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Objectives 

• Review the development process for the Kidney Stone Guidelines

• Demonstrate the importance incorporating  consumer input into guideline 
creation 

• Highlight the most recent updates for the management and prevention of 
recurrent kidney stones.

• Examine the challenges in formulating recommendations due to limited evidence

• Discuss implementation of the guidelines and the key role of renal dietitians   
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• Common: >8,000 in NZ and 50,000 in Australian’s kidney stone episodes per 
year

• High risk of recurrence:  if pass a stone 50% chance of having another stone 
within 5-10 years

• Costly urological condition: $38.7 million annually in NZ 

• Lower quality of life in kidney stone formers 

• Inconsistence or absence of preventative care

• Half of recurrent kidney stones preventable - few seen by a Nephrologist or 
Renal Dietitian 

Impact of kidney stones 
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• Outdated - 17 years ago 

• Widely accessed guideline prior to archiving

• Mostly consensus-based recommendations 

• Limited recommendations on diet – primary 
prevention strategy

• No consumer involvement

Previous CARI Kidney Stone Guidelines
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CARI Guidelines

Established in 1999

Aim to improve health and outcomes 
for people with kidney disease

Developed for use in Australia and 
New Zealand

Australian and New Zealand guideline developer for nephrology 
• Externally funded research program at the University of Sydney

High-quality guidelines based on best 
available evidence

Who funds CARI?
Project-based funding
• Australia New Zealand Society 

of Nephrology 
• Kidney Health Australia
• Australian Living Evidence 

Collaboration
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Why have guidelines?

• Reduce unnecessary, ineffective or harmful 
interventions

• Encourage treatment with maximum benefit, 
minimum risk of harm and at an acceptable cost

• Improve care and outcomes
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CARI Kidney Stone Guideline Working Group
Member Expertise Location

Adam Mullan Nephrologist Whangārei, New Zealand

Lyn Lloyd Renal dietitian Auckland, New Zealand

Andrew Mallet Nephrologist Cairns, Australia

Ieuan Wickham Lived experience 
consumer

Auckland, New Zealand

Matthew Jose 
(co-convenor)

Nephrologist Hobart, Australia

Hicham Hassan 
(Co-convenor)

Nephrologist Wollongong, Australia

CARI Guidelines 
• David Tunnicliffe, Brydee Johnston, Mia Abdy



8WW W. C AR I G UI D EL INE S .O R G    | 8

Develop PI/ECOM 
questions

Search medical literature 
databases

Synthesis evidence

Develop summary of 
findings tables 

Review evidence on 
patient preferences / 

equity / costs

Evidence to Decision 
framework

Working Group 
discussions

Guideline 
recommendations

Practice points

Evidence to Guidelines
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GRADE – The Grading of Recommendations, Assessment, Development and 
Evaluation
• Outcome specific – ratings vary according to outcomes
• International Standard for systematic reviews and guidelines

www.GradeWorkingGroup.org

The on-going series of articles published from 
2011 in the Journal of Clinical Epidemiology -
https://www.jclinepi.com/content/jce-GRADE-
Series 
Covers all types of reviews – i.e. diagnostic, 
prognostic, qualitative

High
Moderate
Low
Very Low

Outcome #1

Outcome #2

Outcome #3

C
E

R
T
A
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T

Y

GRADE approach to assessment of evidence

http://www.gradeworkinggroup.org/
https://www.jclinepi.com/content/jce-GRADE-Series
https://www.jclinepi.com/content/jce-GRADE-Series
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Developing guidelines : balance evidence & feasibility

• Evidence informs all discussions for guidelines
• Mostly focused on high-level evidence – Systematic reviews and RCTs
• Multidisciplinary Working Group expertise interpretation and feasibility 

• High threshold for a recommendation  - Evidence to decision framework
o Practice points – limited evidence but improve feasibility and care

