in the incidence of
complications and the number of cuffs. However, in young children care is necessary
to avoid placement of the distal cuff too near the exit site as cuff extrusion cah occur.
For this reasen, it is recommended that there should be at least a 2cm distance
hetween the distal cuff and the exit site. There is also no evidence fo support the use
of swan necked in comparison to straight catheters or a coiled in comparison fo a
straight intraperitoneal segment. However, downward or lateral pointing exit sites
have been shown to be associated with a decreased incidence of peritonitis in 2
studies (6). Furthermore, there is no evidence in the paediatric literature fo
demonstrate any benefit of omentectomy, although there is some evidence in adults.
The most important issue, therefore, is that the catheter is inserted by expetienced
staff who are aware of these issues.

Paediatric standard 3

Peritoneal dialysis catheter insertion should be undertaken by appropriately trained

and skifled staff (good practice)

1. Dombros N, Dratwa M, Feriani M, et al. European best practice guidelines for peritoneal dialysis. 3
Peritoneal access. Nephrol Dial Transpiant. 2005;20(Supp! 9):ix8-ix12.

2. Gokal R, Alexander S, Ash S, et al. Peritoneal catheters and exit-site practices toward optimum
peritoneal access: 1998 update. (Official report from the International Society for Peritoneal Dialysis).
Perit Dial Int 1998;18(1):11-33.
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3. Canadian Guidelines for treatment wth peritoneal dialysis. J Am Soc Nephrol 1999;Suppl 13.
4. Flanigan M, Gokal R. Peritoneal catheters and exit-site practices toward optimum peritoneal
access: a review of current developments. Perit Dial Int. 2005;25(2):132-9.

5. Crabtree JH, Burchette RJ, Siddigi NA. Optimal peritoneal dialysis catheter type and exit site
location: an anthropometric analysis. ASAIO J. 2005;51(6):743-7.

8. White CT, Gowrishankar M, Feber J, Yiu V; Canadian Association of Pediatric Mephrologists
(CAPN]; Peritoneal Dialysis Working Group. Clinical practice guidelines for pediatric peritoneal
dialysis. Pediatr Nephrol. 2006 Aug;21(8):1059-66

2.4 Peri-operative catheter care and catheter complications (leaks, hernias,
obstruction) should be managed according to the International Society of
Peritoneal Dialysis guidelines, www.ispd.org (Good practice)

Audit Measure 11: Catheter complications and their resolution

For management of the catheter in the peri-operative period, for catheter related
problems including leak (internal and external), poor flow, obstruction and hernias
the

guidelines developed by the International Society of Peritoneal Dialysis should be
used,

www.ispd.org (1, 2). Catheter problems due to increased intra-peritoneal pressure,
especially leaks, hernias and prolapse are an important medical indication for the
use of

APD either temporarily or permanently; poor flow or catheter related flow pain should

be treated with tidal APD.

1. Flanigan M, Gokal R. Peritoneal catheters and exit-site practices toward optimum peritoneal
access: a review of current developments. Perif Dial Int. 2005,25(2):132-2.

2. Crabtree JH. Rescue and salvage procedures for mechanical and infectious complications of
peritoneal dialysis. Int J Artif Organs, 2006;29(1).:67-84.

3. Solute Clearance

3.1 Both residual urine and peritoneal dialysis components of small solute
clearance should be measured at least six monthly or more frequently if
clinically

indicated. Both urea and/or creatinine clearances can be used to monitor
dialysis

adequacy and should be interpreted within the limits of the methods. (Good
practice)

Audit Measure 12: Frequency of solute clearance (residual and peritoneal)
estimation.

Small solute clearance is one of the measurements of adequate dialysis treatment.
Salt

and water removal and acid-base balance are considered in sections 4 and 6
respectively. There are two issues in measuring small solute clearance that need to
be

taken into consideration. First, the relationship to clinical outcomes of residual renal
versus petitoneal small solute clearance is quantitatively different. Observational
studies have shown that preserved renal clearance, in fact just urine volume, is
associated with improved survival, independent of other known factors such as age
and

comorbidity (1, 2). Randomised controlled trials designed to replace this residual
renal

function with peritoneal clearance did not show a proportional survival benefit (3, 4).
Second, there are two potential surrogate solutes, urea and creatinine, that can be
used
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to measure solute clearance in PD patients. There is no clear evidence as to which
is

the more useful clinically, and both have their problems. Current advice, therefore, is
that either or both can be used, but clinicians should be aware of their differing
limitations. Urea clearances are limited by the difficuity in PD patients of estimating V
accurately, whilst peritoneal creatinine clearances are affected by membrane
transport

characteristics (see Appendix).

1. Churchill DN, Taylor DW, Keshaviah PR. Adequacy of dialysis and nutrition in continuous
peritoneal dialysis: association with clinical outcome. J Am Soc Nephrol 19986;7:198-207.

2. Bargman JM, Thorpe KE, Churchill DN. Relative contribution of residual renal function and
peritoneal clearance to adequacy of dialysis: a reanalysis of the CANUSA study. J Am Soc Nephrol
2001;12(10):2158-62.

3. Paniagua R, Amato D, Vonesh E, et al. Effects of Increased Peritoneal Clearances on Mortality
Rates in Peritoneal Dialysis: ADEMEX, a Prospective, Randomized, Controlled Trial. J Am Soc
Nephrol 2002;13(5):1307-20.

4, Lo WK, Ho YW, Li CS, et al. Effect of KtV on survival and clinical outcome in CAPD patients in

a randomized prospective study. Kidney Int 2003,64(2).649-56.

3.2 A combined urinary and peritoneal Kt/Vurea of 1.7/week or a creatinine
clearance of 50L/week/1.73m2 should he considered as minimal treatment
doses.

The dose should be increased in patients experiencing uraemic symptoms
(Evidence)

Audit Measure 13: Cumulative frequency curves for the total solute clearance
Two randomised controlled trials (ADEMEX and Hong Kong) have evaluated the
impact of peritoneal solute clearances on clinical endpoints (1, 2). Neither found that
an increase of peritoneal Kt/Vurea >1.7 Was associated with an improvement in
survival. ‘

Only one of these studies (ADEMEX) measured creatinine clearance, which was the
solute used to make decisions in this case; patients in the control group achieved an
average petitoneal creatinine clearance of 46L/1.73mz/week and a total (urine plus
renal) of 54L/1.73mz/week. In setting a recommendation for minimal peritoneal
clearances, to be achieved in anuric patients, the previous Renal Association
guideline :
of K¥V > 1.7 and creatinine clearance >50L/1.73mz/week is supported by both the
randomised and observational data. In the Hong Kong study, patients randomised to
a

KtV <1.7, whilst their mortality was not significantly worse they had a significantly
higher drop out rate, more clinical complications and worse anaemia. One
observational longitudinal study demonstrated that patients develop malnutrition
once :

the Kt/V falls below 1.7 with a three-fold increase in the death rate (3). The
NECOSAD study found that a creatinine clearance of <40L/wek or a KtV urea <1.5
was associated with increased mortality in anuric patients (4).

The vast majority of PD patients will be able to reach these clearance targets,
especially if APD is employed (5). These guidelines must however be viewed as
recommendations for minimal overall clearance. In patients with residual renal
function this renal clearance can be subtracted from the peritoneal clearance with
confidence that the value of equivalent renal clearances in greater. Equally, in
patients

achieving these clearances but experiencing uraemic symptoms, or failing to achieve
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adequate acid base balance (see section 6) the dialysis dose should be increased.
Drop

out due to uraemia or death associated with hyperkalasmia and acidosis was
significantly more common in the control patients in the ADEMEX study (1).
Studies in children include small patient numbers and results are variable, some
suggesting a ceiling above which no further improvement in growth and nutritional
state occurs because of petitoneal protein losses. If is recommended that the
standards for adults should be seen as a minimum for children (6).

1, Paniagua R, Amato D, Vonesh E, et al. Effects of Increased Peritoneal Clearances on Mortality
Rates in Peritoneal Dialysis: ADEMEX, a Prospective, Randomized, Controlled Trial. J Am Soc
Nephrol 2002;13(5):1307-20.

2. Lo WK, Ho YW, Li CS, et al. Effect of Kt/V on survival and clinical outcome in CAPD patients in

a randomized prospective study. Kidney Int 2003;64(2):649-56.

3. Davies SJ, Phillips L, Russell L, Naish PF, Russell Gi. An analysis of the effects of increasing
delivered dialysis treatment to malnourished peritoneal dialysis patients. Kidney Int 2000;567(4).1743-
54.

4. Jansen MA, Termorshuizen F, Korevaar JC, Dekker FW, Beeschoten E, Krediet RT. Predictors of
survival in anuric peritoneal dialysis patients. Kidney Int. 2005,68(3):1 199-205.

5. Brown EA, Davies SJ, Heimburger O, et al. Adequacy targets can be met in anuric patients by
automated peritoneal dialysis: baseline data from EAPOS. Perit Dial int 2001;21(Supp! 3):8133-7.
6. Lesley Rees 1, Vanessa Shaw. Nuirition in children with CRF and on dialysis, Pediatr Nephrol, in
press

4. Ultrafiltration and fluid management

4.1 Peritoneal membrane function should be monitored regularly (6 weeks
after commencing treatment and at least annually or when clinically indicated)
using a peritoneal equilibration test (PET) or equivalent. Daily urine and
peritoneal uitrafiltration volumes, with appropriate correction for overfill,
should

be monitored six-monthly. (Good practice)

Audit Measure 14: Frequency of measurement of membrane function, residual
urine and peritoneal ultrafiltration volume

Assessment of membrane function, specifically solute transport rate and
ultrafiltration

capacity) is fundamental to PD prescription. (See appendix for methodological
description of membrane function tests). This is for the following reasons:

1. There is considerable between-patient variability in both solute transport and
ultrafiltration capacity that translates into real differences in achieved solute
clearance and ultrafiltration unless they are accounted for in prescription

practice (1-5)

2 Membrane function is an independent predictor of patient survival; specifically
high solute transport and fow ultrafiltration capacity are associated with worse
outcomes (6-10)

3. Membrane function changes with time on therapy. There are early changes .
usually during the first few weeks of treatment that can be avoided by

performing tests 6 weeks after commencing PD. Later changes vary between
patients but tend to be increasing solute transport and reduced ultrafiltration
capacity; the rate of membrane change is accelerated in patients with earlier

loss of residual renal function and greater requirement for hypertonic glucose
solutions. (5, 11, 12}

Residual renal function, as discussed above, is one of the most important factors,
along

with age, comorbidity, nutritional status, plasma albumin and membrane function that
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predict survival in PD patients. Its rate of loss is variable and clinically significant
changes can occur within 6 months. Total fluid removal is associated with patient
survival, especially once anuric (9, 13, 14), ADEMEX study, data awaiting
publication.

1. Twardowski ZJ, Nolph KD, Khanna R, et al. Peritoneal Equilibration Test. Perit Dial Buil
1987,7:138-47.

2, Smit W, van Dijk P, Langediik MJ, et al. Peritoneal function and assessment of reference values
using a 3.86% glucose solution. Perif Dial int 2003,23(5):44C-8.

3. Smit W, Schouten N, van den Berg N, Langedijk MJ, Struijk DG, Krediet RT. Analysis of the
prevalence and causes of ultrafiltration faiiure during long-term peritonaal dialysis: a cross-sectional
study. Perit Dial Int 2004;24(6):562-70.

4. Selgas R, Bajo MA, Cirugeda A, et al. Ultrafiltration and small solute transport at initiation of PD:
questioning the paradigm of peritoneal function. Perit Diaf Int. 2005;25(1):68-76.

5. Davies SJ. Longitudinal relationship between solute transport and ultrafiltration capacity in
peritoneal dialysis patients. Kidney Inf 2004,66:2437-45.

6. Davies SJ, Phillips L, Naish PF, Russell G. Quantifying comorbidity in Peritoneal Dialysis patients.
and its relationship to other predictors of survival. Nepfrol Diaf Transplant 2002;17(6):10856-92.

7. Churchill DN, Thorpe KE, Nolph KD, Keshaviah PR, Oreopoulos DG, Page D. Increased
peritoneal membrane transport is associated with decreased patient and technique survival for
continuous peritoneal dialysis patients. J Am Soc Nephrol 1998;9:1285-92.

8. Rumpsfeld M, McDenald SP, Johnson DW. Higher peritoneal transport status is associated with
higher mortality and technique failure in the Australian and New Zealand peritoneal dialysis patient
populations. J Am Soc Nephrol. 2006;17(1).:271-8. Epub 2005 Nov 23.

9. Brown EA, Davies SJ, Rutherford P, et al. Survival of Functionally Anuric Patients on Automated
Peritoneat Dialysis: The European APD Outcome Study. J Am Soc Nephroi 2003;14(11):2948-57.
10. Brimble KS, Waiker M, Margetts PJ, Kundhal KK, Rabbat CG. Meta-analysis: peritcneal
membrane transport, mortality, and technique failure in peritoneal dialysis. J Am Soc Nephrol.
2006;17(9):2591-8. Epub 006 Aug 2. -

11. Heimburger O, Wang T, Lindholm B. Alterations in water and solute transport with time on
peritoneal dialysis. Perit Dial Int 1999;19 Suppl 2:583-90.

12. del Peso G, Fernandez-Reyes MJ, Hevia G, et al. Factors influencing peritoneal transport
parameters during the first year on peritoneal dialysis: peritonitis is the main factor. Nephrol Dial
Transplant. 2005;20(6):1201-6.

13. Ates K, Nergizoglu G, Keven K, et al. Effect of fluid and sodium removal on mortality in
peritoneal dialysis patients. Kidney Int 2001;60(2).767-76. .

14. Jansen MA, Termorshuizen F, Korevaar JC, Dekker FW, Boeschoten E, Krediet RT. Predictors of
survival in anuric peritoneal dialysis patients. Kidney Inf. 2005;68(3):1199-205. ’

4.2 Dialysis regimes resulting in fluid reabsorption should be avoided.

{(Good practice). Patients with high or high average solute transport, at
greatest

risk of this problem, should be considered for APD and icodextrin (Evidence)
Audit Measure 15: Identify patients with fluid reabsorption in long dwell
Increased solute transpott has been repeatedly shown to be associated with worse
survival, especially in CAPD patients (1-4). The explanation for this association is
most likely to be because of its effect on ultrafiltration when this is achieved with an
osmotic gradient (using glucose or amino-acid dialysis fluids). The reason is twofold:
first, due to more rapid absorption of glucose, the osmotic gradient is lost earlier in
the

cycle resulting in reduced ultrafiltration capacity. Second, once the osmotic gradient
IS

dissipated the rate of fluid reabsorption in high transport patients is more rapid. This
will result in significant fluid absorption, contributing to a positive fluid balance, during
the long exchange.

These problems associated with high transport can be avoided by using APD to
shorten dwell length and by using icodextrin for the long exchange to prevent fluid

reabsorption. Several randomised controlled trials have shown that icodextrin can
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achieve sustained ultrafiltration in the long dwell (5-9) and that this translates into a
reduction in extracellular fluid volume (10, 11). Observational studies indicate that
high solute transport is not associated with increased mortality or technique failure in
APD patients, especially when there is also a high use of icodextrin (3, 12, 13).

1. Davies SJ, Phillips L, Naish PF, Russell G. Quantifying comorbidity in Peritoneal Dialysis patients
and its relationship to other predictors of survival. Nephrof Dial Transplant 2002;17(8):1085-92.

2. Churchill DN, Thorpe KE, Nolph KD, Keshaviah PR, Oreopoulos DG, Page D. Increased
peritoneal membrane transport is assaciated with decreased patient and technique survival for
continuous peritoneal dialysis patients. J Am Soc Nephrol 1998,9:1285-82.

3. Rumpsfeld M, McDonald SP, Johnson DW. Higher peritoneal transport status is associated with
higher mortality and technique failure in the Australian and New Zealand peritoneal dialysis patient
populations. J Am Soc Nephrol. 2006;17(1):271-8. Epub 2005 Nov 23.

4. Brimble KS, Walker M, Margetts PJ, Kundhal KK, Rabbat CG. Meta-analysis: peritoneal
membrane transport, mortality, and technique failure in peritoneal dialysis. J Am Soc Nephrol.
2006;17(9):2591-8. Epub 006 Aug 2.

