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The New Zealand Liver Transplant Unit
Randall Allardyce

The splendid performance of the New Zealand Liver Transplant Unit (NZLTU) and
its associated surgical and hepatology specialists outlined in this issue of the NZMJ
gives cause for both celebration and reflection. Celebration, because the NZLTU is
delivering, no exceeding, the services we all hoped for. Reflection, because its
establishment was a triumph of shared clinical and political vision in spite of
intervening ideological and government changes, financial constraints, periods of
profound calm in the Sargasso Sea of bureaucracy, PR blundering and local rivalries.

In December 1993, the Ministry of Health requested the NZ Society of
Gastroenterology (NZSGE) provide national guidelines on liver transplantation. Their
primary concern in doing so was to systematically prioritise categories of patients,
and to limit transplantation to “those…most likely to benefit regardless of how many
transplants are available”.  The NZSGE President at the time, Philip Bagshaw, and I
consulted with international experts. It is fair to say that the directors of the overseas
units (Strong-Brisbane; McMaster-Birmingham; Krom-Mayo, Toouli & Padbury-
Flinders; Turcotte-Ann Arbor) were bemused by the tenor of the request, suggesting
that it had little to do with liver disease or transplantation as they understood it.
Nevertheless, we examined policy documents, reports and articles from overseas liver
transplant centres, surveyed all members of the NZSGE, and produced guidelines by
March of 1994 that supported the establishment of a single, nationally-funded liver
transplant unit. Society members suggested that the unit should maintain close
relationships with their Australian colleagues, establish its own clinical criteria, and
be subject to regular informed monitoring and annual public and peer audit.

The Ministry of Health (MOH) remained keen on criteria and priority, and members
of the NZSGE (Bagshaw, Nigel Stace, Cliff Tasman-Jones, John Wyeth, Mark Lane,
Randall Allardyce) drafted a suitably flexible document. The first meeting to discuss
patient prioritisation and guidelines was held with Colin Feek, Andrew Holmes, Peter
Hunter and Ingrid Ward on 1 June 1994. Shortly thereafter, the NZSGE were
contracted by the MOH to further develop criteria for patient selection and a system
of prioritisation. Thanks primarily to Tasman-Jones and Stace, another suitably
flexible document resulted. In September, the MOH, Core Health Services and
Regional Health Authorities (RHAs) facilitated the establishment of a group to take
responsibility for liver transplantation, and progress toward a national unit began with
the inclusion of Ray Naden (Northern RHA) to the group. In November 1994,
Bagshaw, Stace, Peter Johnson, Tasman-Jones, Tony Smith, and Allardyce were
appointed to the New Zealand Liver Transplantation Advisory Group (NZLTAG) by
NZSGE. They were to work with the RHAs to manage the existing demand and
funding, as well as to advise on the selection of tenders for an NZLTU should that be
decided. Other members of NZLTAG have included Martin Schlup, Allison Wesley,
Dawn Kelly, Ross Wilson and Mike Strettell.
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Later in 1994, Paul McMaster and James Neuberger from Birmingham were invited
to address the clinical demands of liver transplantation at the annual NZSGE meeting
organised in Christchurch by Bagshaw and Allardyce. In mid-1995, we visited the
Birmingham Liver Transplant Unit to ask McMaster, Neuberger and Elwyn Elias if
they would assess the circumstances in Auckland and Wellington for siting, staffing
and resourcing an NZ unit and prepare a written submission. They agreed and
McMaster agreed to help establish an NZLTU for its first three to six months should
that be necessary.

Ray Naden resigned from the Northern RHA and Maryanne Boyd took over. The
project languished until 1996, when the CEOs of the four RHAs set up a Liver
Transplant Purchasing Project Team under the chairmanship of Barry Taylor (Central
RHA) and coordinated by Marion Clark. The other members were Colin Feek, Paul
Malpass (Midland RHA), Waseem Niazi (North Health), Ron Craft (Southern RHA),
Bagshaw and Allardyce. In May 1996, a Request for Interest was issued and, later that
year, service specifications, a Request for Proposals and tenders from Australian and
New Zealand hospitals were produced and considered, and the show was once again
on the road. Or so it seemed until an over-enthusiastic manager in Auckland
prematurely announced to a journalist that they had won the contract for the national
liver transplant unit. The Commerce Commission also became involved because –
wait for it – a single liver transplant provider would not fit into the competitive model.
The Wellington clinicians and managers were justifiably upset and responded
strongly. There was no alternative but to go through the entire tendering process a
second time.

Auckland did win the three year contract in June 1997 and quickly attracted the
wealth of clinical and management talent that is represented by the articles in this
issue. Notably, Steve Munn returned from leading transplant surgery at the Mayo
Clinic to head the Unit.  Ed Gane (hepatologist) returned from King’s College
Hospital, London. John McCall and Jonathan Koea developed specialist hepatobiliary
and transplant surgery. Stephen Streat (intensivist) did much of the initial costing and
protocols. Kerry Gunn came back from Seattle to head the anaesthetic team. Mee
Ling Yeong brought extraordinary histopathology expertise. Kay Hyman, Manager of
Surgical Services at Auckland Healthcare, was always supportive. Dawn Kelly
(nurse) came from King’s to be the first liver transplant coordinator. Numerous
people from Auckland Healthcare went overseas to upskill. Teams included OR
nurses, ICU nurses, a clinical nurse specialist, ward nurses, radiologists, pathologists,
dieticians, anaesthetists, technicians and surgeons. The Unit opened in December
1997, and two years later, with major support from the New Zealand Lions Clubs, it
commissioned its associated local accommodation, Transplant House.

The opening of the NZLTU has brought many emotional, financial and clinical
benefits to patients and their families. In addition, the inevitable growth in specialist
hepatology associated with the Unit has occurred at a time when those services are
rapidly becoming necessary to deal with hepatitis B and C. Under Bagshaw’s
chairmanship, the NZLTAG still reviews annual reports from the Unit and oversees
decisions relating to difficult paediatric cases. Despite the high clinical and economic
performance of the NZLTU, there are still two problems that must be solved. The first
is to find political and managerial solutions to provide national or shared financial
support for the Unit in the wake of regionalised and population-based DHB healthcare
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funding. The second relates to reducing the waiting-list mortality by adopting new,
more effective donor pool strategies.

Author information: Randall Allardyce, Senior Lecturer, Department of Surgery,
Christchurch School of Medicine and Health Sciences

Correspondence: Randall Allardyce, Department of Surgery, Christchurch School of
Medicine and Health Sciences, P O Box 4345, Christchurch. Fax: (03) 364 0352;
email: randall.allardyce@chmeds.ac.nz
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Gifts of life in short supply
Justin Roake

In common with most westernised countries, New Zealand has developed organ
transplant services to a high degree and achieves excellent outcomes. However, it has
had less success in meeting the challenge of organ donation and this is now the
critical factor limiting transplantation. In this respect, New Zealand and Australian
states (with the exception of South Australia) stand out as low achievers in stark
contrast to the USA and most European countries, where cadaveric organ donation
rates are substantially higher than our own. Spain in particular has more than doubled
its donor rate over the last decade, and now consistently reports cadaveric donor rates
above 30 per million population per year.

In New Zealand over the last decade, there have been between 34 and 46 (10 – 12 per
million population) cadaveric organ donors per year.* In 2000, 41 cadaveric donors
contributed 75 transplantable kidneys, 34 livers (7 used in Australia), 13 hearts, 16
lungs (4 used in Australia), 3 pancreases and other tissues. These donors were
exclusively people who were on ventilator support in an intensive care unit and had
suffered brain death, usually from trauma or intracranial haemorrhage. Consent to
proceed to organ donation had been obtained from the families of the donors, and the
enormous contribution that these families have made requires recognition.

Organs for transplantation may also be obtained from living donors in the case of
kidneys and (occasionally) livers. In New Zealand, approximately one third of
kidneys transplanted come from living donors (31 of 106 in 2000). The donors are
most commonly blood relatives (usually parents or siblings) or emotional relatives
(spouses or friends), but occasionally there is no relationship between the donor and
recipient. The ethics of “altruistic” donation have been debated, but there does not
appear to be any substantial argument against this type of practice and, in the view of
many health professionals, it should receive greater acceptance. Overall, living donors
make a substantial contribution to our transplant programmes at considerable personal
cost for which they receive little recognition and no compensation.

The demand for organs for transplantation exceeds supply and the shortage is most
marked (in terms of numbers) for kidney transplantation. The number of kidney
transplants performed in New Zealand each year has remained relatively static, at
between 96 and 112, in the years from 1996 to 2000. This is in the face of an increase
in the number of patients awaiting kidney transplantation; that number now stands at
well over 300. Furthermore, the number of new patients who require treatment for
end-stage renal failure each year is increasing and reached 411 in 2000. Most patients
now wait in the region of two or three years before receiving a transplant, unless they
are fortunate enough to have a living donor. Waiting is associated with relatively poor
health and consumes large quantities of health resources, principally because dialysis
is very expensive. Transplantation, on the other hand, substantially improves quality
of life, improves survival, and is cheaper.
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There are many reasons for the low cadaveric organ donation rate in New Zealand,
but experience from Spain, the USA and South Australia suggests that it should be
possible to improve our performance by addressing three key factors.

First, we must ensure that intensive care unit staff recognise all potential donors.
Many more people die each year in intensive care units from brain injury than become
organ donors. When this subject has been studied, it has been clear that some people
who suffered brain death were not considered as potential organ donors. Sometimes
this is through oversight, sometimes through misunderstanding of what is required to
be an organ donor, but probably more frequently because of early withdrawal of
treatment before formal brain death testing.

Second, it is imperative that consent for organ donation is sought in an appropriate
way in all cases. Organ donation is usually considered under difficult circumstances.
The trauma suffered by grieving families and the intensive care unit staff can lead to
some reluctance to approach families about organ donation. Often it is felt that to do
so may increase the burden placed on the family, but evidence suggests the opposite
and that by not being asked families are denied the opportunity of some good
resulting from tragedy. It is known that consent rates are influenced both by the
timing and method of approach and that staff need specific training on how these
difficult circumstances are best handled.

Third, other issues that lead to low rates of consent for organ donation need to be
addressed. Enhanced public education on the need for organ donation and the benefits
that result is much needed. The recording of donor status on driving licences, often an
important “point of contact”, will never achieve significant results in isolation and
may have inhibited other initiatives. New Zealand’s focus on donor registration may
be one reason resources have not been put into more effective means of promoting
organ donation and raising national consciousness of the issues. In New Zealand, for
legal, ethical, cultural and pragmatic reasons, the family of potential donors will
always be consulted for permission to proceed to removal of organs. It is therefore
vital that family members are aware of each other’s wishes through open discussion.
Other factors that may reduce consent rates are lack of public understanding about
brain death and its implications, and lack of trust in doctors and other health
professionals. 

Particular attention must be given to Maori and Pacific peoples, who have
substantially higher rates of renal failure than do other New Zealanders. This is
principally because of a far greater prevalence of diabetes and diabetic nephropathy
and is reflected in the patients on dialysis. In 2000, fully one third (34%) were Maori
and another one fifth (19%) were Pacific peoples, far in excess of the expected
proportions based on the New Zealand population (15% Maori, 4% Pacific peoples).
However, only 34% of Maori and Pacific people with renal failure were waiting for a
transplant in contrast to 59% of other New Zealanders, and disproportionately fewer
actually received a transplant. In 2000, Caucasoids received 76% of renal transplants,
but only 12% went to Maori, 4% to Pacific people and 8% to others, mostly Asians.
The national organ allocation system introduced in 1999 is fairer than its predecessor,
but its focus on tissue matching probably largely explains this discrepancy. The
chance of a good tissue match for Maori or Pacific people is low because very few of
them become cadaveric donors. In fact, in the 5 years from 1996 to 2000, 94% of 204
donors were Caucasoid and only 3.5% Maori, 1% Pacific people, and 1.5% other
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ethnic groups. Opinions on why this is so vary. Some Maori have cultural objections
to organ donation, but these may be less widespread than is often supposed.
Nevertheless, consent rates among Maori and Pacific people are particularly low and
may reflect unfamiliarity with the concept of brain death and its acceptance, mistrust
of medical staff, and issues such as the retention of organs and tissues at autopsies.
There is also a general lack of public knowledge of the particular transplant needs of
Maori and Pacific people.

If New Zealand is to increase its donor rate, specific action is needed. Excellent work
is already undertaken by our organ donation coordinators but they are grossly under
resourced. Existing efforts are simply not enough and have failed demonstrably. The
hallmarks of successful donor programmes elsewhere in the world include: proactive
donor detection in intensive care units staffed by specifically-trained and motivated
nurses and doctors; systematic audits of all deaths occurring in intensive care; and
fostering of a positive or supportive social atmosphere with a coordinated national
public focus on transplantation.

What should be done in New Zealand? Immediate action to ensure that all potential
donors in intensive care are recognised and considered; formal brain death protocols
in all ventilated patients with severe brain damage and fixed dilated pupils; and
discussion of all such cases with the national donor coordinators. Development of a
National Donor Organisation with a formally-appointed medical director and
appropriate budget is urgently needed. This would permit greater support for existing
education initiatives for intensive care unit nurses and medical staff (including the
Link Nurse Programme, Medical ADAPT (Australasian Donor Awareness
Programme) and Nursing ADAPT), and would be a vehicle for quality initiatives such
as audits of intensive care deaths. It would make medical advice readily available to
donor coordinators and be a force for national public education and the promotion of
organ donation issues within the Ministries of Health and Education. Specific
education initiatives that might be considered would include introduction of organ
donation issues into school curricula, and specific partnerships with Maori and Pacific
people to assist in addressing their needs.

* Figures quoted are taken from Statistics New Zealand and the 2001 annual reports of the Australia
and New Zealand Dialysis and Transplant Registry (ANZDATA) and the Australia and New Zealand
Organ Donation Registry (ANZOD).

Author information: Justin Roake, Professor and Head of Department of Surgery,
Christchurch Hospital
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Nervous shock cases
Jonathan Coates

Practitioners and health provider organisations in New Zealand are, by and large,
protected by our no-fault accident compensation regime from being sued for
negligence where a mistake is made that results in harm to a patient. However there
are exceptions to the general rule barring compensation awards for clinical
negligence. One exception is where the negligence results in a mental injury to a
person as opposed to (and without any) physical injury. Such claims have become
known as ‘nervous shock’ cases. This column considers the situations where a
practitioner or health provider can be successfully sued for ‘nervous shock’ and
highlights a few steps that can be taken to reduce the likelihood of such claims being
made.