Synthesised 
evidence

Guideline 
recommendation

Balance of 
benefits/harms

Patient values 
and preferences

Equity Costs and 
resources
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Consumer involvement in kidney stones 
guidelines
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Consumer involvement throughout guideline 
development
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Clinicians and consumers determine scope
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Consumer perspective, values and input 
into Kidney Stone Guidelines
Meet Ieuan Wickham

https://www.dropbox.com/scl/fi/oomfhs6zo3tkbxcb3j8g3/CA
RI-Paper-
Ieuan.mp4?rlkey=9msf4w1eua80hazffdgg1h6k3&st=h21f2k3
p&dl=0

https://www.dropbox.com/scl/fi/oomfhs6zo3tkbxcb3j8g3/CARI-Paper-Ieuan.mp4?rlkey=9msf4w1eua80hazffdgg1h6k3&st=h21f2k3p&dl=0
https://www.dropbox.com/scl/fi/oomfhs6zo3tkbxcb3j8g3/CARI-Paper-Ieuan.mp4?rlkey=9msf4w1eua80hazffdgg1h6k3&st=h21f2k3p&dl=0
https://www.dropbox.com/scl/fi/oomfhs6zo3tkbxcb3j8g3/CARI-Paper-Ieuan.mp4?rlkey=9msf4w1eua80hazffdgg1h6k3&st=h21f2k3p&dl=0
https://www.dropbox.com/scl/fi/oomfhs6zo3tkbxcb3j8g3/CARI-Paper-Ieuan.mp4?rlkey=9msf4w1eua80hazffdgg1h6k3&st=h21f2k3p&dl=0
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2021 New Zealand 
Kidney stones 
consumer workshops 

• Two workshops in Auckland and Whangarei 
(n=28) 

• Facilitated workshop with breakout focus 
groups

• Identify experience, priorities to inform topics 
for inclusion and outcomes for assessment in 
guidelines

• Priority outcomes included: knowledge, 
improved self-management, QOL, psychosocial 
support, minimising financial impact

• Supporting rationale for guideline 
recommendations
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Inadequate knowledge for self-management
1. Insufficient information on kidney stones
• Unaware recurrence was possible
• Increased involvement in shared decision-making
• Sense of isolation

2. Conflicting nutrition advice
• Competing advice across specialties
• Desire for early access to nutrition advice
• Dietitian support was seen as vital 

3. Cultural preferences and values 
• Limited consideration of traditional/alternative 

medicines 
• Consideration of food security

“They need to prepare you that you 
will have pain again. These are the 
things you must tell the people so 
that they understand what the 
issue is.” (Male, 60-69 years old)

“… you’ve got another barrage of 
sometimes the same information… 
sometimes different…”  (Female, 
50-59 years old)

“[the dietitian] was a godsend 
because she gave me a whole lot of 
information so that I could help 
myself. I could read easily what was 
good for me and what wasn’t.” 
(Female, 60-69 years old)
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Developing kidney stones guidelines
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Kidney stones guideline topics

Diagnosis
Detection of kidney stones (clinical 
diagnosis, imaging, education)
Risk factors of stones (first-time 
stones, recurrent kidney stones)

Metabolic evaluation
Stone analysis
Metabolic evaluation 

Pharmacological prevention
Thiazides diuretics
Xanthine Oxidase
Citrate

Pain management
First-line pain therapy
Education & models of care

Nutrition therapy for 
prevention
Healthy dietary patterns
Fluid intake
Sodium intake
Calcium & oxalate intake
Fruit, vegetable & animal 
protein intake
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Guideline framework to improve transparency

Recommendations
Evidence to decision 

framework
Evidence, costs, 

preferences and equity

Practice points Aid implementation
Consensus-based 

statements

Rationale leading to guideline recommendations
• Statement on implementation and audit
• Future research suggestions
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• Definitive RCT based evidence is lacking 

• Recent meta-analysis - diet is associated with increased risk of both recurrent and first 
stone formation. 

• Reliance on large observational cohort studies

• Studies mostly examine diet association on stone risk factors not stone formation

• Focus on specific nutrients rather than whole dietary patterns

• Consensus statements due to lack of high-certainty data

Challenges with the current evidence base
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Guideline is a draft – help us improve

Public comment is welcomed 

• Improve clarity 

• Feasibility and implementation in practice
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Metabolic evaluation for recurrent kidney 
stones 
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Stone analysis of kidney stones

We recommend stone analysis for all recurrent kidney stone formers

If stone type is unknown, stone analysis should be always be performed

Repeat stone analysis should be considered for subsequent stone events, 

especially when there is an unusual pattern of recurrence or the response to 

the preventative strategy is not expected

Advice will be needed to support patients to complete collections correctly. 

Special consideration will be necessary for remote or rural patients as prompt 

analysis is required
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We recommend stone formers should have metabolic evaluation to direct 

individualised medical and nutrition management of kidney stone disease 

according to the following algorithm. 