5. Posthuma N, ter Wee PM, Verbrugh HA, et al. Icodextrin instead of glucose during the daytime
dwell in CCPD increases ultrafiltration and 24-h dialysate creatinine clearance. Nephrol Dial
Transplant Nephrology, Dialysis, Transplantation 1997;12(3).:550-3.

6. Plum J, Gentile S, Verger C, et al. Efficacy and safety of a 7.5% icodextrin peritoneal dialysis
solution in patients treated with automated peritoneal dialysis. Am J Kidney Dis 2002;39(4):862-71.

7. Wolfson M, Piraino B, Hamburger RJ, Morton AR. A randomized controlled trial to evaluate the
efficacy and safety of icodextrin in peritoneal dialysis. Am J Kidney Dis 2002;40(5):1055-85.

8. Ota K, Akiba T, Nakao T, et al. Peritoneal uitrafiltration and serum icodextrin concentration

during dialysis with 7.5% icodextrin solution in Japanese patients. Perit Dial Int 2003;23(4).356-61.

9. Finkelstein F, Healy H, Abu-Aifa A, et al. Superiority of icodextrin compared with
4.25+ACUdextrose

for peritoneal ultrafiltration. J Am Soc Nephrol 2005;16(2).546-54.

10. Konings CJ, Kooman JP, Schonck M, et al. Effect of icodexdrin on volume status, blood pressure
and echocardiographic parameters: A randomized study. Kidney int 2003,63(4):1556-63.

11. Davies SJ, Woodrow G, Donovan K, et al. icodextrin improves the fluid status of peritoneal
dialysis patients: results of a double-blind randomized controlled trial. J Am Soc Nephrol
2003;14(9):2338-44.

12, Brown EA, Davies SJ, Rutherford P, et al. Survival of Functionally Anuric Patients on Autcmated
Peritoneal Dialysis: The European APD Outcome Study. J Am Soc Nephrof 2003;14(11):2948-57.

13. Davies SJ. Mitigating peritoneal membrane characteristics in modern PD therapy. Kidney Int
2006;in press.

4.3 Dialysis regimes resulting in routine utilisation of hypertonic (3.86%)
glucose exchanges should be avoided (Good practice). Where appropriate this
should be achieved by avoiding excess dietary salt intake, using diuretics or
icodextrin (Evidence).

There is growing evidence that regular use of hypertonic giucose dialysis fluid
(3.86%), and where possible glucose 2.27%, is to be avoided. It is associated with
acceleration in the detrimental changes in membrane function that occur with time on
treatment (1, 2), as well as several undesirable systemic effects including weight
gain

(3, 4), poor diabetic control (5), delayed gastric emptying (6), hyperinsulinaemia and
adverse haemodynamic effects (7). In addition to patient education to avoid
excessive

salt and fluid intake, where possible the use of hypertonic glucose should be
minimised

by enhancing residual diureses with the use of diuretics (e.g. frusemide 250mg daily)
(8). Substituting icodextrin for glucose solutions during the long exchange will resuit
in equivalent ultrafiltration whilst avoiding the systemic effects of the glucose ioad (3,
5, 7, 9). Observational evidence would suggest that icodextrin is associated with less
functional deterioration in the membrane in APD patients (2).

1. Davies SJ. Longitudinal relationship between solute transport and ultrafiltration capacity in
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peritoneal dialysis patients. Kidney Int 2004,66:2437-45.

2 Davies SJ, Brown EA, Frandsen NE, et al. Longitudinal membrane function in functionally anuric
patients treated with APD: Data from EAPOS on the effects of glucose and icodextrin prescription.
Kidney Int 2006;87(4):1608-15.

3. Wolfson M, Piraino B, Hamburger RJ, Morton AR. A randomized controlled trial to evaluate the
efficacy and safety of icodextrin in peritoneal dialysis. Am J Kidney Dis 2002;40(5):1055-65.

4, Fernstrom A, Hylander B, Moritz A, Jacobsson H, Rossner S. Increase of intra-abdominal fat in
patients treated with continuous ambulatory peritoneal dialysis. Perif Dial Inf 1998;18(2):166-71.

5. Marshall J, Jennings P, Scoit A, Fluck RJ, Mcintyre CW. Glycemic control in diabetic CAPD
patients assessed by continuous glucose monitoring system (CGMS). Kidney Int 2003,64(4).1480-6.
6. Van V, Schoonjans RS, Struijk DG, et al. Influence of dialysate on gastric emptying time in
peritoneal dialysis patients. Perit Dial Int 2002;22(1):32-8.

7. Selby NM, Fonseca S, Hulme L, Fluck RJ, Taal MW, Maintyre CW. Hypertonic glucose-based
peritoneal dialysate is associated with higher blood pressure and adverse haemedynamics as
compared

with icodextrin. Nephrol Dial Transplant 2005; 20(9).1848-53.

8. Medcalf JF, Harris KP, Walls J. Role of diuretics in the preservation of residual renal function in
patients on continuous ambulatory peritoneal dialysis. Kidney Iné 2001;59(3):1128-33.

9. Davies SJ, Woodrow G, Donovan K, et al. lcodextrin improves the fluid status of peritoneal dialysis
patients: results of a double-blind randomized controlled trial. J Am Soc Nephrol 2003;14(9):2338-44.
4.4 Treatment strategies that favour preservation of renal function should

be adopted where possible (Good practice). These include avoidance of
episodes

of dehydration, use of diuretics, ACEi and ARBs (Evidence)

This is the single most important parameter in PD patients, and also the one most
likely

to change with time. Clinically significant changes can occur within three months.
Because secretion of creatinine by the kidney at low levels of function overestimates
residual creatinine clearance, it is recommended to express this as the mean of the
urea

and creatinine clearances. Observational and randomised studies have shown that
episodes of volume depletion, whether unintentional or in response to active fluid
removal with the intent of changing blood pressure or fiuid status, are associated
with

increased risk of loss in residual renal function (1-4). Care should be taken not to
volume deplete a PD patient too rapidly or excessively. The use of diuretics to
maintain urine volume is not associated with a risk to renal clearances (5). ACE
inhibitors, (Ramipril 5mg) (6) and ARBs (valsartan) (7) have been shown in

randomised studies to maintain residual diuresis.

1. Jansen MA, Hart AA, Korevaar JC, Dekker FW, Boeschoten EW, Krediet RT. Predictors of the
rate of decline of residual renal function in incident dialysis patients. Kidney Inf 2002;62(3):1046-53.
2. Gunal Al, Duman S, Ozkahya M, et al. Strict volume control normalizes hypertension in peritoneal
dialysis patients. Am J Kidney Dis 2001,37(3):588-93.

3. Konings CJ, Kooman JP, Gladziwa U, van der Sande FM, Leunissen KM. A decline in residual
glomerular filtration during the use of icodextrin may be due to underhydration. Kidney Int
2005;67(3):1190-1.

4. Konings CJ, Kooman JP, Schonck M, et al. Effect of icodextrin on volume status, blood pressure
and echocardiographic parameters: A randomized study. Kidney int 2003;63(4):15656-63.

5. Medcalf JF, Harris KP, Walls J. Role of diuretics in the preservation of residual renal function in
patients on continuous ambulatory peritoneal dialysis. Kidney Int 2001;59(3):1128-33.

6. Li PK, Chow KM, Wong TY, Leung CB, Szetc CC. Effects of an angiotensin-converting enzyme
inhibitor on residual renal function in patients receiving peritoneal dialysis. A randomized, controlled
study. Ann Intern Med. 2003;139(2):105-12.

7. Suzuki H, Kanno Y, Sugahara S, Okada H, Nakamoto H. Effects of an angiotensin Il receptor
blocker, valsartan, on residual renal function in patients on CAPD. Am J Kidney Dis.
2004,43(6):1056-64.
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4.5 Anuric patients who consistently achieve a daily ultrafiitration of less

than 750 should be closely monitored and the benefits of modality switch
considered (Good practice}

Audit Measure (adult only): Identify patients with a total fluid removal <750 ml per
day. Observational studies have consistently shown that reduced peritoneal
ultrafiltration is associated with worse survival rates; whilst this is seen in studies with
or without residual urine (1), this effect is most marked in anuric patients (2, 3). In the
only prospective study to have preset an ultrafiltration target (750 ml/day), patients
who remained below this had higher mortality after correcting for age, time on
dialysis,

comorbidity and nutritional status. It is likely this association is multifactorial, but
failure to prescribe sufficient glucose or icodextrin and a lower ultrafiltration capacity
of the membrane were factors in this study and should be considered (2, 4). The
European guidelines have suggested a 1 litre minimal daily uttrafiltration target,(5)
there is insufficient evidence to say that such a target must be met at this stage.
Blood

pressure, salt (and fluid) intake, nutritional and fluid status should be taken into
account. Nevertheless patients with less than 750 ml ultrafiltration once anuric
should

he very closely monitored and the potential benefits of modality switch considered.
1. Ates K, Nergizoglu G, Keven K, et al. Effect of fluid and sodium removal on mortality in

peritoneal dialysis patients. Kidney Int 2001,60(2):767-76.

2. Brown EA, Davies SJ, Rutherford P, et al. Survival of Functionally Anuric Patients on Automated
Peritoneal Dialysis: The European APD Outcome Study. J Am Soc Nephrol 2003;14(11).2948-57.

3, Jansen MA, Termorshuizen F, Korevaar JC, Dekker FW, Boeschoten E, Krediet RT. Predictors of
survival in anuric peritoneal dialysis patients. Kidney Int. 2005,68(3):1199-205.

4, Davies SJ, Brown E, Riegel W, et al. What is the link between poor ultrafiltration and increased
mortality in anuric APD patients? Analysis of data from EAPOS. Perit Dial Inf 2006;26(4):458-65.

5. Dombros N, Dratwa M, Feriani M, et al. European best practice guidelines for peritoneal dialysis. 7
Adequacy of peritoneal dialysis. Nephrol Dial Transplant. 2005;20(Suppl 9).ix24-ix7.

5. Infectious complications

5.1 Prevention Strategies

5.1.1 PD units should undertake regular audit of their peritonitis and exit-site
infection rates, including causative organism, treatment and outcomes. They
should enter into active dialogue with their microbiology department and
infection control team to develop optimal local treatment and prevention
protocols (Good practice)

" 5.1.2 Flush-before-fill dialysis delivery systems should be used (Evidence)
5.1.3 Patients should undergo regular (annually or more frequently if indicated)
revision of their technique and receive intensified training if this is below
standard (Evidence)

5.1.4 Initial catheter insertion should be accompanied by antibiotic prophylaxis
(Evidence)

5.1.5 Invasive procedures should be accompanied by antibiotic prophylaxis
and

emptying the abdomen of dialysis fluid for a period commensurate with the
procedure (Good practice)

5.1.6 Topical antibiotic administration should be used to reduce the frequency
of

Staph. aureus and Gram negative exit-site infection and peritonitis (Evidence)
Audit Measure 16; Routine annual audit of infection prevention strategies

The rationale underpinning the guidelines in this section is laid out in a series of
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documents published by the International Society of Peritoneal Dialysis, available on
their web-site: www.ispd.org

Prevention strategies: Both the ISPD 2005 guidelines (1) and the NSF Part 1 place
increasing emphasis on prevention strategies. Regular audit is essential to this
progress

and the following standards should be considered as minimal:

1. Peritonitis rates of less than 1 episode per 18 months in adults and 12 months

in children {see NSF part 1)

2. A primary cure rate of 80%

3. A culture negative rate of <20% :
Approaches that have been shown to reduce infection rates in randomised studies
include increased intensity of training (2), use of flush before fill systems,(3) antibiotic
prophylaxis to cover catheter insertion and prevention of exit-site infections (1).
Several studies have addressed the latter issue; following demonstration that the risk
of

Staph aureus exit site infection (the organism responsible in 90% of cases) is
associated with pre-existing skin carriage, several randomised studies demonstrated
that clinical exit-site infection and associated peritonitis could be reduced by either
hasal or exit-site application of mupirocin. This has led to the practice of applying
mupirocin to all patients; (4, 5) this approach should be discussed with the local
microbiology and infection control team. A more recent study, comparing mupirocin
with gentamicin cream, found that the latter prevented both Staph aureus and
Pseudomonas exit-site infections and peritonitis episodes (6). This approach shouid
be

strongly considered in patients with a known history of Pseudomonas infections;
again

the policy should be discussed and agreed with the local microbiology team.

1. Piraino B, Bailie GR, Bernardini J, et al. Peritoneal dialysis-related infections recommendations:
2005 update. Perit Dial Int. 2005;25(2):107-31.

2. Hall G, Bogan A, Dreis S, et al. New directions in peritoneal dialysis patient training. Nephrol

Nurs J. 2004;31(2):149-54, 59-63.

3. MacLeod A, Grant A, Donaldson C, et al. Effectiveness and efficiency of methods of dialysis
therapy for end-stage renal disease: systematic reviews. Health Technol Assess 1998;2(5):1-166.

4. Bernardini J, Piraino B, Holley J, Johnston JR, Lutes R. A randomized triat of Staphylococcus
aureus prophylaxis in peritoneal dialysis patients: mupirocin calcium ointment 2% applied to the exit
site versus cyclic oral rifampin, Am J Kidney Dis 1996;27(5):695-700.

5, Piraino B. Staphylococeus aureus infections in dialysis patients: focus on prevention. Asaio J
2000;46(6):813-7.

6. Bernardini J, Bender F, Floric T, et al. Randomized, double-blind trial of antibiotic exit site cream
for prevention of exit site infection in peritoneal dialysis patients. J Am Soc Nephrol. 2005;16(2):538-
45. Epub 2004 Dec 29.

5.2 Treatment

5.2.1 Exit site infection is suggested by pain, swelling, crusting, erythema and
serous discharge; purulent discharge always indicates infection. Swabs
should be

taken for culture and initial empiric therapy should be with oral antibiotics that
will cover S. aureus and P. aeruginosa (Good practice)

5.2.2 Methicillin resistant organisms (MRSA) will require systemic treatment
(e.g vancomycin) and will need to comply with local infection control policies.
(Good practice)

5,2.3 Initial treatment regimes for peritonitis should include cover for bacterial
Gram positive and Gram negative organisms until result of culture and
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antibiotic sensitivities are obtained. (Good practice)

Audit Measure 17: Routine annual audit of infection outcomes (exit site and
peritonitis rates

The ISPD has developed a simple scoring system for exit site signs and symptoms
which is easy to use and gives guidance on when to treat immediately rather than
waiting for a swab result. Purulent discharge is an absolute indicator for antibiotic
treatment (1). The ISPD has become less dogmatic about the initial choice of
antibiotic

treatment for peritonitis, provided that gram positive and negative infections are
covered. It is recognised that patterns of resistance vary considerably and thus a
tocal

policy must be developed.
1. Piraino B, Bailie GR, Bernardini J, et al. Peritoneal dialysis-related infections recommendations:
2005 update. Perit Dial Int. 2005;25(2):107-31.

6. Metabolic Factors

6.1 Standard strategies to optimise diabetic control should be used; these
should be complemented by dialysis prescription regimens that minimise
giucose,

including glucose free solutions (icodextrin and amino-acids), where possible.
(Good practice)

Glycaemic control can be made worse by glucose absorption across the peritoneal
membrane. Dialysis regimes that incorporate less glucose and more glucose free
(amino acid, icodextrin) solutions have been shown to improve glycaemic control (1),
Paniagua (in press).

1. Marshail J, Jennings P, Scott A, Fluck RJ, Mcintyre CW. Glycemic control in diabetic CAPD
patients assessed by continucus glucose monitoring system (CGMS). Kidney Int 2003;64(4).1480-6.

6.2 Plasma bicarbonate should be maintained within the normal range; this
can be achieved in the vast majority of patients by adjusting the dialysis dose
andlor dialysate buffer concentration. Occasionally bicarbonate buffered
solutions will be required (Good practice).

Audit measure 18: Cumulative frequency curves of plasma bicarbonate

Two randomised controlled trials have suggested that clinical outcomes, inciuding
gaining lean body mass and reduced hospital admissions are achieved if the plasma
bicarbonate is kept within the upper half of the normal range.(1, 2) Generally this can
be achieved by using dialysis ftuids with a 40 mmol buffer capacity (lactate or
bicarbonate results in similar plasma bicarbonate levels(3)) and ensuring that the
dialysis dose is adequate (see section 3 (b), above) (4). However, for solutions with
a . :

lower buffering capacity, when patients are switched from an all lactate (35 mmol/l)
to

a 25 mmol bicarbonate: 10 mmo! lactate mix, there is a significant improvement in
plasma bicarbonate (24.4 to 26.1 mmol/l), such that a higher proportion of patients
will

fall within the normal range (5). Whilst bicarbonate solutions may have a role in
biocompatibility (see section 1(g), above), they are generally not required to achieve
satisfactory acid-base balance. The main reason for using a 35 mmol buffer capacity
solution (25:10 bicarbonate:lactate mix) is to avoid excessive afkalinisation (6). The
long-term effects of persistent metabolic alkalosis on the developing skeleton are not
known, and an alkaline pH can predispose to soft tissue calcification.