Nervous shock cases involve ‘secondary’ victims, ie individuals who are not actually
involved in the incident but who witness harm suffered by others and who then suffer
a mental injury as a result of what they have seen. An obvious example is a parent
who witnesses an obstetric disaster that results in injury or death to the baby and
suffers a mental injury from what was seen. If the injury to the baby was caused by a
practitioner’s negligence, it may be open for the parent to sue the practitioner or
health provider for compensation for the parent’s mental injury. A common law
action for damages is possible because the Accident Compensation regime does not
cover individuals who suffer mental injury without having suffered a corresponding
physical injury. No ACC cover for personal injury opens the way for a common law
claim in negligence.1

What must a victim who wishes to sue a practitioner or health provider prove? First,
the victim must prove that the mental injury suffered resulted from the practitioner’s
or the health provider’s negligence. What amounts to negligence will, to a significant
extent, depend on what medical experts would regard as conduct which is below an
acceptable standard. If there has been no negligence, the victim will not be able to sue
no matter how severe the mental injury that resulted from observing the incident. To
return to the obstetric example, if the injury to the baby occurred despite the clinical
care being of an acceptable standard, then the parent will not be able to sue for the
mental injury suffered from viewing the traumatic event.

Secondly, the law recognises that ‘mental injury’ is a nebulous concept. A wide
interpretation of ‘mental injury’ could open the floodgates and result in a raft of cases.
In an attempt to restrict the number and class of claims, the law requires that the
victim proves that the negligent conduct which he or she has observed has resulted in
a ‘recognisable psychiatric illness’.2 Whether mental injury is a ‘recognisable
psychiatric illness’ will largely be a matter for expert evidence. However the Courts
have made it clear that ordinary grief and stress will not be included, as such reactions
to traumatic events are a normal part of our lives and something we have to put up
with. Something more than this will be needed to recover compensation. Obvious
examples are post-traumatic stress disorder and pathological grief syndrome.
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The third thing that the victim will need to prove is that he or she has a ‘tie of love
and affection’ with the person who suffered the physical injury. Once again, this
barrier is designed to limit the range of people who can claim for nervous shock.
Clearly the parent who observed the obstetric disaster will have a ‘tie of love and
affection’ with the baby and will therefore be close enough to claim. However a
medical student who may have observed the traumatic incident and then suffered a
recognisable psychiatric illness as a result would be unlikely to have a sufficiently
close relationship with the baby to be able to claim. Ultimately whether there is a ‘tie
of love and affection’ will depend on the facts.

The final barrier for the victim to overcome is the need to prove that he or she had
some kind of connection to the incident or its aftermath. What this means in New
Zealand remains a little unclear. Clearly a parent who observed the traumatic incident
would have sufficient connection to be able to claim. However if the victim simply
heard about the traumatic events a considerable period after the incident, then it may
be difficult to prove that the recognisable psychiatric illness was sufficiently
‘connected’ to the incident. In an English case, a claimant who saw a family member
in a morgue eight hours after the incident was not considered to be connected to the
aftermath of the incident.3 New Zealand courts may well interpret ‘connection’ more
liberally than this.

What then can practitioners and health providers do to minimise the possibility of
being sued for nervous shock? Practitioners should be aware of the possibility that
secondary victims may be susceptible to severe reactions if they observe or hear about
harm to loved ones. Where treatment of the patient is obviously traumatic, it may be
appropriate to suggest that family members wait outside. (Where practitioners suggest
that the family waits outside, consideration should be given to the patient’s right to
have a support person present.4 The right to have support persons present is however
subject to the need to ensure safety is not compromised.) Organisations should ensure
that systems are in place to manage adverse medical events and informing families
about adverse events. This may include the involvement of counsellors. Finally,
ensuring that there are systems to reduce the chances that practitioners provide
treatment below an acceptable standard will minimise the possibility of negligent
treatment in the first place.

Author information: Jonathan Coates, Senior Associate, Buddle Findlay,
Wellington.

Correspondence: Jonathan Coates, PO Box 2694, Wellington. email:
jonathan.coates@chmeds.ac.nz
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Liver transplantation in New Zealand: the first four years
Ed Gane, John McCall, Stephen Streat, Kerry Gunn, Mee Ling Yeong, Sarah Fitt,
Dawn Keenan and Stephen Munn

Abstract
Aim To summarise the transplant-related activity of the New Zealand Liver
Transplant Unit over the first four years.

Methods The records of all patients assessed for liver transplantation between 1
December 1997 and 30 December 2001 were examined. Listing criteria,
demographics, waiting time, transplant-hospitalisation details and long-term outcome
for those who underwent liver transplantation were recorded.

Results One hundred and eighty six patients over 14 years of age (acute liver failure
28, chronic liver disease 158) were assessed and 150 were listed for liver
transplantation. Fifteen died waiting, 13 were de-listed (6 for cancer progression) and
14 remain listed. One hundred and nine liver transplants (including 1 combined heart-
liver, 1 sequential liver-bone marrow and 5 re-transplants) were performed on 104
patients (13 acute liver failure, 96 chronic liver failure or hepatocellular carcinoma).
The median waiting time was 2 days (range 0–5) for acute liver failure and 62 days
(range 0–320) for other patients. Median age at transplant was 50 years (range 14–
70); 73 patients (66%) were male; 71 (65%) were European; 13 (12%) Maori; 12
(11%) Pacific Islander; and 8 (7%) Asian. Median duration of surgery was 480
minutes (range 300–720 minutes); red cell transfusion 5 units (0–32); intensive care
and total hospital stays were 2 (range 1–17) and 11 days (range 6–91). One
transplanted patient died in hospital, 1- and 3-year patient survival was 94% and 87%
and corresponding graft survival was 91% and 83%. Ninety three transplanted
patients (89%) are alive. Of the 92 patients at least three months post-transplant, 62
(67%) were employed.

Conclusion Liver transplantation is now established in New Zealand as treatment of
choice for acute and chronic liver failure and small hepatocellular carcinoma.
Excellent outcomes have been attained in those transplanted to date. Reduction in
waiting list mortality will require identification of and investment in strategies that
will expand the donor organ availability.

In 1983, the National Institute of Health declared that liver transplantation was the
treatment of choice for end-stage chronic liver disease.1 Since then, almost 100 000
transplants have been performed in over 200 centres worldwide. The first New
Zealander was transplanted at the Addenbrookes Hospital, Cambridge, UK in 1986.
Over the next 11 years, 134 New Zealanders (including 38 children) were
transplanted in Australia, the United Kingdom and the United States for a wide
variety of acute and chronic liver diseases. Following a favorable wide consultation
regarding the feasibility of a New Zealand Liver Transplant Unit (NZLTU)2 and a 
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competitive tendering process, the Government awarded a three-year contract for 99
assessments and 66 transplants to Auckland Hospital in June 1997. Patient assessment
commenced in December 1997 and transplantations were performed from February
1998. A second contract, now including children, has recently been settled with an
increase in volumes. This report summarises the transplant-related activity over the
first four years of the NZLTU.

Methods
A multidisciplinary team provided all transplant-related care according to a detailed written protocol.
Patients referred for consideration of liver transplantation underwent assessment of “clinical,
psychological and social suitability” according to a pre-determined consensus protocol (available at
http://www.nzliver.org/). NZLTU has adopted internationally accepted minimal listing criteria for both
emergency liver transplantation for acute liver failure3–5 and elective liver transplantation for chronic
liver failure6–8 or hepatocellular carcinoma.9 Contraindications to liver transplantation include
significant medical comorbidities, which would prevent long-term survival, and psychosocial issues,
which would interfere with compliance with long-term immunosuppressive therapy. The excess
mortality observed in elderly recipients is due to nonhepatic age-related problems.10 Therefore,
although no upper age limit was imposed by NZLTU, candidates over 50 years underwent more
rigorous cardiovascular and respiratory assessment.
Patients referred with acute liver failure were transferred as inpatients to NZLTU for emergency
assessment. In the absence of medical or psychosocial contraindications to transplantation, suitable
candidates were listed when transplant criteria were met. Patients referred with chronic liver failure or
hepatocellular carcinoma underwent a week long outpatient assessment. Wherever possible, patients
returned home after listing to wait until a donor organ became available. Those patients who resided
more than three hours from Auckland were accommodated locally when top of the waiting list for their
specific blood group (see http://www.livers.org.nz/Transplant_House.htm). Patients were reviewed pre-
operatively on the transplant ward when a donor organ became available. Patients with worsening
encephalopathy, renal failure or hypotension were transferred to the Department of Critical Care
Medicine (DCCM) for preoperative management. Following surgery, all recipients were transferred to
the DCCM for ventilatory and inotropic support, which were withdrawn as soon as stability and good
graft function had been established and patients were transferred to the transplant ward. Primary
immunosuppression comprised combination tacrolimus and prednisone, with withdrawal of steroids by
three months. Patients with severe renal dysfunction received a modified renal-sparing regimen (lower
dose tacrolimus combined with either single IV infusion of anti-IL-2 receptor antibody, or short-term
oral sirolimus). Adjuvant immunosuppression for biopsy-proven acute allograft rejection comprised
three days of high-dose intravenous corticosteroid therapy or 10 days of antilymphocyte antibody
therapy (OKT3 or ATG) for steroid-resistant rejection.
When mobile and self-medicating, patients were discharged from hospital to local accommodation and
reviewed frequently in the Transplant Clinic. Patients from outside the Auckland region returned home
between 6–12 weeks after transplant. Thereafter, patients entered shared care with their local
physicians and returned to NZLTU for annual review.

Results
Between February 1998 and December 2001, 186 patients over 14 years of age were
assessed for transplantation at NZLTU. One hundred and fifty patients (81% of
assessments) were listed for transplantation of whom 15 died waiting (7 with acute
liver failure, 8 with chronic liver disease), 13 were de-listed (Figures 1 and 2) and 14
remain listed at the time of writing. One hundred and nine liver transplants (including
1 combined heart-liver,11 1 sequential liver-bone marrow and 5 re-transplants) were
performed on 104 patients.

http://www.nzliver.org/
http://www.livers.org.nz/Transplant_House.htm
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Figure 1. Outcome for 28 patients with acute liver failure assessed by NZLTU for
elective liver transplantation (1998-2001) OLT=orthotopic liver transplantation.

Figure 2. Outcome for 158 patients with chronic liver disease assessed by
NZLTU for elective liver transplantation (1998-2001) CAD=coronary artery disease;
COPD=chronic obstructive pulmonary disease; EBV=Epstein-Barr; HCC=hepatocellular carcinoma;
HCV=hepatitis C virus; OLT=orthotopic liver transplantation; PPHT= portopulmonary hypertension.
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The activity of the unit has increased steadily over the first four years, from 34
assessments and 13 transplants in 1998, to 67 assessments and 36 transplants in 2001
(Figure 3). Because of their very narrow window for successful transplantation,
critically ill patients with acute liver failure are prioritised throughout all six
Australasian transplant units. Although there was a net export of donor organs to
Australia in 1998, this trend has reversed since 1999, reflecting the rapid growth of
the New Zealand programme combined with the high incidence of acute liver failure
in this country.

Figure 3. Annual numbers of New Zealanders over 14 years old who have been
assessed for and undergone liver transplantation (performed at NZLTU since
1998)

Median age at the time of surgery was 50 years (range 14–70 years). Seventy three
patients (66%) were male. Seventy one patients (65%) were European; 13 (12%)
Maori; 12 (11%) Pacific Islander (comprising 5 Samoan, 4 Tongan, 2 Cook Islander
and 1 Niuean); 8 (7%) Asian (comprising 4 Chinese, 3 Korean and 1 Cambodian); 3
Arabic and 2 Indian. This ethnic distribution is similar to that of the general
population.12

Patients transplanted have been referred from Kaitaia to Bluff, with the highest
prevalence in Auckland, Gisborne, Bay of Plenty, Hawkes Bay and Southland regions
(Figure 4).

Acute liver failure Twenty eight patients with acute liver failure were assessed by
NZLTU for emergency transplantation. The aetiologies of acute liver failure are listed 
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in Table 1. Twenty four met the King’s College listing criteria but 2 were deemed not
suitable because of severe, uncontrolled psychosis. Of the remaining 22, 2 improved
spontaneously, 7 died whilst waiting a donor organ and 13 were successfully
transplanted (Figure 1). The median waiting time before emergency transplantation
was 2 days (range 0–5). All 13 patients were transferred to the DCCM for
management of worsening encephalopathy whilst waiting for transplantation, of
whom 8 were ventilated preoperatively, 6 had continuous intracranial pressure
monitoring and 4 had perioperative haemodiafiltration for acute renal failure.

Figure 4. Residence of 104 NZLTU liver transplant recipients

Only one of the 13 patients who underwent emergency liver transplantation for acute
liver failure has died. The others remain well without residual neuropsychiatric deficit
or renal dysfunction.
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Table 1. Aetiology of primary liver disease

Primary liver disease Assessed Transplanted

(A) Acute liver failure
Acute nonA, nonB
Acute HBV
Paracetamol toxicity 
Acute autoimmune hepatitis 
Halothane hepatitis
Adult Stills Disease

Total=28
9
8
6
3
1
1

Total=13
6
4
1
2

(B) Chronic liver disease
Chronic hepatitis B
Chronic hepatitis C
Alcoholic liver disease
Primary sclerosing cholangitis
Cryptogenic/NASH cirrhosis
Primary biliary cirrhosis
Chronic autoimmune hepatitis
Haemochromatosis
Budd-Chiari syndrome
Allograft ischaemic cholangiopathy
Cystic fibrosis
Sarcoidosis
Hereditary haemorrhagic telangectasia
Wilson’s Disease
Chronic allograft rejection
Familial amyloidosis
Secondary sclerosing cholangitis
Unresectable fibrolamellar hepatocellular
carcinoma

Total=158
50*
36*
16
14
10
9
6
3
3
3
2
2
1
1
1
1
1
1

Total=96
31*
14*
10
9
8
7
2
3
3
3
1
1
1
1
1
1
1
1

* Two patients were coinfected with hepatitis B and hepatitis C

Chronic liver disease One hundred and fifty eight patients were assessed by NZLTU
for chronic liver disease. The aetiologies of chronic liver disease are listed in Table 1.
The outcomes of all 158 patients are shown in Figure 2.

Of the 158 patients assessed, 138 fulfilled transplant criteria, of whom 128 have been
listed, 20 were considered too early and are undergoing regular review and 10 were
considered unsuitable candidates for transplantation. By December 2001, 96 of those
listed patients had been transplanted, 14 remained listed, 8 had died whilst waiting,
including 1 patient who died intra-operatively from acute right heart failure prior to
liver implantation. Post mortem examination revealed thrombus in the pulmonary
artery and deep lower limb veins. Eleven patients were removed from the waiting list,
because of tumour progression in 6, medical contraindications in 3, alcoholism
relapse in 1 and voluntarily in 1 patient.

Median waiting time before elective transplantation was 62 days (range 0–320).
Between 1998 and 2001, this has increased from 40 days to 104 days, in parallel with
an increase in the numbers of patients waiting (from 4 patients to 14 patients).

Post-transplant outcome Kaplan-Meier estimate of patient survival in 104 patients
transplanted at NZLTU (Figure 5) was 94% at 1 year and 87% at 3 years (compared
to 88% and 74% respectively for 7196 North Americans transplanted during this 
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period).13 Eleven patients have died following transplantation, 1 from cerebellar
haemorrhage, 2 from sepsis (gram negative sepsis in 1, invasive Aspergillosis in 1), 2
from lymphoma, 2 from hepatitis C-induced graft failure and 4 from recurrent
hepatocellular carcinoma.