All stone formers
Recurrent stone formers or high-risk of 

stone formation

Basic metabolic evaluation*

• Review of kidney stone events, relevant medical, occupational, 
medication and family history contributing to kidney stone risk

• Initial blood test: bicarbonate, calcium, creatinine, parathyroid 
hormone , potassium, liver function, sodium, and chloride

• Initial midstream urine: cystine screen, exclude infection, pH.

Comprehensive metabolic evaluation

• 24hr urinalysis: calcium, citrate, creatinine, pH, 
phosphate, potassium, oxalate uric-
acid,  magnesium, sodium, urea, and urine 
volume. 

Metabolic evaluation 
detects >90% of 

underlying causes of 
kidney stones

Patients want results to 
foster self-management

“Just a simple letter, two weeks later saying 
we found this, this, and that. We suggest you 
cut down on salty foods or whatever, for now. 
And then we'll test you again in six months or 
something…” 

Metabolic evaluation 
with nutrition therapy 

most cost-effective 

Levy et al. Am J 
Med. 1980;98(1)

Lotan et al. J Urol. 
2004;176
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Metabolic evaluation – Selected practice points

Metabolic evaluation should not be delayed for stent removal, most urological stents 

will be removed around six weeks

Following a first kidney stone event, 24-hour urinalysis is not required unless there 

are additional stones found on imaging, or there is a high risk for future stone 

formation .

24-hour urine evaluation provides identification of metabolic abnormalities 

(promoters and inhibitors of crystallisation leading to kidney stone formation)

Metabolic evaluation guides the individualised nutrition and pharmaceutical therapy 

and to prevent kidney stone recurrence.

Metabolic evaluation should be delayed to at least 4 weeks following a stone event. 

Usual diet should be consumed during 24-hour urinalysis to ensure underlying causes and risk 

factors are revealed. 
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Nutrition therapy for prevention
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Strategies to achieve a healthy body weight will 

help to reduce the risk of stone recurrence 

Nutrition therapy for kidney stone prevention  
should be centred around a healthy eating pattern 
and whole foods that promotes overall health and 
quality of life, as detailed in the Heathy Eating 
Guidelines for Australian and New Zealand adults. 

Dietitians experienced in kidney stone prevention 
should be part of the multidisciplinary care of 
recurrent kidney stone formers. 
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We recommend optimising fluid intake to achieve a daily urine output of 
>2.5 litres in all stone formers.

Fluid intake
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Fluid evidence 

Fluid intake >2.0L 
urine output/day 

Borghi 1996 (n=199)
Reduced stone recurrence 
RR 0.45 (95%CI 0.24, 0.84)

Fluid intake >2.5L 
urine output/d

2 RCT’s
2.5L UOP/decreases stone recurrence 

RR 0.4 (95%CI 0.2, 0.79)

Observational studies 
• Demonstrated decrease in kidney stone 

recurrence
• Linear association  - Meta-analysis – 500 

mL increase in water intake decreases 
stone recurrence (RR 0.93, 95%CI 0.87, 
0.98 P< 0.01) Xu et al  Medicine 2015;94(27)

Early recognition that low urine volume is a risk factor for kidney stones 
High fluid intake encouraged.     

J Nephrol (2016) 29:211–219
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High fluid intake dilutes the urine and is the most important factor to prevent kidney stones.

Practice points – Further advice on fluid intake

An individualised approach is necessary to guide fluid intake. Factors such as extra-renal losses, 
exercise, environment and co-morbidities should be taken into consideration. Kidney stone 
formers at risk of volume overload require careful tailoring of advice to prevent fluid balance and 
electrolyte disorders. 

Water intake is central to meeting fluid requirements and while most fluids are beneficial, sugar-
sweetened beverages such as soft drinks are associated with a higher stone risk and should be 
discouraged. 

Cystine stone formers should aim for a daily urine output of greater than 3 litres.
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Consumers say….

“The first time I had my laser surgery, no 
one ever mentioned to me [that] drinking 
water is so important… I wasn’t told…” 
(Female, 60-69 years old)

“It was a long time before I learned 
drinking more water was so important, 
but now I don’t know how much I need to 
drink so maybe I am over shooting?” 
(Male, 60-69 years old)

“I need to know the nearest toilet wherever 
I go somewhere and sometimes there are 
places I can’t go.” (Male, 40-49 years old)

“You're in the truck, 16, 12 hours a day. 
Water and that doesn't last long. Having to 
go to the toilet somewhere, especially for 
truck drivers……….. You can't just pull over 
on the side of the road …..So, where do you 
go? You sit and you hold it in, and you hold 
it in, and you hold it in…” (Male, 60-69 
years old)

High fluid causes stress / difficulties 
bathroom/ water access: 

truck drivers, teachers, lab workers……..