Control of acidosis is especially important in malnourished patients who may benefit
from the glucose available in dialysis solutions as a calories source. Amino acid
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~ solutions were developed in an attempt to address protein calotie malnutrition and
several randomised studies have been conducted. In using amino acid solutions it is
essential to ensure that acidosis does not develop and to use the solution at the
same
time as there is a significant intake of carbohydrate (7). Despite demonstration that
amino acids delivered in dialysis fiuids are incorporated into tissue protein, the
randomised trials have failed to show benefit in terms of hard clinical endpoints (8,
9).
1. Stein A, Moorhouse J, lles-Smith H, et al. Role of an improvement in acid-base status and nutrifion
in CAPD patients. Kidney Int 1997;52(4).1089-985.
2. Szeto CC, Wong TY, Chow KM, Leung CB, Li PK. Oral sodium bicarbonate for the treatment of
metabolic acidosis in peritoneal dialysis patients: a randomized placebo-control trial. J Am Soc
Nephrol 2003;14(8):2119-26.
3. Coles GA, Gokal R, Ogg C, et al. A randomized controlted trial of a bicarbonate- and a
bicarbonate/lactate-containing dialysis solution in CAPD. Perit Dial Int 1997;17(1).48-561.
4. Mujais S. Acid base profile in patients on PD. Kidney int 2003;Suppl. 83(Deb):in press.
5. Otte K, Gonzalez MT, Bajo MA, et al. Clinical experience with a new bicarbonate (25
mmol/L)lactate (10 mmoliL) peritoneal dialysis solution. Perit Dial Int 2003;23(2):138-45.
6. Dratwa M, Wilkie M, Ryckelynck JP, et al. Clinical experience with two physioclogic
bicarbonate/lactate peritoneal dialysis solutions in automated peritoneal dialysis. Kidney Int
2003;88:5105-13.
7. Kopple JD, Bernard D, Messana J, et al. Treatment of malnourished CAPD paiients with an amino
acid based dialysate. Kidney Int 1995;47(4):1148-57.
8. Li FK, Chan LY, Woo JC, et al. A 3-year, prospective, randomized, controlied study on amino acid
dialysate in patients on CAPD. Am J Kidney Dis 2003;42(1):173-83.
9. Jones M, Hagen T, Boyle CA, et al. Treatment of malnutrition with 1.1% amino acid peritoneal
dialysis solution: results of a muilticenter outpatient study. Am J Kidney Dis 1998;32(5).761-9.
6.3 Central obesity can worsen or develop in some PD patients. The risk of
this problem, and associated metabolic complications, notably increased
atherogenicity of lipid profiles and insulin resistance, can be reduced by
avoiding
excessive glucose prescription and using icodextrin. (Good practice)
Weight gain, or regain, is common after starting peritoneal dialysis and this is
associated with a worsening in the lipid profile (1). Randomised studies comparing
glucose 2.27% with icodextrin in the long exchange have shown that the latter
prevents weight gain, which in body composition studies is at least in part fat weight
(2, 3). Recommendations on how to treat dyslipidaemia are published by the ISPD
and
include the use of statins (4). There is no currently available trial data on the benefit
of
statins in PD patients with a hard clinical endpoint; the 4D study did not include PD
patients and there are good reasons for believing that the PD patient population may
be
different.
1. Little J, Phillips L, Russell L, Griffiths A, Russell Gl, Davies SJ. Longitudinat lipid profiles on
CAPD: their relationship to weight gain, comorbidity, and dialysis factors. J Am Soc Nephrol
1998:9(10):1931-9.
2. Wolfson M, Piraino B, Hamburger RJ, Morton AR. A randomized controlled trial to evaluate the
efficacy and safety of icodextrin in peritoneal dialysis. Am J Kidney Dis 2002;40(5):1055-65.
3. Davies SJ, Woodrow G, Donovan K, et al. Icodextrin improves the fluid status of peritoneal dialysis
patients: results of a double-blind randomized controlled trial. J Am Soc Nephrol 2003;14(8):2338-44.
4. Fried L, Hutchison A, Stegmayr B, Prichard S, Bargman JM. Recommendations for the treatment
of lipid disorders in patients on peritoneal dialysis. ISPD guidelines/recommendations. International
Society for Peritoneal Dialysis. Perit Dial Int 1999;19(1):7-16.
6.4 Awareness of the effects of Icodextrin on assays for estimation of
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amylase and glucose (using glucose dehydrogenase) should be disseminated
to

patients, relatives, laboratory and clinical staff.

Audit Measure 19; Processes in place to increase awareness of interference of
assays by icodextrin metabolites

Use of icodextrin is associated with circulating levels of metabolites that can interfere
with laboratory assays for amylase (or actually suppress amylase activity) (1-4) and
for

glucose when finger-prick tests that utilise glucose dehydrogenase as their substrate
are employed (manufactured by Boehringer Mannheim) (5-8). In the case of
amylase, ,

the measured level will be reduced by 90%, leading to the potential failure in the
diagnosis of pancreatitis. No adverse events have been reported, but clinicians
should

be aware of this possibility. If clinical concern remains then plasma lipase can be
used.

In the case of glucose measurements, the methods using glucose dehydrogenase
will

over-estimate blood glucose levels, leading to a failure to diagnose hypoglycaemia.
This has been reported on several occasions in the literature and has contributed to
at

least one death. Typically these errors occur in places and circumstances in which
staff .

not familiar with peritoneal dialysis work, for example emergency rooms and non-
renal

wards. A number of solutions to this problem are under active review (e.g. use of
alarm bracelets) but it is also the responsibility of health-care professionals to ensure
that clinical environments in which their patients using icodextrin may find
themselves

are notified of this issue on a routine basis.

1. Schoenicke G, Grabensee B, Plum J. Dialysis with icodextrin interferes with measurement of
serum alpha-amylase activity. Nephro! Dial Transplant 2002;17(11):1988-92.

2. Wang R, Leesch V, Turner P, Moberly JB, Martis L. Kinetic analysis of icodextrin interference
with serum amylase assays. Adv Perit Dial 2002;18:96-9.

3. Anderstam B, Garcia-Lopez E, Heimburger O, Lindholm B. Determination of alpha-amylase
activity in serum and dialysate from patients using icodextrin-based peritoneal dialysis fluid. Perit
Dial Int 2003;23(2):146-50.

4. Garcia-Lopez E, Anderstam B, Heimburger O, Amici G, Werynski A, Lindholm B. Determination
of high and low molecular weight molecules of icodextrin in plasma and dialysate, using gel filtration
chromatography, in peritoneal dialysis patients. Perit Dial Int 2005;25(2):181-91.

5. Wens R, Taminne M, Devriendt J, et al. A previously undescribed side effect of icodexrin:
overestimation of glycemia by glucose analyzer. Perit Dial int 1998,18(6):603-9.

6. Oyibo SO, Pritchard GM, McLay L, et al. Blood glucose overestimation in diabetic patients on
continuous ambulatory peritoneat dialysis for end-stage renal disease. Diabet Med 2002;19(8):693-6.
7. Mehmet S, Quan G, Thomas S, Goldsmith D. Important causes of hypoglycaemia in patients with
diabetes on peritoneal dialysis. Diabet Med 2001;18(8):679-82.

8. Janssen W, Harff G, Caers M, Schellekens A. Positive interference of icodextrin metabolites in
some enzymatic glucose methods. Clin Chem 1998;44(11):2379-80.

7. Laboratory and clinical indices

7.1 Monitoring of biochemical and haematological parameters should be
performed monthly or at each clinic visit (Good practice).

Standardised analytical methods of measuring laboratory indices are required if
comparative audit against target standards is to be meaningful. Difficuities still arise
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since laboratories across the UK use different methods to measure serum albumin
and

different correction factors for adjusting serum calcium levels {1).
1. The Renal Association UK Renal Registry, The Seventh Annual Report, December 2004.
{(www.renalreg.com)

7.2 Pre-dialysis serum bicarbonate concentrations measured with minimum
delay after venepuncture should be between 20 and 26mmol/l. (Good practice)
The main causal factors of metabolic acidosis are inadequate dialysis delivery,
ongoing

renal losses, excessive animal protein (sulphur containing amino acid) intake and
high

interdialysis weight gains. Whole-body base balance studies in 18 anuric HD patients
have highlighted the importance of interdialysis dilution in the aetiology of predialysis
acidosis (1). In ill patients metabolic acidosis may also be due to increased protein
catabolism, hypotension or hypoxia induced lactate production or bicarbonate losses
associated with co-morbid iflness. Metabolic acidosis has a range of adverse
consequences: an increase in protein catabolism and anti-anabolic effects, negative
inotropic effect, loss of bone mineral, insulin resistance, growth retardation in
children,

reduced thyroxine levels, altered triglyceride metabolism, hyperkalaemia, iower
serum

leptin levels and greater accumulation of beta-2-microglobulin.

Pre-dialysis venous bicarbonate levels between 17.5 and 20 mmol/l were associated
with the lowest risk of death in a large cohort study of 13535 hemodialysis patients
whilst the relative risk of death was increased threefold if the pre-dialysis venous
bicarbonate was < 15 mmolfl (2). In a DOPPS study of more than 7000 unselected
HD

patients the corrected mid-week serum bicarbonate concentration averaged 21.9
mmol/l and correlated inversely with the nPCR and serum albumin (3). The adjusted
risk of death, hospitalization or malnutrition was higher in patients with serum
bicarbonate levels less than 16 or above 24 when compared with patients in the
reference group with moderate pre-dialysis acidosis (3). Short-term benefits of
correcting pre-dialysis acidosis from below 19mmol/t to 24mmol/l, by either
increasing

the dialysate bicarbonate concentration (4-7) or the addition of oral bicarbonate
supplements (8), have been shown in several small crossover studies. Correction of
acidosis reduced whole body protein degradation in a study of 6 patients (4),
increased

the sensitivity of the parathyroid glands to serum calcium in studies of 21 and 8
patients (5,6), improved triceps skin thickness as an index of nutritional status in 46
patients (7) and increased serum albumin after 3 months in 12 patients without any
change in body weight, Kt/V/, and nPCR (8). Other studies have shown no increase
in

serum albumin after correction of acidosis.

1. Mioni R, Gropuzzo M, Messa M et al. Acid production and base balance in patients in
chronic hemodialysis. Cli Sci 201,101:329-37

2. Lowrie EG, Lew NL. Death risk in hemodialysis patients: The predictive value of commonly
measured variables and an evaluation of death rate differences betwesn facilities. Am J
Kidney Dis 1990; 15; 458-482

3. Bommer J, Locateili F, Satayathum S et al. Association of predialysis serum bicarbonate
levels with risk of mortality and hospitalisation in the Dialysis Outcomes and Practice
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Patterns Study (DOPPS). Am J Kidney Dis 2004,44:661-71

4. Graham KA, Reaich D, Channon SM et al. Correction of acidosis in hemaodialysis decreases
whole-body protein degradation. J Am Soc Nephrol 1997;8: 632-7

5 Lefebvre A, de Verneioul MC, Gueris J et al. Optimal correction of acidosis changes

progression of dialysis osteodystrophy. Kidney Int 1989;36:1112-8

6. Graham KA, Hoenich NA, Tarbit M et al. Correction of acidosis in hemodialysis patients
increases the sensitivity of the parathyroid glands to calcium. J Am Soc

Nephrol;1987,8:627-31

7. Williams AdJ, Dittmer ID, McArley A, Clarke J. High bicarbonate dialysate in hemaodialysis
patients: effects on acidosis and nutritional status. Nephrol Dial Transplant 1997,12:2633-7

8. Movilli E, Zani R, Carli O et al. Correction of metaholic acidosis increases serum albumin
concentrations and decreases kinetically evaluated protein intake in hemodialysis patients:

a prospective study. Nephrol Dial Transplant 1998;13:1718-22

7.3 Serum potassium should be between 3.5 and 6.5 mmol/l (Good practice)

The risk of developing hyperkalaemia is inversely related to renal function. 3-5% of
deaths in dialysis patients have been attributed to hyperkalaemia (1). Non-
compliance '

with the PD prescription and/or diet is the main cause of hyperkalaemia in dialysis
patients but drug therapy, such as ACE inhibitors, angiotensin receptor blockers,
nonsteroidal

anti-inflammatory drugs, beta-blockers and potassium supplements, may be
implicated.

A Cochrane meta-analysis of non-dialytic emergency interventions for hyperkalaemia
concluded that intravenous glucose with insulin and nebulised or inhaled salbutamol
were effective in reducing serum potassium levels but the studies were fimited by the
absence of data on cardiac arrhythmia or mortality rates (2). Whilst the combination
of

salbutamol and intravenous glucose with insulin was probably more effective than
either therapy alone the evidence for efficacy of intravenous bicarbonate or
pofassium

exchange resins in this Cochrane review of randomized or quasi-randomised trials
was

equivocal and neither should be used as monotherapy for severe hyperkalaemia .
1. Morduchowicz G, Winkler J, Drazne E et al. Causes of death in patients with end-stage renal
disease treated by dialysis in a centre in Israel. isr J Med Sci 1992;28:776-9

2. Mahoney BA, Smith WAD, Lo DS, Tsoi K, Tonelli M, Clase CM. Emergency interventions

for hyperkalaemia (Cochrane Review). in: The Renal health Library, 2005. Oxford: Update
Software Lid (www.updafe-software.com)

7.4 Serum phosphate should be within, and preferably nearer to the 50w centile for
age. (Good practice) (The normal range for phosphate declines from birth fo adult
levels by the age of 3 years)

7.5 Serum calcium, adjusted for serum albumin, should be within the age appropriate
normal range. (Good practice)

7.6 Serum albumin corrected calcium x phosphate product should be less than <4.5
mmole/Lz (K/DOQI guidelines) or <6 mmolx/L2 (European FPD working group advice).
7.7 The optimal range for PTH is controversial. There is emerging evidence that
levels should be maintained at less than twice the upper limit of normal for the intact
PTH assay used. (Good practice)

Audit measure 21 - Cumulative frequency curves of serum calcium, phosphate
calcium x phosphate product and PTH concentrations

7.8 Haemoglobin concentration should be greater than the lower fimit of the age
appropriate normal range. (Evidence) The target haemoglobin concentration should
be 1g/d! higher, to aliow for the normal distribution around the mean haemoglobin
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value of the patient population and intra individual variation of laboratory
measurements and hydration status.

Audit measure 22 - Cumulative frequency curves of haemoglobin
concentration

7.9 Ferritin levels should be between 100 and 800 mcg/l. However, given the
increased

risk of thrombotic events with higher ferritin levels that have been shown in recent
trials, the revised K/DOQI guidelines for the management of anaemia recommend
that the serum ferritin levels should be maintained between 100 . 500mcg/L in adults.
In the absence of paediatric studies, in patients at risk of thrombosis {(e.g. those with
low serum albumin, arteriovenous fistulae or synthetic grafts), the serum ferritin
levels above 500meg/L should be avoided.

Haemoglobin levels should be maintainied in the age appropriate normal rangse,
aiming for Hb between 11-12gm/dL in children above 2 years of age.

7.8 Growth, wellbeing and school attendance are very important indicators of dialysis
adequacy and should be assessed at least monthly in those under two years of age
(length, weight and head circumference) and at least 3 monthly in older children
(height, weight and pubertal stage, school attendance). Assessment of dry weight
may

be difficuit in the growing child and also needs checking with at ieast the same
frequency, with close collaboration with a paediatric renal dietician.