Figure 5. Kaplan-Meier curve for cumulative probability of patient and graft
survival (1998–2001)

Only one patient died, from overwhelming gram-negative sepsis on the sixth post-
operative day (post-transplant 90 day mortality, 0.9%). One patient became paraplegic
immediately post-transplant from an intraoperative epidural haematoma. The early re-
operation rate was 17% (10 bleeding, 5 revision of arterial anastomosis, 3 intra-
abdominal sepsis, 2 small bowel obstruction, 1 chest drain injury to liver, and 1
evacuation of epidural haematoma). The incidence of hepatic artery thrombosis was
3% (2 early, 1 late), biliary leaks 2%, and biliary strictures 14%. Eight patients
underwent late re-operations for other complications of liver transplantation (2 liver
resections, 1 Whipple’s operation, 1 bile duct reconstruction, 1 arterial aneurysm, 1
craniotomy, 1 reversal of intestinal bypass, and 1 incisional hernia).

Kaplan-Meier estimate of graft survival in 109 transplants (Figure 5) at 1 year is 91%
and at 3 years is 83% (compared to 81% and 72% respectively for 7196 North
Americans transplanted during this period).13 Five patients have undergone
retransplantation, 3 for ischaemic cholangiopathy, 1 for chronic rejection and 1 for
cholestatic hepatitis C.

Median duration of surgery (including anaesthesia, surgical preparation and operating
time) was 480 minutes (range 300–720). The median red cell transfusion requirement
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was 5 units (range 0–32). Median intensive care length of stay for electively
transplanted patients was 2 days (range 1–17) and total hospital stay was 11 days
(range 6–91). Fifty nine (45%) patients received adjuvant immunosuppression for
acute rejection between 3 and 20 days post-transplant. All received pulse
corticosteroid therapy, of whom 10 failed to respond and received antilymphocyte
antibody therapy (OKT3 in 8, ATG in 2). Two subsequently developed chronic
rejection, one of whom was rescued by a combination of tacrolimus and sirolimus
whilst the other underwent retransplantation.

Post-transplant quality of life has been excellent. Of those patients who are at least
two months post-transplant, 65% are currently employed outside the home, 15% are
homemakers, 7% are unemployed, 7% are retired, 4% are still convalescing and 1 is
currently at secondary school. Only 14% were working prior to transplantation,
because of ill health. One patient became pregnant 18 months post-transplant and
delivered a healthy, full-term baby. A more detailed evaluation of quality of life
following transplantation is currently in progress and will be reported separately.

Specific issues The most common indication for liver transplantation was hepatitis B-
related end-stage liver disease, which accounted for 31% (58/186) of assessments and
32% (35/109) of transplants. Acute hepatitis B infection was present in 31% (4/13) of
emergency transplants, and chronic hepatitis B infection in 32% (31/96) of elective
transplants. HBV DNA was detectable in serum prior to transplant in 34/36 patients
but was undetectable in one patient with acute hepatitis B and in one patient with
chronic hepatitis B and HDV (delta virus) co-infection. As antiviral prophylaxis
against recurrent hepatitis B infection, all HBsAg+ patients received lamivudine
monotherapy (100 mg/day) prior to transplant and combination lamivudine and
monthly intramuscular hepatitis B immunoglobulin (800 iu/month) long-term post-
transplant. One patient who had lamivudine-resistant YMDD variant HBV infection
(from HBV polymerase gene mutation) also received adefovir (5 mg/day) pre- and
post-transplant. All 36 patients cleared HBsAg from serum by 7 days and HBV DNA
by 12 months post-transplant. None have developed recurrent hepatitis B infection.

The second most frequent indication for liver transplantation was end-stage liver
disease secondary to chronic hepatitis C infection, accounting for 19% (36/188) of
assessments and 17% (14/109) of elective transplants. All HCV+ patients remained
viraemic post-transplant and all had histological features of recurrent hepatitis C in
their protocol one-year allograft biopsy. One patient has recurrent cirrhosis at three
years post-transplant, with diuretic-controlled ascites. Another developed severe
cholestatic hepatitis, leading to graft failure at six months post-transplant.

Alcoholic liver disease (ALD) was the primary diagnosis in 16 patients referred to
NZLTU for transplant assessment. A psychiatrist, social worker and an alcohol and
drug addiction specialist assessed all 16 patients to determine the risk for post-
transplant recidivism. Previous failure to complete a structured rehabilitation
programme, a history of multisubstance abuse, lack of social support and lack of a
period of abstinence are regarded as predictors of drinking post-transplant.14

Following assessment, five were deemed unsuitable candidates for transplantation.
The remaining 11 patients were listed and monitored thereafter at the pre-transplant
clinic for evidence of alcohol relapse through direct questioning and regular
measurement of carbohydrate-deficient transferrin levels. One patient resumed
drinking and was removed from the waiting list. None of the 10 patients transplanted
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for alcoholic liver disease has returned to drinking post-transplant. Their median
length of pre-transplant abstinence was 11 months (9–39).

All patients were instructed to avoid alcohol post-transplant, regardless of primary
diagnosis. One patient transplanted for HBV-cirrhosis and one for HCV-cirrhosis
admitted heavy alcohol use at 9 and 30 months post-transplant, although neither
developed associated graft dysfunction. Both have received counselling and are now
abstinent.

Hepatocellular carcinoma (HCC) was present in 38/158 (23%) patients assessed by
NZLTU. Thirty seven had underlying cirrhosis (HBV in 23, HCV in 6, ALD in 4,
haemochromatosis in 2 and cryptogenic in 2) whilst one patient had unresectable
fibrolamellar hepatocellular carcinoma without chronic liver disease. Staging during
assessment included helical triphasic CT scanning or MRI of the liver, CT of chest,
and bone scan. Thirty seven met international criteria associated with low risk of
recurrence post-transplant (fewer than 4 tumours, none larger than 5 cm, without
vascular invasion or extrahepatic spread)9 of whom 36 were listed for transplantation.
Tumour staging was repeated every three months. This demonstrated tumour
progression beyond these criteria in five patients who were subsequently removed
from the waiting list. At the time of writing, 30 patients with HCC have been
transplanted. Recurrent HCC was detected in five patients (10%) after 3, 4, 5, 12 and
29 months and has been fatal in four patients.

Discussion
Between 1986 and 1998, only 134 New Zealanders received liver transplants. In
1996, the annual transplant rate in New Zealand was 4.6 per million,15 compared to 7
per million in Australia,15 12 per million in UK,16 and 20 per million in USA.13 This
belies a relatively high liver-related mortality in New Zealand – almost 200 New
Zealanders die annually from end-stage liver disease.17–21 This largely reflects the
endemic rates of HBV infection in Maori, Pacific Islanders and Asians living in this
country.22,23

The annual total of liver transplants has climbed steadily since the NZLTU was
opened in 1998 (to 10.2 per million in 2001). Because neither the target population
nor the minimal listing criteria have changed during this period, the increase in
numbers must be attributed to removal of previous geographical economic barriers
and medical contraindications to transplantation. Prior to 1998, patients in need of
liver transplantation had to travel to Australian units for assessment, usually after their
families and local communities had raised sufficient funds. Unfortunately, elective
patients then waited a further 3 to 12 months for the operation then a further 3 to 6
months convalescing post-transplant prior to returning home. The opening of a liver
transplant unit within New Zealand removed many of the financial and emotional
stresses for patients and their families.

In addition, the number of New Zealanders who could benefit from liver
transplantation has increased over this period. Prior to 1997, no New Zealander had
been transplanted for HBV-cirrhosis because of the likelihood of recurrent HBV
infection, which usually progressed rapidly to graft failure and death. Only a few
European and North American units transplanted HBV-cirrhotic patients, using high-
dose intravenous hepatitis B immunoglobulin (HBIG). However, this therapy is
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prohibitively expensive (NZ$50 000 per annum, life-long) and is ineffective in HBV
DNA+ patients (33/35 HBsAg+ New Zealanders transplanted since 1998 were HBV
DNA+).  The development of lamivudine represented not only a major advance in the
management of chronic HBV infection but also in the prevention of recurrent hepatitis
B following liver transplantation. Combination low-dose HBIG and lamivudine has
provided affordable, effective antiviral prophylaxis in 98 HBsAg+ Australians and
New Zealanders transplanted on this regimen since 1997.24 Both HBIG and
lamivudine are continued long-term post-transplant. Current studies should determine
if and when HBIG may be withdrawn.25

The numbers of New Zealanders with end-stage liver disease from chronic hepatitis C
infection will double over the next decade.26 The impact of the current HCV epidemic
has already been felt in other Western countries, where HCV-cirrhosis has become the
leading indication for liver transplantation and now accounts for 40% of transplants
worldwide.

Currently, more than 50 000 New Zealanders have chronic hepatitis B and 25 000
have hepatitis C. Modeling, using conservative assumptions of the natural history of
HBV and HCV, predicts at least 40 New Zealanders will require liver transplantation
each year.20,21 To meet the rapid rise in demand for liver transplantation, the
contracted volume for NZLTU was increased last year from 66 adult transplants over
three years to 117 over three years. An additional 20 paediatric liver transplants have
been funded over this period. The combined total of 46 transplants per annum is
almost double the minimum workload recommended by a recent mortality review of
102 European transplant centres.27

Advances in immunosuppression, organ preservation, surgical techniques and
intensive care have improved the long-term outcome after liver transplantation, with
5-year survival now exceeding 75%.13,28 Most recipients regain excellent health
within three to six months and return to productive lives, with full employment and
family life.29 Pregnancies now pose minimal risk to mother and baby.30 Liver
transplantation has become a cost-effective treatment of liver failure and
hepatocellular carcinoma and is comparable to other medical and surgical
interventions.20,31–33 The contracted unit price includes assessment, donor retrieval,
perioperative and post-transplant care for the first three months and is approximately
one third the cost in the United States and two thirds the current price in Australian
centres.

The only barrier to the continued increase in numbers of transplants is the limited
availability of donor organs. Already there is a widening gap between the need for
transplantation and the availability of donor organs. During 2001, 51 New Zealanders
were listed for liver transplantation but only 39 cadaveric donors became available.34

Since 1998, the NZLTU waiting times have doubled and waiting list mortality is now
32% for urgent cases and 10% for elective cases. In addition, 14% of patients listed
with hepatocellular carcinoma have been removed from the waiting list because of
tumour progression. This figure is likely to increase as waiting times lengthen,
thereby reducing the cost-effectiveness of liver transplantation for patients with
hepatocellular carcinoma.35 The current national HBV screening programme will
detect an additional 10–20 New Zealanders per annum with early, potentially curable
hepatocellular carcinoma. The NZLTU has adopted a number of strategies to increase
the availability of donor livers, including the use of older donors, anti-Hbcore+
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donors (for HBsAg+ and anti-HBs+ candidates only) and HCV+ donors (matched to
HCV+ candidates). After considerable public debate and peer review, ethical approval
has been granted for live donor liver transplantation for patients with hepatocellular
carcinoma or acute liver failure, ie those patients with the highest waiting-list
mortality.36

In summary, liver transplantation is now regarded as preferred management for acute
and chronic liver failure and for small hepatocellular carcinoma. The availability of
liver transplantation within New Zealand has had major medical, social and financial
benefits for adult candidates for liver transplantation, which will soon be extended to
paediatric patients and their families. Outcomes achieved by NZLTU over the past
four years are excellent and comparable to those of much larger units. Specific local
problems of hepatitis B and hepatocellular carcinoma have led to innovative solutions.
The growing gap between donor availability and need is associated with increasing
waiting-list mortality. Further strategies to expand the local donor pool are urgently
needed.
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Proceedings of the 162nd and 163rd Scientific Meetings of the
Otago Medical School Research Society, Thursday 23 May
and Thursday 4 July 2002
Infant bedsharing vs solitary sleeping: behavioural and physiological aspects. S
A Baddock, A A Phillips, B C Galland, B J Taylor, D P G Bolton, C A
Makowharemahihi. Department of Women’s & Children’s Health, Dunedin
School of Medicine, University of Otago, Dunedin.

Bedsharing between infants and mothers who smoke has been identified in many
studies as increasing the risk of Sudden Infant Death Syndrome. We aimed to monitor
infants (bedsharing or cot sleeping) in the natural setting of their own home to identify
physiological and behavioural indices that might stress a vulnerable infant.

Overnight video and physiological recordings of 40 bedshare infants, aged 5–27
weeks, were compared with 40 age-matched cot infants in their own homes. Video
data provided a log of infant/parent sleep positions, movements and interactions. The
physiological recordings measured respiratory pattern, respiratory airflow, inspired
CO2, oxygen saturation (SaO2), heart rate, and core, peripheral and environmental
temperatures. The results presented here are the data analysed for infant exposure to
CO2 >3% and consequent physiological responses.

Sleep practices There was no significant difference between the number of
bedsharing (BS) or cot infants sleeping prone although BS infants spent less
hours/night prone (BS range: 1.6–3.5 h, cot range: 8.9–10.2 h). BS babies spent more
time with their faces covered: BS (median: 1.3 h, interquartile range: 0–2.6 h, max: 8
h) vs cot (0, 0–0, 6.4) and 90% of BS babies spent some time (1.7, 0.4–4.5, 7.9)
exposed to their mother’s expired breath. Maternal checks were more frequent in the
BS group (10 per night, 7–23, 55) than the cot group (4 per night, 3–6, 16). These
behaviours were often associated with increased CO2 at the infant’s face. BS infants
(18) were exposed to >3% inspired CO2 (range: 1–60 min) and 1 swaddled, cot-
sleeping infant was exposed to >3% for 63 minutes. These levels of CO2 significantly
(p<0.05) elevated breathing rate with the result that normal SaO2 was maintained.

Thus, potentially dangerous sleep behaviours, such as head covering, occurred in both
situations, but more commonly in bedsharing. This often resulted in exposure to levels
of CO2 that stimulated increased respiration. All infants maintained normal oxygen
saturation through the night – whether vulnerable babies would behave similarly is
unknown.

The iron-chelating compound pyoverdine as a signaling molecule: regulation of
pyoverdine synthesis in Pseudomonas aeruginosa. P A Beare, I L Lamont.
Department of Biochemistry, Otago School of Medical Sciences, University of
Otago, Dunedin.
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Synthesis of the siderophore pyoverdine by the human pathogenic bacterium
Pseudomonas aeruginosa requires the presence of a protein, PvdS, that directs
expression of a set of genes required for pyoverdine production. PvdS is a member of
a family of sigma factor proteins whose activities are regulated by anti-sigma factor
proteins. The aim of this study was to examine the regulation involved in the
synthesis of the iron-chelating compound, pyoverdine.