Knowledge Support  Self -management 
tools
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We suggest against a low oxalate diet for the management of calcium 
oxalate stones. 

Calcium and oxalate Intake

We recommend achieving the recommended dietary intake for calcium 
(1000 mg for adults < 70 years of age) in calcium stone formers 
especially in those with high urine oxalate. 

*Calcium oxalate stones most common type of kidney stones



33WW W. C AR I G UI D EL INE S .O R G    | 33

Evidence for RDI calcium

Normal calcium (30 mmol/d), animal protein (52 g/d), 
sodium chloride (50 mmol/d) decreased kidney stones 
RR 0.49 (95%CI 0.24, 0.98) compared to low calcium (10 
mmol/d) & avoid high oxalate foods 

RCT – normal calcium 
intake vs low calcium 
reduced kidney stone 

recurrence
Borghi et al. NEJM. 1996;346(2)

Men in the highest to lowest quintile group for calcium intake 
RR:  0.56 (95%CI, 0.43to 0,73, P for trend,<0.001) 

Curhan  et al  JNEJM 1993, 328 (12)

Prospective study –
calcium intake was 

inversely associated with 
risk of kidney stones

Controlling oxalate bioavailability with calcium
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No evidence to support low oxalate diet

Observational studies – 
indicate small association 
of high oxalate intake with 

kidney stones

RCT – No data specifically 
on dietary oxalate

Highest quintiles compared to lowest quintile of oxalate intake had a 
small association with kidney stones
• In older men after 5 years, RR 1.22 (95%CI 1.03, 1.45) Health 

Professional Follow-up study, n= 49,985 
• In older women after 5 years, RR 1.21 (95%CI 1.01, 1.44) Nurses' 

Health Study I, n=92,872 
• Not in younger women, RR 1.06 (95%CI 0.89, 1.27) Nurses' Health 

Study II -  n= 101,824

Normal calcium (30 mmol/d), animal protein (52 g/d), 
sodium chloride (50 mmol/d) decreased kidney stones 
RR 0.49 (95%CI 0.24, 0.98) compared to low calcium (10 
mmol/d) & avoid high oxalate foods 

Taylor et al. JASN.2007;18:2198-2204

Borghi et al. NEJM. 1996;346(2)
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A low calcium diet leads to increased absorption of oxalate resulting in oxaluria and has no effect on decreasing kidney 
stone recurrence and may decrease bone density.

Practice points – Calcium and oxalate intake

Oxalate is present in a wide variety of foods including a many healthy foods and it is difficult to reduce significantly 
while maintaining a balanced diet.

Where there is a high urinary oxalate, calcium fortification at mealtimes is recommended to reduce oxalate 
bioavailability. Include milk, yoghurt, cheese or calcium fortified non-dairy alternatives.

Magnesium can also bind oxalate and reduce oxalate absorption. Magnesium supplementation may be beneficial if 
urine magnesium is low. Diarrhoea may limit tolerance and dosing.

Enteric hyperoxaluria due to malabsorption requires a tailored approach. Calcium supplements, limiting high oxalate 
foods if consumed excessively and/or frequently without a calcium source, and/or a low-fat diet may be required.

Calcium supplements may be considered to achieve recommended daily calcium intake and should be taken at 
mealtimes to achieve beneficial binding of oxalate. 
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Consumers say…

Inaccurate information 
on low oxalate diets

Low oxalate diets are 
restrictive

“It was really difficult to get good information 
about a low oxalate, and really difficult to keep to 
because I was already restricting other foods.” 
(Male, 40-49 years old)

• Participants searched online for information on 
high oxalate foods 

• Often information was out of date or lacked 
supporting evidence 

“I am confused because we need to eat foods 
high in calcium and yet we have calcium 
stones…” (Male, 20-29 years old, Whangārei)

Confusion about 
calcium foods
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LOD diet : many reasons why not 

• Lack of evidence

• Potential harm: reduced citrate, magnesium in urine and increase calcium oxalate 
supersaturation (increase stone recurrence)

• Limits plant foods (effect on gut microbiome, ↓diet quality, alkalinity…..)