Audit measure 22 Height, weight, head circumference and pubertal
progression

7.9 An assessment of school progress, both in hospital and focally, can be used as
an

assessment of well-being, and should be made annually

Audit measure 23 . School attendance

7.10 Blood pressure should be maintained within the age appropriate normal range
Audit measure 24 - Cumulative frequency curves of BP pre-dialysis

8. Access to and withdrawal from dialysis

RATIONALE

8.1 All children with CKD should be considered for renal replacement therapy
by

stage 4 (Good practice)

CKD should be suspected in children with: bilateral renal anomalies on antenatal
scans (many children with CKD are now diagnosed antenatally); a creatinine above
the normal age appropriate range; bilateral renal defects on scans e.g. for UTl a
family history of CKD; persistent proteinuria; or after an episode of acute renal
failure. All such children should be referred to a paediatric nephrologist. Early
referral provides the opportunity for delaying the progression of CKD by treating
hypertension and proteinutia, for optimising growth and preventing renal bone
disease. Importantly, it also allows for timely forward planning for renal replacement
therapy.

in aduits, avoiding late referral provides the opportunity for intervention to prevent or
reduce the complications of renal failure and time to plan for renal replacement
therapy. Patients who have been under nephrology care for more than 1 month are
more likely to start HD using an AVF (1). A retrospective analysis of 109,321 incident
HD patients in the USA found that the relative risk of death of patients with no
predialysis
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nephrology care was 1.51 and the relative risk of death of patients with one or

two months pre-dialysis nephrology care was 1.23 when compared with patients with
at least 3 months nephrology pre-dialysis care (2).

1. Rayner HC, Besarab A, Brown WW et al. Vascular access results from the Dialysis Outomes and
Practice Patterns Study (DOPPS): performance against Kidney Disease Outcomes Quality Initiative
(K/DOQY) Clinical Practice Guidelines. Am J Kidney Dis 2004, 44 (Supp! 3): 22-26

2. Khan S8, Xue JL, Kazmi WH et al. Does pre-dialysis nephrology care influence patient survival
after initiation of dialysis? Kidney Int 2005; 67:1038-1046

8.2 If there is no medical contraindication the choice of initial dialysis modality
should be based on patient choice. (Good practice)

The provision of patient choice and equity of access to dialysis and transplantation
have been reinforced by the National Service Framework Part 1 Dialysis and
Transplantation (1). There has been only one small prospective randomized trial
comparing HD and peritoneal dialysis in incident patients and this showed no
differences in short-term patient outcomes in the small numbers of patients that
could

be enrolled into the study but the study data were not powered adequately to reach
any

other conclusion (2). In the absence of evidence that either HD or peritoneal dialysis
provide superior patient outcomes the selection of initial dialysis modality should be
based on the patient.s choice after full education about the different forms of renal
replacement therapy that are available, including home HD and live donor and
cadaveric transplantation (3).

However, although patient choice is paramount, guidance from unit staff is
necessary: venous access can be difficult to achieve and maintain in those less than
5

years of age, and needling of a fistula can be particularly difficult in an
uncooperative patient. For these reasons, as well as social ones already discussed,
PD is recommended in young children.

1. The National Service Framework for Renal Services Part 1: Dialysis and Transplantation,
Department of Heaith, London, UK, January 2004. (www.doh.gov.uk/nsfirenal/index.htm)

2. Korevaar JC, Feith GW, Dekker FW et al. Effects of starting with hemodialysis compared with
peritoneal dialysis in patients new on dialysis treatment: A randomised controlled trial. Kidney int
2003; 64 :2222-2228

3. National Institute of Clinical Excellence. Full guidance on home compared with hospital
haemodialysis for patients with end-stage renal failure October 2002 (www.nice.org.uk)

8.3 After full education and counselling a small proportion of families may opt
for active non-dialytic management of advanced chronic kidney disease,
including nutritional, medical and psychological support rather than plan to
initiate dialysis. The numbers of patients not taken on to dialysis and the
reasons :

for this decision should be subject to audit. (Good Practice)

The decision whether to start or not to start RRT may be difficult (1). It is impossible
to set quantitative standards in this difficult area of care, but principles of action can
be

enunciated and agreed. All patients who are found to have advanced renal failure
should be considered for dialysis, and the patient.s age, social circumstances or
required level of community support should not be a factor leading to exclusion. Nor
should lack of facilities for dialysis be acceptable on its own as grounds for
exclusion,

or fear of litigation a basis for a decision in either direction. Careful medical
assessment
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of any co-morbid conditions from which the patient may suffer is needed, together
with whatever medical measures (short of dialysis) are required to correct them or
minimise their effects (2). Similarly, patients who have deteriorated will need careful
medical and psychological assessment. If it appears that only a brief period of
survival

of unacceptable quality is likely on dialysis (e.g. less than three months), then the
possibility of not starting or stopping dialysis needs to be considered. The interest of
the individual patient must remain paramount, and although the opinions of relatives
should be consulted, they should not be binding. The responsible consuitant
nephrologist should solicit views of the patient.s family doctor, next of kin, and all
carers within the multidisciplinary caring team. The decision to start or not to start
RRT must be taken by both the consultant), and the family. The family will need to
be

fully informed throughout, and to be aware of the options. The most realistic and
accurate description of starting or not starting, continuing or not continuing dialysis
should be given. The substance of these discussions must be recorded in the
patient.s

notes. If the decision is taken not to initiate, or to stop dialysis, then a management
plan of supportive care must be put in place. This must then be carried through in a
way that ensures continued support, achieves what seems best from the patient.s
and .
family.s point of view, and finally enables the patient to die with dignity, when the
time

comes. Achieving this will often require co-ordinated work with the palliative care
team, who should be involved early in the management plan (3). Certain patients
who

are severely ill, often with conditions affecting several organs, may have a
concurrent :

acute deterioration of their chronic renal failure. The nephrologist, may feel, after
discussion, that dialysis is inappropriate given the very poor prognosis from the
underlying conditions. Under these circumstances the referring physician would
discuss

matters with the patient, if possible, and with the family. Guidelines on shared
decision-making in the initiation or withdrawal of dialysis have been developed (4).
Two approaches may be taken when a patient presents in uraemia whose ability to
cope with, and to enjoy and benefit from dialysis treatment is doubtful. The first
approach attempts to make a .clean. decision on whether or not to start dialysis after
a

process of consultation and discussion; the second, often calied .trial of dialysis.,
involves starting a proportion of such patients on dialysis, but with a pre-discussed
plan to review whether this should continue beyond a specified point in the near
future

. usually a few weeks or months. Clearly the expectation is that the outcome in this

case will be withdrawal of some patients from dialysis.

1. Tobe SW, Senn JS (for the End-Stage Renal Disease Group). Foregoing renal dialysis: case study
and review of ethical issues. Am J Kidney Dis 1996; 28:147.153

2. Campbell ML. Terminal care of ESRD patients forgoing dialysis. ANNA J 1991; 18:202.204

3. Cohen LM, Germian M, Poppel DM et a!. Dialysis discontinuation and palliative care. Am J

Kidney Dis 2000; 36:140.144

4. Galla JH. Clinical practice guideline on shared decision-making in the appropriate initiation of and
withdrawal from dialysis. J Am Soc Nephrol 2000; 11:1340-1342

INQ-AS WS-002/2 Page 99



Appendix 6

8.4 Renal replacement therapy should commence when a patient with an eGFR
< 15mi/min/1.73mz has symptoms or signs of uraemia, fluid overioad or
malnutrition in spite of medical therapy or before an asymptomatic patient has
an eGFR < 86mi/min/1.73maz. (Good practice)

There are no criteria based on definitive evidence to advise when to start dialysis. In
the absence of severe hyperkalaemia or pericarditis there is no definitive evidence to
indicate when an asymptomatic patient with advanced renal failure should initiate
dialysis. There is consensus that patients should start dialysis when they develop
symptoms or signs of fluid overload, hypertension, poor nutrition or uraemia which
cannot be controlled by medical therapy such as high dose diuretics, even if their
estimated residual renal function is relatively high. Nutritional status and dietary
protein intake decrease progressively as renal function declines (1). The medical
treatment of the complications of renal failure such as anaemia has improved in the
past 10 years and this may explain recent reports of a lack of any relationship
between

the presence or absence of traditional symptoms of uraemia and residual renal
function ‘

in patients with stage 5 chronic kidney disease (2). The patients with a higher
haemoglobin concentration had fewer symptoms (2) and so relying on the onset of
symptoms may result in patients starting dialysis too late. Conversely studies in the
Netherlands and Scotland comparing patients who started dialysis at two different
levels of residual renal function have shown no advantage to patient survival if
adjustments are made for lead time bias in the group of patients starting dialysis with
higher residual renal function (3-6). In the multicentre prospective Netherlands study
94 of the 253 incident patients began dialysis later than recommended in the US
NKF

KDOQI guideline and the adjusted benefit in survival after 3 years on dialysis was
2.5

months in the timely starter group (4). However this benefit may be attributed to
leadtime

bias since the average delay in initiation of dialysis in the late starter group was

4.1 months. A randomized prospective study to compare 3 year morbidity and
mortality after initiating dialysis when patients have a Cockeroft and Gault creatinine
clearance of 10-14mlimin/1.73mz or 5-7mi/min/1.73mz is underway (IDEAL study)
(7).

With the evidence that nutritional status deteriorates progressively as renai function
declines (1) and symptoms of advanced renal failure are not closely related to the
degree of residual renal function in the modern era (2) it is appropriate that
international guidelines have attempted to identify the level of residual renal function
at

which an asymptomatic patient should initiate dialysis. The ahove considerations fit
well with the European Best Practice Guidelines which recommended that renal
replacement therapy should commence when a patient with an eGFR <
15mifmin/1.73mz has symptoms or signs of uraemia, fluid overload or malnutrition in
spite of medical therapy or before an asymptomatic patient has an eGFR <
6ml/min/1.73mz (8).

Audit measure 17 . Record of the serum creatinine, the estimated GFR and
comorbidity

at initiation of chronic renal replacement therapy (dialysis or

transplantation)
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guidelines on survival. Lancet 2001, 358:1046-1050

5. Korevaar JC, Dekker FW, Krediet RT. Initiation of dialysis: is the problem solved by NECOSAD?
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6. Termorshuizen F, Korevaar JC, Dekker FW et al. Time trends in initiation and dose of dialysis in
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8. European Best Practice Guidelines for haemodialysis Part 1. Nephrol Dial Transplant 2002; 17:
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8.5 Any decision to discontinue haemodialysis should be made jointly by the
patient (when age appropriate) and their carers and the responsible consultant
nephrologist and the renal team and the family practitioner. The decision and
reasons for it should be recorded in the patient.s notes. Renal units should
develop guidelines for palliative care of such patients, including liaison with
community services. (Good practice}

In addition to patients who clearly present greater than average problems from the
outset, there are individuals who have had a period of worthwhile life on dialysis, but
whose quality of life worsens because of medical or psychological deterioration, or
both simultaneously. Additional difficulty arises when dementia, often fluctuating, or
irrecoverable neurological deficit after a cerebrovascular event makes it difficult or
impossible to ascertain what the patient.s own feelings and wishes might be (1). In
practice, the decision to withdraw dialysis has much in common with decision not to
start a patient on dialysis. This is because caring staff, patients and relatives all face
similar difficult judgements and decisions about the likely quality and quantity of life
on

dialysis. A similar process to that outlined in deciding whether or not to plan to start
dialysis (see above) should be followed when assessing if withdrawal of dialysis is
appropriate. There is one study from the UK that suggests that withdrawal from
dialysis plays a major role (17%) in overall death rates on dialysis (2), as it does in
the

USA and Canada (3,4). Recent data from the Dialysis Outcomes and Practice
Patterns

Study have shown that the rate for withdrawal from HD is 3.5 per 100 patient-years
and that not surprisingly .do not resuscitate. orders are associated with older age
and

nursing home residence (5). In a recent UK study withdrawa! of dialysis was the
commonest cause of death (38%) in the group of patients commencing dialysis when
more than 75 years old (6). Withdrawal of dialysis is an increasing cause of death in
dialysis patients and the date of the decision and the reasons for it should be
recorded

in the patient.s casenotes (7). Renal units should develop guidelines for withdrawai
of

dialysis that include liaison with palliative care and community services.

1. Singer J, Thiel EC, Naylor D et al. Life-sustaining treatment preferences of hemodialysis patients:
implications for advance directives. J Am Soc Nephrol 1695, 6:1410.1417

2. Catalano C, Goodship THJ, Graham KA et al. Withdrawal of renal replacement therapy in
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3. Cohen LM, McCue JD, Germain M, Kjellstrand CJ. Dialysis discontinued: a good death? Arch
Intern Med 1995; 1565:42.47

4. Friedman EA. The best and worst times for dialysis are now. ASAIO J 1994; 40:107.108

5. Fissell RB, Bragg-Gresham JL, Lopez AA et al. Factors associated with "do not resuscitate” orders.
and rates of withdrawal from hemodialysis in the international DOPPS. Kidney Int; 2005 68: 1282-
1288

8. Munshi SK, Vijayakumar N, Taub NA et al. Outcome of renal replacement therapy in the very
elderly. Nephrol Dial Transplant 2001; 16:1721-1722

7. McLean AM. Dialysis treatment withdrawal . Legal aspects (UK). Nephrol Dial Transplant 1998,
13:1152-1153

APPENDIX

Assessment of Membrane Function

(a) A number of methods to assess peritoneal membrane have been developed, the
most commonly used, supported by clinical observation being the Peritoneal
Equilibration Test (PET). This test measures two aspects of membrane function, low
molecular weight solute transport (expressed as the dialysate:plasma ratio of
creatinine

at four hours), and the ultrafiltration capacity of the membrane. In the PET as
otiginally described, ultrafiltration capacity is the net volume of ultrafiltration achieved
at four hours using a 2.27% glucose exchange (1, 2). In the simplified Standard
Permeability Analysis (SPA) test, it is the net volume of ultrafiitration using a 3.86%
exchange (3, 4)

(b) Using a standard PET, an ultrafiltration capacity of < 200 mis (includes overfill) is
associated with a 50% risk of achieving < 1000 mis ultrafiltration in anuric patients.
Using a SPA test, an ultrafiltration capacity of < 400 mis indicates ultrafiltration
failure.

(c) The methods of performing PET and SPA tests are well described in the
literature,

The following points should be remembered in the interpretation of resuits:

o High concentrations of glucose interfere with many assays for creatinine. It is
important to work with the local biochemists to ensure that the approptriate
correction for measurement of creatinine in dialysate has been taken into

account.

nRemember that dialysis bags are overfilled, mainly due to the additional fluid
volume required to perform the .flush before fill. procedure. Dialysis

manufacturers are being encouraged to publish overfill volumes which differ
significantly. The typical volume is 100-200ml. The value of 200 mi UF

capacity defining ultrafiltration failure quoted above includes the flush voiume

as this is easier for patients to perform (the alternative is weighing before and

after flush which is time consuming and difficult).

0 The patient should follow their usual dialysate regime, draining out as

completely as possible before the test dwell. Large residual volume of dialysate

will affect the resulits.

0 Intra-patient variability of the ultrafiltration capacity (~ 20%) is greater than for

the solute transport (<10%). Results of the PET/SPA, in particular the

uitrafiltration capacity, shouid always be interpreted in the light of additional
exchanges performed during the same 24-48 hour period (usuaily collected to
assess solute clearance . see below).

o The PET/SPA are not surrogates for measuring solute clearance.

Measurement of Solute Clearance
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In measuring solute clearance and planning changes to the dialysis regime, three
clinical parameters are essential: Estimates of (1) patient size, (2) peritoneal solute
transport and (3) RRF. In each case, the choice of surrogate .toxin., urea or
creatinine, interacts with each of these parameters in different ways. At present,
there

is no clear evidence from the literature that one surrogate is superior to another.
Where possible, clinicians should measure both, attempt to reach at least one of the
targets, and understand why there appears to be a discrepancy. A number of
commercial computer programs exist that are designed to aid dialysis prescription.
Whilst some have been validated, good practice dictates that a change in dialysis
prescription is checked for efficacy by repeating clearance studies.

(1) Patient Size

in calculating urea clearances, patient size is expressed as an estimate of the total
hody

water (volume of distribution of urea). Itis recommended that the Watson formula is
used for this (5):

Males: V = 2.447 . 0.09156 * age (years) + 0.1074 * height (cm) + 0.3362 * weight
kg)

Females: V = -2.097 + 0.1089 * age (years) + 0.2466 * weight (kg)

Alternatively 58% of body weight (kg) may be used; this is less precise, and will give
lower values for Kt/V, especially in obese patients. Creatinine clearances should be
corrected for body surface area, normalising to 1.73 mz.