The DNA sequence of P. aeruginosa was analysed for genes likely to be involved in
regulating pyoverdine synthesis. Candidate genes were mutated or overexpressed in
P. aeruginosa and the effect on pyoverdine synthesis was measured. Pyoverdine
production was analysed by measuring the absorbance of pyoverdine at 405 nm in a
spectrophotometer. Pyoverdine synthesis was measured using a reporter construct that
has the promoter for a pyoverdine synthesis gene (pvdF) linked to the β-galactosidase
gene. Promoter activity was determined by measuring the amount of ο-nitrophenyl-β-
D-galactopyranoside cleavage reflecting the amount of β-galactosidase.

A candidate gene encoding an anti-PvdS protein was identified in the P. aeruginosa
genome. Overexpression of this gene, named fpvR, suppressed pyoverdine production
and inhibited transcription from a PvdS-dependent promoter (pvdF). Expression of
pvdS was unaffected, consistent with the hypothesis that FpvR suppresses the activity
of PvdS.

Proteins with the highest sequence similarity to FpvR span the cytoplasmic membrane
and, as well as interacting with sigma factors, interact with siderophore receptor
proteins located in the outer membrane. Mutation of the ferri-pyoverdine receptor
protein FpvA resulted in reduced pyoverdine synthesis. The activity of PvdS is also
pyoverdine-dependent; pvdF expression in a pyoverdine-deficient mutant was greatly
reduced (74.7 ± 10.6 enzyme units, E.U) and addition of exogenous pyoverdine to this
mutant strain resulted in expression levels comparable to wild-type bacteria (521.6 ±
62.9 E.U versus 526.3 ± 49.2 E.U). Collectively these data show that pyoverdine
controls the activity of PvdS through a signaling pathway involving the FpvA and
FpvR proteins and hence regulates its own production.

Adenoviral receptor expression in neoplastic and normal cells. H S Chong, J
Royds. Department of Pathology, Dunedin School of Medicine, University of
Otago, Dunedin.
Adenovirus can be used in gene therapy, especially in cancer treatment. Adenovirus
uptake in cells is dependent on receptors including CAR (coxsackie adenovirus
receptor) and αvβ1 integrins, both plasma membrane proteins. It has been shown that
adenovirus receptor density influences virally mediated gene transfer and therapeutic
response. p53 is a regulator of cell growth and when damaged may result in
uncontrolled cell division. p53 status (mutant, wild type, dysfunctional) may affect the
expression of viral receptors. The aim was to compare p53, αvβ1 integrin and CAR
expression in different cell lines using immunohistochemical techniques.

Paraffin-embedded cell blocks of all the cell lines in the Pathology Department were
cut into 7µm sections and mounted on APES coated slides. These sections were
stained for p53, integrin and CAR with a Vectastain Elite ABC mouse or rabbit kit
(dependent on the primary antibody). For p53 and integrin we used commercial
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mouse monoclonal antibodies, and for CAR a rabbit monoclonal and polyclonal
antibody. These stained sections were graded according to the percentage of cells
stained and the strength of the staining. When p53 status of the cell line was compared
to the expression of CAR and integrin, it was evident that the amount of p53 within a
tumour type affected the expression of viral receptors. Results also showed that cells
from the same tumour type displayed similar amounts of integrin and CAR.
Osteosarcomas, lung and thyroid tumours were high in both integrin and CAR and
would be good candidates for gene therapy. However, cervical tumours with mutant
p53 status and retinoblastoma tumours would be poor.

These results suggest that the expression of viral receptors may vary in tumour with
the p53 status, which has implications when looking at adenoviral gene therapy, as
some types of tumour will be more difficult to infect due to a smaller number of
receptors.

The signal for ‘stop’ of protein synthesis in higher organisms: evidence for a
sequence element rather than a single stop codon. A G Cridge, E S Poole, W P
Tate. Department of Biochemistry, Otago School of Medical Sciences, University
of Otago, Dunedin.

Bioinformatic analysis in prokaryotes has identified a bias in the usage of nucleotide
bases surrounding stop codons. Bias in nucleotide usage has been shown to correlate
with termination efficiency, indicating that translation termination in prokaryotes is
controlled by a termination signal element. The aim of this investigation was to
ascertain if a similar bias exists in the nucleotide sequence surrounding eukaryotic
stop codons and to determine if any bias is correlated to efficiency of translation
termination.

Bioinformatic analysis of non-redundant cDNA coding sequences from
Saccharomyces cerevisiae, Arabidopsis thaliana, Caenorhabditis elegans, Drosophila
melanogaster and Homo sapiens, was undertaken to identify potential eukaryotic
translation termination signal elements. ‘Highly’ expressed genes were identified
from analysis of proteins on 2DPAGE gels and from Codon Adaptation Indices
(CAI). Sequences were extracted and analysed for nucleotide bias surrounding the
stop codon. Correlations were identified between nucleotide bias surrounding the stop
codon in ‘highly’ expressed genes and termination signal abundance (four nucleotide
sequences S. cerevisiae r=0.16, A. thaliana r=0.39, C elegans r=0.49, D.
melanogaster r=0.60 and H. sapiens r=0.25). This correlation was common to all
organisms investigated, indicating the probability of a conserved termination signal
across eukaryotes.

Termination signals predicted to be efficient or inefficient from the bioinformatic
analysis were cloned into vectors between two luciferase reporter genes, and the
constructs assayed in vitro in a mammalian translation system to determine the
efficiency of termination. Initial results indicate a relationship between predicted
termination signal efficiency and observed termination efficiency, suggesting that
specific nucleotides beyond the stop codon modulate the efficiency of translation
termination in eukaryotes.
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Transfection of MDCK cells with aquaporin-2 cDNA: a preliminary study to
investigate water flux across cells. R Dempsey, J Bedford. Department of
Physiology, Otago School of Medical Sciences, University of Otago, Dunedin.

Water movement across cells, in those cells which transport an isotonic fluid, occurs
by transcellular rather than intercellular routes. To demonstrate this unequivocally, it
is first necessary to induce the expression of water channels in the apical membranes
of transporting epithelia.

Messenger RNA was extracted from mouse kidneys and reverse transcribed using
Superscript II to produce cDNA. A 760 bp fragment coding for aquaporin-2 (AQP2)
was amplified by polymerase chain reaction (PCR) from this DNA. The resulting
fragment was separated by agarose gel electrophoresis, extracted from the gel,
precipitated and transfected using Lipofectamine 2000 into cultured epithelial cells
(MDCK). Transient transfections were carried out for 24-, 48- and 72-hour periods.

Proteins were extracted from transfected and nontransfected (control) MDCK cells.
These were separated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE), and
then electroblotted onto Immobilon PDVF membranes (western blotting). The
presence or absence of AQP2 was detected with antibodies and enhanced
chemiluminescence. AQP2 was clearly seen in those cells that were transfected. No
AQP2 was seen in the control cells. Futhermore immunohistochemistry of the
transfected and nontransfected MDCK cells showed the presence and absence of
AQP2 respectively.

The successful transfection of AQP2 into epithelial cells (MDCK) that normally do
not express this water channel has been achieved and verified. This will now enable
the next stage of this project to proceed: namely the measurement of the flux of water
across cells.

Caspase-3 mediated follicular degeneration in the mouse ovary. M A Fenwick, P
R Hurst. Department of Anatomy and Structural Biology, Otago School of
Medical Sciences, University of Otago, Dunedin.

The fate of any mammalian cell to live or die is controlled by a number of regulatory
pathways consisting of many highly-conserved proteins. Caspase-3 is one such
protein which represents a downstream convergence point and thus its activation
serves as a useful marker for the identification of apoptotic (dying) cells. We sought
to determine whether caspase-3 is detectable in the mouse ovary and if activation of
the expressed enzyme occurs in cells of degenerating follicles. In order to further
investigate the role of caspase-3, we injected purified Fas antibody, an apoptosis
inducing agent, beneath the ovarian bursa (n=9 animals) and assessed the effect on
follicle demise in comparison with saline treated counterparts (n=8).

Mouse primers were designed and reverse transcriptase-polymerase chain reaction
(RT-PCR) was used to confirm the presence of an mRNA transcript for the inactive
form of caspase-3 in the normal ovary. The active form of caspase-3 was localised
using immunohistochemistry and was found predominantly in the granulosa cells of
large secondary and larger developing (antral) follicles. Ovaries treated with an
antibody specific to Fas revealed a marked increase in caspase-3 activity, particularly
within granulosa cells of large antral follicles. An increase in the number (>6%) of
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morphologically degenerate oocytes from smaller secondary follicles was observed in
ovaries treated with the Fas antibody. Degenerate oocytes showed no sign of caspase-
3 activity, suggesting that an alternative mechanism for apoptosis may exist in
oocytes. These results indicate that caspase-3 is present and active in granulosa cells
of large degenerating follicles. Degeneration of small follicles may be governed by
the oocyte via a caspase-3 independent mechanism.

The effects of catechins on a murine air pouch model of chronic granulomatous
inflammation. L Frampton, R Rahman, C Bolger, I Hall, I Appleton.
Department of Pharmacology and Toxicology, Otago School of Medical Sciences,
University of Otago, Dunedin.

Green tea has been ascribed to have anti-oxidant, anti-carcinogenic and anti-
inflammatory properties. These effects have been attributed to the catechins, the
predominant group of substances in green tea. In previous in vitro studies the effects
of the catechins on parameters of inflammation have indicated positive effects.
However, their effects in vivo have not been established. Therefore, in this study we
have determined the effects of the catechins in vivo using a murine model of chronic
granulomatous inflammation.

In the model of chronic granulomatous inflammation, an air pouch was initiated by
injecting 3 ml of air into the dorsal subcutaneous tissue of female BALB/c mice (25 ±
5 g). This was followed 24 hours later by injection of 0.5 ml Freund’s complete
adjuvant containing 0.1% croton oil. The catechins, epigallocatechin (EGC),
epicatechin gallate (ECG) and epigallocatechin gallate (EGCG), at a dose of 50 mgkg-

1 i.p., were studied (n=8 per group). Animals were dosed 24 hours prior to air pouch
formation and for 7 days following the initiation at which point they were sacrificed
by CO2 exposure. Granulomatous tissue dry weight, nitrite formation (the stable
breakdown product of nitric oxide), nitric oxide synthase (NOS) activity and arginase
activity were assessed. In addition, protein levels of NOS and arginase were measured
by western blotting.

The results demonstrated that ECG significantly (p<0.05) reduced inflammation
(granulomatous dry weight), but significantly increased the levels of nitrite (p<0.05),
NOS (p<0.01) activity and arginase (p<0.01) activity. However, EGC and EGCG did
not show significant results. The results clearly illustrated that for ECG in vivo, NOS
activity and protein levels were increased but inflammation was reduced. It is well
established that nitric oxide has cytostatic effects. Thus, the increase in NOS activity
could account for the reduction in granulomatous tissue dry weight observed with
ECG administration.

In conclusion, the present study suggests that ECG may have many future practical
implications in the treatment of chronic inflammation.

An autoimmune diabetes locus (Idd21) on mouse chromosome 18. R J Hall, G
Williams, T R Merriman. Department of Biochemistry, Otago School of Medical
Sciences, University of Otago, Dunedin.
Autoimmune diabetes occurs spontaneously in the non-obese diabetic (NOD) mouse
and is used to model human type 1 diabetes (T1D). The condition is precipitated by
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the action of multiple insulin-dependent diabetes (Idd) genes, which allow a loss of
immune self-tolerance and subsequent destruction of insulin-secreting pancreatic β-
islet cells in the NOD mouse. Genes of the major histocompatibility complex (MHC)
are the major genetic determinant of disease in addition to at least twenty other non–
MHC loci contributing to a lesser extent. A meta-analysis of genome-wide linkage
scans suggests the presence of an autoimmune disease locus on distal mouse
chromosome 18 with the peak of linkage orthologous to human chromosome 18q12-
q21 (which contains the T1D locus Iddm6) and rat distal chromosome 18 (which
contains the T1D locus Iddm3). Furthermore, there is evidence for linkage of mouse
chromosome 18 to diabetes in a (antibody high; ABH x NOD)F1 x NOD backcross.

A strain of NOD with chromosome 18 derived from the diabetes–resistant strain ABH
was generated (NOD.ABH-Chr18). Urinary glucose levels were measured at 10 day
intervals from 2 months to 7 months of age to determine diabetes incidence in both
congenic (n=40) and NOD (n=106) mice. Congenic mice show a delayed onset and an
overall reduced frequency of diabetes when compared to the parental NOD mice
(40% versus 82% at 7 months of age, p<0.0001). These data confirm the presence of a
diabetes susceptibility locus on mouse chromosome 18, which we have named Idd21.
Inflammation within the endocrine pancreas (insulitis) was assessed by microscopy of
paraffin-embedded sections stained with haematoxylin and eosin. There was no
difference in insulitis severity or frequency between congenic and NOD strains at 8-9
weeks of age suggesting that Idd21 acts after insulitis onset by retarding the
destruction of insulin secreting β-islet cells.

Expression of TβRII-b: a potential motor neuron survival factor receptor. J A
Harley, K Koishi, I S McLennan. Department of Anatomy and Structural
Biology, Otago School of Medical Sciences, University of Otago, Dunedin.

Transforming growth factor-beta 2 (TGF-β2) is being trialled as a therapeutic agent
for motor neuron diseases. TGF-β2 has traditionally been thought to share a common
receptor with two other growth factors, TGF-β1 and TGF-β3. However, a novel splice
variant of the TGF-β receptor (TβRII-b) has recently been described and suggested to
be a specific mediator of TGF-β2 responses in vivo. We have therefore determined
whether TβRII-b is expressed in motor neurons.

Messenger RNAs were isolated from the spinal cords of rats and mice and examined
by RT-PCR. The classical form of the TGF-β receptor (TβRII-a) was detected in both
rats and mice. In contrast, TβRII-b mRNA was detectable only in the murine spinal
cord. We then developed a method to determine whether TβRII-b mRNA was present
in the motor neurons and/or the glia of the spinal cord. Pure populations of glia or
motor neurons were isolated from cryostat sections of spinal cord, using laser capture
micro-dissection. Messenger RNA from the isolated cells was examined by RT-PCR
using [α-32P]-dCTP. A house-keeping gene, glyceraldehyde-3-phosphate
dehydrogenase, was detected in these samples but the method was insufficiently
sensitive to detect TβRII-b expression. It should be possible to overcome this
limitation by amplifying the mRNA before assaying it.

In summary, these results indicate that TβRII-b is present in the central nervous
system of mice, but not rats. Consequently mice may be a more appropriate model of
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human motor neuron diseases than rats, as humans express both TβRII-a and TβRII-b
in various peripheral tissues.

Immunisation with bone marrow-derived dendritic cells presenting HPV-16 E2
protects mice from virus challenge. L Heinemann, S Dillon, M Hibma.
Department of Microbiology, Otago School of Medical Sciences, University of
Otago, Dunedin.
Cervical cancer is the second most common cause of cancer-related death in women.
Previous infection with certain human papilloma virus (HPV) types (especially 16 and
18) is associated with cervical cancer and as such provides an opportunity to target the
virus to prevent this disease. We have assessed E2, an early protein of HPV-16, as a
possible vaccine immunogen. Here we examine the ability of dendritic cells to deliver
E2 to lymphocytes and to protect against viral challenge in a mouse model.