• Contradictory and extensive oxalate lists found online (large variation in oxalate content 
of foods- ripeness, when picked and soil type ) “Tangled Web”

• Exogenous and endogenous sources oxalate (metabolism glycine, glycolate, 
hydroxyproline, breakdown Vit C)

• Only 5-10% oxalate in foods is absorbed

• Only ~20% Ca Ox stone formers show hyperoxaluria 

Retire the Low Oxalate diet?  Yes Kris Penniston J Endourology Vol 35 , October 2021
Oxalate Content of Food:  A Tangled Web,  Attalla et al Urology 84 (3) 2014
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Pharmacological preventative 
management 
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Thiazide diuretics 

We suggest thiazide diuretic to supplement first-line nutrition 
management when insufficient in recurrent stone formers with 
hypercalciuria

Monitor for potential side-effects of hypokalaemia, hyperuricemia, increased 
cholesterol, triglycerides and HbA1c.

Some evidence of 
efficacy and limited 

safety concerns

Therapy is publicly 
subsidy in Australia 
and New Zealand

Pharmacological management 
including thiazides are 2nd 

most cost-effective treatment 
to prevent stones

Nutrition management is the 
most cost-effective strategy!
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Evidence

Systematic reviews
• Benefit of thiazides in decreasing kidney stones recurrence – RR 0.44 (95%CI 

0.33, 0.58)
• Older studies – concern about following updated nutrition guidance increased 

fluid & reduced sodium intake

Li et al. J Transl Med. 2020;18
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2023 NOSTONE trial 
• No difference in 

recurrence of kidney 
stones across doses 
of 
hydrochlorothiazide 
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Exploring heterogeneity when data is conflicting

• Combined data – still found thiazides reduced stone recurrence but 
heterogeneity evident (I2=68%, P=0.002)
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RoB may overestimate treatment effect



44WW W. C AR I G UI D EL INE S .O R G    | 44

Long-acting thiazides benefit is still evident
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With & without concomitant nutrition
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Urinary Parameter at baseline
(24hrs)

Urinary Parameter after Nutrition Therapy 
(24hrs)

Volume 1.7 L Volume 2.7 L

Sodium 215 mmol Sodium 105 mmol

Calcium 12.3 mmol Calcium 12.1 mmol

Calcium / Creatinine Ratio 0.75 Calcium / Creatinine Ratio 0.76

Oxalate 0.36 mmol Oxalate 0.37 mmol 

Citrate 1.9 mmol Citrate 2.8 mmol 

Magnesium  2.4 mmol Magnesium 3.5 mmol  
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We recommend the use of citrate salts in recurrent stone formers with 
hypocituria and/or elevation in urinary pH. 

Tolerability & transport of 
potassium citrate solution – 
terrible taste and difficult to 

administer & transport – viscous 
sticky liquid

Reduces new kidney 
stones occurrence and 

kidney stone size 
Available at relatively low 

costs
Tablet versions available 

in Australia
No difference in 
gastrointestinal 

disturbance 
Increase withdrawal due 

to adverse events
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Philips et al. Cochrane Database of Syst Reviews. 2015. CD010057

Evidence: Citrate salts decrease new kidney stones 
& stone size
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Practice points – Citrate salts

Tablet formulations of citrates salts are the preferred due to improved tolerability and 
ease of use. 

Citrate salts should be avoided in the management of struvite stones and infection-
related kidney stones 

Excessive and unnecessary use of citrate salts may lead to alkalinisation of the urine 
resulting increased risk of calcium phosphate stones.
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Guideline 
development

Identify 
evidence gap

Source data, 
synthesise and 

publish

Informs 
Guideline

Bridging the Gaps – to improve guidelines and care
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Evidence Gap:Consumer experiences and priorities 

Manuscript under review: BMC Nephrology 
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Evidence Gap: Incidence and Outcomes 
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Evidence Gap: Efficacy of thiazides 

Tunnicliffe. KI Reports. 2024;9



54WW W. C AR I G UI D EL INE S .O R G    | 54

• Publish guidelines & disseminate: Journals, CARI website

• Implementation of the guidelines is crucial

• Renal dietitians are recognised as fundamental
▪ Involvement recognised as a marker of high-

quality care

Next steps & Discussion
Implementation of 
research evidence into 
clinical practice can take 
~17 years - requires 
multiple strategies*

Powell et al. Implement Sci 2015;10:21; Morris et 
al. J R Soc Med 2011;104:510-520 
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www.cariguidelines.org

Kidney Stone Patients NEED

RENAL DIETITIANS

NEPHROLOGISTS

UROLOGISTS

RESEARCHERS

LABORATORIES

ORGANISATIONS

GOVERNMENT
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