(2) Peritoneal Solute Transport

Solute transport rates have an important influence on peritoneal creatinine
clearance,

but not on urea clearance. This means that it is easier to achieve creatinine
clearance

targets in high transport patients. It should be remembered, however, that these
patients might have less satisfactory ultrafiltration. In designing optimum dialysis
regimes, patients with low solute transport will require equally spaced medium length
dwells, such as are achieved with CAPD and single extra night exchanges (e.g. b X
2.5

litre exchanges). Those with high transport are more like to achieve targets with
short

dwelis (APD) plus polyglucose solutions (e.g. 4 x 2.5 litre exchanges overnight, 1 x
2.5 litre evening exchange and 1 x 2.5 litre daytime icodextrin).

(3) Residual Renal Function (RRF)

This is the single most important parameter in PD patients, and also the one most
likely

to change with time. Clinically significant changes can occur within three months,
Because secretion of creatinine by the kidney at low levels of function overestimates
residual creatinine clearance, it is recommended to express this as the mean of the
urea

and creatinine clearances.

Estimating Total Ultrafiltration

The total achieved ultrafiltration is best measured from the 24-hour dialysate
collections used to calculate solute clearance. For APD patients this is simple as
machines now calculate the ultrafiltration volumes precisely. Furthemore, many
models :
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store this information over several weeks so that an average value can be obtained.
In

CAPD patients it is important to remember that each bag is overfilled to achieve flush
before fill; the total dialysate drain volume must be measured and sampled from {o
calculate solute clearance acgurately,-but the overfill must then be subtracted to
calculate the net ultrafiltration. [f this is not done then over a 24-hour period the
overestimate of uitrafiliration may be anything from 200 to 800 ml depending on
manufacturer.(6, 7) , ,

- Peritoneal sedium losses are largely-determined by convection and are thus
proportional to the ultrafiltration volume, Typically 1 litre of ultrafiltration results in
100 mmol of sodium loss in CAPD patienis and 70-80 mmol in APD patients.

1. Twardowski ZJ, Nolph KD, Khanna R, et al. Peritoneal Equilibration Test. Perit Dial Bull
1987;7:138-47. ‘

2. Davies 8J, Brown B, Bryan J, Russell Gl. Clinical evaluation of the peritoneal equilibration test: a
population-based study. Nephrol Dial Transplant 1993;8(1).:64-70.

3. Ho-dac-Pannekest MM, Atasever B, Struijk DG, Krediet RT. Analysis of uitrafiltration failure in
peritoneal dialysis pafients by means of standard peritoneal permeability analysis. Peritoneal Dialysis
International 1997;17(2):144-50.

4, Smit W, van Dijk P, Langedijk MJ, et al. Peritoneal function and assessment of reference values
using a 3.88% glucose solution. Perit Dial Int 2003;23(5).440-8.

5. Watson PE, Watsen ID, Batt RD. Tetal body water velume for aduit males and females estimated
from simple anthropometric measurements. Am J Clin Nutr 1980;33:27-39.

6. McCafferty K, Fan S. Are we underestimating the problem of ultrafiltration in peritoneal dialysis
patients? Perit Dial Inf 2006;26(3):349-52

7. La Milia \/, Pozzoni P, Crepaldi C, Locatelli F. The overfill of bags for peritoneal dialysis as a
cause of underestimation of ultrafiltration fatiure. Perit Dial int 2006;26(4):503-5.
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Business Services Directorate of Legal Services

PRACTITIONERS IN LAW TO THE

| ,5 Organisation T MEALTH & Bocial Care Sgoror

2 Franklin Street, Belfast, BT2 8DQ
DX 2842 NR Belfast 3

Your Ref: Our Ref: " Date:
HYP B04/1 o™ September 2011

. wﬁi‘il*&'&*’ﬂ
Ms Bernie Conlon EF%E@@Q VED
Inquiry Secretary - 8§ SEP 200
Arthur House ANO - ey -
41 Arthur Street , m-QMQ:;iq;M&JJ%
Belfast
BT1 4GB
Dear Madam

RE: INQUIRY INTO HYPONATRAEMIA RELATED DEATHS -~ ADAM STRAIN

| refer to Professor Savage's withess statement forwarded on the 13" of April 2011 and in
particular question 18 a-d.

Professor Savage’s statement indicated that he could not recall how he discovered that there
had been 9 other deaths from an apparently similar cause. | am instructed that Professor
Savage has now located correspondence which he sent to Dr. Postlethwaite on 5™ July 1996
in which he refers to Dr. Verrier- Jones as being the source of the information that @ children
had died from either hyponatraemia or fluid overload. | now enclose the following for your
attention:

1. Professor Savage's revised answer to question 18.
2. Letter dated 5" July 1996 from Professor Savage to Dr Postlethwaite.
3. 2002 Audit authored by Dr Postlethwaite and others.
4. 2009 Case Report by Cansick and others
Yours faithfuily
" ccla Dedos

Wendy Beggs
Assistant Chief Legal Adviser

Direct

Line:
Email:

Providing Bupport to Health and Social Care

N @ SN

fed Lexcel A4
s THE 14W SOCIETY
OF NOITEFRN TAFL D INVESTOR IN PEOPLE
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(18) “The majority of childven with renal failure have similar problems concerning electrolyte
levels. Since Adam’s death these would be measured more frequently. I have discovered
that in the UK there have been 9 other deaths from an apparently similar cause though
these have not been published ... The information about the 9 other deaths was told to me
verbally later - it was not published. ”(Ref: 011-015-113)

(a) State when and in what circumstances you “discovered that in the UK there have been 9
other deaths from an apparently similar cause though these have not been published *
and identify the person(s) who verbally told you of them

The death of Adam Strain was devastating to all of us in the renal team who had looked after
him. As a result of this I discussed his case with many colleagues in the UK and indeed
possibly further afield at Nephrology meetings. On one of these occasions, a colleague told
me that they believed there had been nine or ten other deaths from a similar cause.

After these many years I was initially unable to recall the identity of the individual who
alerted me to the other deaths from similar causes. Recently however, I have located a letter
which I wrote in 1996 to Dr R ] Postlethwaite, the Paediatric representative on the UK
Transplant Audit Group (copy provided). Following my letter an audit of all deaths of
children following renal fransplantation was performed and the results published
(Postlethwaite R J et al, Pediatric Transplantation 2002: 6:367-377),

In this letter I mention a presentation made at a meeting of the British Paediatric Association
by Dr Kate Verrier-Jones where it was indicated there were 9 children who died from either
hyponatraemia or fluid overload following a kidney transplant, This presentation is the
source of my statements. Both Dr Postlethwaite and Dr Verrier-Jones were Senior Paediatric
Nephrologists in Manchester and Cardiff respectively, who have since retired from clinical
practice.

Subsequently, although there have been publications related to death from hyponatraemia
related to renal transplantation, and most recently one from the Hospital for Sick Children in
Great Ormond Street (Cansick et al, Pediatric Nephrology (2009) 24:1231-34), I have been
unable to find any publication that specifically identifies the number of deaths from
dilutional hyponatraemia in the UK,

(b) State in detail what you discovered in relation to the ”9 other deaths from an
apparently similar cause” including the date of each death

I was unable to obtain details of “9 other deaths from an apparently similar cause” or
substantiate the actual number. However, a paper was published in 2002 entitled “The
outcome of paediatrie cadaver renal transplantation in the UK and Eire” (Postlethwaite R J et
al, Pediatric Transplantation 2002; 6:367-377). This audit of 1252 paediatric renal transplants
between 1% January 1986 and 31st December 1995 reports a total of 113 deaths. The cause of
death is identified in 6 as due to fluid overload and in 9 as cardiac failure (Table 1, page 371).
Fluid overload may be associated with both cardiac failure and hyponatraemia. The paper
does not specifically identify the number of children with hyponatraemia.

(c) Describe and explain any actions you took in relation to this “discovery”

Following the discovery of information in relation to deaths from an apparently similar
cause, I wrote to the Paediatric Nephrologist on the UK Transplant Audit Group (see
paragraph 18a) giving brief details of the death of Adam Strain, Isuggested an audit of
transplant related deaths be carried out by the British Paediatric Nephrology Association and
sought details of the other possible deaths if they could be made available,

u&wm/ 8/ §
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This audit was subsequently carried out by a Paediatric Task Force of United Kingdom
Transplant and was published as previously mentioned (Pediatric Transplantation 2002; 6:
367-377).

(d) Document reference 060-018-036 states “...a number of renal transplants complicated
by hyponatraemia leading to death in 10 (reported in May 1996)...”

» State whether you provided the information relating to “a number of renal
transplants complicated by hyponatraemia leading to death in 10 (reported in May

1996)” ,

If so, state to whom did you provide that information

State when you provided that information

State the reasons why you provided that information

Describe fully the circumstances and details of the “number of renal transplants

complicated by hyponatraemnia leading to death in 10 (reported in May 1996)”

including the date of each death

With reference fo the document 060-018-036, I presume this refers to the handwritten addition
to the statement in my deposition to the Coroner mentioned under 18 b) above and I can only
say that this was anecdotal evidence at that time. The bullet points above are addressed in
my response above (18 a-c).

g|g |
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The Nuffield Oepariment of Child Heaith

The Queen’s University of Belfast

Professor J.A. Dodge Institute of Clinical Science .
Professor B.G. McClure Grosvencr Road, Belfast BT12 684
Professor H.L. Halliday Northern ireland

Dr. J.F.T. Glasgow ’

Dr, J.M. Savage Tel. (01232} 240503 Ext. 2703 or 2652

Dr. D.J. Carson Fax No. (01232) 236455

Dr. M.C. Stewart ) -

Dr. M.D. Shields . Qur ref, Your ref.

Dr. M.M.T. O'Hare

5 July 1996

Dr R J Postlethwaite,

Royal Manchester Children’s Hospital,
Pendlebury, .
Manchester,

M27 1HA.

Dear Bob,

I understand you are now going to répresent the paediatricians on the UK
Transplant Audit Group and there is an area in which you may be able to
help me.

Before Christmas, we had an unfortunate experience in Belfast in which a
child died while undergoing transplant surgery. This was a boy who had
polyuric renal failure, having been born with cystic dysplastic kidneys and
vesico-ureteric reflux. He had been managed conservatively for 2 years
and then was on CAPD for 2 years awaiting transplant. Before going to
theatre, he was a well active boy with a normal electrolyte block, and in
particular a sodium of 139. There were no signs of fluid overload and his
chest x-ray was clear. During the course of surgery he had his CVP
monifored, along with the usual parameters but did not have any
electrolyte assessments. Ile was in theatre for 4 hours due to technical
difficulties with the operation mainly associated with the fact that he had 5
previous urological operations. He did not breath spontanecusly on
withdrawal of the anaesthetic and on admission to Intensive Care when 1
saw him he had fixed dilated pupils with bilateral papilloedema and chest
x-ray revealed pulmonary oedema. His sodium at that time was 119. We
immediately commenced dialysis to remove fluid and treat him with
intravenous Mannitol, but a CAT scan shortly afterwards revealed that he
had coned. He was ultimately pronounced brain dead.

INQ-AS WS-002/2 Page 108



At Kate Verrier-Jones’ presentation at the BPA she indicated that there
were 9 children who had died either from hyponatraemia or fluid overload.
This information was discussed within our hospital and came to be
subsequently mentioned at the child’s inquest. As a result of this the
Coroner requested that I should attempt to find out if there was any
similarity between these deaths and whether any procedure could be
introduced to avoid a recurrence of the problem.

I would be grateful therefore, if you could tell me if it is possible to access
information about these 9 deaths, either from UK Transplant or by
identifying the units from which the children came so that I could write
directly to the nephrologists involved with their care. Thave talked to
Kate about this and it may well be that an audit of all deaths of paediatric
dialysis and transplant patients is something that the BAPN should
consider. If you think this is a better course of action I would be happy to
become involved and would be willing to undertake at least part of the
-work involved. o

-

Yours sincerely,

WV\@ ,

Maurice Savage'
Consultant Paediatric Nephrologist

cc  Dr Susan Rigden, Department of Paediatrics, Guy’s Hospital,. St
Thomas’s Street, London, SE1 9RT,
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Abstract: An analysis of all pediatric cadaveric renal transplant recipi-
ents in the UK and Eire was undertaken to review the outcomes of
pediatric cadaveric renal transplantation and to consider the implica-
tions for organ allocation procedures for pediatric recipients. Factors
influencing the outeome of 1,252 pediatric cadaveric renal transplants in
the UK and Eire in the 10-yr period from 1 January 1986 to 31
December 1995 were analyzed by Cox proportional hazards regression,
including analysis of four distinct post-transplant epochs (0-3 months,
3-12 months, 12-36 months, and beyond 36 months). At the time of
analysis (December 2000), 113 (11%) recipients had died and 47% of
grafts had failed. In the muiti-factorial modelling, the factors signifi-
cantly affecting transplant outcome were cold ischaemia time, donor
and recipient age and human leucocyte antigen (FILA) matching. Epoch
analysis demonstrated that these factors aperated at different times
post-transplant, Cold ischaemia fime had a strong influence on outcome
at 3 menths, A highly significant increased risk of graft failure was
associated with donors under 5 yr of age. Young recipfents had an
increased risk of failure in the short term, but beyond 1 yr post-irans-
plant there were few failures in young recipients while a steady rate of
graft loss persisted in the older chifdren. In terms of HLA matching, the
worst outcome was observed for two HLA-DR mismatched graflts,
while 000 and favorably matched kidneys (100, 010, 110 HLA-A, -B,
DR mismaiches) survived longest. Hencs, a policy of exchanging or-
gans on the basis of HLA matching is justified for 000 mismatched and
favorably matched kidneys. The poor outcome associated with very
young donors should discourage pediatric units from transplanting
kidneys from such young donors. The reasons for late losses in older
recipients need investigation.
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account of factors such as waiting time and
matchability of the recipient (1}. A later report
from the USA has similarly concluded that ‘a
superior graft outcome with little increase in the
duration of cold ischaemia time justifics national
sharing of HLA-matched kidneys’ (2).

The annual reports of the Enropean Dialysis
and Transplant Association included outcomes
of pediatric renal transplantation and by 1989
had information on 2,113 pediatric renal trans-
plants (3). The most recent systematic data on
outcomes in pediatric transplantation comes
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from North America, particularly from the
NAI;RTCS registry (4-6) and the UNOS registry
7, 8.

Pediatric recipients were specifically excluded
from the UK adult study and therefore the
Kiduney Advisory Group of United Kingdom
Transplant Support Service Authority (now
reconstituted as UKT) established a task force
to review the outcomes of pediatric cadaveric
renal transpianfation.

Methods
Study cohort

The study cohort comprised all pediatric cadaveric renal
transplants performed in the United Kingdom and
Republic of Ireland in the I0-yr peried from 1 Januery
1986 to 31 December 1995. A pediatric zecipient or
donor was defined as under 18 yr of age at the time of
transplantation,
. During ihe study pericd a total of 1,252 kidney-only
pediatzic CD transplants weze performed in 1,070 recipi-
ents. Of these transplants, 1,010 (81%) were first grafts
and 242 (19%) were re-grafis, For 30 transplants the
BLA-DR typing was incomplete and a further two trans-

plant recipients had no foliow-up data reported to the |

UKT by the time of the analysis. Thus, a total of 1,220
iransplants are included in the outcome analysis, of Which
989 were first grafts and 231 (19%) were re-grafts; 99.6%
had I-yr follow-up data and 98.0% had 5-yr follow-up
data,

Factors analyzed

Factors influencing transplant survival times were analyzed
on a multi-factorial basis using the proportional hazards
regression model introduced by Cox. Donor factors ana-
lyzed were age, gender, blood group, cause of death, and
CMV status. Recipient factors analyzed were age, gender,
ethnic origin, blood group, primary renal disease, CMV
status, waiting time, and graft number (primary vs. re-trans-
plant). Other factors analyzed were year of grafl, center
status (pediatric or non-pediatsic), number of transplants
per center, cold ischaemia thme, kidney exchange (j.e.
whether the kidney was used locally or moved to another
center), and HLA matching,

HLA matching was based on the broad and split
antigens of HLA-A, HLA-B, and HLA-DR, as detailed in
the report on adults (1). HLA typing was performed
using a standard microcytotoxicity test or DNA typing
methods.