Mice were immunised twice with 5x104 bone marrow-derived dendritic cells (bmDC)
either transduced with a replication deficient E2 retrovirus or pulsed with soluble
recombinant E2 protein. Following immunisation, mice were challenged intranasally
with 1x108 plaque forming units of recombinant vaccinia virus expressing E2 and the
reporter β-galactosidase. Body weight loss was recorded daily as a measure of
infection and expressed as percentage decrease of pre-challenge weight. On day five
post-challenge, lung suspensions were prepared and analysed for β-galactosidase
positive (vaccinia infected) cells using flow cytometry.

Mice immunised with E2 protein bmDC lost less body weight (23.02 ± 2.32%) than
mice immunised with protein control bmDC (25.54 ± 0.42%) and had fewer vaccinia
infected lung cells (79.38% compared to 86.58%). Mice that received retroviral E2
bmDC developed a vaccinia infection of reduced severity, with a body weight loss of
16.83 ± 3.22% and 40.65% vaccinia positive lung cells. Mice immunised with
retroviral control bmDC lost 20.23 ± 3.28% body weight and had 79.59% vaccinia
infected lung cells.

These results indicate that immunisation with E2 bmDC is capable of protecting mice
against viral challenge. Dendritic cell-based vaccines presenting early HPV genes
may therefore have application in humans to protect against cervical cancer.

Biochemical investigations into NMDA receptor numbers following long-term
potentiation. J T T Kennard1, D Guevremont1, S E Mason-Parker2, W C
Abraham2, J M Williams1. 1Department of Anatomy and Structural Biology,
Otago School of Medical Sciences; 2Department of Psychology, University of
Otago, Dunedin.

The N-methyl-D-aspartate (NMDA) receptor is central to the induction of
hippocampal long-term potentiation (LTP), a molecular model of learning and
memory. The functional NMDA receptor consists of core subunit proteins, as well as
associated signal transduction and structural proteins. Previous studies from our
laboratory found that expression of NMDA receptor subunits was elevated in protein
extracts isolated from rat dentate gyrus after the induction of LTP at perforant path
synapses. To determine the functional significance of these findings, we investigated
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whether changes in NMDA receptor subunits, and associated proteins, were localised
to dentate gyrus synapses. Synaptic membrane fractions (synaptoneurosomes) were
isolated from tetanised and control dentate gyri and the expression of the NMDA
receptor subunits NR1 and NR2B, and receptor-associated proteins neuronal nitric
oxide synthase (nNOS), post-synaptic density protein of 95 kilodaltons (PSD-95) and
α-calmodulin-dependent kinase II (αCaMKII), analysed by western blot. In this study
we found significant increases in expression of NR1 (30 ± 7%, n=5; p<0.05, 2 tailed
t-test) and NR2B (60 ± 22%, n=5; p<0.05, 1 tailed t-test) at 48 hours following
tetanisation of the perforant path. Significant increases in nNOS expression (104 ±
31%, n=7; p<0.05, 2-tailed t-test) αCaMKII (11 ± 4%, n=6; p<0.05; 1 tailed t-test)
and PSD-95 expression (33 ± 13%, n=7; p<0.05; 2-tailed t-test) were also detected at
this time point. These results suggest that there is an increase in the number of NMDA
receptor complexes presented to post-synaptic membranes at perforant path synapses
after the induction of LTP. This increase may be an aspect of the formation of new
post-synaptic spines that has been shown to occur following LTP induction in
potentiated hippocampal pathways.

Appropriateness of and outcome after colonoscopy. A Lin, M Schlup, R Lübcke,
G Barbezat. Department of Gastroenterology and Medicine, Dunedin School of
Medicine, University of Otago, Dunedin.

Colorectal cancer is the second most common form of cancer in New Zealand.
Colonoscopy and barium enema are the two main methods of large bowel
investigation. Colonoscopy is more accurate and offers the chance of removing
neoplastic lesion in one procedure. Strict access criteria are used to maximize limited
resources. This study investigates the appropriateness of indications for colonoscopies
and the outcome of patients following colonoscopy over a three-year period.

All consecutive colonoscopies performed in 1997 at Dunedin Hospital were assessed
for indications, results and outcomes over a three-year period. The indications were
categorized into appropriate, inappropriate, and indeterminate according to a
predetermined list agreed among local experts. Any further interventions in the
following three years were also noted.

Of the 598 colonoscopies performed in 1997, 543 (91%) were carried out
appropriately, 586 (98%) were defined as complete and 252 (42%) of the
examinations were normal. Tumours and polyps were found in 36 (6%) and 156
(26%) of colonoscopies respectively. There were no major differences in the rate of
significant findings across the three groups of indication. During the three-year follow
up period, 70 colonoscopies were performed after index colonoscopy. Fifty-seven of
these were planned surveillance and one tumour was found. Nineteen barium enemas
were performed, including 5 to complete colonoscopy, 3 for same indication, and 11
for different indication to the index colonoscopy. There were no relevant new
findings. One patient who had normal colonoscopy in 1997, was found to have
widespread tumour disease during an operation for bowel obstruction.

Most colonoscopies were performed appropriately, reflecting adherence to access
criteria. Overall there was a high rate of relevant findings (42%). The lack of
differences in significant findings across the different groups may be related to small
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numbers, but if confirmed in larger studies the value of access criteria may need to be
reviewed.

Microvenous valves in venous disease. M N Phillips1,2, A M van Rij2, M Zhang1,
G T Jones2. 1Department of Anatomy and Structural Biology, Otago School of
Medical Sciences; 2Section of Surgery, Department of Medical and Surgical
Sciences, Dunedin School of Medicine, University of Otago, Dunedin.

Venous valves have been known to exist in the large veins of the human body since
the late 1500s. Very recently venous valves have been identified in the small
superficial veins of the human lower limb. The role of these valves in normal
physiology and pathophysiology remains unclear. This study assessed differences in
microvenous valve size and distribution in the microcirculation of normal and
diseased limbs.

The superficial venous systems of six normal lower limbs (with no evidence of
venous reflux; four males, two females; 59–92 years old) and five amputated lower
limbs (with confirmed venous ulcers; three males, two females; 61–86 years old) were
filled with resin by perfusion (Batson’s #17 corrosion casting resin, PolySciences).
Superficial tissue (20 x 20 mm) from the gaiter, lower, mid and upper calf was
excised and macerated (15% NaOH). The resulting resin casts of the vasculature were
viewed by light and scanning electron microscopy.

Microvenous valves were present in all regions from the limbs with venous
ulceration. The regional distribution and size distribution of veins containing valves
was not different between the normal and diseased limbs. Limbs with venous
ulceration had an increased density and tortuosity of veins filled with resin compared
with normal (153.8 vessels/cm3 vs 15.1 vessels/cm3 respectively). Unlike the normal
limbs, in the venous ulcerated limbs the resin passed retrogradely from the large veins
through incompetent tributaries to the dermal capillaries.

This study shows, for the first time, that the distribution and size of veins containing
microvenous valves did not differ between normal and venous ulcerated limbs.
However, microvenous valves in the venous ulcerated limbs permitted reflux from the
large veins to the dermal capillaries. This novel observation has great relevance to our
understanding of the microcirculation in venous disease and may aid in developing
treatment strategies for this condition.

Aquaporin-1 is expressed in cultured IMCD cells in response to external
hypertonic shock. J Short-Rollo, J P Leader. Department of Physiology, Otago
School of Medical Sciences, University of Otago, Dunedin.
Aquaporins (AQPs) are a class of membrane-intrinsic protein channels predominantly
permeable to water, found in all living things. It has been widely believed that cells in
tissue culture fail to express AQPs. However, two recent reports have suggested that
cultured renal cell lines will express AQPs when subjected to osmotic stress. The
present work aimed to confirm and extend these findings by investigating the ability
of a cell line from mouse inner medullary collecting duct (IMCD) to express AQPs.
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IMCD cells were grown to confluence in DMEM supplemented with 5% foetal calf
serum, in 10 cm petri dishes, with sterile coverslips added. The osmotic pressure of
the bathing medium was made progressively hyperosmotic (50 mOsmol/day), by the
addition of urea, sodium chloride or mannitol. Twenty-four hours after the bathing
osmolarity had reached 600 mOsmol/L, the cells were drained, treated with SDS in
Tris buffer, and scraped free of the substrate. All proteins were separated using SDS-
polyacrylamide gel electrophoresis (SDS-PAGE). After separation, proteins were
transferred onto an Immobilon PVDF membrane, and aquaporin-1 (AQP1) was
detected with the appropriate antibody using enhanced chemiluminescence. Cells
grown on coverslips were fixed and examined by immunohistochemistry for the
presence of AQP1.

Both western blotting and immunohistochemistry confirmed the presence of AQP1 in
the cells exposed to media made hyperosmotic by the addition of NaCl or mannitol,
with significantly higher expression shown by the NaCl-treated cells. In contrast, no
AQP1 expression was detected either in isosmotic control samples or in cells from
media made hyperosmotic with urea. It is concluded that AQP1 expression can be
induced in IMCD cells by exposure to osmotic stress using impermeant solutes.
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The beneficial impact of Hib vaccine on disease rates in New 
Zealand children 
Nick Wilson, Jay Wenger, Osman Mansoor, Michael Baker and Diana Martin 

Abstract 
Aim To examine the impact of Haemophilus influenzae type b (Hib) vaccine on the 
burden of Haemophilus influenzae (Hi) disease in New Zealand children aged under 
five years (under-5s). 

Methods Analysis of national mortality, hospitalisation, laboratory, and notification 
data. 

Results The introduction of Hib vaccine in 1994 led to a 92% decline (95%CI = 89 – 
94%) in the hospitalisation rate of Hi meningitis for under-5s (1995–2000 compared 
to 1988–1993). Pre-vaccine, the Hi meningitis hospitalisation rate was 27 per 100 000 
in the under-5s and this declined to 2 per 100 000. Even though Hi meningitis 
declined in all ethnic groups (eg down to 3 per 100 000 among Maori), there was a 
worsening of equity with the proportion of children hospitalised with Hi meningitis 
who were Maori increasing from 23% to 40% of all cases. The rate of epiglottitis 
hospitalisations also declined substantially (by 94%, 95%CI = 89 – 96%). 

Conclusions Hib vaccination appears to be preventing at least 80 cases of meningitis 
and 30 cases of epiglottitis every year in under-5s in New Zealand. But the beneficial 
impact of Hib vaccination has been less for Maori and so there is a need for further 
improvements in immunisation coverage in those populations with the highest disease 
burdens. 

Haemophilus influenzae type b (Hib) was the most common cause of life-threatening 
bacterial infection (usually meningitis) in New Zealand children up until the early 
1990s.1 Maori and Pacific children were at greatest risk.2 The substantial disease 
burden led to demands for using the newly-available Hib conjugate vaccine.2,3 Hib 
vaccine was added to the childhood immunisation schedule in January 1994 with 
DTP-Hib (Tetramune) replacing DTP at six weeks, three months and five months, and 
monovalent Hib being given at eighteen months. Parents with children aged under 
five years (under-5s) were also encouraged to take them to their general practitioner 
for immunisations. Coverage has since probably exceeded 80% for the third dose and 
a decline in laboratory reported Hib invasive disease followed.4,5 This decline has 
subsequently continued in recent years.6 Hospital data for Christchurch also suggest 
that a decline in epiglottitis is associated with the introduction of Hib vaccine.7 This 
report uses routinely collected hospital and mortality data along with surveillance data 
to examine in more detail the impact of the introduction of Hib immunisation on the 
health of New Zealand children. 
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Methods 
National mortality data were obtained for the years 1988 to 1998 and national hospitalisation data were 
obtained for 1988 to 2000 (from the New Zealand Ministry of Health). ICD9 codes covered meningitis 
(320-323 + 047) and epiglottitis (464.3). Some of the codes referred to conditions caused by 
Haemophilus influenzae (Hi) – but the disease type is not distinguished by ICD9 coding. Hence this 
data source includes a small number of cases that are due to strains of Hi other than type b (ie that are 
not Hib). Population data for calculating rates were also obtained from the Ministry of Health (based on 
1991 and 1996 population censuses with inter-census estimates). 
The analysis was confined to the under-5s since this age group had the greatest burden of Hib disease 
in the pre-vaccine era and is the age group targeted for immunisation. Sub-group analysis also included 
the population aged 6–17 months (since this age group has historically tended to have the highest rate 
of Hib disease of all). Data were analysed with EpiInfo version 6.04 and relative risk calculations were 
made comparing the post-vaccine period (1995–2000) with the pre-vaccine period (1988–1993). This 
division ignores some private use of monovalent Hib vaccine during 1993 (as reported by Teele8). 
National changes in the coding of ethnicity by hospital clerical staff were introduced in September 
1995. Coincident with this change, the proportion of children hospitalised with meningitis and 
pneumonia who were classified as being of Maori and Pacific ethnicity dropped in 1995 (eg for the 
years 1992 to 1998 the proportions of children hospitalised with pneumonia who were classified as 
Maori were: 33%, 35%, 33%, 20%, 32%, 35%, 34% for each year). However, the proportions of Maori 
and Pacific children reverted to the pre-1995 pattern in the following years even though there were no 
more changes to the coding system. The reason for this shift is unclear, but may be due to transient 
problems with introduction of the new system that were subsequently overcome. 
National reference laboratory data on Hib were collected by ESR, Wellington. Isolates are obtained 
from blood, CSF or aspirated joints but no ethnicity data were collected with the isolates. It is 
considered that virtually 100% of isolates were recovered from Hib disease cases prior to 1994, but 
since then some less complete reporting from regional laboratories might possibly have occurred. ESR 
also collects national notification data, however Hib only became a notifiable disease in June 1996. 
Consequently, notification data prior to 1996 are incomplete. Since 1996, ESR has combined 
notification data with isolate data to improve the sensitivity of surveillance and also to provide more 
complete information on each case, notably ethnicity and immunisation status. 

Results 
Meningitis In the post-vaccine period (1995–2000) relative to the pre-vaccine period 
(1988–1993), the rate of meningitis from all causes in under-5s declined by 13%, and 
by 39% in those aged 6–17 months (ie relative risk (RR) = 0.87 and RR = 0.61). 
Furthermore, the hospitalisation rate for meningitis due to Hi in children in these two 
age groups declined by 92% and 93% respectively (ie RR = 0.08 and RR = 0.07) 
(Table 1). The annual hospitalisation rate for meningitis due to Hi declined from 27 to 
2 per 100 000 population (in under-5s). For Maori children the equivalent declines 
were similarly large at 87% and 91% for the under-5s and 6–17 month age groups 
respectively (ie RR = 0.13 and RR = 0.09). For Pacific children the respective 
reduction was 91% in both age groups. Yet there were statistically significant 
increases for rates of “meningitis – unspecified cause” (RR = 1.85) and “meningitis 
due to unspecified bacteria” (RR = 1.54) among under-5s, but the absolute number 
involved in these increases was smaller than the reduction in overall meningitis, or Hi 
meningitis hospitalisations. 

There was a 67% decline in the death rate from “meningitis due to Hi” in under-5s 
(RR = 0.33) but this was not at a statistically significant level. (The detailed mortality 
results and the more detailed hospitalisation results for the 6–17 month age group are 
not tabulated but are available on request from the authors). 
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Table 1. Hospitalisations for meningitis in children under five years of age 
 
Age group and diagnosis 
(ICD9 code) 

Total 
cases 
(1988–
1993) 

Total 
cases 
(1995–
2000) 

Rate§ 
(1988–
1993) 

Rate§ 
(1995–
2000) 

Relative risk (RR) (95% 
confidence interval (CI) – if 
significant) 

All children  
All meningitis¶ (320-323 + 047) 1335 1162 77 67 0.87 (0.81 – 0.94)‡ 
Meningitis due to Hi (320.0) 465 38 27 2 0.08 (0.06 – 0.11)‡ 
Meningitis due to unspecified 
bacteria (320.9) 

88 135 5 8 1.54 (1.17 – 2.01)† 

Meningitis – unspecified cause 
(322) 

141 260 8 15 1.85 (1.50 – 2.27)‡ 

Maori children 
All meningitis¶ (320-323 + 047) 351 338 84 75 0.90 
Meningitis due to Hi (320.0) 108 15 26 3 0.13 (0.08 – 0.22)‡ 
Meningitis due to unspecified 
bacteria (320.9) 

24 48 6 11 1.86 (1.14 – 3.04)* 

Meningitis – unspecified cause 
(322) 

50 74 12 16 1.38 

Pacific children  
All meningitis¶ (320-323 + 047) 131 180 98 130 1.32 (1.06 – 1.66)* 
Meningitis due to Hi (320.0) 32 3 24 2 0.09 (0.03 – 0.29)‡ 
Meningitis due to unspecified 
bacteria (320.9) 

9 22 7 16 2.35 (1.08 – 5.11)* 

Meningitis – unspecified cause 
(322) 

10 47 7 34 4.53 (2.29 – 8.95)† 

*=p<0.05; †=p<0.01; ‡=p<0.001; §=Rate is per 100 000 population; ¶ =This category does not include 
meningitis cases associated with meningococcal disease 
 
 

Epiglottitis There was a significant 94% decrease in the rate of epiglottitis 
hospitalisations in under-5s (RR = 0.06) (Table 2). The decline was also significant 
among Maori and Pacific children with no occurrence of the disease in these 
populations in the post-vaccine period. Also there were no deaths from epiglottitis in 
the post-vaccine period, compared to four deaths during the pre-vaccine period. 
 
 

Table 2. Hospitalisations for epiglottitis in children under five years of age (ICD9 
code = 464.3) 
 
Age and ethnic 
group  

Total cases  
(1988–1993) 

Total cases  
(1995–2000) 

Rate§ 

(1988–1993) 
Rate§ 

(1995–2000) 
Relative risk  
(95% CI) 

All children  189 12 10.9 0.7 0.06 (0.04 – 0.11) ‡ 
Pacific children  5 0 3.7 0.0 0.00* 
Maori children  7 0 1.7 0.0 0.00† 
*=p<0.05 (Fischer exact test); †=p<0.01 (Fischer exact test); ‡=p<0.001; §=Rate is per 100 000 
population 
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Disease rates in 1–4 year olds In the 1–4 year old age group (who were eligible for 
“catch-up” Hib immunisations), there was a significant 54% decline in the 
hospitalisation rate for “meningitis due to Hi” from 13.5 to 6.3 per 100 000 population 
in the immediate post-vaccine period of 1994–1997 (RR = 0.46, 95%CI = 0.31 – 0.68, 
p = 0.00007). This decline suggests that approximately 42 hospitalised cases of 
meningitis in this group of “catch-up eligible” children were prevented over this post-
vaccine period. Similarly, for epiglottitis in the “catch-up eligible” group in the 
immediate post-vaccine period, there was a significant decline in the rate from 12.3 to 
2.0 per 100 000 population (RR = 0.16, 95%CI = 0.09 – 0.30, p<0.0000001). This 
decline suggests that 60 hospitalised cases of epiglottitis in “catch-up eligible” 
children were prevented over this period. 

Equity issues The rate of “meningitis due to Hi” decreased substantially in all ethnic 
groups in the post-vaccine period (Table 1). However, the proportion of all cases in 
the post-vaccine period who were classified as Maori increased from 23.2% 
(108/465), to 39.5% (15/38) (p = 0.03). The equivalent increase for Pacific children 
was from 6.9% (32/465), to 7.9% (3/38), but this was not statistically significant. 
Analysis of post-vaccine notification data found no significant difference by ethnic 
group in the proportion of Hib cases who were “not immunised” (but the numbers 
involved were relatively small). 

Laboratory and notification data The number of Hib isolates obtained from under-
5s (from CSF, blood and other clinical specimens) submitted to the national reference 
laboratory at ESR is detailed in Table 3. 
 

Table 3. Number of hospitalised cases of meningitis and epiglottitis compared to 
numbers of laboratory confirmed cases of Hib disease and of Hib disease 
notifications in children aged under five years 
 
Diagnosis  1988 1989 1990 1991 1992 1993* 1994

†
 1995 1996 1997 1998 1999 2000 

Hospitalisations 
due to 
meningitis due 
to Hi (320.0) 

70 65 86 89 84 71 57 12 9 4 6 4 3 

Hospitalisations 
due to 
epiglottitis 
(464.3) 

24 28 35 32 46 24 8 3 2 2 1 1 3 

Total (above) 94 93 121 121 130 95 65 15 11 6 7 5 6 
Laboratory 
confirmed 
cases of Hib 

83 97 118 119 141 101 65 8 14 7 6 5 6 

Hib 
notifications 

- - - - - - - 8 13 8 6 5 8 

* Some private administration of Hib vaccine began in 1993. † Hib vaccine introduced to the routine 
childhood immunisation schedule in January 1994. 
 
The trend in laboratory diagnosed Hib also showed a marked reduction after the 
introduction of Hib vaccine (Figure 1). There also appeared to be a fairly close 
correspondence between the hospitalisation data and the national laboratory data. In 
the post-vaccine period (1995–2000) relative to the pre-vaccine period (1988–1993), 
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there was a significant overall reduction in submitted Hib isolates for children under 
five years (RR = 0.07, 95%CI = 0.05 – 0.09, p<0.0000001). 

Figure 1. Hospitalisations and laboratory reported cases attributed to Hi disease 
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Discussion 

Hospitalisation data in general are known to have quality limitations, but for Hib 
disease the New Zealand data appear to be remarkably robust when compared with 
reported laboratory data (Table 3). The ethnicity-specific data are of particular 
interest, but should be interpreted cautiously in light of the changes in the coding 
system made during the study period (as detailed in the Methods section). The current 
study clearly shows that routinely collected data can be used to monitor major 
changes in disease trends, and also identify gaps in the impact of the Hib 
immunisation programme for specific ethnic groups. 

The hospitalisation data suggest that the introduction of Hib vaccine is very 
significantly associated in time with a major reduction in hospitalisation rates for “all 
meningitis” and “meningitis due to Hi” in under-5s. Indeed, the rate for meningitis 
due to Hi decreased by 92%, which is equivalent to around 79 fewer hospitalisations 
per year for this serious disease. The pattern seen for meningitis hospitalisation data is 
very similar to that seen in the declining number of Hib isolates identified by the 
national reference laboratory. However, the laboratory data would suggest that over 
100 cases of Hib disease (including meningitis) in under-5s are being prevented each 
year. 

At the same time as this major decrease in all meningitis and meningitis due to Hi was 
noted, there was an increase in the rate of hospitalisation attributed to “meningitis – 
unspecified cause” and for “meningitis due to unspecified bacteria”. Although the 
reason for this is not clear, several possible contributing factors may be hypothesised. 
The increase could have been driven by the meningococcal disease epidemic that 
began in 1991 and reached a sustained high level by 1995.9 About a third of these 
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cases are diagnosed clinically without laboratory confirmation and it is likely some 
are coded to these “unspecified” diagnostic categories. It is also possible that in the 
setting of the introduction of a new vaccine for meningitis, the clinical suspicion of, 
and admission to hospital for, suspected meningitis increased during this time period. 
Thus, a larger proportion of clinical syndromes previously not reported as meningitis 
may have been reported. Another possible contributing factor may have been the 
greater use of antibiotic therapy on children with suspected meningitis seen in primary 
care settings as a result of provider response to the meningococcal disease epidemic. 
Such antibiotic use before hospitalisation would tend to make a final diagnosis more 
difficult. To some extent this trend in unspecified meningitis might mean that the 
magnitude of the decline in “meningitis due to Hi” is partly a diagnostic artefact. 
Nevertheless, the overall significant decline in meningitis from all causes strongly 
supports a key role for the introduction of Hib vaccine. Further evidence comes from 
the sudden decline in disease rates in the immediate post-vaccine years (Table 3). 
There is even some suggestion that for both meningitis and epiglottitis the decline 
began in 1993, which was the year in which the private purchase and use of Hib 
vaccine first began (but probably for only a minority of this age group). 

The 94% decline in the epiglottitis hospitalisation rate in the post-vaccine period was 
even more sudden and substantial than for “meningitis due to Hi”. Given the 
important role of Haemophilus influenzae infection in the causation of epiglottitis, this 
substantial and sudden decline (Table 3) provides very strong evidence for a causative 
role for Hib vaccine in the decline of this condition. This decline is equivalent to 
around 29 fewer hospitalisations for epiglottitis per year and so this condition can 
now be considered to be extremely rare in New Zealand (at around only one to two 
cases per year). 

There was a significant decline in the rates of meningitis and epiglottitis in the 1–4 
year old children who were eligible for “catch-up” immunisations in the immediate 
post-vaccine period. This is likely to reflect a mix of direct immunisation (for children 
who were given catch-up Hib immunisations), the private use of Hib vaccine in 1993, 
and also a herd immunity effect (as detailed for Hib immunisations programmes 
elsewhere in the world10–12). Detailed data on “catch-up” immunisation coverage are 
not readily available so the contribution of each of these factors is not identifiable. 

It is apparent that Maori and Pacific children have benefited substantially from the 
sudden and marked decline of “meningitis due to Hi” and epiglottitis. However, the 
proportion of all cases of “meningitis due to Hi” in the post-vaccine period that were 
classified as Maori actually increased significantly from 23% to 40%. One possible 
reason for this may be the less effective delivery of immunisation to Maori relative to 
the rest of the population. Indeed, the relatively poor delivery of immunisation to 
Maori (and Pacific children) has been documented extensively in the New Zealand 
setting in the past.13,14 It appears that the opportunity provided by the addition of this 
new vaccine to the immunisation schedule was not successfully used to fully address 
inequalities in disease burden by ethnic group. This suggests that a prudent course for 
current policy makers and health workers would be to further support immunisation 
activities designed to reach Maori and Pacific children in New Zealand. Furthermore, 
this finding highlights the value of routinely collected data in identifying populations 
poorly served by the existing immunisation system and focusing new efforts to 
address these deficiencies. A national immunisation surveillance system would help 
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to expand these findings and monitor programmatic efforts to ensure that these 
deficiencies are appropriately addressed.15 
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Glucose and cancer
We agree with Dr Brian Scobie’s letter that New Zealand’s high cancer death rates
call for prevention via dietary modification.1 He cites evidence impugning excessive
consumption of animal products. Indeed, New Zealand’s intakes of animal fat and
animal protein were reported to be highest in the world in a 37-country study on
dietary factors in cancer by Carroll.2 The same study reported New Zealand’s sugar
intake to be among the ten highest. In another survey, mortality due to breast cancer
was reported to exhibit a positive correlation of 0.73 with per capita sugar intake
independent of other variables in 41 countries.3 We seek to elucidate these dietary
sugar associations.

Theory supported by human and animal studies, suggests the most common factor
increasing tumour tolerance in the developed nations is the gross elevation of mean
blood glucose.4,5 This resulted from a change in diet in the early 1900’s from an
unrefined whole grain diet to one in which a major fraction of calories is derived from
white flour and added sugar. In those countries where the unrefined diet still prevails,
two-hour postprandial blood glucose values ranging from 2.8–5 mmol/L are reported.6

In prevention and successful treatment of cancer, the hexose monophosphate shunt
(HMS) is needed to supply: 1) adequate H202 for effective phagocytosis; and 2) ribose
for mitosis of lymphocytes to clone large numbers for competent attack against
tumours or pathogens. The HMS runs at a rate proportional to intracellular ascorbic
acid (AA) concentration.7 In even “modest” blood glucose elevations (ie ~7.2
mmol/L, commonly postprandial to Western diet meals), blood glucose molecules so
outnumber AA that they competitively inhibit insulin-mediated active transport of AA
into cells. This results in low intracellular AA levels,8,9 slow HMS,7 and cell
dysfunction (ie leukocytes cannot multiply for effective response to tumours or
pathogens, fetal cells divide too slowly, etc). When new tumours are sensed by the
cytotoxic T-cells or other sentinels of immunity in humans on the Western diet,
response to the neoplastic initiation frequently fails because mitosis is impaired by
glucose elevation. Thus, cancer is a leading cause of death in the industrialised
nations.
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Applied Research Institute
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Phenytoin toxicity as a result of 5-fluorouracil
administration
Ian Rosemergy and Michael Findlay

Phenytoin toxicity as a result of 5-fluorouracil administration is not readily reported in
the literature. Reported here is a 50-year-old woman presenting with signs of
phenytoin toxicity after commencing 5-fluorouracil therapy for rectal cancer.

This 50-year-old female was diagnosed with node positive carcinoma of the rectum
after experiencing abdominal pain and bleeding per rectum. Following an AP
resection she commenced adjuvant 5-fluorouracil (5-FU) chemotherapy according to
an established post operative schedule (Table 1).1

Table 1. Adjuvant therapy for rectal cancer combining fluorouracil infusion and
radiotherapy

Dose Agent
1. Days 1–5 500 mg/m2/day 5-fluorouracil
2. Days 36–40 500 mg/m2/day 5-fluorouracil
3. Day 64 225 mg/m2/day 5-fluorouracil – continuous via ambulatory

infusion pump during 5 weeks of radiotherapy
4. Days 134–8 450 mg/m2/day 5-fluorouracil
5. Days 169–173 450 mg/m2/day 5-fluorouracil

Her past medical history included generalised seizures and a hysterectomy. The
epilepsy had been well controlled on phenytoin and she had not experienced a seizure
for more than five years. Her medication regimen included premarin 1.25mg once
daily and phenytoin 100 mg mane and 200 mg nocte. She had her phenytoin level
checked six monthly and reported that she was normally well controlled and
experienced no difficulties with her anti-epileptic medication. Having completed the
first two cycles of chemotherapy (refer to schedule above), the patient reported a one
week history of unsteadiness and blurring of vision. She had no headache or vertigo,
had not collapsed or had a seizure. She had continued with her normal doses of
medications and had not vomited or been otherwise unwell.