In the UK, on the basis of the adult HLA Task Force
analysis, HLA matching is considered in three groups: a 000
mismatched kidney has no mismaitches at the HLA-A,
HLA-B, or HLA-DR loci; a favorably matched kidney has
one mismatch at either the HLA~A and/or the HLA-B loci
but no mismatch at the HLA-DR locus (100, 016, 110
mismatches); and all other HEA mismatches are grouped
together and termed non-faverable (). Investigation of
HLA matching effects for pediatric recipients was not
restricted to these groups, but they were used as a frame-
work for analysis.

Data for cold ischaemia time were available for only 706
grafts, Data for CMV status of graft and recipient was
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available for only 383 grafis, as this information was not
routinely collected by UK'T for the whole study pericd and
was not available from all centres. Finally, ethnic origin of
the recipient was only known for 71% of grafis. Analyses of
these factors were carried out on reduced data sets to test for
significance in the Cox model. Primary disease wasmodeiled
with a missing data category {9%) and data for all other
factors were complete. ’

Cenires rueeting the British Association for Paediatric
MNephrology criteria for comprehensive pediatric renal cen-
tres (9) are referred to in this report as ‘pediatric centres” and
other centres in which pediairic transplantation was per-
formed are referred to as ‘non-pediatric centres’. Cenires
were further designated as low volume (< 50 pediatsic
cadaveric transplants in the study period), medium volume
{51-100) or high volvme (> 100).

Detailed information about immunosuppressive regimens
was not available but retrospeciive information about the
use of cyclosporin and anti-T-cell antibody induction regi-
mens was collected,

Statistical analysis

For this analysis, transplant survival time was determined
by time from transplant to transpiant faiture, this being the
earlier of return o regular dialysis or patient death. Where
1o failure was reporied the survival time was censored at the
date of the last follow-up. Follow-up daia to December
2000 were included in the analysis. Cox’s proportional
hazards regression models were nsed to analyze the com-
bined effect on survival of many factors. All models weie
stratified by center to allow for inherent center differences.
In addition to overall survival, because the influences of
different factors on iransplant survival varied depending on
the time post-transplant, the modelling investigated the
influences on survival in different epochs post-tramsplant:
the first 3 months post-transplant, 3-12 months post-
transplant, 12-36 months post-iransplani, and the time
beyond 3 yr posi-transplant. Log cumulative hazard plots
did pot show any deviation from the proportional haz-
ards assumption within each period, and Cox’s propertional
hazards models were fitted to the data for each of the
four epochs. :

The resulis are presented in terms of estimated relative
risks of failure for different groups of individuals compared
with the risk for a baseline (reference) group. A relative risk
of greater or less than 1.0 indicates, respectively, a higher or
iower risk than that associated with the baseline group, A
95% CI was calculated for each relative risk. Kaplan-Meier
survival curves were used to illustrate the effects of signifi-
cant factors identified in the multi-factorial apalysis. Any
associated p-values were derived from a univariate Jog-rank
test; we used a 5% level of significance, All statistical ana-
lyses were performed using the SAS software package
{version 6.12).

Results

Cheracteristics of the study cohort and changes over
the study period

Primary disease was reported for 974 of the 1,070
patients transptanted. Congenital renal dysplasia
(25%), obstructive uropathy (14%), and reflux
nephropathy (12%) were the most commonly
reported renal diseases.
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There was negligible change in recipient age
distribution over the 10-yr period. The median
recipient age varied by only 2.5 yr, with the
minimum median age being 9.5 yr in 1991 and
maximum median age being 12 yr in 1986, 1987
and 1990, .
 Pediatric CD transplants were carried-out in 13

pediatric centres and 21 mon-pediatric centres.
Four pediatric centres were high volume, one was
low volume, and the remaining eight medivm.
volume. One-hundred and twenty five CD trans-
plants were performed in 21 non-pediatric centres;
with individual centres performing between one
and 18 CD transplants over the period of analysis.
The median recipient age of those transplanted
at pediatric units was significantly lower than
those treated in non-pediatric units (11 yr, inter-
quartile range 614 vs. 16 yr, inter-quartile range
14-17 yr; Wilcoxon test, p = 0.001).

% donors

Cadaveric renal iransplantation

In the whole study period only 32 kidneys
from donors under 2 yr of age were used, 31 of
these ‘occurring in the first 4 yr but with enly a
single donox in this age range in the 6 yr between
1990 and 1995 (Fig. 1). There was also a pro-.
gressive reduction in the use of kidneys from
donors between the ages of 2 and 5 yr, from 23%
(n = 30) of donots in 1986 to 6% (n=9) in
1995. The decreasing use of younger donors is
clear when comparing median donor ages over
the duration of the study. Median donor age has
been steadily increasing from 9 yr (inter-quartile
range 4-21) in 1986 to 13.5 yr (inter-guartile
range 10-20)in 1995 (Wilcoxon test, p < 0.0001).
This corresponds to a decreasing use of donots
younger than 5 yr of age and an increase in the
use of donors aged 10-17 yr, from 17% in 1986
to 48% in 1995, although there has been a
reduction in the use of donors 18-35 yr of age.

1885
{median=0}

199t Ties s

Donor age
i0: 36+ years
B 1535 years
B 1547 years
8 1014 years
M s9yeas
24 yeam
K 04 years

Fig. I. Donor age by year of transplant.
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The degree of HLA-A, -B, and -DR matching
has improved substantiaily during the analysis
period (Fig. 2). The proportion of five or six
HLA-A + B + DR mismatched grafts has fall-
en from 18% in 1986 to 1% in 1995. The
proportion of all grafts with two DR mismatches
has also fallen. In 1986, 27 (23%) transplants
were two DR mismatched, of which 15 had a
total of five or. six HLA-A + B + DR mis-
matches. In contrast, in 1995, only three trans-
plants were two DR mismatched, of which two
had a total of three mismatches ahd one a total of
four mismatches. )

One of the 13 pediatric centres did not
introduce cyclosporin until 1989, while in all
the others cyclosporin was used throughout the
study period. Of the 13 pediatric centres, six
centres had never used induction anti-lympho-
cyte antibody regimens. One center used it for

1007

% transplants
o
<o

1087 1983
m=08)  (n=128)

1986

{n=119) {n=131)

Nismatches {n)
e
Ius
ns
13
2
a1
)

1989 1990
(n=67)
Year of franspfant

second grafts and the other six centres reported
occasional use for ‘rare cases, such as those with
previous aggressive rejection’ or ‘the oceasional
“high risk” patient (previous severc rejection/
high cytotoxic antibodiesy’. Thus, in the period of
analysis, induction regimens with anti-lympho-
cyte antibodies were rarely used.

Causes of patient death

Of the 1,070 pediatric patients receiving a
cadaveric kidney transplant in the study period,
113 (11%) were reported to have died at the
time of the analysis. Nine (8%) deaths occurred
within 1 month of transplant, 19 (17%) between
| month and 1 yr of transplant, and 85 deaths
(75%) occurred more than 1 yr after transplan-
tation, Thirty-eight (34%) deaths occurred in
patients with a functioning transplant. The
causes of death are set out in Table 1.

1993
n=H17)

1994 1995
(0=120)  (r148)

1092
{(n=114).

1901
(n=124)

Fig. 2. Number of transplants and human leucooyte antigen (HLA) mismatching by year.
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Causes of graft failure

Of the 1,250 transplants with some follow-up
information reported, 582 (47%) were reported
to have failed by the time of the analysis. A cause
of graft failure was given for 500 (86%) of these
failares (Table 2). Thirty-two per cent-of the
graft failures occurred in the first month post-
transplant, 10% between 1 month and 3 months,

Table 1. Cause of death

Pementagr;'

Cause of death Nuber of deaths

Infection
Viral, generalized
Viral, puimeaary
Bactedial, pulmonary
Bacterial, sepficaemia
QOther [not viral hepatitis)
Gardiac failure
Fluid overload
Cardiac arrest, cause unknown
Haemonhage
Cerebro-vascutar accident
Gastrofntestinal
From surgery
From graft site
Other
Urzemia due to graft failure
Patient declined further treatment
Therapy ceased for other reason
Cechexia
Lymphoid malignant disease
Aespiratory failure
Othar identified cavse of death
fntra-operative death
“Actident
No cause of death reported

Total

D O D = O R
60 N D wr 0N W —

gmcm#-ﬁ-—-m—bmm—hmwé
(5]
Buowman o bos =

p—
pury
[y

Tahle 2. Causs of graft failure

Cadaverie renal transplantation

11% between 3 months and 1 yr, and 47% after
1 yr. Rejection was the commonest cause of graft
failure reported (55%). If the first month,
however, it only accounted for 38% of losses,
with vascular problems accounting for 39%.
Recurrent primary disease accounted for only
3% of graft failures, but these losses occurred at
all times post-transplant.

Qutcome analysis

Nen-significant factors

Graft number was non-significant in relation to
transplant outcome, although there were very
few third and fourth grafts to anaiyze.

The CMYV status of both donor and recipient
(pregraft) and any interaction thereof were found
to be non-significant.

Waiting time was also non-significant with
relation to transplant survival, but those patients
not registered on the national waiting list prior to
transplant tended to have poorer outcome in the
first 3 months post-transplant,

No center effects could be demonstrated either
between individual pediatric centres or compar-
ing pediatric centres with non-pediatric centres
or by analysis of center volume.

Other factors found not to significantly relate
to graft outcome were recipient; gender, blood
group, ethnic origin (based on data with known
sthnic origin — 71% of grafts), and primary
disease; donor; gender, blood group, and cause
of death; and whether the organ was local or
imported.

As illustrated by the Kaplan-Mejer plot
(Fig. 3), graft outcome was significantly better
in 1991-95 compared with 1986-90 (Log-rank

Time to faituse

1 month to 3 menths to
<1 month <3 months <ty Ty + Total

Cause of failure No. % No % Ne % No. % No %
Hyperacute rejection 8 4 ¢ 0 0 0 2 1 10 2
Rejaction white taking immunosuppressive drugis) 63 3# 2 K k] &80 156 57 300 62
Rejoction after stopping all immunosuppressive drugs 0 0 1 2 t 2 5 z 7 1
Recurrent primary renal disease 4 2 0 a 4 8 7 3 15 3
Vascular o¢ vreteric operativa problems 22 12 1 2 3 5 2 1 28 5
Vascular {farterial or venous) thrombesis 50 2 0 0 0 0 1 0 51 3
Infoction of graft 5 3 2 3 1 z 1 0 8 1
Remeval of funstioning graft 0 0 0 0 17 2 1 0 2 0
"Non-viable' kidney g 5 4 7 1 z 0 i} 14 2
Recipient disd, graft was functioning at time of death 4 2 4 7 7 1 23 8 38 7
Other 4 2 2 3 2 3 19 7 27 ]
Urknown 16 9 3 5 & 9 57 21 74 4
Total 185 c 00 68 00 23 10 52

n
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Fig. 4. Transplant survival by cold ischaemia time.

In the Cox modelling of distinct post-trans-
plant epochs, the age of both recipient and donor
were found to significantly affect post-transplant
survival. Owing to differing effects of recipient
age on outcome in these epochs, the Kaplan-
Meier analysis shows a non-significant effect
(log-rank test) on the 5-yr outcome (Fig. 5).
The effect of donor age is more consistent across
epochs and the Kaplan-Meier analysis shows a
highly significant difference between age groups
(Fig. 6). Table 3 shows that in the first 3 months
after transplantation, recipients aged 10-14 yr of
age were least likely to suffer graft failure and for
this analysis represent the reference group (see
the Methods). Both younger and older recipients
had a greater risk of graft loss in the 0-3 months
epoch. Between 3 and 12 months this increased
risk in young recipients compared with those
aged 10-14 yr was lost and young recipients
fared better than the reference group in the 12—
16 months and 36+ months epochs. In these last
two epochs, those aged 10-14 yr or 15-17 yr at
transplant were most likely to experience failure
of their transplants (Table 3). The effects are
illustrated in Fig. 5: for recipients uader 10 yt of
age at transplant, the survival curves suggest few
failures beyond 12 months post-transplant, while
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Fig. 5. Transplant survival by recipient age.

the curves for recipients =10 yr of age show a
continuing decline in transplant survival over the
5-yr study period. '

The effects of donor age are illustrated in
Fig. 6. Donors under 5 yr of age were associated
with poor transplant outcome, while the best
outcome was associated with transplants from
donors 15-17 yr of age. Table 3 shows that the
most significant effect of young donor age is in
the first 3 months post-transplant. During this
time the risk of tramsplant failure is approxi-

" mately three times as great when the donor is

wunder 5 yr of age compared with when the donox
is 18-35yr of age (baseline group). Beyond
36 months after receiving a graft, older donors
were also associated with increased risk of graft
failare compared with the baseline group
(RR = 1.98, p = 0.01). We found no significant
interaction effect of donor and recipient age.
Figure 7 iliustrates transplant survival of the
three HLA matching groups found to be most
significant in the multi-factorial analysis. The
worst outcome was observed for two DR mis-
matched kidneys, while 000 and favorably
matched kidneys were associated with the best
transplant outcome. No significant additional
benefit for the small number of 000 mismatched

i
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Fig. 6. Transplant survival by donor age.

kidneys over favorably matched kidneys could be
demonstrated. The multi-factorial analysis
showed a weak influence of HLA match in the
first 3 months but a stronger effect thereafter.
Beyond 36 months, grafts with two HLA-DR
mismatches were approximately twice as likely to
fail as those with fewer than two mismatches
{(p < 0.03). Even if grafts with causes of failure
coded as “vascular or ureteric operative problems’
or ‘vascular (arterial or venous) thrombosis’
were excluded from the analysis, the effect of
HLA matching remained non-significant in the
0-3 months epoch.

Discussion

The influence of donor age on transpiant out-
come is consistent with a number of reports from.
registries (4, 5, 10-12) and individual centres (13,
14). Indeed, there seems to be only one report
(15) that does not agree with the general finding
that outcome worsens progressively with younger
donor age. Given the reports of good outcomes
in adunlts with young donor kidneys transplanted
en bloc (16-18) this is probably a more appro-
priate way to wutilize the kidneys from young
dogiors, If successful, there is no reason that this

3

INQ-AS

100

90

80

~]
<

[+
S

h
=]

S
=]

% Transplant survival

20

HLA match

s (30 Favorarzble (re287)
10 s Other O DR/ L DR mismiaich (1777
zenxwn w= 2 DR mismaiches (n=156)

0

0 1 2 3 4 5

Years sinca transplant
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could not be extended to pediatric recipients in
the future.

The effect of young recipient age is also in
agreement with most reports from registries and
single centres {4, 5, 10-12). As with donor age,
any minimum age criterion for transplantation is,
to some extent, arbitrary and the analysis is
supportive of the general adoption of 2 yr of age
as the minjmum age criterion for cadaveric
transplantation. However, it is noteworthy that
at 5yr, the outcome for young recipients is as
good as that of older recipients, the eatly poor
outcome being offset by better outcome than that
seen for older pediatric recipients beyond 1 y1.
Therefore, the avoidance of transplantation in
patients < 2yr of age must be viewed as a
relative contraindication to cadaveric donation,
and transplantation should be considered if there
are problems with dialysis. Additionally, it has
been reported that outcomes are better with
LRD than CD in children under the age of 2 yr
(19). The optimal approach to management of
those under 2 yr of age with renal failure requires
further assessment.

Tt is possible that the combination of small
recipients and small donors has more than an
additive effect but we were unable to show this in
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our data, probably owing to the small number of
such grafts,

The results confirm the impact of HLA
matching on transplant outcome in cadaveric
donation in children (4, 5, 10). In contrast to the
adult study (1}, we were unable to show any
added advantage of 000 HLA-A, -B, -DR mis-
matched transplants over favorably matched
kidneys, although there were very few of these
{n = 55). In addition to inferjor transplant sur-
vival, another consequence of using poorly
matched kidneys in children is increased sensiti=
zation to HLA antigens, which makes subse-
quent transplantation difficult. Data on HLA
sensitization for this cohort will be communicated
in another report. .

The epoch analysis revealed some important
effects. The only comparable analysis is that of
UNOS where five out of 26 factors accounted for
81% of the variability in long-term graft survival,
namely: transplant center, recipient age and race,
transplant vear, and panel-reactive antibody (8}
Most of these issues have already been discussed.
There was insufficient information about panel
reactivity to use in the multi-factorial analysis

but we counld show no effect of graft number.”