On examination the patient was very unsteady on standing and markedly ataxic,
needing to hold on to a hand rail to walk. Cardiovascular and respiratory examinations
were normal. Neurological examination revealed sustained bilateral rotational and
horizontal nystagmus on lateral gaze. There were no sensory, tone or power deficits in
her limbs. Reflexes were also normal with down going plantar reflexes. Coordination
was impaired bilaterally with the patient unable to successfully complete finger-nose-
finger and heel-shin tests.

Serum biochemistry and haematology values were all normal. Her phenytoin level,
however, was 188 umol/L (therapeutic range 40–80 umol/L).

Having stopped the phenytoin, the patient later developed a subclavian vein
thrombosis around a newly inserted PICC line. She was anticoagulated with daily low
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molecular weight heparin. Warfarin was not used, in the hope of avoiding further
pharmacological interactions.

Discussion
Phenytoin is metabolised by CYP2C9, a component of the cytochrome p450 group of
enzymes. Secondary metabolism with CYPC19 also occurs. The metabolite 5-(p-
hydroxyphenyl)-5-phenylhydantoin (HPPH) is then conjugated and the clinically
inactive metabolites are excreted in the urine.2

The elimination pharmacokinetics of phenytoin are first order at lower serum levels.
Once serum concentrations increase, even within the therapeutic range, metabolic
mechanisms are saturated and elimination becomes dose dependent. 

5-FU is an antimetabolite, and can be catabolised by dihydropyrimidine
dehydrogenase (DPD) to inactive dihydrofluorouracil or be metabolised to form
active nucleotide metabolites. DPD activity is the rate limiting step in 5-FU
catabolism. A deficit of DPD correlates with significantly enhanced 5-FU toxicity.3

It seems likely that 5-FU inhibits CYP2C9 and thereby decreases phenytoin
clearance4. This may then result in previously well controlled patients suddenly
exhibiting symptoms of phenytoin toxicity. Phenytoin toxicity secondary to 5-FU,
however, has not been widely reported. Cerebellar toxicity has been associated with
5-FU, however it is usually associated with other toxicities such as stomatitis or
diarrhoea.

Applying the adverse drug reaction probability scale proposed by Naranjo et al,5 this
proposed interaction between 5-FU and phenytoin has a total score of 5, indicating a
probable causal relationship. Patients receiving phenytoin and 5-FU (or its analogues)
are at risk of developing toxicity and may therefore benefit from closer monitoring of
serum phenytoin levels and observation for early signs of phenytoin toxicity.

Author information: Ian Rosemergy, Medical Registrar, Hutt Hospital; Michael
Findlay, Medical Oncologist, Wellington Cancer Centre, Wellington Hospital,
Wellington
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Steroids masquerading as natural herbs: a case for
regulatory control
Shane Reti

In the 10 May 2002 issue of the New Zealand Medical Journal, Florkowski et al
presented two cases of patients with adrenal suppression.1 Both patients had been
using Shen Loon, a natural Chinese herbal product. Simultaneously, and with no
knowledge of Florkowski’s work, I had been investigating the circumstances that led
to five people, including myself, notifying Medsafe about another Chinese herb called
Cheng Kum over the preceding 18 months. Cheng Kum was marketed as a natural
product made of “...pure Chinese herbs”. The accompanying literature stated that
Cheng Kum was “...beneficial for people suffering from arthritis, rheumatism, skin
diseases like acne, dermatitis and scabies, menstrual pain, asthma, rhinitis, leukorrhea,
sinuses and migraine”. Cheng Kum was imported and distributed by Lee Bye NZ Ltd
(Lee Bye), a company based in Wellington. The following is a timeline detailing the
extraordinary events surrounding Cheng Kum and Shen Loon.

1999 Lee Bye commences trading Cheng Kum

In early 1999, Lee Bye became the New Zealand importer and distributor for Cheng
Kum. Medsafe, the division of the Ministry of Health responsible for medicines
compliance and monitoring, first had contact with Cheng Kum in early 1999 over
issues of product labelling. An ESR (Institute of Environmental Science and Research
Ltd) analysis of Cheng Kum, arranged by Lee Bye and dated 21 April 1999, showed
homeopathic concentrations of arsenic, lead, cadmium and mercury (certificate of
analysis number BU2780 RE2/5). This analysis was later presented to enquiring
consumers.

22 November 2000 First Cheng Kum notification to Medsafe
A general practitioner (GP) in Auckland was the first to notify Medsafe, when a
patient he was treating for osteoarthritis miraculously improved her arthritis shortly
after commencing Cheng Kum. The doctor records the patient as having “general
Cushingoid features”, a clinical sign of excessive steroids. A serum cortisol of 39
nmol/L (normal 200–700) was also consistent with the use of a glucocorticosteroid
(steroid). After receiving the notification, Medsafe purchased and submitted a sample
of Cheng Kum to ESR for analysis. The GP further progressed his concerns by
directly notifying Lee Bye, and the local health shop from which the product was
sourced.

29 November 2000 Second Cheng Kum notification to Medsafe
A week later, a second notification was made, by a Wellington rheumatologist who
noted unexplainable improvement in a patient with rheumatoid arthritis who was
taking Cheng Kum. This patient did not have clinical features consistent with
excessive steroid use. 

12 December 2000 ESR analysis detects chlorpheniramine
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The ESR certificate of analysis number PHA01/167 dated 12 December 2000 states
“The capsules did not contain corticosteroids. The capsules were found to contain
chlorpheniramine.” Chlorpheniramine is a reasonably common over-the-counter type
antihistamine recommended for coughs and colds. Because chlorpheniramine is a
pharmacy only medicine, Lee Bye now required formal registration and approval for
Cheng Kum, to allow ongoing distribution and retailing under regulations applicable
to pharmacy only medicines. This would likely be a lengthy and expensive process.

19 December 2000 Cheng Kum recalled
Medsafe immediately requested Lee Bye make a product recall, and a public
notification in the form of a Director General’s statement was issued. Because Cheng
Kum was now technically a medicine, Medsafe granted Lee Bye a special pharmacy
wholesale licence to store the recalled product. As well as the required product recall
letter, customers received an accompanying request from Lee Bye to make a
complaint to the Ministry of Health to reinstate the product as follows: “In relation to
this if you really think that you do need this product I would like to suggest you to
write a letter to the Ministry of Health, complaining about why they stop this product.
I wish that you can tell your customer to work together to bring this product back into
the market and I think this is the only way that I could see now.”

It is interesting to note that, despite the recall notice and being granted a special
wholesale pharmacy licence, Medsafe records no instance of any Cheng Kum at all
being returned.

January – July 2001 Personal importation and the Malaysian connection

By liasing with customs, Medsafe were able to determine that significant quantities of
Cheng Kum were now being imported by individuals, from the Malaysian
manufacturer under existing “medicines for personal use” regulations. To further
monitor this, Medsafe required a signature from all those importing, to remind them
that the medicines were for personal use only.

Medsafe now believed that Lee Bye was offering advice to customers as to how to
import Cheng Kum in quantities that would not attract customs attention, under the
label of personal medicines. This by itself probably breached no regulations, however,
by investigating Lee Bye’s financial accounts, Medsafe were able to determine that
orders were being placed by Lee Bye to Malaysia, and customers were continuing to
pay Lee Bye in Wellington. Medsafe notified Lee Bye that this was still considered to
be importing and distributing and that this activity must stop. Medsafe believe Lee
Bye subsequently made arrangements for New Zealand customers to directly contact
the Malaysian manufacturer, and established a Malaysian bank account for further
payments.

It is significant that the Malaysian manufacturer was also the uncle of Chee Chai Lee,
the director of Lee Bye.

Shen Loon
Soon after Cheng Kum was prohibited from retail distribution in December 2000,
significant quantities of another herbal product, Shen Loon, began to be imported
from Malaysia by members of the public, again under the “medicines for personal
use” regulations. Medsafe, now suspicious of Lee Bye, accosted Lee Bye who
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confessed his association with Shen Loon, and that Shen Loon was the same product
as Cheng Kum.

At this point, there was still no clear breach of regulations, and personal importation
of Cheng Kum and Shen Loon continued from Malaysia to customers in New
Zealand.

24 August 2001 Third notification to Medsafe - Shen Loon

The next formal notification to Medsafe concerned Shen Loon. A GP in Palmerston
North became suspicious when a ten year old he was looking after showed significant
improvement in her previously resistant chronic excema and asthma. She had been
taking Cheng Kum for six months prior to its ban, and Shen Loon for the previous
five months. Although the excema and asthma had improved, the child showed all the
clinical signs of taking steroids. This was confirmed with laboratory tests and she was
referred to a paediatrician. As part of the assessment, samples of Shen Loon were sent
from Palmerston North to Canterbury Health Laboratories where Florkowski et al
undertook the analysis reported in the New Zealand Medical Journal.1

7 November 2001 Fourth notification to Medsafe

The next notifier was a Hamilton haematologist who had been referred a patient for
investigation of bruising. This lady had been taking Cheng Kum for psoriasis with
dramatic improvement. The haematologist records her as being “mildly Cushingoid”.
Laboratory investigations were again consistent with taking steroids. The doctor
notified Medsafe of his concerns regarding Cheng Kum, and also forwarded samples
to Medsafe for analysis.

8 November 2001 Fifth notification to Medsafe
It is at this point that I became involved. On 8 November 2001, I notified Medsafe
with concerns about a patient who had been taking Cheng Kum for dermatological
purposes for many months. Her skin had improved dramatically where other potent
preparations had been ineffective. She had, however, also become markedly
Cushingoid with laboratory investigations consistent with taking steroids. This patient
provided a remarkable insight into how friends and family had sourced Cheng Kum.
After being made aware 11 months previously that Cheng Kum was to be withdrawn,
friends and family had immediately gone from shop to shop throughout the country,
and purchased the product. A number of contacts were also now importing the
product directly. 

27 November 2001 Repeat notification to Medsafe
By this time, the haematologist in Hamilton had discussed the case with colleagues
who were also of a view that Cheng Kum capsules most likely contained steroids. He
subsequently contacted Medsafe again, and Medsafe decided to undertake further
testing in a specialist laboratory in Australia.

19 December 2001 Australian analysis confirms betamethasone
On 19 December 2001, Medsafe contacted all of the notifiers detailing the finding of
the steroid betamethasone in Cheng Kum capsules. The accompanying information
stated: “Please note, that this product has also been distributed under the name Shen
Loon capsules, which have also been found to contain betamethasone”. Shortly after
this, Medsafe made a general public warning regarding the dangers of Cheng Kum
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and Shen Loon. Medsafe advised Lee Bye that Customs would seize all further
imports of Cheng Kum and Shen Loon, and that he should notify his customers not to
attempt to import these products. Medsafe communications with Customs confirmed
that imports had stopped.

Discussion
This story raises several important issues around the regulation of alternative
therapies, private medicine importation regulations, and patient rights and
responsibilities.

First, is the issue of the regulation of “natural herbal” products. Other authors have
presented evidence for the potential toxicity of herbal products and the
misrepresentations relating to them.2,3 It is also not the first case in New Zealand of a
steroid being found in a herbal product used for, amongst other things, dermatological
purposes.4 This case adds yet further to the discussion on the regulation of alternative
therapies.5 Current legislation separates complementary healthcare products such as
Cheng Kum and Shen Loon into two categories – dietary supplements or medicines.
Medicines are legislatively administered under the Medicines Act 1981, and the
Misuse of Drugs Act 1975, and are subject to a rigid pre-market approval process.
Dietary supplements are managed under the 1985 Dietary Supplements Regulations as
a part of the Food Act 1981. Dietary supplements include vitamins, minerals, herbal
products, nutritional supplements and homeopathic remedies. There are comparatively
few restrictions on dietary supplements other than labelling, maximum allowable
daily doses, and inability to make therapeutic claims. Outside these parameters, there
are no other requirements for pre-market approval, with the responsibility resting
completely with the distributor to ensure the products are safe and comply with legal
requirements. It is this author’s view that current regulations fail the consumer by
relying solely on the integrity of the distributor, and not requiring at a minimum, a
pre-market, independently verifiable, scientific analysis of the product. There is also
no requirement for a manufacturer of dietary supplements to adhere to any code of
practice or accepted manufacturing standards.

Second, is the issue of regulation based on clinical findings even in the absence of
formal identification. Formal identification of the exact substances producing the
marked clinical signs and symptoms was problematic. While the exact chemical
composition was and may still be under debate, patients were clearly manifesting
clinical signs and symptoms that were potentially irreversible and life threatening.
Regulations need to be developed that protect consumers from potentially harmful
products, simply on the basis of a “high index of suspicion”.

Third, is the issue of personal importation regulations. Current regulations under the
Medicines Act 1981, allow any individual to import unregistered medicines under the
umbrella of personal use. This story raises some interesting issues regarding the
regulations associated with the personal importation of unregistered medicines. Some
of these are:

a) Signing a declaration did not stop people from distributing the product to others;

b) Significant quantities of medicines were imported successfully by each individual
on a regular basis;
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c) Who carries the responsibility for any complications that may arise from an
imported medicine? Should public funds be used for doctors’, hospital, and any ACC
costs that arise from a consumer’s personal decision to import an unregistered
medicine from overseas?

It seems incongruous that products such as Cheng Kum and Shen Loon can be banned
for safety reasons from retail distribution, yet immediately be available through
private importation.

In summary, through a combination of factors, there has been a disservice to a large
number of people. To the physicians involved, there is the disservice of dealing with
patients’ mistrust of conservative treatments, when a “natural” product has had
miraculous effect. To the patients themselves, there is the disservice of being lied to,
and being unknowingly subjected to a potentially toxic substance. There is also the
guilt associated with passing on what was genuinely believed to be good advice from
one friend to another. To the Ministry, there is the disservice of being responsible for
protecting the public from hazardous medicines, yet in my view, not having a full
armament of legislative tools to undertake the task. Finally, there is also a disservice
to the proponents of natural remedies. Rogue traders hiding under the “natural” guise
create considerable damage to the integrity of those legitimate products that do seem
to safely, and naturally, confer benefit. In conclusion, we can probably all be very
grateful that this product was not more harmful.
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The role of radiofrequency ablation in the treatment of
primary and metastatic tumours of the liver: initial lessons
learned
Pui Yee Grace Choy, Jonathan Koea, John McCall, Andrew Holden and Mark
Osbourne

Abstract
Aim The majority of patients with hepatic malignancies are not suitable for
potentially curative resection due to tumour size, location, inadequate hepatic reserve
or widely spread disease. Radiofrequency ablation (RFA) is a novel technique of local
tumour destruction by heat. The aim of this study was to report the initial experience
with RFA in the management of primary and metastatic liver tumours in New
Zealand.

Methods Patients who underwent RFA between February 2000 and August 2001
were included. The clinical, pathological and follow-up information of individual
patients entered prospectively on a computerised database was collated and analysed.