The most important finding was the strong effect
of recipient age on S5-yr graft survival, with
increased risk of Toss at 5 yr in patients < 11 yr
of age compared with those whe were 11-20 yr
of age. We confirmed this important finding with
recipients < 10 yr of age at transplant dojng
significantiy better than young people 10-18 yr
of age. The reason for this is not clear, but the
suggestion that non-compliance is probably a
factor (8) is plausible. Another possible factor in
this inferior outcome is traunsfer to adulf units.
Watson has recently reported worryingly high
rates -of transplant at this time (20). Increased
awareness and expertise in recognizing non-
compliance and more detailed study of models
of transitional care for this vulnerable age group
might improve the outcome for these patients.

With longer follow up (> 3 vr), the increased
graft loss associated with donors > 35 yr of age
is noteworthy, Increased use of much older
donors to maximize HLA matching would
probably be inadvisable. As with donor age,
any cut-off point is to some extent arbitrary; the
current national rules for allocation limit donor
age for pediatric recipients to 50 yr.

A further finding on epoch analysis was the
secondary worsening of outcome for the very
youngest donozs with > 3 yr of follow-up, There
are number of pieces of evidence that suggest
antigen-independent mechanisms play a major
role in the progression of chronic renal allograft
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‘rejection’ (21) and in some models nephron
supply is a major determinant of long-term graft
outcome {22). Clearly there are other possible
explanations of this late functional decline but,
whatever the cause, this is a further argument
against the use of very young donors in pediatric
cadaveric renal transplantation.

Cold ischaemia time, whilst not affecting
overall outcome, did have a significant effect on
outcome at 3 months. This is in agreement with
the findings in the NAPRTCS study where a cold
ischaemia time of >24h was one of the
variables predictive of the requirement for dialy-
sis for 7 days post-transplant which in itself had
a deleterious effect on long-term. graft outcome
(4, 23). Thus, increased cold ischaemia time does
adversely affect graft outcome, but any cut-off
such as 24 h js arbitrary, i.e. the shorter the cold
ischaemia time the better the outcome.

The overall outcome of transplantation for this
group of children has improved significantly over
the stady period, but the multi-factorial analysis
shows that this is entirely explained by reduction
in the use of small donors and the improved
HLA matching. The adult study showed an
improvement in transplant survival additional to
that caused by better HLA matching. This was
attributed to changes in immunosuppressive
therapy (1). The NAPRTCS have shown a
similar improvement in pediatric CD outcome,
which they attribute to changes in practice, such
as judicious use of CD, increased use of prophy-
lactic anti-lymphocyte antibody, and better
maintenance immunosuppression (@, 6, 12, 24).
Such conclusions need to be supported by muiti-
factorial analysis to uncover the effects of any
confounding variables,

We were unable to show any effect of graft
number on outcome. This confirms the NAP-
RTCS findings where the apparent inferior out-
come of re-transplants (4) was shown to be
entirely caused by the confounding effect of the
use of small donors (25).

Similarly, in keeping with the adult study (1),
and in contrast to the findings of the NAPRTCS
{4, 6) and UNOS (8), we could find no influence of
ethnic origin on outcome. The racial mix may
explain this. In our data, 88.6% of those with
known ethnic origin were White, 9.5% were Asian,
1.7% were Black, and 0.2% were of another ethnic
minority group. In American reports, African—
American racial origin, but not Hispanic origin,
adversely affects outcome (4, 6, 8).

Center effects have long been recognized in
adult renal transplantation. (26) but this is a
result of many factors, with center volume being
only one of many possible factors and probably
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not the most important (27-31). The results in
the adult UK study mirrored these previous
studies with variation in survival between cenires
but with no clear relationship between the
pumber of transplants performed and transplant
survival (1). UNOS compared resuits from ‘pro-
fessional’ pediatric centres with those of other
centres that transplanted ‘only a few children’.
Transplant surviyal was similar in older children
in the two types of center but ‘survival results of
transplants in infants and young children dif-
fered, however, and suggested that the .inore
experienced pediatric centres had an advantage
with this speeial group’ (7). This difference,
however, ‘was explained by the more aggressive
pursuit of LRD transplants at the “professional”
pediatric centers’. In a subsequent UNOS report,
center variation was the chief pretransplant
factor influencing graft survival at 1 and 5 yr in
pediatric renal transplantation (8). However,
UNOS was unable to show that center volume
or degree of dedicated resources explained this
center effect. The NAPRTCS reported that graft
survival for both CD and LRD was betfer at
3 months and 5 yr in the moderate- and high-
volume centres compatred with the low-volume
centres (high volume > 100 transplants, moder-
ate volume 51-100 transplants, and low volume
< 50 transplants over an 8-yr period). These
differences were not, however, significant and
only achieved significance if the use of anti-
lymphocyte antibody induction was excluded
from the analysis: ‘the significance of differences
between the low volume and other groups
depends upon the inclusion or exclusion of
anti-lymphocyte antibody induction as a covar-
iate in the proportional hazards model’ (5).
We were unable to show any center effects on
transplant outcomes.

This report was not primarily concerned with
the causes of graft loss and there was no attempt
to standardize or verify the reported causes of
graft loss. This accounts for obvious inaccuracies
such as hyperacute rejection being reported as a
cause of late graft loss. Despite these reserva-
tions, the overall pattern of causes of graft loss is
clear, Not unexpectedly, the pattern of causes of
loss varied with time post-transplant, Technical
problems (including thrombosis) accounted for
39% of early losses but only 1% of late losses. In
the first month, all types of rejection accounted
for 38% of losses whereas this rose to 60% of
losses after 1 yx. This is consistent with data from
the NAPRTCS which show that renal vascular
problems, particularly renal vein thrombosis, are
major determinants of early graft loss (4-6).
A further report from the NAPRTCS showed
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that recipient age, donor age, CD (vs. LRD), and
cold ischaemia time of > 24 h were all associated
with vascular thrombosis post-transplant (32). In
one report from a single center there were no
episodes of vascular thrombosis in 108 consecu-
tive pediatric renal transplants (72% LRD). The
authors attribute their excellent results to ‘strict
adherence to surgical detail, aggressive finid
management in the small child and carsful
integration of urologic and transplant surgery
(33). Thus, avoiding young donors and fecipi-
ents, fimiting cold ischaemia time and attention
to surgical technique and peri-operative care
should reduce early graft losses,

The overall mortality rate, not adjusted for
duration of follow-up, is significantly higher
(10.6%) than that reported by the NAPRTCS
(6.5%) (4), but different categorizations and the
large naumber of deaths with no cause of death
reported make meaningful comparisons difficult.

In summary, donot and recipient age and
HILA matching were the most important deter-
minants of outcome of pediatric cadaveric renal
transplantation. Although cold ischaemia time
does have an impact on ontcome, this is restricted
to the first 3 months after transpiant and was not
significant in long-term outcome. Thus, as with
the UX adult analysis, a policy of exchanging
organs on the basis of HLA matching is fully
justified for 000 mismatched and favorably
matched kidneys. In the past children have, in
general, received poorer HLA mismatched kid-
neys than adults. This analysis suggests that
HLA matching is equally important for trans-
plants in children and allocation schemes need to
consider how HLA matching in children can be
improved. In addition, the poor outcome asso-
ciated with very young donors should discourage
pediatric units from transplanting such young
kidneys. The effects of recipient age are less clear
cut. Age below 2 yr is & relative contraindication
to cadaveric transplantation. Five-year follow-up
data for patients 10-18 yr of age raises questions
about transplantation in this age group and
about non-compliance and transfer to adult ser-
vices. The effects of these factors operate at dif-
ferent times post-transplant and can be obscured
unless the analysis takes account of this,
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Abstract Few stadies have investigated the incidence of
seizures following renal transplantation in childhood. The
aim of this study was to determine this incidence and fo
identify risk factors. Retrospective casenote analysis was
carried out on 119 transplants performed in 109 children
over 10 years. Twenty-one transplants {in 20 children}
swere coraplicated by seizures, the majorify of which oc-
curred in the first 55 days afler transplantation. Seizures
were more common in the 5- to 10-year-old age group
{(P=0.03), but were no more coOmMmMon in those with a prior
history of seizure (P=0.69). Their actiology was predommi-
nantly multifactorial; hypertension (#=13), fever/infection
(7=4) and acute aliograft rejection (#=6) were commonly
identified risk factors; 2 were secondary to intracerebral
pathology. Most seizures were short lived, required mini-
mal therapy and had a good long-term neurological oui-
come. Tn conclusion, seizures are relatively common fol-
lowing paediatric renal transplantation. Parents are now
routinely counselied of this risk.

Key words Transplantation * Seizures + Therapy -
Cyclosporine A

Intraduction

Many of the pathophysiological events and therapies as-
sociated with renal transplantation place the paediatric re-
cipient at increased risk of seizures, although there have
been few comprehensive studies documenting their inci-
dence [1]. The acticlogy of seizures following transplan-
tation appears to be multifactorial; severe hypertension is
a common feature and may be secondary to fluid over-
load, corticosteroid or cyclosporine A (CsA) therapy, or
acute allograft rejection [1-6]. Children with marked
polyuria in the post-transplant period are at increased risk

1.0, Awan - M.A. Lewis - R.J. Postlethwaite - N.LA, Webb (€2)
Department of Nephrology,

Royal Manchester Children’s Hospital, Pendiebury,

Manchester M27 4HA, UK

e-mail: nwebb@nuan ac.uk,

Tel » +44-161-727-2435, Fax: +44-161-727-2630

INQ-AS

of biochemical disturbance, including hypocalcagmia and
hypomagnesaemia, the latter being compounded by the
enhanced magnesiusia associated with CsA. therapy 71
Tmmunosuppression places the child at increased risk of
infections, including those of the central nervous system.
The aims of this study were to determine the incidence of
seizures in children following renal {ransplantation, to
identify possible aetiological factors and to propose
guidelines for their prevention and management.

Patients and methods

Between Jannary 1986 and June 1996, 126 renal transplents (123 ca-
daverlo, 3 living-related donor) were parformed at this insfitation in 2
totat of 112 children (72 male, 40 female}. The spectrum of primary
diseases resulting in end-stage renal failure was typical for a United
Kingdom tertiary referral pacdiatric nephrology centre. The anaes-
thetic, surgical and fluid/electrolyte management of these children.
remained unchanged throughout this 10-year period, and only one al-
teration was made 1o the maintenance immunosuppression protocel;
children transplanted before May 1993 received CsA and predniso-
Jone, whersas those transplanted after this data (7r=47) received triple
therapy with CsA, prednisolone and azathioprine. CshA was adminis-
tered intravenously in the immediate post-operative period, with oral
therapy being commenced once enteral feeding had been com-
menced. Target trough CsA levels were 200-400 ngfml for children
treated with dual immunosupprassive therapy and 50-150 ng/mi dur.-
ing the later triple-therapy petiod. Episcdes of scute aHograft refec-
tion were treated with intravenons methylprednisolone (15 mglkg
daily for § days), ATG or OKT3 being reserved for those with ste-
roid-resistant rejection. Where a donor/recipient cytomegalovins
(CMV) mismatch was present, intravenous hyperimmune CMV im-
munoglobulin was given, although no other prophyiactic antibiotio,
antiviral or other drug therapy was routinely administered.

The hospital casenotes were retrospectively analysed to deter-
mine whether seizures had occurred in ejther the pre- or post-
transplant period. Where seizures occourred, data were recorded re-
garded the seizure type, duzation, therapy administered, clinical
observations and subsequent investigations in an aftempt to deter-
mine their aetiology. Laboratory investigations were petformed in
all children, ingluding blood count, plasma biochemistry and
trough CsA levels, Cerebral imaging studies [magnetic resonance
imaging (MRI) #=8, computed tomography (CT) n=2] were pet-
formed where nenrological abnormalities were detected following
seizures, and electroencephalograms (EEGs, =5} wers performed
where seizures were profonged or atypical. Cerebrospinal fluid
was also examined in 2 childrexn.
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Results

Full clinical information was availabie for ali 126 trans-
plants. Seven grafts fajled within the first 43 h because
of technical problems [venous thrombosis (2), arterial
thrombosis (2), intimal dissection, rotation on vascular
pedicle and cold injury] and were excluded from the
analysis; no seizures accurred in this group. In the re-
maining group of 119 transplants performed in 109 pa-
tients (72 male, 37 femals), the mean age (range) at the
time of transplantation was 9.1 years (0.9-17.3 years).
Twenty-one transplants (17.6%) in 20 children {14 male,
6 female) were complicated by seizures, 13 (61.9%) of
which occurred in the first 8 weeks post transplantation,
with 18 of 21 (85.7%) cccurring by 6 months (Fig. 1).
There was no difference between boys and girls in the
incidence of seizures. Seizures were, however, signifi-
cantly more common in the 3- to 10-year-old age group
(32.4%) compared with the 0- to 5-{11.1%), 10- to 15-
(12.8%) and 15- to 18-(0%) ycar-old age groups
(P=0.031, %2). The incidence of seizures in children im-
munosuppressed using dual therapy was no different
from that in the children administersd trple therapy
(14.9% vs. 19.4%, P=N8). Of the seizures that oceurred
following 21 transplant procedures, L1 were single, 9
multiple and 1 child developed status epilepticus. Six-
teen seizures lasted less than 10 min, 4 fasted 10-30 min
and 1 more than 60 min. Seizures were predominantly
generalised tonic clonic (=18), although simple partial
seizures {(#1=2) and absence attacks (#=1) also oceurred.
The majority of seizures terminated spontaneously, al-
though 7 required acute administration of anticonvul-
sants; all received intravenous diazepam in the first in-
stance, with 4 receiving additional rectal paraldehyde
and/or inttavenous phenytoin.

Twenty-one children had a history of seizures prior to
ransplantation, although only 2 were receiving regular
anticonvulsant therapy at the time of engraftment. Five
(23.8%) of these patients had further seizores following
transplantation. Of the 88 children where there was no
such prior history, 15 (17.0%) developed seizures in the
post-transplent period. This difference is not significant
(P=0.69, ¥3).

The aetiology of the observed seizures was in most in-
stances multifactorial, although in 15 of the 21 (71.4%)
transplants complicated by seizure, blood pressure read-
ings in excess of the 95th percentile for age comrected for
height [8] had been recorded in the immediate pre-seizure
period. The overall prevalence of hypertension in the sei-
zure and non-seizure groups was not significantly differ-
ent; 72 of 92 (78.2%) children in the non-seizure group
where full clinical data were available were receiving an-
tihypertensive therapy at the time of discharge from hos-
pital after transplantation (P=0.57, %?). The degree of hy-
pertension did, however, appear to be somewhat greater
in the seizure group 15 of 21 (78.2%) having a greatly
elevated systolic blood pressure (mean of 163 mmHg ata
mean age of 8.7 years) compared with 35 of 92 (38.9%)
in the non-seiure group who were receiving greater than
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MNumber
E-Y
1.

B oy
<28 28-55 656-182 183.385 >366
Time postiransplantation of convulslon (days)

Fig. 1 Time of convulsion post transplantation

Table 1 Risk factors association with seizures following 21 renal
transplants in 20 children

Risk factor Number

Hypertension alone

Hypertension associated with rejection

Hypertension associated with rejection and fever
Hypertension associated with cyclosporine A toxicity
Pever alone

Fever associated with rejection

Hypomagnesaemia

No cause identified

(SRR N R R )

one antihypertensive agent at the time of discharge from
hospital (P=0.01, x2). Additionally, 4 children were fe-
brile (all associated with proven urinary tract infections),
6 had acute allograft rejection, I had significant hypo-
magnesaemia and 1 significantly clevated CsA levels
(1,600 ng/ml), the only child in this series with fovels in
excess of two times the upper limit of the target therapeu-
tic range. In 2 children, no obvious cause for their seizure
was identificd (Table 1). No child was receiving intrave-
nous CsA although 3 children were receiving a course of
intravenous methylprednisolone at the time of or in the
48 h prior to the seizure. No association was detected be-
tween the astiology of renal failure or the degree of HLA.
matching and the subsequent development of seizures.

Of the eight MRI scans performed, three showed sig-
pificant abnormalities; two of these scans were in chil-
dren with previous norma! neurodevelopment, and
showed intracerebral haemorrhage in one and generali-
sed cerebral oedema in the other. The third child was
known to have global developmental delay pricr to trans-
plantation, and was shown to have demyelination and
cortical atrophy. Both CT scans were normal, one of
these being in the aforementioned patient subsequently
shown to have demyelination on MRI. Three of the five
EBEGs showed abnormalities. Two of these children have
significant long-term residual neurological morbidity
(global developmental delay and behavioural problems
following intracerebral haemorrhage, and hemiparesis
and global developmental delay associated with cortical
atrophy and demyelination). These and a farther 3 chil-
dren developed ongoing seizures requiring long-term an-
ticonvulsant therapy with sodivm valproate (n=4) or car-
bamazepine (#=1).
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Biscussion

We report a relatively high incidence of seizures compli-
cating renal transplantation in childhood, confirming the
earlicr data of McEnergy et al. [1] wheo detected 2 post-
transplant seizure 1ate of 20.1% in a cohort of North
American children, a namber of whom were {ransplanted
in the pre-CsA era, A similar incidence of seizures has
aiso been reported following the transplantation of other
solid organs [9, 10]. Inkeeping with the findings of pre-
vious studies, it was not possible to clearly identify a sin-
gle actiological factor as being the cause of the seizure in
the large majority of cases, although children who devel-
oped seizures were commonly noted to be hypertensive
in the period immediately prior to their seizure. Overall,
the usage of antihypertensive agents was not higher in
the group of children who developed seizures compared
with these who did not, although the degree of hyperten-
sion did appear to be more severe in the seizure group. It
may, however, be the rate of change in blood pressure
that is of more importance than the absolute value at any
one timepoint. That rapi¢ resolution and no further re-
currences of seizures occurred following satisfactory
control of hypertension provides further evidence that it
is indeed an important risk factor. Fever and acute allo-
graft rejection, either in isolation, together or in associa-
tion with hypertension, were recorded in 8 cases where
seizures ocourred. Only 1 child was found to have signif-
jcant hypomagnesaemia and another high trough CsA
levels; all children underwent regular assessment of these
biochemical parameters in the post-transplant period.

The majority of seizures were short lived and non-re-
current and the long-term neurological outcome in the
majority of children was excellent. Only 5 children re-
quired long-term anticonvulsant therapy, including 2
who developed convulsions secondazy to significant in-
tracersbral pathology, with resultant long-term neurojog-
ical handicap. In 1 of these cases, the intracercbral lesion
(cortical atrophy and demyelination) almost certainly an-
tedated the transpiant and was not a consequence of i,
whereas the other (intracérebral haemorrhage) was sec-
ondary to intraoperative haemodynamic changes at the
time of engraftment.

We have clearly shown that children with a history of
seizures prior to transplantation are not at increased risk
of seizures post engraftment, and in those not receiving
maintenance anticonvulsant therapy we cannot recom-
mend the use of prophylactic therapy at the time of trans-
plantation. Many anticonvulsants will increase CsA. me-
tabolism secondary to cytochrome P-450 hepatic enzyme
induction, with resultant sub-therapeutic drug levels.
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Factors precipitating hypertension clearly need to be
avoided where possible; significant degrees of fluid over- -
load should be avoided by meticulous attention to fluid
balance, intravenous methylprednisolone should be in-
fused stowly, and care should be taken to avoid CsA lev-
els rising above the target sange. Children on corticoste-
10ids should receive a “no-added-salg” diet. Whers hy-
pertension unavoidably occurs, stringent blood pressure
control should be effected by the prompt use of antihy-
pertensive agents, The regular monitoring of plasma bio-
chemistry should allow anticipation and appropriate
treatment of clectrolyte imbalance, and suspected nfec-
tions should be treated empirically.

The parents of children undergoing renal fransplanta-
tion at our institution are now routinely counselled of the
risks of seizures, in addition to the ofher recogamised
complications of renal transplantation, as part of the pre-
transplant work-up.
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Abstract We report the case of a child who died from
severe cerebral oedema in the context of hyponatraemia and
extreme polyuria immediately afier renal tansplantation.
The patient was treated according to a standard post-
transplantation protocol, receiving 0.45% saline solution for
urine output replacement. The case highlights the dangers
of massive fluid therapy in the context of polyuria and,
therefore, the need for intensive menitoring.

Keywords 1lyponatraemia- Seizure - Cerebral oedema -
Kidney tzanspiant - Hypotonic fluid - Polyuria - Salt wasting

Intreduction

We report the case of an 11-year-old boy, who had extreme
polyuria shortly after live-refated renal tansplantation. He
developed seizures associated witk a serum sodium
concentration of 126 mmol/f and his condition rapidly
progressed to tonsillar hernistion and death. We detail the
sequence of events, discuss potential causes of this tragic
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occwrence and describe how we changed our post-
transplantation care protocol to enable earlicr detection of
such abrormalities.

Casc report

An 1i-year-old boy weighing 30.3 kg was admitted for a
pre-emplive live-related transplant. He had suffered menin-
gococeal septicaemia at the age of 34 months, complicated
al that time by severe ncurological dysfunction, with coma,
seizures and peripheral vascular involvement with skin and
bone loss. He had been undergoing short-term dialysis for
nearly 4 wecks, but his renal fanction {glomerular filration
rate (GFR) by the chromium-5!-ethylene diamine ieira-
acetic acid (Cr’'-EDTA} method was 37 mi/min per
1.73 m® body surface area at 3 years] had recovered
sufficiently to be managed conservatively. He was left with
a minor seizure disorder treated with sodium valproate at
the time of fransplantation. Electroencephalography (EEG)
showed discharges over the right temporoparietal area, and
a cerebral magnetic resonance imaging (MR1) scan when he
was aged 4.5 years showed mild cercbellar atrophy, with
normal ventricular size. He attended mainstream school and
had learning support.

His renal function deteriorated from the age of 10 years,
with his seruiz creatinine rising from 1.6 mg/dl to 3.8 mg/dl
(145-330 pmol/), so work-up was commenced for renal
transplantation. He was polyurie, with a daily urine output
of 34 1L

He underwent a live-related renal transplantation, with
0,1,1 mismatch, frotn his mother. He was given 0.25 mg/kg
tacrolimus and prednisolone 600 mg/m® before theare and
had a urethral catheter placed afier being anaesthetised. The
operation was uneventful; the patient had normal vessel
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anatomy. There was geod blood flow and immediate urine
output. The cold-ischaemia time was 30 min, and anasto-
mosis time was 25 min. Intraoperatively, his systolic blood
pressure (SBP) was 100-130 mmHg and central venous
pressure (CVP) was 10-15 emil;O. He was given a total
of 2,200 ml of fluid during the procedure [1,000 i
Hartmann’s solution (near isotonic sodium lactate) and
1,200 m} 4.5% albumin] and 60 mg farosemide. A dopamine
infusion {3 pg/kg per minute) and a patient-controlled
morphine infusion were commenced. He received routine
immunosuppression with tacrolimus, azathioprine and
prednisolone.

Immediately postoperatively, he was warm and well
perfused, with a core-toe temperature gap of 2.4°C. He had
a normal heart rate (HR; 90-105 beats/min) but was
hypertensive (SBP 130-140 mmHg). His CVP was 8-
11 cmi,0. He regained consciousness fully and was
extubated, with saturations of 98-100% in room air,
respiratory rate 25/min. He had mixed metabolic and
respiratory acidosis, pH 7.25, with a carbon dioxide partial
pressure (pCO3z) of 42 mmHg (5.6 kPa} (venous gas). His
initial postoperative serum sodium level was 14! mmol/
1 (see Table ). A bedside fluid balance sheet was
established, which included the volume of wrine in the
catheter bag (1,180 ml) but not the fluids given in theatre

Table 1 Results of blood and urine tests and fluid balance

(2,200 ml) or the undocurented losses {urine Jost during
anastommosis of the ureter to the bladder, and blood losses).
These losses were retrospectively estimated by the surgeon
to be 300500 ml

The patient developed massive polyuzia almost immedi-
ately after anastomosis, passing urine up to 58 mbkg per
hour. He was treated according to the unit’s protocol, with
replacement of insensible losses of 400 ml/m? per day and
of the previous hour’s urine volume with the same volume
of 0.45% saline solution, alternating with (.45% saline
solution/2.5% dextrose. Two howrs postoperatively he
developed signs of poor peripheral perfusion, with a core—
toe temperature gap of 6°C; HR was 50105 beats/min, and
SBP was 130-150 mmHg. It was concluded that he had a
fluid deficit, and he was given an exta 1,449 ml 0.9%
saline solution over 2 h. At 4 h he had a gencralised tonic—
clonic seizure, which was terminated immediately follow-
ing administration of 0.1 mg/kg lorazepam. Blood glucose
measured with a stix was 8.6 mmol/l, and central venous
gas showed uncompensated metabolic acidosis, with a pli
of 7.1. He was hyponataemic (126 mmolA}, initiaily
thought to be an artefact but confirmed on a repeat sample
(121 mmol/l). At 5 h he had a further generalised tonic—
clonic seizure, which again responded to lorazepam, but at
that time his pupils were fixed and dilated. He was

Parameter Time after anastomosis
Preoperative Postoperative 1 h 2k 3h 4h 5h Normal range Unit
Seizure Seizure
Sodivin 140 141 126 121 133-146 mmol/l
Total CO, 22 18 15 i7 20-30 tmol/l
Urea 97 (34.5) 76 (273) 38 (13T 3B ALY 717 (2.5-6.0) mg/dl (mmol
per litre)

Creatinine 6.0 (528) 4.3 {(3719) 20(178) 1.6 (143 0.4-0.9 (35-80) mg/dl {umol/l)
Total calcium 11.3(281) 97{242) 68(¢LTY  6.5(L61) B.8-10.7 (2.19-2.66) mg/dl (immol/)
Magnesivm 1.9 (0.8) 2.0 {0.83) 0.9(0.36) 0.7(0.28) 1.7-23(0.7-0.95) mg/dl (mmol/l)
Albutnin 42 51 41 37 3756 g/l
Glucose 202 (11.2) 175 (9.7 63-99 (3.5-5.5) mg/di (mmol/)
Osmelality 270-285 mosmolkg
Haemoglobin 11.6 6.3 8.6 11.5-15.5 g/dl
Urine

Sodium 112 mmol1

Osmolatity mosmol/kg
Fhuids

In 2,200* 1,303 1,485 2383 2,591 1,898 ml

Qut® 1,246° 1,170 1760 1,740 1,620 1,150 ml

Cumulative Balance +960 +1,093 1818 +1461 +2432 +3,180 ml

*Total amount of fluid given intra-oporatively
Y Except for 200 ml from the wound draits, all output was urine

¢ Immediate postoperative output did not incinde intw-operative Josses, which were not documented (see text)
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infubated and ventilated; a computed tomography scan
revealed severe cerebral oedema, with uncal and tonsillar
herniation; he was diagnosed as being brainstem dead the
following moming. Using hypertonic (3%) saline solution, we
achieved normonatracmia after 8 h fo allow organ donation.

Discussion

Qur case highlights the dangers of massive fluid therapy
and biochemical disturbances in the face of extreme
polyuria. ‘Fhere are obvious questions regarding the
actiology of the patient’s seizures, hyponatraemia and
polywria. Moreover, considering that the patient was treated
according to a standard protocol, used for over 15 years in
more than 200 paediatric renal transplantations, we describe
how the protocol was changed in order to prevent a similar
tragedy from occurring.

What caused the patient’s seizures and subsequent tonsillar
herniation?

Seizures are a recognised complication after renal trans-
plantation, with a frequency of up to 24%, with potential
causcs including fluid overload, and corticosteroid and
calcineurin-inhibitor therapy [ — ]. Qur patient was known
to have had seizures previously, indicating that he had a
lowered seizure threshold which was reduced further by the
hypocalcaemia and hypomagnesaemia after transplantation
(Table ). The first seizure i our patient occurred when the
serum sodium level was 126 mmol/i, a level not usually
associated with seizure activity. However, hypo-osmolality
was likely to have been the key aeticlogical factor, as the
drop in serum sodium level was compounded by the rapid
fall in urca afler tansplantation. His calculated serum
osmolality dropped by approximately 80 mosmol/kg be-
tween transplantation and first seizure.

Why was the patient polyuric?

The massive diuresis after anastomosis (58 mikg per hour)
was extremely umisual. There is one report of an adult with
dinresis of 25~50 ml’kg per hour afler having received a
live-unrelated renal transplant, who was also given fluid
replacement with 0.45% saline solution and who developed
hyponatraemia [lowest serum sodium (Na) concentration
113 mmol/A] and multiple generalised tonic—clonic seizores
L}

Our patient had 3-4 l/day (45 mi/kg per hour) native
uring output, and the massive fluid losses afler transplan-
tation would have included a proportion from the native
kidneys. [lowever, excretion of ~1,800 ml/h requires a
GER of at least 30 ml/min, whilst the estimated GER in our
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patient was 6 ml/min, uncorrected for surface area.
Therefore, the majority of urine must have derived from
the grafl. Glucose given in the replacement fluid cansed
mild hyperglycaemia, with levels of 10-11 mmol/l, leading
to osmotic diuresis. [However, this leads to free water losses
and hypemnatraemia and is, thus, probably less rclevant
here.

Why did the patient become hyponatzaemic?

‘The patient’s venous sodium level had dropped from
141 mmoll post-operatively to 121 mmolt 5 h later
Hyponatraemia is due to either a deficiency in salt or an
excess of water.

A separate quantitative analysis of water and salt
balance, also called tonicity balance, can help identify the
pathophysiology of hyponatracmia [ ]. From the beginning
of surgery till his death, the patienl was given 11.8 1 and
lost 8.6 1 (see Table ), a net positive balance for water of
3.2 1. An expansion of his total body water (estimated at
20 1 or 65% of body weight) by this amount Is consistent
with the observed dilution of his serum sodium from
141 mumol/l to 121 mmol/l (141 %20/23.2=121.6). Based on
this first part of the tonicity balance, excess fluid accounted
for the hyponatracmia. This fits also with the observed
decrease of albumin and haemoglobin in the bloed (sec
Table ). However, in order to retain the extra 3.2 1 as free
water, he must have been in equal sodium balance, i.c. the
amount of sodium lost in the urine must have been equal to
the sodium received. Whilst the wrinary sodium was not
measured, the amount received can be calcuiated from the
fluids administered, and it totalled 1,140 mmol. An
excretion of 1,140 mmol sodium in 8.6 | of urine equates
to 133 munol/t and represents 20% of sodium filtered during
that time (assuming a GFR of 100 ml/min), indicating
sodium wasting. This compares to reports of fractional
sodium excretion (FEy,) as high as 46% in deceased-donor
renal allografts on the day of transplantation [ 1.

Why did the patient have sodium wasting?

Sodium wasting is likely to have been due to hypoxic—
ischaemic injury to the graft. The high FEy, reported in
deceased-donor allografts was assoctated with ischaemic
changes on biopsy [ 1. In another study, byponatraemia was
seen in 88 of 125 adult recipients, also associated with an
increased FEy, [ 1. The dramatic postoperative decrease of
serum calcium and magnesium concentrations (Table ),
which cleatly exceeded the 16% dilution explained by the
fluid balance, also suggests tubular dysfunction.

Sodium wasting can also be an appropriate physiological
response of the kidney to volume overload, but it should
not lead to hyponatraemia, as water can be excreted
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alongside. However, other factors could have led to water
retention, such as stress and morphine, recognised non-
osmotic stimuli for antidiuretic hormone [ ], or furosemide,
which impairs. urinary dilution.

How should a polyuric patient be treated?

For a patient with gross polyuria (> 1¢ mi/kg per hour) we
suggest giving a fixed intake of 10 mikg per hour, with
frequent (two-hourly) clinical and biochemical assessments
that include blood pressure, peripheral perfusion, CVP, and
serum and urine sodium and osmolality, to guide further
replacement. We use 0.45% saline solution, based on our
subsequent experience with typical post-transplantation
urinary sodium concentrations of approximately 80 mmol/l.
Any extra fluid for perceived volume depletion must be
given in isotonic form. We use a glucosc-containing
solution at a steady rate for replacenient of insensible
losses, but fluids given for urine output replacement and
boluses arc glucose-free.

Conclasion

Our patient developed seizures and tonsitlar hemiation due
to hypo-osmolality associated with the administration of
large volumes of hypotonic intravenous fluids in the
context of extreme polywia. Other factors, such as his
previous brain injury, might have contributed] to the fatal
outcome. Regardiess, the case highlights the importance of
close clinicai and biochemical monitoring after transplan-
tation, especially in the context of polyuria. Although, in
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{his case, the rapidity of events suggests (hat these measures
might not have prevented death, we hope that lessons from
this case will help to modify practice and prevent future
ragedies.
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