Results Thirty one procedures were performed in 30 patients (18 male, median age 58
years). Nineteen procedures were performed percutaneously under ultrasound
guidance and twelve were carried out as part of a surgical procedure. Eight patients
had primary tumours, and 22 patients had metastatic tumours (colorectal 9,
neuroendocrine 7, non-colorectal non-neuroendocrine 6). The median diameter of
treated lesions was 25 mm (range 5–60 mm). The median number of treated lesions
per patient was 2 (range 1–6). Twenty four of the 31 procedures were classified as
curative (all disease treated). Six patients with neuroendocrine tumours underwent
cytoreduction only and were classified as palliative. Eight patients (4 percutaneous, 4
surgical) developed complications leading to 3 prolonged hospital stays (bile leak,
abscess and burn). There was no treatment-related mortality. At a median follow up of
12 months (range 1–22 months), 6 patients (all treated with percutaneous RFA) have
developed tumour recurrence in treated lesions, 5 patients have developed new liver
lesions, 16 are alive and disease free, and 3 have developed extra hepatic disease.

Conclusions RFA is safe but significant complications can occur. RFA and enteral
resection should not be undertaken together, as there is an increased risk of hepatic
sepsis and abscess. RFA performed percutaneously is associated with a higher rate of
recurrence than RFA performed at operation.

Surgical resection is currently the only curative option for patients with primary or
metastatic carcinoma of the liver.1 However, many patients are unsuitable for
resection at the time of diagnosis either because of the size, number, and distribution
of tumour deposits, poor general condition or limited hepatic reserve. This
observation has driven the development of a number of ablative techniques that can
be employed to treat hepatic tumours. This includes percutaneous ethanol injection,
transarterial embolization and thermal ablation with cryoprobes or radiofrequency.



NZMJ 09 August 2002, Vol 115 No 1159 Page 2 of 7
http://www.nzma.org.nz/journal/ © NZMA

These techniques destroy liver tumours in situ while preserving normal hepatic
parenchyma. Ablative treatments can sometimes be undertaken in a radiology suite
and patients can be treated without the morbidity and mortality of an open operation.
However, the effectiveness of these treatments in prolonging disease-free survival is
unclear.

Radiofrequency thermal ablation (RFA) works by converting radiofrequency energy
into heat. Alternating current is passed from an electrode tip into surrounding tissues
and generates sequential changes in the direction of locally charged ions. This in turn
creates frictional heating, which causes tissue desiccation and produces a localised
area of coagulative necrosis.2

The treatment of tumours by radiofrequency ablation is not new. The technique was
first described in 1891 by D’Arsonval,3 and was first applied in neurosurgery to ablate
tumours,4 and in cardiology for the destruction of abnormal conduction pathways.5
The development of a specialised needle and small current generators has allowed
assessment of the technique’s safety and efficacy in the treatment of primary and
secondary tumours of the liver to begin. Radiofrequency ablation can be used
percutaneously to treat liver tumours as well as being applied laparoscopically or at
open operation, where it can be combined with resection or utilized as the sole
treatment modality.

We report our initial experience with RFA in New Zealand for the treatment of
primary and metastatic cancers of the liver. Patient information was recorded
prospectively and the aim of this investigation was to define the local recurrence rate,
treatment-related complication rate, hospital stay, and survival of patients treated with
RFA in New Zealand.

Methods
Between September 1999 and December 2001, patients with liver tumours referred to the Hepatobiliary
and Upper Gastrointestinal Unit at Auckland Hospital were assessed preoperatively to stage disease
and resectability. Nineteen patients were considered unsuitable for resection after the initial assessment
(12 patients had medical comorbidities that precluded resection, 4 patients were cirrhotic, and 3
patients had developed recurrent liver tumours following prior liver resection). A further 12 patients
had tumours that were considered to be resectable but would require intraoperative ablation of some
lesions because of the widespread distribution of their disease. The procedure was defined as curative
in 24 patients meaning, that all known disease was treated either with resection and RFA or RFA alone.
The procedure was defined as palliative in 6 patients with a diagnosis of neuroendocrine carcinoma. In
these patients all macroscopic disease was treated but microscopic deposits remained. Neuroendocrine
carcinoma is the only tumour in which debulking or cytoreduction has been shown to result in benefit
in terms of patient survival and quality of life.6
After treatment, patients were then followed at six-weekly intervals for the first six months and at
three-monthly intervals thereafter with clinical examination, liver function tests, tumour markers, and
CT scans to detect early recurrence of disease. Demographic, clinical, pathological and follow-up
details were entered prospectively on a computerised database. A local recurrence was defined as
tumour recurrence in the ablated lesion.
All patients were treated at Auckland Hospital and Mercy Hospital, Auckland by the same clinical
team. Two methods were used for RFA: percutaneous and intraoperative. Percutaneous RFA was
performed by an interventional radiologist (AH or MO) usually with a hepatobiliary surgeon in
attendance. Intraoperative RFA was performed by a hepatobiliary surgeon (JK or JM) often with an
interventional radiologist in attendance. For both percutaneous and intraoperative RFA, probes were
inserted under the guidance of ultrasound and throughout the procedure monitoring was undertaken
with ultrasound.
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Patients were treated using two commercially available radiofrequency generator systems
(RadioTherapeutics Corp, Mountain View, CA and RITA Medical Systems Inc, Mountain View, CA).
Both systems consist of a generator that supplies up to 100 W of power, two different dispersive
electrode pads being applied to the patient’s skin. A feature of both systems is a specialised needle
electrode that consists of an insulated cannula that contains multiple hook-shaped electrode arms that
can be deployed into the centre of a tumour (Figure 1). For tumours < 3 cm in diameter, the multiple
array is deployed into the centre of the tumour. For larger lesions, the array is first deployed at the most
posterior surface between tumour and liver. Following treatment, it is withdrawn and redeployed at 2
cm intervals in the tumour. Complete treatment is defined as thermal destruction of the tumour and a 1
cm margin of surrounding liver.

Figure 1. Photo demonstrating the needle electrode used for radiofrequency
ablation. The 16 gauge needle (left) is introduced into the tumour mass and then
10 retractable tines are deployed (right).

The treatment protocol was similar in all lesions. After deployment of the array, initial power is applied
at 50 W and increased in 10 W increments each minute to a maximum of 90 W. Treatment is continued
until “roll-off” occurs. “Roll-off” is defined as a drop in power resulting from an increase in tissue
impedance due to the development of tissue desiccation. After a 20–30 second pause, power is
reapplied at 75% of the maximum achieved until “roll-off” again occurs. Thus each tumour or area
within a tumour is treated twice. Following treatment the needle track is ablated by retracting the array
and slowly withdrawing the cannula with moderate power.
All patients were followed closely to detect complications due to RFA. Following percutaneous RFA,
patients were rescanned with CT within seven days of treatment to detect any areas representative of
viable tumour (Figure 2). These films were reviewed and, if the areas were thought to represent
residual tumour, retreatment was undertaken. Patients treated with intraoperative RFA were reimaged
six weeks after surgery. If areas suspicious of viable tumour remained, percutaneous treatment or re-
resection was considered. All patients were followed with abdominal CT or MRI undertaken at three-
monthly intervals, as well as relevant tumour markers (carcinoembryonic antigen (CEA) in colorectal
cancer, alpha fetoprotein (AFP) in hepatocellular carcinoma) to detect evidence of recurrence or the
development of new lesions.

Figure 2. CT scan demonstrating metastatic colorectal cancer deposit in segment
VII (left; arrow). The patient had two further lesions in segment III and IV. This
was treated with left hepatectomy and radiofrequency ablation of the segment
VII tumour. Follow-up CT scan (right) at 6 weeks post procedure shows a
typical cystic ablation defect (arrow) and no residual tumour.
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Results
Demographics Thirty one RFA procedures were performed in 30 patients (18 male,
12 female) over a 20-month period. The median age was 58 years (range 3 to 78
years). Four patients had evidence of cirrhosis (Childs grade A or B), 2 patients had
evidence of hepatic steatosis, and 3 patients had previously undergone hepatic
resection.

Procedural details Nineteen procedures were carried out percutaneously under
ultrasound guidance by an interventional radiologist. Twelve of these procedures were
carried out under sedation with local anaesthesia, while 7 patients required general
anaesthesia because of pain related to ablation of superficial tumours or those adjacent
to the diaphragm. The median hospital stay for these patients was 1 day (range 1–3
days). Twelve RFAs were performed as part of a surgical procedure, 9 RFAs were
combined with liver resection, while 2 patients had other surgical procedures. The
median hospital stay for operatively treated patients was 8 days (range 7–14 days).
The ablation was completed satisfactorily in all patients. One patient underwent a
repeat RFA for recurrent neuroendocrine metastases during the study period.

The median number of lesions treated per patient was 2 (range 1–6), and the median
diameter of the treated lesions was 25 mm (range 5–60 mm). The procedure was
classified as curative in 24 patients, meaning that all known disease was treated with
either RFA or resection. Palliative procedures were undertaken in 6 patients with
neuroendocrine metastases.

The tumour diagnoses are summarised in Table 1. Eight patients had primary liver
cancer (hepatocellular 7, hepatoblastoma 1), and 22 patients had metastatic tumours
(colorectal 9, neuroendocrine 7, non-colorectal non-neuroendocrine 6).

Complications There were no treatment-related deaths in this series. However 8 out
of 30 patients developed a complication related to the procedure within 30 days. The
complications are summarised in Table 2. Four patients treated with percutaneous
RFA developed complications and 4 patients treated with operative RFA developed
complications.
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Table 1. Diagnoses of the 30 patients treated with radiofrequency ablation
Diagnosis Number
Primary
Hepatocellular carcinoma
Hepatoblastoma

7
1

Metastatic
Colorectal cancer
Neuroendocrine carcinoma
Gastrointestinal stromal tumour
Breast cancer
Adrenocortical cancer

9
7
4
1
1

Table 2. Summary of complications related to radiofrequency ablation
Treatment type Complication Hospital stay (days)
Surgical Biloma 15
Surgical UTI 7
Percutaneous Ileus 5
Surgical Liver abscess 8
Percutaneous Fever 2
Percutaneous Cardiac arrythmia 2
Surgical Pneumonia 8
Percutaneous Pad burns 3

Outcome At a median follow up of 12 months (range 1–22 months), 6 patients (all
treated with percutaneous RFA) have developed tumour recurrence in treated lesions,
5 patients have developed new liver lesions, 16 are alive and disease free. Three
patients are alive with disease that has developed in extra hepatic locations.

Discussion
Radiofrequency ablation was introduced into New Zealand in 1999 and this small
series represents the national experience with this technique. Radiofrequency ablation
was performed by a multidisciplinary team that included surgeons and radiologists.
Every effort was made to treat patients with liver tumours appropriately and RFA was
not used as a substitute for more proven therapies such as surgical resection or
orthotopic liver transplantation. While this is a small group of treated patients, with
short follow up, review of their management makes several important points clear.

The assessment of completeness of treatment following RFA is difficult. Most
investigators rely on cross-sectional imaging with ultrasound and later CT or MRI
scanning. However, once the process of ablation begins, the region of the tumour
becomes very hypoechoic on ultrasound examination and it is difficult to judge
margins of treatment.7 This is particularly relevant in percutaneous RFA where the
success of ablation is usually determined with transabdominal ultrasound.
Intraoperative RFA is assessed with intraoperative ultrasound, which is more accurate
than transcutaneous ultrasound, and palpation also aids in accurate tumour
localization. We believe that this is one reason behind the higher recurrence rate after
percutaneous RFA in comparison to intraoperative RFA. Several other investigators
have also documented this finding.8 Intraoperative application of RFA may also
provide the opportunity to perform a more aggressive ablation than a percutaneous
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approach. This reflects the ability of the operator to protect adjacent structures from
thermal injury by isolating the liver with packs.

RFA is safe and no deaths related to treatment were recorded. However there is a
small but significant procedure-related morbidity. One patient suffered thermal burns
at the earthing pad site. This is a documented complication2 of RFA as large currents
are used to generate the power needed for ablation. This is managed by regular
checking of the pad temperatures and pad rotation every 15 minutes of ablation. One
patient developed a biloma following intraoperative RFA. Bile leak is documented
following ablation and emphasises the importance of not treating lesions lying
adjacent to major bile ducts. One patient developed a liver abscess in an ablation
defect. This patient had undergone a percutaneous ablation of a lesion adjacent to the
gallbladder, which had sustained a thermal injury.

It is now clear that creation of an area of coagulative necrosis in the liver is a
vulnerable area for infection. Other investigators2,8 have documented the development
of abscess in patients undergoing both RFA and eneterotomy and, because of this, it is
now our practice not to undertake RFA and enteral resection during the same
procedure.

The role of RFA in surgical practice is currently under investigation and is evolving.
The strengths of RFA are that it can be utilised percutaneously and used to treat
tumours in a minimally invasive fashion. RFA may cause less morbidity than other
ablative therapies. The febrile response observed after transarterial embolization of
tumours is rare and the myoglobinuria and thrombocytopenia commonly observed
after cryotherapy is not seen.9 Balanced against these observations is the fact that
percutaneous RFA is less likely to be successful in controlling disease than
intraoperative RFA, probably because it is easier to localise and aggressively treat
hepatic tumours in the operating room. RFA is not yet a substitute for surgical
resection, but its introduction has permitted more patients to be treated surgically
when it is combined with resection in patients with multiple lesions.10 In addition it
has allowed a group of patients previously thought to be untreatable (those who are
cirrhotic or in poor medical condition) to have their tumours actively managed. Audit
and ongoing prospective assessment of RFA will be important in further clarifying its
role in the treatment of hepatic tumours. The Australian Gastrointestinal Trials Group
(ATITG) have recently commissioned an international review and prospective audit
of RFA in Australasia to which New Zealand will contribute.
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The eJournal
As an Auckland graduate of 1977 and now a long-term resident of the UK, I feel
saddened that my monthly hard copies of the New Zealand Medical Journal are no
longer to arrive. I simply do not have the free phone time to download pages and
pages of material to reach the ‘who’s who’, ‘who’s done what’ and ‘what’s for sale’
sections of the Journal that remain of most interest to me as an expat with strong
homing instincts! I feel that severance from my Medical School mother New Zealand
will now be total, having been struck off the New Zealand register for failing to
practise there for 23 years and now my bedtime reading having been removed.

Bye bye New Zealand medicine!!

Caroline Kent-Johnston
Police Surgeon
Hampshire Constabulary
UK

Again
Don’t you feel the author’s names should be attached to the titles in your email? One
of the most interesting aspects of a local journal is the ability to read comments from
old friends, classmates etc. Not listing authors definitely reduces the interest factor
and makes the hurdle of logging on that much higher. This would be the first issue I
haven’t read in a long time. I may have made the effort to log on if I had spotted a
familiar name.

Andrew MacGill
General Practitioner
Warkworth

Response
Thank you for your email. A number of others have contacted us with the same
suggestion of putting authors on the emailed contents of the journal. We are currently
working to incorporate authors names in the table of contents for each issue of the
eJournal. Hopefully, you will see them appearing soon.

Frank Frizelle
Editor
New Zealand Medical Journal
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